JADARD

JD9168

Data Sheet

800RGB(MAX:1024) x 480 dots(MAX:1024), 16.7M color,
without internal GRAM, a-Si TFT LCD Single Chip Driver

Preliminary Version 0.13
2022/12/29

Confidential Copyright © JADARD



\@ Preliminary V0.13 JD9168

Jadard Technology Inc.

INDEX LIST:

1. REVISION HISTORY ... .cuuiiiiieeiiiienniiiiennieiisnsieissnsieissssisissssiessssssstsssssstssssssssssssssssssssssssssssssssssssnssssssnssssssnssssssnssssssnnsss 11
2. GENERAL DESCRIPTION ..c.uiiteeiiiienniiiiennieiiensieissssisissssssissssssissssssssssssssssssssssnssssssnssssssnssssssnssssssnssssssnssssssnssssssnssssss 12
3. FEATURES ....cuuiiiiniiiiieiiiieeniiiiensieiisnsieissssieisssssetsssssssssssssssssssssssssssssssssssssssssssnssssssnsssstsnssssssnssssssnssssssnssssssnssssssnnnss 13
3.1. DT 7\ PP PP PP PP PP P PP PPPPPPPPPPPPPPPPPPPPRE 13
3.2. DISPLAY INTERFACE...vettttttttrtrtrtrtseseseseseseseseseseseseseseseseseseseaeaeeeses e s e eaee e e e e e e e e e e e e e e e e e e et e e e e e ee e e e ae e e e e e e e e e e ae e e e e b b e bbe e e e e e sananeaeee 13
3.3. INPUT VOLTAGE RANGES ...ctttttetertrtrertrtuesesesestsesesesssesesesesesesesssssesssesesssessssssssssssssssssssssssssessessseteeesteeteeeeeteetmemettereremne 13
3.4. OUTPUT VOLTAGE RANGES ... ttttttteteeeiitttteeeeeesstatteeeeeesausaeteeeeeesaaantbaaeeeesaaaanbeeeeeeesesannsababaeeeesdannseetaeeeesannsnrneaeas 13
3.5. IMHISCELLANEOUS OF CHIP uuveeuteeeuueesuteeeseesusessseesssesassessssesansessssesasessnsesansessnssssnsesssssssssssensesesssssssesesssesssnsenssessssees 14

4. DEVICE OVERVIEW......cciiiiuiiiiinnneinissnnessssssssssssssssssssssessssssssssssssssssssssssssssssssssssassssssssssssssasssssssasasssssssssssanssssssanssss 15
4.1. DEVICE BLOCK DIAGRAM . ....uveeutteeuteeseteeaseesteeasseessteeaseesssesasseesssesasseesssesansesssssssssnsensesessessnsssasssssssssesssesnsesessessssens 15
4.2. LCD POWER GENERATION SCHEME ...vveuuvteeuteessteeeseesaseeaseesssesansessssesasesansesansesssssassnssnssssassssnsesassssssssssssessssessssessssens 16
4.3. OUTPUT VOLTAGE RANGE .veeuuveeeuveesureesseessseesseesssessssessssesssseessssessssessssssnssesssssssssesssssssssssssssssseessssssssesssessssessssesssens 17
4.4, DC/DC CONVERTER CIRCUIT .veeuveeurieureeueesteesteeteesseessesssesseessaesseensssnsssnsesssestssssssnsesssesssessssssessssessesssesssesssesssessssssenns 18
4.4.1. DC/DC power model (AVDD/AVEE Internal CRArge PUMP).........cccoueueeeuesiesiesiesieseieiieseesiesiesiesisssesseesesssessens 18
4.4.2.  External component table for AVDD/AVEE Internal CRArge PUMP ............ccoueeeeeieeeeeesiesiesesseieeienisssesaens 19
4.4.3. DC/DC power mode2 (AVDD\AVEE @XterNQI POWEN)...........ccccueveeeeeiesiesiesiesiesiesssesiesesssessesssssssssessesssssessens 20
4.4.4.  External component table for AVDD\AVEE eXternQl POWET ..............coecueeesiesvsesieieseesiesiesiesssssssssssessessens 21
4.4.5. DC/DC power mode3 (AVDD\AVEE/VGH/VGL eXternal POWEN) ...........coveeeeeveieeseeseeeeeeeereesseesseessesseensns 22
4.4.6.  External component table for AVDD\AVEE/VGH/VGL eXternal POWET ............ccoueeeeveeveeeveeereeireeireeireevensnns 23
4.4.7. DC/DC power mode4 (AVDD\AVEE external power with FP7721 POWEr IC).....c..ccoveveeeveeeeeereeireeireeveervennnn 24
4.4.8. External component table for AVDD\AVEE external power with FP7721 pOWEr IC...........ccceevvveecvresiveanenn. 25

5.  MAXIMUM LAYOUT RESISTANCE .....ccooiortiiiisnniiissnessssssesssssssessssssssssssssssssssssssssssasssssssassssssssssssssasssssssasssssssssssssss 26
6. PIN DESCRIPTION.....cciiiiiueriiinneriissneessisssnsssssssesssssssesssssssssssssssssssssssssssssssssssssssssssasssssssssssssssssssessasssssssasssssssasssssss 27
7. INTERFACE ......uuvtiiiiueiiiiieeiiisissessissssessssssssssssssssssssasesssssssssssssssssssssssssssssssssssssssssssasssssssssssssssssssessasssssssasssssssasssssss 34
7.1. SPIINTERFACE 11uvvetteteeteeteetesutesueesseaseestesssesnsesssesseesseesseensesnsesssesseensesnsesnsesssesnsesseessesnseensesnsesssenseensesssesssesnsesnees 34
2% O Y o 0T =J g o (ol =Y 1 =3 . Lo o [ SRR 34

7.1.2.  SPIiNterface reQ0 MOGE .............ueeeeeeeeeeeiiie et e e e et e e e eee e st te e e sttt e e ssateeesasstaaessseaesasstaesansseasaasseaananns 36

7.2. T2 INTERFACE «..vvteuteetteenuteesuteesuteesuteesuseesateesaseesabeesaseesabaesaseesabaeeaseesabeesaseesabeesaseesabaeenseesabeeebeesabaeennbeesaeesaseenneeas 37
2 S V7 0 (o 4 ¢ [ [ AP SRS 37

7.2.2.  Command Write SeQUENCE Of I12C INEITACE .........ccccveeeeeiieeeeee et te et e e st e e st e e e staassnseaesssseaanaans 38

7.2.3. Command Read Sequence Of I2C INtEIFACE ...........ccueeeeecueieeeeieeeeeeeeeeee et e e s te e e s stea e e seaaesnaeaeessseaanaans 38

7.3. RGB INTERFACE . ...eeuttetteesuteesuteesuteesuteesseesateesaseesabeessseesabaesaseesabaeeaseesabeesaseesabeeeaseesabaesaseeeabeeebeeeabaesnnbeenaeesnseenneees 39
25 3 S CT-TaT=Tdo | 1 aa] 1o le Lo T | L £ SRS 39

2 3 B £ (C 120D e Lo (o 4 ¢ Lo L SR 40

7.3.3. RGB iINterface MOGE SCIECL ..........ueeeeeeeeeeeieie et et e et e e ettt e e et tte e e ettt a e st e e s asaeaestteaessssteesssseasasssenansans 41

P-2

December 29, 2022



\@ Preliminary V0.13 JD9168

Jadard Technology Inc.

