1996
Graphics
Producis

Data Book

S-MOS

S S TYE M\S
A Seiko Epson Affiliate




A Seiko Epson Affiliate

1996
DATABOOK

GRAPHICS
PRODUCTS

For more information on S-MOS products and services, as well as a
continuously updated version of the Graphics Products databook, you
may access the S-MOS web site at http://www.smos.com.

S-MOS assumes no responsibility or liability for (1) any errors or inaccuracies contained in the information herein and (2) the use of the information or
a portion thereof in any application, including any claim for (a) copyright or patent infringement or (b) direct, indirect, special or consequential damages.
There are no warranties extended or granted by this document. The information herein is subject to change without notice from S-MOS.

January 1996 © Copyright 1996 S-MOS Systems, Inc. Printed in U.S.A. 000-96-GRA-0.2




THIS PAGE INTENTIONALLY BLANK



S Y S T E M S
A Seiko

Epson Affiliate

Overview

VGA Graphics
Controllers

Graphic LCD
Controllers

LCD Driver-
Controllers

High-Duty LCD
Segment Drivers

High-Duty LCD
Common Drivers

DC/DC Converters

VFD Drivers

Related Products

Package Information




THIS PAGE INTENTIONALLY BLANK



TABLE OF CONTENTS

L OVERVIEW ...ttt e e e e e s s enaa s e naan e s eanas xiii

Il. VGA GRAPHICS CONTROLLERS ... 1
SPCBTOAFOA ... ..ottt e e et ee e e e e eta e e e ertaeesssaseesasaastseeeesaassseeaasssnneaneanssnneeanannn 5
LY o0 3 10151 L0 SR 21
LT = 0325 L0 4 = OO 53
SPCBTOBFOC ... ceeeiii it ee ettt s s et ee s s sttt s sa s re s s s sbbesessssssbeeesssanssaresnsabessaessssareeesn 69
o] 03 I 0] 0 7 S 87

lIl. GRAPHIC LCD CONTROLLERS ............co oo 121
S = D 1O P 125
SE DT B35 ittt e s e s e e e bt e e e ——e e s b———eeesa b breaeeeaabeneeaabaareeeeaaranees 139
ST 2 TSSO 153
ST = T R 165
LSy B 7 TSR 185
ST B 1 U 197
SEDTB52F0A ... eeeiei it eetee et e e esstb e e e e sbe e e s e e e e et b e e s e ea s nbaree e e e nbreeaannnneeeeanannnres 215

IV. LCD DRIVER-CONTROLLERS ... 231
SEDT200 ...oueeiiiieiiiie ittt eetre e e ee b r e e e et b e e e e e e etrr e s e a————aeeaanrraeaeaaarar e e raeaeeeannnrees 237
0] = 12 1 O 253
LY D o T Y=Y 1= OO 265
ST D 2 £ < SRRt 287
ST 2 303
SED 1500 SEIES ..ceeviiiieiiieiiiiiiiiiiieieee it eteeiieteteeeeeeietateeeerersressssrs s rannreaeseeeaasaeees 307
ES] 0 % 1O O EEPRT 315
o] = 72072 USRS 329
ST 1o NSRS 341
ST = 27 R 343
SED 1526 SEIIES ..oeeviiereriiretieiiiiieieitetaeeesetieeerseessetesereteerstatsssssssieeesissaaseseesassasnenes 353
SEDT530 SEIIES ..oeeviiiiiieiiteiiieiiseie i e it te et e s eatese et e e e tieseesseeterresssbsra s raranraaaaeresanaaees 369
ST L Y L0 TR 389
SEDT560 SEIIES ..veeeiiieeeeeeiiiiireieeeeeeiereeseesbteeeeeeteessebaseraseesssseeeaeeasaeesasnnteesesesnnsrns 395

V. HIGH-DUTY LCD SEGMENTDRIVERS. ..., 421
EST I < PP ORI 425
ST = I < T SRS RR 435
S D R I R T I IV T I U 443
ST B 70 OSSR 453
LS = 10O PPt 469
L] 10 OSSR 479
SEDTB0BDOA/DOB ......cveiieeiiereeiee e st ee e e s e e s esbee e s s s saer e s s s s sbae e e s s e sbaesasessbeeeseannrees 489
T F< 72 0 S ER 503




TABLE OF CONTENTS

T 1 o SRR 513
SEDTBAS ...ooeeeeiceeeee ettt s s s e s r e e e e e b b ea e s s aeabn e e s e annbrree s 525
ST 1T PR 539
SEDTT22/24 .......oeeeeeeeeeeectiee ettt s st e e s s e e r e e s b bt e e s e e rrr e e s eearea s 551
Sy g L 563
Y I R 583
Y B 72 10 NS 599
SEDTT7EBD0A ...ttt et r e s b b b re s e e b e r e s enerrees 615
Y D £ R 627
] 51 TN 645
ST B 657
ST 0 By 0 e L SR 673
STl B X0 U 687
VI. HIGH-DUTY LCD COMMONDRIVERS. .............cooeeee e, 701
LT I T L 705
Y0 T N 713
ST 1 L 721
LTI 11 {0 727
T B L5 R 733
SEDTB32 ...ttt r b e e ar e e s ae b b e e e aenareeeans 741
ST = 15 PR 747
LTI 11 7 R 759
LTI 1 L T 771
Tl B LT 783
LT 1 795
S 1 2 LSS 805
T 0 I R T 819
LY I 4T T 835
Y 41T L0 N S 849
VII. DC/DC CONVERTERS ...........cooooeeeeeeee ettt erean 863
SCI7BB0C/MSENIES .....eveiiieeeririeriieiierieasscsaereassssssees s s sseesssssbressssssbsrrsessssssbresssssnrees 867
10 S Toa 07V E 1T 1= 873
L0 1 SRR 879
VIILVFD DRIVERS ........ooeeeeee et ee e e e s e a e 893
SED2000FOA/OB ...ttt ieceee s st es s sbe e s s sbe e s s s bb e e s s sssrareeessessareesseanrees 895
SED2000FVB ......oeeeiietiii it sccir e s s e e s s s eae e s s s s be e s seabr e s s s s eabe e e s e s sesnreeaessenarnas 899
SED2020FOA/OB..... ..ot cetteeeea s e s et e s e aa s saaa e s e s s abe e e s e s s ar e e e s s nnaneas 901
SED203B2FOB ......oeeeiiiieiiec et ie i seere e s s e st et s s ere s s s s e e e e s s e e e e s br e e s s e berassanares 907
IX. RELATED PRODUCTS/MCU ...t 911
X. QA & PACKAGE INFORMATION ..........ccooomiuimmrrnsercesecsnnesnnsnens 915

vi



ALPHANUMERIC INDEX
T R —

ALPHANUMERIC INDEX

SCI7654C0A ................ CMOS DC/DC CONVEIET coeeveeeeeeeieeireee e eectee e e 879
SCI7654MOA ................ CMOS DC/DC CONVEHET ...t 879
SCI7660CO0A ................ CMOS DC/DC CONVEMET ....ccceeeveeeeeevrrerereririrnvenieee e resessana s 867
SCI7660MOA ................ CMOS DC/DC CONVEIET ....ccoeeeeeeeeeeeieeeeeeeeereeeeeeee e eee e 867
SCI7661COA ................ CMOS DC/DC CONVEHET .......ceretireereee e 873
SCI7661MOA ................ CMOS DC/DC CONVEIEN ..ottt 873
SCI7700Y™ ..ooeiecieene CMOS Voltage Detector..........cocveivireveciiienee et seee e *1
SCI7701Y* v CMOS Voltage Detector.........covreeiiiienieeeceee e 1
SCI7710Y* .o CMOS Voltage Regulator ...........cccooceriieniiriienieee e *1
SCI7711Y* L. CMOS Voltage Regulator ...........cceiceerinnierieeiieee e *1
SED1180DO0OA................ LCD Driver 64 ColUMNS ........cooccreteeeeeeee e 425*2
SED1180FO0A ............... LCD Driver 64 COlUMNS ........cooeveereeeeeee e 425*2
SED1180F5A ............... LCD Driver 64 ColuMNS ..........ccccuiririiieeee e e 425*
SED1181DLA................ LCD Driver 64 Columns, Low Voltage .......cccccocervveercinnnnnnns 443*
SED1181F0A ............... LCD Driver 64 COlUMNS ...ttt 435*2
SED1181F5A ............... LCD Driver 64 COIUMNS .......cooccevvtieieieeeee e e e 435*2
SED1181FLA ............... LCD Driver 64 Columns, Low Voltage .......ccccceevvvrvveircrennnn. 443*2
SED1190DOA................ LCD Driver 84 ROWS ....cccooeiiiiiiiereeiier e e e e sesieeeee s s e ssranas 705*2
SED1190FO0A ............... LCD Driver 84 ROWS ....ccceeeiiiiiiciiriiieeeee e eesiiee e e s e e s 705*2
SED1190F5A ............... LCD Driver 64 BOWS ...cccoeeeiiiiiiiieiieeeeeeeeeeeeeevarvreee e eeeeeeaaan 705*2
SED1191FO0B ............... LCD Driver 84 ROWS ....occeoeviiiiieireiieeie e et e e s enans 713*?
SED1191F5B ............... LCD Driver 84 ROWS ....cccceeeiiiiiciiitiiirereee e e eeeeiiie e e e e e e e seeennaans 713*2
SED1200D0A-0B ......... LCD Driver & Controller, 10 char x 2 line .......ccccceeeveveecnvnnnnnns 237
SED1200F0A-0B.......... LCD Driver & Controller, 10 char x 2 line ......ccccoceeeeeveervnnnnnne 237
SED1200F1B. ............... LCD Driver & Controller, 10 char x 2 line ......ccoooeeeeeeeecccnnnnnne 237
SED1210D0A-0B ......... LCD Driver & Controller, 8 char X 2 liN€ ......c.coeevvveveeeeereeeennnn. 253
SED1210F0A-0OB.......... LCD Driver & Controller, 8 char x 2 line .......cccceveeeeeeiicccccnnnnns 253
SED122* ......oeeeens LCD Driver & Controller .......cccoceeeviiiieiiiiieeeeeieeeee e *
SED1230DAA/BA/GA .. LCD Driver & Controller,12 char X 4 line ......cccccceeeeeecnereennnnnn. 265
SED1230DAB/BB/GB .. LCD Driver & Controller, 12 char X 4 lin€ .......cccccecevvveeeeeennneenn. 265
SED1230TOA ............... LCD Driver & Controller, 12 char x4 line ......oceeeeeeveveeeeeeeennnn, 265
SED1231DAA/BA/GA .. LCD Driver & Controller, 12 char X 3 liN€ ......cccoeeeevveeeeecernnen. 265
SED1231DAB/BB/GB .. LCD Driver & Controller, 12 char X 3 liN€ ........coceeevevveveerennnenn. 265
SED1231TO0A ............... LCD Driver & Controller, 12 char X 3line .......cccoovevveiievivecnnn. 265
SED1232DAA/BA/GA .. LCD Driver & Controller, 12 char X 2 line .....ccooveeeeereeeeeecinnnnns 265
SED1232DAB/BB/GB .. LCD Driver & Controller, 12 char X 2 line .......cccocevevveeeevieeeenn. 265
SED1232TOA ............... LCD Driver & Controller, 12 char X 2 lin€ .......ccceeeveeveviierrecennn. 265
SED1233DAA/BA/GA .. LCD Driver & Controller, 16 char x 4 line ......ccooeeeeeereeeenvnnnnns 265
SED1233DAB/BB/GB .. LCD Driver & Controller, 16 char X 4 lin€ ........ccoceevvivveeeerisennns 265
SED1233TO0A ............... LCD Driver & Controller, 16 char X 4 line ........cceoveeeeeeveeinenennn. 265
SED1234DAA/BA/GA .. LCD Driver & Controller, 12 char X 4 liN€ ......ccccevveeeveenvenennnns 265
SED1235DAA/BA/GA .. LCD Driver & Controller, 12 char X 2 liN€ ........ccoeeeevereeeeernnen. 265
SED1278D0A-DOH ...... LCD Driver & Controller, 8 char X 2 liN€ ........cceeveveveeeereeeeeenn. 287
SED1278F0A-FOH ....... LCD Driver & Controller, 8 char X 2 liN€ ........coeveeveeeveieeiiiieennn, 287
*1. Omitted from the 1996 Graphics Data Book. *2. Discontinued.
vii




ALPHANUMERIC INDEX
e e

SED1280F0A-0C ......... LCD Driver & Controller, 8 char X2 i€ ........c.oevvvvvvvvevrncieennnnn 303
SED1330FBA............... 07 D @70 011 (o] {1 PSP UPRRR 125
SED1330FBB............... (01D N 0] g1 10} 1] SR SRR 125
SED1335F0A ............... LCD Controller, Low Voltage .........cccvvvirrieinecn e 139
SED1335F0B ............... LCD Controller, Low Voltage ..........cccoerceeieeivriiiniiecieenee 139
SED1336F0A ............... LCD Controller, NTSC Out ........ccooevevieiriieeeeeeereeereer e 153
SED1341FOE/FOC ....... LCD Controller, Digital RGB IN .......ccccoveviiiiieieeee e 165
SED1345F0A ............... LCD Controller, Digital RGB IN......ccooviiiieeeecee e 185
SED1348FO0A ............... LCD Controller w/RAMDAC, Dig RGB IN ....ccocvveiceeeeiee e *
SED1351F0A ............... LCD Controller, 4 Grey Shades ..........cccevviviicineniienininne 197
SED1351FLB ............... LCD Controller, 4 Grey Shades, Low Voltage ..........cccocoueenee. 197
SED1352F0A ............... LCD Controller, 16 Grey Shades, ISADUS .......ccccceevevrceerinenns 215
SED1500F.........ccceee. LCD Driver & Controller, 42 X 8 .......ccoeeevvveeeerivrieeeeerceeenn 307*?
SED1501F......ccccevveees LCD Driver & Controller, 40 X 10 .....cccccvviieeeeriviireeeece e, 307*?
SED1502F..........cccuee.. LCD Driver & Controller, 34 X 16 .........ccvvveereeerrvreennnriiiieennn 307*2
SED1503F.........cccceeeeeee LCD Driver & Controller, 42 X 8 ........c.ccvvveeeeerrrreereenrnriieineenn 307*2
SED1507F.......ccceeeeeeee LCD Driver & Controller, 42 X 7 .....covveeeveveeereeerernrerciieneeenn 307*2
SED1510D0C............... LCD Driver & Controller, 32 X 4 .......cocooviveeeeeievrveeeneriiiinieee e 315
SED1510F0C ............... LCD Driver & Controller, 32 X 4 .......coooveeveeeeeeeerereieeenniieee e 315
SED1510F0E ............... LCD Driver & Controller, 32 X4 ......ccoeveviiieeeeeeeieeeeeeeeeeeeea 315
SED1520DAA/0A ......... LCD Driver & Controller, 61 X 16.......cccoveveeeeiiiieeeeeeeeeeeevnen 329
SED1520DAB/0B ......... LCD Driver & Controller, 61 X 16.......c.ccovveeeeeeiieeeecreeeeeeennenns 329
SED1520FAA/0A ......... LCD Driver & Controller, 61 X 16.......cccooveeerereireeeeeerreerceeenennn 329
SED1520FAC/0C ......... LCD Driver & Controller, 61 X 16 ........ccoovveeeeeiiiieiceeeeenneennne 329
SED1521DAA/OA ......... LCD Driver & Controller, 80 Columns .........cocuvveeemvvvernrnieeeenenn. 329
SED1521DAB/OB.......... LCD Driver & Controller, 80 Columns .........cocuvevevevvvverrnccienennn. 329
SED1521FAA/OA ......... LCD Driver & Controller, 80 Columns .........ccocvveeeereeeeeeeeenennes 329
SED1521FAC/0C ......... LCD Driver & Controller, 80 Columns .........cccvvvrmrrrrreeeeeeenenennn. 329
SED1522DAA/0A ......... LCD Driver & Controller, 89 X 8.......cccccceeeeeeiviiiieiereieeeeeeeeeeeen 343
SED1522DAB/0B ......... LCD Driver & Controller, 69 X 8..........ccovvvvveeiierrieeerrnrernrieennns 343
SED1522FAA/0A ......... LCD Driver & Controller, 89 X 8.........coovviveeriierieeeeerrrrenineenn 343
SED1522FAC/0C ......... LCD Driver & Controller, 69 X 8 .........cccovvveeviiiieeeeeeeeererinnnnn 343
SED1526DO0A................ LCD Driver & Controller, 80 X 17 ....ccccvvvrereeeeeemrnnrenenceeeeeeeenns 353
SED1526DO0B................ LCD Driver & Controller, 80 X 17 .......ovvvvvreeeeeenrerreneeieeeeeenns 353
SED1526F0A ............... LCD Driver & Controller, 80 X 17 ......ueevvvvverurrrninieiiieeeeeeasaenes 353
SED1526TO0A ............... LCD Driver & Controller, 80 X 17 .....c.covvvvveeeeeeieeeeeeereereeneenn 353
SED1527D0A................ LCD Driver & Controller, 80 X 17 ....cceverieiiiicieereeie e 353
SED1527DOB................ LCD Driver & Controller, 80 X 17 ....ccovvvvvvreereeenreeeinceeeee e e 353
SED1527F0A ............... LCD Driver & Controller, 80 X 17 .....coovvveereeeeeenrenreerccneeeeeeens 353
SED1527T0A ............... LCD Driver & Controller, 80 X 17 ....c.oovvvvveveveeenrrnrenrnncianeeeeeeenns 353
SED1528D0A ............... LCD Driver & Controller, 84 X 33 .....ccoeveveeiiiiiireeeeeeeeeae e 353
SED1528DO0B................ LCD Driver & Controller, 64 X 33.....cccevvveeiiiiinnieeeeieeeiinaee e 353
SED1528F0A ............... LCD Driver & Controller, 64 X 33.......cccueveeevivemrmmrnnriniiinieerenenns 353
SED1528TO0A ............... LCD Driver & Controller, 64 X 33........ccveeiervremmrurrnnriiiiineeeeenens 353
SED1530D0A. ............... LCD Driver & Controller, 100 X 33..........ceeurrrremrmmrriiiinieieeeeennns 369
SED1530D0B................ LCD Driver & Controller, 100 X 33......ccoiviveerivrerirrreriinneeeeeens 369
*1. Omitted from the 1996 Graphics Data Book. *2. Discontinued.

viii



ALPHANUMERIC INDEX

SED1530TOA ............... LCD Driver & Controller, 100 X 33.......c.oovvviiiiierieeeeeeeeeeeeeeeeenn 369
SED1531DO0A................ LCD Driver & Controlier, 132 Columns .........ccceeveeeereereneennnnnnn. 369
SED1531DOB................ LCD Driver & Controller, 132 Columns ..........cceeveeeeeeeevnnnnnnnnnn. 369
SED1531TO0A ............... LCD Driver & Controlier, 132 Columns .........coeeeveeeeeerevnnnnnnnnnn. 369
SED1532DO0A ............... LCD Driver & Controller, 132 Columns ..........cccuveeeeeeeeenennnnnnnn. 369
SED1532D0B............... LCD Driver & Controller, 132 Columns ..........ccccceeeeeeeeeeeevennen. 369
SED1532TOA ............... LLCD Driver & Controller, 132 Columns ........cccccceeeeeeeeevveevnnnnen 369
SED1540D0A................ LCD Driver & Controller, 73 X 4 .....cooveuueieeeeeeeeeeeeeee e eeeee s 389
SED1540D0B............... LCD Driver & Controller, 73 X 4 ......ooouvueieeeeeeeeeeeeiee e 389
SED1540FO0A ............... LCD Driver & Controller, 73 X 4 ......ooveeeeieiieeeeeceeeeeeeeee e, 389
SED1560DO0A................ LCD Driver & Controller, 102 X 65 ..........uvevvveeeeereereeereeennnnnnnnnns 395
SED1560DO0B................ LCD Driver & Controller, 102 X 65 .........cuvvereeeeeereereeereeeennnnnnnnn 395
SED1560TOB ............... LCD Driver & Controller, 102 X 65.........cevvevveerreeeeieeeeeeeienennennn. 395
SED1560TQA .............. LCD Driver & Controller, 102 X 65 ......c.cevveveeeeieieeeeeeeeeeeeeennnns 395
SED1561DOA................ LCD Driver & Controller, 134 X 33......c.ccvveveveeieerreeeeeeeeeevennnnn. 395
SED1561DO0B................ LCD Driver & Controller, 134 X 33 ....cuuceiiieieeeeeeciciee e, 395
SED1561TOB ............... LCD Driver & Controller, 134 X 33 ......uueeiiriieieeecciceeeeeeee e, 395
SED1561TQA .............. LCD Driver & Controller, 134 X 33 .......ceeiieieeieeeciiiee e 395
SED1562D0A ............... LCD Driver & Controller, 150 X 17 ..ccveueeeeeiieeeeeccieeee v, 395
SED1562DO0B............... LCD Driver & Controller, 150 X 17 .....uuveuurmrrenrrrninireeeernnneeeeenn 395
SED1562T0B ............... LCD Driver & Controller, 150 X 17 ......uvvuurereeerrrrineeeeenennneeeeenn 395
SED1562TQA .............. LCD Driver & Controller, 150 X 17 .....cuvvuerrreeerrriereeeeeennnneeeeeenn 395
SED1570D0A ............... LCD Driver with RAM, 80 COIUMNS .......cuvvvereririereeeeeeeniieeeennn 453
SED1570D0B................ LCD Driver with RAM, 80 COIUMNS ......ccoeeieeeiiiireeeeeeceeeeeeeenens 453
SED1600DAA .............. LCD Driver 80 COIUMNS .......cceeeeeeeeeeieeeeeeeeeeeeeee e e e e e e eaeenaeas 469
SED1600DAB .............. LCD Driver 80 COIUMNS .......cceveeeeeeeeieeeeeeeeeeeeeeeever e e e eeeeenenas 469
SED1600FAA................ LCD Driver 80 COIUMNS .....cooevveveiieriinnininnnnnrerennnee e 469*2
SED1601DAA .............. LCD Driver 80 COIUMNS .......cevvvvereerrieinieninnnnnrnerseennnneeeas 479*2
SED1601FAA............... LCD Driver 80 COIUMNS ....oiiieivieeeeeeevieeeeeeeeeeeere e e eennnees 479
SED1606DO0A................ LCD Driver 80 COIUMNS .....oiivveiiceeeeieeeieeeeeeeeeeereae e e e eeneeeeees 489
SED1606DO0B................ LCD Driver 80 COIUMNS ....coovueeiiiiieteeiieeeeeeeira e eeiee e e ee e e eeanaas 489
SED1610FAA................ LCD DrivVer 86 ROWS ....uvevieiiieeiieeeeeeceereeeeeeeeieeeeeeseeeaaaeeaaeas 721*2
SED1620DO0A................ LCD Driver 128 COIUMNS .....covvivieieiiceenne e e ees 503*?
SED1630DO0A............... LCD Driver B8 ROWS ......ccoeeiiieeeeeeeeveeveveiernnresree e ee e 727*?
SED1630F0A ............... LCD Driver B8 ROWS .....ccooeeiiieeeeeeeeeeeeeeesveevreseeerneeeeeeannn s 727*?
SED1631DO0A................ LCD Driver 100 ROWS .....oooeeeeieeeeeeeeeeeeesveeereseve e e e 733*2
SED1631DO0B................ LCD Driver 100 ROWS .....coovviveiriirieieeneiiieesnnnnneseeeaenes 733*2
SED1632DO0A................ LCD Driver 86 ROWS ....cevieeereieeiiieciiiireeieeeeeeeeeieeaeeaeeeeeee e 741*2
SED1633D1A................ LCD Driver 100 ROWS .....uviiieieeieeieeeccieireeeeeeeeeeeereeeeeeeseeeeeees 747*2
SED1633D1B............... LCD Driver 100 ROWS ..u.evvvieeeeeieeeeeeceeereeeeeeeeeeeereeeneeeeeeeeeeees 747*2
SED1634D1A............... LCD Driver 100 ROWS .....coevieieeeeeeeeeeeeveneesveneeevee e e 759*2
SED1634D1B............... LCD Driver 100 ROWS .....ooeeieeeeeiereeeeeerererenresnenenreeseennnne e s 759*2
SED1635D1A................ LCD Driver 100 ROWS ....cccceviivvieeirriiiiinnnsninnnnnnnnnsnnnneneaeens 771*2
SED1635D1B............... LCD Driver 100 ROWS .....coceviieiieeieeinininnrannnnnsansennnnnneesenees 771*2
SED1640D0B............... LCD Driver 80 COIUMNS ....cooiveeeiieeireieeee e cer e e eeeee e e e e e ae e 513
SED1648DO0A................ LCD Driver 80 COIUMNS .....ccoeeevieieeeeeeieneeenreeeenseeeeeeneanneeeeeeeaes 525
*1. Omitted from the 1996 Graphics Data Book. *2. Discontinued.

ix




ALPHANUMERIC INDEX
R R

SED1651DO0A................ LCD Driver 100 ROWS ...cccoeeiiiiieeiiieeeee e eeereeeeeee s e e e e e s 783
SED1681DO0A............... LCD Driver 80 COIUMNS ......ccoeeeeeieeeeeieeieeeeereveeeeeee e 539*2
SED1681FO0A ............... LCD Driver 80 COIUMNS ......cccoeveeeeeeeiieeieeeeereveveeee e 539*2
SED1722D0A................ LCD Driver 80 COIUMNS ......iiieeieieeeiiiieiieeieeeeeeeeee e eeeeeaanen 551
SED1722F0A ............... LCD Driver 80 COIUMNS .....uoiiieeieieeeeiieeiece e eeeeeeeeeee e 551
SED1724D0A............... LCD Driver 80 COIUMNS ....ocoeeieeteeeeeeee e 551
SED1724F0A ............... LCD Driver 80 COIUMNS ......cooeeeetteeeeeeee e e e e 551
SED1733DO0A............... LCD Driver 100 ROWS ....cccoeiiiieeeeeieee e eeceereiee e 795
SED1733F0A ............... LCD Driver 100 ROWS ...coooeeiiiieeeeeeeeeeee e ee e 795
SED1741D1B................ LCD Driver 100 ROWS ....uuiiiiiiieiiieeeiieeeii e eeeeereresee e e eana s e e 805
SED1741T1B. ............... LCD Driver 100 ROWS ....occeeeeieeiiiteeieeeee e 805
SED1742D1B............... LCD Driver, 160 COIUMNS .......ccccuutiiieeeeieeeeecceee e 563
SED1742TO0A ............... LCD Driver, 160 COIUMNS .......coccuvrmieeeeee e 563
SED1743D1B............... LCD Driver, 160 ROWS ....ccooeveeeeiiieieeeeee e eeeeriree e 819
SED1743TO0A ............... LCD Driver, 160 ROWS ....ccoooiiiiieeteieeeee e 819
SED1744D1B............... LCD Driver, 160 COIUMNS .......cceevveeeiiiieeeeeeeeeeeeeeee e 563
SED1744TO0A ............... LCD Driver, 160 COIUMNS ......ccceeieeeeieeeeeieeeeeeeeeeeeeeeveresaaraes 563
SED1748D0B................ LCD Driver, 160 COIUMNS ......ccceeveeeeieiieeieevteeeereeee e 583
SED1748TO0A ............... LCD Driver, 160 COIUMNS ......coovvieeiiiieieeeeeeveeeerteeeeeessarae s 583
SED1752T0A/B............. LCD Driver, 160 COIUMNS ........cceeveviriiieiieerieerrrieeeeeenennaee e 599
SED1753D0B............... LCD Driver, 160 COIUMNS ......ccceeveeeeieeeeeieeevieeereee e 835
SED1753TO0A ............... LCD Driver, 160 COIUMNS ......coovvieeeeieeeeeeeeeveveereeee e 835
SED1755D0A................ LCD Driver, 160 COIUMNS .......coevieeeeiieieiieeeienreeeere e 849
SED1756D0A................ LCD Driver, 160 COIUMNS ........ccocoiimmreriiereeeeeeerireereeeeeeeeeeeeeans 615
SED1758D0B................ LCD Driver, 160 COlUMNS .......cooeiiurrierieeeeeeeeceireeeeeeee e e ee e 627
SED1758TO0A ............... LCD Driver, 160 COIUMNS .......coocciireerieeee e eereeeeeeee e e 627
SED1765D0A................ LCD Driver, 160 COlUMNS ........ooceierereriie e e et e e e 645
SED1765D0B................ LCD Driver, 160 COIUMNS .....cooeveetieeieeeeee et ee e e 645
SED1765TO0A ............... LCD Driver, 160 COIUMNS .......cevvvvereirerereerenenirnirrennnaeese e 645
SED1766DO0A................ LCD Driver, 160 COIUMNS .......cooeeeirrieiieeeeeeceecierereeee e e e 657
SED1766DO0B................ LCD Driver, 160 COIUMNS .......ccoviiiriieeeeee e eccnnrereee e e e e 657
SED1766TO0A ............... LCD Driver, 160 COIUMNS .....coceviieeeireieeeeeeeeeceerereeree e e e e e 657
SED1767TO0A ............... LCD Driver, 160 Columns, 40V Out .......cceeveieveiimrieeiieeeeee e *
SED1767T1A ............... LCD Driver, 160 Columns, 40V Out ........ccuiiiiiiiiiiiiiiiiiieeeeeeeeeees bl
SED1770D0A................ LCD Driver, 160 COIUMNS .......coevvvireiiieeinrerne e 673
SED1771DO0A................ LCD Driver, 160 COIUMNS .......ccevveeeeriieeeieeeeeeeereeeeeererenaanees 673
SED1790T.....ccoovvvvreeeee LCD Driver, 120 COIUMNS .......evvveeeirieiire e eee e e e e e eeeees *1
SED17A0T ....ccvvvvvveennes LCD Driver, 240 Columns, 40V Out .......ccceeeeeeeeieiiciiieeeeeeeeeeees 687
SED1902T ... LCD Driver, 240 COlUMNS .......cooeerietiereee e ceeerrreie e ee e e e ee e *
SED2000FVB............... VFD Driver 20 DitS ...cccceviceeeeieiiieeeeece e e e ccirreeee e e e ee e e esnannnns 899
SED2020F0A ............... VFD DrVEr 16bitS X 2 .....ccceeirreeeeiee e e ceeccrreee e e e e e e e e ennens 901
SED2020F0B ............... VFD Driver 16DitS X 2 ...c.ccieeeeceiereieeeeee et e e e 901
SED2032F0B ............... VFD DrVEr 16DiItS X 2 ..ccoeeieeeeeeeeeeeeeeee e ee e 907
SED2800FVA............... VD Driver 20DitS X 4 ........uuuuereeeiiieeeeieieeieierseeeessecsessssssssesssseeees *
SPC8104FO0A ............... Low Voltage LCD Controller - 2.5V .......cccoooveeeiirerieeeeieeeeeeeeee 5
*1.  Omitted from the 1996 Graphics Data Book. *2. Discontinued.



