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EM65568
130 COM/ 128 SEG 4096 Color STN LCD Driver

1. General description

EM65568 is one of the industry’s most advanced wide-screen STN-LCD drivers for 4096-color display. The industry’s first
sub-screen display function makes it possible to display different images and data in a sub-screen inside the main LCD screen.
It also has a built-in display RAM, a power supply circuit for LCD drive, and an LCD controller circuit, therefore contributing
to compact system design. Its partial display function realizes low power consumption.

*Partial display function: A function that utilizes only part of the screen, thus reducing power consumption.

g

Feature
4096-color display
LCD outputs: Segment 128RGB(384 outputs); Common 130 outputs

Display RAM capacity: 128x130x12=199680 bits

Built-in display RAM and power supply circuit

Partial display functions —
Switchable display in black and white mode (\/\r/ J\
Bus connection with 80-family/68-family MPU/ELAN MPU - /;
Logic power supply voltage: 1.8 to 3.3 V - (NN (O o \//
LCD driving voltage: 5.0 to 18 V \ VS

Booster: 2 to 6 times

. oA
Write system /(;ycle:m{OO/n%/’] [\

Ty VN (N e

Package: |\ | )\ |\ )

\

vV V.V vV vV vV v vV v v Vv Y

Part Number \ _— |Package Description Package information
EM65568AGH \  |Gold bumped chip NA Page 5

Note: The EM65568 series has the following sub-codes depending on their shapes.

H: Bare chip (Aluminum pad without bumped); GH: Gold bumped chip;
F: COF package; T: TAB (TCP) package
Example EM65568AGH - EM65568: Elan number ; A: Package Version ; GH: Gold bumped chip

3. Applications
Mobile phone
Small PDA

* This specification is subject to be changed without notice. 4 2003/2/11 (V0.1)
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4. Pin configurations

712 319
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\ \ Figurs 1(Pin configiration
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* This specification is subject to be changed without notice. 5 2003/2/11 (V0.1)



EM65568
130 COM/ 128 SEG 4096 Color STN LCD Driver

PIN DIMENSIONS
Size
Item Pad No. Unit
X Y
Chip size -
Bump Size
Pad Pitch 50 (min.) pm
Die thickness
(excluding bumps) 325 +-29
Bump Height All Pad 17 +/- 3 (within die)
Minimum Bump Gap ot
Coordinate Origin Chip center /’\\ | ‘
NN N
) /,/—«\ L/,."////\/ \ \
RECOMMENDED COG ITO TRACES RESISTOR NN (O N
Interface I’PQ Ti'aces resmtances -
V0~V4 T\ 2 \Max~—3OOQQx
CAP1+,CAP1-,CAP2+,CAP2- CAP3+ CAP3- VLN M 1000
CAP4+ CAP4 ,CAP5+ (;/A,Ps SVout| \
VDDVEE\ (= >\ \Ub Max=100Q
T VSSLIVSSH. \\,J/ s Max=50Q
WRB,RDB,CSB,\..,.D0~D7 Max=3KQ

* This specification is subject to be changed without notice. ~ 6 2003/2/11 (V0.1)



EM65568

130 COM/ 128 SEG 4096 Color STN LCD Driver

PAD Coordinates Table

Pin NO | Pad Name C"?}r(‘,l"{‘;ate Pin NO Pad Name C"&’;‘;ate
1 COM99 51 VSSH
2 COM101 52 VSSH
3 COM103 53 VSSH
4 COM105 54 VSSL
5 COM107 55 VSSL
6 COM109 56 VSSL
7 COM111 57 VSSL
8 COM113 58 VSSL
9 COM115 59 VSSL
10 COM117 60 TEST
11 COM119 61 TEST
12 COM121 62 RESB
13 COM123 63 RESB
14 COM125 64 CSB
15 CcoM127 65 CSB T
16 COMB 66 RS — | [
17 DUMMY 67 RS |\ |
18 VO 68— |V~ VSSA ) [\
19 VO 69 \ | | vssA
20 V0 1 a0 VL L MS
21 VO VO T MS
22 V0 - \ s VDDA
23 VO— | 1/ 73 VDDA
24 TV (\ " 74 PS
25 W L 75 PS
26 V1 76 M86
27 Vi1 77 M86
28 V1 78 VSSA
29 V1 79 VSSA
30 V2 80 WRB
31 V2 81 WRB
32 V2 82 RDB
33 V2 83 RDB
34 V2 84 VDDA
35 V2 85 VDDA
36 V3 86 DO
37 V3 87 DO
38 V3 88 D1
39 V3 89 D1
40 V3 90 D2
41 V3 91 D2
42 V4 92 D3
43 V4 93 D3
44 V4 94 D4
45 V4 95 D4
46 V4 96 D5
47 V4 97 D5
48 VSSH 98 D6
49 VSSH 99 D6
50 VSSH 100 D7

* This specification is subject to be changed without notice. 7
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EM65568

130 COM/ 128 SEG 4096 Color STN LCD Driver

Pin NO | Pad Name C"?;‘};‘;“" PinNO | Pad Name C";’;"i“{';ate
101 D7 151 VEE
102 D8 152 VEE
103 D8 153 VEE
104 D9 154 VEE
105 D9 155 VEE
106 D10 156 VREG
107 D10 157 VREG
108 D11 158 VREG
109 D11 159 VREG
110 D12 160 VREG
111 D12 161 VREG
112 D13 162 VSSH
113 D13 163 VSSH
114 D14 164 VSSH
115 D14 165 VSSH
116 D15 166 VSSH |
117 D15 167 VSSH V] \
118 LP 168 VOUT |\ B
119 LP 69 | vout |\ | N ]
120 FLM 1700\ | wout [\ O
121 FLM 1/~ 171\ ]\ VOUT-
122 M T O LIy L VouT
123 M oL s VOUT
124 CLK N V174 CAP1-
125 ~CLK [V [ =2 B 175 CAP1-
126 \VSSA | | | ) - 176 CAP1-
127 VSSA N\ 177 CAP1-
128 \CK . 178 CAP1-
129 CK 179 CAP1-
130 CKS 180 CAP1+
131 CKS 181 CAP1+
132 VDD 182 CAP1+
133 VDD 183 CAP1+
134 VDD 184 CAP1+
135 VDD 185 CAP1+
136 VDD 186 CAP2-
137 VDD 187 CAP2-
138 VBA 188 CAP2-
139 VBA 189 CAP2-
140 VBA 190 CAP2-
141 VBA 191 CAP2-
142 VBA 192 CAP2+
143 VBA 193 CAP2+
144 VREF 194 CAP2+
145 VREF 195 CAP2+
146 VREF 196 CAP2+
147 VREF 197 CAP2+
148 VREF 198 CAP3-
149 VREF 199 CAP3-
150 VEE 200 CAP3-

* This specification is subject to be changed without notice.
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Pin NO | Pad Name C"?;‘};‘;“" PinNO | Pad Name C";’;"i“{';ate

201 CAP3- 251 COM94

202 CAP3- 252 COM92

203 CAP3- 253 COM90

204 CAP3+ 254 CcCOM88

205 CAP3+ 255 COM86

206 CAP3+ 256 COM84

207 CAP3+ 257 COM82

208 CAP3+ 258 COMS80

209 CAP3+ 259 COM78

210 CAP4- 260 COM76

211 CAP4- 261 COM74

212 CAP4- 262 COM72

213 CAP4- 263 COM70

214 CAP4- 264 COM®68

215 CAP4- 265 COM®66

216 CAP4+ 266 COM®64 N
217 CAP4+ 267 come2 |V \
218 CAP4+ 268 CcoMe0. |\ B
219 CAP4+ 260 | COMS58 . |\ \ N ]
220 CAP4+ 2700\ | comMse /|
221 CAP4+ 1/~ 271\ |\ COM54

222 CAPS5- T /AU 272 ] coM52

223 CAPS5- L\ e7s COM50

224 CAPS5- R [ 274 COM48

225 ~CAP5- [V [ L— 2\ B 275 COM46

226 \CAP5- | | | ] 276 COM44

227 CAP5- \ 277 COM42

228 CAPR5+ . 278 COM40

229 CAP5+ 279 COM38

230 CAP5+ 280 COM36

231 CAP5+ 281 COM34

232 CAP5+ 282 COM32

233 CAP5+ 283 COM30

234 DUMMY 284 COM28

235 COM126 285 COM26

236 COM124 286 COM24

237 COM122 287 COM22

238 COM120 288 COM20

239 COM118 289 COM18

240 COM116 290 COM16

241 COM114 291 COM14

242 COM112 292 COM12

243 COM110 293 COM10

244 COM108 294 COM8

245 COM106 295 COM6

246 COM104 296 COM4

247 COM102 297 COM2

248 COM100 298 COMO

249 COM98 299 COMA

250 COM96 300 DUMMY

* This specification is subject to be changed without notice.
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130 COM/ 128 SEG 4096 Color STN LCD Driver

Pin NO | Pad Name C"?;‘};‘;“" PinNO | Pad Name C";’;"i“{';ate
301 SEGAO0 351 SEGC16
302 SEGBO0 352 SEGA17
303 SEGCO 353 SEGB17
304 SEGA1 354 SEGC17
305 SEGB1 355 SEGA18
306 SEGC1 356 SEGB18
307 SEGA2 357 SEGC18
308 SEGB2 358 SEGA19
309 SEGC2 359 SEGB19
310 SEGA3 360 SEGC19
311 SEGB3 361 SEGA20
312 SEGC3 362 SEGB20
313 SEGA4 363 SEGC20
314 SEGB4 364 SEGA21
315 SEGC4 365 SEGB21 j
316 SEGA5 366 SEGC21 [
317 SEGB5 367 SEGA22 [V \
318 SEGCS5 368 SEGB22 |\ B
319 SEGA6 369 | SEGE22. | |\ | N ]
320 SEGB6 3700\ | SEGA23 /[ —
321 SEGC6 [/~ 371\ \|\ SEGB23~
322 SEGA7 \ ][ 372\ | 'SEGC23
323 SEGB7 \ |\ 373 | SEGA24
324 SEGC7 N\ 374 SEGB24
325 _SEGA8 |V, I[ — 7 375 SEGC24
326 \SEGB8 | | | J 376 SEGA25
327 SEGC8 \ 377 SEGB25
328 SEGA9 378 SEGC25
329 SEGB9 379 SEGA26
330 SEGC9 380 SEGB26
331 SEGA10 381 SEGC26
332 SEGB10 382 SEGA27
333 SEGC10 383 SEGB27
334 SEGA11 384 SEGC27
335 SEGB11 385 SEGA28
336 SEGC11 386 SEGB28
337 SEGA12 387 SEGC28
338 SEGB12 388 SEGA29
339 SEGC12 389 SEGB29
340 SEGA13 390 SEGC29
341 SEGB13 391 SEGA30
342 SEGC13 392 SEGB30
343 SEGA14 393 SEGC30
344 SEGB14 394 SEGA31
345 SEGC14 395 SEGB31
346 SEGA15 396 SEGC31
347 SEGB15 397 SEGA32
348 SEGC15 398 SEGB32
349 SEGA16 399 SEGC32
350 SEGB16 400 SEGA33
* This specification is subject to be changed without notice. 10 2003/2/11 (V0.1)
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Pin NO | Pad Name C"?;‘};‘;“" PinNO | Pad Name C";’;"i“{';ate
401 SEGB33 451 SEGAS50
402 SEGC33 452 SEGB50
403 SEGA34 453 SEGC50
404 SEGB34 454 SEGAS51
405 SEGC34 455 SEGB51
406 SEGA35 456 SEGC51
407 SEGB35 457 SEGAS52
408 SEGC35 458 SEGB52
409 SEGA36 459 SEGC52
410 SEGB36 460 SEGAS53
411 SEGC36 461 SEGB53
412 SEGA37 462 SEGC53
413 SEGB37 463 SEGA54
414 SEGC37 464 SEGB54
415 SEGA38 465 SEGC54 j
416 SEGB38 466 SEGAS55 [
417 SEGC38 467 SEGB55 [V - \
418 SEGA39 468 SEGEC55 | \ B
419 SEGB39 469 | SEGA56 | \ N ]
420 SEGC39 4700\ | SEGB56 | —
421 SEGA40 [/~ 471\ \|\ SEGC56
422 SEGB40 \ V][ 472\ \ | 'SEGA57
423 SEGC40 \ |\ 473 | SEGB57
424 SEGA41 N\ 474 SEGC57
425 SEGB41 [V, [ L— 475 SEGA58
426 SEGC41) | | J 476 SEGB58
427 SEGA42 \ 477 SEGC58
428 SEGB42 478 SEGA59
429 SEGC42 479 SEGB59
430 SEGA43 480 SEGB59
431 SEGB43 481 SEGA60
432 SEGC43 482 SEGB60
433 SEGA44 483 SEGC60
434 SEGB44 484 SEGA61
435 SEGC44 485 SEGB61
436 SEGA45 486 SEGC61
437 SEGB45 487 SEGA62
438 SEGC45 488 SEGB62
439 SEGA46 489 SEGC62
440 SEGB46 490 SEGA63
441 SEGC46 491 SEGB63
442 SEGA47 492 SEGC63
443 SEGB47 493 SEGA64
444 SEGC47 494 SEGB64
445 SEGA48 495 SEGC64
446 SEGB48 496 SEGA65
447 SEGC48 497 SEGB65
448 SEGA49 498 SEGC65
449 SEGB49 499 SEGA66
450 SEGC49 500 SEGB66

* This specification is subject to be changed without notice.
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Pin NO | Pad Name C"?;‘};‘;“" PinNO | Pad Name C";’;"i“{';ate
501 SEGC66 551 SEGBS3
502 SEGA67 552 SEGC83
503 SEGB67 553 SEGA84
504 SEGC67 554 SEGBS84
505 SEGA68 555 SEGC84
506 SEGB68 556 SEGA85
507 SEGC68 557 SEGB85
508 SEGA69 558 SEGC85
509 SEGB69 559 SEGAS86
510 SEGC69 560 SEGBS86
511 SEGA70 561 SEGC86
512 SEGB70 562 SEGAS87
513 SEGC70 563 SEGBS87
514 SEGAT71 564 SEGC87
515 SEGB71 565 SEGA88 j
516 SEGC71 566 SEGBS88 [
517 SEGA72 567 SEGC88 |V - \
518 SEGB72 568 SEGA89 | \ B
519 SEGC72 569 | SEGB89 . | \ N ]
520 SEGA73 570\ \ | SEGC89 |\
521 SEGB73 [/~ 571\ \|\ SEGA90
522 SEGC73 \ L \5720 \ | 'SEGB90
523 SEGA74 |\ 573 | SEGC90
524 SEGB74 RN 574 SEGA91
525 SEGC74 |V, [ L— 575 SEGB91
526 SEGA75) | | J 576 SEGC91
527 SEGB75 \ 577 SEGA92
528 SEGC75 578 SEGB92
529 SEGA76 579 SEGC92
530 SEGB76 580 SEGA93
531 SEGC76 581 SEGB93
532 SEGA77 582 SEGC93
533 SEGB77 583 SEGA94
534 SEGC77 584 SEGB94
535 SEGA78 585 SEGC9%4
536 SEGB78 586 SEGA95
537 SEGC78 587 SEGB95
538 SEGA79 588 SEGC95
539 SEGB79 589 SEGA96
540 SEGC79 590 SEGB96
541 SEGAS80 591 SEGC96
542 SEGBS0 592 SEGA97
543 SEGC80 593 SEGB97
544 SEGAS81 594 SEGC97
545 SEGBS1 595 SEGA98
546 SEGC81 596 SEGB98
547 SEGAS82 597 SEGC98
548 SEGBS82 598 SEGA99
549 SEGC82 599 SEGB99
550 SEGAS83 600 SEGC99
* This specification is subject to be changed without notice. 12 2003/2/11 (V0.1)
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Pin NO | Pad Name C"?;‘};‘;“" PinNO | Pad Name C";’;"i“{';ate
601 SEGA100 651 SEGC116
602 SEGB100 652 SEGA117
603 SEGC100 653 SEGB117
604 SEGA101 654 SEGC117
605 SEGB101 655 SEGA118
606 SEGC101 656 SEGB118
607 SEGA102 657 SEGC118
608 SEGB102 658 SEGA119
609 SEGC102 659 SEGB119
610 SEGA103 660 SEGC119
611 SEGB103 661 SEGA120
612 SEGC103 662 SEGB120
613 SEGA104 663 SEGC120
614 SEGB104 664 SEGA121
615 SEGC104 665 SEGB121 j
616 SEGA105 666 SEGC121 [
617 SEGB105 667 SEGA122 |V \
618 SEGC105 668 SEGB122 | \ B
619 SEGA106 669 | SEGE122. | \ N ]
620 SEGB106 670\ \ | SEGA123/ [ —
621 SEGC106 |/~ 671 \ \ |\ SEGB123~
622 SEGA107 \ 11 \e72\ \ | SEGB123
623 SEGB107 |\ 673 — | SEGA124
624 SEGC107 | |\ 674 SEGB124
625 SEGA108 [V, [ — 7\ 675 SEGC124
626 SEGB108 | | J 676 SEGA125
627 SEGC108 \ 677 SEGB125
628 SEGA109 678 SEGC125
629 SEGB109 679 SEGA126
630 SEGC109 680 SEGB126
631 SEGA110 681 SEGC126
632 SEGB110 682 SEGA127
633 SEGB110 683 SEGB127
634 SEGA111 684 SEGC127
635 SEGB111 685 DUMMY
636 SEGC111 686 COoM1
637 SEGA112 687 COM3
638 SEGB112 688 COM5
639 SEGC112 689 com7
640 SEGA113 690 COoM9
641 SEGB113 691 COM11
642 SEGC113 692 COM13
643 SEGA114 693 COM15
644 SEGB114 694 COoM17
645 SEGC114 695 COM19
646 SEGA115 696 COM21
647 SEGB115 697 COM23
648 SEGB115 698 COM25
649 SEGA116 699 CcoM27
650 SEGB116 700 COM29
* This specification is subject to be changed without notice. 13 2003/2/11 (V0.1)
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Pin NO | Pad Name C"?;‘};‘;“" PinNO | Pad Name C";’;‘,"‘{';ate
701 COM31

702 COM33

703 COM35

704 COM37

705 COM39

706 COM41

707 COM43

708 COM45

709 COM47

710 COM49

711 COM51

712 COMS53

713 COMS55

714 COMS57

715 COMS59

716 COM61 — T
717 COM63 ] |
718 COM®65 — N
719 COMe7 \ ~ 7 \ Y]
720 COM69 -~ C/ -/
721 COM71 17N\ -

722 COM73 R\/\\ \/:1 \\A»“/\\ ‘1\ \ \\ -

723 COM75 AR

724 COM77 S\

725 _eoM79. |V T[T =

726 \coms1 | | | <

727 comss [\

728 COMB85 ]

729 CcOoM87

730 COM89

731 COM91

732 COM93

733 COM95

734 CcCOomM97

Note : For PCB layout, IC substrate must be connected to VSS.

* This specification is subject to be changed without notice.
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5.  Functional block diagram

5.1 System Block Diagram

vbD O—»

VO
V1

V2

V3

V4

o 00000

VSS
(VSSH,VSSL)

CAP1- o—
CAP1+0—]
CAP2- C—
CAP2+0—]
CAP3- ©—
CAP3+ 00—
CAP4- O—
CAP4+ O—
CAP5- 0—
CAP5+ 0—
VOUT 00—
VEE O—
VREF O—
VBA ©O—

HNoaID Je)sooyg

JapeAuo) abejjopn

D5
D4/SPOL
D3/SMODE ©—
D2/EXCS O—
D1/SDA O

DO/SCL  ©—

Jayng indinondu|

(E) (RIWB)

Figure 2. System Block Diagram

* This specification is subject to be changed without notice.
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> > z Display RAM ‘; S o
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] o (0] @) o Py
S g Y| s g N g Y&
2 Z =3 Pixel Display RAM 8 5 @
Q = ~
= - = (PGRAM) e | |2 2
128 X 2 X (4+4+4) bits \
ST - 7 X Address Decoder
——— RAM Interface | \ i /\‘
B ‘ X Address Counter
X Address Register
‘ Alternation Circuit ‘ ‘ Bus Holder ‘ ‘ Instruction Decoder ‘ ‘ Register Read ‘
MPU Interface % osC Display Timing Gen. ‘
CSB RS M/S RDB WRB P/S M86 RESB TEST CK CKS CLK LP FLM M
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5.2 Power Circuit Block Diagram

Reference

Voltage VBA

Dividing
Resistor

72/

VREG AMP
VREF
O
Bias
Register
Electronic
Volume Register
Booster step
set Register
Y N\
. . 'SR
. e N ‘//// P
. Vo~ \ 7\
VEE o—| Booster Circuit o VouT —\ N\ (O
TN \ \ N\
~ -
\ \
R TR \
LR \ © O\ B\
55 BB 3£ 8
0 g SV 9,] f \O \ O\ /\5 v
— N\ )\ \ T
\ //‘ /e‘ \
"
—

* This specification is subject to be changed without notice.
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Figure 3. Power Circuit Block Diagram

VO

VA1

V2

V3

V4

VYYYY

Impedence
Convg r

|
Ve |
v A \
\ (
\ o

</

2003/2/11  (V0.1)



EM65568
130 COM/ 128 SEG 4096 Color STN LCD Driver

6. Pin Description

6.1 Power Supply Pins
Symbol /0 Description
VDD Power Power supply pin for logic circuit to +1.8 to 3.3V
Supply pply p g - .
VSSL Power Ground pin for logic circuit, connect to 0V
Supply
Power . . .
VSSH Ground pin for high voltage circuit, connected to 0V
Supply
N0 Bias power supply pin for LCD drive voltage
When using an external power supply, convert impedance by using resistance-division of LCD
V1 . . ) . )
V2 Power |drive power supply or operation amplifier before adding voltage to the pins. These voltages
V3 Supply [should have following relationship: VSS<V4<V3<V2<V1<V(
Va4 When the internal power supply circuit is active, these voltages are generated by the built-in
booster and voltage converter. Then, must connect capacitor each to VSS.

6.2 LCD Power Supply Circuit Pins

Symbol 1/0 Description
CAPI+ 0 Connecting pin for the built in booster’s capacitor + side. o // \\
The capacitor is connected between CAP1- and CAP1+. /7 N
Connecting pin for the built in booster’ s/capacn side/ \ \
CAPI- 0 The capamgtor is connected between CAPT- and é’A‘PH 4 / \\ \ <
Connecting pin for the built in booster’s capamtor + side \ _
CAP2+ 0 The capacitor 1s/connected béwegrsl CAP2« and CAP2'+.
CAP2 0 Connecting pin for, the bullt in bOO&teI‘ § capacnor side.
The capaeitor-is Sonnected between CAP2- and CAP2+.
CAP3+ 0\ Connecting pin for the built inbooster’s capacitor + side.
o) The‘capam(or is connected between CAP3- and CAP3+.
CAP3- \ O// : Connecting pin for the built in booster’s capacitor - side.
\ T\ Theeapacnor is connected between CAP3- and CAP3+.
CAP4+ \O \ Connecting pin for the built in booster’s capacitor + side.
The capacitor is connected between CAP4- and CAP4+.
CAP4- 0 Connecting pin for the built in booster’s capacitor - side.
The capacitor is connected between CAP4- and CAP4+.
CAP5+ 0 Connecting pin for the built in booster’s capacitor + side.
The capacitor is connected between CAPS- and CAP5+.
CAPS- 0 Connecting pin for the built in booster’s capacitor - side.
The capacitor is connected between CAPS- and CAP5+.
VBA o 0.9 times VDD voltage output pin
VREF | Voltage input pin for generating reference power source
VEE Power |Voltage supply pin for booster circuit. Usually the same voltage level as VDD.
Supply  |In the case of TCP, draw it as a separate terminal.
VOUT o Output pin of boosted voltage in the built-in booster.
The capacitor must be connected between this pin and VSS.
VREG o Output pin for regulated voltage of VREG AMP.

The capacitor must be connected between this pin and VSS.

* This specification is subject to be changed without notice. 17 2003/2/11 (V0.1)
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6.3 System Bus Pins

Symbol

/0

Description

RESB

I

Reset input pin.
When RESB is “L”, initialization is executed.

DO0/SCL
D1/SDA
D2/EXCS
D3/SMODE
D4.SPOL
D5-D7

1/0

Data bus / Signal interface related pins.
When parallel interface is selected (P/S =
connect to MPU data bus.

When serial interface is selected (P/S = “L”), DO and D1 (SCL, SDA) are used as serial
interface pins.

SCL: Input pin for data transfer clock

SDA: Serial data input pin

EXCS: Extended Chip Select I/O pin

SMODE: Serial transfer mode select pin

SPOL: RS pole select pin when 3-wires serial interface is selected.

SDA data is latched at the rising edge of SCL.

Internal serial/parallel conversion into 8-bit data occurs at the rising edge of 8" clock of SCL
After completing data transferring, or when making no access, be sure to set SCL to “L”.

“H”), The D7-D0 are 8-bits bi-directional data bus,

D8-D15

/0

8-bit bi-directional bus. Connected to MPU data bus.
Used as data bus for upper 8-pins in the 16-bits access mode.

CSB

Chip Select input pin.

RS

CSB = “L”: accepts access from MPU //x
CSB = “H”: denies access from MPU N\

RAM/Register select input pin. N\ A\ )
RS =“0”: D7-DO0 are display RAM data O\ / AN\ (O N OV

RDB
(E)

R/WB ﬂ\“H” WhenE is “H”, D7-DO0 are in an output status.
/ R/WB o 5

RS =“1": D7-DO0 are QOHtI‘Ol r;glsfer data \
Read/Write control pm x\/ ~ ‘1\ \ )
Select 80- famﬂy\MPU typé; (M86 = “L”)

The RDB-is s adata read slgnal When RDB is “L”, D7-DO are in an output status.
Select| 68-family MPU type (M86 = “H”)

he data on D7-D0 are latched at falling edge fo the E signal.

WRB
(R/WB)

Read/Write control pin
Select 80-family MPU type (M86 = “L”)

The WRB is a data write signal. The data on D7-DO0 are latched at rising edge of the WRB
signal.

Select 68-family MPU type (M86 = “H”)
Read/Write control input pin.

R/W =“H”: Read

R/W =“L”: Write

M86

MPU interface type selecting input pin.
MS86 = “H”: 68-family interface

M86 = “L”: 80-family interface

Fixed at either “H” or “L”

P/S

Parallel/Serial interface select pin.