7.4. LVDS INTERFACE ....vttiiiirteeiiieee s sttt e e sttt e st e s et e e st e e e saba e e e e e s e s e sba e e e sasa e e e e m b e e e s aba e e e snae e e e am b e s e s eabaeeesmbeeeesaraeesnns 42
W2 N RV DAY D Lo Lo (o) /2 Lo | SO UUUPNE 42
7.5. DSI SYSTEM INTERFACE «...vveeiutteesestteesitteesanteesesreeessste e s sabaeesesbesesasase e e ssaeeeeasbe e e samba e e e sanateeeambasesenbaeeesnaeeesaaraeesann 43
7.5.1.  Command mode, Video mode and Virtual CRANNEI ...............cc.uuuveeeieeeeeiieieeieeeeeescieeeeeeeeeesirreeaaaeeeesianes 46
7.5.2.  POWEr-UP SEQUENCE EXAMPIE .....eoveeeeeeeeiieeeeee ettt ettt e st eta e e e st e e e stteaessataeesasaeasssseaesnans 48
7.5.3. DSIFOIMIQL......cooiiiiieeeee ettt ettt ettt e ettt e sttt e st e e et a e e s ane e e s aane e e e st e e e 49
7. 5.4 DSIPIOTOCO] ......eeoeieieieeee ettt ettt et ettt ettt e sa e ettt s e ettt e s bt e et et e et e naneenanes 51
7.5.5.  Multiple Packets Per TrANSMUSSION ..........c.ccocueeerieesiiesieeet ettt ettt ettt et e sit ettt e sne e 51
AN T 1o To [ (o T N o [ 1oy UPU S PIRR 53
7.5.7. POCKEE SEFUCEUIE ...ttt ettt et ettt ettt et e et e sate e st e nane e e e nanesnae s 54
7.5.8. LONG POACKEL ...ttt ettt et ettt et e eat e ettt e saa e et e e ab e et s aan e et e aaeenans 55
7.5.9. SROIE PACKET ...ttt ettt et ettt ettt at e ettt et sttt e s st e et e s e e st e naneenans 57
7.5.10. COMMON PACKEL EICIMENTS ...ttt ettt et eb e esateenateenaneenanes 58
7.5.11. [0 ol Lo (=T L] 1= g =3 = U OO U PP PPPPPP 58
7.5.12. Virtual Channel Identifier — VC field, DI[7:6]........c.uueeeoueeeeiiieiisiiieesisiiaeesciiseeseieeessiieeessssseasssseasssseneens 58
7.5.13. Data TYPE FIlld DT5:0] c....eeeeeeeeeeeeeeeeee ettt ste st s st s e st e st e sateesaseenaseesaseenanes 58
7.5.14. ECC ..ttt 59
7.5.15. DSI POCKEL ..ottt sttt st sat ettt e sttt e st n e st e at e s e e ate e e teenans 60
7.5.16. ProCeSSOr-SOUICEA PACKELS ..........eeeueeiieieeesiteiete sttt ettt ettt s et e sate et e st enateesneenanes 60
7.5.17. Packed Pixel Stream, 16-bit FOrmat, LONG PACKET ..........ccccuvveeeeeeeeesiiieeeeiieeesiieeeesiieaeesieaessienasssiieaenenns 61
7.5.18. Packed Pixel Stream, 18-bit FOrmat, LONG PACKEL ...........cccueveeeueeeeeiiieeeeiieeesieeeesiieeeesiiaessiieassssiesenenes 62
7.5.19. Pixel Stream, 18-bit Loosely FOrmat, LONG PACKEL.............c.coecueemoueemieinieieieeseeeeesie et 63
7.5.20. Packed Pixel Stream, 24-bit FOrmat, LONG PACKET ..........ccccueeeeeueeeeeiieeeeiieeesieeeecieeeesteaessisiaaesssienananes 64
7.5.21. Peripheral to ProCeSSOI TrANSMUSSION ........cc..uveeeeeeeeesiiieeeeiieeesteeeesteeesstteessssteasssssesesssstsssassseasssssenananes 65
7.5.22. Appropriate Responses to Commands and ACK REQUESES .........ccccuueeeeeueeeeesiiieeeiiieessieeesiieeessseaessssenas 66
7.5.23. Peripheral-to-Processor PACKEt DESCIIDION ..........cceeueveeeeieeeeiiieeeeciiieeeeiteeesieaesstteaessataasssseasssssenananns 67
7.5.24. Format of Acknowledge and Error Report and Read Response Data TYPEe .........ccccveeeeevuvrersivenessienananns 68
7.5.25. (V410 [=To R\ oo (= 4 1(=T g (o Tol=20 111 [ 1o ISR 70
7.5.26. TraNSMISSION PACKET SEQUENCES........vvveeeiieeeetiieeeeiieeesttaeessttteessatteeesstaaesssteaesasteaesassaaasssseassassesessasenesns 70
7.5.27. NON-BUISE SYNC PUISE MO ..ottt e e e e e e et a e s etta e s atsta e s s tteaesasseaesasseassssseeananes 72
7.5.28. INON-BUISE SYNC @VENT MOUE.......c..eeeeeeeriieeeie e eeee e e stte e ettt e e st e e e sttt e e s sstteesaastaasssteassasseaesasseasssssenananns 73
7.5.29. BUISE MOGTE ...ttt sttt sttt sne st st st e st eneeas 74
7.5.30. Error-Correcting Code aNd CRECKSUM............ccoecuveeeeeiieeeeieeeseeeete et e et a e s stteaessstaasssaaaesssseeenanns 75
7.5.31. Error-CorreCting COUE(ECC) .......ouuummimriieeeeee e eeteeeeete e ettt e ettt a e sttt aesattaessasteasasseaaesssaaessssnaessssenananns 75
7.5.32. Checksum Generation for Long Packet PAYlOQdS...............coeecueeeeeciiieeiieeesiieeeeecieeescieaesseeessaea e 76
7.5.33. DPHY ...ttt ettt ettt sttt neenne e 77
7.5.34. LANE MOGUIE........c..eoeeeeeeeee ettt ettt n e sne et eane e 77
7.5.35. Lane Module Type of Clock Lane, Data0, Datal and DAtQ2 .............cceeeeeueeeesiueeeeeiiieeeeiieaesiieseesseeananns 77
7.5.36. MOSEEE AN SIAVE........ooeieieeeeee ettt ettt nae e st saeesneene e 78
7.5.37. LANE StAtES AN LiNE LEVEIS ........eoneeeeieiieeeeeeetee ettt 78
7.5.38. Bi-directional Data LANE TUINGAIOUN ............coceeeueeeueriuiriireeneeseeet ettt ene e 79
P-3

December 29, 2022



\@ Preliminary V0.13 JD9168

Jadard Technology Inc.

10.

7.5.39. | oo o1 1Y, Lo o L= PSR 80
7.5.40. 0= 0 [0} (=3 N o o -1 (PO PNt 81
7.5.41. Low-Power Data TranSmMuSSION(LPDT) .....cccuueecuveeiueeiieeeiieseitessiesiteeeseesstaesseessseesseassseassesssssessesssssesases 81
7.5.42. UILrQ-LOW POWEE STAEE(ULPS) ....eoeeveeeeeeeiee sttt ete ettt s e et e st e st e st a st astaassaastaasseastaassessssasasenn 81
7.5.43. L3 L [ [+ [ GO PPRPPPIPN 82
7.5.44. High SPEEA TrANSMUSSION ....c...eeeeeeeeeeeee ettt ettt ettt et e st e st e s e e 84
7.5.45. LTV TR (o Y] o Yo Lo I D o 1 1 TSP UPPURPR 84
7.5.46. SEAIE-Of-TIANSMUSSION ...ttt ettt ettt ettt et e et e e sate et saeeesaseenaeeeaes 84
7.5.47. ENA-Of-TIONSIMUSSION ..ottt ettt e s et e s et e st e st e sasaeaabbesaneenanes 85
7.5.48. High Speed Data TrANSMUSSION .........cccueeeeeeiieieiieeeeeee sttt ettt sae ettt e nne st e e sne s 86
7.5.49. High Speed ClOCK TIrANSMUSSION .......cocuueeeuieiiieieieesteeee sttt ettt st sane et e s e e s 86
7.5.50. SYSEOIM POWEE SEALE ...ttt ettt ettt e e e e ettt e e e e s ettt e e e e s eaaustteeeaeesesnasnnes 87
7.5.51. L1 (o] 7o 11 (o BT O PSP PRSPPI 87
7.5.52. Global Operation FIOW DiGGIGM............ccc.eeevueeeiieieiiieiii ettt ettt ettt e sateeateesaseenaseesaseenanes 87
GAMMA STRUCTURE DESCRIPTION ......ucutiiiiiumeiiissnniiiisnneiisssneeiissneisssnneissssmeesssssnessssssnesssssssesesssnessesssnssssssssesssns 89
8.1. ADJUSTABLE GAMMA CHARACTERISTIC (NORMAL RGB PANEL TYPE) 1.uveeuteeresuteneeeteesieneesueesseesseeseensessesasesneeseeesaeenseenns 89
8.2. GRAYSCALE-LEVEL ADJUSTIMENT CONTROL .tuteutesutesutesueesseenseensesnsesssessaanstanseensesnsesssesueesseessesnsesnsesssenseensesssesssesnsesnees 90
8.2.1.  Variable resister ratio & VOItAGE IQVEIS ..............oouieeiieiieeiiieiie ettt ettt 92
8.2.2.  The voltage levels are determined by the following formulas: ...............cccooceeviieneeesieenieeiieese e 93
FUNCTION DESCRIPTION ....ouutiiiiiureiiiinneeisssnneeisssnnesssssnsesssssneesesssnessssssnesssssnsesssssnessssssnesssssssesesssssessssanesssssssessnns 111
9.1. TEARING EFFECT LINE uvteutteteenteeutesutesueesuaesutenseesaeestemeeeueasseasseanseanseensesnsesasesasesaeesseensesnsesnsesssesseensesnsesnsesnsesnsesnes 111
9.1.1.  Tearing €ffeCt LiN@ MOUE ........c....coeuueeeeeiieeeeee et ectte e ettt s et a e sttt e e e stta e e s staaesasteaesaassaasssseasassseaananes 111
9.1.2.  Tearing €ffeCt N LiMING .........c..eieecuueeeeeieeeeeie e eeee e cte e ettt e e et e e sttt e e s sttt e s s sstaaesasseaesaasssesssseassassenananes 113
9.2. OSCILLATOR ..ttt et e bt e e e sanesmeeshee st e st e et sae e saeesr e e st e st e e st s anesaeesa e e sb e e et e aa e e an e eme e e b e e s e e neearesenesanesanesreesneenneenns 114
9.3. OUTPUT PINS CHARACTERISTICS. c..euveurerueeteenreereeueesttesneereesreeenesanesanesaeesaee st enateseeeseesneesneeaneeaneesnesanesanesaeesseenneenns 115
9.4. SELF-DIAGNOSTIC FUNCTIONS w...cuviitiiieieteeteeteeete et sine st e sreesaeesneese s st esse e sme e n e e neesn e senesaneseeesaeesaeesneenneenneennesnnenreens 116
L2 0 B 2 1-To X (=3 g (oo Lo [ 1o I [=3 = 1 [ ¢ RS S Rt 116
L2 N B SV [ Toiu [o g o] |15V D =4 X =Tt o (o] USSRt 117
9.5. POWER ON/OFF SEQUENCE AND HW STBYB TIMING LIMITATION ..eeuevvteeeeureeesereeessosreesssseeessssseesssseesssssssessssseessssseess 118
9.5.0. GONEIQL. ...ttt sttt 118
ATV Y o 1V V=] oY ¢ I Y=o 11 =] ¢ ol =N 119
LB C A oo 1V V=T gl j A =J 1 =14 ol -2t 126
9.5.4.  HW STBYB titNiNG lIMIEATION .......oveeeeeeeeeeieeeeeee e e e e ettt e e et a e sttt e e e aatta e s s staaessseaesassssassnseasenssenananes 133
9.6. UNCONTROLLED POWER OFF ....uetiteeteenreenreeeresitesieesseesseeeteneesmeesmeesneesneearesanesenesanesaeesaeenstenstemneeneesneesneennesnnesnnesnnes 134
COMIMAND ....cuutriiiitetiiiseteiiisuereiissstesessstessesssresssssseesesssseesessssessessssesssssseesessastesessanessssssnesessaneesessansesessaneese 135