SPC8106F0C ............... Color VGA LCD CONtrolIEr ..........vvveeeeveeneennnennnneeessicereseeseseneeenns 21
SPC8107F0CE ............... Low Voltage VGA LCD Controller - 3.3V ......cccovrcrceiiieeiens 53
SPC8108F0C ............... Monochrome VGA LCD Controller ...........eeveveeeveevmevemeiiieiienennnnns 69
SPC8110FO0A ............... Local Bus VGA LCD CONrOlEr .......cocecvveeeeveeeernsierseieeseenenens 87
*1. Omitted from the 1996 Graphics Data Book. *2. Discontinued.
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OVERVIEW

PRODUCT SUMMARY TABLES

The following pages contain product summary tables for all the S-MOS Graphics Products in this Data Book.
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IAX

B VGA GRAPHICS CONTROLLERS FEATURES MATRIX

Part Number SPC8104 FOA SPC8106FOC SPC8107FOE SPC8108FOC SPC8110F OA
Part Name Low Voltage LCD | Mixed Voltage Low Voltage Low Power LCD Local Bus
VGA Controller Color LCD VGA VGA LCD VGA Controller LCD/CRT VGA
Controller Controller Controller
Discontinued? No No No No No
Replacement — — — — —
CRT Support No w/ external No w/ external Yes
RAMDAC RAMDAC
Color LCD Support 8-bit single/dual X X
16-bit single/dual X X
9-bit TFT X X
12-bit TFT X
18-bit TFT X
12-bit RGB X
Monochrome LCD Support | 4-bit single panel X X
8-bit single/dual X
panel
CPU Bus Interface ISA-8bit X X
ISA-16bit X X
VL-32bit X
PCI 2.0 X
486DX Local bus X
Display Resolution 320x200 to 320x200 to 320x200 to 320x200 to 320x200 to
640x480 640x480 640x480 640x480 1024x768
On-chip Color Lookup Table 64x4 256x12 64x4 256x6 256x18
Maximum Color CRT 256 256 256
color LCD 256 256
Maximum Grade Shades 16 64 16 64 64
Programmable Grayscale base (25,50,25)
Weightings NTSC (30,59,11) (30,59,11) (30,59,11) (30,59,11) (30,59,11)
text (0,100,0) (0,100,0) (0,100,0) (0,100,0) (0,100,0)
Frame Buffer Support one 256kx16 one 256kx16 one 256kx16 one 256kx16 two 256Kx16
DRAM DRAM DRAM DRAM DRAM

(continued)




HAX

B VGA GRAPHICS CONTROLLERS FEATURES MATRIX (continued)

Part Number SPC8104 FOA SPC8106FOC SPC8107FOE SPC8108FOC SPC8110F OA
Frame Buffer Data Bus Width (bits) 16 16 16 16 32
Self Refresh DRAM Support X X X X
Selectable CAS/WE DRAM Configuration X X X X
Asymmetrical/Symmetrical DRAM Support X X X X
Simultaneous Display w/ single panel Yes
LCD
Power Save Modes H/W Activated (# of pins) 1 1 1 1 2
S/W Activated 5 5 5 5 2
1/0 Interface Voltage 5V X X
3.3V X X X
Core Voltage 5V X X X X
3.3V 25 o0r 3.3 X X X
Sprite/Hardware Cursor (bits) 64x64x2 64x64x2 64x64x2
Hardware Vertical Centering X X X X
Hardware Vertical Expansion X X X
Bit Block Transfer Engine (BitBLT) X
Linear Addressing X
Color Expansion X
Display Pipeline 4-stage 4-stage 4-stage 4-stage 32-bit
Integrated PLL 2
MClk,max 28.322 MHz 28.322 MHz 28.322 MHz 28.322 MHz 40MHz
PClk,max 28.322 MHz 28.322 MHz 28.322 MHz 28.322 MHz 65MHz
Package 144-pin QFP 144-pin QFP 100-pin QFP 144-pin QFP 208-pin QFP
Page Number 5 21 53 69 87




mAX

B GRAPHIC LCD CONTROLLERS

Part Number SED1330 SED1335 SED1336 SED1341 SED1345 SED1351 SED1352
Discontinued? No No No No No No No
Replacement — — —_ — —_ — —
Internal CGROM 160 chars (5x7) | 160 chars (5x7) | 160 chars (5x7)
CPU 68xx 8 8 8 8, 16 8,16
Interface 80xx 8 8 8 8, 16 8, 16
(Bits) MPU 4 4 8, 16 8,16
ISA 8,16
Digital 1(RorGorB) 4 (R,G,B,l)
RGB
Display Size up to 640x256 | up to 640x256 | LCD: 640x200, |adjusted by H/W | adjusted by S/W | max. duty of 1/1024 single
dots at a duty of | dots at a duty of | Tv: 256x200 640x200 640x200 1/1024 mode,
1/256 1/256 640x350 640x350 up to 1/2048 dual
640x400 640x400 1024x1024 mode,
640x480 640x480 640x480,
720x350 320x200
720x480
Frame Buffer 64KB SRAM 64KB SRAM 64KB SRAM 40KB SRAM 40KB SRAM 64KB SRAM 128KB SRAM
Support
Frame Buffer Data 8 8 8 8 8 16 8/16
Bus Width (bits)
fclk,max (MHz) 10 10 10 11.2 12.5 22
fosc (MHz) 10 10 10 34 30 14.29 25
Supply voltage | 5V X X X FOA X
3V X FLB X
Gray shade 2 X X
levels 4 X X
8 X
16
Display Data |4 X X X
Bus (bits) 8

(continued)




XIX

B GRAPHIC LCD CONTROLLERS (continued)

Part Number SED1330 SED1335 SED1336 SED1341 SED1345 SED1351 SED1352
Control Register 3 layers, smooth | 3 layers, smooth | LCD/TV support, | Set by digital | Set by ROM or | 2 layers, data
scrolling, inverse | scrolling, inverse | 3 layers, smooth | switches or MPU| MPU for panel OR function,
video, text and | video, text and |scrolling, inverse | for panel size, size, panel smooth
graphic display | graphic display | video, text and panel timing, timing, clock scrolling,
graphic display clock select select overlay, inverse
video
Panel Type | Passive X X X X X X X
TV ntsc/pal
Package QFP FBA FOA FOA FOE FOA FOA FOA
(QFP5-60pin), (QFP5-60pin), (QFP6-60pin) (QFP5-80pin) (QFP5-80pin) | (QFP5-100pin), | (QFP5-100pin)
FBB FOB FLB
(QFP6-60pin) (QFP6-60pin) (QFP15-100pin)
Page Number 125 139 153 165 185 197 215

Notes: 1. Some packages of certain parts labeled with # are still under development.




H LCD DRIVER-CONTROLLERS (12xx Series)

Part Number

SED
1200

SED
1210

SED
1230

SED
1231

SED
1232

SED
1233

SED
1234

SED
1235

SED
1278

SED
1280

No

No

Discontinued?

No

No

No

No

No

No

No

No

16

Replacement

16

16

30

23

16

16

30

16

16

Commons

50

40

65

65

65

80

62

62

40

40

Segments
Duty Cycle

1/3

1/4

1/7

1/8

19

110

111

1/16

117

1/23

1/24

1/25

1/30

1/32

1/33

1/48

1/49

1/64

1/65

-4.5 to

-3 to

-3 to

LCD Voltage (V)

-3.5to
-55

-3.5to
-55

-4.5 to
-12

-4.5 to
—-12

-4.5 to
-12

-4.5 to
-12

-4.5 to

-55

-55

Supply Voltage

5V

3V

CPU Interface

MPU

68xx

X X X X

X [ X X [X

80xx

X | X | X [ X

X X | X | X

X [ X | X [ X

X IX | X |X

(continued)




IXX

B LCD DRIVER-CONTROLLERS (12xx Series — continued)

Part Number SED SED SED SED SED SED SED SED SED SED
1200 1210 1230 1231 1232 1233 1234 1235 1278 1280
T E X T
Display Data Bus (bits) 1 X X X X X
4 X X X X X X
8 X X X X X X
Fosc,max (KHz) 100 100 39 30 21 26 250 1000
CGROM Size (chars) 160 160 256 256 256 256 240 240
CGRAM size (chars) 4 4 4 4 4 4 8 8
Display Data RAM size 20 char | 40 char | 48 char | 48 char | 48 char | 48 char | 48 char | 48 char | 80 char | 80 char
Companion Chips 1181 1181, 1181,
1681 1681
Integrated DC/DC Converter X X
Static Icon X X
Contrast Adjustment By Software X X
Master/Slave Operation
Panel Type Passive X X X X X X X X
MIM
TFT
Package Die Al DOA(JIS) | DOA(JIS) DOA DOA DOA DOA DOA DOA DOA DOB
DoB DoB DOC DOE
(ASCIl) | (ASClI) DOG DOH
Au DoB DoB DoB DoB DoB DOB
COG
PadPitch (um) 190 190 110 110 110 110
QFP | Thin F1B
Thick FOA (JIS) | FOA (JIS) FOA FOB FOA
FoB FoB FOC FOE| FOB
(ASCIl) | (ASCIl) FOG FOH| FOC
# of Pins 80 80 80 100
TAB | 2sided TBB TBB TBB TBB
4sided
LeadPitch (um)
Page Number 237 253 265 265 265 265 265 265 287 303

(continued)




B LCD DRIVER-CONTROLLERS (15xx Series)

Part Number SED | SED | SED | SED | SED | SED | SED | SED | SED | SED | SED | SED | SED | SED | SED | SED | SED | SED | SED | SED
1500 | 1501 | 1502 |1 503 1 507 1510 | 1520 | 1521 | 152A | 1522 | 1526 | 1527 | 1528 | 1530 | 1531 | 1532 |1 540 1560 | 1561 | 1562
T T & G R A P H I C
Discontinued? Yes | Yes | Yes Yes Yes No No No No | No No No No No | No No No No No | No
Replacement No No No No | No _ — — — — — — - -— — — — — — —
Commons 8 10 16 8 7 4 16 0 0 8 17 17 33 33 0 33 4 |650 | 33 17
Segments 42 40 34 42 43 32 61 80 80 69 80 80 64 | 100 | 132 | 100 73 |1 1%25 134 | 150
Duty Cycle 13 X
1/4 X X
1/7 X
1/8 X X X X X
1/9 X X X
110 X X X
1/11 X X
116 X X X X X X X X X
117 X X X X X
1/23 X
1/24 X X X
% 1125 x | x X
1/30 X
1/32 X X X X X X
1/33 X X X X
1/48 X
1/49 X
1/64 X
1/65 X X X
LCD Voltage (V) -3to |-3to [-3to [-3to|(-3to | -18 | 35| 35 |+35| 35| 45| 45| 45| 45| 45| 45| -35 |-6to|-5to| 45
-10 | -10 | =10 | -10 | =10 [to-6| to to to to to to to to to to to -16 | -16 to
-3 | -3 | +13| 13| 16 | -16 | -16 | -16 | —16 | —16 | —11 -16
Supply Voltage |5V X X X X X X X X X X X X X X X X X X X X
3V X X X X X X X X X X X X X X X X X X X X
CPU Interface MPU X X X X X X X X X X X X X X X X X X X
68xx X X X X X X X X X X X X X X
80xx X X X X X X X X X X X X X X
Display Data Bus (bits) | 1 X X X X X X X X X X
4 X X X X X
8 X X X X X X X X X X X X X X X X X X X
Fosc,max (KHz) 32 32 32 32, | 32 18 2,18 | 2,18 2. 1218 | 20 20 20 22 22 22 | 4,18 18 18 18

(continued)




XX

B LCD DRIVER-CONTROLLERS (15xx Series — continued)

Part Number SED | SED | SED | SED | SED | SED | SED | SED | SED | SED | SED | SED | SED | SED | SED | SED | SED | SED | SED | SED
1500 | 1501 | 1502 | 1503 | 1507 | 1510 | 1520 | 1521 | 152A | 1522 | 1526 | 1527 | 1528 | 1530 | 1531 | 1532 | 1540 | 1560 | 1561 | 1562
Display Data RAM size 672 | 672 | 672 | 672 | 672 | 128 |2560 |2560 |2560 | 2560 | 2640 | 2640 | 2640 | 8580 | 8580 | 8580 | 2560 | 10790 | 10790 | 10790
bits | bits | bits | bits | bits | bits | bits | bits | bits | bits | bits | bits | bits | bits | bits | bits | bits | bits | bits | bits
Companion Chips 1520 1527 1635 | 1532 1630 | 1630 | 1630
/31 /31 | /31
Integrated DC/DC Converter 2X, 2X, 2X, X X X 2X, 2X, 2X,
3x 3x 3x 3x 3x 3x
Static Icon X X X
Contrast Adjustment By X X X X X X X X X
Software
Master/Slave Operation X |slave |slave| x X X X X X X X X X X
only | only
Panel Type Passive X X X X X X X X X X X X X X X X X X X X
MIM
TFT
Package |Die |Al DOC | DOA | DOA |DOA | DOA | D*A | D*A | D*A | D*A | D*A | D*A | DOA
DAA | DAA # | DAA
Au DOB | DOB boB | D*B | DB | D*B | D*B | D*B | D*B | DOB
DAB | DAB DAB
COG
Fad)Pitch 199 | 199 199 | 130 | 130 | 130 | 118 | 118 | 118 | 199 | 100 | 100 | 100
um
QFP | Thin FOC | FOC | FOC FoC
FAC | FAC FAC
Thick FOA | FOA | FOA | FOA | FOA | FOE | FOA | FOA FOA | FOA | FOA | FOA FOA
(QFP | FAA | FAA FAA
6-60)
# of Pins 80 80 80 80 80 48 100 | 100 100 | 128 | 128 | 128 100
TAB | 2sided TOA | TOA TOA | TOA | TOA | TOA | TOA | TOA | TOA TOB | TOB | TOB
TAA | TAA TAA TBA
4sided TQA [ TQA | TQA
Lead 280
Pitch (um)
Page Number 307 | 307 | 307 | 307 | 307 | 315 | 329 | 329 341 | 343 | 353 | 353 | 353 | 369 | 369 | 369 | 389 | 395 | 395 | 395




AIXX

B HIGH-DUTY LCD SEGMENT DRIVERS

Part Number SED | SED | SED|SED | SED| SED| SED | SED| SED | SED| SED | SED | SED| SED | SED | SED | SED | SED| SED | SED | SED | SED | SED
1180 | 1181 }1% 1570 | 1600 | 1601 | 1606 | 1620|1640 | 1648 | 1681 | 1722 | 1724|1742 | 1744 (1748 | 1752 |1756 | 1758 | 1765 | 1766 | 1770 | 1771
XLA | FO.
5A
Discontinued? Yes | Yes | Yes| No | Yes | Yes | No | Yes| No | No | Yes| No | No| No | No | No | No | No| No | No | No | No | No
Replacement No |SED|SED| — |[SED{ No | — | No| — | — |SED| — | — | — | — | —m | — | —| — | — | — | — | —
168x | 168x 1606 168x
Resolution of segments 64 | 64 | 64| 80 | 80 | 80 | 80 | 128| 80 | 80 | 80 | 80 | 80 | 160 | 160 | 160 | 240 | 240 | 160 | 160 | 160 | 160 | 162
Duty Cycle 1/64 | static| 1/64 | 1/64 | 1/100| 1/100| 1/100| 1/64 | 1/100| 1/100| 1/8 | 1/100| 1/100| 1/100| 1/100| 1/100| 1/100 | 1/100| 1/100| 1/100| 1/100 | 1/100 | 1/100,
to to to to to to to to to to to to to to to to to to to to to to to
1/128| 1/32 | 1/128| 1/200 | 1/300 | 1/300 | 1/300 | 1/200| 1/300| 1/300| 1/32 | 1/500| 1/500| 1/500 | 1/500 | 1/500 | 1/500 | 1/500| 1/500 | 1/500 | 1/500 | 1/500 | 1/500
LCD Voltage (V) -14 |-3to| =14 8to | =12 | —12 |-8to| —12|-8to|-81to|-3to|14to|14toj14to|14to| 8to | 8Bto |14toj14t0|14to|14t0| 5t0 | 5to
to | -12] to | 20 | to to | 28| to |-28| 28| 12| 40 | 40| 40 | 40 | 42 | 42 | 42| 42 | 40 | 40 | 17 | 17
—25 —25 —28 | —28 —28
Supply Voltage 5V X X X X X X X X X X X X X X X X X X X X X X X
3V X X X X X X X X X X X
Display Data Bus |1 X X X
(Bits) 2 ]
3 X X
(R,G,B)
4 X X X X X X X X X
8 X X X X X X X X X
Xscl,max (Mhz) 6 | 06| 6 | 66| 65| 65| 10 4 | 75| 75 1 121 12| 12| 12 | 16 | 18 18 | 12 | 12 | 10 | 10
Companion Chips 1190 [1210/ | 1191 | 1635 | 1610/ | 1610/ | 1630/|1631/| 1635 | 1651 | 1278 | 1733 | 1733 | 1743 | 1743 | 1743 | 1743 | 1755 | 1743 | 1703 | 1703 | 1743 | 1743
78 30/31|30/31| 35 32
Panel Type Passive X X X X X X X X X X X X X X X X X X X X
MIM X X X
TFT X X

(continued)



AXX

B HIGH-DUTY LCD SEGMENT DRIVERS (continued)

Part Number SED|SED | SED| SED | SED| SED | SED | SED| SED [ SED| SED | SED [ SED| SED | SED | SED | SED | SED| SED | SED [ SED | SED [ SED
1180|1181 | 1181 1570 | 1600 | 1601 | 1606 | 1620|1640 1648 | 1681 |1722 | 1724|1742 | 1744 | 1748 | 1752 | 1756 1758 | 1765 | 1766 | 1770 | 1771
A
Package |Die |Al DOA| DLA| DOA| DOA| DAA| DAA| DOA DOA| DOA| DOA| DoA DOA| DOA| DOA| DOA
Au DOB| DAB DOB DOB D1B| D1B| DOB DOB| DoB| DOB
COG DOA DOA
Fad)Pitch 190 | 190 | 170 | 153 | 180 | 153 | 125 | 105 | 178 | 160 | 160 | 160 | 108 | 108 | 82 134 | 134 [ 120 | 120
um
QFP [Thin FOA FOA
Thick F5A | FLA | F5A FAA| FAA FOA | FOA | FOA
#ofPins | 80 | 80 | 80 100 | 100 100 | 100 | 100
TAB |2 side TOA | TOA | TOA TOA
Lead Pitch 180 | 180
(um)
Slim TOA# ToA| | ToA
TOB
(flex)
Page number 425 | 443 | 435 | 453 | 469 | 479 | 489 | 503 | 513 | 525 | 539 | 551 | 551 | 563 | 563 | 583 | 599 | 615 | 627 | 645 | 657 | 673 | 673

Notes:

1. Some packages of certain parts labeld with # are still under development.




IAXX

M HIGH-DUTY LCD COMMON DRIVERS

Part Number SED | SED | SED | SED | SED | SED | SED | SED | SED | SED | SED | SED | SED | SED | SED
1190 | 1191 1610 1630 1631 1632 1633 1634 1635 | 1651 1733 1741 1743 | 1753 1755
Discontinued? Yes | Yes Yes Yes Yes | Yes Yes Yes Yes No No No No No No
Replacement No No No SED | SED | SED | SED | SED | SED — — — — — —
167x | 167x | 167x | 167x | 167x | 167x
Resolution of commons 64 64 86 68 100 86 100 100 100 100 100 100 160 120 240
Duty Cycle 1/64 | 1/64 | 1/64 | 1/64 | 1/64 | 1/64 | 1/64 | 1/64 | 1/64 | 1/64 |1/100 | 1/100 | 1/100 | 1/100 | 1/100
to to to to to to to to to to to to to to to
1128 | 1/128 | 1/300 | 1/300 | 1/300 | 1/300 | 1/300 | 1/300 | 1/300 | 1/300 | 1/400 | 1/500 | 1/500 | 1/500 | 1/500
LCD Voltage (V) -14to|-14to|-12to|-12to |-12 to|-12to |[-12 to |-12to| -8to | -8to | 14to | 14to | 14to | 8to 8 to
-25 | -25 -28 -28 -28 | -28 -28 -28 -28 | -28 40 42 40 42 42
Supply Voltage 5V X X X X X X | x X X X X X X X X
3V X X X X X X X X X
Data Bus (bits) 1 X X X X X X X X X X X X X
4
Clock Frequency, max 25 25 20 20 20 20 20 20 20 20 25 25 25
1.0 10 10 1.0 1.25 1.25
3vV) | (8vY) | 8V) | (3V) 3V) | (8V)
Companion Chips 1180/ | 1181 | 1600/ | 1600/ | 1600/ | 1600 | 1600 | 1600 | 1570, | 1648 | 1722/ | 1742/ | 1742/ | 1752/ | 1756
81 01 o1 01/20 1600 24 44 44 58
Panel Type Passive X X X X X X X X X X X X X X X
MiM
TFT

(continued)




IIAXX

B HIGH-DUTY LCD COMMON DRIVERS (continued)

Part Number SED | SED | SED | SED | SED | SED | SED | SED | SED | SED | SED | SED | SED | SED | SED
1190 | 1191 1610 | 1630 | 1631 | 1632 | 1633 | 1634 | 1635 | 1651 1733 | 1741 1743 | 1753 | 1755
Package |Die |Al DOA | DOB DOA | DOA | DOA | DIA | D1A | D1A | DOA | DOA
Au DOB DiB | DiB | DiB DiB | D1B | DOB
COG DOA
Pad Pitch 190 149 240 149 149 149 153 170 108 108
(um)
TAB |2 Sided TOA | TOA | TOA
Lead 180
Pitch (um)
QFP | Thin FOA, | FOB
FoB
Thick F5A, | F5B | FAA | FOA FOA
F5B2
# of Pins 80 80 100 80 128
Page number 705 713 721 727 733 | 741 747 759 77 783 795 805 819 | 835 849

Notes:

1. Some packages of certain parts labeled with # are still under development.



INAXX

B DC/DC CONVERTERS

Part Number SCI7660 SCI7661 SCI7654

Part Name CMOS DC/DC Converter DC/DC Converter with voltage | DC/DC Converter with voltage
regulator and temperature regulator and temperature

compensation compensation

Discontinued? No No No

Replacement — — —

Maximum output voltage —-20V —-20V -22V

Maximum output current 30 mA 20 mA 80/N mA

Voltage doubler yes yes yes

Voltage tripler no yes yes

Voltage quadrupler no no yes

Input Voltage -1.2 to -8.0V -1.2 to -6.0V -2.0 to —11.0V

Number of Output Voltage Levels 2 4 4

Conversion Efficiency 95% 95% 95%

Package DIP-8pin(COA) DIP-14pin(COA) SSOP2-16pin  (MOA)
SOP4-8pin(MOA) SOP5-14pin(MOA) Al pad Die (DOA)
SSOP2-16pin(MAA)
Page number 867 873 879




CUSTOMER SUPPORT

CUSTOMER TECHNICAL SUPPORT

S-MOS Systems provides Technical Support Services to their customers for all the graphics products. Please
follow the technical support guidelines as listed below for the different graphics product families — VGA LCD
Controllers, LCD Controllers, LCD Driver/Controllers, and LCD Drivers.

On-Line
This databook and new products can be accessed at www.smos.com website.

Technical Manuals

S-MOS provides detailed Technical Manuals on all the graphics products. Customers should contact their
local sales representative or the nearest S-MOS sales office for copies.

Evaluation Boards

Customers may borrow evaluation boards for the SPC81xx VGA LCD Controller family and the SED13xx LCD
Controller family by contacting their local sales representative or the nearest S-MOS sales office for a unit.

Technical Support

There are a number of ways to contact Graphics Technical Support personnel at S-MOS. For customers in
the Northeast and North Central United States, please contact the S-MOS Boston office for technical support
on all products. For other regions, please contact S-MOS San Jose.

Sales Inquiries

For pricing, delivery, or any other non-technical inquiry, please contact your local sales representative or S-
MOS sales office.

West Coast North East and North Central South East and South Central
S-MOS Systems, Inc. S-MOS Systems, Inc. S-MOS Systems, Inc.

2460 North First Street 301 Edgewater Place Suite 120 4300 Six Forks Road

San Jose, CA 95131 Tel. (617) 246-3600 Suite 430

Tel. (408) 922-0200 Fax (617) 246-5443 Raleigh, NC 27609

Fax (408) 922-0238 Tel. (919) 781-7667

(800) 537-2786
Fax (919) 781-6778

XXiX
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u VGA GRAPHICS CONTROLLERS FEATURES MATRIX

Part Number SPC8104 FOA SPC8106FOC SPC8107FOE SPC8108FOC SPC8110F OA
Part Name Low Voltage LCD | Mixed Voltage Low Voltage Low Power LCD Local Bus
VGA Controller Color LCD VGA VGA LCD VGA Controller LCD/CRT VGA
Controller Controller Controller
Discontinued? No No No No No
Replacement — — — — —
CRT Support No w/ external No w/ external Yes
RAMDAC RAMDAC
Color LCD Support 8-bit single/dual X X
16-bit single/dual X X
9-bit TFT X X
12-bit TFT X
18-bit TFT X
12-bit RGB
Monochrome LCD Support | 4-bit single panel X X X
8-bit single/dual X X X
panel
CPU Bus Interface ISA-8bit X
ISA-16bit X
VL-32bit X
PCI 2.0 X
486DX Local bus X
Display Resolution 320x200 to 320x200 to 320x200 to 320x200 to 320x200 to
640x480 640x480 640x480 640x480 1024x768
On-chip Color Lookup Table 64x4 256x12 64x4 256x6 256x18
Maximum Color CRT 256 256 256
color LCD 256 256
Maximum Grade Shades 16 64 16 64 64
Programmable Grayscale base (25,50,25)
Weightings NTSC (30,59,11) (30,59,11) (30,59,11) (30,59,11) (30,59,11)
text (0,100,0) (0,100,0) (0,100,0) (0,100,0) (0,100,0)
Frame Buffer Support one 256kx16 one 256kx16 one 256kx16 one 256kx16 two 256Kx16
DRAM DRAM DRAM DRAM DRAM

(continued)




B VGA GRAPHICS CONTROLLERS FEATURES MATRIX (continued)

Part Number SPC8104 FOA SPC8106FOC SPC8107FOE SPC8108FOC SPC8110F OA
Frame Buffer Data Bus Width (bits) 16 16 16 16 32
Self Refresh DRAM Support X X X
Selectable CAS/WE DRAM Configuration X X
Asymmetrical/Symmetrical  DRAM Support X X
Simultaneous Display w/ single panel Yes
LCD
Power Save Modes H/W Activated (# of pins) 1 1 1 1 2
S/W Activated 5 5 5 5 2
I/0 Interface Voltage 5V X X X
3.3V X X X
Core Voltage 5V X X X X
3.3V 25 0r 33 X X X
Sprite/Hardware Cursor (bits) 64x64x2 64x64x2 64x64x2
Hardware Vertical Centering X X X X
Hardware Vertical Expansion X X X
Bit Block Transfer Engine (BitBLT) X
Linear Addressing X
Color Expansion X
Display Pipeline 4-stage 4-stage 4-stage 4-stage 32-bit
Integrated PLL 2
MClk,max 28.322 MHz 28.322 MHz 28.322 MHz 28.322 MHz 40MHz
PClk,max 28.322 MHz 28.322 MHz 28.322 MHz 28.322 MHz 65MHz
Package 144-pin QFP 144-pin QFP 100-pin QFP 144-pin QFP 208-pin QFP
Page Number 5 21 53 69 87




SPC8104Foa

VGA LCD CONTROLLER

B DESCRIPTION

The SPC8104 is alow power, mixed 2.5/3.3 volt graphics controller based on VGA architecture and optimized
for driving a 640x480 LCD panel display. VGA standard mode functionality (with the exception of mode 13h)
is supported using standard IBM VGA parameters. A proprietary 64x4-bit gray scale lookup table is provided
to allow re-mapping of the 16 possible gray shades displayed on an LCD panel.