P/S'| Chip select | Data identification | Data | Read/Write | Serial clock

H CSB RS DO0-D7 | RDB, WRB -

L CSB RS SDA | Write only SCL

P/S = “H”: For parallel interface.
P/S =“L”: For serial interface. Fix D15-DS5 pins are Hi-Z, RDB and WRB pins to either “H” or
4‘L95.

TEST

For testing. Fix to “L”.

* This specification is subject to be changed without notice. 18
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6.4 LCD Drive Circuit Signals

Symbol

/0

Description

LpP

/0

The LP is latch clock I/O pin.
At the rising edge, count the display line counter. At the falling edge output the LCD drive
signal. This pin use in master/slave multi-chip system

M/S = “H”: LP is output
M/S =“L”: LP is input

FLM

/0

/O pin for LCD display synchronous signals (first line maker).

When FLM pin is set to “H”, the display start-line address is preset. This pin use in
master/slave multi-chip system. In the display line counter

M/S =“H”: FLM is output

M/S =“L”: FLM is input

I/O

1I/O pin for alternated signals of LCD drive output.
M/S =“H”: M is output

M/S =“L”: M is input

This pin use in master/slave multi-chip system.

M/S

Maser/Slave mode select input pin

M/S| State | OSC | Power Supply Circuit LP CLK

FLM M
H | Master | Enable Enable Output | Output | Output | Quiput

L | Slave |Disable Disable Input Input _Input Input

Fix to “H” or “L” at this terminal. 0\ / N

SEGA0-A127
SEGB0-B127
SEGCO0-C127

(When l\@noe}yome Dlsplay)

Segment output pins for LCD drives. o\
According to the data of the Dlsplay RAM datzf non hghted at\ ‘*0” hgl(rt/ /(L at “1” (Normal
.

Mode). non- l1ghted at “1” hghtedf at, “0” (ReverSe Mede) and by a combination of M signal

and dlsplayda\a one s;gnal le\/el among VO V2 V3 and VSS signal levels are selected.

(\//\//' ] \ “’L//

—

M Signal

Display RAM
Data

A
Y

] » » »
Y L) LY Ll

Normal Mode V2 %0 V3 | VSS

Reverse Mode VO V2 | VSS V3

COMO-
COM127

Common output pins for LCD drivers. By a combination of the scanning data and M signal,
one signal level among V0, V1, V4 and VSS signal level is selected.

Data
H
L

Output level
VSS
Vi
H Vo
L V4

TR

COMA

Common output pin for LCD drive exclusively for icons.

COMB

Common output pin for LCD drive exclusively for icons.

* This specification is subject to be changed without notice. 19
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6.5 Oscillating Circuit Pin

Symbol /0 Description
Display timing clock source select input pin.
CKS I CKS = “H”: Use external clock from CK pin.
CKS = “L”: Use internal oscillated clock.
In the slave mode, fix this pin at “L”. In the case of TCP, draw it as a separate terminal.
CK I External clock input pin for display timing. In the slave mode, fix the CK pin at “L”. In the case
of TCP, draw it as a separate terminal.
I/O pin for display timing clock. To use this pin in the master/slave system.
CLK /O M/S = “H”: Output display timing clock.
M/S = “L”: Input display timing clock from the master.
e \
_ Y \
- \\\ ‘\
~ AN\
N\ oD
w (U U
/N \ A\ N
NV \
1 ‘C\ ‘
RN \
N | (>N
—~ U A
) )\ \ )
\/’/‘ 2R ;,,/,//
=
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7.  Functional Description

7.1 MPU Interface

7.1.1 Selection of Interface Type

The EM65568 transfers data through 8-bit parallel I/O (D7-D0), 16-bit parallel I/O (D15-D0) or serial data input (SDA, SCL).
The parallel interface or serial interface can select by state of P/S pin. When select serial interface, data reading cannot be

performed, only data writing can operate.

P/S | I/F Type CSB RS RDB WRB M86 SDA SCL Data
H Parallel CSB RS RDB WRB M86 - - D7~D0 (D15~D0)
L Serial CSB RS - - - SDA SCL -

7.1.2 Parallel Input
When parallel interface is selected with the P/S pin, the EM65568 allows data to be transferred in parallel to an 8-bit/16-bit
MPU through the data bus. For the 8-bit/16-bit MPU, either the 80-family MPU interface or the 68-family MPU interface can

|
be selected with the m86 pin. ] \
— \
\ \\ .

u86 | MPU Type CSB__| RS |RDB__ | WRB Data |\
H | 68-familyMPU |CSB | RS E R/WB__ [D7~DO(D15~D0) .
L [80-familyMPU [CSB_ [RS [RDB [WRB  [B0~D7 (DI5-D0) -

/\
\ \

\

\

7.1.3 Read/Write functions of Reglster and dlsplay RAM
The EM65568 have four rEad/wt( e]fun&lﬁns at parallel 1nterface mode Each read/write function select by combinations of RS,

RDB and WRB 51gnals ) \\\ \ < /
68-famil 80-, amll .
RS RJ;WB Y RDB i y WRB Function
1 1 } 0 1 Read internal Register
1 0 1 0 Write internal Register
0 1 0 1 Read display data
0 0 1 0 Write display data

7.1.4 Serial Interface

EM65568 has two types serial interface. One is a 3-wires type serial interface; other one is a 4-wires type serial interface. The
3-wire or 4-wire is determined by SMODE pin.

SMODE = “L”: 4-wires serial interface

SMODE = “H”: 3-wires serial interface

7.1.5 4 Wires Serial Interface

When chip select is active (CSB = “L”), 4-wires type serial interface can work through the SDA and SCL input pins. When
chip select is inactive (CSB = “H”), the internal shift register and counter are reset in the initial condition. Serial data SDA are
input sequentially in order of D7 to DO at the rising of serial clock (SCL) and are converted into 8-bit parallel data (by serial to
parallel conversion) at the rising edge of the 8" serial clock, being processed in accordance with the data. The identification

whether are serial data inputs (SDA) are display data or control register data is judged by input to RS pin.

* This specification is subject to be changed without notice. 21 2003/2/11 (V0.1)
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RS =“L”: display RAM data

RS =“H”: control register data
After completing 8-bit data transferring, or when making no access, be sure to set serial clock input (SCL) to “L”. Cares of
SDA and SCL signals against external noise should be taken in board writing. To prevent transfer error due to external noise,

release chip select (CSB = “H”) every completion of 8-bit data transferring.

cSB

RS

SDA D7 D6 D5 D4 D3 D2 D1 DO

s O O

Figure 4. 4-Wires type Serial Interface

7.1.6 3 Wires Type Serial Interface — \
(\ \ /

When chip select is active (CSB = “L”), 3-wires type serial interface can work through thuc SQA aﬂd SCE pput pins. When
™~
chip select is inactive (CSB = “H”), the 1nternal shlft regls}ér ar@i counter are reset 1nthe 1n1t1a1 condition. Serial data SDA are

input sequentially in order of RS, D7 to DO at the; rislng edge Of Serlal clock (SCL) and are converter into 9-bit parallel data (by
serial to parallel convsrsmq) at tp(ﬂ[mqg edge Of the 9th seual clock The identification whether the serial data inputs (SDA)
are display data or\ contr(ﬁ reglster daf{m det/errntned by first serial input data (RS) and SPOL pin as followed.

\ \// SPOL = “0” SPOL = “1”
RS | Display RAM/Register RS Display RAM/Register
- 0 Display RAM Data 0 Control Register Data
1 Control Register Data 1 Display RAM Data

After completing 9-bits data transferring, or when making no access, be sure to set serial clock input (SCL) to “L”. Cares of
SDA and SCL signals against external noise should be taken in board wiring. To prevent transfer error due to external noise,

release chip select (CSB = “H”) every completion of 9-bit data transferring.

CSB
SDA RS D7 D6 D5 D4 D3 D2 D1 DO

Figure 5. 3-Wires Type Serial Interface

7.1.7 Chip Select Connection in Serial Interface Mode

When serial interface use in 2 chips EM65568 system; one is a Master another is a slave, both EM65568 can control by only
one chip select signal. For reduce the chip select signal, connect master chip EXCS pin and slave chip EXCS pin as following
diagram. The EXCS pin output level can control by internal EXCS register in master chip. If EXCS register set to “0” in

master chip, after that master chip only recognizes EXCS register access instruction and can access slave chip. The slave chip

* This specification is subject to be changed without notice. 22 2003/2/11 (V0.1)
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can only access at both EXCS and CSB input is “L”.

RS SCL SDA CSB
CSB EXCS: Extend Chip Select (I/O)
SDA Master device: Output
S Slave device: input
RS :
4 ws E(msfti?fs P/S: Select parallel/serial interface (Input)
P/S P/S =0: Serial interface select.
SMODE P/S=1: Parallel interface select
N E;g; M/S: Select master/slave mode (Input)
7 M/S=0: Slave mode select
CSB M/S=1: Master mode select
SDA SMODE: Select 3/4-wires serial interface (Input)
SCL SMODE=0: 4-wires serial interface select
RS EM65568 SMODE=1: 3-wires serial interface select
'\PA//SS (Slave) SPOL: Select RS bit polarity (Input)
SMODE This pin can work only 3 wires serial interface mode.
SPOL SPOL=0: If RS = “07, access to display RAM -
| EXCS SPOL=1: If RS =“17, access to display RAM “
777 - Y v/J \
AN\
. N \\\ \\\\ \\\ ‘\\ \\\ \\\ ‘\\7//\/\ \/
7.2 Data write to Display RAM and Control Reglstek /// M \ W\ v
The data write to display RAM and Control RegLster use\ almost Same procedure only different setting of RS that select access
v . \ AR
object. //—'—*—\ /\/ ] ‘/ ()

RS =“L”: DlspIay RAM data \ C //
RS =“H™: Controi/reglster da,ta

In the case of the 80—farﬁ11y MPU, the data is written at the rising edge of WRB. In the case of the 68-family MPU, the data is
written at the falling edge of signal E.

Data write operation

D0~D7 Data0 Datal Data2 Data3 Data4
ata ata ata. ata ata:
(D0~D15)
L. o N o R o
RS
Wrie to which Wrie to control register o Wrie to display RAM

Figure 6. Data write operation
7.3 Internal Register Read
In the case of display RAM read operation, need dummy read one time. The designated address data are not output to read
operation immediately after the address set to AX or AY register, but are output when the second data read. Dummy read is

always required one time after address set and write cycle.
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Read display RAM operation

WRB

D0~D7
n Hkk n n+1 n+2
(D0~D15)
Address set (AX,AY) Dummy Data Read Data Read Data Read
Address = n Read Address=n Address=n+1 Address=n+2

RDB —‘
RS —‘

Figure 7. Read display RAM operation

The EM65568 can be read the control registers, in case of control register read operation, data bus upper nibble (D7-D4) use
for register address (0 to FH). In maximum, 16 registers can access directly. But number of register is more than 16 registers.

Therefore, EM65568 has register bank control. The RE register is set bank number to access. And the RE address is OFH, in
any bank can access RE register. It is need 4-steps to read the specific register in max1mum case: '\\

(1) Write 04H to RE register for access to RA register. — L /\ \\
T\ e
2 Vo~ \ / / \ O\
(2) Writes specific register address to RA register. N\ \\ \ () \ -
. . . .\ — o \‘ \\\\ \\\ \\\\ \\\ \ /
(3) Write specific register bank to RE register. /7 \ \ |\ D
. . \ o\ \ ( \ \ \ -
(4) Read specific register contents.
N\ O\
Register read operation ) | \ | et -
. U WRB
D0~D7 04H addr bank data
Bank number write ~ Address write Bank number read specific
to RE for RA to RA write to RE register
RDB

RS

Figure 8. Register read operation

7.4 16-bit Data Access to Display RAM
The EM65568 correspond to 8-bits and 16-bits bus size access.
The data bus size can select by WLS register.
WLS = “0”: 8-bits bus size
WLS = “1”: 16-bits bus size
In the 16-bits access mode, access for control register use low-byte data bus (D7~D0). Then high byte data bus (D15~D8) are
not used in internal circuit. When read control register using 16-bits bus. Register values output to D3-D0 and D15-D4 output

“H”

* This specification is subject to be changed without notice. 24 2003/2/11 (V0.1)
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7.5 Display Start Address Register

This register determines the Y-address of the display RAM corresponding to the display start line. The display RAM data that
addressed Display Start Address register output to common driver start line. The actual common start line of LCD panel
depend on Display Start Common register and SHIFT bit of Display Control register. The register are preset every timing of
FLM signal variation in the display line counter. The line counter counts up being synchronized with LP input and generates

line addresses which read out sequentially 384 bits data from display RAM to LCD drive circuit.

7.6 Addressing of Display RAM

The EM65568 has built-in bit mapped display RAM. The display RAM consists of 1536 bits (12 bits*128) in the X-direction
and 130 bits in the Y-direction. In the gradation display mode, the EM65568 provides segment driver output for 16-gradation
display using 4 bits. The three outputs of the segment driver can be used for one pixel of RGB. When connected to an STN
color LCD panel, the EM65568 can display 128*130 pixels with 4096 colors (16 gradation * 16 gradation * 16 gradation). The
address area in the X-direction depends on the access bus size. In the X-direction, X Address register use to-access; and in the

Y-direction, Y Address register use to access. Do not specify any address outside the effectlve ad(fre'ésé\i 1 each access

mode because it is not permitted. . /\ A\
T\ 77\ \
TV / /‘ \ O\
AN @, . \
In Gradation Display Mode (MON="0") . T\ /0 \/
T\ 2 O L
8-bits bus size access \ O\
ABS=0 /7\ VL -
\ > \“X-address
OH 1H FEH FFH
OH | 7bit | Sbit 7bit | Sbit
Y-address i
81H| 7bit | Sbit 7bit | Sbit
ABS=1
X-address
OH 1H FEH FFH
OH | 4bit | 8bit 4bit | 8bit
Y-address E
81H| 4bit | 8bit 4bit | 8bit
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HSW=1

OH

Y-address

8IH

C256=1

O0H

Y-address

81H

16-bits bus size access

OH

Y-address

8IH

C256=1

OH

Y-address

8IH

X-address
OH 1H BEH BFH
8bit | 8bit 8bit | 8bit
8bit | 8bit 8bit | 8bit
X-address
OH 1H 7EH 7FH
8bit | 8bit 8bit | 8bit
SN
- L/J /\ \\
8bit | 8bit 8bit | 8bit |\
AN
TN
OH\ <<--~- 7FH
12bitf— 12bit
12bit 12bit
X-address
OH 3FH
16bit 16bit
16bit 16bit

The addresses, X Address and Y Address are possible to be set up so that they can increment automatically with the address

control register. The increment is made every time display RAM is read or written from MPU. In the Y-direction, 384 bits of

data are read out to the display data latch circuit by internal operation when the LP rises in a one-line cycle. They are output

* This specification is subject to be changed without notice.
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from the display data latch circuit when the LP fails. When FLM signals being output in one frame cycle are at “H”, the values
in the display starting line register are preset in the line counter and the line counter counts up at the falling of LP signals. The
display line address counter is synchronized with each timing signal of the LCD system to operate and is independent of

address counters X and Y.

7.7 Display RAM access using Windows Function

The EM65568 has window area setting command for specified display RAM area access. For use window function, need to set
up two position’s X and Y address. Also need set up auto increment mode (AXI="1", AYI="1"). Two position means window
start position and window end position. The window start position’s X and Y address set to normal X address(AX) and Y
address(AY) registers. The window end position’s X and Y address set to Window X End Address (EX) and Window Y Enc
Address (EY) register. In window function access, can use modify write access with set to AIM="1". In case of using window
function access, should be set following registers before access to RAM.

WIN =“1", AXI="1", AYI="1” —

X Address, Y Address, Window X End Address, Window Y End Address . [// //\ \\ \\
(\\ P (//1\(/ 1\ //\ \ \\\\ \ ]
Moreover, should be keep following address condition. N\ f/ C ,//'\ NV O
\ \ \ \ \\ \ \‘77 - -

Window end X address(EX) = Window. start X ad@réss (@X) D

Window end Y address(EY) = Wlndow start X address (AY)
SN0
/f\ ] ‘ ( \/ \ \\ i Xdﬂectlon Y
PN
X (X Y) Start Address
’_<L
&
=
g
=S
=
""""""" Window access area X (X,Y) End Address
Y

All display RAM area

7.8 Display RAM Data and LCD (only monochrome mode)
One bit of display RAM data corresponds to one dot of LCD. Normal display and reverse display by REV register are set up as
follows.
Normal display (REV=0): RAM data = “0” not lighted
RAM data = “1” lighted
Reverse display (REV=1): RAM data = “0” lighted
RAM data = “1” not lighted
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7.9 Segment Display Output Order/Reverse Set up
The order of display output, SEGA0, SEGB0, SEGCO0 to SEGA127, SEGB127, and SEGC127 can be reversed. If REF control

bit set to “1”, display by reversing access to display RAM from MPU by using REF register, lessen the limitation in placing IC

when assembling an LCD panel module.

7.10 Relationship between Display RAM and Address
The Display RAM block diagram shows in the figure below:

Bit-order reverse | |Internal Data Bus Grayscale Conversion
Write:depend on

REFSWAP < = = R = = _ SEGMENT Output IFF
Read:depend on . i . Data conversion is

REF Bit order reverse | Data Conversion | gepend on MON,
Write Read | Segment dataREF,SWAP,GLSB
,,,,,,, Da,t,,a,,,{,,,,,, }4 —Data 1 zx
<m | | ‘g ? _
8g g5 i

> % % f _< E_U, (‘T_)

'< A = 1 — /ﬁ/m,, -

IENE-F | SEVEER

& La Display RAM 5 e

'@; :_E 8 r o \\ /\\) <

@ =z »n \i N |

- 1N

X- Address (OOH FFH) T
ﬁ % Eﬁectlve Xaddress
o Address conversion is depend
/\ Adc}ress conversion CII’CUIt on MON,WLS, REF setting
\\\ (\:\ /) /; \\\\ \ \ \ /!
\ — Valid maximum is depend on
\ AX Register MON,WLS,WIN,HSW,C256

77777777 MPU I/F setting

Figure 10. The Display RAM block diagram

The EM65568 execute address conversion that depends on control register setting. In case of auto increment mode, usually AX
register is added one. For instance when REF and AXIT are both “1”, AX register is added one, but effective X address seems

decrement because of address conversion. The effective Y address use AY register values as it is.
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(1) Monochrome mode, 8-bits Access mode

HSW]ABS|REF [SWAP, X address / Data bus / Segment assign
0 0 0 0 X=00H X=01H X=FEH X=FFH
0 0 1 1 X=FEH X=FFH X=00H X=01H
Sl Q| T (Y[ ]—|qQq|n| S| Sl Q| T (O ]—|qQq|n|
ajjajjajjajjajia)jya] ja)jaRia)ja)ya AlRAIAIAIAIAIAIRIAIAIAIA
o~ o~ o~
2 2 3 S S S
) ) O 5 8 S
7% % % 0 & 0
n n n
HSW]ABS|REF |SWAP X address / Data bus / Segment assign
0 0 0 1 X=00H X=01H X=FEH X=FFH
0 0 1 0 X=FEH X=FFH X=00H X=01H
— — — oWl [\[ —
R|a|a|A|8|&8|a|a|a|8|A|a SDSE\”\@_@\QQSBEE
/ . [/,,,."///\ [\ \ — —
g 2 T2 OE [ 3
@ o 3 NS e <
m % /- =y Q Q O
L H [\ \ A S| [Sa) 5|
i MG AN \ "\ %) wn %)
HSW|ABS|REE X address / Data bus / Segment assign
0 1 0 ) X=01H X=FEH X=FFH
0 1 1\ X=FFH X=00H X=01H
S|l AN |—| QNN ||| O | S|l || NS | — ||| | V| O| >
AlAlAIAlA|IAIAIAIAIAIAIA AlAIAIAIRA|IA|IA|IAIAIAIAIA
o~ o~ ™~
2 2 S S o o
) O O 5 o S
7 % 7% 0 0 0
n w2 w2
HSW]ABS|REF |[SWAP, X address / Data bus / Segment assign
0 1 0 1 X=00H X=01H X=FEH X=FFH
0 1 1 0 X=FEH X=FFH X=00H X=01H
S|l A NS ||| ||| O | S|l— |l NN NS | — ||| | V| O| >
AlAlAIAlAIAIAIAIAIAIAIA AlAIAIAIR|IA|IA|IAIAIAIAIA
o~ o~ o~
5 ) 2 2 o 3
: : : : : :
7% % 7 0 5 =
wn w2 5]
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HSW]ABS| REF |[SWAP X address / Data bus / Segment assign
1 * 0 0 X=00H X=01H X=BEH X=BFH
S|l =N <t |V (O Sl—= AN (N[O |T> Sl—= (AT |V[(YO (D] —| Q|| |D|\©
aljaljalfaljaljal[al]a] al[aljaljal[alaljal[a aljaljalaljaljal[alja] alfalja]jal[a]aljalla
\O o~ o~ o~
2 2 3 Z S S S S
S le ]| CHERE RN R
% 7% 7% 7% 0 = 5 5
w2 n wn 2
HSW]ABS| REF |[SWAP X address / Data bus / Segment assign
1 * 0 1 X=00H X=01H X=BEH X=BFH
S|l =N <t |V |\O Sl—= AN (N[O |T> Sl—= (AN N|IT|V[(YO (D] — Q|| |D|\©
aljaljalfaljaljal[al]a] al[a]jaljal[ala]jal[a aljaljalaljaljal[alja] alfalja]jal[alaljalla
el ™~ o~ ~
3 2 2 5 5 S S S
O ©) 0 ) < 1R a <
0 0 0 0 QA © O}
n n %) 92 P —gé o VQ (L;JJ %
( f'/ //‘ N \ \/,i/ :
S "\ N '/// /
HSW | ABS | REF [swAP SEOREERRE
1 * 1 0 AV VAV VAV A
_— V[ [~ > \X\address/ Data bus / Segment assign
X=BEH| | X=BFH | [ \ "x&BDH  [x=BEH][ [ X=01H X=02H X=00H X=01H
aj[al{alia) [aljalja][a|[alal{al/a) [al|a]l|a][a][al{al{al[a) [al|al[a|[a iy [al[al|al/a [a][a][a{al{al/al|al|a [a][aa{al{al|al/al|a [a][a]{alfa
N Ne) Ne) o~ ™~ o~
sRRREAREERR AR RR R e g gyl e
e gl Al el R E
7 7 % 7 7% 7 0 ) 5 0 o 0
[9p] wn ) w2 ) )
HSW | ABS | REF |SWAP
1 * 1 1
X address / Data bus / Segment assign
X=BEH X=BFH X=BDH X=BEH X=01H X=02H X=00H X=01H
<t (V| S— AN O D | — QN[O TS — || en <D0 TS| — QNI 0[O TS — | AT DO T2 — | QN
aljaljal{a] [a][alla|[al{al/al[alla [aljal/al[al|a][al[al/a [al|a][al|a gy [al|a][al|a [aljal/al[alla]/aljallal [al|a][al|al/al[al|a][a) [a]|alalla)
\O| el \O| o~ o~ o~
400 gllldl 12| H||E FHE AR E
J L dEl @l i@l el R
7 7 % % 7 7 o5 0 0 0 0 0
[9p] w2 ) n ) )
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(2) Monochrome mode, 16-bits Access mode, Display Start Address = “00H”

HSW]ABS| REF |[SWAP X address / Data bus / Segment assign
* 0 0 0 X=00H X=7FH
* 0 1 1 X=T7FH X=00H
— || o >l 2T v —|lala|lg| ||| 2F |0
AlAIAIAIAIAIAIalalalala AlAIAIAIAIAIAIalalalala
~ ™~ o~
2 2 3 S 3 S
O O O 5 2 S
7 7% 7% o 0 5
n w2 wn
HSW] ABS| REF |[SWAP X address / Data bus / Segment assign
* 0 0 1 X=00H X=7EH
* 0 1 0 X=7FH ——X=00H
— || e ~|lola|lSd|2T | = | . PR R AR
ala|alalalaldlalalalala] 2lalB|a|z|alalala
- “"’ — N 7\///‘
\_ | ™~ o~ o~
S gl ] gl X X o
2L g s : :
A\ Al +8 5 = =
1 ! n wn nn
~ |\
N\ I
e YR N A
HSW|ABS|REFJswWAP]\ \ X address / Data bus / Segment assign
* 1110 o0 X=00H X=7FH
11 ] 11 X=7FH X=00H
Sl=|lalamn|s|wvl|vwo o|la|2| D S|l=|ala|dt|lvulv|s|ela|2| =
AlAlAalAlAIAIAIA~A|IAIAlala AlA|IAIAIAlAIAIAIRAIA|IAlA
o~ ™~ ™~
2 2 3 S S S
G} O O 5 e S
7% 7% 7% 0 0 5
7) n n
HSW] ABS| REF |SWAP| X address / Data bus / Segment assign
* 1 0 1 X=00H X=T7FH
* 1 1 0 X=7FH X=00H
o|l=|a <+ |wvl|wo w|la| 2 S|l=|alao|lt|lvulo|c|lela|2| =
AlAaIAIAIAIAIAIAIAIAalN AlAaAIAIAIAIAIAlIAIAIAaln
- . - 5 5 5
G} o o) 3 a 5
7% 7% 7 0 0 0
n w2 n

* This specification is subject to be changed without notice. 31 2003/2/11 (V0.1)




EM65568

130 COM/ 128 SEG 4096 Color STN LCD Driver

(3) Gradation mode(4096 color), 8 bits access mode

HSW]ABS|REF [SWAP X address / Data bus / Palette / Segment assign
0 0 0 0 X=00H X=01H X=FEH X=FFH
0 0 1 1 X=FEH X=FFH X=00H X=01H
(=] — [\ <t wv O [ — (o] o < > (=3 — (] < wv O > — [\ o < [
alalalalalalalalalalalae Alalalalal/a|lalalalalala
3 < 5 m 30 3 < 5 m 30
£ £ £ £ £ &
@ @ 08 08 ol
52 o o 52 25 23
HSW]ABS|REF |[SWAP X address / Data bus / Palette / Segment assign
0 0 0 1 X=00H X=01H X=FEH X=FFH
0 0 1 0 X=FEH X=FFH X=00H ‘ X=01H
=Nl
ol=|la|lst|w|lo|ol=|alo|x|x w/-;uij o\l\L —lalo| |
Alalalalalalalalalalala ‘alalale|e|e|e|e
3 g 2 e ) 2
& & AN\ \ & ~
© N\ e U\ el CS o}
=B (- A=A A5 22~
N (O
HSW]ABS|REE[swAP| \ | \ / X address / Data bus / Palette / Segment assign
ol1]o]-o0 X=00H _ X=01H X=FEH X=FFH
0 1 \ 1 X=FEH X=FFH X=00H X=01H
S|l AN |—| QNN ||| O | S|l || NS | — ||| || O |
AlAlAlAlAIAIAIAIAIAIAIA AlAIAIAIAR|IA|IAIAIAIAIAIA
3 < 3m 2o 3 < 3 m 30
£ & & & £ £
HSW]ABS|REF |SWAP X address / Data bus / Palette / Segment assign
0 1 0 1 X=00H X=01H X=FEH X=FFH
0 1 1 0 X=FEH X=FFH X=00H X=01H
Sl QA ||| ||V |[O| > Sl Q|| —= ([0 |V |[O| >
AlalA|lAlAIAIAIAIAIAIAIA AlaAlAlAIAIAIAIAIAIAIA
5 < 5 m 3o 3 < 5 m 30
£ £ £ £ & £
O 0 05 05 5
58 ok 32 28 o 33
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X address / Data bus / Palette / Segment assign

Ld LA
9a o LT1D 9d o)
¢q | owrd | oS eq | °werd
m va m vd
a q R4t «a 4
I | owerd | ods Ia | °wied
0a 0d _
.d LA
[=]
9d v LTy A Ld \\%
| sa | owed | o Z|-| sa Maed
% ya m % vd
v:A < Mc v:A £d Ve
za o) 9z1D A ad o\
a anafed 0ds > 1 SHIIRd
0d B 0d
£
d o T La
9a v v o 9d v
S | owered | odS M Sa | oW
M va ~ M rd
Tl ¢a gl €d
= £lx
za o) 00 S ad o
Ia | ewerd | ods vnM a | °wied
od 0od
1d LA
9d q od 9d d
cq | owerd | oHS ca | °werd
M yd M vd
] €da ] €d
S >
za v ov «d v
I | °werd | ods a | °wied
od 0od

HSW]ABS| REF |SWAP|

HSW]ABS| REF |[SWAP|

m o | LCIV m o) LTID
I ondled T apared
o DdS L 0ds
d Lcid d LTld
T AMNdred Omw - nared Omm
S S
Il Il
s v LTID < v 171V
SWRIEd | DHS oHdIEd DAS
o) 9CIvV o) 9CID
SWRIEd | DHS oHdIEd DAS
=] m = m
i g P
m < g 9cld m < q 9719
m amared 04dS m anered OdS
o= o
21z v | 92D 2|z v 971V
AN AMdJed ol T apared
E|= REE E P RER
< <
A~ o
2] fan 7] fen
= ) v H = 5 1D
m n:D MIred DHS m n__D aared DHS
a s @) <
~ m g Id m q 19
] M s anared DHS w an) amared DAS
1218 c12
,,,HX/ I ol ki
0 1= v < v
1/ Mded 1O opdred v
| DAS DAS
=T 2
5 5
W |- am Mded ov W o opdred 0D
, = DAS =3 DAS
o <3 m
M, @u _ M Il
=R ) 0d 8 A 0d
\ - Nded Nded
% DFS % DFS
< <
5 =
v v
W % Dﬁ@ﬂmnﬁ OO W % Dﬁ@ﬂmnﬁ O<
T > DAS T > DAS
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(3) Gradation mode (4096 color), 16 bits access mode

* This specification is subject to be changed without notice.