10.1. COMMAND LIST 1ttt sttt ettt ettt et et s se e saee s bt e s bt e et e ae e ese s emeeeme e b e e r e e nesaresanesenesmeesmeenneenneenns 135
10.1.1. StANAArd COMMOANG..........oceemieiieieeeeeee ettt 135
10.1.2. Standard CoOmMmMANA ACCESSIDIIITY .......co.ueeeeeeiieeeeee ettt e e e e et e e e eta e e st e e e st aeesaseaaenneees 138
10.1.3. Standard Command Default Modes ANd VAIUES...............ccocueeeeeecueeeesiiieeeceeeeeeeeeseeesseeeeeetaa s 139
P-4

December 29, 2022



\@ Preliminary V0.13 JD9168

Jadard Technology Inc.

10.2.  COMMAND DESCRIPTION ...eiiiurtieiiiriteiitteeeirtteseisteteseisseessnatessasbeeesesmaeeesmbe e e e sabesesebbe e e sanaaeessabaeesemaeeesanbaeessaraeeess 140
L0 B V1o)X (1)) DO oSO 140
10.2.2. SWRESET: SOftWAre RESEL (01R) ....ccveeeeeeeiiieeee ettt steesteesta ettt e e tee e st e et e s sttaeaseasseassesssssassean 141
10.2.3. RDDIDIF: Read Display Identification Information (04R) .............ccooceeveeneeseesiieienieseeseesie e 142
10.2.4. RDNUMPE: Read number of the parity €rrors (05R).........cccuveeeueeecvesiieeeiiiessieeeiieessiseeisiessvasisessssasssens 143
10.2.5. REDRD: ReAd REA COION (DBR) ......oooeeeeeiieeieeeeeseeet et e e st e st e st esta e s staassaastaassaassaasaseasassassesen 144
10.2.6. REDGREEN: Read Green COION (07).......cccueeeeieeeieeiieeeeeitesieeettestee s e s staestaasstaassaassaasseasseaeasenes 145
10.2.7. REDBLUE: Read BIUE COIOIN (08R) ......eeeeeeveeeeeiieseeeteeteet st e ettt e st e st esstaasta e s taassasssaasaseassaasseaen 146
10.2.8. RDDST: Read Display SEAUS (09N) ......cccueeeieiieieeieeieestee ettt ettt st 147
10.2.9. RDDPM: Read Display POWeEr MO (OAR)..........cccueueeiueereeeeeeee ettt ettt 149
10.2.10. RDDMATCDL: Read Display MADCTL (OBR) ......cccuueeeeeeeeeeeiiesieeeieesieesiee st aetea st e siaeasasbasnseasavnaessenen 150
10.2.11.  RDDCOLMOD: Read Display COLMOD (OCh) .........coeeveereeeeereeseeseseeeeseeeeseeeessssesseseeseeseasbaeesssssseneans 151
10.2.12.  Read Display IMage MOAE (ODR)............oceeoeeoeeieeieseeeieeieee ettt e ste st s saessts e tessasaeasseenaees 152
10.2.13.  RDDSM: Read Display Signal MOAE (OFR)...........cc.oeeeseeseeiieieeieeiiesiieieesiessie e sieesieasieesseessesssasseenaees 153
10.2.14.  RDDSDR: Read Display Self-Diagnostic RESUIt (OFRN)..........ccceeiveeiiesirieeiesiieeeiessiieeeisesssieasisesssseesisees 154
10.2.15.  SLPIN: Enter SIeep IN MOAE (10R) ......ccc.ueeeeeeeiiesiieeiiieeieeesiesssieesissssessasisessssaasssessassassesssseassessseaesseses 155
10.2.16. SLPOUT: EXit SIEeP IN MOAE (11R) c...eveeeeeeeeeeeee ettt ettaa s itte et e e eae et taa et aestaasasessssaasseasseaeseaen 156
10.2.17.  NORON: Enter NOIrmal MOE (131) ....c...veceeeeeieeiieeitiesiieeeeiaestieecteessteeettea e taaeiseassaaeseassseassessseaesenes 157
10.2.18.  INVOFF: Display INVersion Off (200) ........c.cecueiiueiisiiesieesiesitesieeieeiiesieesieesieete st saee st esseestestasssasseensees 158
10.2.19.  INVON: Display INVErsion ON (210).........ccvueieioeioesiieseeeieesieesieeiasitesieesieesiestestesaeesaessseessessasssasseenses 159
10.2.20. ALLPOFF: All PiX@l Off (2211) ..o sieeeeeeeeeeee ettt sttt e et e sttt e st e ettt e et eeaaaessaasssanssaasaseasaseasseenases 160
10.2.21. ALLPON: All PiX@l ON (231) ..ottt ettt et e et e et e st e st eeta e e aeesataasseanssaasssanaseasseenases 161
10.2.22. GAMSET: GAMMA SET (261) ...ttt ettt te s te st e st e st e seenteensesnsenseenses 162
10.2.23.  DISPOFFE: DiSPIAY Off (281) vveveeeeereeseeeeeseeeeeeseeeeeeseeseeessesseeseessesssssssessasssessssessasssssesssssessnsssesensnees 163
10.2.24.  DISPON: DiSPIAY ON (290)...ccueeeeeeieeeiaeieesiiesieesieeetese sttt teeeesate sttt e testesstesseessessesaseesesnsasseenses 164
10.2.25. TEOFF: Tearing Effect LiNe OFF (341)........ccuoeeeeueesieeeieeieeieeeesitesieeste et eitesttestee e estestesntassessseensesnseens 165
10.2.26. TEON: Tearing Effect LiN@ ON (351) .......ccueeeeeueeeieesieeieeie et etestte sttt et sitestte st e steestestesssassessseensessenns 166
10.2.27.  MADCTL: Memory AcCESS CONIOI36R).......cccuueceeeeiieeeeeieeeeeeteseteettee s eee ettt e s teestes e staeessesesraeerea s 167
10.2.28. IDMOFF: Idle MOGE Off (38) ....vveueeeeieeteeeieeeeeee ettt ettt sttt et etesstesseesseesessesnsesnsasseensen 169
10.2.29.  IDMON: Idl@ MO ON (391).....oeeueeeeieeiiesieesieeieeie ettt ettt e st e sttt e testesstesseesseesesseesesnsasseenses 170
10.2.30. = COLMOD: Interface PiXxel FOrMQAL (3AN) ....ooueeeeeeeeeeeeeeee et ee ettt ee ettt eteese e e as e s taaesteeebeessseenases 171
10.2.31.  TESL: Set Tear EffeCt SCANING (A4N) ......eoeeeeeeeeeeeeeeeeeeeeeee et e e st e ettt a st e st e s teeesa e s staassaasraaesea s 172
10.2.32.  GETSCAN: Get the CUIrent SCANINE (A5R) ........oooeeeeeeeeeeeeeeeeeeeee e eeee et e e ee s eeenasens 173
10.2.33.  WRDISBV: Write Display Brightness (510) ........ocoeueeeeeceeeeeeiie et eeeeeestte st esteaeestaa e s s e e esnaeas 174
10.2.34.  RDDISBV: Read Display Brightness VQIUE (521) .........coeeeeeeeeeeeeeeeee e eete et esaa e stea e sveaa e s 175
10.2.35. WRCTRLD: Write CTRL DiSPIAY (531) ..ccueeeeieeeieeeieeeieesieeete sttt ettt e es 176
10.2.36.  RDCTRLD: Read CTRL VaAIU€ DiSPIAY (541) ...ccueveieeeeieeiieeeieesieeeee sttt st siee e 177
10.2.37.  RDDDB: ReQd DDB StOIt (ALN).....coocueeeiieieeeieesteeete sttt ettt ettt ste e st e s be e st asaseesbaesasee s 178
10.2.38.  RDDDBCON: Read DDB CONEINUE (A8R) ......veeneeeeiieeieesieeeeeeeeeee sttt ettt ssee s s 180
10.2.39.  RDFCS: Read First CRECKSUIM (AAR) ..ueeeeeeeeeeeeeee ettt e e et taeaa e e e s essaseesaaeeesssssereaaseenns 181
10.2.40.  RDCCS: Read Continue CRECKSUM (AFR) ........uueeeeeeeeeeeeeeeeeeeeeeectteee e eeettvveeae e e eeesiaseseaaeeeessssarenaseenas 182

P-5

December 29, 2022



\@ Preliminary V0.13 JD9168

Jadard Technology Inc.