The target markets for this device are small, cost sensitive mixed 2.5V/3.3V hand-held organizers, or other
specialized consumer products where low cost, low power consumption, low component count, and the ability
to run most VGA software on a 640x480 LCD panel display are the major design considerations. This chip
is intended to operate mainly in planar graphics modes.

B FEATURES

* Low power CMOS with 2.5V/3.3V core and * Vertical interrupt function on IRQ pin
3.3VI/O supported

* 8/16-bit ISA CPU data bus interface * Optimized for 640x480 single and dual panel

 Interfaces to a single 256 Kx16 DRAM monochrome LCD displays

* Selectable 256 cycle/4 msec or 256 cycle/32 * Flexible support of LCD panels of various
msec DRAM refresh rate, or low power self- sizes
refresh mode e Supports 0-255 vertical non-display periods

* Three hardware or software initiated power- * Supports 640x480 4-bit monochrome MIM
save modes panels

* Supports all standard VGA modes except * Power consumption of 60 mW in active mode
mode 13h. and 0.6 mW in “Power Save” mode when

 Proprietary internal 64x4 gray scale lookup operating at 24 MHz
table * FOA - 128 pin QFP15 package

¢ Programmable hardware mapping of VGA
palette-style writes to 16 level LCD gray scale
values

B SYSTEM BLOCK DIAGRAM

CLOCK
Y
ISABUS |« MONOCHROME
n > SPC8104 > | M CD PANEL
]
Y
DRAM




SPC8104

MW INTERFACE OPTIONS

28 MHz
50% Duty xtal/clock
16 Bit l
ISA BUS
-REFRESH » MEMEN &
AEN » IOEN [§)
-IOR »| IOR
SMEMR 3 Vewn LCD/MIM PANEL
-SMEMW »| MEMW YD » yp DISPLAY
IOCHRDY READY LP > LP
IRQ2 < IRQ WF > WE
RESETDRV »| RESET XSCL > XSCL
SA[16:0] » A[16:0], SPC8104
LA[23:17] > LA[23:17] UD[3:0] »| UD[3:0]
SD[15:0] < » D[15:0] LD[3:0 E LD[3:0]
_MEMCS16 < MEMCS16 LCDPWR »| LCDPWR
-I0OCS16 10CS16
BALE » ALE
-SBHE » BHE
. o -5
SUSPEND ————— SUSPEND Y
o e—— E4=) ’2{5‘5“”
z PDCLK
50% duty CLI S35 3D
t YYVVY
w oo QWO W
S 8238
< E- oS

256K x 16 DRAM

Note: Example implementation, actual may vary.



SPC8104
e

B SUPPORTED RESOLUTIONS

Ml\?ge '\.lq;s: Font Characters Resolution D';ﬂ:rsed Sﬁ;}é s g(la err:‘c;rryllt
0 T 8X8 40 X 25 320 X 200 640 X 400 16 B800
0+ T 8 X 14 40 X 25 320 X 350 640 X 350 16 B800
O++ T 8X 16 40 X 25 320 X400 640 X 400 16 B800
1 T 8X8 40 X 25 320 X 200 640 X 400 16 B800
1+ T 8 X 14 40 X 25 320 X 350 640 X 350 16 B800
1++ T 8 X 16 40 X 25 320 X 400 640 X 400 16 B800
2 T 8X8 80 X 25 640 X 200 640 X 400 16 B800
2+ T 8 X 14 80 X 25 640 X 350 640 X 350 16 B800
2++ T 8 X 16 80 X 25 640 X400 640 X 400 16 B800
3 T 8X8 80 X 25 640 X 200 640 X 400 16 B800
3+ T 8 X 14 80 X 25 640 X 350 640 X 350 16 B800
3++ T 8 X 16 80 X 25 640 X 400 640 X 400 16 B800
4 G N/A NA 320 X 200 640 X 400 4 B800
5 G N/A N/A 320 X 200 640 X 400 4 B800
6 G N/A N/A 640 X200 640 X 400 2 B800
7 T 8 X 14 80 X 25 640 X 350 640 X 350 2 B800
7+ T 8 X 16 80 X 25 640 X 400 640 X 400 2 B800
0D G N/A N/A 320 X 200 640 X 400 16 A000
OE G N/A N/A 640 X 200 640 X 400 16 A000
OF G N/A N/A 640 X 350 640 X 350 2 A000
10 G N/A N/A 640 X350 640 X 350 16 A000
11 G N/A N/A 640 X 480 640 X 480 2 A000
12 G N/A N/A 640 X 480 640 X 480 16 A000

H SUPPORTED LCD INTERFACES

8-Bit Interface 4-Bit Interface
Dual Panel Single Panel Single panel
Horizontal Vertical Horizontal Vertical Horizontal Vertical
1 241 1 1 1 1
to to to to to to
640 480 640 480 640 480




A23:0]

16-Bit Bus
Control

D[15:0]

CLKO
CLKI

SUSPEND
DOZE
PDCLK

MDI[15:0]

MA[9:0]
DRAM
Control

Y

Y

Port
Decoder

Bus

Interface

4

—» Memory

¥

A A A

» Decoder >
> Sequencer
Clock
Generator/Divider
Power —o
> Save
> v L LR ] t
Display
Memory | CRT
Address Controller
Generator
v Vv vl l v
Map 0
> “L;isplay > Graphics
lemory >
Interface > Controller
Map 3

Attributes
Controller

LCD/MIM
Panel
Interface

UD[3:0]
LD[3:0]
» XSCL

——

Look-Up
Table

LP
YD

WF
LCDPWR

WvdOVIa 300179 W

0180dS



SPC8104

B DC SPECIFICATIONS
® Absolute Maximum Ratings

Parameters Codes Rating Units
Supply voltage Vob Vss—0.3t0 +7.0 \'
Input voltage Vin Vss—0.3 to Voo +0.3 \
Output voltage Vour Vss—0.3 to Voo +0.3 \'%
Operating temperature Torr 0to +70 °C
Storage temperature Tsta —65 ~ +150 °C
Soldering temperature/time TsoL —260 for 10 sec max at lead °C

® Recommended Operating Conditions

- Range i

Parameter Symbol Condition Vin Tvo Viax Unit
Supply voltage HVoo Vss = 0V 3.0 3.3 3.6 Vv
Supply voltage LVoo Vss = 0V 2.25 2.5 3.6 \
Input voltage Vin Vss Vss — Voo \
Operating temperature Torr 0 25 70 °C
Average power consumption | lopr 20 mA
Doze mode 1 IPp1 10 mA
Doze mode 2 IPo2 5 5 mA
Suspend IPsus 0.2 mA

@ Input Specifications

Parameter Symbol Condition Min Typ Max Unit
Low level input voltage Vi Voo =MIN 0.8 \Y%
High level input voltage Vin Voo = MAX 2.0 Vv
(MO Sermt mpus) | V™ Voo = 3.3V 24 v
s s reed | v v
(ov0S Sarmimputs) |V Voo = 3.3V o v

Voo = MAX
Input leakage current liz ViH = Voo -1 1 A
ViL = Vss

Input pin capacitance Cin 8 pF
Pull up resistance Reu Voo = 3.3V 90 KQ
Pull down resistance Reo Voo = 3.3V 90 KQ




SPC8104

® Output Specifications

Parameter Symbol Condition Min Typ Max Unit
VoL =Vss +0.4V

Low level output current lot1 TSI, TSIU, CO1 3.0 mA
. Vor = Voo 0.4V

High level output current lo1 TSI, TSIU, CO1 -3.0 mA
VoL = Vss+0.4V

Low level output current loL2 TS2, CO2 6.0 2.4 mA
. Vor = Voo —0.4V

High level output current lomiz Ts2, CO2 -6.0 mA

Output leakage current loz Vo = Voo -1 1 pA

or VoL = Vss
Output pin capacitance Cour 8 pF

10
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SPC8104

H PIN DESCRIPTION

Key
A = Analog
| = Input
O = Output
/O = Bi-directional
P = Power
CPU Interface
Pin Name | Type Pin# Description
A[O:16], | 100~106, |CPU bus unlatched address inputs. For an 8-bit CPU interface configuration,
LA[17:23] 109~116 |LA[20:23] are ignored and LA[17:19] should be connected to the latched CPU
119~127 | address SA[17:19]. In Suspend Mode, the addressinputs are internally masked
off.

D[0:15] /10 |2~10, 13~19 | 16 bit ISA-Bus data bus. These lines are driven by the chip only during read
cycles, and are in a hi-Z state at all other times. In Suspend Mode, these inputs
are internally masked off.

ALE l 99 ISA Bus Address Latch Enable. ALE is ignored for an 8-bit CPU interface con-
figuration. In Suspend Mode this input is disabled.

MEMEN I 92 ISA Bus Memory Enable. This signal should be connected to the -REFRESH
signal on the ISA bus. When this signal is low (e.g. during a system memory
refresh cycle), memory address decoding is disabled.

IOR# | 94 ISA Bus I/O Read Strobe. In Suspend Mode this input is disabled.

IOW# | 93 ISA Bus I/0O Write Strobe. In Suspend Mode this input is disabled.

MEMR# | 91 ISA Bus Memory Read Strobe. In Suspend Mode this input is disabled.

MEMW# | 90 ISA Bus Memory Write Strobe. In Suspend Mode this input is disabled.

IOEN# | 95 ISA Bus I/0O Enable. This input should be connected to the ISA bus AEN sig-
nal. When this signal is high, /0 address decoding is dis-abled. In Suspend
Mode this input is disabled.

READY O 89 ISA Bus READY signal. This output is driven low to force the CPU to insert wait
states during memory cycles. READY is released to high-Z after a transfer is
complete.

RESET | 84 The active high Reset signal from the CPU clears all internal registers and
forces all signals to their inactive state. During Suspend Mode the RESET input
is ignored.

IRQ o 83 ISA Bus Vertical Interrupt. When enabled, a Vertical Retrace Interrupt will
cause this signal to be driven from a logic O state to a logic 1 (rising-edge
triggered interrupt). Once set, this interrupt must be cleared by a bitin the CRTC
registers. A control bit in the Auxiliary Registers allows this output to be
optionally disabled (tri-stated).

MEMCS16#| O 87 ISA Bus Memory Chip Select 16. Address inputs LA[23:17] are decoded to drive
this output low when a valid memory address (AXXXXh, BXXXXh) appears on
the bus.

I0CS16# o 88 ISA Bus Memory Chip Select 16. Address inputs LA[23:17] are decoded to drive
this output low when a valid SPC 8104 I/O register address appears on the bus.
Note that I/0 addresses 3C6h-3C9h does not result in IOCS16# being driven
low (i.e. internal LUT register reads and writes are 8 bit cycles).

BHE# | 98 ISA Bus Byte High Enable. In Suspend Mode the this input is disabled.

RDACK# (0] 20 Read Acknowledge. This pin goes low during valid I/O or memory reads to the
chip.

12



SPC8104

Frame Buffer Memory Interface

Pin Name | Type Pin# Description
MAJ0:9] (o] 48,46,42, | Multiplexed row/column address bits for video display memory.
40,39,41,
45,47,49,
50
MDJ[0:4] 110 747270 Data bits for video display memory. The output drivers of these are placed
MDJ[7:15] 68, 66, 58, into a high-impedance state when RESET is high. On the falling edge
57'59’61, of RESET, the values on MD[3:0] are latched into a read-only Auxiliary
"~ ~a | Register and are available to be read as configuration inputs. Also, the values
63,67,69, i . . :
71.73 on MDI[5:6] are used to configure other various hardware options - see
’ “Summary of Configuration Options”, for details. Note that there are internal
MDI[5:6] 1/0 62,60 pullup resistors on the inputs of these pins except MD[5:6].
RAS# (0] 51 DRAM Row Address Strobe.
LCAS# (0] 56 DRAM Column Address Strobe for low byte (LCAS#), or Write Enable Strobe
(LWE#) for low byte (LWE#), as determined by logic value on MD[6] during RESET
(see pin mapping table).
UCASH# (0] 52 DRAM Column Address Strobe for high byte (UCAS#), or single Column
(CASH#) Address Strobe (CAS#), as determined by logic value on MD[6] during RESET
) (see pin mapping table).
WE# (0] 53 DRAM Write Enable Strobe (WE#), or Write Enable Strobe for high byte
(UWE#) (UWE#), as determined by logic value on MD[6] during RESET (see pin
mapping table).
Clock Inputs
Pin Name Type | Pin# Description
This is the clock source input and should be connected to
CLKI | 77 )
an external oscillator.
Power Supply
Pin Name Type Pin # Description
Voo CORE P 12, 33, 55, 97, 118 Voo supply for core logic.
Voo I/0 P 1, 22, 44, 65, 86, 108 Voo supply for I/O pins.
Voo CLKI P 76 Voo supply for CLKI pin.
Vss CORE P 11, 32, 54, 96, 117 Vss supply for core logic.
Vss I/O P 21, 43, 64, 85, 107, 128 Vss supply for I/O pins.
Vss CLKI P 75 Voo supply for CLKI pin.
Test Function
Pin Name Type | Pin# | Drv Description
TSTCO | 38 cD This pin enables the chip’s !est mode for the core logic. This pin must
always be unconnected or tied to ground.
TSTEN | 82 cD This pin enables the chip’s t'est mode for the 1/O cells. This pin must
always be unconnected or tied to ground.

13




SPC8104

LCD Panel Interface

Pin Name | Type Pin# Description

YD (0] 25 Vertical Scanning Start Pulse output. A logic 1 on this signal, sampled by the
LCD/MIM panel module on the falling edge of LP, is used by the panel row
drivers (Y drivers) to indicate the start of the vertical frame.

LP (0] 26 Latch Pulse output. The falling edge of this signal is used to latch a row of display
datain the LCD/MIM panel module’s column driver shift registers and to turn on
the row driver (Y driver) for that line.

XSCL (0] 23 Shift Clock for LCD panel data or Pixel Clock for MIM panel data. Display data
is clocked out of the chip on the rising edge of this signal, to be shifted into the
LCD/MIM panel module column drivers (X drivers) on each falling edge).

UDI[0:3] (o] 34~37 Upper panel display data for dual LCD panel mode. For single LCD panel mode,
these bits are the most significant 4 bits of the 8 bit output data to the panel
(PD[4:7]). For 4-bit single LCD panel mode, these bits are the 4 bits of output
data to the panel. For 4-bit MIM panel mode, these bits are driven 0.

LDJ[0:3] (o) 28~31 Lower panel display data for dual LCD panel mode. For 8-bit single LCD panel
mode, these bits are the least significant 4 bits of the 8 bit output data to the
panel (PD[0:3]). For 4-bit single LCD panels, these bits are driven 0. For 4-bit
MIM panel mode, these are the 4 bits of output data to the panel.

LCDPWR# | O 27 LCD power control. In normal operation this signal is driven low to enablean
external LCD power supply. This signal is driven high when the chip is put into
any power save mode, or if the Sequencer is in a reset state. It can be used
externally to turn off the panel supply voltage and backlight. After a RESET,
this signal is held high until the CRTC is programmed and running.

WF (0] 24 LCD Panel Backplane Bias Signal or MIM Panel Data Enable Signal. In LCD
panel mode, the WF signal toggles once per vertical frame period. In MIM panel
mode, this signal goes high whenever display data are valid.

Power Save Mode Control

Pin Name | Type Pin# Description

PDCLK | 79 Power Down Clock. This input may be used to provide a low frequency clock
for generating DRAM refresh in Suspend mode, as an optional alternative to
using the pixel clock or MEMEN input as the DRAM refresh clock source. This
clock input should be driven by a 32 kHz 50% duty cycle clock. The PDCLK
input is used to directly generate the RAS and CAS pulses in Suspend mode.

SUSPEND# | | 80 A low level on this pin puts the chip into the hardware Suspend mode. The
SUSPEND# signal overrides any sofrware initiated power save modes as well
as the DOZE# input pin, and disables the CPU bus interface inputs. CPU
Address and Data inputs are masked when this signal is low. When in Suspend
Mode the UDI[3:0], LD[3:0], XSCL, LP, YD and WF signals are driven into a low
state ( or optionally, a high impendance state) and the LCDPWR# signal is
driven high.

DOZE# | 81 A low level on this pin puts the chip in Doze mode. The function of the Doze
mode is determined by the Doze Mode Select bits in AUX[03]. This pin is ig-
nored if the SUSPEND# input pin is asserted.

14
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Configuration Options

Pin Name Value on this pin at falling edge of RESET is used to configure: (1/0)
MD [3:0] Values latched into read-only AUX [0C] bits 7—4 for software use
MD [5] LCD signals’ state in Suspend mode: Low (1), or Hi—Z (0)
MD [6] 2 CAS, 1 WE type DRAM (1), or 1 CAS, 2 WE type DRAM (0)

Multiple Function Pin Descriptions

Pin Name Function MD Line Status Functional Description
LCAS#, LWE# LCAS# MD [6] = 1 DRAM column address strobe (low byte)
LWE# MD [6] =0 DRAM write enable strobe
UCAS#, CAS# UCASH# MD [6] = 1 DRAM column address strobe (high byte)
CAS# MD [6] =0 DRAM column address strobe
WE#, UWE# WE# MD [6] =1 DRAM write strobe
UWE# MD [6] =0 DRAM write strobe (high byte)

Mixed Voltage Configurations

1/0 Voo
\
Core Voo 25V 33V
25V No Yes
3.3V No Yes

15
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lllustrated below are the display data output which are output from the UDO to UD3, LD0O/UD4 to LD3/UD7
and the display on the panel:

UD3|UD2|UD1|UDO UD3|UD2]UD1‘UDOILD3|LD2|LD1 ILDOI

Dual Panel — Top

LD3|LD2|LD1|LDO

Dual Panel — Bottom

8-bit Single Panel

UD3|UD2LUD1 IUIﬂUDS|UD2]UD1 IUDOI

4-bit Single Panel

H LCD Panel Pixels

< 640 DOTS >
1-1 1- 1-639 | 1-640
2-1 2-2 2-639 | 2-640
240 LINES UPPER LCD PANEL
240-1 | 240-2 240 - 639 240 - 640
241-1 | 241-2 241 - 639 241 - 640
(TOP VIEW)
240 LINES LOWER LCD PANEL
480-1 | 480-2 480 - 639 | 480 - 640

16



H MIM Panel Interface

SPC8104

MIM Panel
| 525 Lines |
.. |
YD \ 45 Lines - 480 Lines — |
792 Cikl8 Clk
e NS NS\ U/ \/ /T T\
DATA[3:0] X_LINE1 X LINE2 X X__LINE 480X
[ — —
F— 800 Clk
LP N 160Clk —
T O AVAW Y AWAWAW VAW MVAVAVAYAVANAVAWAWAWAWS
DATA[3:0] (638X 639) 640
DATAEN .. ..

B Monochrome Passive STN LCD Panel Interface

4-bit Single Panel

LP : 0/2 PULSES

* Diagram drawn with 2 LP vertical blank period
Example timing for 320 x 240 display

- LP : 240 PULSES , (SELECTABLES
< g 'l
YD I
SR | IS | A | S | N | | | o | A ) IS | S | N | N | B
WF L X
UDI[3:0] :}\ LINE1 Y LINE2 X LINE3 X LINE4 )C————:)(Llnszsg)(LlNEon)\ A LNE1 X LINE2 X
WF -
XSCL: 80 CLOCK PERIODS o
< o
xscL USSR [ I S B I ) [
oo =0 =0 G G SRR . G G G =12 W X
up2 2 S0 SN I SSEESEE OO O e X
o =0 G=2 (N G SRR D G G G €= W G
Do =0 S0 SED GHED SRR D S D G €= W S (

17
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B Monochrome Passive STN LCD Panel Interface

8-bit Single Panel
LP:0/2 PULSES
) LP : 480 PULSES _ (SELECTABLE)"
< > >
YD
LIS N N Y | N O O U | NN | N N | N1
WF . X
UD[3:0], LD[3:0] __\ LUNE1 )\ LNE2 X LINE3 X LINE4 X - - - - LINE 479 LINE 480 \ A e LNE2 X
Lp ... [
WF I
XSCL: 80 CLOCK PERIODS o
< >
b NV N I I B Y O B B
UD3 ————— - EEDEED SN G CEE D G G G €7 W G ¢
SO =5 G=70 Gl G SRR G - - =2 W S §
PO €= 5 C=15 GID G SR D G S G ¢ W G
UDo ————- (4 X2 X X X------- S D D G €73 W G ¢
D8 — (s Xa X X X-------] D G G G €7 W S ¢
D2 ——n (a6 Xt X X X------- D G G G =) W G ¢
PO &= = Gl G SRS S G G ¢ U S |
Do — . (e X6 X X X-------] D G G G =) W G ¢
* Diagram drawn with 2 LP vertical blank periods

18



. SPC8104
[ T e S e e e

B Monochrome Passive STN LCD Panel Interface

8-bit Dual Panel
LP:0/2 PULSES
L LP : 240 PULSES _ (SELECTABLE)"

YD .

el N M N N I n__1 N N M M M L
WF . X

D[3:0], LD[3:0] \ [INE 17241 }{INE 21242 UINE 37243 YONE 47244 - - - - Y{INE 230476 2400280, A LINE 17241YUINE 27242 X
LP ... [
WF L
CL: 1 L¢ E
XS 60 CLOCK PERIODS |
xsecb __ [LITLI LI L] A T I A B

UD3 — G s X X X X X X ey X
up2 ——— - (2 X e X X X-------1 G D G G =71 W G |
UDl ———— s 7 X X X C ) XX ey X
UDo ———- (e e X0 X X------- (X X X X)X
D3 — (oot XeatsX X X-------; (X X X Yewemy L X
2 — ) N X------- C O X X desressy L X
D1 (s o7 X X X-------1 D D D S 7T W G |
0o —— (eara)eare X X X-------1 D G D G 7T W G {
* Diagram drawn with 2 LP vertical blank periods
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L
B PACKAGE DIMENSIONS

QFP15-128 pin Unit: mm
16.0 +04
14.0 +o0.
i
97 64 4
=z :
= 4+ +
= o o
= | @
128 = 33
(R R RR O y

R
32

0.4 0.16 o1

0.125 +o1
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SPC8106F.c

H DESCRIPTION

VGA LCD CONTROLLER

The SPC8106FO0C is a versatile mixed voltage VGA graphics controller capable of driving liquid crystal
displays, TFT displays and analog CRT monitors. The controllerintegrates all LCD interface, sequencing and
color modulation logic into one small form factor 144 pin package. With the addition of an industry standard
’477 compatible RAMDAC, the SPC8106F0C will also drive a VGA fixed frequency or multifrequency monitor.

The target products for this device are price and power sensitive 80x86 microprocessor based portable
personal computer or other specialized LCD systems where 320 x 200 to 640 x 480 x 256 color LCD panel
displays are the major design criteria.

B FEATURES

® Low-power CMOS technology ® Single panel or dual panel interface for sizes
® Hardware VGA compatible 320 x 200 to 640 x 480
® 8- or 16-bit ISA support ® On-chip 256 x 12 look-up table
® One 256K x 16 80ns DRAM (self refresh ® 16 gray shades or 4096 colors by FRM

optional) ® 64 gray shades by FRM and dithering
® 64 x 64 x 2-bit pixel hardware cursor ® Two programmable gray-scale weightings:
® Two-terminal crystal or external oscillator NTSC and Green-Only

support ® Vertical centering and expansion for LCDs
® Hardware or software power-down ® Full CRT support with *477 compatible
® Video BIOS, software driver and utility RAMDAC

support ® Pin Compatible with the SPC8108F0C
® 144-pin QFP package ® Mixed voltage 3.3V/5V operation
® 9- or 12-bit color TFT panel interface for 640

x 480

B SYSTEM BLOCK DIAGRAM
CLOCKS
MONOCHROME
3.3V or 5V »| | LCD PANEL
ISA | 3.3V or5V |
oA e »  SPC8106
> RAMDAC > ANALOG
3.3V CRT
3.3V or 5V
or5V
DRAM
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N INTERFACE OPTIONS
25.175 MHz 28.322 MHz
7pF’——H:”_7pF 7 pF l__H:I 7pF
16 Bit g{ 2MQ '17 v |2me }17
ISA BUS - & s & LCD DISPLAY
4 X »
-REFRESH > MEMEN T 3 3 3 Ir S
AEN »| IOEN WE > WE
-IOR IOR XSCL > XSCL
-loW »| IOW UD[3:0] UD[3:0]
-SMEMR » MEMR LD[3:0] »{ LD[3:0
-SMEMW » MEMW LCDPWR » [CDPWR
IOCHRDY < READY XSCL2 >/ XSCL2
IRQ2 < IRQ
RESET DRV RESET {REFEN IREF
SA[16:0], A[16:0],
LA[23:17] LA23:17] SPC8106Fac PI70) »[P070]
D[15:0] * > D[15:0] PCLK »| CLOCK R,G,B CART
-MEMCS16 < MEMCS16 DACRD > /WR
J0CS16 < I0CS16 s > /RD Rgﬁg ; o MONITOR
BALE »| ALE | »! OL13:
-SBHE > BHE o [ oLsal i
RS2 > RS2
— I D477 > 477/471
SUSPEND —————» SUSPEND BLANK > BLANK
32KHz ——» PDCLK oL
50% duty _ ik
=2 HSYNC ‘
ST, 22 VSYNC ]
=g w )
$9235¢ weeo -
l l =
<0
¢ AAAA @
w oSS0 00w
(S} _g_',‘g_“éé‘gg ftalies = components required
<g 2> for CRT support
256K x 16 DRAM
Note: Example implementation, actual may vary.
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B SUPPORTED RESOLUTIONS
® LCD Display Modes

Mr\?:e '\1/.[33: Font Characters | Resolution D';'i)):i}/sed Sﬁ;?és Colors g‘le ZTnZ%
0 Text 8X8 40 X 25 320 X 200 640 X 400 16 16 B800
0+ Text 8X 14 40 X 25 320 X 350 640 X 350 16 16 B800
O++ Text | 8X16 40 X 25 320 X 400 640 X 400 16 16 B800
1 Text 8X8 40 X 25 320 X 200 640 X 400 16 16 B800
1+ Text 8X 14 40 X 25 320 X 350 640 X 350 16 16 B800
1++ Text | 8X 16 40 X 25 320 X 400 640 X 400 16 16 B800
2 Text 8X8 80 X 25 640 X 200 640 X 400 16 16 B800
2+ Text | 8X 14 80 X 25 640 X 350 640 X 350 16 16 B800
2++ Text | 8X16 80 X 25 640 X 400 640 X 400 16 16 B800
3 Text 8X8 80 X 25 640 X 200 640 X 400 16 16 B800
3+ Text 8 X 14 80 X 25 640 X 350 640 X 350 16 16 B800
3++ Text | 8X16 80 X 25 640 X 400 640 X 400 16 16 B800
4 Graphics| N/A N/A 320 X 200 640 X 400 4 4 B800
5 Graphics| N/A N/A 320 X 200 640 X 400 4 4 B800
6 Graphics| N/A N/A 640 X200 640 X 400 2 2 B800
7 Text | 8X14 80 X 25 640 X 350 640 X 350 2 2 B00O
7+ Text | 8X 16 80 X 25 640 X 400 640 X 400 2 2 B00O
0D |Graphics| N/A N/A 320 X 200 640 X 400 16 16 A000
OE |[Graphics| N/A N/A 640 X 200 640 X 400 16 16 A000
OF | Graphics| N/A N/A 640 X 350 640 X 350 2 2 A000
10 Graphics| N/A N/A 640 X 350 640 X 350 16 16 A000
11 Graphics| N/A N/A 640 X 480 640 X 480 2 2 A000
12 Graphics| N/A N/A 640 X 480 640 X 480 16 16 A000
13 Graphics| N/A N/A 320 X 200 640 X 400 64 256 A000
100 | Graphics| N/A N/A 640 x 400 640 x 400 64 256 A000
101 | Graphics| N/A N/A 640 x 480 640 x 480 64 256 A000
108 Text 8x8 80 x 60 640 X 480 640 X 480 16 16 B800
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® CRT Display Modes

M,\fge h{.';gs Font Characters Resolution D';g:{sed Colors g; ZTn?err}:t
0 Text 8X8 40 X 25 320 X 200 640 X 400 16 B800
0+ Text 8X 14 40 X 25 320 X 350 640 X 350 16 B800
O++ Text 8X 16 40 X 25 320 X 400 720 X 400 16 B800
1 Text 8X8 40 X 25 320 X 200 640 X 400 16 B800
1+ Text 8X14 40 X 25 320 X 350 640 X 350 16 B800
1++ Text 8X16 40 X 25 320 X 400 720 X 400 16 B800
2 Text 8X8 80 X 25 640 X 200 640 X 400 16 B800
2+ Text 8X 14 80 X 25 640 X 350 640 X 350 - 16 B800
2++ Text 8X16 80 X 25 720 X 400 640 X 400 16 B800
3 Text 8X8 80 X 25 640 X 200 640 X 400 16 B800
3+ Text 8X 14 80 X 25 640 X 350 640 X 350 16 B800
3++ Text 8X16 80 X 25 720 X 400 640 X 400 16 B800
4 Graphics N/A N/A 320 X 200 640 X 400 4 B800
5 Graphics N/A N/A 320 X 200 640 X 400 4 B800
6 Graphics N/A N/A 640 X 200 640 X 400 2 B800
7 Text 8X 14 80 X 25 640 X 350 640 X 350 2 B000
7+ Text 9X16 80 X 25 720 X 400 720 X 400 2 B000
oD Graphics N/A N/A 320 X 200 640 X 400 16 A000
OE Graphics N/A N/A 640 X 200 640 X 400 16 A000
OF Graphics N/A N/A 640 X 350 640 X 350 2 A000
10 Graphics N/A N/A 640 X 350 640 X 350 16 A000
11 Graphics N/A N/A 640 X 480 640 X 480 2 A000
12 Graphics N/A N/A 640 X 480 640 X 480 16 A000
13 Graphics N/A N/A 320 X 200 640 X 400 256 A000
100 Graphics N/A N/A 640 x 400 640 x 400 256 A000
101 Graphics N/A N/A 640 x 480 640 x 480 256 A000
108 Text 8x8 80 x 60 640 X 480 640 X 480 16 B8s00
B SUPPORTED LCD INTERFACES
8-Bit Interface 4-Bit Interface
Dual Panel Single Panel Single Panel

Horizontal Vertical Horizontal Vertical Horizontal Vertical

200

400 1 320 240

640 480 640 to 480 320

480 640 400

480
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B FUNCTIONAL BLOCK DESCRIPTION

The Sequencer

The Sequencer generates internal signals to
synchronize the operation of the chip as well as
the signals to control the timing of the display
DRAM. The Sequencer also arbitrates between
CPU and video display accesses to the DRAM. It
containsregistersthat allows selection of charac-
ter font set, control the structure of the video
memory and allow write masking of the individual
plane of memory.