SWAP X address / Data bus / Palette / Segment assign
0 X=00H X=7FH
1 X=T7FH X=00H
— DN I R R IR —|lalo|lt|c|le|la2|@2| T2
AlAIAIAIAIAIAlalalalaln AR IAIAIAIAIAIalalalala
3 < 5 m 3o 3« Sm 3o
£ £ £ £ £ £
o~ o~ o~
22 23 28 g 3 o g
©n %) 7)) 0 <« o m 2R e
SWAP X address / Data bus / Palette / Segment assign
1 X=00H X=7FH
0 X=7FH _X=00H
BN
—lalo|ld | oc|lo(al2(d|2| |2 wIE|o el || || o | =
AlAIAlAIAlAlAlalalalala alala IalRA|IA|IRIAIAR|A
_ L ~D \
2 2 g g\ o y 2
¥ \ A \ 9-4 R [ [
\ ~ o~ o~
2 |\ \2g 22 2 2 29
522N 2\ n 2R ) “Im n <
I S — —
REF |[SWAP \ X address / Data bus / Palette / Segment assign
\ 0 X=00H X=T7FH
1 X=7FH X=00H
ol=|lala|lg|lv|v||w|la|2| = S|l=|alo|ldt|lvulv||wla|2| =
AlAeIAIAIAIAIAIAIAIAalA AlAIAIAIAIAIAIAIA Aln
3 < 3 30 3 < 3 30
£ £ £ £ £ £
o~ ~ o~
22 2 3 28 29 2 o 2 o
w0 n 75 0 <« "o m 2N @)
REF |SWAP X address / Data bus / Palette / Segment assign
0 1 X=00H X=7FH
1 0 X=T7FH X=00H
S|l=|alao|dt|lvulv||ela|S| = S|l=|ala|dt|luvulv||ela|2| =
AlAlAalAlAIAIAIA~A|IAIAlala AlAIAIAIAlAIAIAIRAIA|IAlA
3« 5 Bo 3« 5 30
£ £ £ £ £ £
o~ o~ ™~
28 22 22 g 2 2o
7 % % 2R @) “im v <
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(5)Gradation mode(256 Color) ,(C256=1)

8-bit mode(WLS=0)
HSW]ABS| REF |[SWAP| X address / Data bus / Palette / palette bit / Segment assign
1 +=1o] o X=00H X=7FH
AR 1 X=7FH X=00H
=] — o o < v O Lo (=) — N o < v O [l
[a) A A A o] e} [a)] @] o] [} AalAal A A [a)] @)
§ < g'g m E‘g &) g'g < E m E‘g 0
()] o - o o - (o} o N o - o o — (o} o
< < m m m @] @] @] < < m m m Q ©] @]
~ o~ ~
22 22 28 3 o 3 o q9
n n n wn <« I m »n
~ \ N\
HSW|ABS| REF |[SWAP X address / Data bus /Palette / palette bit /Segment assign”
* * 0 1 X=00H —~/~ |\ \\ P X=7FH
I 0 \X=7FH\ [\ | \ \ X=00H
. o | J/im\\ m <r ln & l\ sl =z=|la|laoa|l x| v|v|x
— e lplelrir]|alaln Alala|la|lalalaln
e e 2 g g £
/ \*g:t; < § an] § O E’ < z‘; an] § O
dlel=|a2|8|c|T |3 dl1e|z2|l28|8|c|0|0C
~ ~ o~
28 23 22 3 o g9 29
»n n n 2R @) "1 m wn <
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D)

16-bit mode(WLS

SId €0 SId €0
pid | L0 D] L PId | L0 o | 2D
era e 1D RER €1 e 10 REE
cra €d cla €d
d LTrd g 9C1d
A | apopeg 43l S A | sopeq d OaS
01d 1d ora 1d
6d v 134 LTIV 6d \' €V 9CIvV
Es m 8a | word [Tv | oas | |&|E M 8a | md [y | DdS
Z|0[T| a B T I a ©
ialle 9d D (48} 9zIo \\\ lalle 9d D [40) LTIo
2 maled oas | 2 el BEN
cd 10 | N | sa 10
Q 7d €d \_— 8 ya €d
2 o a — oug | 2 q a — Lud
= BN +2 anored
B za o N za ] D1
3 1d v EV__ 1 9TIV 5| 1d v ev | LTIV
g 0d_| ord [ zv_ | OHS 18 04 | owrd [Tzv | DS
Q WWW .
° S1d € I s1d €D
5 o) D b= | o) 00
& P1A | opopeq o 0AS ) o) V1A | oporeq o DAS
€ -1V cd
8 gq 1d sl A B dq 0d
8 U opog | M ogg Sl oapg [ oy
> 0ra 1d o T = “01d 1d
m =z 6d A% £V v m uW ] —6d Vv eV oy
it S|=| 8a | e v DdS = S\ 80 | °werd v Dds
vnM T La ) vm, T a %)
“I“Toa .2 o | “I*[oa .2 %) 1o
Mmared 1B anoreg
cd 10 s | s | 10 oas
ya £d FA NN €d
q od —=— ) g 1d
£d nored zd \eay L shored [4:|
za o DHS al T DHS
1a v v ov atyj v\ &V v
0aq | overed v ISEN 0 | °wered v DHS
[aW [=® -
= P ] [ 7N
= = (N
72 N \ \ \—
Glel- Hle|— ,
24 ~
2 wn
[aa] TN 9 M |*
< <
W * % W * |
T T
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(6)Data read and write bit assignment

In 16-bit data bus mode

[ABS=0]C256=0] Write |D15|[D14|D13[DI12[D11|D10| D9 | D8 [ D7 | D6 | D5 | D4 | D3 | D2 | DI | DO
Read |D15|D14|D13|[D12] 1 |[DI0| DY | D8 |[D7| 1 | 1 | D4|D3|D2|DI1] 1
[ ABS=1]C256=0] Write | D15|D14|D13[DI12|D11|/D10| D9 | D8 | D7 [ D6 | D5 | D4 | D3 | D2 | D1 | DO
Read | 1 | 1 [ 1 ] 1 |[D11|/D10]/ D9 | D8|D7[D6|D5|D4|D3]|D2]| DI | Do
[ ABS=*|C256=1] Write | D15|D14|D13[D12|D11|/D10/ D9 | D8 | D7 [ D6 | D5 | D4 | D3 | D2 | D1 | Do
Read |D15|D14|D13|DI12|DI11|[DI10| D9 [ D8 | D7 [ D6 | D5 | D4 | D3 | D2 | DI | DO
In 8-bit data bus mode
[ABS=0[HSW=0|C256=0]Address 00,02,04......... FC,FEH 01,03,05.......FD,FFH
Write | D7 | D6 | D5 [ D4 | D3 | D2 | D1 [ D0 | D7 | D6 [D5{'D4 | D3 | D2 | DI | DO
Read | D7 [ D6 [ D5 D4| 1 [D2|[DI[D0|D7}1\\1\[D4|{D3|[D2]DI1] 1
N\ (/«\//’ <\ ///\ \ O\ /] |
{/ \ ( \ <
[ABS=1[HSW=0|C256=0]Address 00,02,04.......,FCFEH, \ \ |\ —01,03,05......... FD,FFH
Write | D7 | D6 [ D5( D4{ D3 |\D2 || D1 | D0 | D7 | D6 | D5| D4 | D3| D2]| DI | D0
Read [ 1 [\1\[\1\[\ 1\ ['D3[D2|[D1|[D0|D7|D6 | D5 D4 | D3| D2|DI|DO
[ABS=0|HSW=1]C256=0}Address]~ / / 00,01,02......BD,BE,BFH
"~ |\Write | D7 | D6 [ D5 | D4 | D3 | D2 | D1 | DO
\ Read | D7 | D6 | D5 [ D4 | D3| D2 | DI | DO
[ ABS=0HSW=0|C256=1|Address 00,01,02......7D,7E,7FH
Write | D7 | D6 | D5 [ D4 | D3 | D2 | DI | DO
Read | D7 | D6 [ D5 | D4 | D3 | D2 [ D1 | DO

7.11 Display Data Structure and Gradation Control

For the purpose of gradation control, one pixel requires multiple bits of display RAM. The EM65568 has 4-bit data per output

to achieve the gradation display.

The three outputs of the segment driver are used for one pixel of RGB, and the EM65568 is connected to an STN color LCD

panel. It can display 128*130 pixels with 4096 colors (4 bits * 4 bits * 4 bits). In this case, since the gradation display data is

processed by a single access to the memory, the data can be rewritten fast and naturally.

The weighting for each data bit is dependent on the status of the SWAP bit and the REF bit that is selected when data is written

to the display RAM.

* This specification is subject to be changed without notice.
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(1) Gradation mode (4096 color)

8-bit mode
* (REF, SWAP)=(0,0) or (1,1)

SEGAIi SEGBIi SEGCi i=0to 127
| palette Aj | palette Bj | palette Cj | Gradation palette j=0 to 15

| Gradation control

i

=

H

W

|
[oJoJoJoliJoJoJo]1 1 | 1 |display RAM data
LSB MSB LSB MSB LSB MSB
[0 ToToTo [ oo o1 IMPmeed\%adress
"ZﬂHZHHH

D0 DI D2 D4 D5 D6 D7 DI D2 D3 p4 D7,
ABS=1 Do DI D2 D3 DO DI D2 D/} 494 D3, D6 D7\ /\

HSW=1 Do DI D2 D3 D4 D5 zﬁ;\ D7 \DO | Dl D2 D3

No\te InternalXaddress 2nH 2n+1H (REF="0")
O\ D (FE-2n)H , [FF-2n+1)]JH (REF="1")
N V(O Ianw 1, Address=00H~BFH

—

\ D

\ o ]

(\/\\ \ ) 1 \ o \ N/ /
*  (REF, SWAP)=(0,1)or (1)0), ./
\ \ A

SEGAI SEGBI SEGCi 1=0to 127
| palette Cj | palette Bj | palette Aj | Gradation palette j=0to 15

| ] | ! |
EERRRRRNENER

tJi [t JoJoJo]tJofo]o] o ]displayRAMdata
MSB LSB MSB LSB MSB LSB

\/’

|0|0|0|0|1|o|0|0|1|1|1|1 MPU write data X address:
2nH,2n+1H

| Gradation control

D0 DI D2 D4 D5 D6 D7 DI D2 D3 D4 D7
ABS=1 po D1 D2 D3 DO DI D2 D3 D4 D5 D6 D7
HSW=l po b1 D2 D3 D4 D5 D6 D7 DO DI D2 D3
Note : Internal X address :2nH ,2n+1H (REF="0")
: (FE-2n)H , [FF-(2n+1)]JH (REF="1")
In HSW=1, Address=00H~BFH
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16-bit mode
In 16-bits access, the weighting for each data bit is dependent on the status of the SWAP bit and the REF bit that is selected

when data is written to the display RAM, as in the case with 8-bits access.

« (REF, SWAP)=(0,0) or (1,1)

SEGAi SEGBIi SEGCi 1=0 to 127
| palette Aj | palette Bj | palette Cj | Gradation palette j=0 to 15

| Gradation control

i
TIFFITTTT

— >
— —p

?
I

LSB MSB LSB MSB LSB
t 44 f bt f fv:ff AN AN
| 0 | 0 | | 0]1 | 0 | 0 | o rpri | Pkfwrlte data X address: nH

D1 D2 D3 D4 m D8 D9/D10 D12 D13 D14 D15
ABS=1 Do D1 D2 D3 D4 DS D6 D7 \D8— 'D9 D10 D11

Ve
N ‘/ /Noté InternalXaddress :nH (REF="0")
)N\ W : 7FH-nH (REF="1"
\\ // /s‘ \\\ \\ \ \Wﬂ/[/ e ( )

«  (REF, SWAP)=(0,1) or (1,0)

SEGAi SEGBIi SEGCi 1=0 to 127
| palette Cj | palette Bj | palette Aj | Gradation palette j=0 to 15

| f| ! |
EERANRRRRRRR

tJi [t JoJolo]JtJofo]o] o]displayRAMdata
MSB LSB MSB LSB MSB LSB

//V

|0|0|0|0|1|0|0|0|1|1|1|1|MPUwritedataXaddress:nH

| Gradation control

D1 D2 D3 D4 D7 D8 D9 D10 D12 D13 D14 D15

ABS=l po DI D2 D3 D4 D5 D6 D7 D8 D9 DIO DIl

Note : Internal X address : nH (REF="0")
: 7FH-nH (REF="1")
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(2) Gradation mode (256 color), C256=1
8-bit mode(WLS=0)
(REF, SWAP)=(0,0) or (1,1)

SEGAIi SEGBI SEGCi
=0 to 127
| palette Aj | palette B | palette Cj | Gradation palette j=0 to 7

—

| Gradation control

P
| o | o | o |

f
Po

| display RAM data

1
Gradation MSB LSB

S —P

LSB circuit $ ?
| 1

N
. T T .

| 0 | | | |MPU wnte d;tté ddre s:nH
DO DI D2 D3 D4 D5(\~1\D6 DT ( ISRRR
- // /“ \ \\\/\) )
Note : Internal X address 3 (REF "0")‘ S g
-\ // ~ 7FH nH (REF By
\ V“/\\ \ \
N\ V|
VL) )
L /4// \
(REF, SWAP)=(0,1),0r(1,0)
\ SEGAIi SEGBIi SEGCi 1=0to 127
Gradation palette | palette Cj | palette Bj | palette Aj | i=0t07

!

Gradation Control |

F

Display RAM data | 1 |

MSB

MPU write data ? ?
X address: nH | 1 1

1 0 1 0
LSB MSB LSB MSB Gradation LSB
0 0

$ circuit
0

DO D1

Note : Internal X address

D2 D3 D4 D5 D6 D7

:nH (REF="0")
: 7FH-nH (REF="1")
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16-bit mode(WLS=1)

(REE, SWAP)=(0,0) or (1,1)

SEGAI SEGBi SEGCi SEGAi+1 SEGBi+1 SEGCi+l i=0, 2, 4 to 126
A ? f A
| palette Aj | palette Bj | palette Cj | palette Aj | palette Bj | palette Cj |GMdatlon palette
5 i i 5 Fto7
A A A A AAA A A
mn o
Gradation' 0 | 0 | ! | 0 | 0 | 1 | 1 | 1 | 0 | 0 | 1 | 0 0 1 | 1 1
LSB circuit MSB LSB MSB LSB MSB MSB LSB MSB LSB MSB
ffffffffff?fffffMPUm
Lol o]t JofJo ]t ]t [t ]lo]of[t]o]o]1] 1‘ U] address: o
DO D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 D11 D12 \Nﬁ D15
Note : Internal X address :nH (REF="0") /// ~
. ~ —_nqn 3//1\\ ) N\ [
:3FH-nH (REF="1") (\\/\//w\\ \ /? // \\ \//
\
o . Yo
(REE, SWAP)=(0,1)-or (1,0), (2
VoY)
\\ \ /‘ //,w \\\ \ \ \ _/ /
. SEGAI  SEGBi SEGCi SEGAi+1 SEGBi+1 SEGCi+1 i=0,2,41t0 126
A A A A
Gradation palette | palette Cj | palette Bj | palette Aj | palette Cj | palette Bj | palette Aj | =007
A A A A A
Gradation control | | | | |
A A A A A A A AAA A A A 4 4 A A
I | L0
displayRAMdata|l|l|1|0|0|1|0|0|1|1|1|0|0|1|0|0|Gradation
MSB LSB MSB LSB MSB MSB LSB MSB LSB MSB LSB circuit

MPUwritedata | o | o [ 1 [ o [ o [ t [t [t o o[ 1 ]Jo]ol]1 [ 1]1]
X address: nH

DO D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 DIl D12 D13 DI4 D15

Note : Internal X address :nH (REF="0")
:3FH-nH (REF="1")
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(3)Monochrome mode

In the monochrome mode, only three MSB in each display data are valid, the RAM mapping is the same gradation display

mode.
8-bit mode
SEGAi SEGBI SEGCi 1=0 to 127
| | | | Monochrome control
|1|1|1L1|1|1ﬁ1| | 1 display RAM data
LSB MSB LSB MSB
|0|0|0|0|0|0| |0|0|MPUwryteat§\adress
/2nH2n+LH
D0 DI D2 D4 D5 D6 D7 DI D2 D3 D4 D/ \
Vi \ \
ABS=1 D0 DI D2 D3 DO DI D2 D3 D4 D5 p6 D7/ \
HSW=1 Do b1 D2 D3 D4 D5 D6 DT Do\ DI D2 Dz\ /\
Note lﬂternal&ﬁddress b ZnH 2n+1H (REF="0")
\ \(FE <2n)H , [FF-2n+1)]JH (REF="1")
\ In st 1, Address 00H~BFH
/7\ \\
,”\ \ \ \
)
=
16-bit mode \

SEGAI SEGBI SEGCi 1=0 to 127

||
f f f

| | Monochrome control

1 1
LSB MSB LSB MSB LSB MSB

—
—
—

| display RAM data
| 0 0160 | 0 | 0 | 010 |MPU write data X address: nH

D2 D3 D4 D7 D8 D9 D10 D12 DI3 D14 D15
ABS=1 D0 DI D2 D3 D4 D5 D6 D7 D8 D9 D10 DI11

Note : Internal X address : nH (REF="0")
: 7FH-nH (REF="1")
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7.12 Gradation LSB Control

In 256 color mode (C256=1), the EM65568 provides segment driver output for 8-gradation display using 3-bits and that for
4-gradation display using 2-bits.
The segment driver output for the 4-gradation display uses 2-bits written to the corresponding RAM area and 1-bit

supplemented by the gradation LSB circuit, and then selects 4-gradation form 8-gradation.

In 256 color mode (C256=1), the segment driver output for the 4-gradation display result in a gradation level of 0 regardless of
the gradation LSB, when 2-bits of data on the display RAM are “00”. When 2-bits of data on the display RAM is “11”,a
gradation level of 7/7 is selected regardless of the bit information of the gradation LSB. The other gradation levels are selected
depending on 2-bits of data on the display RAM and the gradation LSB bits.
One bit of data is supplemented by setting the gradation LSB register (GLSB).
The Gradation LSB control bit applied to all 4-gradation segment drivers. —
Gradation LSB = “0”: Selects 0 as the LSB information on the RAM for 4-gradation segment d\riv{;rs/./\

0\

N
,

Voo~
TV
\ \ \

) - M \ \\ \\
Gradation LSB = “1”: Selects 1 as the LSB information on the RAM fo14'gra¢ﬁlt}9n\\\sdgrﬁ9ﬁt\@mvers' <

7.13 Gradation Palette

o _ /,f; N\
The EM65568 has\two g/r)adéltidn Hisp\g%mégés, the gradation fixed display mode and the gradation variable display mode.
\ \ —
Select either of the twomodes using the gradation display mode register.

\
By

PWM = “0”: Selects the variable display mode using 16 gradation selected from 32 gradation. (C256=0)

Selects the variable display mode using 8 gradation selected from 32 gradation. (C256=1)

PWM = “1": Selects the fixed display mode using specific 16 gradation. (C256=0)
Selects the fixed display mode using specific 8 gradation. (C256=1)

To select the best gradation level suited to the LCD panel, use the gradation palette register among the 32-level gradation
palettes in the gradation variable display mode. The segment driver output is set up by the selected 16-levels of gradation

palettes.

The gradation palette register provides three registers for the SEGAi (0-127) group, SEGBi (0-127) group, and SEGCi (0-127)
group of segment driver outputs [palettes Aj, Bj, and Cj (j = 0-15)]. Each register consists of a 5-bit register, selecting

16-gradations from the pattern for 32-gradations.
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Initial values on gradation palette register

Gradation mode (C256=0)

[Three groups of palettes Aj, Bj, and Cj (j = 0-15) are available]

(MSB)RAM data(LSB)  |Register Name| Initial value
0 0 0 0 Palette0 00000
0 0 0 1 Palettel 00011
0 0 1 0 Palette2 00101
0 0 1 1 Palette3 00111
0 1 0 0 Palette4 01001
0 1 0 1 Palette5 01011
0 1 1 0 Palette6 01101
0 1 1 1 Palette7 01111
1 0 0 0 Palette8 10001
1 0 0 1 Palette9 10011
1 0 1 0 Palette10 10101
1 0 1 1 Palettel1 10111
1 1 0 0 Palette12 11001
1 1 0 1 Palettel3 11011
1 1 1 0 Palette14 11101
1 1 1 1 Palettel5 11111
x/* / PV

256 color mode (C256=1)

VL TV
\ O\ “ \

/r

[Three groups of palettes Aj, B_], and /J{Jr 0 7) are available]

/\\\

\ \
\
\ o\

Initial value

(MSB)RAM data(LSB) Reglster Name
0 0 0 \Palette0___ 00000
0 0 \ 1T Palettel 00101
0 1 0\ Palette2 01010
0 1 I Palette3 01110
1 0 0 Palette4 10001
1 0 1 Palette5 10001
1 1 0 Palette6 11010
1 1 1 Palette7 11111

* This specification is subject to be changed without notice.
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Gradation level table (PWM = “0”, variable mode , MON= “0")

[Three groups of palettes Aj, Bj, and Cj (j = 0-15) are available

Palette Gr?datlon Remarks Palette ko Remarks
evel level
000O00O 0 gradation palette0 initial value 1000 0f 16/31
000O0 1 1/31 10 0 0 1| 17/31 |gradation palette8 initial value
00010 2/ 100 10] 18/31
00011 3/31 gradation palette1 initial value 10 0 1 1| 19/31 |gradation palette9 initial value
00100 43 1010 0] 20/31
0 010 1 5/31 |gradation palette? initial value 101 0 1 21/31 |gradation palette10 initial value
00110 6/31 1011 0] 22/31
0 0 1 1 1] 7//31 |gradation palette3 initial value 1 0 1 1 1 23/31 |gradation palette11 initial value
0100 0 8/31 1100 0] 24/31
0 10 0 1 9/31 |gradation palette4 initial value 11 0 0 1 25/31 |gradation palette12 initial value
01010 10/31 1101 0] 26/31
0 1 0 1 1 11/31 |gradation palette5 initial value 110 1 1 27/31 |gradation palette13\'\nitiél alue
0110 0] 12/31 1110 0] 28/31 VA
0 11 0 1 13/31 |gradation palette6 initial value 1110 1 29/31 gradanqnpatetfmmﬁmal alue
0111 0] 14/31 111150} 3031 |\
0 111 0] 15/31 |gradation palette7 initial value 111 1 4\ 3/31 \gradat\tonpéietfeﬁ|nmal/value
256 color mode (C256/ })\ \ /J ‘; =3 )
[Three groups of palattes/AJ I’ B] and Q 7@ = 9-7) are avallable
Palette Gr?datlon Remarks Palette Gradation Remarks
evel level
000O00O 0 \ 1256 color palette0 initial value 1000 0 16/31
000O0 1 1/31 10 0 0 1| 17/31 |256 color palette4 initial value
00010 2/31 1001 0] 1831
00011 3/31 100 11 1931
0010 0 4/31 1010 0 20/31
00101 5/31 256 color palette1 initial value 1010 1 21/31 |256 color palette5 initial value
00110 6/31 1011 0] 22/31
00111 7/ 10111 2331
0100 0] 8/31 1100 0] 24/31
0100 1 931 1100 1] 2531
0 1 0 1 0] 10/31 |256 color palette? initial value 11 0 1 0] 26/31 |256 color palette6 initial value
01011 11/31 11011 27/31
0110 0] 12/31 1110 0] 2831
01101 1331 1110 1 2931
0 11 1 0] 14/31 |256 color palette3 initial value 1111 0 30/31
0111 0] 15/31 111 1 1 31/31 |256 color palette? initial value
* This specification is subject to be changed without notice. 45

2003/2/11  (V0.1)



EM65568
130 COM/ 128 SEG 4096 Color STN LCD Driver

Gradation level table (PWM = “1”, fixed mode , MON= “0”, C256= “0")

(MSB)RAM data(LSB) Gradation Level

0 0 0 0 0

0 0 0 1 1/15

0 0 1 0 2/15

0 0 1 1 3/15

0 1 0 0 4/15

0 1 0 1 5/15

0 1 1 0 6/15

0 1 1 1 7/15

1 0 0 0 8/15

1 0 0 1 9/15

1 0 1 0 10/15

1 0 1 1 11/15

1 1 0 0 12/15 B

1 1 0 1 13/15 P i

1 1 1 0 14/15 . VA \

1 1 1 1 15/15 B /j/\ \ A \

(\// /\\) - \ . \\ \ \\ )
~ \ \ (/j\\ — </
Gradation level table (PWM = “17, fixed mode\, MON “f); 1’?? D

(MSB)RAM data(LSB) Gradation Level \\\ \\\ A\ -

0 0 [co [ =" T~ "1\

0 0 VY /)

0 1 0 x|\ 2/7

0 1 L\ * 3/7

1 0 0—| * 4/7

1 0 1 * 5/7

1 1 0 * 6/7

1 1 1 * 7/7

Monochrome mode , MON= “1”

(MSB)RAM data(LSB) Gradation Level

0 * * * 0

1 * * * 1

*: don’t care
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7.14 Display Timing Circuit
The display timing circuit generates internal signals and timing pulses (LP, FLM, M and CLK) by clock. It can select external

input (CK) or internal oscillation.