10.2.41. RDIDI1: REAA IDI (DAR) ...ttt et e e ettt e e ettt e e et a e et s e e atsaaeesassaeeaasssaens 183
10.2.42. RDID2: REAA ID2 (DBR) ...ttt e ettt e e ettt e e e et a e e saa e et s e eatseaeesassaseaassnaens 184
10.2.43.  RDID3: REAU ID3 (DCR) ..ottt sttt en s n s en s aes s eneenanen 185

11. ELECTRICAL SPECIFICATIONS .....ccteiieereeieeenerennerenctenseressesnseressesnsessssesnssssssesssssssssssssssnsessssssnsesassssnsessnsesnsssnnns 186
11.1. ABSOLUTE MAXIMUM RATINGS ...ettuueeettueettteeettnneestaneeessuneesstneesssneeessunsesssnaeessnneesssnnsesssneesssnnesssneesssneeesssneesssnneesens 186
11.2. DC CHARACTERISTICS 1 eeeeeeerrstneeeeerererssnnseesssrssssnesesssssssssseseesssssssnnesessssssssnnsesessssssssnnsesessssssssnnsessssssssnsnneessssesnns 187
11.2.1. RGB Interface DC electrical CRHAraCteriStICS. ........cuuuvuierueeeiiesieeeieesteeee ettt 187
11.2.2. LVDS DC electricQl CROAIACTEIISTICS .............cccuueeeieiiiiieiiieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee e eeeeeeeeevvse s e eeeeveeens 188

11.3. AAC CHARACTERISTICS tttteeeeerertruuueeeeersesrsnaeeessssssssnaesessssssssnnsesssssssssnnsessssssssssnesessssssssnneesessssssssnneesessssssnnnnsessssesses 189
11.3.1. RESEL INPUL TIMUNGS...ccooiiiiiiiiiiieeeee ettt ettt ettt s e s st e e sbn e dannae e s e eeas 189
11.3.2. Y= l=lot Ao ol g Lo [ Lot (= K A Lo SNt 190
11.3.3. LVDS eleCtronic CAGIACLEIISTICS ..........ccoueeeeeeieiiiiieieeeeeeeeeeeeeee ettt te et aeee et ee e aeaeaseeeevevesens 191
11.3.4. DS D-PHY electronic CAQIACEEIISTICS............ccouuuuieeieiiiiiiieieeeeeeeeeeeeeeeeeeeeeeeeeeeeieeee et ie e eeeeeeeeeeeaeaeseeens 192
11.3.5. Timings fOr DSI VA0 MOUE ..........cooveeeiiieieeiieeeeet ettt ettt ettt et e saaeesae e 202

12. CHIP INFORIMATION .......cottttteenneeeeeeeeeennssseeeesesesnnssssssesssssnnssssssssssssnnssssssssssssnnnsssssssssssnnnsssssssssssnnnnssssssssssnnnnne 204
12.1. PAD ASSIGNIMENT vvvvvvvvreersereseresesesssssessssssssssssssssssssssssssssssssssssssssesssssssssssssssssssssssssssssssssssssssssssssssessssssssssssssssrnnnes 204
13. ORDERING INFORMATION ....ccouuiiiiireeennnnceeeeeeeennssseesssessnnsssssesssassnnssssssssssssnnssssssssssssnsnsssssssssssnnnsssssssssssnnnnne 205
P-6

December 29, 2022



\@ Preliminary V0.13 JD9168

Jadard Technology Inc.

Figure list:

Figure 4.1: Power generation SChEME ........uuviiiiiii i e e e 16
Figure 4.2: AVDD/AVEE Internal Charge pUmMP......cccueeeiuieeciieeesiee e e eceeeeeiee e reeeereeeevee e 18
Figure 4.3: AVDD\AVEE €XteINal POWE ......uviiivieeciie ettt ectee et e eetaeeestee e s etaeesreeesneeesneeens 20
Figure 4.4: AVDD\AVEE/VGH/VGL external POWET ..........ccccuveeiieeeiieeecieeeeeee e 22
Figure 4.5: AVDD\AVEE external power with FP7721 power IC ........cccouveeiveeecveeeeiiee e 24
Figure 7.1: SPI Write Command + Data transmitter ........cccccevi oo, 35
Figure 7.2: SPI Write Command Only transmitter ........ccccvvevieiieiccciieeee e 35
Figure 7.3: SPI Read Command + Data transmitter ........cccccviieieciieeeee e, 36
Figure 7.4: 12C Write Command + Data transmitter ........ccccceevieieciiieeee i, 38
Figure 7.5: 12C Write Command Only transmitter .........cccceveei et 38
Figure 7.6: 12C Read Command + Data transmitter........ccccceeeieiicciieeiie e 38
Figure 7.7: General timing diagram .......ccccuiiiiiiiie i srr et e e e e e e e e e e eanes 39
Figure 7.8: RGB (800RGB x 480) timing diagram .........cccceeeeiiiuieieriiiieeiesiieeeeccieee e eeieeee e 39
FIUIE 7.9: PCLK CYCIE .ttt ettt e e e s e e e s et e e e e e e e e s enaraaeeeeeeeeeennnnes 40
Figure 7.10: 6-bit LVDS input ( IM[1:0]=01, LANSEL[1:0]=10, LVFMT=Don’t care ) ............. 42
Figure 7.11: 8-bit LVDS input ( IM[1:0]=01, LANSEL[1:0]=11, LVFMT=1(JEIDA) )...c.0eercvrrn. 42
Figure 7.12: 8-bit LVDS input ( IM[1:0]=01, LANSEL[1:0]=11, LVFMT=0(VESA) ) ..ccvvvrvrrn. 42
Figure 7.13 DSI transmitter and receiver interface..........ccccocoveeieeieee e, 43
FIUIE 7. 014 DSl LAY I it anan 44
Figure 7.15: Peripheral Power-Up Sequencing EXample.......cccoeeciiiieeeee e ccccciireeeeee e 48
Figure 7.16: Basic HS TranSmMiSSiON SErUCTUIE .......uuuuuuiiiiicicccc e 49
Figure 7.17: Two Lane HS Transmission EXample ........ccveeeeiieiieccciiieeee e 50
Figure 7.18: Three Lane HS Transmission EXample........ccccceveeiieicciiieeee e 50
Figure 7.19: HS Transmission Examples with EoTp disabled..........cccocveeiiiieiiiiiieieeees 52
Figure 7.20: HS Transmission Examples with EoTp enabled ..........cccevveeiiiicciciiiieieee s 52
Figure 7.21: Endian Example (LONg PACKet) ....ccoccuuiieiiiieee et 53
Figure 7.22: Long Packet StrUCTUIE ..ooooi i 55
Figure 7.23: Short Packet StrUCTUIE ..ooooi e e e 57
Figure 7.24: Data [dentifier BYLE ...ttt e e e e e e e 58
Figure 7.25: 16-bit per Pixel — RGB Color Format, Long Packet ........ccccceeeeiecciiiiieieeeeees 61
Figure 7.26: 18-bit per Pixel (Packed) — RGB Color Format, Long Packet ...........ccccccuveeeenne 62
Figure 7.27: 18-bit per Pixel (Loosely Packed) — RGB Color Format, Long Packet ............... 63
Figure 7.28: 24-bit per Pixel — RGB Color Format, Long Packet ........ccccceeeviecciiiiieneeeeces 64
Figure 7.29 Video Mode Interface Timing LEGENd ..........eevveieeiiiiciiiiieeee e 71

Figure 7.30: Video Mode Interface Timing: Non-Burst Transmission with Sync Start and
=33 Vo [P TPRPP 72
Figure 7.31: Video Mode Interface Timing: Non-burst Transmission with Sync Events...... 73
Figure 7.32: Video Mode Interface Timing: Burst TransmisSioN .........cccceeeeeeeciiviieeeeeeeeeeenns 74
Figure 7.33: 24-bit ECC generation EXample.......ooo it 75
P-7

December 29, 2022



>

Preliminary V0.13 JD9168
Jadard Technology Inc.

Figure 7.34: Checksum TranSmiSSiON ......ccccuvererieeeiiieiiiiieeeeeeeeeeisirrreeeeeeeesesassrereseeesessssnnnes 76
Figure 7.35: 16-bit CRC Generation Using a Shift REGISter .......ccocvvvvereeiiieiiiiiirreeeeee e, 76
Figure 7.36: Lane MoOdUIE Ty P .. ettt e e e e e e e e ar e e e e e e e e e ennnes 77
FIGUIE 7.37: LiNE LEVEIS oottt e e e e e e e e s e aaen e e e e e e e e e ennnes 78
Figure 7.38: TUrNarouNnd ProCeAUIE ........c.eeeviiieeee ettt e e e e e e e e e e e e 79
Figure 7.39: Trigger-Reset Command in Escape Mode.......ccoevveveiiiiieiee e 80
Figure 7.40: Two Data Byte Low-Power Data Transmission Example ........ccccevvvvvereeeieiennnns 81
Figure 7.41: High-Speed Data Transmission in BUISES........ccciiiieiiciiieeeeee e ceccieeeeeee e 86
Figure 7.42: Switching the Clock Lane between Clock Transmission and Low-Power Mode