CRT Controller

The CRT Controller generates the horizontal and
vertical synchronization signals forthe CRT, single
panel or dual panel LCD display and character
and/or pixel addresses for display data from
DRAM.

CRT Interface

The CRT interface aligns CRT signals to the Pixel
Clock and generates the 1/0 Control signals for
CPU access to the RAMDAC.

Address Generator

The Address Generator takes the display and
refresh addresses from the CRT Controller and
converts them into RAS and CAS addresses for
the display DRAM, and multiplexes these display
accesses with CPU memory accesses.

Attributes Controller

The Attributes Controller takes in pixel and at-
tribute information from the Graphics Controller
and display DRAM and formats the data into pixel
information which then passes through the lookup
table. It also controls display character attributes
such as blink, underline and horizontal pixel
panning.

Graphics Controller

The Graphics Controller supplies display memory
data to the Attributes Controller during display
time and provides data translation between the
CPU bus and the display memory during CPU
read or write access cycles.

Display Memory Interface

The Display Memory Interface is a bridge by
which the chip communicates with the DRAM. It
contains buffers that are used to store recently
fetched DRAM data.

Memory Decoder

The Memory Decoder monitors the CPU-bus
activity and decodes cycles for the display DRAM.
It supplies memory access control signals to the
Sequencer.
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Port Decoder

The Port Decoder decodes CPU-bus I/O cycles
to provide enable and write strobes for the on-
chip /0O registers.

Auxiliary Ports

The Auxiliary Ports are I/O registers used to
control functions of the chip beyond the basic
VGA register set. Registers are included for con-
trolling the LCD interface circuits as well as the
power save modes.

VGA Ports

The VGA Ports contain the Miscellaneous Output
Status register and the Video Subsystem Enable
register used in VGA mode.

Clock Generation

The Clock Generation contains oscillator support
for external crystals.

Power Save

The Power Save block contains the logic to
implement six software controlled and one hard-
ware controlled power down modes.

Lookup Table

The Lookup Table consists of a memory array of
256 locations of 12 bits each and hardware to
convert VGA palette writes to gray-scale values.

LCD Interface

The LCD Interface block converts the display
video data from the Lookup Table into LCD
display data. It also generates control signals
necessary to drive single or dual-panel LCD
panels. For monochrome LCD panels, the LCD
interface block generates a maximum 64 gray
shades through frame rate modulation and dith-
ering techniques. For color LCD panels, the LCD
interface block generates 256 simultaneous col-
ors from a possible 4096 colors through frame
rate modulation.

Hardware Cursor

The Hardware Cursor block generates a 4 gray
shade or color cursor/sprite that can be overlaid
on the LCD or CRT display. The cursor is 64 x 64
pixels or optionally expanded to 128 x 128 through
pixel replication.



SPC8106Foc
D

B DC SPECIFICATIONS
® Absolute Maximum Ratings

Parameters Symbol Rating Units
Supply voltage Voo Vss—0.31t0 +7.0 \
Input voltage Vin Vss—0.3 to Voo +0.3 \
Output voltage Vour Vss—0.3 to Voo +0.3 \
Operating temperature Torr 0to +70 °C
Storage temperature Tsta —65 ~ +150 °C
Soldering temperature/time TsoL —260 for 10 sec max at lead °C

® Recommended Operating Conditions

Parameter Symbol Conditi Value Unit
4 ondition Min Typ Max
Supply voltage HVoo Vss = OV 4.5 5.0 5.5 Vv
Supply voltage LVoo Vss = 0V 3.0 3.3 3.6 Vv
Input voltage Vin Vss Vss — Voo \')
Operating temperature Torr 0 25 70 °C
® Input Specifications

Parameter Symbol Condition Min Typ Max Unit
Low level input voltage _
(CMOS inputs) Vi Voo =MIN 1.0 \%
High level input voltage _
(CMOS inputs) ViH Voo = MAX 3.5 \Y
Low level input voltage _
(TTL inputs) Vi Voo =MIN 0.8 \'
High level input voltage _
(TTL inputs) ViH Voo = MAX 2.0 \'
Positive-going threshold _
(CMOS Schmitt inputs) Vi Voo = 5.0V 4.0 v
Negative-going threshold _
(CMOS Schmitt inputs) V- Voo =5.0V 08 v
Hysteresis voltage _
(CMOS Schmitt inputs) Vi Voo = 5.0V 03 v
Positive-going threshold _
(CMOS Schmitt inputs) Vi Voo =5.0V 30 v
Negative-going threshold _
(CMOS Schmitt inputs) Vr- Voo =5.0V 0.6 v
Hysteresis voltage _
(CMOS Schmitt inputs) Vi Voo =5.0V 0.1 v

Voo = MAX
Input leakage current liz Vi = Vop -1 1 A
ViL = Vss

Input pin capacitance Cin 8 pF
Pull up resistance Reuz Vop = 5.0V 50 100 200 KQ
Pull up resistance Reus Voo = 5.0V 100 200 400 KQ
Pull down resistance Reo Voo = 5.0V 100 200 400 KQ
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® Output Specifications

Parameter Symbol Condition Min Typ Max Unit

Low level output current loLz VoL = Vss + 0.4V 6.0 mA
TS2

High level output current lotz Vor = Voo — 0.4V 20 mA
TS2

Low level output current loLs VoL = Vss + 0.4V 12.0 mA
TS3

High level output current loks Vor = Voo — 0.4V 40 mA
TS3

Low level output current loLs VoL = Vss + 0.4V 24.0 mA
TS4

High level output current loka Vou = Voo — 0.4V 80 mA
TS4

Output leakage current loz Von = Voo or VoL = Vss -1 1 HA

Output pin capacitance Cour 8 pF

Bidirectional pin capacitance Ceip 10 pF
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H SPC8106 PIN OUT
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B PIN DESCRIPTION

Key
A = Analog
I = Input
O = Output
/0 = Bi-directional
P = Power
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CPU Interface

Pin Name | Type Pin# Description
A[0:16}, | 104..107, [CPU bus address inputs. In Suspend Mode, the Address inputs are
LA[17:23] 110..122, |internally masked off. If the value on MD[5] at RESET = 1, then the ALE

2..4,5..8 |input pin is used to internally latch LA[19:17] and A[16:2], allowing these
address bits to be driven by the processor address bus. If the value on
MDI[5] at RESET = 0, then standard ISA address timing is assumed, where
pins A[0:16], LA[17:23] should be connected to the ISA bus signals
SA[0:16], LA[17:23] respectively.

ALE | 102 ISA Bus Address Latch Enable. In Suspend Mode the ALE input is disabled.
Ifthe value on MD[5] at RESET = 1, then the ALE inputis used to internally latch
LA[19:17]and A[16:2], allowing these address bits to be driven by the processor
address bus. In this mode, the processor ADS# output should be connected to
this pin. If the value on MD[5] at RESET =0, then standard ISA address timing
is assumed, and only the LA[19:17] inputs are internally latched.

D[0:15] /0 125..140 |16 bit ISA-Bus data bus. These lines are driven by the chip only during read
cycles, and are in a hi-Z state atall other times. In Suspend Mode, these inputs
are internally masked off.

MEMEN | 97 ISA Bus Memory Enable. This signal should be connected to the REFRESH#
signal on the ISA bus. When this signal is low (e.g. during a system memory
refresh cycle), memory address decoding is disabled.

IOR# | 94 ISA Bus 1/0 Read Strobe. In Suspend Mode the IOR# input is disabled.

IOW# | 95 ISA Bus I/O Write Strobe. In Suspend Mode the IOW# input is disabled.

MEMR# | 96 ISA Bus System Memory Read Strobe. In Suspend Mode the MEMR# input is
disabled.

MEMW# l 98 ISA Bus System Memory Write Strobe. In Suspend Mode the MEMW# input
is disabled.

IOEN# | 93 ISA Bus I/0O Enable. This input should be connected to the ISA bus AEN signal.

When this signal is high, I/0 address decoding is disabled. In Suspend Mode
the IOEN# input is disabled.

READY (0] 142 ISA Bus READY signal. This outputis driven low to force the CPU to insert wait
states during memory cycles. READY is released to high-Z after a transfer is
complete.

RESET | 141 The active high Reset signal from the CPU clears all internal registers and
forces all signals to their inactive state.

IRQ (0] 103 ISA Bus Vertical Interrupt. When enabled, a Vertical Retrace Interrupt will

cause this signal to be driven from a logic 0 state to a logic 1(rising-edge
triggered interrupt). Once set, this interrupt must be cleared by a bit in the
CRTC registers. A control bit in the Auxiliary Registers allows this output
to be optionally disabled (tri-stated). This pin also is used for the output of
the NAND tree in pin test mode.

MEMCS16#| O 99 ISA Bus Memory Chip Select 16. Address inputs LA[23:17] are decoded to
drive this output low when a valid memory address (AXXXXh, BXXXXH)
appears on the bus.

I0CS16# (0] 100 ISA Bus I/0 Chip Select 16. Address inputs A[15:0] and IOEN# are decoded
to drive this output low when a valid SPC8106FO0C I/O register address appears
onthe bus. Note that I/O addresses 3C6h-3C9h do not resultin IOCS16# being
driven low (i.e. RAMDAC and internal LUT register reads and writes are 8 bit
cycles.

BHE# l 101 ISA Bus Byte High Enable. In Suspend Mode the BHE# input is disabled.
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Video Memory Interface

Pin Name | Type Pin# Description

MA[0:9] o 57, 55, Multiplexed row/column address bits for video display memory.
53, 51,
48, 52,
54, 56,
58, 20

MDJ0:15] l{e] 81,79 Data bits for video display memory. The output drivers of these pins are
77,75 placed into a high-impedance state when RESET is high, or when the
70, 68 Sequencer is in a reset state. On the falling edge of RESET, the values
66, 64 on MD[3:0] and MD[12:9] are latched into a read-only Auxiliary Register
63, 65 and are available to be read as configuration inputs. Also, the value on

67, 69, 74, |MD[8:4] and MD[15:13] are used to configure various hardware options.

76, 78, 80 | See “Summary of Configuration Options” for details.

RAS# O 59 DRAM Row Address Strobe for single 256Kx16 DRAM.

LCAS# o] 62 Multiple Function:

(LWE#) DRAM Column Address Strobe for low byte (LCAS#). For alternate
function see “Multiple Function Pin Descriptions” on page 16.

UCASH# O 60 Multiple Function:

(CAS#) DRAM Column Address Strobe for high byte (UCAS#). For alternate
function see “Multiple Function Pin Descriptions” on page 16.

WE# O 61 Multiple Function:

(UWE#) DRAM Write Enable Strobe (WE#). For alternate function see

“Multiple Function Pin Descriptions” on page 16.

Clock Inputs

Pin Name | Type Pin# Description

CLKI1 1 90 This pin, along with CLKO1 is the 25.175 MHz 2-terminal crystal interface when
using a 2-terminal crystal as the clock input. If an external oscillator is used as
a clock source, then this pin is the clock input.

CLKO1 (0] 91 This pin, along with CLKI1 is the 25.175 MHz 2- terminal crystal interface when
using a 2-terminal crystal as the clock input. If an external oscillator is used as
a clock source, then this pin should be left unconnected.

CLKI2 I 86 This pin, along with CLKO2 is the 28.322 MHz 2-terminal crystal interface when
using a 2-terminal crystal as the clock input. If an external oscillator is used as
a clock source, then this pin is the clock input.

CLKO2 (0] 87 This pin, along with CLKI2 is the 28.322 MHz 2-terminal crystal interface when
using a 2-terminal crystal as the clock input. If an external oscillator is used as
a clock source, then this pin should be left unconnected.
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LCD Panel Interface

Pin Name | Type Pin# Description

YD (o} 10 Vertical Scanning Start Pulse output. A logic 1 on this signal, sampled by the
LCD module on the falling edge of LP, is used by the panel row drivers (Y
drivers) to indicate the start of the vertical frame.

LP (0] 13 Latch Pulse output. The falling edge of this signal is used to latch a row of display
data in the LCD module’s column driver shift registers and to turn on the row
driver (Y driver) for that line.

XSCL (0] 12 Shift Clock for LCD data. Display data is clocked out of the chip on the rising
edge of this signal, to be shifted into the LCD panel module column drivers (X
drivers) on each falling edge.

XSCL2 (0] 9 This second shift clock is used together with XSCL in 8-bit single color panel
mode to shiftin alternate sets of display data. XSCL2 is also used alone as the
shift clock in 8-bit dual color panel mode and 4-bit single color panel mode.

uD[0:3] o} 22..25 Upperpanel display data for dual panel - dual drive mode. For 8-bit single panel-
single drive mode, these bits are the most significant 4-bits of the 8-bit output
data to the panel (data[7:4]). For 4-bit single panel mode, these bits are the 4
bits of data output to the panel. For 16-bit LCD modes, these outputs are the
multiplexed upper panel data if MD[7] = 1 at RESET, or the lower nibble of the
upper panel data if MD[7]=0 at RESET.

UD[4:7] (0] 26..29 When MD[7]=0 at RESET, these pins are the upper nibble of the 16-bit LCD
mode upper panel data.
LD[0:3] (0] 16..19 Lower panel display data for dual panel-dual drive mode. For 8-bit single panel-

single drive mode, these bits are the least significant 4 bits of the 8-bit output
data to the panel (data[3:0]). For 4-bit single panel mode, these outputs are
driven low. For 16-bit LCD modes, these outputs are the multiplexed lower
panel data if MD[7]=1 at RESET, or the lower nibble of the lower panel data if
MD[7]=0 at RESET.

LD[4:7] (0] 30..33 When MD[7]=0 at RESET, these pins are the upper nibble of the 16-bit LCD
mode lower panel data.
LCDPWR# | O 21 LCD power control. In normal operation this signal is driven low to enable an

external LCD power supply. This signal is driven high when the chip is put into
any power save mode, when Auxiliary Register 06 bit 0 is set to 1, or when the
Sequencer is in a reset state. It can be used externally to turn off the panel
supply voltage and backlight. After a RESET, this signal is held high until the
CRTC is programmed and running.

WF (0] 15 LCD Backplane Bias signal. This output toggles once every n LP periods, as
programmed in Auxiliary Register [0D].
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External CRT/RAMDAC Interface

Pin Name |Type Pin# Description
P[0:7] (0] 26..33 When MDJ[7]=1 at RESET, these pins are the Pixel Data outputs. These 8 bits
are connected to the pixel select inputs of the external RAMDAC.
PCLK (0] 34 Pixel Clock. Pixel data is clocked out of the chip on the falling edge of PCLK.
BLANK# o 44 Blank output. This outputis clocked out on the falling edge of PCLK and is driven
low during display blanking periods.
HSYNC# (0] 41 Horizontal Sync. This output is clocked out on the falling edge of PCLK and is

driven to indicate the horizontal retrace period. The polarity of this signal is
determined by a control bit in register 3C2h.
VSYNC# (0] 42 Vertical Sync. This output is clocked out on the falling edge of PCLK and is
driven to indicate the vertical retrace period. The polarity of this signal is
determined by a control bit in register 3C2h.

DACRD# (0] 43 RAMDAC Read Stobe. This signal goes low when a valid read access to the
VGA RAMDAC is decoded by the chip.

DACWR# o 45 RAMDAC Write Stobe. This signal goes low when a valid write access to the
VGA RAMDAC is decoded by the chip.

RS2 (0] 46 Register Select 2 output. This output should be connected to the RS2 input of

the RAMDAC (Bt477 or equivalent). The logic level on this output may be set
by setting Auxiliary Register [0B] bit 3. This signal is required to allow CPU
access the control and overlay registers of the external RAMDAC.

OL[0:1] /0 39, 38 Multiple Function: Overlay Select outputs 1:0. When MD[13] =0 at RESET,
these pins are outputs used to provide sprite/HW cursor function on the CRT
display. In this case, these outputs should be connected to the OL[0:1] inputs
of the RAMDAC (Bt477 or equivalent). They are used by the sprite circuitry to
access the overlay registers in the RAMDAC. For alternate function see
“Multiple Function Pin Descriptions” on page 16.

OL23 (0] 35 Overlay Select output 2/3. This output should be connected to both the OL2 and
OL3 inputs of the RAMDAC (Bt477 or equivalent). This signal is used by the
sprite circuitry to access the overlay registers in the RAMDAC.

D477 (0] 40 477 Control Signal. This output should be connected to the 477/471 input of the
RAMDAC (Bt477 or equivalent). This signal is used to access the control
register of the RAMDAC and to allow it to be powered down. The logic level on
this output can be controlled by setting Auxiliary Register [0B] bit 4, and is also
controlled by the power save logic.

IREFEN# (0] 47 IREF Enable outout. This signalis used to control the external current reference
source required by the RAMDAC, allowing powering down the analog circuitry
when notrequired. When this signal is driven low, the external current reference
should be enabled. When this signal is high, the external current reference
should be shut off.

MS[2:0] /0 | 83, 82,71 |Monitor Sense inputs. These signals should be connected to the monitor sense
lines from the CRT monitor cable. The status of these bits is readable in
Aucxiliary Register [08] bits 2:0, and is used by BIOS software to determine the
presence and type of monitor connected. Optionally, the SENSE output of the
RAMDAC may be connected to one of these inputs to allow the BIOS to read
the SENSE signal and detect the monitor. MS[2:1] can be forced low by the
DCC2 monitor support bits in Auxiliary Register [10] bits 1:0.
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Power Save Mode Control

Pin Name | Type Ping# Description

SUSPEND#| | 84 A low level on this pin puts the chip into a hardware power down mode. The
SUSPEND# signal overrides any software initiated power down modes, and
disables the ISA-Bus interface inputs except RESET. Address and Data inputs
are also masked when this signal is low. When in Suspend Mode the UD(3:0),
LD(3:0), XSCL, XSCL2, LP, YD and WF signals are driven into a high
impedance or low state (configurable) and the LCDPWR# signal is driven high.

PDCLK | 143 Power Down Clock. This input may be used to provide a low frequency clock
for generating refresh in Power Save Modes 4 and Suspend, as an optional
alternative to using the pixel clock or SMEMEN input as the refresh clock
source. This clockinput should be driven by either a 32kHz 50% duty cycle clock
source, or a 64kHz clock source with a high period as short as possible (but>
minimum RAS low pulse width) to minimize DRAM current consumption during
refresh. The PDCLK inputis used to directly generate the RAS and CAS pulses
during Power Save Mode 4 and Suspend.

Power Supply
Pin Name |Type Pin# Description
COREVop P 14, 37, Voo supply for core logic.
85, 92,
109
10Vop P 1, 50, 73, | Voo supply for interface pins.
124
Vss P 11,36, |Vss supply for core logic.
88, 89,
108
10Vss P 49,72, Vss supply for interface pins.
123, 144
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Pin Mapping for Various Display Modes

PinName |—Display Mode | RGBI 12-bit RGB L
CRT LCD 9-bit 12-bit
YD None YD VSYNC# VSYNC# VSYNC# VSYNC#®
LP None LP HSYNC# HSYNC# HSYNC# HSYNC#®
WF None WF None (forced 0) None (forced 0) DATAEN DATAEN
XCSL None XCSL PCLK PCLK PANCLK PANCLK
XCSL2 None XCSL2 None (forced 0) RI[3] R[2] R[3]
UD[3] None UD[3] None (forced 0) B[3] B[2] B[3]
UD[2] None UD[2] None (forced 0) B[2] B[1] B[2]
UDI[1] None UDI[1] None (forced 0) B[1] B[0] B[1]
UD[0] None UDIO] None (forced 0) R[2] R[1] R[2]
LD[3] None LD[3] D[3] G[3] G[2] G[3]
LD[2] None LD[2] D[2] G[2] G[1] G[2]
LD[1] None LD[1] D[1] G[1] G[0] G[1]
LDI[0] None LD[0] D[0] R[1] RI[0] R[1]
OLO0 OLo None None B[0] None B[0]
OL1 OL1 None None G[0] None G[0]
0oL23 oL23 None None R[0] None R[0]

Mixed Voltage Configurations

Core Voo VO Voo
3.3 5.0
3.3V OK OK
5.0V NO OK

Summary of Configuration Options

Pin Name Value on this pin at falling edge of RESET is used to configure: (1/0)
MD [3:0] Values latched into read-only Aux Reg [0C] bits 3:0 for software use
MD [4] 8-bit I/0 interface (1) / 16-bit I/O interface (0)
MD [5] A [19:2] latched internally by ALE (1) / standard ISA bus ALE — A [16:0] not latched (0)
MD [6] 2 CAS, 1 WE type DRAM (1) / 1 CAS, 2 WE type DRAM (0)
MD [7] Support 16-bit panel with external logic (1) / support 16-bit panel directly (0)
MD [8] 5V core operating voltage (1) / 3.3 V core operating voltage (0)
MD [12:9] Values latched into read-only bits 7:4 of Aux Reg [0C] for software use
MD [13] Pins 38, 39 used for ext. RC for 32 KHz PDCLK (1) / pins 38, 39 used for OL [1:0] (0)
MD [14] Internal PDCLK doubling disable (1) / enable (0)
MD [15] 3C3h used as video enable port (1) / 46E8h and 102h used as video enable port (0)

These inputs have internal pullup resistors. Based on the value of the internal pull-ups, the external pull-down
resistors if necessary, should be approximately 15K ohm. This value will provide the correct voltage levels
on power-up without loading the DRAM Data lines (Voo = 5.0V).
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Multiple Function Pin Descriptions

Pin Name Function MD Line Status Functional Description
LCAS#, LWE# LCAS# MD [6] =1 DRAM column address strobe (low byte)
LWE# MD[6]=0 DRAM write strobe (low byte)
UCAS#, CASH# UCASH# MD [6] =1 DRAM column address strobe (high byte)
CAS# MD [6] =0 DRAM column address strobe
WE#, UWE# WE# MD [6] = 1 DRAM write strobe
UWE# MD [6] =0 DRAM write strobe (high byte)
Overlay bit 0 used for CRT
oLo MD [13]=0 -
OLo, P320 HW Cursor/Sprite support )
P320 MD [13] =1 32 KHz clock outpur. Used with external RC
MD [14] =1 when using external PDCLK support
Overlay bit 1 used for CRT
oL MD[13]=0 .
OL1, P321 HW Cursor/Sprite support
P321 MD [13] =1 32 KHz clock outpur. Used with external RC
MD [14] =1 when using external PDCLK support
P[0:3] MD [7] =1 Lower nibble of the CRT pixel data outputs
P[0:3], UD [4:7 i -bi
[0:3], UD [4:7] UD [47] MD [7] = 0 Upper nibble of the 16-bit LCD mode upper
panel data
P[4:7] MD [7] =1 Upper nibble of the CRT pixel data outputs
P[4:7], LD [4:7] . Upper nibble of the 16-bit LCD mode lower
LD [4:7] MD[7]1=0 panel data
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llustrated below are the display data output which are output from the UDO to UD3, LD0/UD4 to LD3/UD7
and the display on the panel:

UDSIUD2IUD1 IUDO uD3 UD2IUD1 |UDOJLD3 | LD2 I LD1 lLDOl

Dual Panel — Top

8-bit Single Panel
LD3 l LD2 I LD1|LDO

Dual Panel — Bottom

UD3|UDZ]UD1 RUDO|UDS|UD2|UD1 lUDO|

4-bit Single Panel

B LCD Panel Pixels

« 640 DOTS >
1-1 1-2 1-639 | 1-640
2-1 2-2 2-639 | 2-640
240 LINES UPPER LCD PANEL
240-1 | 240-2 240- 639|240- 640
241-1 | 241-2 241- 639|241- 640
(TOP VIEW)
240 LINES LOWER LCD PANEL
480-1 | 480-2 480- 639|480- 640
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B Monochrome Passive STN LCD Panel Interface

4-bit Single Panel
|- LP : 242 PULSES g
I‘ Ll
YD 1 o ! 1
R | I Ml T n__n | I | I | B n___T.
WF _ X
UD[S;O] x LINE 1 LINE 2 LINE 3 LINE 4 -=- KLINE 239 xL|NE 240 )\ ,< LINE 1 x LINE 2 X
LP o [
WF __lC
A XSCL: 80 CLOCK PERIODS o
< S
xse, T LTLILrL_____ A I I O I A
PO G G S G CEEREE " G S G (=12 U G
Y =2 =0 G G SRR . S G G (=73 U G
UD1 13 X 17 X X X-----"- X XXX Xasto )\ . X
PO G=D G G S CEEERE " S S ) U G
Example timing for 320 x 240 panel
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B Monochrome Passive STN LCD Panel Interface

8-bit Single Panel
- LP : 482 PULSES >
YD T 1 o 1
[ | IS | N | N n__n _n__n_T M M N I M
UD[3:0] —) UNE 1 Y LNE2 X UNE3 Y LNE4 X — — — UNE 47 (LINE 480), foner X unez X
LD[3:0]
/ \-’
LP [ o ]
o XSCL: 80 CLOCK PERIODS >
xse LT LT LI 1L ________ i T I T e I e I
uD3 _ L X9 X X --=-==-- X X X e )\ £ X
UD2 [ G X X X---=---- X Y X ) G0 N G {
uD1 ,._I< 13 X -1 X X X _______ X X X X 1'6354)\__..__& X
UDo = =T | X X------- X X X s N\ L X
D3 B (15 X =13 X X X------- X X X ) G2 N { X
D2 ——- 1-6 -4 X X X------- X X X XGs \___f X
D1 B L= X =15 _X X X-~------ X X ) D G0 N | X
=S = G G SRR  — — e a0 U G-
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B Monochrome Passive STN LCD Panel Interface