By setting up Master/Slave mode (M/S), the state of timing pulse pins and the timing generator changes.

M/S Pin | Mode |LP Pin|M Pin|FLM Pin] CLK Pin| State of timing generator
L Slave | Input | Input| Input Input LP,FLM,M generation stop
H Master | Output|Outpuf Output | Output Operation state

Display timing pulse pins and Generator State

7.15 Signal Generation to Display Line Counter, and Display Data Latching Circuit

Both the clock to the line counter and clock to display data latching circuit from the display clock (LP) are generated.
Synchronized with the display clock (LP), the line addresses of Display RAM are generated and 384-bits display data are
latched to display data latching circuit to output to the LCD drive circuit (Segment outputs). Read out. the isplay data to the
LCD drive circuit is completely independent of MPU. Therefore, MPU that has no relatrgnshlp the’ rea 0 t operation of the

display data can access.

SR \\\ \
VA

7.16 Generation of the Alternated Signal (M) and the Syncﬁmnous Slgnal (FLA/O

LCD alternated mgnal{M)\and s\ynthorrous Slgnal (FLM) ate generated by the display clock (LP). The FLM generates
alternated drive Waveform to the LCD drrve /lrcurt Normally, the FLM generates alternated drive waveform every frame
(M-signal level is rever§ed every one frame) However, by setting up data (n-1) in an n-line reverse register and n-line
alternated control brt (NLIN) at “1”, n-line reverse waveform is generated. When the EM65568 is used in multi chip system,

master chip must provide LP, FLM, and M signals for the slave chip.

7.17 Display Data Latching Circuit

Display data latching Circuit temporally latches display data that is output display data to LCD driver circuit from display
RAM every one common period. Normal display/reverse display, display ON/OFF, and display all on functions are operated
by controlling data in display data latch. Therefore, no data within display RAM changes.
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7.18 Output Timing of LCD Driver

Display timing at Normal mode (not reverse mode), 1/130 DUTY, and on monochrome mode.

2 130 1. 2 3 B30 1. 2 3 130 1
e LT e et
FLM I 1 A IR
M
) VO
vi
COMO
Vi &
i VvSS VS
- \
) VO ] \
\l \! NN V1
------ - Ve T AN
T ‘;//// A\ )|
COMI ALV O ./
V4 R RN UL BN i V70 S
i VSS N A ‘//\ ( NV
) Voo VO
— N AN\
OO (e
SEGO V3L v
I VSS
) VO
V2 2 V2
SEG1 V3 V3 Vi
i VSS
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7.19 LCD Drive Circuit

This drive circuit generates four levels LCD drive voltage. The circuit has 384 segment outputs and 130 common outputs and
outputs combined display data and M signal. Two of common outputs, COMA and COMB, are special outputs. The COMA
and COMB outputs be not influenced by partial setting. Mainly use for display. The common drive circuit that has shift register

sequentially outputs common scan signals.

7.20 Oscillating Circuit

The EM65568 has the CR oscillator. The output from this oscillator is used as the timing signal source of the display and the
boosting clock to the booster.

This can use only in the master operation mode.

When in the master operation mode and external clock is used, feed the clock to CK pin.

The duty cycle of the external clock must be 50%.

The resistance ratio of CR oscillator is programmable. If change this ratio, also change frame frequencg d splay.

7.21 Power Supply Circuit /”7“\\ // \\ \

e N\ \ )
This circuit supplies voltages necessary to drive a LCD The circuit con51sts of boaster Qnd /voltage converter.

Boosted voltage from the booster is fed to the Voltage con@erter that converts thls 1nput voltage into VO, V1, V2, V3 and V4
that are used to drive the LCD. This 1nterna1 pQWcr supply should not be used to drive a large LCD panel containing many
pixels. Otherwise, diSplaxhuahty ydlll\ degrade conmderably Instead, use an external power supply. When using the external
power supply, turn' offihé )qternal poWer supﬁly (AMPON DCON="00"), disconnect pins CAP1+, CAP2+, CAP2-, CAP3+,
CAP3-, CAP4+, CAP4-« CAP5+ CAPS ,VOUT, VEE, VREF and VREG. Then, feed external LCD drive voltages to pins VO,
V1, V2, V3 and V4. The power circuit can be control by power circuit related register. So partial function of built-in power

circuit can use with external power supply.

DCON|AMPON]|Booster circuit]Voltage conversion circuif Extemal voltage input Note
0 0 DISABLE DISABLE V0,V1,V2,V3 and V4 are supplied %1
0 1 DISABLE ENABLE VOUT is supplied %2
1 1 ENABLE ENABLE - -

3 1 Because the booster and voltage converter not operating, disconnect pins
CAP1+, CAPI-, CAP2+, CAP2-, CAP3+, CAP3-, CAP4+, CAP4 -, CAP5+, CAP5-, VOUT, VREF, VREG and VEE.
Apply external LCD drive voltages to corresponding pin.
% 2 Because the booster is not operating, disconnect pins
CAP1+, CAPI-, CAP2+, CPA2-, CAP3+, CAP3-, CAP4+, CAP4-, CAP5+, CAP5- and VEE.
Derive the voltage source to be supplied to the voltage converter from VOUT pin and then

Input the reference voltage at VREF pin.
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7.22 Booster Circuit

Placing capacitor C1 across CAP1+ and CAP1-, across CAP2+ and CAP2-, across CAP3+ and CAP3-, across CAP4+ and
CAP4-, across CAP5+ and CAP5-and across VOUT and VSS boosts the voltage coming from VEE and VSS n-times and
outputs the boosted voltage to VOUT pin. The twice, third, fourth or fifth boosted voltage output to the VOUT pin by the boost

step register set. The boost step registers set by the command.

(1) In case of using only twice boosted voltage, placing C1 only across CAP1+ and CAPI- and opening CAP2+, CAP2-,
CAP3+, CAP3-, CAP4+, CAP4-, CAP5+ and CAPS-.

(2) In case of using only third boosted voltage, placing C1 only across CAP1+ and CAP1-, across CAP2+ and CAP2- and
opening CAP3+, CAP3-, CAP4+, CAP4, CAP5+ and CAP5-.

(3) In case of using only fourth boosted voltage, placing C1 only across CAP1+ and CAP1-, across CAP2+ and CAP2-, across
CAP3+ and CAP3- and opening CAP4+, CAP4, CAP5+ and CAPS.

(4) In case of using only fifth boosted voltage, placing C1 only across CAP1+ and CAP1-, across CA<{‘ nd CAP2-, across

\

SV
CAP3+ and CAP3- across CAP4+ and CAP4- and opening CAP5+ and CAPS. //,,\ ' ("

N\
\

|

(5) In case of using only sixth boosted voltage, placing C1 only acr@ss CAP 1;%/ anq CABY across CAP2+ and CAP2-, across

CAP3+ and CAP3- across CAP4+ and CAP4- across CAPS/Jc and CAPS o\ \ /\\ -

. YN ‘\\ \ \ \ \\
When use built-in booster circuit, output VO{cage (VOUT) must 1ess than recommended operating voltage (18.0 Volt). If output

voltage (VOUT) over recoﬁmeﬂdﬁ(}l operatmg voltage correct work of chip can not guarantee.

\\\ \\ o /‘ //,‘ \\ \ \ \ / /
o vour=ov VOUT=18V
VEE=3V VEE=3V
VSS=0v__ A VSS=0v_ A
I 3 times boosting | I 6 times boosting |
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7.23 Electronic volume
The voltage conversion circuit has built-in an electronic volume, which allows the LCD drive voltage level VO to be controlled
with DV register setting and allows the tone of LCD to be controlled. The DV registers are 7-bits, so can select 128 voltage

values for the LCD drive voltage V0.

7.24 Voltage Regulator

The EM65568 has built-in reference voltage regulator, which generate the voltage amplified by input voltage from VREF pin.
The generated voltage is output at the VREG pin. Even if the boosted voltage level fluctuates, VREG remains stable so far as
VOUT is higher than VREG Stable power supply can be obtained using this constant voltage, even if the load fluctuates. The
EM65568 uses the generated VREG level for the reference level of the electronic volume to generate LCD drive voltage. In

order to stabilize the output voltage at the VREG pin, connect the capacitor C3 as appropriate by choosing its value.

7.25 0.9 times VDD Voltage Generation Circuit
The EM65568 has 0.9 times VDD voltage generation circuit. This circuit output 0.9 tlmes VDD VQI&% VBA pin. When
VBA output connect to VREF input, LCD drive voltage can generate! Wrthau’oé)(temal reﬂrfcnde voltage /

AN \ \
— AN N \ \
N\ \ \ \ \
\ \ \ \ \ \
o~ N\
—~ ~ { \ \ \ \ \ \
\ v \ \ \ \ \ \ Y
\ O\ \ o\ D
\ \ \ \ \
\ \ \ \

7.26 LCD Drive Voltage Generation Clrcult \ NN \
The voltage converter zontqms Q}eyd(afge\generatlon 01rcu1i The LCD drive voltages other than VO, that is, V1, V2, V3 and
V4 are obtained by d1V1dmg Vo througll\ale /tstornetwork The LCD drive voltage from EM65568 is biased at 1/5, 1/6, 1/7,
1/8,1/9,1/10, 1/ 11 or d7 12 Whe:n using the internal power supply, connect a stabilizing capacitor C2 to each of pins VO to V4.
The capacitance of CZ should be determined while observing the LCD panel to be used. When using the external power supply,
apply external LCD drive voltages to VO, V1, V2, V3, V4, disconnect pins CAP1+, CAP-, CAP2+, CAP2-, CAP3+, CAP3-,
CAP4+, CAP4-, CAP5+, CAP5-, VOUT, VEE, VREF and VREG. When using only the voltage conversion circuit, turn off the
internal booster circuit, disconnect pins CAP1+, CAP1-, CAP2+, CAP2-, CAP3+, CAP3-, CAP4+, CAP4- CAP5+, CAP5- and
VEE. Derive the voltage source to be supplied to the voltage converter from VOUT pin and then input the reference voltage to

VREF pin.
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VDL

VO

External V1 \ |
Power V2 y—

Supply v3
V4

VDD
VEE
VBA
VREF
VREG
CAP1-
CAP1+
CAP2-
CAP2+
CAP3-
CAP3+
CAP4-
CAP4+
CAPS5+
CAPS-

VOUT

VO

~ V1
V2
v

V4

When using external power supply.

Recommended value.

Cl 1.0 to 4.7 Uf
C2 1.0 to 2.2 Uf
C3 0.1 Uf

Note: External Capacitance must be use B characteristic.

* This specification is subject to be changed without notice. 52

VDD

[
|

VSS

VDD
VEE
VBA
VREF
VREG
CAP1-
CAP1+
CAP2-
CAP2+
CAP3-
CAP3+
CAP4-
CAP4+
CAPS+
CAP5-

VOUT

VO
V1
V2
V3
V4

When using internal power circuit.
(6 times boosting)
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VDD

When using internal power circuit with external reference

vss

L]

VS§S

VDD
VEE
VBA
VREF
VREG
CAP1-
CAP1+
CAP2-
CAP2+
CAP3-
CAP3+
CAP4-
CAP4+
CAPS5-
CAP5+

VOUuT

VO

Vi
T V2

V3
V4

VDD

VDD
VEE
VBA
VREF
VREG
CAP1-
CAP1+
CAP2-
CAP2+
CAP3-
CAP3+
CAP4-

' cAPa+

—— CAPS5-
\ CAP5-

—— vouT

vz

voltage input.
(6 times boosting)

Recommended value.

Cl 1.0 to 4.7 Uf
C2 1.0 to 2.2 Uf
C3 0.1 Uf

Note: External Capacitance must be use B characteristic.

* This specification is subject to be changed without notice.

g
LI

VSS
)

VO
VA1
V2
V3
V4

temperature independent.

(6 times boosting)

53

When using internal power circuit with thermistor for
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VDD

C3

External

Power
Supply

Q
N

Q
N

REl

Q
N

iddds
T[]

VSS

N
N

When using internal power circuit.

(VOUT supplied from external, no use boosting circuit)

VDD
VEE
VBA
VREF
VREG
CAP1-
CAP1+
CAP2-
CAP2+
CAP3-
CAP3+
CAP4-
CAP4+
CAPS-
CAPS5+

VOUT

VO
V1
V2
V3
V4

Recommended value.

C2 1.0 to 2.2 Uf

C3

0.1 Uf

Note: External Capacitance must be use B characteristic.

* This specification is subject to be changed without notice. 54
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7.27 Partial Display Function

The EM65568 has the partial display function, which can display a part of graphic display area. This function is used be set
lower bias ratio, lower boost step, and lower LCD drive voltage. Since setting partial display function, EM65568 provides low
power consumption. Partial display function is the most suitable for clock indication or calendar indication when a portable

equipment stand-by.

ELAN
LCD DRIVER LCD DRIVER
Low Power and >
Low Voltage
Normal Display Partial Display
r
I RN
Image of partial Display YA \
/- //’\ \\ \
— 2\
//\ \\ ////,/\‘ \ )
oAV (W@ \,,,/
When using the partial display function, it is necessary to keep following sequence, | N
[ \ Any display condition )
J— = /7N RS
N VA AN\ S
VU= Y
AR i Display off (ON/OFF="0") )

(" Power circuit off (DCON="0", AMPON="0") )

\
\
\ \
\ \
\ \
- ¢

WAIT \

v

Setting Power Function

* Boost step set * Electronic volume set
* Bias Ratio set

(__Power circuit on (DCON="1", AMPON="1") )

v

WAIT \

v

Setting Display Function
* Duty Ratio set * Display start Address
* Display start common

v

C Display on (ON/OFF="1") )

( Partial Display )
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Select a display duty ratio for the partial display from 1/10 to 1/130 using the DS(Lcd duty ratio) register.
Set the most suitable values for LCD drive bias ratio, LCD drive voltage, electronic volume, the number of boosting steps, and

others according to the actually used LCD panel and the selected duty ratio.

7.28 Discharge circuit

The EM65568 has built-in the discharge circuit, which discharges electricity from capacitors for a stability of power sources
(VO~V4).

The discharge circuit is valid, while the DIS register is set to “1”. When the built-in power supply is used, should be set
DIS="1" after the power source is turned off (DCON, AMPON)=(0, 0). And don’t turn on both the built-in power source and
the external power source (V0~V4, VOUT) while DIS="1".

* This specification is subject to be changed without notice. 56 2003/2/11 (V0.1)
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7.29 Initialization

The EM65568 is initialized by setting RESB pin to “L”. Normally, RESB pin is initialized together with MPU by connecting

to the reset pin of MPU. When power ON, be sure to make RESB="L"".

4096 color mode

* This specification is subject to be changed without notice.

ITEM Initial value
Display RAM Not fixed
X Address 00H set
Y Address 00H set
Display starting line Set at the first line(0H)
Display ON/OFF Display OFF
Display Normal/Reverse Normal
Display duty 1/130
n-line alternated every frame unit
(BF1,BF0) (0,0)
Common shift direction COM0 — COMI127, COMA, COMB
Increment mode Increment OFF _
REF mode Normal ¢V
Data SWAP Mode OFF /|
Register in electronic volume T (0,0,0,000,60,00 .\
Power Supply -\ \ (OFF ( C/J \
Display mode —/__\_Gradation display mode
Biasratio © \ “— [V~ [ \ \ \ \ \1/9 bias
Gradation palette'0 \ \ \ | | \ L 7(0,0,0,0,0)
Gradationpalette 1\ \ \ [\ \ \ > (0,0,0,1, 1)
_—Gradatibn palette'2\ \ \ \[ 0,0,1,0, 1)
T ) Gradation palette 3 " 0,0,1, 1, 1)
\ ' _/Gradation palette 4 0,1,0,0, 1)
\ {  Gradation palette 5 (0,1,0,1, 1)
\ |\ Gradation palette 6 0,1,1,0, 1)
Gradation palette 7 (0,1,1,1,0)
Gradation palette 8 (1,0,0,0,1)
Gradation palette 9 (1,0,0,1, 1)
Gradation palette 10 (1,0,1,0,1)
Gradation palette 11 (1,0,1,1, 1)
Gradation palette 12 (1,1,0,0,1)
Gradation palette 13 (1,1,0,1, 1)
Gradation palette 14 (1,1,1,0, 1)
Gradation palette 15 (1,1,1,1, 1)
Gradation display mode Variable mode
Gradation LSB 0
RAM access data length 8-bits mode
Discharge Register 0
57
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7.30 Precaution when Power ON and Power OFF
This LSI may be permanently damaged by high current that may flow if a voltage is supplied to the LCD driver power supply

while the system power supply is floating. The detail is as follows.

(1 )When using as external power supply
+ Procedure for Power ON
(1) Logic system (VDD) power ON, make reset operation.
(2) Supply external LCD drive voltage to corresponding pins (VO0, V1, V2, V3 and V4)

+ Procedure for Power OFF
(1) Set HALT register to “1” or make reset operation.
(2) Cut off external LCD drive voltage.
(3) Logic system(VDD) power OFF.

Note: connect the serial resistor (50 to 100(Q2) or fuse to the LCD drIve pow;zr V() or %UT(when only use internal voltage

conversion circuit) of the system as a current llmlter Moreove /p sgt up the: su1table \@111 /(}f}he re51st})r/1n consideration of
U B ~o~ N\ N\
LCD display grade. TN\ Y F //\ SR

/-
(i1 )When using the bullt in, poWer kwpply
\ \ A
« Procedure for Power GN \ \ /
(1) Logic system(VDD) power ON
(2) Booster circuit system(VEE) power ON

(3) Make reset operation, booster and voltage conversion circuit enable.

If VDD and VEE voltages aren’t same potential, power on logic system (VDD) first.
+ Procedure for Power OFF

(1) Set HALT register to “1” or make reset operation.

(2) Booster circuit system(VEE) power OFF.

(3) Logic system(VDD) power OFF.

If VDD and VEE are not same potential, cut off VEE first. After VEE, VOUT, V0, V1, V2, V3 and V4 voltages are below
LCD ON voltage (threshold voltage for Liquid crystal turn on), power off logic system (VDD).
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(i1 )Power supply rising time
Though especially there is no constraint on the rising time of the power supply, the tr (rising time) of the following is

recommended in the practical use.

VDD,VEE

tr

Item | Recommended rising time | Applicable Power
tr 30us ~ 10ms VDD, VEE

7.31 Example of Setting Registers AN L,,;//\ \ a
AN NN\ (O /
VAN N
(1) Initialization // - ( VAR
Power ON (VDD,VEE-VSS) >

_— T 7S
— \\\ V /,J [ = 2\

( \ ]

NN

Power will stable

v

RESET

v

WAIT

v

A\
. o
o

M

Setting Operational Functions
* Electrical volume set
* Bias Ratio set

C Setting Operational Functions

* Setting power control
(DCON="1", AMPON="1")

v

End of initialization

N
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(2) Display data

End of initialization

M

v

Setting Operational Functions
* Setting display start address
* Setting address increment control
* Setting X address
* Setting Y address

v

* Write dsiplay data

v

Setting Operational Functions
* Setting display on/off control
(ON/OFF="1")

< Setting Operational Functions

\ \ -\ 7 \ \
\ \ —\ O\ ( \ \
\ O\ { \ O\ \ \
\ \ \ \ O\ \ \ \
\ \ \ \ O\ \ \ \
\ \ \ \ O\ \ \

PN g S End \c\)/t;dlsplay data setting

)N \
(3) Power OFF \ U

< Any condition

l

Setting Operational Functions

* Setting HALT="1" or make reset operation

(LCD driver output VSS level)
* Setting DIS="1"
(Discharge V0-V4 capacitor)

;

| WAIT |

;

C Power OFF ( VEE,VDD)

* This specification is subject to be changed without notice. 60
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8. Control Register

8.1 control register

Control Register Table (Bank 0)

Control Register

Pins (for 80-family) & Bank

Address & Code

RS |WRB |RDB |RE2 |RE1 D4 [D3 D2 DO |Function
X Address Set of X direction Address
(Lower nibble) [OH] 1 0 1 0 0[AX3 |AX2 AXO0_|[in display RAM
X Address Set of X direction Address
(Upper nibble) [1H] 1 0 1 0 1[AX7 |AX6 |AX5 [AX4 [in display RAM
Y Address Set of Y direction Address
(Lower nibble) [2H] 1 0 1 0 0JAY3 |AY2 AYO0 _|in display RAM
Y Address Set of Y direction Address
(Upper nibble) [3H] 1 0 1 0 1|AY7 [AY6 [AY5 |AY4 [in display RAM
Display start address Set address of display RAM
(Lower nibble) [4H] 1 0 1 0 O[LA3 |LA2 LAQ |making common starting line display
Display start address Set address of display RAM
(Upper nibble) [5H] 1 0 1 0 11" LA6 |LA5 |LA4 |making common starting line display
n-line altemation Set the number of altemated
(Lower nibble) [6H] 1 0 1 0 0[N3 N2 NO |reverse line
n-line altemation Set the number of altemated
(Upper nibble) [7H] 1 0 1 0 1IN7 N6 N4 |reverse line
Display control (1) SHIFT: Select common shift direction
MON: Select Monochrome/gradation
SHI ON/ |ALLON: All display ON—
[8H] 1 0 1 0 O|FT __|MON OFF |ON/OFF: Display ON/OFF control
Display control (2) REV: Dm;ilayJ rmal/reverse
_—{NLIN: \n I|me reverse control
/" ~{SWAP:Display data swapping
[9H] 1 0 1 0 1[REV_ |NLIN]A REE ‘R,EF Seqmént normal/reverse
Increment control - [ s \ 7/ ( Iectwmdow/
] 1\ N \ ALY Select i |ncremen mode
[AH] 1 0 1 of O\ ofwiN |AIM\ Ak] Ymcrement AXI: X increment
Power control —\ YA g AMPON. Internal AMP. ON
AN [\ - HALT: Power saving
A\ \_javP [HA DCON: Boosting circuit ON
[BH] \ 0] 1|ON [LT ACL |ACL: Resetting
LCD Duty Ratio —— \ Set LCD drive duty ratio
[CHl \ 0|DS3 |DS2 DS0
Booster - Set number of boosting step for
[DH], 11" VU2 VVUO |booster circuit
Bias ratio control \ Set bias ratio
[EH] \| 110 1 0 of* B2 B0 |for LCD driving voltage
Register Access Control \ TS TSTO: for LS1 test,must set to "0"
[FHj 1 0 1]0/110/1 1]T0 RE2 REOQ |RE: set register bank number

Note: The “#&” mark means “don’t care”

Parentheses [ ] shows address for control register.
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Control Register Table (Bank 1)

. Pins (for 80-family) & Bank Address & Code .
Control Register Function
CSB|RS |WRB |RDB JRE2 |RE1 |REQ |D7 |D6 |D5 [D4 |D3 D2 D1 DO
Gradation palette AO PA03 |PA02 |[PAO1 |PAOO |Setthe umber of
(Lower nibble) [OH] o] 1 0 1 0 0 1 0] 0] O] O0f/PA83 |/PA82 |/PA81 |/PA80 |Gradation Palette AQ
Gradation palette AO PAO4 |Set the umber of
(Upper nibble) [1H] of 1 0 1 0 0 1 0| 0] of 1|* * * /PA84 |Gradation Palette AQ
Gradation palette A1 PA13 |PA12 |PA11 |PA10 |Setthe umber of
(Lower nibble) [2H] o] 1 0 1 0 0 1 0] 0] 1| O0f/PA93 |/PA92 |/PA91 |/PA90 |Gradation Palette A1
Gradation palette A1 PA14 |Set the umber of
(Upper nibble) [3H] o] 1 0 1 0 0 1 0| of 1f 1}* * * /PA94 |Gradation Palette A1
Gradation palette A2 PA23 |PA22 |PA21 |PA20 |Setthe umber of
(Lower nibble) [4H] o] 1 0 1 0 0 1 0] 1] O] 0f/PA103|/PA102|/PA101|/PA100 |Gradation Palette A2
Gradation palette A2 PA24 |Set the umber of
(Upper nibble) [5H] of 1 0 1 0 0 1 0] 1] of 1}* * * PA104 |Gradation Palette A2
Gradation palette A3 PA33 |PA32 |PA31 |PA30 |Setthe umber of
(Lower nibble) [6H] 0] 1 0 1 0 0 11 0] 1] 1] 0f/PA113|/PA112|/PA111]/PA110 |Gradation Palette A3
Gradation palette A3 PA34 |Set the umber of
(Upper nibble) [7H] o] 1 0 1 0 0 1 0] 1| 1f 1|* * * PA114 |Gradation Palette A3
Gradation palette A4 PA43 |PA42 |PA41 |PA40 |Setthe umber of
(Lower nibble) [8H] 0] 1 0 1 0 0 1] 1] 0] 0] 0]|/PA123|/PA122|/PA121|/PA120 |Gradation Palette A4
Gradation palette A4 PA44 |Set the umber of
(Upper nibble) [9H] 0] 1 0 1 0 0 11 1] 0] of 1[* * * PA124 |Gradation Palette A4
Gradation palette A5 PA53 |PA52 |PA51 [PA50 |[Setthe umber of
(Lower nibble) [AH] o] 1 0 1 0 0 11 1] 0] 1] 0f/PA133|/PA132|/PA131|/PA130 Gradationfﬁélette A5
Gradation palette A5 PA54  ]Set th urfpbjr of
(Upper nibble) [BH] o] 1 0 1 0 0 1 11 0] 1] 1[* * * PA134! Zje}dati |Palette A5
Gradation palette A6 PAB3 |PA62 |PA61 [PABO [Set th uﬁﬁbjr of
(Lower nibble) [CH] o] 1 0 1 0 0 11 1] 1| o] _ol/PA143|/PA142|/PA141}/PA140 | Gradation Palette A6
Gradation palette A6 P [~ | |RA64 \[Set the umber of
(Upper nibble) [DH] o] 1 0 1 0 0 1 1] 1 ol F\ N\ ff N\ el /PA,1\44‘Gradati&n/Pélette A6
Register Access Control A NS VN N TSTO: for LS1 test,must set to "I
[FH] of 1 o oot o Al 1 4] \1|To\ \[RE2 JRE1 [REO |RE: set register bank number |