...................................................................................................................................... 86
Figure 7.43: Data Lane Module State Diagram ........ccccuviiieeieeiieicrieeeee e eieseriee e s e e e 87
Figure 7.44: Clock Lane Module State Diagram ........cccvvviieeeieiieicciireiee et e e e 88
Figure 8.1: Grayscale CONLIOl ........ueiieiii e rree s e e e e s e nnbere e e e e e e e e ennnes 89
Figure 8.2: Gamma reference string and gamma reference voltage string.........ccccceeeunnee. 91
Figure 9.1: Tearing Effect LIN@ MOAE 1 ......uvviiiiiiiieeeiee ittt e e raee e 111
Figure 9.2: TE Line Delay under MOAE 1 ......ouvieiiiiiieiiiiiieieee it ee e e eecvveree e e e e e e e eanes 111
Figure 9.3: Tearing Effect LIN@ MOAE 2 ......uvviiiieeiiiieeee e e 112
Figure 9.4: TE Line Output for TELINE SEtHING ...cceviiiiiiiiiee et 112
Figure 9.5: Tearing Effect Line Output Signal........ccoooeciiii i 112
Figure 9.6: Tearing Effect Line timiNg...ccccociiuiiiieiiei e 113
Figure 9.7: Tearing Effect Line definition of tf, tr........ccccooeeiiiii e, 113
Figure 9.8: Register loading detection flow chart..........ccccccviieiiiiiiiie e, 116
Figure 9.9: Functionality detection flow chart.........c.ccceei i, 117
Figure 9.10: HW STBYB “H-L-H” and “L-H-L” timing limitation.............ccccceeeiiiiiiiniiineennns 133
Figure 11.1: LVDS iNPUL TIMINES ...uuuuuuuiiiiiiccccccc s s 188
Figure 11.2: ReSet iNPUL TIMINES ....uuuuuii s 189
Figure 11.3: SPI interface AC characteristiCS......couiiiiiiiiiieeeciiie et 190
Figure 11.4: LVDS AC characteristiCS ....ooveiuiiiiieeiie ettt et ee e e e e e e 191
Figure 11.5: Electronic functions of a D-PHY transceiver .......cccccveveeeiei e 192
Figure 11.6: HS and LP Signal [EVEIS ........eeeeeiieeeeeee ettt e e e 192
Figure 11.7: Input Glitch Rejections of Low-Power RECEIVErS.......evveeeeeieicciriiireeee e, 194
Figure 11.8: DDR Clock Definition .....cciceccceiiiieeee ettt e e e e 197
Figure 11.9: Data to Clock Timing Definitions.........ccccuviiieieei e, 198
Figure 11.10: High-Speed Data Transmission in BUIStS.......cccccooeccuiiiiieeeee e e, 200

Figure 11.1
Figure 11.1
Figure 11.1

1: Switching the Clock Lane between Clock Transmission and Low-Power Mode

.......................................................................................................................... 201
2: Vertical TImings fOr DPII/F....cuei ettt 202
3: Horizontal Timing for DSI Video mode I/F .........ccooveeiveeeciieeeeeeeeeevee e 203

P-8

December 29, 2022



>

Preliminary V0.13 JD9168
Jadard Technology Inc.
Table list:

Table 4.1: Voltage configuration ..........cooeoiiei i e 17
Table 5.1: Maximum Layout RESISTANCE .......ceveiiii i 26
Table 7.1: INterface SEIECTION ..ccuuii et sbe e 34
Table 7.2: RGB Interface data format.......ccoceeiviiiiniie e 40
Table 7.3: Interface SEIECTION ..cc..uii ittt sbee e 41
Table 7.4: Data Types for supported Processor-sourced Packets ........ccccceeecvveeeecciieeecnneee, 60
Table 7.5: Data Types for Peripheral-sourced Packets ..........cccceecuiieeicciiee e e 67
Table 7.6: Error Report Bit Definitions .......c..oeeeiiiiiiiciee et e 69
Table 7.7: Lane State DeSCriPtioNS .....cccceeeiiiiiee et e e e e s et e e e e e e e s nnnaaeeeeas 79
Table 7.8: ESCAPe ENTry COUES....uumiiiiiiiiiiieeeee ettt e e e e e e e e s e aa e e s e e e e e nnnereeas 80
Table 7.9: Start-of-TranSmisSiON SEQUENCE .....c.cceiccuviiieiee et e e e e s e creee e e e e e e e eeneneeees 84
Table 7.10: End-of-TransmiSSioN SEQUENCE ....ccceeeeceeviiiiieeeeeeecctrneeeeeeseeeessnarreeeeeeeesesnnnnnrees 85
Table 8.1: Gamma-Adjustment regISTErS .....ouuvi it 90
TablE 8.2: VOPLS™LB ... eeeeieeeeiiee sttt siee sttt s e si e e e satae s aaaa s e s seasnsaeesnseeesaseeesasaeessseeesseeenns 93
Table 8.3: VOPL3/VOPLA ...ttt e et eae s sba et et esteestaeesaeesseeentaesnneenseennns 94
Table 8.4: VOPLL/VOPIL2.....oo ittt ste sttt sttestaesbeesaeesteesseassaeessaeenteessaesnseenens 95
TADIE 8.5: VOPTLO ..ciiuiteeeiieeiitee sttt site st eesbe e e s te e st eeessteeestaessteesnsaaesnseaesnseeesasaeesseeesseesnns 96
TADIE 8.6: VOPY ...ttt sttt s e st e e te e e ataestaeesbaeesbeeesabaeesabaeesaneeesaseeenns 97
TADIE 8.7: VOPSB ...ttt ettt stte e s ebt e st e e s e e et te e e ataesateesbaeesbeeesabeeesabeeesnseeenaseeenns 98
TAbIE 8.8: VOPE/ VOPT ...ttt eett ettt ettt ettt et e st e s beesba e s saeesseeenteesnaeenreenens 99
TAbIE 8.9: VOPA/ VOPS...iioueiieiieiiecite ettt ettt et e s te e teessbeessaesbeesaaeesbeessnesnseesnnaans 100
Table 8.10: VOPO™3 ..t cittie sttt ettt sttt s e st e s e e et e st eesbaee e bt e e snbaeesasaeesabeeesnnaeesareeas 101
Table 8.11: VONIS™LB ....eiiiiieeiiiieiiiee sttt e sttt esteeesteeesateessteeessaeessaeesnsaeesssaeesnseesssneessaseens 102
Table 8.12: VONLI3/VONLE ......ooeeiiieeiieeteesiee et ste ettt te e e e e st e steesanaebeessaeenreesanaans 103
Table 8.13: VONLIL/VONL2 ...eveiiiiiieeeiie ettt ettt et te s e et e eteesaaaesbeessaesnreesnnaens 104
Table 8.14: VONILO .....eoieeieiiiie ettt ettt s et e st e et e e e stt e e staeeebaeesnbaeesssaeesaseeessneeesarenes 105
TABIE 8.15: VONO ...ttt ettt ettt e et e et e st e e e bae e e baeessbaeesabaeesabeeesanaeesareees 106
TAbIE 8.16: WVONS ......eeeiiiie ettt ettt ettt e et e et e et e st e e s baeesbaeesnbaeesabaeesabeeesaneeesaseens 107
Table 8.17: VONB/ VONT.....oi it cieectee ettt et siee et saae s teesreessbeessaesteesaaeenseesssesnreesanaens 108
Table 8.18: VONA/ VONS.......ccviiiieeieectie ettt e ettt ete e s e s beesseeeteesaaeesbeesseesnseesanaens 109
TAbIE 8.19: VOND™N3 ..ooiiiieeiitie ettt ste e sttt s e st e e st e e et e e s tte e ssaeesbaeesnsaeesssaeesaseeesnneeesasenns 110
Table 9.1: AC characteristics of Tearing Effect LIN€ .......cooeveiiiiicciiiiiiee e, 113
Table 9.2: Output and I/O pins CharaCteristiCS .......coviriueeeiiveeeiieeecreee et e eeree e e 115
Table 10.1: Standard cOmMmMaNd liSt.......cooocuiiiiiriiiee e 137
Table 10.2: Standard Command Accessibility ........occccviiiieieiiiecccee e, 138
Table 10.3: Standard Command Default Modes and Value .........cccccevvviieeiiniiieniniieeees 139
Table 11.1: Absolute Maximum ratingS..........eeeeeiieieciiiiiiee e e e e e e e e eeanes 186
Table 11.2: RGB Interface DC characteristiC.......cueieiriiieeiiniiiie et 187
Table 11.3: LVDS DC CharaCteriStiC......uuiieriuieeiiriiieeieiiieeeesiiee sttt et e e s iee e e s siraee e e 188

P-9

December 29, 2022



\@ Preliminary V0.13 JD9168

Jadard Technology Inc.

Table 11.4: RESET LIMINGS ..cciiiiiriiiieii ettt eertrrre e e e e eeesbbbrereeeeeesessstrsaereeeeessennanes 189
Table 11.5: SPlinterface AC charaCteristiCs .......uiuvueeerieeeiiee ettt 190
Table 11.6: LVDS AC CharaCteriStiCS......uuiiuuieiiiiiiieeieiiieee ettt e e e e s e e e 191
Table 11.7: LP-TX DC SPeCIfiCatioNns ......cccccuieeiiciiiieeesiieee et seee e e e e e enrae e e 193
Table 11.8: LP-TX AC SPeCifiCations ......cccccuieeiiciiie et et e e e earae e e 193
Table 11.9: LP-RX DC SPeCifiCations .......ccccuieeiieiiiiiececiieee et 194
Table 11.10: LP-RX AC SPeCifiCatioNs .....ccccuvieeiieiiiie ettt e e erae e e 194
Table 11.11: Contention Detector DC Specifications........ccccvveeieiiiieecccieee e e 195
Table 11.12: HS Receiver DC SpecifiCations .......c.ueeeieiiieeeeciiiee e e 196
Table 11.13: HS Receiver AC SPecifiCations .......cueeeeeiiiiie et 196
Table 11.14: Reverse HS Data Transmission Timing Parameters.......ccccevvcvivvvveieeeeieenenns 198
Table 11.15: Data to Clock Timing Specifications ..........cceeeevieeiiiiiiie e 199
Table 11.16: Vertical Timings for DSI VIidEO I/F .....ccuuviiiieiiiieeeee et e 202
Table 11.17: Horizontal Timings for DSI Video mode I/F ........ccoveeeiveieniieeiieecceeeeee e 203

P-10

December 29, 2022



>

Jadard Technology Inc.