8-bit Dual Panel
,|< LP: 242 PULSES >

YD _ !

e ]l N I M | N n__1 | Ml N I N 1
uD[3:0] __\ LNE1 Y LNE2 X_LINE3 X_LINE4 X — — — XLINE 239 LINE 240 Auner Xonez X
LD[3:0] _ )\ LINE 241 LINE 242 LINE 243)_LINE 244Y — — — XLINE 479 X(LINE 480\ AUINE 241 UINE 242)_

- XSCL: 160 CLOCK PERIODS o
xscb LTI LIl ____ LI Il
UD3 o T X X === ===- X X X ossm \ X
UD2 B {2 X 16 X X X------- X X ) S €0 N G §
upt —— A X7 O X o e )L X
UDo B 14 [ D D Gl )& XX X -840 )\_.._‘_/C:X
LD3 o feea Xems XX X-=====- X X X Xeatear\ A X
D2 B (2412 X 2416 X X X-----=- C X X Xeatess )\ _ A X
D1 _ feas Xz X X - - - X X X Xaeso ) A X
DO ——- (2aia Y2018 X X X------- X X X Nemswo) X
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B Color STN LCD Panel Interface

4-bit Single Panel
< LP : 242 PULSES .
v U N 1
[ | N | | N | I | | | N | S | I | N | N
WF _ X
UD[3:0] \ LINE1 Y LINE2 X _LINE3 X LINE4 Y — — - (LINE 239 (LINE 240 ) founer X onez X
WF L -
P XSCL2: 80 CLOCK PERIODS .
xsele . LT LI LIl _____ I e e e S o I
uD3 o LAt e X s X X------ LD G S G €75 N G {
- IR O o i S e G e '€= WD
o S o e e S s e e s = W G
uDo .. A re X e X B4 X X------ XXX X XBso \ . £ X
Example timing for 320 x 240 panel
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B Color STN LCD Panel Interface

8-bit Single Panel
i LP:482 PULSES -
Yo B - i
Pl Il Ml Il N Il n..Jn_1mn Il fl Il It I
ULB{gg% D) LINE 1Y LINE2 {_LINE3 {_LINE 4~ — — YLINE 479{LINE 480\ Aomer Xunez X
-

|
e \I_I

XSCL2: 120 CLOCK PERIODS

xsele | L I e N e
l'

XSCL: 120 CLOCK PERIODS
XsCL ) I I I I [

UD3 i [ 3=t Y(3=a1_X_1-ee X 1-86 {1811 1Rz - — — — — - Y S {
UD2 i 1-B1_X_1-R2_X_1-R7 X _1-G7 X 1-G12 X 1812 \— — — — — - Y S {
ub1 i f -2 Y 182 X187 _X_i-Re_X1-R13 {1-G18 \— — — — — - Y S {
UDo i [i-rs_Y(3-as_X_1-as X 1-B8 X 1-B15 X 1-R14 - — — — — - Y S {
LD3 i £ 383 Y(i-re X _1-Re X 1-go X114 1814 - — — — — - Y S {
LD2 ) {—ea X184 X_1-8s ¥ 1-Rto X 1-R15 X 1615 X— — — — — - Y O {
LD1 . {=rs_X1-G5_X1=G10 X 1-B10 X 1-B15 { 1-R16 f— — — — — - Y O {
LDO ] [ -85 Y 1-Re_X1—R11 X 1-G11 X 1-G16 { 1-B16 {— — — — — - Y S {
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M Color STN LCD Panel Interface

8-bit Dual Panel
< LP : 242 PULSES >
v i . M|
(W | I 1l ] n__J 1 1 || -
UD[3:0] _ ) LINE1 ) LINE2 Y LINES X LINE4 X - — — YLINE 239)LINE 240} Aonet X onez X
LD[3:0] _ ) A[CNE 241 }{UNE 242)( LINE 243) LINE 244X~ — — YLINE 470) LINE 480) AOnE 241 NE242)_

/
. I

XSCL2: 480 CLOCK PERIODS

A

»
g

xsee LI I LIL________ rrrrrr . i
uD3 o At Y12 183 X X------- X Xi-Rear X—eess X 1Beso \ A X
uD2 ket X-B2 X 1-ma X X------- X Xi—aes7 X 1-Bess X1Reso A X
uD1 o f-B1 X 1-Rs X164 X X-=--=-=- X X(1-Bea7 X 1-Res9 X1-Ge40 \ £ X
Do o fme Yies X 1.4 X X-=====- X X i-ress X(1-ceao X 1-Bs40 \ £ X
LD3 . f241-R1 Yza1-G2 X 24183 X X-~------ X Year-Res7feat-Geasfpat-Beas) £ X
LD2 . fe41-61 Y 2a1-B2 X 241-Re X X----=-- X Year-esroa1-Beas)eat-Re40) [ X
LD1 . Kear-s1 X241-Rs X 241-64 X X--=----- X  Xe41-Bear)eat-Reagkea1-Ged) A X
LDO __ fe41-m2 Y241-G3 X 241-B4 X_ X--~----- X Xe41-Reagipat-Geasieat-Beao) £ X
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H Color STN LCD Panel Interface

16-bit Single Panel

< LP : 482 PULSES .
vo T - IS
w11l Ml N I N n__d N N - 1
ll"_ggg% O\ LNE1 Y LNE2 X_LINES X LUNE4 X - — — XUNE 479 LINE 480, fCone Y umez X

/

e |

XSCL: 120 CLOCK PERIODS

xseb LTI LI 1L ____ J—I_I_"I__I_I__I__Li___l_l__

A

uD7 kA X1es (1811 X X------- X Xorezs e X1es \ L X
up6 ——--— K8t Xz Xaare ' X------- XT_XCmeezs omea \amems )\ _ L X

uD5 . fGoee Y XOmis X X------- X Yi—ceze X 1Best X 1mesr )\ _ L X
UD4 . k1-hs X1es X B3 X X------- X Xo-rezr aGesz X1sesr )\ _ L X
uD3 . k83 X1-Re X 1G14 X X------- X XGmmeer Xamess Yaeess \ A X
Up2 ——-- 1-G4 1R15 X ------- X o-ce2s 1Bess (1mess \ A X

UD1 . fams X-et0 X815 X X------- X X-mezo XiGesa {1Bess \ A X
UDo ——-- 185 Y 1-R11 X 1-G16 \  f--——-——- X YCie2o X1mess \1ees0 )\ A X
LD7 . ket X 1-Bs X 1-miz X------- X Xi—eezs XiBeso Yiress \ A X
LD6 . fme Y-e7 Y1-m12 X X--==-=--- X X 1-me26 X(1-Geat Y1636 )\ _ [ X
LD5 kB2 X 1me X1a1s X X------- X X —sez6 Y 1-Reaz XiGesr \ £ X
LD4 ——- 1-G3 R4 X f--=--=--- X XGoearY(mssz Xamess )\ _ L X
LD3 . f-Re Y 1eo X114 X X-=-=--=--- X X(i-Rezs X 1-Gess (1868 \ £ X
LD2 ——-- 1-B4 X 1-R10 X 1-G15 \  ~ X--—----- X____XGimoes {rmess Xiaess \ X
LD} ——-- 1G5 X 1-B10 Y 1-R6 X  X-----—- X Xi-ceeo X1-Beaa Xi-Reao )\ _ { X
LDo _ f1-re Y1611 X1-B16 X X------- X Y -reao Y 1—ceas 18w )\ _ £ X
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H Color STN LCD Panel Interface

16-bit Dual Panel
LP : 242 PULSES

YD lT _ ~ l
[ | N | I | 1 n__J_1 1 | I
uD[7:0] — ) A UNE1 X Une2 X UNEs X_LINE4 X~ — — XLINE 239 LINE 240} funer X(unez YO

LD[7:0] \ LINE 241 LINE 242){ LINE 243) LINE 244 X_ — — ~ _LINE 479 }(LINE 480 ) A UINE 241X LINE 242 X

XSCL: 240 CLOCK PERIODS

xseL LI LI eI
upD7 ——-- a8 X e K X------- S (R (R () N G ¢
UD6 —— - - —A =6t X_1-Re X t-86 X X--~-=-- X X —cess ) imess e\ _ A X
UD5 e Xmee A ) X--=--=--- X Xamess¥ 1aess 1Re\ A X
UD4 B LRz X -84 X 1=e7 X_ X------- X B EED GRG0 N S §
uD3 . fkre2 X iR X 187 X X------- X X cesaX 1mesr{ 1Beas) L X
oz AN AN - O = 2 A —

upy ——--—A 1R X 185 X 1-Gs X X--=---- X G G ) U G {
uDo .. 1-G3 X_1-Re X 1-88 X X------- 1-G635 X_1-R638 {_1-8640 X
LD7 —-- ___ Azar-n1 X 241-83 X 241-Ge X__ X------- X X241-Re33(241-B635(241-Ge38) ¢
LD6 ——-- _ Kea1-61 X(241-R4 Y 241-86 X X------- X 241-G633(241-R636{241-B638)\ X
LD5 .. A2u1-B1 X(241-Ga Y 241-R7 X X-=------ X NoarBosNaarGesgzarhess A X
LD4 . fear-re (24184 \ 241-67 X X------- X Xear-Read(2ar-Besg(earGeas\ A X
LD3 ——- __ fea1-Ga X (241-Rs Y(241-87 X_ X------- X Year-ceadaarReanearBess\ £ X
LD2 . k24182 X 241-G5 X 241-Rs X X------- X X(241-B634Y241-G637(241-R640) Y D ¢
LD1 . foa1-ra X 241-B5 ( 241-G8 X X------- X Near-meagzaiBesparceal) L X
LDO ____ fea1-as Y 241-Re (24188 X X------- X Xes1-Geag(eainmesg(eaiBoso) A X
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B Color STN LCD Panel Interface

16-bit Single Panel with External Circuit
< LP: 482 PULSES -
_ < »
/Y YD i - | —
(S | A | S | A | Y | A | S | O | N | M Il Nl n .
WF - Y
Pixel Data \ UNE1 Y UNE2 X _LINES Y UNE4 X — — - XUNE 479 (LINE 480\ foner Xonez X
|
LP Im L
2 WF
5 - .
5 g XSCL: 120 CLOCKS o
) | »|
g XSCL I 1 I 1 I L i
T S G0 G- G G e e CEEE
NS €5 €= G G SIS ST
PSR c=- €= G GH G G CEE T
D0 [ XX X---- -
s KR X K- - - - -
D2 ———— . Cre i )t X X X X----- ) () N
ORI =) C=:-) GHD (I GHD GHD SRR
SO €=-2) =3 GH G G G GRS
Uo7 U IR SR S CE R
EXTERNAL CIRCUIT
UDé S =TI X X - - s ). (required when
UD5 X [N G G G MD[7]=1 at reset)
SN SR S =
uD4 — X X X iy
oy P — G X X X X X----+ ez
o up— . X XXX I
= 5 ¥%
2 upl —— D= G G G G R g2 55
P4
AT P €= G GH GH G CEE
w
=z
i v : T Ga— — GRS
T X X-----
2 .
T LD5 ke X X X-=-=-- P
LD4 A X X X-----
g — . Core ) XC X X X----+- (_sese)__ . g5 o
D09
D2 I =23 GanD G G G (RS X\ g8 %
8
 — . e ) X X X& X----- (___Xi-meso) . FH
@ Q.
L0 —— D C=1 G G GHD G G (—Yisen £5
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H Color STN LCD Panel Interface

16-bit Dual Panel with External Circuit
i LP : 242 PULSES -
— < >
4& YD | . ! 1
e n.fq.n.nn n_.‘"n_.n " "n "0 71
WF - X
Pixel Data \ [LINE 1/241XLINE 2/242) LINE 3/243) LINE 4/2«X:—- - -:)(LmszawsXLmEzwueo)‘ KunE 1241 UNE 27242 Y
I/
e e
0 @ —_— - .
§ WF - )
5 < XSCL: 240 CLOCKS o
2 il »>|
2 XSCL I | [ 1 I S
3 Up3 —— .. Or (e Xes X= X=X X----- =D )
o
@ U2 —— . e )ome Xame X X X X----- ) () N
Dt ——— . (B ome Xrae ' X X X----- i-Reso)i-geao)
UD0 —— . CGrefasXiea X X X X----- Xi-eess)i-Bes0) .
D3 — .. ar-rifear-Gooares X X X~ - - -
D2 ——— . pa-anfear-sfenra X X )
D ————- a-srear-rafearaal X X X- - - -
A A D0 — . RN ED E) (I D G CEE
K UD7 U G X X--=---
UD6 [ X X ) CRpp—_— EXTERNAL CIRCUIT
(required when
UDS e X X X--~--- MD[7]=1 at reset)
Y = G— — CEEE
uD4 - - 5
ew
7] — Ce ) X X X X----- ¥
o up2 —— - G X X X X X----- (_Ximeso)\ . o
B g5 §§
2wl —— . XXX 28 55
-4 a a
3 UDO - .. Ces ) X X X° X----- (_ Xi-seso) .
w
=z
E B = - X- - - - -
B e Y = — X--- - - °
1 ws Y T T S CEEEE . ¥
LD4 S T X X===-
g —— . A XX ¥----- o
D2 —— . a2 X X=X X----- XX &\ . §% 2
°
LD{ — .. o X X X= X----- D &7 23
I P =) G, SIS G S CEE G & ES
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SPC8106Foc

Auxiliary Register [00] bit 5=1 and Auxiliary Register [0B] bit 1=1

9-bit panels use data bits [2:0]
* Refer to “Pin Mapping for Various Display Modes” on page 15 for actual pin names

350 Line Mode 61 HRTC PULSES . HRTC 350 PULSES |
< >l >
VSYNC* T || R
HSYNC* _]l nn...1J S | AN | N | N |
R[3:0], G[3:0], B[3:0]* L LINE 1 [} - = - XUNE 350\
R 4 HRTC
400 Line Mode Legs | HRTC 400 PULSES
VSYNC* | I | .
HSYNC [ 1 " U U |
RI[3:0], G[3:0], B[3:0]* L LINE 1 [{ — = = XLINE 400 )
_ 34HRTCPULSES | HRTG480 PULSES
480 Line Mode b b |
vsyner L I
Hsync* U U U U U U
R[3:0], G[3:0], B[3:0]* . LNE 1 ) - — = XLINE 480)\
HSYNC* (400,480) L[ 77 [
HSYNC* (350) — 1 L. —
CLOCK: 640 CLOCKS
paNOLC [ L L, T L
DATAEN* e |
RO faaXaef------
Giaor ) (20 SRR
B[3:0]" (o Xef------
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H Color TFT Panel Interface

Auxiliary Register [00] bit 5=1 and Auxiliary Register [0B] bit 1=0
UP TO 1023 HRTC PULSES

2-65 HRTC PULSES

VSYNC? || T
Hsync2 | I I 1 1 I
R[3:0], G[3:0], B3:0]? — ... LINE1 ){_ - - - XLINE 480)
HSYNC2 [ 7 LT

CLOCK: 640 CLOCKS 112 OR 160 '

PANCLK*2

DATAEN*? - l__ ______
LG GEDEED GED GED SERREERNY () G 2
Glzore GED G GED GED SRR () (R
CEULIE GED G GED GED SERTERESY () (R 2

9-bit panels use data bits [2:0]
*1: This number is controlled by Auxiliary Register [06] bit 2
*2: Refer to “Pin Mapping for Various Display Modes” on page 15 for actual pin names
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B RGB Mode Panel Interface

12-bit RGB Mode Panel

HSYNC : 240 PULSES HSYNC:2 PULSESl
VSYNC* __ | _ l’—“i____
msyne: [ r =1 U i r I I
R[é:O], G[3:0], B[3:0]* __)\ CINE 1241 LINE 21242 ) LINE 5240 ) UINE #7244 - = - UNE 209478){LNE 2407480) _ Aone vesr i zzaz)_

PCLK : 1280 CLOCKS PCLK : 224 CLOCKS
_ [ o ]
HSYNC* —__r |_ o
PCLK* =71 1 71 71 71 7T 1 71 e T 10771 | memmmme
RIBOI G @n) (2 Yzz)- - - - - - (rem)awan - - - - - - -
oy X e e e - - - - - Nre)eme) - - - - - - - (o e 22)
BlaOr )i e X v Xama)- - - - - - -Yie)errem - - - - -~ D O 6

* Refer to “Pin Mapping for Various Display Modes” on Page 15 for actual pin names.

B RGBI Mode Dual Panel Interface

RGBI Mode Dual Panel

HSYNC : 240 PULSES HSYNC : 2 PULSES
. )

VSYNC* _ |

msywer I U1 I v rorororrororw

I, R, G, B* >\ LINE 1/241 KLINE 2/242 x LINE 3/243XLINE 4/244 X— - ':XLINE239/479XLINE240/450)\ ALINE 1/241 x LINE 2/242x
PCLK : 1280 CLOCKS PCLK : 224 CLOCKS
o | . | |
HSYNC* L
O T e O e T e e S M ------- ML L
IR, G, B* (11 Yo Y 12 Yost2 X------- (1-640 Yoar6af - - - - - - -

* Refer to “Pin Mapping for Various Display Modes” on Page 15 for actual pin names.
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B PACKAGE DIMENSIONS

QFP17-144 pin Unit: mm

22.0 04

20.0 to.1

109

20.0 o1
22.0 +o4

0.15 005

‘ 3.0Max
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LOW VOLTAGE VGA LCD CONTROLLER

B DESCRIPTION

The SPC8107Fck is a single-chip, low-voltage LCD controller based on the VGA architecture and dedicated
to driving a liquid crystal display. The fully VGA-compatible controller core, high-performance CPU interface
and flexible 64 x 4-bit gray-scale lookup table are integrated into a very small footprint 100-pin QFP package.

The target markets for this device are low-cost and low-power sub-notebook and handheld products where
low component count and a high performance 80 x 86 microprocessor interface are the major design

considerations.
B FEATURES
® Low-power CMOS technology ® Package: QFP15-100 pin
® Hardware VGA compatible ® 3.3 volt core
® High performance ISA & PI bus support ® Monochrome LCD panel interface, for sizes 320 x
® One 256K x 16 self-refresh DRAM 200 to 640 x 480
® Four-stage display pipeline ® On-chip 64 x 4 gray-scale look-up table
@ Video BIOS, software driver and utility support ® 16 gray shades by frame rate modulation
@ Single two-terminal crystal support ® Three programmable gray-scale weightings

(RGB), base (25, 50, 25), NTSC (30, 59, 11), and

® Five power-down modes text (0, 100, 0)

B BLOCK DIAGRAM

CRYSTAL

— A

SPC8107 MONOCHROME

P LOW VOLTAGE VGA E— LCD
LCD CONTROLLER

PI BUS 1
ISA BUS

256K x 16
DRAM
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B ISA BUS SYSTEM BLOCK DIAGRAM I
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B SPC8107 VIDEO MODES

Mode Horizontal Vertical Horizontal Vertical Monochrome
Number Pixels Pixels Pixels Pixels LCD Display
(Hex) Addressable Addressable Displayed Displayed (Gray Shades)
0 320 200 320 200 16
0+ 320 350 320 350 16
O++ 360 400 320 400 16
1 320 200 320 200 16
1+ 320 350 320 350 16
1++ 360 400 320 400 16
2 640 200 640 200 16
2+ 640 350 640 350 16
2++ 720 400 640 400 16
3 640 200 640 200 16
3+ 640 350 640 350 16
3++ 720 400 640 400 16
4 320 200 320 200 4
5 320 200 320 200 4
6 640 200 640 200 2
7 720 350 640 350 2
7+ 720 400 640 400 2
oD 320 200 320 200 16
OE 640 200 640 200 16
OF 640 350 640 350 2
10 640 350 640 350 16
11 640 480 640 480 2
12 640 480 640 480 16
13 320 200 640 400 16
B SUPPORTED LCD PANELS
8-bit Interface 4-bit Interface
Dual Panel Single Panel Single Panel
Horizontal Vertical Horizontal Vertical Horizontal Vertical
200
320 240
640 P 640 - 480 320
640 400
480
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B FUNCTIONAL BLOCK DIAGRAM
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GENERATOR INTERFACE P
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INTERFACE
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CONTROL

B FUNCTIONAL BLOCK DESCRIPTION

The Sequencer Attributes Controller

The Sequencer generates internal signals to
synchronize the operation of the chip as well as
the signals to control the timing of the display
DRAM. The Sequencer also arbitrates between
CPU and video display accesses to the DRAM. It
contains registers that allow selection of charac-
ter font set, control the structure of the video
memory and allow write masking of the individual

The Attributes Controller takes in pixel and at-
tribute information from the Graphics Controller
and display DRAM and formats the data into pixel
information which then passes through the lookup
table. It also controls display character attributes
such as blink, underline and horizontal pixel
panning.

planes of memory. Graphics Controller

CRT Controller

The CRT Controller generates the horizontal and
vertical synchronization signals for the single
panel or dual panel LCD display and character
and/or pixel addresses for display data from

The Graphics Controller supplies display memory
data to the Attributes Controller during display
time and provides data translation between the
CPU bus and the display memory during CPU
read or write access cycles.

DRAM. Memory Decoder

Address Generator

The Address Generator takes the display and
refresh addresses from the CRT Controller and
converts them into RAS and CAS addresses for
the display DRAM and multiplexes these display
accesses with CPU memory accesses.
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The Memory Decoder monitors the CPU-bus
activity and decodes cycles for the display DRAM.
It supplies memory access control signals to the
Sequencer.
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Port Decoder Power Save
The Port Decoder decodes CPU-bus /O cycles The Power Save block contains the logic to
to provide enable and write strobes for the on- implement one hardware- and five software-con-
chip I/O registers. trolled power save modes.

Auxiliary Ports Lookup Table
The Auxiliary Ports are /O registers used to The Lookup Table consists of a memory array of
control functions of the chip beyond the basic 64 locations of 4 bits each and hardware to
VGA register set. Registers are included for con- convert VGA palette writes to gray-scale values.
trolling the LCD interface circuits as well as the
power save modes. LCD Interface

VGA Ports The LCD Interface block converts the display

video data from the Lookup Table into LCD

The VGA Ports contain the Miscellaneous Output display data. It also generates control signals
Status register and the Video Subsystem Enable necessary to drive single or dual-panel LCD
register used in VGA mode. panels. The LCD interface block generates 16

levels of gray shades through frame rate modu-

Clock Generation lation techniques.

The Clock Generation contains oscillator support
for an external crystal.

B DC SPECIFICATIONS
® Absolute Maximum Ratings

Symbol Parameter Rating Units
Vbbp Supply Voltage Vss-0.3t0 +7.0 Vv
VIN | Input Voltage ‘ Vss—0.3 to Vbp+0.3 v

Vout | Output Voltage Vss to Vbp \Y
Topr | Operating Temperature 0to +70 °C
TstG Storage Temperature —65 to +150 °C
TsoL Soldering Temperature/Time 260 for 10 sec max at lead °C

® Recommended Operating Conditions

Symbol Parameter Condition Min Typ Max Units
VbD Supply Voltage Vss = 0V 3.0 3.3 3.6 \'%
VIN Input Voltage Vss —_ VDD \%
IoPR évset;ir:]gctaez;)wer Consumption _ 30 . mA

IPp1,2 | Power Save Mode 1, 2 — 20,5 — mA

IPD3. 4 Power Save Modes 3, 4 _ 1 _ mA
’ & SUSPEND

IPDs Power Save Mode 5 — 25 — mA
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® Input Specifications

Symbol Parameter Condition Min Typ Max Units
ViL | Low-Level Input Voltage Vop = MIN — — 0.6 Vv
ViL | Low-Level Input Voltage Vop = MIN 25 — — Vv

itive-going Th
v fglalg{se Sonmit irISj?s(;ld Voo = - - - v
ive-going T! )
Vr- | (WS Sonmit inputs) voo- | — | — | — |V
VH Hysteresis Voltage (CMOS Schmitt inputs) VoD = — — —
Vbob = MAX
liz Input Leakage Current VIH = VDD -1 — 1 A
ViL = Vss
CiN | Input Pin Capacitance —_ 8 — pF
Rpu | Pull Up Resistance Vob=3.3V 90 — 360 kQ
® Output Specifications
Symbol Parameter Condition Min Typ Max Units
loL Low-Level Output Current VoD = 3.0V 3.0 —_ —_ mA
loH High-Level Output Current TS6, TSUB, CO2 -1.0 — — mA
loL Low-Level Output Current Vop = 3.0V 6.0 — — mA
loH High-Level Output Current TS6, TSU6, CO3 -2.0 — — mA
loL Low-Level Output Current Vop = 3.0V 12.0 — — mA
loH High-Level Output Current TS4 -4.0 - —_ mA
Vop = 3.6V

loz Output Leakage Current VoH = VDD -1 — — LA
or VoL = Vss

Cout | Output Pin Capacitance — 8 — pF
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B SPC8107 PIN OUTS
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Note: Pin names on this diagram correspond to the default configuration (Pl Bus, 2 CAS, 1 WE DRAM).
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B PIN DESCRIPTION

Key

Cc = CMOS level input

CS = CMOS level input with hysteresis

COx = CMOS level output, x denotes cell type

TSx = Tri-state CMOS level driver, x denotes cell type

TSUx = Tri-state CMOS level driver with 100 kQ pull up resistor, x denotes cell type

® CPU Interface - PI-Bus

Note: to configure chip for Pl-Bus operation, MD[5] must be held at logic 1 during RESET (there is an internal
pull up for the MD[5] pin, so no pullup resistor is required).

Pin Name Type Pin # Drv Description (when MD [5] = 1 during RESET)
AJ0:16] | 71.74,77..89 C CPU bus address inputs. In Suspend Mode, the
Address inputs are internally masked off.
D[0:15] /0 90..97,2..9 C 16 bit PI-Bus data bus. These lines are driven by the

/CO3 | chip only during read cycles, and are in a hi-Z state
atall other times. In Suspend Mode, these inputs are
internally masked off.

/VGACS | 69 C PI-Bus VGA Chip Select. In Suspend Mode, the
/VGACS input is disabled.

/PCMD I 66 C PI-Bus Command Strobe. In Suspend Mode the
/PCMD input is disabled.

PM/IO I 67 C PI-Bus Memory or I/O Select. In Suspend Mode the
PM/10 input is disabled.

PW/R | 68 C PI-Bus Write or Read Select. in Suspend Mode the
PW/R input is disabled.

/SBHE 1 70 C System Byte High Enable. In Suspend Mode the
/SBHE input is disabled.

/PSTART | 65 CS PI-Bus Start Strobe. In Suspend Mode the /PSTART
input is disabled.

/PRDY (0] 99 TS3 Pl-Bus Ready. This output is driven low to terminate
a bus cycle.

RESET 1 98 CS The active high Reset signal from the CPU clears all

internal registers and forces all signals to their inactive
state. During Suspend Mode the RESET input is

ignored.
® Pin Mapping for ISA/PI Bus Interfaces
. Pl Bus : Pl Bus
Pin No. Pin Name ISA Bus Usage Pin No. Pin Name ISA Bus Usage
71..74,77..89 AJ0:16] A[0:16] 66 /PCMD /IOR
90..97 D[0:7] D[0:7] 67 PM/IO /IOW
2.4 D[8:10] A[17:19] 68 PW/R /MEMR
5 D[11] IRQ 69 /NGACS MEMEN
6 D[12] /OWS 70 /SBHE /MEMW
7.9 D[13:15] PDCLK, P320, 99 /PRDY READY
P32I
65 /PSTART /IOEN
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® CPU Interface - ISA-Bus

Note: to configure chip for ISA Bus operation, MD[5] must be held at logic 0 during RESET with an external
pull-down resistor.

Pin Name Type Pin # Drv Description (when MD [5] = 1 during RESET)
A[0:19] | 71..74,77..89, (] CPU bus address inputs. In Suspend Mode, the
2.4 Address inputs are internally masked off.
D[0:7] /O 90..97 C 8 bit ISA-Bus data bus. These lines are driven by the

/CO3 | chiponlyduring read cycles and are in a hi-Z state at
all other times. In Suspend Mode, these inputs are
internally masked off.

MEMEN l 69 Cs ISA Bus Memory Enable. This signal should be
connected to the /REFRESH signal on the ISA bus.
When this signal is low (e.g. during a system memory
refresh cycle), memory address decoding s disabled.

/IOR | 66 C ISA Bus /0O Read Strobe. In Suspend/IORis disabled.