\ \ L/’

Note: The “»%¢” mark means “don’t care”  \ \ \ \ | | o\
Parentheses [ ] shows addr fo/r//c ntrol
Lo dps i oniyly
— N\ ) { \ —

7\
\ \

VN

\ \

egister, | )
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Control Register Table (Bank 2)

Control Register Pins (for 80-family) & Bank Address & Code Function
CSB |RS [WRB [RDB JRE2 [RE1 |REQ |D7 |D6 |D5 |D4 |D3 D2 D1 DO
Gradation palette A7 PA73 |PA72 |PA71 |PA70 |Setthe umber of
(Lower nibble) [OH] 0l 1 0 1 0 1 0] ol o] 0] Ol/PA153|/PA152]|/PA151]|/PA150]Gradation Palette A7
Gradation palette A7 PA74 |Set the umber of
(Upper nibble) [1H] 0] 1 0 1 0 1 o] o] o] o] 1}* * * /PA154 |Gradation Palette A7
Gradation palette BO PB03 |PB02 |PB0O1 |PBO0 |[Setthe umber of
(Lower nibble) [2H] 0l 1 0 1 0 1 o] ol o] 1] 0}/PB83 |/PB82 |/PB81 |/PB80 |Gradation Palette BO
Gradation palette BO PB04 |Set the umber of
(Upper nibble) [3H] o] 1 0 1 0 1 0] o] o] 1] 1}* * * /PB84 |Gradation Palette BO
Gradation palette B1 PB13 |PB12 |PB11 |PB10 |Setthe umber of
(Lower nibble) [4H] o] 1 0 1 0 1 0] o] 1] 0] 0|PB93 |PB92 |PB91 |PB90 |Gradation Palette B1
Gradation palette B1 PB14 |Set the umber of
(Upper nibble) [5H] o] 1 0 1 0 1 o] o] 1] o] 1}* * * PB94 |Gradation Palette B1
Gradation palette B2 PB23 |PB22 |PB21 |PB20 |Setthe umber of
(Lower nibble) [6H] 0] 1 0 1 0 1 o] o] 1] 1] 0fPB103 [PB102 |PB101 |PB100 |Gradation Palette B2
Gradation palette B2 PB24 |Set the umber of
(Upper nibble) [7H] o] 1 0 1 0 1 ol _of 1] 1] 1}* * * PB104 |Gradation Palette B2
Gradation palette B3 PB33 |PB32 |PB31 |PB30 |Setthe umber of
(Lower nibble) [8H] 0] 1 0 1 0 1 o] 1] o] 0] 0|PB113 |PB112 |PB111 |PB110 |Gradation Palette B3
Gradation palette B3 PB34 |Set the umber of
(Upper nibble) [9H] o] 1 0 1 0 1 of 1] o] o] 1]* * * PB114 [Gradation Palette B3
Gradation palette B4 PB43 |PB42 (PB41 |PB40 |[Setthe umber of
(Lower nibble) [AH] 0l 1 0 1 0 1 o] 1] o] 1] O0|PB123 |PB122 |PB121 |PB120 Gradatfion Palette B4
Gradation palette B4 PB44~ | Setthe umber of
(Upper nibble) [BH] 0] 1 0 1 0 1 of_ 1] o] 1] 1]* * W |5°\B1\2‘4I’J Palette B4
Gradation palette BS PB53 |PB52 Pﬁ5\1 \ PBSO\ nber of
(Lower nibble) [CH] 0l 1 0 1 0 1 ol 1] 1] 0}—0]|PB1331PB132/{PB131 EB\\130 Gradation Palette BS
Gradation palette B5 AN\ 4 ) B54 [Set the f}r‘nber of
(Upper nibble) [DH] o] 1 0 1 0 1 of 1!l 4L -of \qt \ \l* i IPB134 |Gradation Palette BS
Register Access Control Nl AL MTS N N Y T TSTO: for LS1 test,must set to "(
[FH] ol 1 ol domfo o ¥ 4l 4l 1 10 \_IRE2" IRE1 IREQ IRE: set register bank number

Note: The “¥” mark means “don’t care” IR TR R S U U N W

\ \ >
\ \ \ \—

Parentheses [ ] shows address for(c{ohtﬁg)l\\reglst\er:\

\ O\ ) ]\ \ -
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Control Register Table (Bank 3)

Pins (for 80-family) & Bank Address & Code

Control Register csB|Rrs [wrB|RDB|RE2[RE1|REO|D7 [D6 D5 D4 D3 [D2 [D1 DO Function
Gradation palette B6 PB63 |PB62 |PB61 |PB60 [Setthe umber of
(Lower nibble) [OH] o] 1 0 1 0 1 1 0[ 0] 0] 0|/PB143|/PB142|/PB141 |/PB140 |Gradation Palette B6
Gradation palette B6 PB64 |Set the umber of
(Upper nibble) [1H] 0l 1 0 1 0 1 11 of o] of 1/ * * /PB144 [Gradation Palette B6
Gradation palette B7 PB73 |PB72 |PB71 |PB70 [Setthe umber of
(Lower nibble) [2H] o] 1 0 1 0 1 1] 0] of 1] o0{/PB153|/PB152|/PB151 |/PB150 |Gradation Palette B7
Gradation palette B7 PB74 |Set the umber of
(Upper nibble) [3H] o] 1 0 1 0 1 11 0] of 1] 1f* * * /PB154 |Gradation Palette B7
Gradation palette CO PC03 |PC02 |PC01 |PCO0 [Setthe umber of
(Lower nibble) [4H] o] 1 0 1 0 1 1] O] 1] O] 0}/PC83 |/PC82 |/PC81 |/PC80 |Gradation Palette CO
Gradation palette CO PC04 |Set the umber of
(Upper nibble) [5H] o] 1 0 1 0 1 1 of 1] of 1[ * * /PC84 |[Gradation Palette CO
Gradation palette C1 PC13 |PC12 |PC11 |PC10 [Setthe umber of
(Lower nibble) [6H] 0l 1 0 1 0 1 11 of 1] 1] 0l/PC93 [/PCI92 |/PCI91 |/PCI0 [Gradation Palette C1
Gradation palette C1 PB14 |Set the umber of
(Upper nibble) [7H] 0] 1 0 1 0 1 1 of 1] 1] 1f* * * [PC94 [Gradation Palette C1
Gradation palette C2 PC23 |PC22 |PC21 |PC20 [Setthe umber of
(Lower nibble) [8H] 0] 1 0 1 0 1 1] 1] 0] 0] 0[/PC103|/PC102|/PC101|/PC100|Gradation Palette C2
Gradation palette C2 PB24 |Set the umber of
(Upper nibble) [9H] o] 1 0 1 0 1 11 1] o] o] 1}* * * /PC104 [|Gradation Palette C2
Gradation palette C3 PC33 |PC32 |PC31 |PC30 |Settheumber of
(Lower nibble) [AH] ol 1 0 1 0 1 14 11 o 11 0)PC113l/PC112/PC111}/PC110. Palette C3
Gradation palette C3 RB34_| nber of
(Upper nibble) [BH] o] 1 0 1 0 1 19 1] of 1] 1f* * * —~|/RC114 Palette C3
Gradation palette C4 . |Pc43 [Pc42 [Pca1  |PC4O\ nber of
(Lower nibble) [CH] 0] 1 0 1 0 1 1] 1] 1] of ol/pc123 [PC\Zi /PC124 |/PC120 Palette C4
Gradation palette C4 |\ ([ \ \ | C |PB44"|Set the umber of
(Upper nibble) oHI| ol 1] o 1) o 4f 4] 1] Aol vt \ \+ \ \|[* “l/PC124|Gradation Palette C4
Register Access Control N VN TS TSTO: for LS1 test,must set to "(

[FH] ol 1 0 1o/t \forr o (1\ 1 i\ 170, \JRE2 [RE1 REOQ RE: set reqister bank number

Note: The “3%¢” mark means “don’tcare” _ \ \ \ \ \ \ \ \ ‘-

. — 4L /7N V. N
Parentheses [-}shows, addré§§ forlcentrol register.)
N R \ 7 T
v\ ) ]\ \ / -

\
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Control Register Table (Bank 4)

Note: The “3%” mark means “dog,a”t ]c@re” \ \

* This specification is subject to be changed without notice.

65

. Pins (for 80-family) & Bank Address & Code .
Control Register Function
CSB [RS [WRB|RDB JRE2 |RE1 |REQ |D7 |D6 |D5 |D4 |D3 D2 D1 DO
Gradation palette C5 PC53 |PC52 |C51 PC50 |Set the umber of
(Lower nibble) [OH] 0] 1 0 1 1 0 0] 0] 0] 0] 0}J/PC133]|/PC132|/PC131|/PC130|Gradation Palette C5
Gradation palette C5 PC54 |Set the umber of
(Upper nibble) [1H] 0] 1 0 1 1 0 0] o] o] o] 1f* * * /PC134 |Gradation Palette C5
Gradation palette C6 PC63 |PC62 |PC61 [PC60 |Setthe umber of
(Lower nibble) [2H] 0] 1 0 1 1 0 0] 0] 0] 1] 0]/PC143]|/PC142 |/PC141|/PC140|Gradation Palette C6
Gradation palette C6 PC64 |Set the umber of
(Upper nibble) [3H] 0] 1 0 1 1 0 0] o] o] 1] 1f* * * /PC144 |Gradation Palette C6
Gradation palette C7 PC73 |PC72 |PC71 [PC70 |Setthe umber of
(Lower nibble) [4H] 0] 1 0 1 1 0 0] Of 1] 0f 0}J/PC153(/PC152 |/PC151]|/PC150|Gradation Palette C7
Gradation palette C7 PC74 |Set the umber of
(Upper nibble) [5H] of 1 0 1 1 0 0] 0 1 of 1* * * /PC154 |Gradation Palette C7
Display start common Set Common Driver
[6H] 0] 1 0 1 1 0 0] o] 1] 1] o0Jsc3 SC2 SC1 SCOo Start Line
EXCS control EX EXCS Pin control for
[7H] 0] 1 0 1 1 0 o] o] 1] 1] 1I* * * CS Senal interface
Display Select Control GL Select Plane(access/display)
[8H] 0] 1 0 1 1 0 0] 1] 0] 0] Oo]pwM |sSB PS Set GLSB Bit. Select PWM Mod
RAM Data length Set Set Data length on RAM Access
[9H] of 1 0 1 1 0 0] 1] O] 0] 1]C256 |HSW |ABS WLS |8-bit access or 16-bit access
Electronic Volume Set Electronic Vollume
(Lower nibble) [AH] of 1 0 1 1 0 0] 1 0o 1| 0Jbv3 DV2 Registbr lower code)
Electronic Volume - |}Set.Electronic Vollume
(Upper nibble) [BH] of 1 0 1 1 0 o 1 of 1] 1})* DV6 - ﬁem r (upper code)
Register read Control Set\%&gﬁter Address for read
[CH] 0] 1 0 1 1 0 0ol 11 1] 0|T0J|RA3 |RA2 |
Select Rf = U ) Seltidﬁf ratio of OSC circuit
[DH] 0] 1 0 1 1 0 of 1| 10| M5 \ RF2 \
Extended Power Control —~ A4~ LN Y - Discharge capacitance of
[EH] 0] 1 0 11 1) “ol ot 1] |\ ofBF1 \ |BFO HPM |DIS V0,V1,V2,V3,V4 Pins
Register Access Control VNN ‘\\ BBEES TSTO: for LS1 test,must set to "
[FH] of 1 of o\ fo/1\jor \f VAN 1E1To RE2 RE1 REQ RE: set register bank number |
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Control Register Table (Bank 5)

Control Register Pins (for 80-family) & Bank Address & Code Function
CSB |RS |[WRB |RDB JRE2 |RE1 |REO |D7 |D6 |D5 |D4 (D3 |D2 |[D1 [DO
Window X End Address Set X end address for
(Lower nibble) [OH] 0] 1 0 1 1 0 1] 0] 0] O0f OJEX3 |EX2 |EX1 |EXO |window function access
Window X End Address Set X end address for
(Upper nibble) [1H] 0 1 0 1 1 0 1] 0] 0] of 1[EX7 |[EX6 |EX5 |EX4 |window function access
Window Y End Address Set Y end address for
(Lower nibble) [2H] 0] 1 0 1 1 0 1] 0] 0] 1] OJEY3 |EY2 |EY1 |EYO |window function access
Window Y End Address Set Y end address for
(Upper nibble) [3H] o] 1 0 1 1 0 1 0] of 1 1|EY7 |EY6 |EY5 [EY4 |window function access
Start Address for line Set start line for line reverse display
reverse (Lower nibble)  [4H] 0] 1 0 1 1 0 11 0] 1] Of OJLS3 |LS2 |LS1 |LSO
Start Address for line Set start line for line reverse display
reverse (Upper nibble)  [5H] 0] 1 0 1 1 0 11 0] 1] Of 1|LS7 |LS6 |LS5 |LS4
End Address for line Set end line for line reverse display
reverse (Lower nibble)  [6H] 0] 1 0 1 1 0 11 0] 1] 1| O|LE3 JLE2 |LE1 |LEO
End Address for line Set end line for line reverse display
reverse (Upper nibble)  [7H] 0 1 0 1 1 0 1 0] 1 1 1|LE7 JLE6 |LE5 |LE4
Line reverse control LR LREV: Line reverse control
[8H] 0] 1 0 1 1 0 1 1] 0] of of* * BT |EV__ |BT: Reverse type select
[9H]
Register Access Control TS TSTO: for LS1 test,must set to "0"
[FH] 0] 1 0 1]0/1_|0/1|o/1 1 1] 1] 1|70 JRE2 |RE1 [REO |RE: set register bank-number

Note: The “#&” mark means “don’t care”

Parentheses [ ] shows address for control register.
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8.2 Functions of Control Registers

The EM65568 has many control registers as shown in 7 Control Register”. In case of control register access, upper nibble of
data bus(D7~D4) represent register address, lower nibble of data bus(D3~D0) represent data. The access example is shown in
the following. The Pins (CSB, RS, RDB, WRB) setting are for 80-family MPU interface. Only the setting of terminal
(RDB,WRB) is different, when it is accessed by the 68-fanily MPU.

(Example) X Address
D7 | D6 | D5 | D4 | b3 | D2 | D1 | DO CSB| RS | RDB | WRB| RE2 | RE1 | REOQ
0 0 0 0 | AX3 | AX2] AX1 ] AXO0 0 1 1 0 0 0 0
< >< > [« >« g
Register address Data Pins setting Register Bank

In the writing to the control register, it is used directly as addressing D7~D4 of the data bus. In case of regi{g{ r read, first set

RA register for specific register address, next can read specific register. Therefore, it 1s/ nccd\Z ste;’forX{‘bt r read. Then,

specific register output to D3~D0 of data bus. Except D3~DO0 of datas bus are a/ll/“PL’: Prohﬁm\access to undefined register

address area. When RS is “L”, all read/write operatlons are acce}ssectto dlsplay RAM T\herﬂaté bus doeérf/mclude register

address. In case of write, D3~D0 data is wrltten to the reg( ster d6s1gnated at D7~D4 in rising edge of the WRB signal. In case

of read, register can output to data bus is- RDB \aCtNe perlod Control reg1ster and display RAM are the equal access timing.
N ] F (> \ AR

- \ v |
- \ )\
|

\ < /
8.2.1 X Address Reglster (AfX)

D7 D6 D5 D4 D3 D2 D1 DO CSB| RS [ RDB|WRB]| RE2 | RE1 | REO
0 0 0 0 AX3 | AX2 | AX1 | AXO 0 1 1 0 0 0 0

(At the time of reset: {AX3, AX2, AX1, AX0}= 0H, read address: OH)

D7 D6 D5 D4 D3 D2 D1 DO CSB| RS [ RDB|WRB]| RE2 | RE1 | REO
0 0 0 1 AX7 | AX6 | AX5 | AX4 0 1 1 0 0 0 0

(At the time of reset: {AX7, AX6, AXS, AX4}= 0H, read address: 1H)

The AX register set to X-direction address of display RAM. In data setting, lower place and upper place are divided with 4-bit
and 4-bit respectively.

8.2.2 Y Address Register

D7 | D6 | D5 | D4 | D3 | D2 | DI | DO CSB| RS |RDB | WRB | RE2 |REI | REO
0 0 1 0 |AY3|AX2|AY1 | AYO 0 1 1 0 0 0 0

(At the time of reset: {AY3, AY2, AY1, AY0}=0H, read address: 2H)

D7 | D6 | D5 | D4 | D3 | D2 | DI | DO CSB| RS |RDB | WRB | RE2 |REI | REO
0 0 1 1 JAY7|AY6 | AYS5 | AY4 0 1 1 0 0 0 0

* This specification is subject to be changed without notice. 67 2003/2/11 (V0.1)
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(At the time of reset: {AY7, AY6, AYS, AY4}=0H, read address: 3H)

3% Mark shows “Don’t care”

The AY register set to Y-direction address of display RAM. In data setting, lower place and upper place are divided with 4-bit
and 4-bit respectively. 00H to 81H are applicable to the values for AY7 to AYO0, and 82H to FFH are not permitted. The
address for (AY7 to AY0) = 70H, 81H are in the display RAM area for icon display.

8.2.3 Display Start Address Register (LA)

D7 | D6 | D5 | D4 | D3 | D2 | DI | DO CSB| RS |RDB| WRB | RE2 |REI | REO
0 1 0 0 |LA3|LA2|LA1|LAO 0 1 1 0 0 0 0

(At the time of reset: {LA3, LA2, LA1, LAO}=0H, read address: 4H)

D7 | D6 | D5 | D4 | D3 | D2 | DI | DO CSB| RS |RDB| WRB | RE2 |REI RE()
0 1 0 1 %< |LA6 |LAS|LA4 0 1 1 0 0 0
(At the time of reset: { LA6, LAS, LA4}=0H, read address: SH) \
s« Mark shows “Don’t care” - \
/ \ //\ \

The LA register indicated first output segment data in display RAM ThlS segment data outgx\t ﬁ) COmmothl{le indicated by SC

\

Vs
register. After that output common line shift to the mcremeﬁt\dlréchon

AR \ o\ \
U A A \ O\ \

o Ny / s \\\\\ | O\ LD
LA6 | LAS LA44 | LA3 142 LAl LAO Line Address
0 0 Lo ) o \| 0 | O 0 0
0 0 \ 0 0.\ o0 0 1 1
1 [ [ 1 o o o [ 127
8.2.4 n Line Alternated Register (N)
D7 | D6 | D5 | D4 | D3 | D2 | DI | DO CSB | RS |RDB | WRB | RE2 |REI| REO
0 1 1 0 | N3 | N2 | NI |NO 0 1 1 0 0 0 0

(At the time of reset: {N3, N2, N1, NO}=0H, read address: 6H)

D7 | D6 | D5 | D4 | D3 | D2 | DI | DO CSB | RS |RDB | WRB | RE2 |REI| REO
0 1 1 1 N7 | N6 | N5 | N4 0 1 1 0 0 0 0

(At the time of reset: {N6, N5, N4}=0H, read address: 7H)

% Mark shows “Don’t care”

The reverse line number of LCD alternated drive is required to set in the register. The line number has a limit, must keeps
between from 2 to 80 lines. The values set up by the alternated register become enable when NLIN control bit is “1”. When

NLIN control bit is “0”, alternated drive waveform reverses by each frame is generated.
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N7 No6 N5 N4 N3 N2 NI NO Line Address
0 0 0 0 0 0 0 0 -
0 0 0 0 0 0 0 1 2
1 0 0 0 0 0 0 0 129
Alternated Timing
(1) NLIN="0" (in case of 1/130 DUTY Display)

IstLine  2nd Line  3rd Line 129st Line  130th Line 1st Line
-— > -—ra—>
LP b
TN
I \
FLM 1 /"7 h \\ \\
[ 7> U\ \\
NS
A\ (O Y O
M >< \\ \\ \ '/\/ >< V
() NLIN=Z C ;>} VAL VT
5 (//7\ ‘ \ ( \ /////r""j \ \\) \_—
\ S \ |\ \ \/ ) \_—
\ O\ / / \ —
\\ e B / \\ \\ \\‘,7/,//
\\ \/ \\L//\L
\ P nth line Cycle N
IstLine  2nd Line  3rd Line nth Line Ist Line  2nd Line
L R — -—r——r—>
: g,
) D
8.2.5 Display Control (1) Register
D7 | D6 | D5 | D4 | D3 | D2 | DI | DO CSB | RS |RDB| WRB | RE2 |REI | REO
ALL | ON/
1 0 0 0 |[SHIFT|MON ON | OFF 0 1 1 0 0 0 0
(At the time of reset: {SHIFT, MON, ALLON, ON/OFF}=0H, read address: 8H)
Various control of display is set up.
ON/OFF
To control ON/OFF of display
ON/OFF = “0”: Display OFF
* This specification is subject to be changed without notice.
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ON/OFF = “1”: Display ON

ALLON

Regardless of th data for display, all is on.

This control has priority over display normal/reverse commands.
ALLON = “0”: Normal display

ALLON = “1: All display lighted

MON

Select Monochrome or Gradation display

MON = “0”: Gradation display mode

MON = “1”: Monochrome display mode

SHIFT

The shift direction of display scanning data in the common driver output is selected.

SHIFT = “0”: COM0->COM127 shift-scan —

_— |
SHIFT = “1”: COM127->COMO shift-scan CN
0\

// D) A\ \\
\// \ / o A\ LJ// \ \\ \
Y AR )
8.2.6 Display Control (2) Register N t/\\\\\ \ k//‘ S </
- — / . \\ \\ \\\ \\ \\\ \ \\ \""'/
Y \\/ B! (/x»/ - ‘/ 7\\\ v\ \\ \ o\ \//\)
D7 [ D6 [ D5 [ D4 D3 [ D2 DI [ DO\ CSB RS |RDB | WRB | RE2 |REIl | REO

1 0 0 1 |REV |NLIN/SWAP|REF| \ | O \
(At the time of reset:” (REVNLTN,ﬁWAPi%Eﬁ}ZOH read address: 9H)

\
Various control of dlsplaﬁ is’ sef, up N /

\_D

\
By

REF -
When MPU accesses to display RAM, the X address and data can reverse. The REF function shows in the table below:

REF Access from MPU Internal Access Corresponding
X Address D7-D0 X Address D7-D0 Segment Output
DO(LSB) (LSB) SEG(8*NH)Output
0 NH : NH : :
D7(MSB) (MSB) SEG(8*NH+7)Output
DO(LSB) (MSB) SEG(8*(maxH-NH)+7)Output
1 NH : MaxH-NH : :
D7(MSB) (LSB) SEG(8*(maxH-NH))Output

Note: maxH: The maximum X-address in each access mode.

The order of segment driver output can be reversed by register by register setting, lessening the limitation in placing IC when

assembling a LCD module.

* This specification is subject to be changed without notice. 70 2003/2/11 (V0.1)



EM65568

130 COM/ 128 SEG 4096 Color STN LCD Driver

SWAP

When data to display RAM are written, the write data exchange bit order.
SWAP = “0”: Normal mode.

SWAP = “1”: in data writing, exchange bit order.

Example of exchange bit order

Write Data

SWAP=0

SWAP=1

D0 D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 D11

DO D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 D11

.,

Internal Data

d0 dl d2 d3 d4 d5 d6 d7 d§ d9 d10 d11

d11d10d9 d8 d7 d6 d5 d4 d3 d2 dl +d0

8 bit access (HSW=1)

Write Data

SWAP=0

SWAP=T\ |\ |

Ja

DO D1 D2 D3 D4 D5 D6-D7

\
_

/ \ \ \
A — / o \ Y\
= /4 1 [ \'/ > \; N

DO DI D2 DIDADS D6 DT, |

Internal Data

{d0)d1) d2 d3 4 d5 a6 d7-

47 d6 d5 d4 d3 d2 dl do

\/
\

16 bit access (HSW=1)

Write Data

SWAP=0

SWAP=1

DO D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 D11D12D13D14D15

DO D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 D11D12D13D14D15

-

Internal Data

d0 dl d2 d3 d4 d5 d6 d7 d8 d9 d10 dl1 d12 d13 d14 d15

d15 d14 d13d12d11d10d9 d8 d7 d6 d5 d4 d3 d2 dl

do

CAUTION: REF and SWAP both set to “1”

When data write to display RAM, the write data is normal bit order.

When data read from display RAM, the read data is exchanged bit order.

NLIN

The NLIN control n-line alternated drive.

NLIN = “0”: n-line alternated drive OFF. In each frame, the alternated signals (M) are reversed.

NLIN ="1": n-line alternated drive ON. According to data set up in n-line alternated register, the alternation is made.