Preliminary V0.13

JD9168
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2. General Description

The JD9168 supports WVGA resolution driving controller. The JD9168 is designed to
provide a single-chip solution that combines a source driver, gate driver control, power
supply circuit to drive A-SI TFT dot matrix LCD with 800RGBx480(Dual Gate=960)
dots (WVGA resolution) at typical. Which, maximum ratio can support up to
1024RGBx1024 (Dual Gate=2048) dots resolution.

The JD9168 can be operated in low-voltage condition for the interface and integrated
internal boosters that produce the liquid crystal voltage and the voltage follower circuit
for liquid crystal driver. In addition, The JD9168 also supports various driving functions
to reduce the power consumption of a LCD system via software control.

P-12
December 29, 2022



\@ Preliminary V0.13 JD9168

Jadard Technology Inc.

3. Features
3.1. Display
m Single chip solution for a a-Si type LCD display
= Resolution:
* RGB:

s 800RGB x 480 dots (Dual Gate=960)
m 640RGB x 360 dots (Dual Gate=720)
= Min RGB: 512, Max RGB:1024
m  Max dots:1024(Dual Gate=2048)
m Display color modes

¢ Full color mode:
m  16.7M colours (24-bit 8(R):8(G):8(B))

¢ Reduce color mode:
m 262k colours (18-bit 6(R):6(G):6(B))
m 65k colours (16-bit 5(R):6(G):5(B))
m 8 colors (Idle mode on): 8 colors (3-bit binary mode)

3.2. Display interface

m Display interface types supported

* RGB interface
s SYNC + DE mode
s SYNC only mode
e MIPI-DSI (Display Serial Interface) interface
m  Support DSI Version 1.1
m  Support D-PHY version 1.00
m LVDS interface (VESA/ JEIDA)
3.3. Input voltage ranges
m Analog power supply (VCI)
= 1Power Mode, 2Power Mode: 2.5V to 3.3V
3Power Mode, 5Power Mode: 4.5V to 6.0V
I/O and interface power supply (IOVCC): 2.5V to 3.3V
High speed interface power supply (VCCH): 2.5V to 3.3V
BOOSTM[1:0]=00 ( 1 Power Mode ): EXT Power: VCI
BOOSTM[1:0]=00 ( 2 Power Mode ): EXT Power: VCI, IOVCC
BOOSTMJ[1:0]=01 ( 3 Power Mode ): EXT Power: AVDD, AVEE, IOVCC
BOOSTMI[1:0]=11 ( 5 Power Mode ): EXT Power: IOVCC, AVDD, AVEE, VGH, VGL
OTP programming voltage: Internal VPP=7.5V.

3.4. Output voltage ranges

= On module DC/DC converter

e Analog voltage range for AvDD= +4.5V to +6.0V

Analog voltage range for AVEE= -4.5V to -6.0V

Positive source output voltage level: VGMP= +3.0V to +5.7V(VGMP<=AVDD-0.3V)
Negative source output voltage level: VGMN= -3.0V to -5.7V(VGMN>=AVEE+0.3V)
Positive gate driver output voltage level: VGH= +7V to +22V (VGH +|VGL| < 30V)
Negative gate driver output voltage level: VGL= -7V to -16V (VGH +|VGL| < 30V)
VCOM=0V, or -0.3V to -4.0V, -10mV/step.

Source output voltage range: VO+ >= +0.2V, VO- <= -0.2V.
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3.5. Miscellaneous of chip
Internal level shifter for Gate Driver control
Display inversion type support Column / 1-dot / 1+2-dot / 2-dot / 4-dot / Zigzag
Gamma correction (1 preset gamma curve)
Internal Oscillator generation
s CMOS compatible inputs
m Proprietary multi phase driving for lower power consumption
m GAS function for preventing image sticking when abnormal power off
m Temperature range: -40 to +85 °C
= On-chip OTP program voltage generator
m OTP memory to store initialization register settings
m 4 times OTP for Gamma Correction setting
m 3 times OTP for VCOM normal / reverse setting,
m 3 times OTP for ID setting
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4. Device Overview

4.1. Device Block Diagram
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4.2. LCD power generation scheme

VGH (+7V~+22V)

AVDD (4.5V ~ 6.0V)

\ VGMP(3.0V ~ (AVDD-0.3V))

VCI (2.5V ~ 6.0V)

IOVCC (2.5V ~ 3.3V) VCCH (2.5V ~ 3.3V)

N \

VDDD (1.8V) VDDH (1.8V)

VSSD, VSSA, VSSH, VSSP, AVSS

VCOM(OV or -0.3V ~ -4.0V)

VGMN (-3.0V ~ (AVEE+0.3V))

/:VEE (-4.5V ~ -6.0V)

VGL(-7V~ -16V)

Figure 4.1: Power generation scheme
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4.3. Output voltage range
JD9168 generates corresponding voltage with A-SI LCD panel by internal power supply circuit.
Please set up each voltage output according to the LCD panel.

Name Function Set up value Note

AVDD |DC/DC converter circuit output +4.5V ~ +6.0V

AVEE |DC/DC converter circuit output -4.5V ~ -6.0V

VGMP |[Reference voltage for gamma circuit +3.0V ~ (AVDD - 0.3V) Reference register

VGMN |Reference voltage for gamma circuit -3.0V ~ (AVEE + 0.3V) Reference register
VGH |Positive gate driver output voltage level +7V ~+22V Depend on AVDD & AVEE
VGL |Negative gate driver output voltage level -7V ~ -16V Depend on AVDD & AVEE

VCOM|VCOM DC voltage oV, -0.3V ~ -4.0V

VDDH |Analog power for High speed interface circuit 1.8V Depend on DSI I/F
VDDD |Digital power for internal digital circuit. 1.8V

Table 4.1: Voltage configuration
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4.4. DC/DC Converter Circuit
4.4.1. DC/DC power model (AVDD/AVEE Internal Charge Pump)
EXT_VGL=0 & BOOSTM[1:0]=00 & DCDCM[3:0]=0000
VCI
_]T_ VCI External VCI
I(:1 VCIP (2.5V~ 6.0V)
= C41P
C11P 1
oy == CA1IN 11
— C11N
VGH C42pP
- C12P DC/DC 1
G- C12N Pumping | cagn LPPHONE=C12
C13P 3
. VGH J} |
C4 - C13N L
Cl14P =
4
CS C14N
AVDD/
AVDD AVEE C51P
c6 — DC/DC VGL CEIN I #014
I Pumping DC/DC
- C31P Pumping VGL Ci15
= Yo [
C7 C31N
T C32P ’ '
D1 =
€8 4 C32N
AVEE
co f ’DZ AVEE
lovcc ~ VCOM C16
pe * IOVCC I
J_ LIVCCH Regulator VDDD I C17(0))
C10 External IOVCC Reference
VDDH C18
= (2.5V~ 3.3V) |—

Figure 4.2: AVDD/AVEE Internal charge pump
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4.4.2. External component table for AVDD/AVEE Internal Charge Pump

Pad Name Symbol Connection Typical Value
VCI/VCIP C1 (Option) | Connect to Capacitor: VCI/NVCIP ---(+)----| |--- (-)-----VSSA 2.2 yF /1 6.3V
C11P - C11N Cc2 Connect to Capacitor: C11P ---(+)----| |--- (-)-----C11N 1.0 yF 710V
C12P - C12N C3 Connect to Capacitor: C12P ---(+)----| |--- (-)-----C12N 1.0 yF 710V
C13P - C13N C4 (Option) | Connect to Capacitor: C13P ---(+)----| |--- (-)-----C13N 1.0 yF 710V
C14P - C14N C5 (Option) | Connect to Capacitor: C14P ---(+)----| |--- (-)-----C14N 1.0 yF 710V
AVDD C6 Connect to Capacitor: AVEE ---(+)----| |--- (-)-----VSSP 2.2 yF / 10V
C31P - C31N Cc7 Connect to Capacitor: C31P ---(+)----| |--- (-)-----C31N 1.0 yF / 10V
C32P - C32N C8 (Option) | Connect to Capacitor: C32P ---(+)----| |--- (-)-----C32N 1.0 yF / 10V
AVEE C9 Connect to Capacitor: AVDD ---(+)----| |--- (-)-----VSSP 2.2 yF / 10V
IOvCC C10 (Option) | Connect to Capacitor: IOVCC ---(+)----| |--- (-)---- VSSA 2.2 yF/6.3V
C41P — C41N Cl1 Connect to Capacitor: C41P ---(+)----| |--- (-)-----C41N 1.0 yF / 16V
C42P — C42N | C12 (Option) | Connect to Capacitor: C42P ---(+)----| |--- (-)-----C42N 1.0 yF / 16V
VGH C13 Connect to Capacitor: VGH ---(+)----| |--- (-)-----VSSP 2.2 yF 1 25V
C51P — C51N C14 Connect to Capacitor: C51P ---(+)----| |--- (-)-----C51N 1.0 yF / 16V
C15 Connect to Capacitor: VGL ---(-)--=-| |--- (+)----- VSSP 2.2 yF / 25V