/IOW | 67 C ISA Bus I/0O Write Strobe. In Suspend the /IOW is
disabled.

/MEMR l 68 C ISA Bus Memory Read Strobe. In Suspend /MEMR
is disabled.

/MEMW | 70 C ISA Bus Memory Write Strobe. In Suspend /MEMW
is disabled.

/IOEN 1 65 CS ISA Bus I/O Enable. This input should be connected

to the ISA bus AEN signal. When this signal is high,
I/O address decoding is disabled. In Suspend Mode,
the /IOEN input is disabled.

READY (0] 99 TS3 ISA Bus READY signal. This output is driven low to
force the CPU to insert wait states during memory
cycles. READY is released to high-Z after a transfer
is complete.

RESET | 98 Cs The active high Reset signal from the CPU clears all
internal registers and forces all signals to theirinactive
state. During Suspend Mode the RESET input is
ignored.

IRQ (o] 5 TS3 ISA Bus Vertical Interrupt. When enabled, a Vertical
Retrace Interrupt will cause this signal to be driven
from alogic O state to a logic 1 (rising-edge triggered
interrupt). Once set, this interrupt must be cleared by
a bit in the CRTC registers. A control bit in the
Auxiliary Registers allows this output to be optionally
disabled (tri-stated).

/OWS (0] 6 TS3 0 Wait State. This output is driven low when a valid
1/0 access is decoded. This will allow the CPU to
complete the ISA bus I/O access with zero wait
states. When inactive, this output will be tri-stated.
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® Video Memory Interface

Pin Name Type Pin # Drv Description
MA[0:8] O 36, 34, 32, 30, COo3 Multiplexed row/column address bits for video display
27, 31, 33, 35, memory.
37
MA[9] (e} 19 Cco3 Multiplexed row/column address bit 9 (MA[9]), or
(/RDACK, or WF) Read Acknowledge (/RDACK), orLCD Bias Signal

WF, as determined by the logic value on MD[4] and
MD][7] during RESET.

When MD[7] is latched in as 0, this pin functions as
the LCD Backplane Bias signal WF.

When MDJ[7]is latchedinas 1, then this pin’s function
is determined by MD[4] as follows: when MD[4] is
latched in as 1, this pin is configured as address bit
MA[9] which is only required for 256K x 16 DRAMs
which are organized as 1024 x 256 x 16 (i.e. 10 row
address bits, 8 column address bits). For other
DRAMSs, MA[9]is notrequired. When MD[4]is latched
in as 0, this pin is configured as the /RDACK signal,
which goes low during valid I/O or memory reads to
the chip.

MD[0:15] /0 42-49,52-59 |C/TSU3| Data bits for video display memory. The output
drivers of these pins are placedinto a high-impedance
state when RESET is high, or when the Sequencer
isin a reset state. On the falling edge of RESET, the
values on MD[3:0] are latched into a read-only
Auxiliary Register and are available to be read as
configuration inputs. Other MD inputs are used to
configure various hardware options. See
Configuration Options below.

/RAS o 38 CO6 DRAM Row Address Strobe.
/LCAS (0] 41 CO6 DRAM Column Address Strobe for low byte (/LCAS)
(/LWE) or Write Enable Strobe for low byte (/LWE), as

determined by logic value on MD[6] during RESET
(see pin mapping table).

/UCAS (0] 39 CO6 DRAM Column Address Strobe for high byte
(/CAS) (/UCAS) or single Column Address Strobe (/CAS) as

determined by logic value on MD[6] during RESET.
/WE O 40 CO6 DRAM Write Enable Strobe(/WE), or Write Enable
(/UWE) Strobe for high byte (/UWE), as determined by

logic value on MD[6] during RESET.

® Miscellaneous

Pin Name Type Pin # Drv Description

/SUSPEND | 60 Cs A low level on this pin puts the chip into a hardware
power save mode. The /SUSPEND signal overrides
any software initiated power save modes, and
disables the PI-Bus interface inputs. Address and
Data inputs are also masked when this signal is low.
When in Suspend Mode the UD(3:0), LD(3:0), XSCL,
YD, LP and WF signals are driven into a high
impedance state (optionally driven low) and the
/LCDPWR signal is driven high.
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® Clock Inputs

Pin Name

Type

Pin #

Drv

Description

CLKI

62

This pin, along with CLKO is the 2-terminal crystal
interface when using a 2-terminal crystal as the clock
input. If an external oscillator is used as a clock
source, then this pin is the clock input.

CLKO
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This pin, along with CLKI is the 2-terminal crystal
interface when using a 2-terminal crystal as the clock
input. If an external oscillator is used as a clock
source, then this pin should be left unconnected.

PDCLK

Power Down Clock. This input may be used in ISA
bus configuration (MD[5] = 0 at RESET) to provide a
low frequency clock for generating refresh in Power
Save Mode 4 and Suspend, as an optional alternative
to using the pixel clock or MEMEN input as the
refresh clock source.

P320

CO2

P32 Clock Output. This pin is used to support a 50%
duty cycle 32 KHz PDCLK input (pin 7). This P320
output is a buffered version of the PDCLK input used
to drive an external RC circuit. For a 64 KHz PDCLK
input, this output should be left unconnected.

P32l

P32 Clock Input. This pin is used to support a 50%
duty cycle 32 KHz PDCLK input (pin 7). This P32I
input should be connected to an external RC circuit
which generates 100-200 ns delay from P320.
Internally this will be used to generate a 64 KHz
refresh clock with the appropriate low period. For a
64 KHz PDCLK input, this pin must be tied high.

® Power Supply

Pin Name

Type

Pin #

Description

Vpob CORE

14, 26, 64, 76

Vbp supply for core logic.

Vop I/O

1,51,29

Vpb supply for I/O pins.

Vss CORE

11,25,61,75

Vss supply for core logic.

Vss 1/0O

TV|{V|T

50, 100, 28

Vss supply for I/O pins.

® Configuration Options

Pin Name Values on this pin at falling edge of RESET is used to configure: (1/0)
MDI[3:0] Values stored in read-only Aux Reg [02] bits 7:4 for software use

MD[4] Select the function of output pin 19 as MA[9] (1), or /RDACK (0) - see also MD[7]
MDI[5] Pl-bus operation (1) /ISA bus operation (0)
MD[6] 2 CAS, 1 WE type DRAM (1) / 1 CAS, 2 WE type DRAM (0)
MDJ[7] use MD[4] to configure pin 6 as MA9 or /RDACK (1) / pin 6 is WF output (0)
MD[8] Reserved
MD[9] Reserved
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® LCD Panel Interface

Pin Name Type Pin # Drv Description

YD (0] 10 TS12 | Vertical Scanning Start Pulse output. Alogic 1 on this
signal, sampled by the LCD module on the falling
edge of LP, is used by the panel row drivers (Y
drivers) to indicate the start of vertical frame.

LP (0] 13 TS12 | Latch Pulse output. The falling edge of this signal is
used to latch a row of display data in the LCD
module’s column driver shift registers and to turn on
the row driver (Y driver) for that line.

XSCL o 12 TS12 | Shift Clock for LCD data. Display data is clocked out
of the chip on the rising edge of this signal to be
shifted into the LCD panel module column drivers (X
drivers) on each falling edge.

UDJ[0:3] O 21..24 TS12 | Upper panel display data for dual panel mode. For
single panel mode these bits are the most significant
4 bits of the 8 bit output data to the panel (PD[4:7]).
For 4-bit single panel mode, these bits are the 4 bits
of output data to the panel.

LD[0:3] o] 15..18 TS12 | Lower panel data for dual panel mode. For 8-bit
single panel mode, these bits are the least significant
4 bits of the 8-bit output data to the panel (PD[0:3]).
For 4-bit single panels, these bits are driven 0.

/LCDPWR (0] 20 COs3 LCD power control. In normal operation this signal is
driven low to enable an external LCD power supply.
This signalis driven high when the chip is putinto any
power save mode, or if the Sequencer is in a reset
state. It can be used externally to turn off the panel
supply voltage and backlight. After a RESET, this
signalis held high untilthe CRTC is programmed and

running.
WF (MA[9] or (0] 19 CO3 LCD Backplane Bias Signal. This pin is shared with
/RDACK) the MA9 and /RDACK functions. To use this pin as

WF, the value on MD[7] at RESET must be 0. The
WEF signal toggles once per vertical frame.
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B LCD Panel Pixels

< 640 DOTS >
11 [ 12 1-639 | 1-640
21 | 2-2 2-639 | 2- 640
240 LINES UPPER LCD PANEL
240-1 | 240-2 240- 639]240- 640
241-1 | 241-2 241- 639/ 241- 640
(TOP VIEW)
240LINES LOWER LCD PANEL
480-1 | 480 -2 480- 639]480- 640
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LCD Panel Interface

8-Bit Single Panel
LP : 482 PULSES

[ »
= gl
YD o o
_ | M N | Ml n_..n_1mn 1 n_n N 1N
l{.%%: ll:'B(O) :X X mer X une2 XW— - :X LNE 479 X LINE 40 ) XCove (" onez X:
X - X
| XSCL: 80 CLOCKS o
n >
w7 =
xsoL L L L L LT LT L LT L
UDs, U2, UD1, UD0 X X == k- - G G G ) e
LD3, LD2, LD1, LD0 Y Y= el - - - - G G G ) G G
8-Bit Dual Panel
LP: 242 PULSES -
- >
YD o
Pl N N N N N | | 1 M M o
LIJ_%% ~ 'ﬂBg :X XN 17241 LINE 27242 UINE 3245 { UINE 7244 X: - :XLINE 2sau79 ) LINE 2400 Xune 1241 Y LN 2242 X
WF o X
/ [
XSCL: 160 CLOCKS o
gl
w1 -

4-Bit Single Panel
LP : 242 PULSES

I ™
YD 1 - o
P 1l N | I N n__J_n n__n - n [ TJt
UD3 ~ UDO
LD3 ~ LDO :X X umer X umea X unes Y unes X:— - )( LN 479 Y LNE4so ) X umet X une2 X:
¢ WF X - X
T
> XSCL: 160 CLOCKS - ‘
Lp e R S e I
xsc. 1 It ry++wtv++ryrir11 ------- __l I—"I I—‘l I—-l ['—l !
UD3, UD2, UD1,uD0 X X =< Yrzsdfsers X X------- O X X X&&S —=— X

66




SPC8107Foe
5

Hm POWER SAVE MODES

: Software Power Save Mode 3
One hardware-controlled and five software-con- e

trolled Power Save Modes are provided by the ® No video display accesses to display memory.
SPC8107. ® No CPU accesses to display memory.
Software Power Save Mode 1 @® Sequencer is halted.

® No display memory refresh.
® |/O read/write of all registers is allowed.
® /LCDPWR signal forced high.

® No video display accesses to display memory.
® Dedicated CPU accesses to display memory.

® Display memory refresh is maintained and is gen-
erated from CLKI input (nominalily 25 MHz). Re-

fresh rate can be selected: 64 kHz or 8 kHz, (for Options
256 cycle/4 msec, or 256 cycle/32 msec DRAM, . . .
respectively). ® |/O read/write to all registers except Auxiliary

Registers can be disabled.

® Internal clock oscillator cell can be disabled if a 2-
terminal crystal is used.

® LCD output signals tri-stated or forced low.

® |/O read/write of all registers is allowed.
® /LCDPWR signal forced high.

Options
® LCD output signals tri-stated or forced low. Software Power Save Mode 4

® No video display accesses to display memory.
® No CPU accesses to display memory.
Mode 2 has two states. Initially the chip enters ® Sequencer is halted.

State 1. If no display memory read or write is ® Display memory refresh maintained.
detected for about two horizontal lines (approx. @ 1/0 read/write of all registers is allowed
63.5 us), the chip enters State 2. If a display ’

Software Power Save Mode 2

memory read or write is requested while in State ® /LCDPWR signal forced high.
2, the chip returns to State 1 to service the display
memory access within 3 - 7 Ts periods (CLKI Options
input).
@ Select MEMEN, PDCLK, or CLKI as refresh clock
State 1 source (ISA only)
® Same as Power Save Mode 1 ® |/O read/write to all registers except Auxiliary

Registers can be disabled.
@ Internal clock oscillator cell can be disabled, if a 2-

State 2 . )
terminal crystal is used.
® No video display accesses to display memory. ® LCD output signals tri-stated or forced low.
® No CPU accesses to display memory. ® DRAM self-refresh mode can be used to maintain
® Sequencer is halted. display memory contents.

® Display memory refresh is maintained and is gen-
erated from CLKI input (nominally 25 MHz). Re-  Software Power Save Mode 5
fresh rate can be selected: 64 kHz or 8 kHz, (for

256 cycle/4 msec, or 256 cycle/32 msec DRAM, ® Video display remains active/visible.
respectively). ® CPU accesses to display memory allowed.
® |/O read/write of all registers is allowed.
® /LCDPWR signal forced high. Options

) ® Internal clock can be slowed by 20%.
Options

® L CD output signals tri-stated or forced low.
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Hardware Power Save Mode (Suspend Mode)

® No video display accesses to display memory.
® No CPU accesses to/from display memory.

@ Sequencer is halted.

@ Display memory refresh maintained.

® No I/O register or memory accesses allowed.
® /LCDPWR signal forced high.

@ LCD output signals tri-stated or forced low.

@ All CPU interface input signals are internally
masked off. All CPU interface output signals are
inactive.

68

@ Internal clock oscillator cell will be disabled, if a 2-
terminal crystal is used.

Options
® DRAM self-refresh mode can be used to maintain
display memory contents.

® Select MEMEN, PDCLK, or CLKI as refresh clock
source (ISA only).
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LOW POWER LCD & CRT VGA CONTROLLER

H DESCRIPTION

The SPC8108Foc is a versatile VGA graphics controller capable of driving liquid crystal displays and analog
CRT monitors. The controller integrates all LCD interface, sequencing and gray shading logic into one small
form factor 144 pin package. With the addition of an industry standard 477 type RAMDAC, the SPC8108Foc
will also drive a VGA fixed frequency or multifrequency monitor.

The target products for this device are price and power sensitive 80x86 microprocessor based subnotebooks
or other specialized LCD systems where a high quality 16 or 64 gray shade VGA image on a 320 x 200 to
640 x 480 LCD panel display are the major design criteria.

H FEATURES
® Low-power CMOS technology ® Monochrome LCD panel interface for sizes
® Hardware VGA compatible 320 x 200 to 640 x 480
@ High-performance 16-bit ISA support ® On-chip 256 x 6 grayscale look-up table
® One 256K x 16 self-refresh DRAM ® 16 gray shades by frame rate modulation
@® Four-stage display pipeline ® 64 gray shades by frame rate modulation and

dithering

® Two programmable grayscale weightings (RGB),
NTSC (30,59,11), and text (0,100,0)

@ Vertical centering and expansion for LCDs
® Full CRT support with '477 RAMDAC

® 64 x 64 pixel hardware cursor

® Two-terminal crystals support

® Five power-down modes

@ Video BIOS, software driver and utility support
® 5 volt operation

@ QFP17-144 pin

B BLOCK DIAGRAM
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B SPC8108 VIDEO MODES

Mode Hor_izontal Ve_rtical Hor:nzontal Vgrtical Monochrome CRT
Number Pixels Pixels Pixels Pixels LCD Display Colors
(Hex) Addressable | Addressable Displayed Displayed Gray Shades

0 320 200 320 200/480 16 16

0+ 320 350 320 350 16 16
O++ 360/320 400 320 400/480 16 16

1 320 200 320 200/480 16 16

1+ 320 350 320 350 16 16
1++ 360/320 400 320 400/480 16 16

2 640 200 640 200/480 16 16
2+ 640 350 640 350 16 16
2++ 720/640 400 640 400/480 16 16

3 640 200 640 200/480 16 16

3+ 640 350 640 350 16 16
3++ 720/640 400 640 400/480 16 16

4 320 200 320 200/480 4 4

5 320 200 320 200/480 4 4

6 640 200 640 200/480 2 2

7 720/640 350 640 350 2 2

7+ 720/640 400 640 400/480 2 2
oD 320 200 320 200/480 16 16
OE 640 200 640 200/480 16 16

OF 640 350 640 350 2 2
10 640 350 640 350 16 16

11 640 480 640 480 2 2
12 640 480 640- 480 16 16
13 320 200 640 400/480 64 256

Notes: 400 line text and graphics modes can be stretched vertically to 480 lines as an option.
360 and 720 dot text modes are actually displayed as 320 and 640 dots on an LCD panel.
B SUPPORTED STN LCD PANELS
8-bit Interface 4-bit Interface
Dual Panel Single Panel Single Panel
Horizontal Vertical Horizontal Vertical Horizontal Vertical

200

320 240

640 - 640 o 480 320

640 400

480
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B FUNCTIONAL BLOCK DIAGRAM
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B FUNCTIONAL BLOCK DESCRIPTION

The Sequencer

The Sequencer generates internal signals to
synchronize the operation of the chip as well as
the signals to control the timing of the display
DRAM. The Sequencer also arbitrates between
CPU and video display accesses to the DRAM. It
contains registers that allows selection of charac-
ter font set, control the structure of the video
memory and allow write masking of the individual
plane of memory.

CRT Controller

The CRT Controller generates the horizontal and
vertical synchronization signals for the CRT, single
panel or dual panel LCD display and character
and/or pixel addresses for display data from
DRAM.

CRT Interface

The CRT interface aligns CRT signals to the Pixel
Clock and generates the 1/0O Control signals for
CPU access to the RAMDAC.

Address Generator

The Address Generator takes the display and
refresh addresses from the CRT Controller and
converts them into RAS and CAS addresses for
the display DRAM, and multiplexes these display
accesses with CPU memory accesses.

Attributes Controller

The Attributes Controller takes in pixel and at-
tribute information from the Graphics Controller
and display DRAM and formats the data into pixel
information which then passes through the lookup
table. It also controls display character attributes
such as blink, underline and horizontal pixel
panning.

Graphics Controller

72

The Graphics Controllersupplies display memory
data to the Attributes Controller during display
time and provides data translation between the
CPU bus and the display memory during CPU
read or write access cycles.




Memory Decoder

The Memory Decoder monitors the CPU-bus
activity and decodes cycles for the display DRAM.
It supplies memory access control signals to the
Sequencer.

Port Decoder

The Port Decoder decodes CPU-bus /O cycles
to provide enable and write strobes for the on-
chip I/O registers.

Auxiliary Ports

The Auxiliary Ports are I/O registers used to
control functions of the chip beyond the basic
VGA register set. Registers are included for con-
trolling the LCD interface circuits as well as the
power save modes.

VGA Ports

The VGA Ports contain the Miscellaneous Output
Status register and the Video Subsystem Enable
register used in VGA mode.

Clock Generation

The Clock Generation contains oscillator support
for external crystals.

B DC SPECIFICATIONS
® Absolute Maximum Ratings

SPC8108Foc

Power Save

The Power Save block contains the logic to
implement four software controlled and one hard-
ware controlled power down modes.

Lookup Table

The Lookup Table consists of a memory array of
256 locations of 6 bits each and hardware to
convert VGA palette writes to gray scale values.

LCD Interface

The LCD Interface block converts the display
video data from the Lookup Table into LCD
display data. It also generates control signals
necessary to drive single or dual-panel LCD
panels. The LCD interface block generates 16
levels of gray shades through frame rate modu-
lation techniques and 64 levels of grey shades
with additional dithering techniques.

Hardware Cursor

The Hardware Cursor block generates a 64 x 64
x 4 grey shade cursor or sprite that can be
overlayed on the current displayed image.

Symbol Parameter Rating Units
VbpD Supply Voltage Vss—0.3 to +7.0 \'
VIN Input Voltage Vss-0.3 to Vpp+0.3 \"

Vout | Output Voltage Vss to Vbb \"

ToPR Operating Temperature 0to +70 °C

TstG Storage Temperature —-65 to +150 °C

TsoL Soldering Temperature/Time 260 for 10 sec max at lead °C
® Recommended Operating Conditions

Symbol Parameter Condition Min Typ Max Units
VDD Supply Voltage Vss =0V 4.75 5.0 5.25 \
VIN Input Voltage Vss — Vbbp \
IoPR fé\ﬁiﬁgfez;mer Consumption _ 125 . mA
IPD1 Power Save Mode 1 — 75 — mA
IPp2 Power Save Mode 2 — 20 — mA

IPD3, 4 | Power Save Modes 3, 4 — 1 — mA

IPpsus | SUSPEND Mode — 0.5 — mA
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® Input Specifications

Symbol Parameter Condition Min Typ Max Units
Vi Low Level Input Voltage (CMOS Inputs) Vop = MIN — — 1.0 Vv
Vi Low Level Input Voltage (TTL Inputs) Vop = MIN —_ — 0.8 \"
VIH High Level Input Voltage (CMOS Inputs) Vbp = MAX 3.5 — — Vv
VIH High Level Input Voltage (TTL Inputs) Vbp = MAX 2.0 — — \"
VT :D%E’I?I'_"éechgrﬁ;;%ng:t‘:fh°'d VoD =5.0 — — | 30 v
Vr- z‘#’fg‘ﬁrﬂ?&"iﬁﬂgsr‘o'd VoD = 5.0 06 — — v
VH Hysteresis Voltage (TTL Schmitt inputs) VoD = 5.0 0.1 —_ — \Y

Vop= MAX
liz Input Leakage Current ViH = VDD -1 — 1 pA
ViL=Vss
CIN Input Pin Capacitance — 8 —_ pF
Rpu | Pull Up Resistance Vob =5.0V 50 — 200 kW
® Output Specifications

Symbol Parameter Condition Min Typ Max Units
loL Low Level Output Current (TS2) VoL = Vss+0.4V 6.0 — — mA
loH High Level Output Current (TS2) VoH = Vpbp-0.4V -2.0 — — mA

lo Low Level Output Current (C03) VoL = Vss+0.4V 12.0 — — mA
loH High Level Output Current (C03) VOH = VDD-0.4V -4.0 —_ — mA
lo Low Level Output Current (TS4) VoL = Vss+0.4V 24.0 — — mA
loH High Level Output Current (TS4) VoH = VDD-0.4V -8.0 —_ — mA
VoH = VbD
loz Output Leakage Current or VoL = Vss -1 - 1 HA
Cout | Output Pin Capacitance — 6 — pF
CeiD | Bidirectional Pin Capacitance — 10 —_ pF
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H SPC8108 PIN OUTS

SPC8108Foc

8 w_m 8 mim_m mw 3 %_w_%“%_m_%_w_mi%_w@m m_%_uv.w—m_mT_Ln_m_iuz
PO OOUWOOZZIZOZ A 44NN QU-TNOON
$R=R8 2028088028802 8200875785858
(®] QQUFY =" 30 40 a S<5<=5°=
== s [$) o 7]
199 yop < 2 Vss
04 ag MS0
A as MD4
2046 MD11
184 a7 MDS
1418 MD10
151 pg MD6
e At0 MD9
LA PN MD7
181 A12 MD8
19 43 LCAS
120] 07 WE
1211 a5 UCAS
1224 A16 RAS
A28 vss MA8
124 Vop MAO
5500 SPC8108FOC A7
1260 by
127 b2 MA6
1281 p3 MA2
129y MAS
180/ bs MA3
I3 D6 Vob
32 D7 Vss
1381 ng MA4
1341 g IREFEN
2351 b1o RS2
1361 b1y DACWR
237 b2 BLANK
a3 xce
1
T4l pa HSYNC
| re D477
241 RESET
142 oLo
READY
248 ppCLK Q oL1
44 Vss Vobp
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L - - _..-___ - |
H PIN DESCRIPTION

Key

Key

C = CMOS level input

CSs = CMOS level input with hysteresis

COx = CMOS level output, x denotes cell type

TSx = Tri-state CMOS level driver, x denotes cell type

TSUx = Tri-state CMOS level driver with 100 kQ pull up resistor, x denotes cell type

® Video Memory Interface

Pin Name Type Pin # Drv Description
MA[0:9] (0] 20, 48, 51, 52, TS2 Multiplexed row/column address bits for video display
54, 55, 56, 57, (*C) memory.
58
MDJ[0:15] I/0 63, 64, 66, 67, TTY Data bits for video display memory. The output
68, 69, 70, 74, | TS2U2 | driversofthese pins are placedinto a high-impedance
75,76, 77,78, state when RESET is high, or when the Sequencer
79, 80, 81 isin a reset state. On the falling edge of RESET, the

values on MD[3:0] and MD[12:9] are latched into a
read-only Auxiliary Register and are available to be
read as configuration inputs. Also, the value on
MD[8:4] and MD[14:13] are used to configure various
hardware options. See section on configuration
options for details.

/RAS o 59 TS3 DRAM Row Address Strobe for single 256Kx16
(*C) DRAM.

/LCAS o 62 TS3 DRAM Column Address Strobe for low byte (/LCAS).

(/LWE) (*C) | For alternate function see Multiple Function Pin
Descriptions.

/UCAS (@] 60 TS3 DRAM Column Address Strobe for high byte (/UCAS).

(/CAS) (*C) | For alternate function see Multiple Function Pin
Descriptions.

(0] 61 DRAM Write Enable Strobe (/WE).
/WE TS3 For alternate function see Muiltiple Function Pin
(/UWE) (*C) | Descriptions.
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® Clock Inputs

Pin Name Type Pin # Drv Description

CLKI1 | 90 C This pin, along with CLKO1 is the 25.175 MHz 2-
terminal crystal interface when using a 2-terminal
crystal as the clock input. If an external oscillator is
used as a clock source, then this pin is the clock
input.

CLKO1 (0] 91 . This pin, along with CLKI1 is the 25.175 MHz 2-
terminal crystal interface when using a 2-terminal
crystal as the clock input. If an external oscillator is
used as a clock source, then this pin should be left
unconnected.

CLKI2 | 86 Cc This pin, along with CLKO2 is the 28.322 MHz 2-
terminal crystal interface when using a 2-terminal
crystal as the clock input. If an external oscillator is
used as a clock source, then this pin is the clock
input.

CLKO2 o 87 . This pin, along with CLKI2 is the 28.322 MHz 2-
terminal crystal interface when using a 2-terminal
crystal as the clock input. If an external oscillator is
used as a clock source, then this pin should be left

t - unconnected.
@ CPU Interface
Pin Name Type Pin # Drv Description
AJ0:16], LA[17:23] | 2..8,104..107, TTL CPU bus address inputs. In Suspend Mode, the
110..122 Address inputs are internally masked off. If the value

on MD[5] at RESET = 1, then the ALE input is used
to internally latch LA[23:20] and A[19:2], allowing
these address bits to be driven by the processor
address bus. If the value on MD[5] at RESET = 0,
then standard ISA address timing is assumed.

D[0:15] 110 125..140 TTL 16 bit ISA-Bus data bus. These lines are driven by
TS2 the chip only during read cycles, and are in a hi-Z
state at all other times. In Suspend Mode, these
inputs are internally masked off.

MEMEN l 97 TTLS | ISA Bus Memory Enable. This signal should be
connected to the /REFRESH signal on the ISA bus.
When this signal is low (e.g. during a system memory
refresh cycle), memory address decoding is disabled.

/IOR 1 94 TTL ISA Bus I/O Read Strobe. In Suspend Mode the /IOR
input is disabled.

/IOW 1 95 TTL ISA Bus I/O Write Strobe. In Suspend Mode the
/IOW input is disabled.

/MEMR | 96 TTL ISA Bus System Memory Read Strobe. in Suspend
Mode the /MEMR input is disabled.

/MEMW | 98 TTL ISA Bus System Memory Write Strobe. In Suspend
Mode the /MEMW input is disabled.

/IOEN 1 93 TTLS | ISABus /O Enable. This input should be connected

to the ISA bus AEN signal. When this signal is high,
1/0 address decoding is disabled. In Suspend Mode,
the /IOEN input is disabled.

(continued)
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"~ . - "]
® CPU Interface (continued)

Pin Name Type Pin # Drv Description

READY (0] 142 TS2 ISA Bus READY signal. This output is driven low to
force the CPU to insert wait states during memory
cycles. READY is released to high-Z after a transfer
is complete.

RESET | 141 TTLS | The active high Reset signal from the CPU clears all
internal registers andforces all signals totheirinactive
state. During Suspend Mode the RESET input is
ignored.

IRQ (0] 9 TS2 ISA Bus Vertical Interrupt. When enabled, a Vertical
Retrace Interrupt will cause this signal to be driven
from alogic O state to a logic 1 (rising-edge triggered
interrupt). Once set, this interrupt must be cleared by
a bit in the CRTC registers. A control bit in the
Aucxiliary Registers allows this output to be optionally
disabled (tri-stated)

/MEMCS16 (0] 99 TS4 ISA BusMemory Chip Select 16.
(¢
/I0CS16 o} 100 TS4 ISA Bus I/O Chip Select 16
(C)
/BHE | 101 TTL ISA Bus Byte High Enable. In Suspend Mode the /
BHE input is disabled.
ALE | 102 TTL ISA Bus Address Latch Enable. In Suspend Mode

the ALE input is disabled. If the value on MDI[5] at
RESET =1, then the ALE input is used to internaily
latch LA[23:17] and A[16:2], allowing these address
bits to be driven by the processor address bus. If the
value on MD[5] at RESET = 0, then standard ISA
address timing is assumed.