* This specification is subject to be changed without notice. 71
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REV

Corresponding to the data of display RAM, the lighting or not-lighting of the display is set up.
REV =70": When RAM data at “H”, LCD at ON voltage (normal)

REV ="1”: When RAM data at “L”, LCD at ON voltage (reverse)

8.2.7 Increment Control Register Set

D7 | D6 | D5 | D4 | D3 | D2 | DI | DO CSB| RS |RDB| WRB | RE2 |REI | REO
1 0 1 0 |WIN|AIM | AYI | AXI 0 1 1 0 0 0 0

(At the tine of reset: {WIN,AIM,AYL,AXI}=0H, read address: AH)

This register control the increment mode and window function when accessing to display RAM. The increment operation of
AX and AY register can control by AIM,AYT and AXI registers setting and every write access or every read access to display
RAM. The AY register directly connect to display RAM as Y address. The AX register connect to  address converter, and that
output to display RAM as X address in the auto increment mode, AX and AY reglster aremcfemé X@r ctly increment X
and Y address. ///;\ / ~ \\

In setting to this control register, the increment operatlon of }ddr@S can be ma\de\ wgthgxb settmg succ/ ssive addresses for
writing data or for reading data to display RAM frorn MP6 NG \ \ \ -
The WIN register use for window functien. con\trol O\ \

WIN="0": Normal RAM &gess\ AN

WIN="1"" WlndOW funcﬁ(m aCCGss \\Efi/ |

In case of using Wlndow functlon access should be set following register before access to RAM.
WIN="1", AXI="1", \AYIJ’I”

X Address, Y Address, Window X End Address, Window Y End Address

Moreover, should be keep following address condition.

Window end X address = Window start X address

Window end Y address = Window start Y address

Detail of window function see “6-7 Display RAM access using Window Function”.

The increment control of X and Y addresses by AIM, AYI and AXI registers are as follows.

AIM Address Increment Timing
When writing to Display RAM or reading from Display RAM
0 .. ; .
This is effective when access to successive address area
| Only when writing to Display RAM
This is effective the case of “Read Modify Write
AYI | AXI Select Address Increment Operation Remark
0 0 |Address is not increment (1)
0 1 |X-Address is increment 2)
1 0 |Y-Address is increment 3)
1 1 |Xand Y both are increment “4)

(1) Regardless of AIM, no increment for AX and AY register.

* This specification is subject to be changed without notice. 72 2003/2/11 (V0.1)



EM65568
130 COM/ 128 SEG 4096 Color STN LCD Driver

(2) According to the setting-up of AIM, automatically change X address.

In accordance with the REF register, AX register and X address becomes as follows.

REF Transition of AX Register Transition of X Address

Same as AX register

1 |—>OOH—> OlH—.....™ max4

Note: maxH: The internal maximum X-address in each access mode.

(3) According to the setting-up of AIM, automatically change Y address. Regardless of REF, increment by loop of

Transition of AY Register Transition of Y Address [
N |
. N |
Same as AY register —\ | \
L > 00H—>01H—>......—> 51H— Avregister N\
VS N WA )
AN (NN (O Ny

(4) According to the semqg-gp\pﬁA‘l/M;/ “cooperative change X and Y address. When the X address exceed maxH, Y address
R\/ —\ N\ \ ‘Lf,/’/;;f‘, \ \ -
increment occurs, ) VN

4 \ o\ _—
\ O\

\/
\

REF Transition of AX and AY Register Transition of X and Y Address

0 AX: Same as AX and AY register
|—> OOH—)OOH—F———FI’HHXJ AX:
AY: :
1 When each AX exceed maxH, increment AY |_> max—» maxH—» — — —»00H J

|—> 00H = 00H —» — — —» 51H ) Ay Same as AY register

Note: maxH: The internal maximum X-address in each access mode.

Following shows address increment in window function access.

REF Transition of AX and AY Register Transition of X and Y Address
0 AX: Same as AX and AY register

START _y, START _y, _ _ _y END J AX:

Address Address+1 Address
AY |_> maxH- maxH- maxH- J
1 : (START — (START —» — — —» (@END
When each AX exceed AE, increment AY Address) Address+1) Address)
AY:
START —> START 3> ——— END J )
Address Address+1 Address : Same as AY register

Note: maxH: The internal maximum X-address in each access mode.
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In each operation mode, the following increment operation is performed:

1) When gradation display mode and 8-bit access are selected
Address are incremented as described above.

(i1) When gradation display mode and 16-bit access are selected:
Two bytes are accessed by accessing the RAM once.

The X-addresses increment in the order of 00H,01H,...3EH,and 3FH.

8.2.8 Power Control Register

D7 | D6 | D5 | D4 D3 D2 | DI | DO CSB | RS |RDB| WRB | RE2 |REL | REO
1 0 1 1 JAMPONHALT|DCON|ACL 0 1 1 0 0 0 0

(At the tine of reset: {AMPON, HALT,DCON,ACL}=0H, read address: BH)

ACL
The internal circuit can be initialized. This register is effective only at Master operat10n med@ ‘\\
ACL = “0": Normal operation TN \
p (\\/\/’/\\ ) / A
ACL = “1”"; Initialization ON — \\ \ ‘\ /\

When the reset operation begins internally after ACL regl( ter, se/ts to “l” the ACL reglster is automatically cleared to “0”. The
internal reset signal has been generated wu;h\a leck (buﬂt m oscﬂlatlcn c1rcu1t or CK input) for the display. Therefore, install
the WAIT period fer fhe d?play\clolck two. pycles at least After WAIT period, next operation can handle. Since built-in
oscillation circuit and ex{emal CK 1n[>ﬁt canﬁot be used in the slave mode, the setting of the ACL register becomes the

invalidity. Certalnly use the RESB termmal when the reset is applied on the slave chip.

A

DCON

The internal booster circuit is set ON/OFF
DCON = “0”: Booster circuit OFF
DCON="1": Booster circuit ON

HALT

The conditions of power saving are set ON/OFF by this command.
HALT = “0”: Normal operation

HALT="1": Power-saving operation

When setting in the power-saving state, the consumed current can be reduced to a value near to the standby current.

The internal condition at power saving are as follows.

(a) The oscillating circuit and power supply circuit are stopped.
(b) The LCD drive is stopped, and output of the segment driver and common driver are VSS level.
() The clock input from CK pin is inhibited.
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(d) The contents of Display RAM data are maintained.
(e) The operational mode maintains the state of command execution before executing power saving command.
AMPON Command

The internal OP-AMP circuit block (voltage regulator, electronic volume, and voltage conversion circuit) is set ON/OFF by

this command.

AMPON = “0”: The internal OP-AMP circuit OFF
AMPON = "1”: The internal OP-AMP circuit ON

8.2.9 LCD Duty (DS)
D7 | D6 | D5 | D4 | D3 | D2 | DI | DO CSB| RS |RDB| WRB | RE2 |REI | REO
1 1 0 0 |DS3|DS2|DS1|DS0O 0 1 1 0 0 0 0 -
(At the time of reset: {DS3, DS2, DS1, DS0}=0H, read address: CH) /J\
% Mark shows “Don’t care” N\ “:\ \
- // *~\\ L/J///\ \\ \\\ ’
{/ \\\ \ () \\ \//
The DS register set to LCD display duty. —/ /,\\ AR \ N
DS3 DS2 DS1 DS0 Display width and Duty
0 0 0 0 [8-dot width display'in'\Y-direction, 1/10 duty
0 0 0 | 1 _-|16-dot width\display\in\Y-direction, 1/18 duty
0 0 & 1 |\ 10 |24 dotwidth display in Y-direction, 1/26 duty
0 0 \1/ |/ 1| [32-dot'width display in Y-direction, 1/34 duty
0 1 |\ 0| 0 \|40-dot width display in Y-direction, 1/42 duty
0 1 \ 0, 1 |48-dot width display in Y-direction, 1/50 duty
0 1 1 0  |56-dot width display in Y-direction, 1/58 duty
0 1 1 1 |64-dot width display in Y-direction, 1/66 duty
1 0 0 0 |72-dot width display in Y-direction, 1/74 duty
1 0 0 1 80-dot width display in Y-direction, 1/82 duty
1 0 1 0 |88-dot width display in Y-direction, 1/90 duty
1 0 1 1 96-dot width display in Y-direction, 1/98 duty
1 1 0 0 104-dot width display in Y-direction, 1/106 duty
1 1 0 1 112-dot width display in Y-direction, 1/114 duty
1 1 1 0 120-dot width display in Y-direction, 1/122duty
1 1 1 1 128-dot width display in Y-direction, 1/130 duty
Partial display can be made possible by setting an arbitrary duty ratio.
8.2.10 Booster Setup (VU)
D7 | D6 | D5 | D4 | D3 | D2 | DI | DO CSB| RS |RDB| WRB | RE2 |REI| REO
1 1 0 0 & | VU2 | VU1 |VUO 0 1 1 0 0 0 0

(At the time of reset: {VU2,VU1,VU0}=0H, read address: DH)

s Mark shows “Don’t care”

The booster steps set to VU register
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4% Vul yuo Booster Operation

0 0 0  |Booster disable (No operation)
0 0 1 2 times voltage output

0 | 0 |3 times voltage output

0 | 1 4 times voltage output

1 0 0 |5 times voltage output

1 0 1 6 times voltage output

1 1 0  |Prohibit code

1 1 1 |Prohibit code

8.2.11 Bias Setting Register (B)

D7 | D6 | D5 | D4 | D3 | D2 | DI | DO CSB| RS |RDB| WRB | RE2 |REI | REO
1 1 1 0 % | B2 | Bl | BO 0 1 1 0 0 0 0
(At the time of reset: {B2,B1,B0}=0H, read address: EH) < i
¥ Mark shows “Don’t care” — e \
. — {// > \\\ \\\ \
= NN (ONS
This register is used to set a bias ratio. A bias ratiq can be sel@\c}e@ fngrh 1\{\5 \t\o 1/ 1\2\ 53( ‘Sc,tifag\Bz, B1, and BO.
B2 | Bl | BO Bias VAV LY
0 0 0 |1/5Bias AV VAN DAY
0 0 I |I/6Bias ~ ~ \ \ \ \\\ o
0 I |0 J/7Bias [~ "\ \ \ ) —
0 1 | V1 )|1/8Bias \ < )
1 0 \ 0 _{1/9Bias
1 0 \ 1. |1/10 Bias
1 1 \0° [1/11 Bias
1 1 1 1/12 Bias
8.2.12 Register Access Control
D7 | D6 | D5 | D4 | D3 | D2 | DI | DO CSB| RS |RDB| WRB | RE2 |RE] | REO
1 1 1 0 |TSTO| RE2 | RE1 | REO 0 1 1 0 0/1 | 0/1 ] 0/1

(At the time of reset: {TSTO,RE2,RE1,RE0}=0H, read address: FH)

s Mark shows “Don’t care”

The RE register set to number of register bank. Access to each control register, set RE register at first.

The TSTO register use for test of LSI, Therefore this register must be set to “0”

8-13 Gradation Palette Register (PAO~PA7, PBO~PB7, PCO~PC7)

D7 | D6 | D5 | D4 | D3 | D2 | DI | DO CSB | RS

RDB

WRB

RE2

REI

REO

0 0 0 0 |PAO3|PAO2|PAO1|PAOO 0 1
/PA83|/PA82|/PA81|/PABO

(Read address: OH)
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D7 | D6 | D5 | D4 | D3 | D2 | DI | DO CSB| RS |RDB| WRB | RE2 |REI | REO
0 0 0 1 % P % | PAO4 0 1 1 0 0 0 1
/PA84
(Read address: 1H)
(At the time of reset: PA0O4~PA00 = “00000”)
%€ Mark shows “Don’t care”
D7 | D6 | D5 | D4 | D3 | D2 | DI | DO CSB| RS |RDB| WRB | RE2 |REI | REO
0 0 1 0 |PA13|PA12|PA1l1|PA10 0 1 1 0 0 0 1
/PA93|/PA92|/PA91|/PA90
(Read address: 2H)
D7 | D6 | D5 | D4 | D3 | D2 | DI | DO CSB| RS |RDB| WRB | RE2 |REI | REO
0 0 1 1 P X % |PA14 0 1 1 0 0 0 1
/PA94 o
(Read address: 3H) —] \
0\ |
(At the time of reset: PA14~PA10 = “00101") . {/ i) \\ \ o\
(/\(/ — \ % o\ \\\ \ )
3% Mark shows “Don’t care” AR ( (,/\“\/\ O/
// ~ \ \\\ \\\ \_ / -
A\ D //x/, o /7\\ \ o\ \\ \\
C \— Vo~ LV VNV
D7 | D6 | D5 | D4 D3 D2 DI DO\ ‘\\ CSB| RS |RDB| WRB | RE2 |REI | REO
0o | 1[0 o [Pa23|pazafpa2l|Pa20|\ [0 1 [ 1 [ o0 [0 [o0]T1
— [/PA103({/PA102]/PAI101 [[PA100|—
(Read address: 4H) \_/ \ \\i,:// J
D7 | D6 | D5 | D4 | D3 | D2 | DI DO CSB| RS |RDB| WRB | RE2 |REI | REO
0 1 0 1 % % % | PA24 0 1 1 0 0 0 1
/PA104
(Read address: 5H)
(At the time of reset: PA24~PA20 =“01010)
% Mark shows “Don’t care”
D7 | D6 | D5 | D4 D3 D2 DI DO CSB| RS |RDB| WRB | RE2 |REI | REO
0 1 1 0 | PA33 | PA32 | PA31 | PA30 0 1 1 0 0 0 1
/PA113|/PA112|/PA111|/PA110
(Read address: 6H)
D7 | D6 | D5 | D4 | D3 | D2 | DI DO CSB| RS |RDB| WRB | RE2 |REI | REO
0 1 1 1 P P % | PA34 0 1 1 0 0 0 1
/PA114
(Read address: 7H)
(At the time of reset: PA34~PA30 =“01110")
% Mark shows “Don’t care”
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D7 | D6 | D5 | D4 | D3 D2 Dl DO CSB| RS |RDB| WRB | RE2 |REI | REO

1 0 0 0 | PA43 | PA42 | PA41 | PA40 0 1 1 0 0 0 1
/PA123|/PA122|/PA121|/PA120

(Read address: 8H)

D7 | D6 | D5 | D4 | D3 | D2 | DI | D0 CSB| RS |RDB | WRB | RE2 |REI | REO
1 0 0 1 | X | % | PA44 0 1 1 0 0 0 1
/PA124

(Read address: 9H)
(At the time of reset: PA44~PA40 = “10001)

s Mark shows “Don’t care”

D7 | D6 | D5 | D4 | D3 D2 DI DO CSB| RS |RDB| WRB | RE2 |REI | REO
1 0 1 0 | PAS3 | PAS2 | PAS1 | PASO 0 1 1 0 0 0 1
/PA133|/PA132|/PA131|/PA130 ]

— |

(Read address: AH) ] N

0\ |
D7 | D6 | D5 | D4 | D3 | D2 | DI DO CSB| RS |RDB| WRB | RE2 |REI | REO /
Ploo ||| | o | o pansd| o o oo

(Read address: BH) \ \ A\ VL
(At the time of reset: PA54\PA50/7“(010\1’\’) / B

\ \—

$¢  Mark shoWé “ on’t care”\ C //

\ //
D7 | D6 | D5 | D4 D3 D2 DI DO CSB| RS |RDB| WRB | RE2 |REI | REO
1 1 0 0 | PA63 | PA62 | PA61 | PA6O 0 1 1 0 0 0 1
/PA143|/PA142|/PA141|/PA140

(Read address: CH)

D7 | D6 | D5 | D4 | D3 | D2 | DI | DO CSB| RS |RDB| WRB | RE2 |REI1 | REO

1 1 0 1 X D % | PA64 0 1 1 0 0 0 1

/PA144

(Read address: DH)
(At the time of reset: PA64~PA60 =“11010")

% Mark shows “Don’t care”

D7 | D6 | D5 | D4 | D3 D2 D1 DO CSB | RS |RDB| WRB | RE2 |REI | REO

0 0 0 0 | PA73 | PA72 | PA71 | PA7T0 0 1 1 0 0 1 0
/PA153|/PA152|/PA151|/PA150

(Read address: OH)

D7 | D6 | D5 | D4 | D3 | D2 | DI | DO CSB| RS |RDB | WRB | RE2 |REI | REO
0 0 0 1 | X | % | PA74 0 1 1 0 0 1 0
/PA154

(Read address: 1H)
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(At the time of reset: PA74~PA70 = “111117)

% Mark shows “Don’t care”

D7 | D6 | D5 | D4 | D3 | D2 | DI | DO CSB | RS

RDB

WRB | RE2

REI

REO

0 0 1 0 |PBO03|PB02|PBO1|PB00 0 1
/PB83|/PB82|/PB81|/PB80

(Read address: 2H)

D7 | D6 | D5 | D4 | D3 | D2 | DI | DO CSB | RS

RDB

WRB

RE2

REI

REO

0 0 1 1 % | % | X |PB04 0 1
/PB84

(Read address: 3H)
(At the time of reset: PB04~PB00 = “00000”)

s Mark shows “Don’t care”

D7 | D6 | D5 | D4 | D3 | D2 | DI | DO CSB | RS

RDB

"REO

0 1 0 0 |PB13|PB12|PB11|PBI0 0 1
/PB93|/PB92|/PB91|/PB90

(Read address: 4H)

RDB

D7 [ D6 [ D5 [ D4 D3 [ D2 [ DI | DO [CSB] RS
0 | 1 [ 0 | 1 || [ [PBM| \ [ 0 | 1"
AT PB4

N )\ \ ‘ /://r'”"!
sEy ) L L
(Read address: SH)\ A A\

(At the time of reset; PBT4~PB10 = “00101”)

3%  Mark shows “Don’t care”

D7 | D6 | D5 | D4 | D3 D2 Dl D0 CSB

RS

RDB

WRB

RE2

REIL | REO

0 1 1 0 | PB23 | PB22 | PB21 | PB20 0
/PB103|/PB102|/PB101|/PB100

(Read address: 6H)

D7 | D6 | D5 | D4 | D3 | D2 | DI | DO CSB | RS

RDB

WRB | RE2

RE]

REO

0 1 1 1 | X | % | PB24 0 1
/PB104

(Read address: 7H)
(At the time of reset: PB24~PB20 = “01010”)

% Mark shows “Don’t care”

D7 | D6 | D5 | D4 | D3 D2 Dl DO CSB

RS

RDB

WRB

RE2

REI | REO

1 0 0 0 | PB33 | PB32 | PB31 | PB30 0
/PB113|/PB112|/PB111|/PB110

(Read address: 8H)
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D7 | D6 | D5 | D4 | D3 | D2 | DI | D0 CSB| RS |RDB| WRB | RE2 |REI | REO
1 0 0 1 % | % | X | PB34 0 1 1 0 0 1 0
/PB114
(Read address: 9H)
(At the time of reset: PB34~PB30 =“01110")
sk Mark shows “Don’t care”
D7 | D6 | D5 | D4 | D3 D2 DI D0 CSB| RS |RDB| WRB | RE2 |REI | REO
1 0 1 0 | PB43 | PB42 | PB41 | PB40 0 1 1 0 0 1 0
/PB123|/PB122|/PB121|/PB120
(Read address: AH)
D7 | D6 | D5 | D4 | D3 | D2 | DI | DO CSB| RS |RDB| WRB | RE2 |REI | REO
1 0 1 1 % | % | X | PB44 0 1 1 0 0 1 0
/PB124 r
(Read address: BH) —] \
— \
(At the time of reset: PB44~PB40 = “10001") . {/ i) \\ \ O\
(/\(/ . // O\ \\\ \ )
% Mark shows “Don’t care” \;/ N\ (/ C /\'\/\ \* </
7N VAR
D /ﬂ/ﬂ\ NN\ \\ \\
D7 | D6 | D5 | D4 D3 D2 DI DO\ \ CSB| RS |RDB| WRB | RE2 |REI | REO
1 [ 1[0 | 0 [PB53|PB52|PB5I\|PBSO\|\ | 0| 1 1 00| 1]o0
| I/PBI33/RBI32PBI31/PBIS0] -
(Read address: CH) | ; )\ LN ’(,,J;" -
D7 | D6 | D5 | D4 | D3 | D2 | DI DO CSB| RS |RDB| WRB | RE2 |REI | REO
1 1 0 [\1\| 3 | 3% | x |PB54 0 1 1 0 0 1 0
- /PB134
(Read address: DH)
(At the time of reset: PB54~PB50 = “00101”)
& Mark shows “Don’t care”
D7 | D6 | D5 | D4 | D3 D2 DI D0 CSB| RS |RDB| WRB | RE2 |REI | REO
0 0 0 0 | PB63 | PB62 | PB61 | PB60 0 1 1 0 0 1 1
/PB143|/PB142|/PB141|/PB140
(Read address: OH)
D7 | D6 | D5 | D4 | D3 | D2 | DI | D0 CSB| RS |RDB| WRB | RE2 |REI | REO
0 0 0 1 ¥ | ¥ | X% | PBo4 0 1 1 0 0 1 1
/PB144

(Read address: 1H)
(At the time of reset: PB64~PB60 = “110107)

% Mark shows “Don’t care”
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D7 | D6 | D5 | D4 | D3 D2 DI DO CSB| RS |RDB| WRB | RE2 |REI | REO
0 0 1 0 | PB73 | PB72 | PB71 | PB70 0 1 1 0 0 1 1
/PB153|/PB152|/PB151|/PB150
(Read address: 2H)
D7 | D6 | D5 | D4 | D3 | D2 | DI | DO CSB| RS |RDB| WRB | RE2 |REI | REO
0 1 0 1 ¥ | % | X | PB74 0 1 1 0 0 1 1
/PB154
(Read address: 3H)
(At the time of reset: PB74~PB70 = “11111")
& Mark shows “Don’t care”
D7 | D6 | D5 | D4 | D3 | D2 | DI | DO CSB| RS |RDB| WRB | RE2 |REI | REO
0 1 0 0 |PCO03|PCO02|PCO1|PCO00 0 1 1 0 0 1 1
/PC83|/PC82|/PC81|/PC80
(Read address: 4H) -
|
Ve \
D7 | D6 | D5 | D4 | D3 | D2 | DI | DO CSB | RS |RDB WRB RE2 |REI | REO
0 1 0 1 | s | % | s |[PCO4 0 L1 oo u\ |
/PC84 el S }YK 1
(Read address: SH) N S //\/‘/—\ \ \\\ VoY T
(At the time of reset: PCO4~PC00 = 00000”), | | | \ | \ | \ |
% “« ) ”,/ ’/T\\ \\\ \\\ \ o\ \\\ 2
VOO )N LA D
D7 | D6 | D5 | D4 | D3 | D2 | DI D0 CSB| RS |RDB| WRB | RE2 |REI | REO
0 1 1 0 PC13|PC12|PCl11|PC10 0 1 1 0 0 1 1
\— |/PC93|/PC92|/PCY1|/PC0
(Read address: 6H)
D7 | D6 | D5 | D4 | D3 | D2 | DI | DO CSB| RS |RDB| WRB | RE2 |REI | REO
0 1 1 1 X | ¥ | ¥ |[PCl4 0 1 1 0 0 1 1
/PC94
(Read address: 7H)
(At the time of reset: PC14~PC10 = “00101)
% Mark shows “Don’t care”
D7 | D6 | D5 | D4 | D3 D2 DI DO CSB| RS |RDB| WRB | RE2 |REI | REO
1 0 0 0 | PC23 | PC22 | PC21 | PC20 0 1 1 0 0 1 1
/PC103|/PC102|/PC101|/PC100
(Read address: 8H)
D7 | D6 | D5 | D4 | D3 | D2 | DI | DO CSB| RS |RDB| WRB | RE2 |REI | REO
1 0 0 | % | % | X | PC24 0 1 1 0 0 1 1
/PC104

(Read address: 9H)
(At the time of reset: PC24~PC20 = “01010")

* This specification is subject to be changed without notice.
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%  Mark shows “Don’t care”

D7 | D6 | D5 | D4 | D3 D2 DI DO CSB| RS |RDB| WRB | RE2 |REI | REO
1 0 1 0 | PC33 | PC32 | PC31 | PC30 0 1 1 0 0 1 1
/PC113|{/PC112|/PC111|/PC110
(Read address: AH)
D7 | D6 | D5 | D4 | D3 | D2 | DI | DO CSB| RS |RDB| WRB | RE2 |REI | REO
1 0 1 1 P X % | PC34 0 1 1 0 0 1 1
/PC114
(Read address: BH)
(At the time of reset: PC34~PC30 =“01110")
%€ Mark shows “Don’t care”
D7 | D6 | D5 | D4 | D3 D2 DI DO CSB| RS |RDB| WRB | RE2 |REI REO
1 1 0 0 | PC43 | PC42 | PC41 | PC40 0 1 1 0 0o | 1 1
/PC123|/PC122|/PC121|/PC120 | Y /,,N \
— N\ [ N
(Read address: CH) o ,/ NN \
/ \\ = // \\\ \\\ ) |
T ‘/ \\\ \\\ ( \\,/' \/\ - \//
D7 | D6 | D5 | D4 | D3 | D2 | DI DO B CSB| RS |RDB| WRB | RE2 |REI | REO
1 Lo | 1 s | s | o [(PC44 T 0 | 1o o] 1] 1
B /PC\\12\4 T
S DA
(Read address: DH)/fm /\,/] ‘/ BN
(At the time of reset P}?44~PC40 X “100@”)
% Mark showsV“Don’t care”
D7 | D6 | D5 | D4 D3 D2 Dl DO CSB| RS |RDB| WRB | RE2 |REI | REO
PC53 | PC52 | PC51 | PC50
0 0 0 0 /PC133|/PC132|/PC131|/PC130 0 ! ! 0 ! 0 0
(Read address: OH)
D7 | D6 | D5 | D4 | D3 | D2 | DI | DO CSB| RS |RDB| WRB | RE2 |REI | REO
. . .. | PC54
0 0 0 1 P P P PC134 0 1 1 0 1 0 0
(Read address: 1H)
(At the time of reset: PC54~PC50 = “10101”)
% Mark shows “Don’t care”
D7 | D6 | D5 | D4 | D3 D2 DI DO CSB| RS |RDB| WRB | RE2 |REI | REO
PC63 | PC62 | PC61 | PC60
01 0 | 11 O lpcigspciaz)pcia|pciao oo poo

(Read address: 2H)
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D7 | D6 | D5 | D4 | D3 | D2 | DI | DO CSB| RS |RDB| WRB | RE2 |REIL | REO
0 0 1 1 | XK | X% | PCo4 0 1 1 0 1 0 0
/PC144

(Read address: 3H)
(At the time of reset: PC64~PC60 = “11010”)

s Mark shows “Don’t care”