VF <0.4V/20mA @ 25°C,

VGL D1 (Option) Connect to Schottky Diode(VR=30V): VGL ---(-)----PJ‘--- (+)---- VSSP VR 230V (Recommended
diode: RB521S-30)

VF <0.4V/20mA @ 25°C,

D2 Connect to Schottky Diode(VR=30V): VGL ---(-)----»J--- (+)---- AVEE VR 230V (Recommended
diode: RB521S-30)
VCOM C16 (Option) | Connect to Capacitor: VCOM ---(-)----| [--- (+)----- AVSS 2.2 yF / 6.3V
vDDD C17 (Option) | Connect to Capacitor: VDDD ---(+)----| |--- (-)-----VSSD 2.2 yF / 6.3V
VDDH C18 (Option) | Connect to Capacitor: VDDH ---(+)----| |--- (-)----VSSH 22 yF/6.3V

(Option): If display quality is OK then remove the capacitor
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4.4.3. DC/DC power mode2 (AVDD\AVEE external power)

EXT_VGL=0 & BOOSTM[1:0]=01 & DCDCM|[3:0]=0000

VCI
T
fcj- |
L C41P
-
C41N —I-C5
VGH C42P
DC/DC —_
Pumping C42N ‘ A N
VGH C? A
oL
External AVDD AVDD/
(4.5V~ 6.0V) AVEE p51P
o L DC/DC VGL CEIN I —cs
I Pumping DC/DC -
— Pumping VGL C9
Dl ==
External AVEE
(-4.5V~ -6.0V) ‘Nﬁ
T AVEE
C3 I b2
|O\j/_CC L | vcoM %
1 : {/%VCCHC Regulator | vDDD Cl1
s - lovee Reference
xterna | VDDH I_C12
; (2.5V~ 3.3V) L

Figure 4.3: AVDD\AVEE external power
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4.4.4. External component table for AVDD\AVEE external power
Pad Name Symbol Connection Typical Value
VCI/VCIP C1 (Option) | Connect to Capacitor: VCI/NVCIP ---(+)----| |--- (-)-----VSSA 2.2 yF /6.3V
AVDD C2 (Option) | Connect to Capacitor: AVEE ---(+)----| |--- (-)-----VSSP 2.2 yF / 10V
AVEE C3 (Option) | Connect to Capacitor: AVDD ---(+)----| |--- (-)-----VSSP 2.2 yF / 10V
IOVCC C4 (Option) Connect to Capacitor: IOVCC ---(+)----| |--- (-)---- VSSA 2.2 yF / 6.3V
C41P — C41N C5 Connect to Capacitor: C41P ---(+)----| |--- (-)-----C41N 1.0 yF 7 16V
C42P — C42N C6 (Option) | Connect to Capacitor: C42P ---(+)----| |--- (-)-----C42N 1.0 yF / 16V
VGH Cc7 Connect to Capacitor: VGH ---(+)----| |--- (-)-----VSSP 2.2 yF / 25V
C51P - C51N C8 Connect to Capacitor: C51P ---(+)----| |--- (-)-----C51N 1.0 yF / 16V
C9 Connect to Capacitor: VGL ---(-)----| |--- (+)----- VSSP 2.2 yF / 25V
VF < 0.4V /20mA @ 25°C,
VGL D1 (Option) | Connect to Schottky Diode(VR230V): VGL --~(-)----P[--- (+)---- VSSP VR 230V (Recommended
diode: RB521S-30)
VF < 0.4V /20mA @ 25°C,
D2 Connect to Schottky Diode(VR=30V): VGL --=(-)----»J--- (+)--—- AVEE VR 230V (Recommended
diode: RB521S-30)
VCOM C10 (Option) | Connect to Capacitor: VCOM ---(-)----| |-=- (+)----- AVSS 22 pyF/6.3V
VDDD C11 (Option) | Connect to Capacitor: VDDD ---(+)----| |--- (-)-----VSSD 22 pyF/6.3V
VDDH C12 (Option) | Connect to Capacitor: VDDH ---(+)----| |--- (-)----VSSH 2.2 yF /6.3V
(Option): If display quality is OK then remove the capacitor
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4.4.5. DC/DC power mode3 (AVDD\AVEE/VGH/VGL external power)

EXT_VGL=X & BOOSTM[1:0]=11 & DCDCM][3:0]=0000

C1

IH 13

External AVDD
(4.5V~ 6.0V)

£
c2
L

External AVEE
(-4.5V~ -6.0V)

-f
lovee —
T

- IOVCC
J_ VCCH
I C4 External IOVCC

(2.5V~ 3.3V)

AVDD/

AVEE

DC/DC
Pumping

Figure 4.4: AVDD\AVEE/VGH/VGL external power

VGH
DC/DC
Pumping
C5
i External VGH
(7v~ 22V)
D1
VGL
DC/DC
Pumping
VGL C6
G l—o—l I External VGL
’ ;‘ (-7v~-16V)
D2 =
AVEE
D3
VCOM | LC7
11
Regulator VvDDD |1 C8
Reference "
VDDH | L C9
11 J
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4.4.6. External component table for AVDD\AVEE/VGH/VGL external power
Pad Name Symbol Connection Typical Value
VCI/VCIP C1 (Option) | Connect to Capacitor: VCI/NVCIP ---(+)----| |--- (-)-----VSSA 2.2 yF /6.3V
AVDD C2 (Option) | Connect to Capacitor: AVEE ---(+)----| |--- (-)-----VSSP 2.2 yF / 10V
AVEE C3 (Option) | Connect to Capacitor: AVDD ---(+)----| |--- (-)-----VSSP 2.2 yF / 10V
IOvVCC C4 (Option) | Connect to Capacitor: IOVCC ---(+)----| |--- (-)---- VSSA 2.2 yF / 6.3V
C7 (Option) | Connect to Capacitor: VGH ---(+)----| |--- (-)-----VSSP 2.2 yF / 25V
VGH VF < 0.4V / 20mA @ 25°C,
D1 Connect to Schottky Diode(VR=30V): AVDD ---(-)----J--- (+)---- VGH VR 230V (Recommended
diode: RB521S-30)
C9 (Option) | Connect to Capacitor: VGL ---(-)----| |--- (+)----- VSSP 2.2 yF / 25V
VF <0.4V/20mA @ 25°C,
VGL D2 (Option) | Connect to Schottky Diode(VR=30V): VGL ---(-)----B>[--- (+)---- VSSP VR 230V (Recommended
diode: RB521S-30)
VF < 0.4V /20mA @ 25°C,
D3 Connect to Schottky Diode(VR=30V): VGL ---(-)----»[--- (+)----AVEE VR 230V (Recommended
diode: RB521S-30)
VCOM C10 (Option) | Connect to Capacitor: VCOM ---(-)----| |--- (+)----- AVSS 22 pyF/6.3V
VDDD C11 (Option) | Connect to Capacitor: VDDD ---(+)----| |--- (-)-----VSSD 22 pyF/6.3V
VDDH C12 (Option) | Connect to Capacitor: VDDH ---(+)----| |--- (-)----VSSH 22 pyF/6.3V
(Option): If display quality is OK then remove the capacitor
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4.4.7. DC/DC power mode4 (AVDD\AVEE external power with FP7721 power IC)

EXT_VGL=0 & BOOSTM[1:0]=00 & DCDCM[3:0]=0010

VCI
VCIP
c1
L
Vel -~ GPOO
vcl GPO1
PSYNC
VSS External
L c1p AVDD
cs AVDDR (4'5\/j_ 6.0V) ' AVDD
CIN c2 T
Cc2P =
Cé AVEER T g AVEE
C2N Cc3 T
= AVDD/
Cc3pP =
c7 External AVEE
C3N AVEE DC/DC
(-4.5V~ -6.0V) Pumping
FP7721
IOVCC
IoVCC
VCCH
C4 External
y lovce
N (2.5V~ 3.3V)

VGH
DC/DC
Pumping
VGH C10
C51P
VGL Cc11
DC/DC CSIN
Pumping
Regulator
Reference |

Figure 4.5: AVDD\AVEE external power with FP7721 power IC
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4.4.8. External component table for AVDD\AVEE external power with FP7721 power IC

Pad Name Symbol Connection Typical Value
VCI/VCIP C1 (Option) | Connect to Capacitor: VCI/NVCIP ---(+)----| |--- (-)-----VSSA 2.2 yF /6.3V
AVDD C2 (Option) | Connect to Capacitor: AVEE ---(+)----| |--- (-)-----VSSP 2.2 yF / 10V
AVEE C3 (Option) | Connect to Capacitor: AVDD ---(+)----| |--- (-)-----VSSP 2.2 yF / 10V
IOvVCC C4 (Option) | Connect to Capacitor: IOVCC ---(+)----| |--- (-)---- VSSA 2.2 yF / 6.3V
C41P — C41N C8 Connect to Capacitor: C41P ---(+)----| |--- (-)-----C41N 1.0 yF 7 16V
C42P — C42N C9 (Option) | Connect to Capacitor: C42P ---(+)----| |--- (-)-----C42N 1.0 yF / 16V
VGH C10 Connect to Capacitor: VGH ---(+)----| |--- (-)-----VSSP 2.2 yF / 25V
C51P - C51N Cl1 Connect to Capacitor: C51P ---(+)----| |--- (-)-----C51N 1.0 yF / 16V
C12 Connect to Capacitor: VGL ---(-)----| |--- (+)----- VSSP 2.2 yF / 25V

VF < 0.4V /20mA @ 25°C,

VGL D1 (Option) | Connect to Schottky Diode(VR230V): VGL --~(-)----P[--- (+)---- VSSP VR 230V (Recommended
diode: RB521S-30)