/OWS (0] 103 TS2 ISA Bus 0 Wait State. This signal will be driven low
during /0 accesses to indicate 0 wait state cycles
may be performed. When inactive, this output will be
in the high-impedance state.
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® External CRT/RAMDAC Interface

Pin Name Type Pin # Drv Description

P[0:7] O 26..33 TS2 Pixel Data outputs. These 8 bits are connected to the
pixel select inputs of the external RAMDAC.

PCLK (0] 34 TS2 Pixel Clock. Pixel data is clocked out of the chip on
the falling edge of PCLK.

/BLANK (0] 44 TS2 Blank output. This output is driven low during display
blanking periods.

/HSYNC (0] 41 TS4 Horizontal Sync. This output is driven to indicate the

horizontal retrace period. The polarity of this signalis
determined by a control bit in register 3C2H.

NSYNC (0] 42 TS4 Vertical Sync. This output is driven to indicate the
vertical retrace period. The polarity of this signal is
determined by a control bit in register 3C2H.

/DACRD (6] 43 TS2 RAMDAC Read Strobe. This signal goes low when a
valid read access to the VGA RAMDAC is decoded
by the chip.

/DACWR 0} 45 TS2 RAMDAC Write Strobe. This signal goes low when a
valid write access to the VGA RAMDAC is decoded
by the chip.

RS2 (o] 46 TS2 Register Select 2 output. This output should be
connected to the RS2 input of the RAMDAC (Bt477
or equivalent). The logic level on this output may be
set by setting Auxiliary Reigister [0B] bit 3. This
signal is required to allow CPU access the control
and overlay registers of the external RAMDAC.

OL[0:1] (0] 38, 39 TS2 Multiple Function Pin

Function is determined by the value on MD[13] at
RESET.

When MDJ[13]=0 at RESET, these pins are outputs
used to provide sprite/HW cursor function on the
CRT display. In this case, these outputs should be
connected to the OL[0:1] inputs of the RAMDAC
(Bt477 or equivalent). They are used by the sprite
circuitry to access the overlay registers in the
RAMDAC. When MD[13] = 1 at RESET, the sprite/
HW cursor functionis unavailable on the CRT display.

Refer tofunctional specification for alternate function.

oL23 (0] 35 TS2 Overlay Select output 2/3. This output should be
connected to both the OL2 and OL3 inputs of the
RAMDAC (Bt477 or equivalent). This signal is used
by the sprite circuitry to access the overlay registers
in the RAMDAC.

D477 (o] 40 TS2 477 Control Signal. This output should be connected
to the 477/471 input of the RAMDAC (Bt477 or
equivalent). This signal is used to access the control
register of the RAMDAC and to allow it to be powered
down. The logic level on this output can be controlled
by setting Auxiliary Regiser [0B] bit 4, and is also
controlled by the power save logic.

(continued)
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® External CRT/RAMDAC Interface (continued)

Pin Name Type Pin # Drv Description

/IREFEN (0] 47 TS2U3 | IREF Control output. This signalis used to control the
(*C) external current reference source required by the
RAMDAC, allowing powering down the analog
circuitry when not required. When this signal is
driven low, the external current reference should be
enabled. When this signalis high, the external current
reference should be shut off.

MSJ[2:0] | 71, 82, 83 TTL Monitor Sense inputs. There are internal pullups on
each of these inputs. These signals should be
connected to the monitor sense lines from the CRT
monitor cable. The status of these bits is readable in
Auxiliary register [08] bits 2:0, and is used by BIOS
software to determine the presence and type of
monitor connected. Optionally, the SENSE output of
the RAMDAC may be connected to one of these
inputs to allow the BIOS to read the SENSE signal
and detect the monitor.

® Power Save Mode Control

Pin Name Type Pin # Drv Description

/SUSPEND | 84 CS A low level on this pin puts the chip into a hardware
powerdown mode. The/SUSPEND signal overrides
any software initiated power down modes, and
disables the ISA-Bus interface inputs. Address and
Data inputs are also masked when this signal is low.
When in Suspend Mode the UD(3:0), LD(3:0), XSCL,
and WF signals are driven into a high impedance or
low state (configurable) and the /LCDPWR signal is
driven high.

PDCLK | 143 TTL Power Down Clock. This input may be used to
provide a low frequency clock for generating refresh
in Power Save Modes 4 and Suspend, as an optional
alternative to using the pixel clock or MEMEN input
as the refresh clock source. This clock input should
be driven by either a 64 kHz or 32 kHz clock source.
If using a 32 kHz clock source, MD[14] must be set
to 0 at reset. Refer to the SPC8108 Functional
Specification for PDCLK support details.

If the use of Power Save modes while driving a CRT
monitor is required, then this PDCLK input must be
driven by a 32 kHz clock, since this input is used to
generate sync signals to the CRT when a Power
Save Mode is enabled.
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® Power Supply

Pin Name Type Pin # Description
VoD P 14,37,85,92,109 VoD supply for core logic.
VbD P 1,50, 73, 124 Vob supply for /O pins.
Vss P 11,36,88,89,108 Vss supply for core logic.
Vss P 49,72,123, 144 Vss supply for I/O pins.
® Configuration Options
Pin Name Value on this pin at falling edge of RESET is used to configure: (1/0)
MDI[3:0] Values latched into read-only Aux Reg[OC] bits 3:0 for software use
MD[4] Reserved
MDJ5] A[19:2_] latched internally by ALE (1) / standard ISA bus ALE - A[16:0] not latched (0)
(this pin only has an effect if MD[4] = 1 at RESET)
MDI6] 2 CAS, 1 WE type DRAM (1) / 1 CAS, 2 WE type DRAM (0)
MD[7][8] Reserved
MD[12:9] Values latched into read-only bits 7:4 of Aux Reg[0C] for software use
MDI[13] Pins 38, 39 used for ext. RC for 32kHz PDCLK (1) / pins 38, 39 used for OL[1:0] (0)
MD[14] Internal PDCLK disable (1) /enable (0)
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® LCD Panel Interface

Pin Name Type Pin # Drv Description

YD (o) 10 TS4 Vertical Scanning Start Pulse output. Alogic 1 on this
signal, sampled by the LCD module on the falling
edge of LP, is used by the panel row drivers (Y
drivers) to indicate the start of the vertical frame.

LP o 13 TS4 Latch Pulse output. The falling edge of this signal is
used to latch a row of display data in the LCD
module’s column driver shift registers and to turn on
the row driver (Y driver) for that line.

XSCL (0] 12 TS4 Shift Clock for LCD data. Display data is clocked out
of the chip on the rising edge of this signal, to be
shifted into the LCD panel module column drivers (X
drivers) on each falling edge.

UD[0:3] (0] 22..25 TS4 Upper panel display data for dual panel - dual drive
mode. For 8-bit single panel - single drive mode,
these bits are the most significant 4 bits of the 8 bit
output data to the panel (PD[4:7]). For 4 -bit single
panel mode, these bits are the 4 bits of data output
to the panel.

LD[0:3] (0] 16..19 TS4 Lower panel display data for dual panel - dual drive
mode. For 8-bit single panel - single drive mode,
these bits are the least significant 4 bits of the 8 bit
output data to the panel (PD[0:3]). For 4-bit single
panel mode, these outputs are driven low.

/LCDPWR O 21 TS2 LCD power control. In normal operation this signal is
driven low to enable an external LCD power supply.
This signal is driven high when the chip is putinto any
power save mode, or if the Sequencer is in a reset
state. It can be used externally to turn off the panel
supply voltage and backlight. After a RESET, this
signalis held high untilthe CRTCis programmedand
running.

WF ' (o] 15 TS2 LCD Backplane Bias signal. This output can be
programmed to toggle once per frame or once per 1-
31 latch pulses (LP).
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B LCD Panel Pixels

< 640 DOTS >
11 [ 1-2 1-639] 1-640
2.1 | 2-2 2-639 | 2-640
240 LINES UPPER LCD PANEL
240-1 | 240-2 240- 639]240- 640
241-1 | 241-2 241- 639]241- 640
(TOP VIEW)
240 LINES LOWER LCD PANEL
480-1 | 480-2 480- 639]480- 640
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B LCD Panel Interface

8-Bit Single Panel
LP : 0/2 PULSES

LP : 480 PULSES (SELECTABLE)"
YD 1 o e
S| | M M n_.n_n_n _n 1n | -
WF oo X
UD[3:0], LD[3:0] __\ LNE1 Y LINE2 Y LINES X LINE4 X — — - XUINE 470 XLINE 480\ A uner X une2 X
Lp [ \l
WF X SoIIC
- XSCL: 80 CLOCKS o
XscL oL Lrrororo. . i
TR G0 =D S S CEEEED C O XX ). [ X
up2z ————- (2 Yoo X X X------ X O ) X
PO G GETD SH G CEREED C XX G X
PO = GE7) S GH CEREE D G S G ¢ W G (
PO 65 G= G G CEEEEE D G G G €52 W G (
D2 ———— - Cee )G X X X------ C X XX ) [ X
ORI 6= =15 S G CEEEE C XXX G X
DO —————— - G )Goe X X X------ S S S G €= W S

* Diagram drawn with 2 LP vertical blank period
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H LCD Panel Interface

8-Bit Dual Panel
LP : 0/2 PULSES
LP : 240 PULSES  (SELECTABLE)
(< > >
YD _ !
P 1] N Ml ] N M | | N | | N N N L
WF o X
UD[3:0], LD[3:0] A\ (LN 17247 YUINE 27262 YUNE 37243 YLINE 4284 X — — - ae zagra7s e se0ian) A LNE 17241 ) LINE 27262 X
e . S —-
WE X SllC -
I XSCL: 160 CLOCKS O
l€e— —>
xse. L rierirt . L i R |
PO G= 0 G- Gl G SRS S G G G C72 W G
upp —— - (2 Xe X X X------ S G D G €= W G ¢
O =0 G =0 G Ga SRS G e C= W -
SO =5 G5 Gl G SRR S G S e C= W G
D3 ——— - (a1 XoasX X X------ S G G S T A G {
D2 ————- (a2 foe6 X X X-----4 D G G G T W G {
D] ————-- (ansXon7) X X------ S G G G I R G {
D0 ————- far4 Xoa8) X X------ S G G G 2 A G ¢
* Diagram drawn with 2 LP vertical blank period

85




SPC8108Foc

B LCD Panel Interface

4-bit Single Panel

LP : 0/2 PULSES

- LP : 480 PULSES  (SELECTABLE)"
[‘ Vl - Lol
YD o |
(2SN | A | S | I | | A | S | [ | S | U | | | M |
WF S X
UD[3:0], LD[3:0] __\ UNE T Y LNE2 X LNEs X LNE4 X — — - XLINE 479 Y LINE 480 ) LINE 2

/

LP ]

WF X
I= X
XscL i
D3 XX XD
PO G D G5 S G
PR €= D S=2 G S
Do B =D GXD G G

* Diagram drawn with 2 LP vertical blank period
See Functional Specifications for variations in 4-bit timing.

»|
=l

______ Lrrerere— o e

------ D G G GHED C=7) R G {
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LOCAL BUS LCD/CRT VGA CONTROLLER

B DESCRIPTION

The SPC8110 is a single chip multi-function Low Voltage LCD & CRT VGA Controller with an integrated
RAMDAC, PLL and a Liquid Crystal Display interface. With a built-in Hardware Cursor, a Bit Block Transfer
Engine (BitBLT), and a CPU Local Bus Interface, the SPC8110 accelerates the display of Graphical User
Interface software on Analog CRT Monitors and Single or Dual Panel Monochrome or Color LCD Displays.

Optimized for cost and power savings, the SPC8110 mixes 3.3 Volt 0.72 micron standard cell and gate array
technology to achieve high density integration. Power consumption in 8-bit monochrome LCD modes is
estimated to be 700 mW peak during extensive 32-bit 33 MHz Local Bus BitBLT operations, and 0.5 mW in
standby with self-refresh DRAM.

B FEATURES
® Hardware VGA Compatible ® Mixed voltage multi-resolution LCD Panel In-
® Mixed voltage 32-bit PCI, VL-Bus™ or 486DX terface, Dual Panel-Dual Drive, Single Panel-
local bus direct Interface Single Drive
@ 512KB or 1024KB display memory using one ® 16, 32 & 64 LCD Gray Shades by FRM and
or two 256K x 16 self-refresh DRAM respec- Dithering
tively (CAS or WE controlled; symmetrical or ® Upto 256K LCD Colors by Frame Rate Modu-
asymmetrical addressing) lation (FRM) and Dithering
® Hardware Bit Block Transfer Engine ® Vertical Centering and Expansion
® Hardware 64 x 64 pixel 2-bit Cursor ® Programmable Gray-scale Weighting and
® Hardware Color Expansion Contrast
® 8 stage 32-bit Display Pipeline ® LCD Panel Power Sequencing
® Linear Mode Addressing @ Simultaneous LCD and Analog CRT display
® Internal PLL and Clock Generation ® Extensive Hardware and Software activated
® Internal 256 x 18-bit RAMDAC Power Save Modes and Status Signals
® Direct Analog CRT drive ® 208 pin QFP 28 x 28 mm Package
® 3.3 Volt Core Operating Voltage
B SYSTEM BLOCK DIAGRAM
ANALOG
3.3Vorsv
SPC8110FOA |« - >| AT
Local Bus
3.3V or 5.0V
X = > LCD/CRT VGA
Controller
3.3V < LCD
PANEL
L 1
PCI Bus 3.3V or 5.0V
VL Bus y
486DX Local Bus 256K x 16
DRAM  [i
{optional 2nd DRAV
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B PCI BUS SYSTEM BLOCK DIAGRAM

Shown with 1024 KB memory option

Power RTC
Management || 32kHz

ZzZ - N
£z a B & rer IREF
g2 2 & 9
BLUE »BLUE
PCI GREEN | GREEN
BUS RED » RED CRT
VSYNC > VSYNC
HSYNC | HSYNC
PAR PAR MONID[2:0] U
AD[31:0] | —»{ AD[31:0]
C/BE[3:0] » C/BE[3:0]
FRAME > FRAME
IRDY —»{IRDY SPC8110FOA uD[7:0] —» UD[7:0]

TRDY |« TRDY LD[7:0] > LD[7:0]
DEVSEL |« DEVSEL XSCL » XscL 8/16-bit
STOP [« STOP XSCLU > XscLu LCD
IDSEL > IDSEL YD > YD DISPLAY

RST RESET LP LP
CLK > BCLK WF WF
A A
— _ LCDBIAS > AL—T
S ) LCDLOGIC
14.318 MHz REFCLK S < tg lz:m @ ’u. |Z
a w o
£ 5 RuRE SRR
X )
1 l rl I—']_

1 v
ss5g ¢ (55 pogs ¢

256K x 16 DRAM 256K x 16 DRAM

A[9:0] |«
D[15:0] [«
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B VL-Bus SYSTEM BLOCK DIAGRAM

Shown with 1024 KB memory option

Power RTC
Management | | 32kHz

§ i

zz x
ag 3 IREF IREF
e 4
BLUE > BLUE
39-bit GREEN >| GREEN
RED > RED CRT
VL-BUS VSYNC » VSYNC
HSYNC > HSYNC
ADR[31:2] > ADR[31:2] MONID[2:0] 4———,
DAT[31:0] [ > DAT[31:0]
BE[3:0] >| BE[3:0]
ADS —| ADS
RDYRTN > RDYRTN SPC8110FOA UD([7:0] UD[7:0)

LRDY [« LRDY LD[7:0] > LD[7:0]

LDEV | LDEV XSCL » xscL  16-bit
M0 > W/IO XSCLU xscLu  LCD
W/R > W/R YD > YD  DISPLAY
LCLK > BCLK LP

RESET | RESET WF > WF
L 4
_ . LCDBIAS > AJ
g 2 LCDLOGIC >
14.318 MHz RE K 2 D, D0 @ @ —
< QO ] [a]
b %EL‘E’E s ‘5 ‘5
]
YV VYVYY 1 ‘ Y ¥ l Vl 1
55 REZE B | ST RERR B
= < [O7 = -~ OO
<< E } ) < E- |- D

256K x 16 DRAM 256K x 16 DRAM
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M 486DX-33 LOCAL BUS SYSTEM BLOCK DIAGRAM

Shown with 512KB memory option

256K x 16 DRAM

M Power ' l_—’RTC
anagemen 32kHz |_-L l—_|_
P4 X - [
To a a a IREF IREF
Intel 486DX 53 2 8 8
LOCAL BUS oo = = BLUE —»BLUE
GREEN > GREEN
RED > RED CRT
VSYNC > VSYNC
HSYNC > HSYNC
ADRI[31:2] > ADR[31:2]
DAT[31:0] [ > DAT[31:0] MONID[2:0]
BE[3:0] > BE[3:0]
ADS > ADS
RDY [« = EF?Y\?TN SPC8110FOA UD[3:0] > UD[3:0]
MIO > M/IO LD[3:0] > LD[3:0] .
W/R » W/R XSCL > xscL  8-bit
CLK BCLK XSCLU —XscLu LCD
RESET > RESET YD > YD DISPLAY
LP > LP
486 Chipset WF > WF r .
LDEV [« LDEV — j
_ . LCDBIAS >
2 2 LCDLOGIC
14.318 MHz 2 D00 ] —
< Q L Q
<3 Bl 2R
i |
' L vvv 1 l NG NC
T T RUeR W
55 [g=g8 ©
< 5 = B
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L
B SPC8110 VIDEO MODES

i riz. Pixel .
Vode A d:r:seslzlble Hgilszpl:ye ds Vertical Font Size No. of Shades Frame Rate (Hz)
X . . Pixel n r ingl ual
(e | Motzomal | Verteal | GAT | 10D | il | oA | oo | NG | OO0 oA | onr | B pon
- LCD LCD
0 (40) (25) 320 320 200 8X8 8X8 16 16 16 70 79 78
0+ (40) (25) 320 320 350 8X14 8X14 16 16 16 70 79 78
O++ (40) (25) 360 320 400 9X16 8X16 16 16 16 70 79 78
1 (40) (25) 320 320 200 8X8 8X8 16 16 16 70 79 78
1+ (40) (25) 320 320 350 8X14 8X14 16 16 16 70 79 78
1++ (40) (25) 360 320 400 9X16 | 8X16 16 16 16 70 79 78
2 (80) (25) 640 640 200 8X8 8X8 16 16 16 70 79 78
2+ (80) (25) 640 640 350 8X14 | 8X14 16 16 16 70 79 78
2++ (80) (25) 720 640 400 9X16 | 8X16 16 16 16 70 79 78
3 (80) (25) 640 640 200 8X8 8X8 16 16 16 70 79 78
3+ (80) (25) 640 640 350 8X14 8X14 16 16 16 70 79 78
3++ (80) (25) 720 640 400 9X16 8X16 16 16 16 70 79 78
4 320 200 320 320 200 N/A N/A 4 4 4 70 79 78
5 320 200 320 320 200 N/A N/A 4 4 4 70 79 78
6 640 200 640 640 200 N/A N/A 2 2 2 70 79 78
7 (80) (25) 640 640 350 8X14 8X 14 2 2 2 70 79 78
7+ (80) (25) 720 640 400 9X16 8X16 2 2 2 70 79 78
oD 320 200 320 320 200 N/A N/A 16 16 16 70 79 78
OE 640 200 640 640 200 N/A N/A 16 16 16 70 79 78
OF 640 350 640 640 350 N/A N/A 2 2 2 70 79 78
10 640 350 640 640 350 N/A N/A 16 16 16 70 79 78
11 640 480 640 640 480 N/A N/A 2 2 2 60 79 78
12 640 480 640 640 480 N/A N/A 16 16 16 60 79 78
13 320 200 320 320 200 N/A N/A 64 256 256 70 79 78
6A 800 600 800 800 600 N/A N/A 16 16 16 72 65 72
100 640 400 640 640 400 N/A N/A 64 256 256 72 79 78
101 640 480 640 640 480 N/A N/A 64 256 256 72 79 78
102 800 600 800 800 600 N/A N/A 16 16 16 72 65 72
103 800 600 800 800 600 N/A N/A 64 256 256 72 a6s 72
104 1024 768 1024 1024 768 N/A N/A 16 16 16 60 N/A 70
105 1024 768 1024 1024 768 N/A N/A 64 N/A 256 N/A 60 70
108 (80) (60) 640 640 480 8X8 8X8 16 16 16 60 79 78
109 (132) (25) 1056 N/A 350 8X14 N/A N/A N/A 16 70 N/A R
10A (132) (43) 1056 N/A 350 8X8 N/A N/A N/A 16 70 N/A N
10B (132) (50) 1056 N/A 400 8X8 N/A N/A N/A 16 70 N/A N
10C (132) (60) 1056 N/A 480 8X8 N/A N/A N/A 16 70 N/A N
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S S T

W Display Resolution Support

The following three tables show the combinations of modes and display types supported by the SPC8110F0A

with the maximum 40 MHz MCIk.
640 x 480
Single STN | Mono STN | ColorSIN 1 Mono ST Color STN

Panel Panel
512K 0,1 yes yes yes yes yes
512K 2,38,7 yes yes yes yes ayes
512K fast ext byes yes yes yes ayes
512K 4,5 yes yes yes yes yes
512K planar cyes yes yes yes yes
512K 256 yes yes yes ayes ayes
1024 K 0,1 yes yes yes yes yes
1024 K 2,3,7 yes yes yes yes ayes
1024 K | fast ext byes yes yes yes yes
1024 K 4,5 yes yes yes yes yes
1024 K planar cyes yes yes yes yes
1024 K 256 yes yes yes yes yes

Notes: a. if half frame buffer is disabled.
b. fastextis Fast Text Mode
c. planaris 16 Color Planar Mode
800 x 600
Single STN | Mono STN | Color TN Mono STN Color STN

Panel Panel
512K 0,1 yes yes yes — —
512K 2,3,7 — yes — — —
512K fast ext byes yes yes o —
512K 4,5 yes yes yes — —
512K planar cyes yes yes — —
512K 256 — yes — — —
1024 K 0,1 yes yes yes — —
1024 K 2,3,7 — yes yes — —
1024 K | fast ext byes yes yes — —
1024 K 4,5 yes yes yes — —
1024 K planar cyes yes yes — —
1024 K 256 yes yes yes — —

Notes: a. fastextis Fast Text Mode

b. planaris 16 Color Planar Mode
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1024 x 768
Single STN Mono STN Color STN Mono STN Color STN
Panel Panel Panel
Panel Panel
512K 0,1 yes yes —_ —_ —
512K 2,3,7 — _ —_ —_ —
512K fast ext — yes —_ — —
512K 4,5 yes yes yes — —
512K planar cyes yes — — —
512K 256 —_— — — — —
1024 K 0,1 yes yes yes - —
1024 K 2,3,7 — —_ — — —_
1024 K | fast ext —_ yes —_ —_ —
1024 K 4,5 yes yes yes — —
1024 K planar cyes yes yes —_ —_
1024 K 256 yes yes —_ — —
Notes: a. fastextis Fast Text Mode

b. planaris 16 Color Planar Mode
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B FUNCTIONAL BLOCK DIAGRAM

- 1
| Clock |
14.318 MHz ™ | Generation | |
I
_____ i
| Red
Green
r—  —_ T T o 1, Beeve
> H
g?\?g} g} <L s Host | > VGA » Palette » DAC [ VSYNC
R Core < IREF
BUS ||
CONTROL | yy 7y |
‘ Y v |
' HW | |BitBLT | |Display |
Cursor | [Engine| | FIFO
|
| [ 3 A [ XSCLU
XSCL
l | bl
ey | ; ‘ | 12l
moaHed] DRAM LeD :
MDB[15:0] <+{+— > R > P
~ RAS I Controller Controller I/F YD
espo (I - | WE
WE | ———— — — — — — — — — — T
- — = —
PS1PIN ' [Power] | LCDBIAS
PS4PIN 7| Down |—] ‘t‘éB'&?@.’?
32 KHz | Circuit
_
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B FUNCTIONAL BLOCK DESCRIPTION

Host Interface

The Host interface can be programmed to inter-
face to any of the following three standards:
486DX local bus interface, VL-Bus interface, and
PCl interface. It has a one-stage buffer for zero
wait-state write operation.

Clock Generator

The clock generator contains two PLL’s that are
separately programmed to produce the memory
and pixel clocks from a single clock source. The
reference clock is typically 14.318 MHz.

VGA Core

The VGA Core contains the Sequencer, CRTC
Controller, Graphics Controller, Attribute Con-
troller, and the rest of the standard VGA circuitry.

Hardware Cursor

The Hardware Cursor block generates a 4 gray
shade or color, 64 x 64 x 2-bit hardware cursor/
sprite that can be overlaid on the displayed im-
age.

Bit Block Transfer (BitBLT) Engine

The Bit Block Transfer Engine performs read,
write, move BLTs, solid fills, destination inver-
sions, and pattern fills. It performs all data align-
ment and masking at the BLT boundary. It also
performs text expansion to accelerate the writing
of monochrome images. It operates in both 4-bit
planar mode and 8-bitlinear (packed-pixel) mode.

SPC8110Foa

Display FIFO
This is an 8 stage by 32-bit FIFO that is used to
buffer the video data from display memory.

VGA Palette

This block implements the standard 256 x 18
VGA lookup table.

DAC

This block functions as a triple 6-bit 65 MHz DAC
to drive the RGB outputs connected to the analog
monitor.

LCD Interface

This block contains frame rate modulation and
dithering circuitry for a maximum of 64 shades of
grayinmonochrome single and dual panelmodes.
In color LCD mode, it uses frame rate modulation
to generate 4K colors, and additional dithering
techniques for a full 256K colors.

Power Save Logic

This block implements all the power down fea-
tures of the chip.
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B ELECTRICAL CHARACTERISTICS
® Absolute Maximum Ratings

Parameters Codes Rating Units
Supply voltage Vop Vss—-0.310 +7.0 \"
Input voltage Vin Vss—0.3 to Voo +0.3 \'
Output voltage Vour Vss—0.3 to Voo +0.3 \'
Storage temperature Tsta —65 ~ 150 °C
Soldering temperature/time TsoL 260 for 10 sec max at lead °C

® Recommended Operating Conditions

Parameter Symbol Condition Value Unit
Min Typ Max

Supply voltage HVoo Vss = 0V 4.5 5.0 5.5 \'

Supply voltage LVoo Vss =0V 3.0 3.3 3.6 \'

Input voltage Vin Vss Vss — Voo \'
Operating temperature Torr 0 25 70 °C
©® Input Specifications

Parameter Symbol Condition Min Typ Max Unit

Low level input voltage Vi Voo =4.5V/3.0V 0.8 Vv
High level input voltage Vi1 Voo =5.5V/3.6 V 2.0 \%
Pull down resistance HRep Voo = 5.0V 25 50 100 KQ
Pull down resistance LRro Voo = 3.3V 45 90 180 KQ
g‘;ﬂsgéesgl‘:ﬁ]?nﬂ}’r?;g;'d VT. Voo = 5./3.3V 24 v

v
Clock pin capacitance Cin BCLK,RESET#,REFCLK, 4 pF

MONID [2:0], TSTENPSIPIN,
PS4PIN, PSCLK
Input pin capacitance Cap All pins not listed in Cin 10 pF
Input leakage current I Voo =MAX -1 1 pA
Vin= Voo
ViL=Vss
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® Output Specifications

Parameter Symbol Condition Min Typ Max Unit

Low level output voltage Voo =5/3.3V
Type 2 loL = 6mA
Type 3 Vou oL = 12mA Vss + 0.3 \"
Type 4 loL = 24mA
High level input voltage Voo=5/3.3V
Type 2 lon = —2mA _
Type 3 Vos lon = —4mA Veo =03 v
Type 4 lon = —8mA
Voo =MAX
Off-state leakage current loz V= Voo -1 1 LA
ViL= Vss
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Pin placement subject to change.
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Note: Pin names correspond to the PCI bus configuration.
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B PIN DESCRIPTION

Key
A = Analog
| = Input
O = Output
/0 = Bi-directional
P = Power

® CPU Interface

PCI Bus
Pin Name Type Pin # Description
AD [31:0] 110 22-29, 34-41 PCI multiplexed address and data Bus. These lines are
51, 55-61 driven by the chip only during read cycles, and are in a
65-72 hi-Z state at all other times.
ADR [31:2 | 20-3, 206-203, | Unused VL-bus address inputs. These pins should be tied
200-193 high in PCI mode.