D7 | D6 | D5 | D4 | D3 D2 DI D0 CSB| RS |RDB| WRB | RE2 |REI | REO
0 1 0 0 PC73 | PC72 | PC71 | PC70
/PC153|/PC152|/PC151|/PC150

(Read address: 4H)

D7 | D6 | D5 | D4 | D3 | D2 | DI | DO CSB| RS |RDB| WRB | RE2 |REI | REO
. . ., | PC74
0 1 0 1 P RS P JPC154 0 1 1 0 1 0
(Read address: 5H) ] \
(At the time of reset: PC74~PC70 = “111117) . / /\ \\
(\\ /X (//“\(/,; \ / \ o\ /
% Mark shows “Don’t care” O\ O\ / ,‘\
O C\ ‘\ \ Vo
These gradation palette register set up gradatlon 1evel The EM65568 has 32 gradatlon levels. Gradation level table
VRN \ o\

N ] “" (> \
4096 color mode | ‘i\/ ; )\ \ < /
[Three groups of palett{s 'Aj,Bj, and C] (] -0- 15) are available]

Palette Slgdaten Remarks Palette Slgdaten Remarks

level level
000O00O 0 gradation palette0 initial value 1000 0f 16/31
000O01 1/31 100 0 1 17/31 |gradation palette8 initial value
00010 2/31 100 1 0] 18/31
00011 3/31 gradation palette1 initial value 10 0 1 1 19/31 |gradation palette9 initial value
00100 43 1010 0] 20/31
00101 5/31 gradation palette? initial value 101 0 1 21/31 |gradation palette10 initial value
00110 631 1011 0] 22/31
0 0 11 1 7//31 |gradation palette3 initial value 10 11 1 23/31 |gradation palette11 initial value
01000 83 1100 0] 24/31
01001 9/31 gradation palette4 initial value 11 0 0 1] 25/31 |gradation palette12 initial value
01010} 10/31 1101 0] 26/31
0 1 0 1 1] 11/31 |gradation palette5 initial value 11 0 1 1] 27/31 |gradation palette13 initial value
0110 0] 12/31 1110 0] 2831
0 11 0 1] 13/31 |gradation palette6 initial value 111 0 1 29/31 |gradation palette14 initial value
01110 1431 1111 0] 30/31
0 1 1 1 0] 15/31 |gradation palette7 initial value 111 1 1| 31/31 |gradation palette15 initial value
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256 color mode

[Three groups of palettes Aj,Bj, and Cj (j=0-7) are available]

Palette ko Remarks Palette ko Remarks
level level

000O00O 0 256 color palette0 initial value 1000 0f 16/31

00O0O01 1/31 10 0 0 1| 17/31 |256 color palette4 initial value

00010 2/31 10010 18/31

00011 331 100 11 19/31

00100 43 1010 0 20/31

0 010 1 5/31 |256 color palette1 initial value 101 0 1 21/31 |256 color palette5 initial value

00110 631 1011 0] 22/31

00111 7/31 10111 2331

01000 831 1100 0] 24/31

0100 1 931 1100 1] 2531

0 1 0 1 0] 10/31 |256 color palette2 initial value 11 0 1 0] 26/31 |256 color palette6 initial value

01011 11/31 11011 27/31

0110 0] 12/31 1110 0] 28/31

01101 13/31 1110 1 29/31

0 111 0] 14/31 |256 color palette3 initial value 1111 0] 30/31 f

01110 15/31 1111 1] 3131 (256 colorpaletﬂte’ﬁrﬁ\ial‘\‘value
/ NEGN

8.2.14 Display Start Common (B / / )\ \\ \/\ )
\/ \ ( \/\ . \/

D7 | D6 | D5 | D4 | D3 | D2 | DI | DO \ CSB| RS |RDB | WRB RE2 REI| REO

0 |1 1 0 [SC3[SC2[SC1[SCO|\ \[ 0 | \1 1o 1 0] 0

(At the time of reset: {SCZ,\SCI SCQ}/ Oﬁ\kad address 6H)

¢ Mark ShoWs ‘i) /n’t care”\\ / /

\ - \\
\ -

\ \ \—

The SC register set ufxtl;ie scanning start output of the common driver.

Display starting common when Display starting common when
SC3 | SC2 | SCI | SCO SHIFT=0 SHIFT=]
0 0 0 0 COMO~ COM127~
0 0 0 1 COMS8~ COM119~
0 0 1 0 COM16~ COMI111~
0 0 1 1 COM24~ COM103~
0 1 0 0 COM32~ COM95~
0 1 0 1 COM40~ COMS&7~
0 1 1 0 COM48~ COM79~
0 1 1 1 COMS6~ COM71~
1 0 0 0 COM64~ COM63~
1 0 0 1 COM72~ COMS55~
1 0 1 0 COMS80~ COM47~
1 0 1 1 COMB88~ COM39~
1 1 0 0 COM96~ COM31~
1 1 0 1 COM104~ COM23~
1 1 1 0 COM112~ COM15~
1 1 1 1 COM120~ COM7~
Prohibit code
Prohibit code

SHIFT="0": COMO to COM127 shift-scan
SHIFT="1": COM127 down to COMO shift-scan
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8.2.15 EXCS Output Control

D7 | D6 | D5 | D4 | D3 | D2 | DI | DO CSB| RS |RDB | WRB | RE2 |REI | REO
0 1 1 1 % | % | x | EXCS 0 1 1 0 1 0 0

(At the time of reset: {EXCS} = 1H, read address: 6H)

% Mark shows “Don’t care”

The EXCS register control output value of EXCS pin.

The EXCS pin is output terminal. Therefore, the EXCS register can work in only master mode.
EXCS="0": EXCS pin output “L”

EXCS="1": EXCS pin output “H”

8.2.16 Display Select Control

,7?\// ‘
D7 | D6 | D5 | D4 | D3 | D2 | DI DO CSB| RS |RDB| WRB | RE2 |REI | REO ||
1 0 | 0| 0O [PWM|GLSB PS 0 1Ll 1] o ft V0 | 0
(At the time of reset: {PWM,GLSB} = 0H, read address: 8H) ¢ //\ \ // \\ \ <)
‘\\ \\ \‘\ //\ .

. \ O\
~ \ \ \ \
\ \
v RV N U U N W \
A S A \ \ O\
\ L \ O\

\ o\
{ \ o\

In 4096 color mode, select 16 gradatlon 1evel from 32 gradatmn palette In 256 ‘color mode, just setting lower 8 gradation.

PS=“0":Lower 8 gradatmn settm/g
\

l

PS=“1":Upper 8 gradatlén seftmg
//

\//
\

\\//

GLSB \

In 256 color mode, for the segment driver of 4-gradation display, select 4 gradations from 8 gradations using the 2 bits written
to the corresponding RAM area and the 1 bit supplemented by the gradation LSB circuit. Supplement the 1 bit of data by
setting the gradation LSB register (GLSB).

Gradation LSB = “0”: Selects 0 as the LSB information on the RAM for 4-gradation segment driver.

Gradation LSB = “1”: Selects 1 as the LSB information on the RAM for 4-gradation segment driver.

PWM
The PWM register select the gradation display mode.
PWM = “0”: Variable display mode using 16 gradations selected from 32 gradations in 4096 color mode
Variable display mode using 8 gradations selected from 32 gradations in 256 color mode (C256=1)
PWM = “1”: 16-gradation fixed display mode
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8.2.17 Data Bus Size Select

D7
1

D6
0

D5 | D4

D3 | D2 | DI

D0

CSB

0 1 |C256HSW|ABS

RS |RDB | WRB | RE2 |REI

WLS

REO

0 1 1

(At the time of reset: {C256,HSW,ABS,WLS} = OH, read address: 9H)

% Mark shows “Don’t care”

The WLS register select data bus size for access from MPU

WLS = “0”: The data bus size is 8-bits width
WLS = “1”: The data bus size is 16-bits width

When MPU access to control register using 16-bits bus size , high byte data is ignored

ABS

ABS= “0: normal mode

ABS= “17;

HSW

T
\ \ —\ \
\ \
\\ \ \ \\
\
HSW=“0":

: High speed writing mode 2ff - \\ \
HSW=*1"

High speed ert\\ng fnoeie\ oﬂ acgessmg the &blf data RAM

\ \ \
\ / \
L \ \
P \
- \ O\
\ “ \ \
\ \ \
C256 \
\ O\
\ O\

//

C256=0": 4096 color mode

C256=“1: 256 color mode

8.2.18 Electronic Volume Register

D7 | D6 | D5 | D4 | D3 | D2 | DI

change corresponding bit from input data bus

D0
DVO

1 0 1 0

DV3

DV2 |DVI

CSB

RS WRB | RE2 |REI | REO

(Read address: AH)

D7 | D6 | D5 | D4 | D3 | D2 | DI

D0
1

0 1 1

% |DV6|DV5|DV4

CSB

RS

WRB | RE2 |REI | REO

(Read address: BH)

(At the time of reset: {DV6~DV0} = 00H)

% Mark shows “Don’t care”

* This specification is subject to be changed without notice
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The DV register can control VO voltage.

The DV register has 7-bits, so can select 128 level voltage.

DV6e | DV5 | DV4 | DV3 | DV2 | DVI | DVO Output voltage
0 0 0 0 0 0 0 Smaller
0 0 0 0 0 0 1 :
1 1 1 1 1 1 0 :
1 1 1 1 1 1 1 Larger
The output voltage at VREG is specified by equation (1).
VREG = VREF *N * 0.9 (1)

(N: Number of boosting steps)
The LCD drive voltage VO is determined by VREG level and electronic volume code equation (2).

V0=10.5* VREG + M * (VREG - 0.5VREG) / 127 (2) \
J
(M: DV6 to DVO register values) N\ \
™\ \
A o\

- /
/ N /
YN \ / / ‘\
{ \ {

\ O\
\ \

In order to prevent transient voltage from generatmg wher}/&n e/(eetromc volume code i1s set the circuit de51gn is such that the
set value is not reflected as a level 1mmed1ately after onIy the upper b11:s(DV6 DV4) of the electronic code have been set. The

set value becomes Vahd w@en the/kTw/ r/bﬁs\QDVZ& DVQ) of the electromc control volume code have also been set.

\ \ e
N \ (0
\ // ) \ |\ \ < /

\ %
8.2.19 Resistance Ratl() oj CR OScﬂlator

A

D7 | D6 | D5 | D4 | D3 | D2 | DI | DO CSB | RS |RDB | WRB | RE2 |REI| REO
1 1 0 1 % | RF2 | RF1 | RFO 0 1 1 0 1 0 0

(At the time of reset: {RF2, RF1, RF0} = OH, read address: DH)

% Mark shows “Don’t care”

The RF registers can control resistance ratio of CR oscillator. Therefore frame frequency can change RF registers setting.

When change RF registers value, should be need to check LCD display quality.
RF2

3
3

Operation

0 0 0 Initial Resistance Ratio

0 0 1 0.8 times of initial Resistance Ratio
0 1 0 0.9 times of initial Resistance Ratio
0 1 1 1.1 times of initial Resistance Ratio
1 0 0 1.2 times of initial Resistance Ratio
1 0 1 Prohibit Code

1 1 0 Prohibit Code

1 1 1 Prohibit Code

* This specification is subject to be changed without notice. 87 2003/2/11 (V0.1)



EM65568
130 COM/ 128 SEG 4096 Color STN LCD Driver

8.2.20 Extended power control

D7 | D6 | D5 | D4 | D3 | D2 | DI | DO CSB| RS |RDB| WRB | RE2 |REI | REO
1 1 1 0 | BF1 | BFO |HPM| DIS 0 1 1 0 1 0 0

(At the time of reset: {HPM, DIS} = OH, {BF1,BF0}=0H;read address: EH)

The DIS register can control capacitors discharged that connected between the power supply V0-V4 for LCD drive voltage and
VSS.

When using this register, refer to 6-30 (Discharge circuit).
DIS = “0”: Discharge OFF
DIS = “1”: Discharge start

The HPM register is the power control for the power supply circuit for liquid crystal drive. ’/J/\
__\ ' \
HPM= “H”: High power mode /; O\ ‘\
T\ . N L - \ \\ \
HPM= “L”: Normal mode — N //\ Ny )
R\/ \\ \ ‘ \\ N \ - \/
. =N EEEER \ .
—\ Y / N\ \\ \ \\ o\ \ //)

BF1~BFO0: The operating frequency in the boostcr rs seiected When the boostlng frequency is high, the driving ability of

booster become hlgh but the curr/ent 909&uﬁ1pt10ﬂ is, 1ncreased Adjust the boosting frequency considering the external
N\ [ L= 2\

capacitors and the, curren‘t cdnsumpthn c /r’""? T

BF1 | BF0 Operatmg clock frequency in the booster
0 0 \ - 1.5KHz*8
0 1 A 1.5K Hz * 4
1 0 1.5K Hz * 2
1 1 1.5 K Hz

8.2.21 Internal Register Read Address

D7 | D6 | D5 | D4 | D3 | D2 | DI | DO CSB| RS |RDB| WRB | RE2 |REI | REO
1 1 0 1 |RA3|RA2 |RAI |RAO 0 1 1 0 1 0 0

(At the time of reset: {RA3,RA2,RA1,RA0} = BH)

The RA register set to specify the address for register read operation. The EM65568 has many registers and has register bank.

Therefore, it is need 4-steps to read to read the specific register in maximum case.

) Write 04H to RE register for access to RA register.
2) Writes specific register address to RA register.

3) Write specific register bank to RE register.

4) Read specific contents.
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8.2.22 Internal Register Data Read

D7 | D6 | D5 | D4 | D3 | D2 | DI | Do CSB| RS |RDB| WRB| RE2 |REI| REO
P DA x % | Internal Register read 0 1 0 1 0/1 | 0/1 | 0/1
data

s Mark shows “Don’t care”

This command is used to read data from an internal register. Before executing the command, you need to set the address and

RE flag for reading data from the internal register.

8.2.23 Windows End X Address

D7 | D6 | D5 | D4 | D3 | D2 | DI | DO CSB| RS |RDB| WRB | RE2 |REI | REO ~
0 0 0 0 |EX3|EX2|EX1|EX0 0 1 1 0 1 0| I \‘
(At the time of reset: {EX3,EX2,EX1,EX0} = OH, read address: OH) o /J\
. (o
\_ - \(/ - \\ L////\ \ \ o\ . )
D7 | D6 | D5 | D4 | D3 | D2 | DI | DO CSB| RS |RDB| WRB | RE2 |REI | REO </
0 0 0 1 |EX7|EX6 | EX5 EX4/ /9"\ /\l VIV LN NV T 0 1

(At the time of reset: {EX6,EX5,EX4} = OH, read addresy 1H)

% Mark shows “Don’t care”, 0\
_— \ /\,/]‘ ( /) \\) Vv
\ \ \

\ <
\ \
The EX reglsters set to)( d/ rectton end address for window function.

\
By

8.2.24 Windows End Y Address

D7 | D6 | D5 | D4 | D3 | D2 | DI | DO CSB| RS |RDB| WRB | RE2 |REI | REO
0 0 1 0 |EY3|EY2 |EYl|EYO 0 1 1 0 1 0 1

(At the time of reset: {EY3, EY2, EY1, EY0} = OH, read address: 2H)

D7 | D6 | D5 | D4 | D3 | D2 | DI | DO CSB| RS |RDB| WRB | RE2 |REI | REO
0 0 1 1 |EY7|EY6|EY5|EY4 0 1 1 0 1 0 1

(At the time of reset: {EY7, EY6, EYS5, EY4} = OH, read address: 3H)

s Mark shows “Don’t care”

The EY registers set to Y direction end address for window function.
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8.2.25 Line Reverse Start Address

D7 | D6 | D5 | D4 | D3 | D2 | DI | DO CSB| RS |RDB| WRB | RE2 |REI | REO
0 1 0 0 |LS3|LS2|LS1|LSO 0 1 1 0 1 0 1

(At the time of reset: {LS3,LS2,L.S1,LS0} = OH, read address: 4H)

D7 | D6 | D5 | D4 | D3 | D2 | DI | DO CSB| RS |RDB| WRB | RE2 |REI | REO
0 0 0 1 % | LS6 | LS5 | LS4 0 1 1 0 1 0 1

(At the time of reset: {LS6, LS5, LS4} = OH, read address: SH)

% Mark shows “Don’t care”

The LS registers set to line reverse start address. Moreover, must keep following two conditions.

(1) 00H =< LS = 7FH

(2) LS = LE LE: Line reverse end address e J/\
UV \
N\ \
- / ) \ \\\ \ \
TN 7 N\ + \ o\ )|
8.2.26 Line Reverse End Address UV NN / ( )\ D '
R R \\ A Ao
. C /\i& . I /4 ~ )\ L\ \\/
D7 | D6 | D5 | D4 | D3 | D2 | DI | DO ( \|CSB| RS |RDB| WRB | RE2 |REI | REO
0 1 1 0 |LE3|LE2|LEL[LEQ| \ [ 0 | \1 ‘1 0 1 10 1
(At the time of reset: {LEZ%\LEQ(LEL [fEB}\—QH re;ad address: 6H)
- // /" \\ ‘\ \ \ /r"/ 2
D7 | D6 | D5 | D4 | D3 | D2 DI DO CSB| RS |RDB| WRB | RE2 |REI| REO
0 0 0 | \1\| % |LE6|LE5|LE4 0 1 1 0 1 0 1

(At the time of reset: {VLE7, LE6, LES, LE4} = OH, read address: 7H)

#<  Mark shows “Don’t care”
The LE registers set to line reverse end address. Moreover, must keep following two conditions.
(3) 00H = LS = 7FH

(4) LS = LE LS: Line reverse start address

8.2.27 Line Reverse Control

D7 | D6 | D5 | D4 | D3 | D2 | DI | DO CSB | RS |RDB| WRB | RE2 |REI | REO
1 0 0 0 P ¢ | BT |[LREV 0 1 1 0 1 0 1

(At the time of reset: {BT,LREV} = OH, read address: 8H)

s Mark shows “Don’t care”

The LREV registers control line reverse display function.
LREV = “0": Normal display (Not reverse).
LREV =“1": Line reverse display enable.
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The area specified by Line Reverse Start/End Register reverse display.
The reverse type is selectable by BT register.

When use Line Reverse Display function, LS and LE registers must keep following relation.

LS = LE

The BT register control line reverse type. This is an option of line reverse display function.
This BTs setting is only available in case of LREV="1"
T =“0: Reverse display
BT = “1": Reverse display at each 32 frame.

[HEN]
iy
I
AN
min[uin]_ /
moom Display chang\\e/\)
Hl § | D each ?%ﬁam? \

DDDDQMCw

\ Bmk example(LREV—"l” BT "1")

— "':\\ c /\CJ \“
Y ///,1 \ \ \//
The special segment oufputs aren t influenced by LREV and BT setting. The display area by selected COMA and COMB

common outputs aren’t also influenced.

ELAN

LCD DRIVER

Low Power and
Low Voltage

Display change each 32 frame

ELAN

-+—— Line reverse start address

LCD DRIVER

Low Power and
Low Voltage

«—— Line reverse end address

Blink example (LREV="1", BT="1")
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9. Relationship between Setting and Common/Display RAM

The relationship between the COM pin numbers and the addresses in the Y-direction on the display RAM changes according
to the SHIFT command. LCD Duty Set command. Display Starting Common Position Set command, and Display Starting Line

Set command.

When “0” is selected for the display starting line:

The relationship between the COM pin and the addresses in the vertical direction of the display RAM (hereafter called MY)
changes on an 15 dots basis according to the LCD Duty Set command and the Display Starting Common Position Set
command. When the SHIFT bit is “0”, the common position change in the forward direction. When “1” they change reverse
direction. When “0” is selected as the values for LA7 to LAO in the Display Starting Line Set command, the MY number

corresponding to the display starting position is “0”. The MY numbers are sequentially shifted backward when display occurs.

In any case, the relations of COMA = MY 128 and COMB = MY 129 do not change. '\\
Al
When non-zero is selected for the display starting line: N\ ( \ { ( /“ \

The relationship between the COM pins and the add;resseg/ln t}{e Ver’mcal dlrection on the dlsplay RAM, MY changes on an 15
dots basis according to the information i in the LCD Duty Set COmmand and Dlsplay Starting Common Position Set command.

The common posmons cha{lge 1{1/[1}6 fqrward Whan the SHIFT bit is “0”, and change in the reverse direction when the SHIFT
bit is “17. If non—zem 1s ;selected for\é Valyes for LA7 to LAO by the Display Starting Line set command. the MY number
corresponding to the dr§play startlng position shifts by the set value. The MY number shifts backward when display occurs. If
it exceeds 128, it retul:ns to 0, and the shifts sequentially. In any case, the relations of COMA = MY 129 and COMB = MY 129

do not change.
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10. Absolute maximum ratings

10.1 Absolute maximum ratings

Item Symbol Condition Pin use Rating Unit
Supply voltage (1) |[VDD VDD -03~+4.0 \Y
Supply voltage (2) |VEE VEE -03~+4.0 \Y
Supply voltage (3) [VOUT VOUT --0.3~+16.0 \Y
Supply voltage (4) [VREG VREG -0.3~+16.0 \
Supply voltage (5) [VO Ta=25C |VO0 -0.3~+16.0 \
Supply voltage (6) [V1,V2,V3,V4 V1,Vv2,Vv3 V4 |[-0.3~V0+0.3 \
Input voltage VI *1 -0.3 ~VDD+ 0.3 \Y
Storage Tstg 45 ~+125 C
temperature
10.2 Recommended operating conditions

Item Symbol Pin Min. Bp. Max. Unit | Note
Supply voltage VDDI1 VDD 1.7 33 vV |*1
VDD2 2.4 33 V_ 2
VEE VEE 2.4 33 — [V [*3
Operating voltage Vo0 Vo0 5 157 | W\ [*4
VOUT VOUT s ) v
VREG VREG T\ [ VOUT*0.9) v
VREF VREF ' | 21 ([ L 33 vV [*5
Operating temperature | Topr \ VUL B0 ] 85 T
) \ e

- "'7" /7]
*1 In case of VBA outpu\t d(\)eSn uusq < /

*2 In case of VBA Outpuﬂ{se \

*3 Power supply for mt@rnal boosting circuit. If applied voltage same as VDD, connect to VDD.

*4 Voltage VO>V1>V2>V3>V4>VSS must always satisfied.
*5 Voltage VEE > VREF must always satisfied.

* This specification is subject to be changed without notice. 93
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11. DC characteristics
VSS=0V,VDD=1.7~3.3V, Ta=-30~85 C

Item Symbol Condition Min. Typ. Max. Unit | Pin used
High level input VIH 0.8VDD  [0.9VDD| VDD \% % 1
voltage
Low level input VIL 0 0.IVDD| 02VDD % % 1
voltage
High level output | 11 |yon = vDD-0.4v 2.7 3.2 3.5 mA | 2
current
Low level output IOL1 |[VOL= 0.4V 2.7 32 35 mA | %2
current
High level output - | 111 |yoH - vDD-0.4v 0.8 1.0 1.2 mA | %3
current
Low level output I0L2  |VOL= 0.4V 0.8 1.0 1.2 mA | 3
current
Input leakage current | ILI1 |VI=VSS or VDD -2 0 2 A X 4
ILI2 |VI=VSS or VEE -0.3 0 0.3 LA x5
Output leakage ILO  [VI=VSSor VDD 2 0 2 LA % 6
current - \
LCD driver output VO=10V 1.0 13 ]V - 1&\
. RON |A |Von|= 0.5V — KQ 7
resistance [Ven| V0=6V 1.2 b7 22
Standby current CK=0, CSB=VDD, Ta=25C , —~ -\ \\NY ,J ) .
through VDD pin ISTB VDD=3V - AR f\:; P e R HA 8
Oscillator frequency ) BV VOV L\ L
(variable gradation VDD=3V, Ta—25 C (0 .
F \ 51 KH 9
mode, 4096 or 256 o5 IRe setlmg\— (Rf2, Rfl Rf()) (000) 310 600 690 z P
color mode) 2/ N\ \ O\ B
Oscillator frequency VﬁD SV Ta~25 C .
%10
(16 gradation mode) }OSCZ RF setting = (R2,Rf1,Rf0)=(000) 235 300 345 KHz |
Oscillator frequency | \|VDD=3V, Ta=25 C .
- L F ' ’ ’ 11 1 1 KH X1l
(8 gradation mode) \ |\ "% |Rf setting = (Rf2,RF1,R0)=(000) : 35 33 z | X
Oscillator frequency VDD=3V , Ta=25C .
b b P 12
(monochrome mode) | FO5%  |Rf setting = (RE2,RFLRF)=(000) 16 19 22 KHz | %
Booster output Six times boosting % %
VOUTI1 RL = 500KQ (VOUT-VSS) 6*VEE *0.95 A% *13
voltage Five times boosting % %
VOUTI RL = 500KQ (VOUT-VSS) 5*VEE *0.95 v X 14
. Four times boosting % %
on VOUT pin VOUT2 RL = 500KQ (VOUT-VSS) 4*VEE *0.95 v P
Three times boosting % "
VOUTS3 RL = 500K (VOUT-VSS) 3*VEE *0.95 \Y X 16
Two times boosting % x
VOUT4 RL = 500KQ(VOUT-VSS) 2*VEE *0.95 \'% 17
IDD1 VDD = 3V, 5 times booster 90 110 uA %18
Current consumption AlLON gattern b
VDD = 3V, 5 times booster
IDD2 Checker pattern 155 180 pA %19
VBA output voltage VBA |VDD =2.4V~3.3V 0.9VvDD*0.97 [0.9VDD | 0.9VDD*1.03 VBA
VEE =2.4V~3.3V, % N %
VREG output voltage] VREG [VREF=0.9VEE, N times boosting (VI:(I)E SSN) VREF N (VI:F E3N) \Y %20

(N=2 to 6)

* This specification is subject to be changed without notice.
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Relationship of oscillating frequency (fosc) and external clock frequency (fCK) to LCD frame frequency (fFLM) is each

display mode
Original Display mode Ratio of display duty cycle (1/D) Pin used
oscillating clock 1/130 to 1/82 1/74 to 1/42 1/34 to 1/26 1/18 to 1/10
When use Variable gradation fosc /(2*31*D) |fosc /(4*31*D) |fosc /(8*31*D) |fosc /(16*31*D)
built-in Simple gradation (4096 fosc/(2*15*D) |fosc/(4*15*D) |fosc/(8*15*D) |fosc/(16*¥15*D)
oscillating color)
circuit (fosc) Simple gradation (256 fosc /(2*7*D) |fosc /(4*7*D) |fosc /(8*7*D) |fosc /(16*7*D)

color)

Monochrome fosc /(2*1*D) |fosc /(4*1*D) |fosc /(8*1*D) |fosc /(16*1*D) FLM
When use Variable gradation fCK/(2*31*D) |fCK /(4*31*D) |fCK /(8*31*D) |fCK /(16*31*D)

external clock  |Simple gradation (4096 fCK /(2*¥15*D) |fCK /(4*15*D) |fCK /(8*15*D) |fCK /(16*15*D)
from CK pin. color)

(fCK) Simple gradation (256 fCK /(2*7*D) |[fCK /(4*7*D) |fCK /(8*7*D) [fCK /(16*7*D)
color)
Monochrome fCK /(2*1*D) [fCK /(4*1*D) |fCK /(8*1*D) |fCK /(16*1*D)
Pin used:

1 D0-D15, CSB, RS, M/S, M86, RDB, WRB, CK, CKS, CLK, LP, FLM, M P/S RESB \Ek\ip ns.

2 D0~D15 pins A\ ' // >\
TV \ \
. //\ \ (N \ ‘ J \ —
3 LP, FLM, M, CLK pins NN \ \ 1\ \ /\
4 CSB, RS, M/S, M86, RDB, WRB,\CK CKS, As,;i SB TEST pins

\ \

\
\ \ \
\ O\

5 VREF pin A \ \

6 Apphedwhen\PO&Yﬂﬁ,\ CﬁK L\P \FLM, and M are in the state of high impedance.

7 SEGAO~SEG§127 SE(\JBb~S/EGBI27 SEGCO~SEGC127. DSEGAO~DSEGA1, DSEGB0~DSEGBO,
DSEGCOA«DSEGCl COM0~COM79 COMA, COMB pins Resistance when being applied 0.5V between each
output pin ancf each power supply (VO, V1, V2, V3, V4) and when being applied 1/9 bias.

8 VDD pin, VDD pin current without load at the stoppage of original oscillating clock and at non-select
(CSB=VDD)

9 Oscillating frequency, when using the built-in oscillating circuit (variable gradation display mode,4096 or 256
color mode)

10 Oscillating frequency, when using the built-in oscillating circuit (16 gradation fixed display mode)

11 Oscillating frequency, when using the built-in oscillating circuit (8 gradation fixed display mode)

12 Oscillating frequency, when using the built-in oscillating circuit (monochrome display mode)

13 VOUT pin. When using the built-in oscillating circuit, the built-in power supply is used, and boosting 6 times is
used, this pin is applied. VEE=2.4~3.3 V, The electronic control is preset (The code is (“1 1 1 1 1 1 1”)). Measuring
conditions: bias=1/5~1/9, 1/130 duty, without load. RL=500 KQ (between VOUT and VSS), C1=C2=1.0uF,
C3=0.1pF, DCON=AMPON="1", BF="11"

14 VOUT pin. When using the built-in oscillating circuit, the built-in power supply is used, and boosting 5 times is
used, this pin is applied. VEE=2.4~3.3 V, The electronic control is preset (The code is (“1 1 1 1 1 1 1”)). Measuring
conditions: bias=1/5~1/12, 1/130 duty, without load. RL=500 KQ (between VOUT and VSS), C1=C2=1.0uF,
C3=0.1pF, DCON=AMPON="1", BF="11"

15 VOUT pin. When using the built-in oscillating circuit, the built-in power supply is used, and boosting 4 times is

* This specification is subject to be changed without notice. 95 2003/2/11 (V0.1)
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used, this pin is applied. VEE=2.4~3.3 V, The electronic control is preset (The codeis (“1 1111 1 17)). Measuring
conditions: bias=1/5~1/12, 1/130 duty, without load. RL=500 KQ (between VOUT and VSS), C1=C2=1.0uF,
C3=0.1pF, DCON=AMPON="1", BF="11"

% 16 VOUT pin. When using the built-in oscillating circuit, the built-in power supply is used, and boosting 3 times is
used, this pin is applied. VEE=2.4~3.3 V, The electronic control is preset (The codeis (“1 1111 1 17)). Measuring
conditions: bias=1/5~1/12, 1/130 duty, without load. RL=500 KQ (between VOUT and VSS), C1=C2=1.0uF,
C3=0.1pF, DCON=AMPON="1", BF="11"

% 17 VOUT pin. When using the built-in oscillating circuit, the built-in power supply is used, and boosting 2 times is
used, this pin is applied. VEE=2.4~3.3 V, The electronic control is preset (The codeis (“1 1111 1 17)). Measuring
conditions: bias=1/5~1/12, 1/130 duty, without load. RL=500 KQ (between VOUT and VSS), C1=C2=1.0uF,
C3=0.1pF, DCON=AMPON="1", BF="11"

% 18 VDD, VEE pin. When the built-in oscillating circuit and built-in power supply are used and there is no access
from MPU. This pin is applied. Boosting 5 times is used the electronic control is preset (The codeis (“1 11111
17)). Display ALL ON pattern {Rf2, Rfl, Rf0 =(*“0 0 0 ”’) }(on monochrome dlsplay mﬁde %d\p D driver pin with
no load. Measuring conditions: VDD=VEE , VBA=VREF, Cl =C2=1. O“F (.F/ 70,1 uF DCON— MPON="1",
NLIN="0", (BF1,BF0)=(1,1),1/130 duty , 1/9 bias, BF ”11” // \\ g/ // A\ | N /

% 19 VDD, VEE pin. When the bullt—ln osc111at1ng/61rcu;rt and bullt-m power su;)ply/are used and there is no access
from MPU. This pin is applied. Boostlng 5 t;mes is used the electromc control is preset (The codeis (“1 11111
1)). Dlsplay zrcl{ecke\rﬁd pat;emhﬂ Rf l RfO (“O 00 ”) } (on monochrome display mode) and LCD driver pin
with no load l@easumng co@inon S VDD VEE VBA=VREF, C1=C2=1.0uF, C3=0.1uF, DCON=AMPON="1",
NLIN= ”0” (BFI BFO) Cl 1),1/130 duty , 1/9 bias, BF="11”

% 20 VREG pm. Measuring conditions: N times boosting(N=2~5), electronic control=“1 11111 1”, Display a
checkered pattern, DCON=AMPON="1", NLIN="0",1/130 duty , VDD=VEE , VBA=VREF , C1=C2=1.0uF,
C3=0.1pF , no load

Note: The capacitor C1 is use for booster related pin.
CAP1+, CAP1-, CAP2+, CAP2-, CAP3+, CAP3-, CAP4+, CAP4-, CAP5+, CAP5- VOUT
The capacitor C2 is use for bias related pin.
VO0,V1,V2,V3, V4
The capacitor C3 is use for VREG pin.
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12.

AC characteristic

(1) 80-family MCU write timing

tAS8

tAH8

CSB
RS
tWRLW 8
WRB _ tWRHW 8 -
tDS8 tDH8
D0-D15 —
{CYCWRS v \
N r \ \\\ >
o e \ o\
—V //7\ N L // ///\‘ \ \\\ \ )
N\ \\\ ( \ [N \/\ - \/
VSS=0V, VDD =2.7~3.3V, Ta=-30~+85C .\ /7 L
Item Symbol Condition Min. Typ. Max. Unit | Pin used
Address hold time tAHS AL 0 ns |CSB
Address setup time —— . |tASS | ‘ C P Y\ N\ 0 ns |RS
System cycle time imwrite |[tCYCWRS8 | /) 200 ns
: I3 SRR T / WRB
Write pulse “L” width— _[tWRLW8 |- 60 ns (R/WB)
Write pulse “H” width\ tWRHW8 135 ns
Datasetuptime | \  |[tDS8 60 ns
Data hold time tDH8 5 ns DO~-DI5
VSS=0V, VDD =2.4~2.7V , Ta = -30~+85C
Item Symbol Condition Min. Typ. Max Unit | Pin used
Address hold time tAH8 0 ns |CSB
Address setup time tASS8 0 ns |RS
System cycle time in write |[tCYCWRS 250 1S \WRB
Write pulse “L” width tWRLWS 80 ns (R/WB)
Write pulse “H” width tWRHWS 160 ns
Data setup time tDS8 80 ns
Data hold time tDHS 10 ns DO-DI3
VSS=0V, VDD = 1.7~2.4V , Ta=-30~+85C
Item Symbol Condition Min. Tp. Max. Unit | Pin used
Address hold time tAHS8 0 ns |CSB
Address setup time tASS8 0 ns |RS
System cycle time in write  [tCYCWRS 500 NS \WRB
Write pulse “L” width tWRLWS 140 ns (R/WB)
Write pulse “H” width tWRHWS 350 ns
Data setup time tDS8 100 ns
Data hold time tDH8 20 ns DO-DI5

Note: All the timings must be specified relative to 20% and 80% of VDD voltage.

* This specification is subject to be changed without notice.
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(2) 80-family MCU read timing

P tAss

tAH8

CSB
RS
RDB tRDLW 8
- ‘ tRDHW 8 o \
tRDDS - tRDH8 -
D0-D15 I
‘ tCYCRD8 | ‘r
D /JJR \
_ Y |
N\ |
. (> \
(/\/ \ \ \ \ ) )
VSS=0V , VDD =2.7~3.3V , Ta = -30~+85C \ N\ ‘1/ C A </
Item Symbol Condition Min. Typ. Max. Unit | Pin used
Address hold time tAHS TN Uy ns |CSB
Address setup time tAS8 NN I 0\ ns RS
System cycle time in read tCYCRD,’g ~ /\ VL 380 ns
Read pulse “L” width . [tRDLWS e ~ 200 ns |RDB(E)
Read pulse “H” width  Jt(RDHWS | 170 ns
Datasetuptime \ _— [tRDD§ | CL=80pF 210 " 50Dl
Data hold time tRDHS8 10 ns
VSS=0V , VDD =2.4~2.7V , Ta = -30~+85C
Item Symbol Condition Min. Dp. Max. Unit | Pin used
Address hold time tAH8 0 ns CSB
Address setup time tASS8 0 ns RS
System cycle time in read [tCYCRDS 540 ns
Read pulse “L” width tRDLWS 290 ns RDB(E)
Read pulse “H” width tRDHWS 230 ns
Data setup time tRDD8 CL =80 pF 300 ns DO-D15
Data hold time tRDHS 10 ns
VSS=0V , VDD = 1.7~2.4V , Ta=-30~+85C
Item Symbol Condition Min. Dp. Max Unit | Pin used
Address hold time tAHS8 0 ns CSB
Address setup time tASS8 0 ns RS
System cycle time in read [tCYCRDS 840 ns
Read pulse “L” width tRDLWS 440 ns RDB(E)
Read pulse “H” width tRDHWS 380 ns
Data setup time tRDD8 CL =80 pF 450 ns DO-DI15
Data hold time tRDHS 10 ns

Note: All the timings must be specified relative to 20% and 80% of VDD voltage.
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(3) 68-family MCU write timing

tAs6

\

tAH6

A

NA

YA |

CSB
RS N —
R/WB N\ /
(WRB) - 7
E tEHW6 tELWe o
(RDB) 7/ -t =\<
tDse
D0-D15 r
\
- \
</
. . YR
VSS=0V, VDD =2.7~3.3V,Ta=-30~+85C, | A\ VL
Item Symbol Condition Min. Typ. Max. Unit | Pin used
Address hold time tAH6 AN\ \0) ns |CSB
Address setup time —— . |tAS6 | ‘ (DN 0 ns RS
System cycle time inwrite ||tCYCWR6. /| ] 200 ns
Write pulse “L” width— [tELW6 60 ns |RDB(E)
Write pulse “H” width\ tEHW6 135 ns
Datasetuptime | \  |[tDS6 60 ns
Data hold time tDH6 5 ns DO-DI5
VSS=0V, VDD =2.4~2.7V , Ta=-30~+85C
Item Symbol Condition Min. Typ. Max. Unit | Pin used
Address hold time tAH6 0 ns CSB
Address setup time tAS6 0 ns RS
System cycle time in write |[tCYCWR6 250 ns
Write pulse “L” width tELW6 80 ns RDB(E)
Write pulse “H” width tEHW6 160 ns
Data setup time tDS6 80 ns
Data hold time tDH6 10 ns DO-DI3
VSS=0V, VDD = 1.8 ~2.4V , Ta = -30~+85C
Item Symbol Condition Min. Tp. Max. Unit | Pin used
Address hold time tAHO6 0 ns CSB
Address setup time tAS6 0 ns RS
System cycle time in write [tCYCWR6 500 ns
Write pulse “L” width tELW6 140 ns RDB(E)
Write pulse “H” width tEHW6 350 ns
Data setup time tDS6 100 ns
Data hold time tDH6 20 ns DO-DI3

Note: All the timings must be specified relative to 20% and 80% of VDD voltage.

* This specification is subject to be changed without notice.
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(4) 68-family MCU read timing

tAs6

tAH6

CSB
RS
R/WB
(WRB)
; TGN S o
(RDB) A a
tRDD6
D0-D15 r
\
- _ . \
. tcycroe N\ \
VA //\ \\ /// AN\ )
\ O\ \ N \/
. B TN O\ N
VSS=0V, VDD =2.7~3.3V,Ta=-30~+85C_ "\ _ ~ /7 \ VL
Item Symbol Condition Min. Typ. Max Unit | Pin used
Address hold time tAH6 1\ 0\ \ 0 - ns |CSB
Address setup time —— . |tAS6 | ‘ C P Y\ 0 ns RS
System cycle time inread ||tCYCRD6< |/~ 380 ns
Write pulse “L” width— ' [tELW6 - 200 ns |RDB(E)
Write pulse “H” width\ tEHW6 170 ns
Data setup time \ \  [tRDD6 _ 210 ns
Data hold time tRDH6 CL=50pF 10 ns DO-DI5
VSS=0V , VDD =2.4~2.7V , Ta = -30~+85C
Item Symbol Condition Min. Dp. Max. Unit | Pin used
Address hold time tAH6 0 ns CSB
Address setup time tAS6 0 ns RS
System cycle time in read |[tCYCRDG6 540 ns
Write pulse “L” width tELW6 290 ns RDB(E)
Write pulse “H” width tEHW6 230 ns
Data setup time tRDD6 _ 300 ns
Data hold time RDH6 |~ ~0PF 10 s |P0DIS
VSS=0V , VDD = 1.8~2.4V , Ta=-30~+85C
Item Symbol Condition Min. Dp. Max Unit | Pin used
Address hold time tAH6 0 ns CSB
Address setup time tAS6 0 ns RS
System cycle time in read  [tCYCRDG6 1000 ns
Write pulse “L” width tELW6 450 ns RDB(E)
Write pulse “H” width tEHW6 500 ns
Data setup time tRDD6 _ 650 ns
Data hold time RDH6 |~ ~0PF 10 s |P0PIS

Note: All the timings must be specified relative to 20% and 80% of VDD voltage.

* This specification is subject to be changed without notice.
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(5) Serial interface timing diagram

tcss
CSB

tcsH
>

A

\\‘

N
RS }<
tass s
SCL - o =/ tsSHW
N N
tDss tDHS
D0-D15
- tcycs >

VSS=0V , VDD =2.7~3.3V , Ta = -30~+85C -

Item Symbol Condition Min. Tp. Max Unit | Pin used
Serial clock period [tCYCS 200 N\ [ ns !
SCL pulse “H” width [tSHW 80 _h —| L . ns \|SCL
SCL pulse “L” width [tSLW 80 L ') N[ ons T
Address setup time  [tASS ) o R N 0 eg
Address hold time  [tAHS A A0 N ns
Data setup time tDSS VT s VU T LT PO
Data hold time tDHS ] 8 ns
CSB-SCLtime _ tCSS | [ (> Vv \ \ \ \[— 40 ns oo
CSBholdtime \ (tCSH| \ [ |\ < /) \» = 40 ns

\\ \— P / \\ \ -
\\\ \\/ \\\//)

VSS=0V, VDD = 2.\4~2.7V , Ta=-30~+85C

Item Symbol Condition Min. Typ. Max. Unit | Pin used
Serial clock period [tCYCS 200 ns
SCL pulse “H” width tSHW 80 ns SCL
SCL pulse “L” width [tSLW 80 ns
Address setup time  |[tASS 50 ns RS
Address hold time  [tAHS 50 ns
Data setup time tDSS 80 ns SDA
Data hold time tDHS 80 ns
CSB-SCL time tCSS 50 ns CSB
CSB hold time tCSH 60 ns
VSS=0V, VDD = 1.7~2.4V , Ta = -30~+85C

Item Symbol Condition Min. Typ. Max. Unit | Pin used
Serial clock period  [tCYCS 230 ns
SCL pulse “H” width tSHW 100 ns SCL
SCL pulse “L” width [tSLW 100 ns
Address setup time  [tASS 80 ns RS
Address hold time  [tAHS 80 ns
Data setup time tDSS 100 ns SDA
Data hold time tDHS 100 ns
CSB-SCL time tCSS 80 ns CSB
CSB hold time tCSH 100 ns

Note: All the timings must be specified relative to 20% and 80% of VDD voltage.

* This specification is subject to be changed without notice.
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(6) Display control timing

tCLKH
tCLKL
CLK / \
toLP _toLp
> | teww
%
LP / tLPHW tDFLM
tDFLM
FLM
tbm
M
~ [
] \
N ]
Input timing (Slave mode) VSS=0V , VDD =2.4~3.3V , Ta = -30~+8§T\C ) L/ i) \\ : \\
Item Symbol Condition Min. Bp. Max. Unit | Pin used
CLK pulse “H” width tCLKH e\ TR P
CLK pulse “L” width tCLKL v e\ — us
LP pulse “H” width tLPHW VS0 s
LP pulse “L” width tLPLW |~ \ VL 50 us |LP
LPdelaytime _— ~  _WPLP[ ( } NN RS -1 1 us
FLM delay time \ ¢ ) | tDFLM |/ ] \~ -1 1 us  |FLM
M delay time " / tDM - | -1 1 us M
Input timing (Slave Iﬂbde) VSS=0V , VDD = 1.7~2.4V , Ta=-30~+85C
Item Symbol Condition Min. Bp. Max. Unit | Pin used
CLK pulse “H” width tCLKH 1.6 us CLK
CLK pulse “L” width tCLKL 1.6 us
LP pulse “H” width tLPHW 50 us
LP pulse “L” width tLPLW 50 us LP
LP delay time tDLP -1 1 us
FLM delay time tDFLM -1 1 us FLM
M delay time tDM -1 1 us M
output timing (Master mode) VSS=0V , VDD = 2.4~3.3V , Ta=-30~+85C
Item Symbol Condition Min. Dp. Max. Unit Pin used
LP delay time |[tDLP -500 500 ns LP
FLM delay time [tDFLM CL =15 pF -500 500 ns FLM
M delay time tDM -500 500 ns M
output timing (Master mode) VSS=0V , VDD = 1.7~2.4V , Ta = -30~+85C
Item Symbol Condition Min. hp. Max. Unit Pin used

LP delay time  [tDLP -1000 1000 us LP
FLM delay time [tDFLM CL =15 pF -1000 1000 us FLM
M delay time tDM -1000 1000 us M

Note: All the timings must be specified relative to 20% and 80% of VDD voltage.

* This specification is subject to be changed without notice.

102

2003/2/11  (V0.1)



EM65568

130 COM/ 128 SEG 4096 Color STN LCD Driver

(7) Master clock input timing

tekLw
CK tCKHW
VSS=0V , VDD =2.4~3.3V , Ta=-30~+85C
Item Symbol Condition Min. Bp. Max. Unit Pin used
CK pulse “H” width (1)|[tCKHW1 1.2 1.4 us CK
CK pulse “L” width (1) [tCKLW1 1.2 1.4 us %1
CK pulse “H” width (2)|[tTCKHW?2 5.4 6.5 us CK
CK pulse “L” width (2) [tCKLW2 5.4 6.5 us 2
CK pulse “H” width (3)[tCKHW3 3.8 4.5 us  |CK
CK pulse “L” width (3) [tCKLW3 3.8 4.5 us X3
VSS=0V , VDD = 1.7-2.4V , Ta = -30~+85C NN
Item Symbol Condition Min. Dp. Max. Unit Pin used
CK pulse “H” width (1)[tCKHW 1 Notel 12 R P W s | |CK
CK pulse “L” width (1) [tCKLW1 Notel 120 (| s [l
CK pulse “H” width (2)|tCKHW?2 Note2 R us CK
CK pulse “L” width (2) [tCKLW2 Note2 — /|| 54 [\ 6.5 us ¥ 2
CK pulse “H” width (3)[tCKHW3 [Note3, \ \ \ 38 4.5 us  |CK
CK pulse “L” width (3) tCKLW3_ /" |Note3 | \ 3.8 4.5 ps %3
NV I & = \\
TV

SPFAS
% 1 Applied\\W}/;en‘fﬁe gradati
% 2 Applied \\\)s\/h\é;n the siniple gradation mode. MON="0" , PWM="1"

3 Applied when the monochrome mode. MON="1"

* This specification is subject to be changed without notice.
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(8) Reset timing

tRW
RESB
R
internal state >< reset mode normal dsiplay
VSS=0V, VDD = 2.4~3.3V, Ta = -30~+85°C
Item Symbol Condition Min. Bp. Max. Unit | Pin used
Reset time tR 1 us
Reset pulse “L” width tRW 10 us RESB
VSS=0V, VDD = 1.8~2.4V, Ta = -30~+85C
Item Symbol Condition Min. Bp. Max. Unit | Pin used
Reset time tR 1.5 US|
Reset pulse “L” width tRW 10 P us! | RESB

Note: All the timings must be specified relative to 20% and 80% of VDD volta /g,e,

* This specification is subject to be changed without notice.
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13. Application circuit

(1) Connection to 80-family MCU

VCC VDD
A0 »{ RS
A1to A7 —P
Decoder ——»| CSB
2 IORQ || ©
= o
- o)
E DO to D15 |= » DOtoD15 8
S
8
3 /RD » RDB w
/WR » \WRB N\ |
N
IRES —» RESB
™\ / )
GND AR vsSs ~
7N\ N\ \ ¥ N
| . N\
(2) Connection to 68-family MCU ‘/‘ N\
VCC VDD
A0 »{ RS
A1to A15 —P
Decoder ——»| CSB
T VMA [ ] ©
= o
- o)
E DO to D15 |= » DOtoD15 8
S
©
w L
9 E P RDB(E)
R/W » WRB(R/W)
/RES » RESB
GND VSS

* This specification is subject to be changed without notice. 105 2003/2/11 (V0.1)
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(3) Connection to the MCU with serial interface

VCC VDD
A0 »| RS
A1to A7 —®» Decoder —m{ CSB
3
2 2
= :
PORT1 » SDA
PORT2 > SCL |
\\
IRES — | RESB N\
GND VSS </
V“/\ \‘\ :
. - /// -
(4) Connection to Master / Sla\;e/dbout interface (parallel interface)
EM65568 (Master) EM65568 (Slave)
Iz g =J g
2 2 wmz5 x5 8¢ 2 2 wmz5 x5 8¢
w W v o »vn &N »v W T w»m w W v v &N v W T o,
VDD I | |
RESB ..
cSsB] ————
CSB2
RS
WRB(R/W)
RDB(E)
DO-D7
MS86

* This specification is subject to be changed without notice. 106 2003/2/11 (V0.1)



EM65568
130 COM/ 128 SEG 4096 Color STN LCD Driver

(5) 4 wires type serial interface with two chip enable signals

EM65568 (Master) EM65568 (Slave)
2 Z
~ 2 ¢! = 2 e
fo gz  =272L8wx0x HoO gz =S282x 0 X
EEEEEEEEREER EEEEEEEEREEEY
VDD Ll [ ] BEEE L
7
RESB 777
CSB1
CSB2
RS -~ ;
s
Ssléi N\ V‘ ‘:/J ) “
(NN (D
/”N///" '\\\ \ \\\\ \ /,// N
(6) 4 wires type serial interface with one chip enable'signal \ \
— (O
EM65568 (Master) EM65568 (Slave)
2 2
~ 2 ¢! = 2 e
“Ne z T A2 uT O X “Re z E® v ug o X
EEREEEEEEEER EREEEEEEEER
pEEEEENN SESEEEEE
7
RESB 777
CSB1
RS
SDA
SCL

* This specification is subject to be changed without notice. 107 2003/2/11 (V0.1)
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(7) 3 wires type serial interface with two chip enable signals

EM65568 (Master) EM65568 (Slave)
2 Z
~ 2 ¢! = 2 e
fo gz  =272L8wx0x HoO gz =S282x 0 X
58558888 0230 5855256822254
VDD 7 ua
RESB
CSB1
CSB2 o
SDA A
SCL —
NN (O
/”N///" '\\\ \ \\\\ \ /,// N
(8) 3 wires type serial interface with one chip enable'signal \ \
— (O
EM65568 (Master) EM65568 (Slave)
2 2
~ 2 ¢! = 2 e
“Ne z T A2 uT O X “Re z E® v ug o X
EEREEEEEEEER EEEEEEEEEEER
VDD a a
RESB
CSB1
SDA
SCL

* This specification is subject to be changed without notice. 108 2003/2/11 (V0.1)
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(9) Connection to master / slave about power block

VDD

VDD
i: VDD L oD
VEE VEE
VBA -
|:VREF REF
—{REG VREG
>
[~ CAP1- Pl
L capis APl
— CAP2- P
Ll cap+ -
N
AP3-
L |8 CAP3- r/
T cap3+ pae |
/7 |
VA
| CAP4- CAP4- E\ \
T o A oo = M
o \ \ \ \
I CAP5- § CAPS g \ \ \/ /
T = N g
cApse g AN CAPS+ 2
vt g \ VOUT <
B E
— ] ‘—‘H— VO VO
oL L\ HE v vl vl
_ Y \ \ \\,, ,
- HH v V2 V2
HH V3 V3 V3
—H V4 V4 V4
& (K (LK
Lp LP
FLM FLM
M M

Caution of application about master / slave

* The master chip control display timing (CLK,LP,FLM, and M). When making display OFF on the master chip, the master
chip can not output the display timing. When making display OFF , beforehand set display OFF to the slave chip and set
display OFF to the master chip.

* When setting halt command, turn off the internal power supply, and output VSS level from LCD drive output pins , is set
display OFF state. Because the master chip can not supply output voltage to the slave chip , beforehand set display OFF to the

slave chip.

*In above connection example, the master chip is only available the electronic volume control.

* This specification is subject to be changed without notice. 109 2003/2/11 (V0.1)