C/BE [3:0}# | 30, 43, 50, 62 PCI bus command and byte enables.

IDSEL | 31 PCI bus initialization device select.

STOP# 1/O 48 PCI bus stop

FRAME# | 44 PCI bus cycle frame

IRDY# | 45 PCI bus initiator ready.

PAR (0] 49 Parity. This line is driven by the chip onlyu during read
cycles, and is in a hi-Z state at alll other times. It is always
hi-Z and should be tied high in VL bus mode.

BCLK | 207 PCI bus clock

TRDY# I/O 46 PCI bus target ready

DEVSEL# O 47 PCI bus device select

RST# | 202 CPU reset. The active low reset signal from the CPU
clears all internal registers and forces all signals to their
inactive state. On the rising edge of the RESET# the
MDA [0...15] bus is latched in for configuration.
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Intel486/VL-Bus

Pin Name Type Pin # Description
ADR [31:2] | 20-3,206-203, VL-bus address inputs. These pins should be tied
200-193 high in PCI bus mode.
DAT [31:0] /0 22-29, 34-41, VL-bus Data inputs. These lines are driven by the chip
51,55-61, only during read cycles, and are in a hi-Z state at all
65-72 other times
BE [3:0]# | 30, 43, 50, 62 VL- bus byte enables.
W/R# | 31 VL- bus write or read status
M/IO# | 48 VL- memory or |/O status
ADS# | 44 VL- bus address data strobe
RDYRTN# | 45 VL- bus ready return
BCLK | 207 VL- bus local CPU clock
LRDY# 0 46 VL- bus local ready
LDEV# (@] 47 PCI bus local device
RST# | 202 CPU reset. The active low reset signal from the CPU
clears all internal registers and forces all signals to their
inactive state. On the rising edge of the RESET# the
MDA [0...15] bus is latched in for configuration.
PAR (0] 49 Unused (Parity)s. This line is used in PCl mode only. Itis
hi-Z state at all times in VL mode and should be tied high
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® Video Memory Interface

Pin Name | Type Pin# Description

MA[9:0] o 119, 120, | Multiplexed row/column address bits for video display memory.
126, 128,
130, 132,
131, 129,
127,125

MDA[15:0] | I/O | 93, 95, 97, | Data bits for video display memory. The output drivers of these pins are
99, 101, | placed into a high-impedance state when RESET# is low, or when MCIKOFF
103, 108, |is active. The inputs have internal pulldown resistors that have
110, 109, | typical values of 50KQ100KQ at 5V/3.3V respectively.
107, 102,
100, 98, 96,
94, 92

MDB[15:0] | I/O | 74,76, 78, | Data bits for video display memory when 1024KB of memory is present

80, 83, 85, | The output drivers of these pins are placed into a high-impedance state

87, 89, 88 | when RESET# is low, or when MCIKOFF is active. The inputs have

86, 84, 82 | internal pulldown resistors that have typical values of 50KQ100KQ at 5V/
79,77, |3.3Vrespectively. They should be left open-circuit when only 512KB of
75,73 memory is attached.

RAS# O 118 DRAM Row Address Strobe
CASI[OJ# O 113 DRAM Column Address Strobe for MDA[7:0], or Column Address
(CAS#) Strobe for all bytes, as configured by AUX [03h] bit 7.
CAS[3:1]# (0] 116-114 | DRAM Column Address Strobes or Write Enable Strobes for {MDB[15:0],
(WE[3:1]#) MDA[15:8]}, as configured by AUX[03h] bit 7. CAS[3:2]# (WE[3:2]#)
are unused and should be left open-circuit when only512KB of memory is
present.
WE# o} 117 DRAM Write Enable Strobe for all bytes or Write Enable Strobe for
(WE[0]#) MDA[7:0], as configured by AUX[03h] bit 7.

® Clock Inputs

Pin Name |Type Pin# Description

REFCLK | 155 This pin is the reference clock used by the internal PLLs to generate all the
necessary clocks. This must be stable during full operation. REFCLK may shut
down only after the chip is totally powered down. Input frequency is typically
14.318 MHz.

PSCLK | 153 Power Save Clock. This input must be used to provide a low frequency clock
for generating refresh. This clock must be approximately 32 kHz and 50% duty
cycle.
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]
® CRT Interface

Pin Name | Type Pin# Description
RED,A AO | 140, 138, |Analog outputs from the Video DAC. Internal comparator for monitor sense
GREEN, 136 is available on all three pins.
BLUE
HSYNC (0] 149 Horizontal Sync. This output is driven to indicate the horizontal retrace period.

In CRT only mode, the polarity of this signal is controlled by register 3C2h, bit
6. In TFT or double scan mode this bit is active low to indicate 640 x 480
resolution. This pin is held low in LCD modes. sThis pin follows the DPMS
standard during power down modes.

VSYNC (0] 152 Vertical Sync. This outputis driven to indicate the vertical retrace period. In CRT
only mode, the polarity of this signal is controlled by register 3C3h bit 7. In TFT
or double scan mode this bit is active low to indicate 640 x 480 resolution. This
pin is held low in LCD modes. This pin follows the DPMS standard during
power down modes.

IREFA Al 142 Current reference input for the Video DAC.

MONID[2:0] | | 147-145 | Monitor ID bits. Connected to the CRT to identify the monitor type.

® LCD Panel Interface

Pin Name |Type Pin# Description

YD (0] 165 Vertical Scanning Start Pulse output. A logic 1 on this signal, sampled by the
LCD module on the falling edge of LP, is used by the panel row drivers (Y
drivers) to indicate the start of the vertical frame.

LP o 164 Latch Pulse ouput. The falling edge of this signal is used to latch a row of display
data in the LCD module’s column driver shift registers and to turn on the row
driver (Y driver) for that line.

XSCL (0] 163 Shift Clock for LCD data. Display data is clocked out of the chip on the rising
edge of this signal, to be shifted into the LCD panel module column drivers (X
drivers) on each falling edge.

XSCLU O 162 Second Shift Clock for some color LCD displays.
UD[7:0] /0 180-177, |Paneldisplay databus. The data format depends on the specific panel connect-
LD[7:0] 186-183, |ed.These pinsaredrivenlowwhenthe LCD interface is disabled (e.g. CRT only
170-167 | mode). For 8-bit panels, UD[7:4] and LD [7:4] are driven low.
176-173

TFTB[5:4] (0] 188-187 | TFT display data bus forthe two Isb of the colorblue. For non-TFT panels, these
two pins are driven low.

LCDBIAS (0] 190 LCD power control for the LCD bias circuitry. Active (On) polarity is defined by
the state of MDA[3] on the rising edge of RESET#.

LCDBACK (0] 192 LCD power control for the LCD back light. Active (On) polarity is defined by the
state of MDA[1] on the rising edge of RESET#.

LCDLOGIC | O 191 LCD power control for the LCD logic circuitry. Active (On) polarity is defined by
the state of MDA[2] on the rising edge of RESET#.

WF (0] 189 LCD Backplane Bias signal. Output toggling frequency is programmable in an

auxiliary register. For TFT panels, this pin outputs the display enable signals.
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® Miscellaneous

Pin Name | Type Pin# Description

TSTEN | 148 This pin, when high, sets the SPC8110F0A into either boundary pin SCAN or
pin output drive test, depending on the state of PS1PIN. This input has an
internal pull down resistor that has a typical value of 50K/100KQ at 5 V/3.3 V
respectively.

GENIO[3:0] | I/O | 121,159, | Three General purpose I/O pins. Output state of each pin is programmable
160, 161 | to control external devices.

LOOP1 | 143 Connects to Loop Filter Capacitor for PLL1
LOOP2 | 134 Connects to Loop Filter Capacitor for PLL2
IOUTX[1:0] | A 137, 139 | Balanced current output for the DAC.

® Power Save Mode Controls

Pin Name | Type Pin# Description

PS1PIN | 150 Pin used to initiate a power save mode 1. The polarity of this pin is program-
mable and has a default polarity of active low. This input has an internal pull
down resistor that has a typical value of 50K/100K Q at 5 V/3.3 V respectively.
When TSTEN is active, the polarity of PS1PIN selects the test to be either
boundary pin SCAN (PS1PIN = 1) or pin output drive test (PS1PIN = 0)

PS4PIN | 151 Pin used to initiate a power save mode 4. The polarity of this pin is program-

mable and has a default polarity of active low. This input has an internal pull
down resistor that has a typical value of 50K/100K Q at 5 /3.3 V respectively.

® Power Supply

Pin Name Type Pin # Description
SOGVop P 158, 106, 54,2 | Voo supply for 3.3V core logic
MVoo P 112, 91 Voo supply for memory pins
BVoo P 32, 64 Voo supply for bus interface pins
CVop P 154 Voo supply for control interface pins
PVoo P 166, 182 Voo supply for panel interface pins
AVop P 135, 141 Analog power supply
SOGVss P 157,105, 53,1 | Vss supply for 3.3 V core logic
MVss P 111, 124, 104, Vss supply for memory pins

90, 81
BVss P 201, 208, 21, 42, | Vss supply for bus interface pins
52, 33, 63
CVss P 156 Vss supply for control interface pins
PVss P 181 Vss supply for panel interface pins
AGND P 133, 144 Analog ground
MCLVop P 122,171 Voo supply for
MCLVss P 123, 172 Vss supply for
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M Intel486/VL-Bus to PCI Bus Pin Mapping

VL-Bus Name PCIl Name Pin No. VL-Bus Name PCIl Name Pin No.
RESET# RST# 202 BCLK BCLK 207
RDYRTN# IRDY# 45 — PAR 49
20-3, 206-203 M/IO# STOP 48

ADR[31:2 — y '

[1:2] 200-193 ADS# FRAME 44
W/R# IDSEL 31 LRDY# TRDY# 46
LDEV# DEVSEL# | 47 BE [3:0]# C/BE [3:0] | 30, 43, 50, 62

] ] 22-29, 34-41, 51, -

DAT [31:0] AD [31:0] 5561 65.72

B MIXED VOLTAGE OPERATION

SOGVop
Mixed Voltage MCLVoo BVoo CVop PVop MVbp
AVop

Conf!gurat!on 1 33V 3.3V
Conffgurat!on 2 33V 50V
Conf!gurat!on 3 5.0V 33V
Conf!gurat!on 4 33V 5.0V
Conf!gurat!on 5 33V 33V
Confl.gurat!on 6 5.0V 50V
Conf!gurat!on 7 5.0V 3.3V
Conf!gurat!on 8 33V 5.0V
ConflguraFlon 9 33V 3.3V
Conf!gurat!on 10 33V 5.0V
Confl.gurat!on 11 5.0V 3.3V
Conﬂ.guratl.on 12 50V 50V
Conf‘lgurat'lon13 33V 33V
Conffgurat!on 14 5.0V 50V
Configuration 15 50V 3.3V
Configuration 16 50V
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]
B Default Pin Mapping for the Various LCD and TFT Panel Options
(AUX[07] bit 2 = 0)

TFT Color LCD Mono LCD
PinName | 18-Bit | 128t | 9Bt | 45 ?43'? 8Bit | 6-Bit | 8-Bit | 4-Bit
Color Color Color Panel
XSCLU CLK | CLK | CLK XSCLU
XSCL XSCL | XSCL | XSCL | XSCL | XSCL | XsCL
) HS HS HS P ) ) LP ) )
YD Vs Vs ) YD YD YD YD YD YD
LD4 RO LD4 UDo | UDO
LD5 R1 LD5 Ub1 | uD1
LD6 R2 RO LD6 ub2 | uD2
LD7 R3 R1 RO D7 UD3 | uDa3
LDo R4 R2 R1 LDO LDO B LDo
LDA1 R5 R3 R2 LD1 LD LG D1
LD2 Go LD2 D2 LR D2
LD3 G LD3 D3 LD3
UD4 G2 Go UD4 | UD4
UD5 Ga G1 Go UDs | UuDs
UD6 Ga G2 Gl UD6 | uD6
uD7 G5 G3 G2 Uo7 | up7
UDo B0 ubo | ubo | uDo uB
UD1 B1 Up1 | ubt | uD1 UG
UD2 B2 B0 UD2 | UD2 | uD2 UR
UD3 B3 B1 B0 UD3 | uD3 | UD3
TFTB4 B4 B2 B1
TFTB5 B5 B3 B2
WF DE DE DE WF WF WF | WFDE | WF WF
LCDBIAS (DISP) | (DISP) | (DISP) | (DISP) | (DISP) | (DISP)
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B Alternate Pin Mapping for the Various LCD and TFT Panel Options
(AUX[07] bit2=1)

TFT Color LCD Mono LCD
G e G s R O B I A
XSCLU CLK CLK CLK XSCLU
XSCL XSCL XSCL XSCL XSCL
LP HS HS HS LP LP LP LP
YD VS VS VS YD YD YD YD
LD4 RO
LD5 R1
LD6 R2 RO UDO uDO
LD7 R3 R1 RO UD1 UD1 D6 ub2
LDO R4 R2 R1 uD2 ubD2 D7 uD3
LDA R5 R3 R2 uD3 uD3
LD2 GO uD4
LD3 G1 uD5
UbD4 G2 GO LD4
uD5 G3 G1 GO LD5 D3 LD3
uD6 G4 G2 G1 LD6 D4 uDO
ub7 G5 G3 G2 LD7 D5 uD1
uDo BO uD6
uD1 B1 uD7
ubD2 B2 BO LDO LDO
uD3 B3 B1 BO LD1 LD1 DO LDO
TFTB4 B4 B2 B1 LD2 LD2 D1 LDA1
TFTB5 B5 B3 B2 LD3 LD3 D2 LD2
WF DE DE DE WF WF WF WF
LCDBIAS (DISP) (DISP) (DISP) (DISP)
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lllustrated below is the display data output as displayed on the panel:
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[JDELUD%EE;FJDO—‘U?E[UDZ lUD1 ’UDJ

4-bit Single Panel

UD3|UD2|UD1|UDO

8-bit Dual Panel - Top

UD3\UD2‘UD1 IUD;[LD3JT_D2‘LD1 ILDO[

LD3|LD2|LD1|LDO

8-bit Dual Panel - Bottom

8-bit Single Panel

UD7IUD6’UD5‘UD4‘UD3‘UDZ‘UD1 ‘UDO)

16-bit Dual Panel - Top

UD7)UD6) R !UDO‘LD7ILDG’ . ‘LDO,

LD7LLD6 ‘ LDS‘ LD4 ‘ LD3 ‘ LD2 ‘ LD1 ‘ LDO \

16-bit Dual Panel - Bottom

16-bit Single Panel
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B LCD Panel Pixels

The figure below shows the pixel layout for a 640x480 dual panel.

- 640 DOTS >
1-1 1-2 1-639 | 1-640
2-1 2-2 2-639 | 2-640
240 LINES UPPER LCD PANEL
240-1 |1 240-2 240- 639 240- 640
241 -1 | 241-2 241- 639|241- 640
(TOP VIEW)
240 LINES LOWER LCD PANEL
480-1 | 480-2 480- 639|480- 640
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B Monochrome Passive STN LCD Panel Interface

4-bit Single Panel

LP : 0/2 PULSES

LP : 240 PULSES (SELECTABLE)®
YD f - [ L
e nn.n n.n - n._. 1. n-"n " [ f
WF o X
UD[3:0] __\ UNET Y NE2 X UNES K LINE4 X — — - XLINE 239 X(LINE 240\ A une 1 X une2 X
R
WF -
XSCL: 80 CLOCK PERIODS ]
xseb [l Lo i T e e T e T e M o
R =5 a5 e s SR o e e =12 W .
uD2 = e ———_———— X X X ) X
o = = s X
- T = - - - - - e X

* Diagram drawn with 2 LP vertical blank period
Example timing for a 320 x 240 panel
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H Monochrome Passive STN LCD Panel Interface

8-bit Single Panel

LP:0/2 PULSES

L LP : 480 PULSES  (SELECTABLE)"
YD |‘|”—“| o T =l —
Pl M ] fl N N f__1 M N N N N o
WF o X
UD[3:0], LD[3:0] __\ LINE1 Y LINE2 X _LINEs X LINE4 X — — - XLINE 470 {LINE 480 ) Aomer X onez Y

’ I

G S
o XSCL: 80 CLOCK PERIODS e
xseL L i I T e Y e L
VS G G0 G G CEEEES X
O =5 =5 G G SR X
O =5 = G SR X
SO =5 €57 Gl Gl SEEEE X
O =5 €5 G G SEEREE X
P =5 €275 Gl G SEEREE X
PO =5 €75 Gl Gl CERRES X
P =5 =15 s G SERREE X

* Diagram drawn with 2 LP vertical blank period
Example timing for 640 x 480 panel
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B Monochrome Passive STN LCD Panel Interface

8-bit Dual Panel

LP: 0/2 PULSES

LP : 240 PULSES (SELECTABLE)®

YD - I——I

Ml M I N n_n__Jt_Tn M n_n 1
WF o B

UD[3:0], LD[3:0] A\ LINE 1/240( LINE 2/24@)@"5 31243 Y(LINE 4/244)(:- -- ﬁmszas/m)(uuezmm) Auns 17241 { LINE 2/242)(
LP [] o 1
WF -
o XSCL: 160 CLOCK PERIODS -~
S o e B e R I I I e I e N

UDg —— - O X X X X------ D G G G €0 W G {
uD2 —— G2 Xoe O X X-----+ D S G G €= W G {
UD] ————— e o7 X X X-----+ S D G SN €0 N G
UDO ———— - G X X X0 X-----+ S G S G €)W G {
D3 ——— - Lot Xoms) X X------ C X XX e X
LD ————-- (ar2)aeeX X X------ S S G S ¢ W G {
D] —————— (aarafaa7X X X------ S S G G = N G {
Do —— - (o XowsX_ X X------ SN G G G 75 N G {

* Diagram drawn with 2 LP vertical blank period
Example timing for 640 x 480 panel
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M Color Passive STN LCD Panel Interface

6-bit Dual Color Panel
LP : 0/2 PULSES
< LP:240 PULSES , (SELECTABLE)"
< L »>
YD 1 N l 1
Pl M I Ml N N n__ 1 N N N N N I
WF L X
UD[2;0], LD[2;0] ) LINE 1/241 LINEZI242X LINE 3/243XUN54/244X:— -- ':XLINE2491479XLINE 240/450)\ A uNE 1/24)( X
/ \
Le }_\ _______ LI
w T - 1. I
- XSCLU: 640 CLOCKS o
2eCLo A I [ T I L e
PR €10 €73 €20 GE70 G200 623 GRENE
Y €10 €223 €==) G=-1) G- G=-D EERLED
VDO A8 i B Yo Y e X B X - - - - -
D2 .. feEierrefaReenmeea AR - - - - -
i .. fesor)eriGafear-GaYair-orei-Gafasn-Ge) - - - - - X feem)
Lo .. fenioiYear-o2)ewt-es)aai-oa) 2oz e - - - - - S =0 W =)
* Diagram drawn with 2 LP vertical blank period
Example timing for 640 x 480 panel
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B Color Passive STN LCD Panel Interface

8-bit Single Color Panel
LP : 0/2 PULSES
. LP : 480 PULSES , (SELECTABLE)"
. Vl‘ Lad
YD ] __ l | ]
e n Q- n - n n np__n_n_n n_n "n J
WF - X
UD[3:0], LD[3:0] \ UNE1 W UNE2 Y UNE3 Y LINE4 X - - - XUINE 479 XLINE 480\ L uner X une2 X
S R —
WF s
XSCLU: 640 x 3/16 CLOCK PERIODS -
XSCLU A 1 _____ S I TR SR I
XSCL: 640 x 3/16 CLOCK PERIODS iy
XSCL X | L L _____ | L.
UD3 ———— - XTI KEID EETY EETH CEITD (i) S S S ) U G
up2 ————-- (Gt X omre Yoo X omer (iGreiB2 X - - - - - S G (=) N G
UD1 . EET EETD KETD GETD (RIE) (RIR) SRR S S =7 W G {
SR (Ciors =G0 Y(i-os ) r-ms XiBre)(imie X - - - - - X Nmem) X
03— . — K83 )(ima YCiore Y(r-6o XiGa st X - - - - - C X ) . X
D2 . (G=Ga Y G-e« Y89 )(i-Rio Xi-Ris XiGis X - - - - - X ses) . L X
D] ———— - (=5 Y(i=os (iato X i-8i0 (8w \imie X - - - - - X mmeio) X
100 ———— . K85 Y(he )(ioAn (s e Xigte X - - - - - C O me) . X
* Diagram drawn with 2 LP vertical blank period
Example timing for 640 x 480 panel
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M Color Passive STN LCD Panel Interface

8-bit Dual Color Panel (One Shift Clock)
LP : 0/2 PULSES
- LP: 240 PULSES , (SELECTABLE)"
= > >
YD 1 - | —
L | | I N | | I | I N [ —
WF . X
UD[3:0], LD[3:0] :>\ LINE 17241 UINE 27242 X X:— - -:X.INE239/479XLINE 240/480) A UNE 17241} X
S R —
wF___ X
P XSCL: 640 x 3/4 CLOCK PERIODS o
<% >
XSCL SR [ I I O S [ I I I By B
DS < fen) e Y X s Y X X - - - - - —— ) W G
D2 Y G0 €270 GET3 GE G20 G20 SRR S T W G
D1 R €= €20 €270 620 G0 20 GEE C X s . X
UDo .. (-2 X -G8 X 1-84 X +-Re X 1-67 }(1-88 X -~ - - - - (X X)X
LDg ——— - AR T erGe erET - - - - - C O e\ X
\bp . for G er e ar R erGs errBe)errha - - - - - O e\ X
b1 Y ) D) IR (R i ) G C X e\ X
Do ————— - R eraa e -eeYerrYeraTear-ge - - - - - X o\ X
* Diagram drawn with 2 LP vertical blank period
Example timing for 640 x 480 panel
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M Color Passive STN LCD Panel Interface

8-bit Dual Color Panel (Two Shift Clocks)
LP: 0/2 PULSES
- LP : 240 PULSES  (SELECTABLE)"
Yo T B i Ainmnl
ol Il I N Il | n__1 ] Il Il | L
WF L X
UD[3:0], LD[3:0] __\ UINE 1/24 U INE 2242 X X - - - e zwarsne zaomen) fone e X
= =
w "
- XSCLU: 640 x 3/8 CLOCK PERIODS o
XSCLU . N e T e I I e TR U |
< XSCL: 640 x 3/8 CLOCK PERIODS
XSCL . L LI 1 _____ [ M
uD3 ———. — AeAr X2 Y83 X w-ms Y- Y587 X - - - - - S S (=) W S {
D . AT Y e (e X X - - - - - X O\ X
upt ——.— KBt me X1-Ga \r-ms Xih7 Y1-G8 X - ~ - - - (X ee) X
000 . X e X e e X ) - - - - - X emm\ . X
L3 - ferere e reeraa)er R - - - - - CoC e X
D2 ———— .. fREr-Giur-BeXaur-RaXaar-Gs)par-Be)ear-Re) ~ - - - - C X o) . X
LD —— . —Ren-Besi-Reea-aeaur-no)ear-rr)oai-ce) - - - - - C X s\ X
PSS 1= 21D CIE-D CIED iR CIED CEE e X
* Diagram drawn with 2 LP vertical blank period
Example timing for 640 x 480 panel
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B Color Passive STN LCD Panel Interface

16-bit Single Color Panel
LP : 0/2 PULSES
- LP : 480 PULSES  (SELECTABLE)®
YD ) ST Tl
[ | — I | N lL__J_1 1 N 18
WF - X
UD[7:0], LD[7:0] __\ UNE1 { LNE2 Y UNE3 X LINE4 X - - - XLINE 479 XLINE 480\ A oneq X unez X
_\‘
LP I [
WF S
< XSCL: 640 x 3/16 CLOCK PERIODS >
xso P el W W I T R o
Y =73 €= =) SH G G EOT. O COEm X
D6 ———— At X XrereX X X X------ (X mee) . X
uos G 2 o G G SRR - W
U = = o s G G X Ome X
O = =5 - G G G ER > S
PO = = (=5 G e G SRR - W - |
. = G o e - o U -
S = = - G G EER — e U -
oy D E X — 0 W -
o S 5 ) G G G S - e W
S &= ' = e G G GRS . - e W
. I 2 o " SR — e W
O = =5 - G G e SR — e W -
N -5 G0 -1 e G G SR — = W
oy ——— Ko s Xome)  X— X X------ O meo) X
5o =5 - G s SR —— o U
* Diagram drawn with 2 LP vertical blank period
Example timing for640 x 480 panel
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L ... _______________________________-________________________________________________|
‘ B Color Passive STN LCD Panel Interface

16-bit Dual Color Panel
LP: 0/2 PULSES
< LP : 240 PULSES . (SELECTABLE)"
g > < »-
YD ] . I —
Pl M | I Ml N n__J_1 M I M T L
WE oIl X
UD[7:0], LD[7:0] A\ NE 1241 Y LINE 27242 X UNE 3/240 Y UNE 4244 )| — = ~ YLNE 200/79) LINE 240iaz0), Aome v2ar Y e 2zaz X
S B —
wr X IIIt
o XSCL: 640 x 3/8 CLOCK PERIODS -
= =
L5 SN [ U T I o
UD7. LD7 ——————— - (i X X X X X X----- C O OESN . L X
UD6, LD§ ——————— - b o X X X X----- C O X
UD5. LD§ ——————— - Gt Xwte X X X X X----- C R L X
UD4. LD4 B &3 €7 Gl G GH G G COC O, X
UD3, LD3 —————— - (i XA X X X X X----- C O @ X
VD2, LD e NN X XXX - - @ X
OO o) ¢ G I GHD G SRR COOEm X
UDO, LD) ——————-- (e X% X X X X X----- S G 7 W G
* Diagram drawn with 2 LP vertical blank period
Example timing for 640 x 480 panel
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B Active Matrix LCD Panel Interface

Color TFT
. 525 LINES (TYPICAL) -
! HSYNC 480 PULSES |
—
VSYNC - r R
HSYNC LI 1J lzl Iaf _3L|4 1] U U
R[5:0], G[5:0], B[5:0] L LINE 1
pewr) f‘L
/ 800 CLOCKS (TYPICAL)
|‘
HSYNC

84 CLOCKS (TYPICAL) CLOCK: 640 CLOCKS

pDEWwWFR) . I L
IR I CETD CEVD CETEEEEE (" N
G0 CIED CIFD CEEEEEEE) (7 N
BBO] CIED CETY CEEEEET) (7 W
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B Simultaneous Display Interface
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Single Panel Modes . LP : 480 PULSES LP : 45 PULSES
< >t

v _ [ o T

e L nn..n.n n..Jjg n._n n J 1

wr X X
UD,LD — Y(umet X unez Y ---- Yune 240 X UNE 241 ) ----- Y(unE 480 ) A umer YComez N
Dual Panel Modes LP : 240 PULSES LP:240 PULSES LP: 45 PULSES
YD ) - )
e |l N I I . | I— N .
wr : X : . X
Up Y EE T N () G 2 o e
LD — Xuneasi (UNEzaz) ----- X UnEago Y LNE241 ) ----- X LINE 280 )
TFT Panel Modes
o LP :480 PULSES “LP 145 F’ULSEEI

e U Uy U U U1 U
enms ] LT L L)L L LTl

uD, LD, TFTB :)( UNE1 Y LINE2 X -=--- YNe2a0 X LNE241 Y - -- - Y uNE 480') LINE 2
CRT
- LP :480 PULSES —iL<P 145 PULSEii
wrtc U U U I U U1 U I I
VRTC Ll
Red, Blue,Green Y N1 X _UNE2 X ----- Xume2a0 X ng2ar X ----- X UnE 480 ),
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S T R S S
B PACKAGE DIMENSIONS

QFP8-208 S1s Unit: mm

<+ 306+04 —p»
<+ 280+01 >
156 105
e R

157= 104

(o))
w

208

<+ 280£01 ——p
<+ 306t04 —— >
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B GRAPHIC LCD CONTROLLERS

Part Number SED1330 SED1335 SED1336 SED1341 SED1345 SED1351 SED1352
Discontinued? No No No No No No No
Replacement — — — — — — —
Internal CGROM 160 chars (5x7) | 160 chars (5x7) | 160 chars (5x7)
CPU 68xx 8 8 8 8, 16 8,16
Interface 80xx 8 8 8 8, 16 8, 16
(Bits) MPU 4 4 8, 16 8,16
ISA 8,16
Digital 1(Ror G or B) 4 (R,G,B,))
RGB
Display Size up to 640x256 | up to 640x256 | LCD: 640x200, |adjusted by H/W |adjusted by S/W | max. duty of 1/1024 single
dots at a duty 