VF < 0.4V /20mA @ 25°C,

D2 Connect to Schottky Diode(VR=30V): VGL --=(-)----»J--- (+)--—- AVEE VR 230V (Recommended
diode: RB521S-30)
VCOM C13 (Option) | Connect to Capacitor: VCOM ---(-)----| |-=- (+)----- AVSS 22 pyF/6.3V
VDDD C14 (Option) | Connect to Capacitor: VDDD ---(+)----| |--- (-)-----VSSD 22 pyF/6.3V
VDDH C15 (Option) | Connect to Capacitor: VDDH ---(+)----| |--- (-)----VSSH 2.2 yF / 6.3V

(Option): If display quality is OK then remove the capacitor
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5. Maximum layout resistance

Maximum series

Name Pin Definition P . Unit
VCI, VCIP, IOVCC, VCCH Power supply 5 0
VCOM Output, Capacitor Connection 5 Q
vDDD, VDDH Output, Capacitor Connection 5 Q
AVDD, AVEE Output, Capacitor Connection 5 Q
VGH, VGL Output, Capacitor Connection 10 Q
C11P, C11N, C12P, C12N
C13P, C13N, C14P, C14N,
C31P, C31N, C32P, C32N, Capacitor Connection 5 Q
C41P, C41N, C42P, C42N,
C51P, C51N
VSSD, VSSA, VSSH, VSSP, AVSS Power supply 5 Q
VPP OTP Power Supply 20 Q
DSWAP[2:0], PSWAP, IM[1:0]
LANSEL[1:0] "G 100 ¢
SS, GS, REV, STBYB, LVFMT, CMDSEL
A0, BOOSTM[1:0], VGL_EXT L} 100 ¢
CSX, RESX, SCL, SCLI2C Input 100 Q
SDA, SDAI2C Input / Output 100 Q
DBI[23:0], PCLK, VSYNC, HSYNC, DE Input 100 0
HS_DOP, HS_DON Input + Output 5 Q
HS_D1P, HS_DIN Input 5 Q
HS_D2P, HS_D2N Input 5 0
HS_ D3P, HS_D3N Input 5 0
HS_CKP, HS_CKN Input 5 0
GPO[0~5] Output 100 0
TEST_OSC Input 100 0
T_IDLL Input 100 0
TEST_EN, TESTI[3:0] Input 100 Q
TEST_P, TEST_N, TEST_O[7:0] Output 100 Q
Table 5.1: Maximum Layout Resistance
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6. Pin description

Host interface pins

; I/O | Connected o
Pin name i Description
type with
Select the interface mode as listed below:
IM[1:0] Interface
0 0 DSl
0 1 LVDS
IM[1:0] | IOVCC/VSSD
1 0 RGB
1 1 Not used
RGB IF data format (RGB565 / RGB666 / RGB888) is selected by DCS command
(Ox3A).
Select the lane mode as listed below:
LANSEL[1:0] DSI IF LVDS IF
LANSEL[1:0] I IOVCC/VSSD 0 0 Not used | Not used
0 1 2 Lane | Notused
1 0 3 Lane 6 Bit
1 1 4 Lane 8 Bit
Select for DSI data lane sequence and polarity.
PSWAP | DSWAP[2:0] | DON | DOP | DIN | D1P CKN CKP D2N | D2P | D3N | D3P
0 000 D2- D2+ D1- D1+ CLK- | CLK+ DO- DO+ D3- D3+
0 001 D2- D2+ DO- DO+ CLK- | CLK+ D1- D1+ D3- D3+
0 010 D3- D3+ D1- D1+ CLK- | CLK+ DO- DO+ D2- D2+
0 011 D3- D3+ DO- DO+ CLK- | CLK+ D1- D1+ D2- D2+
0 100 D3- D3+ D2- D2+ CLK- | CLK+ D1- D1+ DO- DO+
0 101 D3- D3+ D1- D1+ CLK- | CLK+ D2- D2+ DO- DO+
0 110 Do- DO+ D2- D2+ CLK- | CLK+ D1- D1+ D3- D3+
0 111 DO- DO+ D1- D1+ CLK- | CLK+ D2- D2+ D3- D3+
1 000 D2+ D2- D1+ D1- CLK+ CLK- DO+ DO- D3+ D3-
1 001 D2+ D2- DO+ DO- CLK+ | CLK- D1+ D1- D3+ D3-
1 010 D3+ D3- D1+ D1- CLK+ CLK- DO+ DO- D2+ D2-
1 011 D3+ D3- DO+ DO- CLK+ CLK- D1+ D1- D2+ D2-
1 100 D3+ D3- D2+ D2- CLK+ | CLK- D1+ D1- DO+ DO-
1 101 D3+ D3- D1+ D1- CLK+ CLK- D2+ D2- DO+ DO-
1 110 DO+ DO- D2+ D2- CLK+ CLK- D1+ D1- D3+ D3-
1 111 DO+ DO- D1+ D1- CLK+ CLK- D2+ D2- D3+ D3-
PSWAP,
| IOVCC/VSSD
DSWAP| 28 Select for LVDS data lane sequence and polarity.
PSWAP | DSWAP[2:0] DON | DOP | DIN | D1P CKN CKP D2N | D2P | D3N | D3P
0 000 D3- D3+ D2- D2+ CLK- | CLK+ D1- D1+ DO- DO+
0 001 D3- D3+ | CLK- | CLK+ D2- D2+ D1- D1+ DO- DO+
0 010 Do- DO+ D1- D1+ CLK- | CLK+ D2- D2+ D3- D3+
0 011 DoO- DO+ D1- D1+ D2- D2+ CLK- | CLK+ | D3- D3+
0 100 CLK- | CLK+ | DO- DO+ D1- D1+ D2- D2+ D3- D3+
0 101 CLK- | CLK+ | D3- D3+ D2- D2+ D1- D1+ DO- DO+
0 110 D3- D3+ D2- D2+ D1- D1+ DO- DO+ | CLK- | CLK+
0 111 DO- DO+ D1- D1+ D2- D2+ D3- D3+ | CLK- | CLK+
1 000 D3+ D3- D2+ D2- CLK+ | CLK- D1+ D1- Do+ DO-
1 001 D3+ D3- | CLK+ | CLK- D2+ D2- D1+ D1- DO+ DO-
1 010 DO+ DO- D1+ D1- CLK+ CLK- D2+ D2- D3+ D3-
1 011 DO+ DO- D1+ D1- D2+ D2- | CLK+ | CLK- | D3+ D3-
1 100 CLK+ | CLK- | DO+ DO- D1+ D1- D2+ D2- D3+ D3-
1 101 CLK+ | CLK- | D3+ D3- D2+ D2- D1+ D1- DO+ DO-
1 110 D3+ D3- D2+ D2- D1+ D1- DO+ DO- | CLK+ | CLK-
1 111 DO+ DO- D1+ D1- D2+ D2- D3+ D3- | CLK+ | CLK-
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Select Power mode for IOVCC, VCI, AVDD, AVEE, VGH and VGL

EXT_VGL [ BOOSTM[1:0] | IOVCC | VCI/VCIP AVDD AVEE VGH VGL
00 External | External In/t(;r\:u\?é(l((::P) InlteF[\nA?é(I%P) Internal (CP) | Internal (CP)
0 01 External | AVDD External External Internal (CP) | Internal (CP)
EXT VGL 10 External | External In/te;r\r;vallQ(l%P) InlteF[\nA?é(I%P) External Internal (CP)
I IOVCC/VSSD 11 External AVDD External External External External
BOOSTM[1:0]
00 External | External In/te;r\r;vallQ(l%P) InlteF[\nA?é(I%P) Internal (CP) External
1 01 External | AVDD External External Internal (CP) External
10 External | External In/te;r\r;vallQ(l%P) InlteF[\nA?é(I%P) External External
11 External AVDD External External External External
Reset pin. Setting either pin low initializes the LSI. Must be reset (active low) after
RESX | Host
power is supplied.
Chip select pin.
0: Chip can be accessed;
CSX | Host
1: Chip cannot be accessed.
If this pin is not used, please connect it to IOVCC.
Serial clock input in SPI interface
SCL | Host
If not use, let it open or IOVCC or GND.
Serial data input / output pin in SPI interface operation.
SDA 110 Host
If not use, let it open.
Serial clock input in 12C interface
SCLI2C | Host
If not use, please connect it to IOVCC.
Serial data input / output pin in 12C interface operation.
SDAI2C 1/0 Host
If not use, please connect it to IOVCC.
VSYNC | Host Vertical sync input in RGB interface. Must be connected to VSSD or open if not used.
Horizontal sync input in RGB interface. Must be connected to VSSD or open if not
HSYNC | Host
used.
DE | Host Data enable input in RGB interface. Must be connected to VSSD or open if not used.
PCLK | Host Pixel clock input in RGB interface. Must be connected to VSSD or open if not used.
Display data input in RGB interface. Let it to open or GND in LVDS/DSI interface
DB[23:0] I Host
mode.
Source driver scan direction on panel module.
Note:
1. SS_PANEL is IC register setting.
2. LVDS and RGB interface will refer to HW pin and register setting, but DSI
SS | IOVCC/VSSD | interface only refers to register setting.

SS HW |SS PANEL Direction
0 0 S[1,2,3> > 1536]
0 1 S[1536, 1535, 1534 > > 1]
1 0 S[1536, 1535, 1534 > > 1]
1 1 S[1,2,3> > 1536]
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Gate driver scan direction on panel module.
Note:
1. GS_PANEL is IC register setting.
2. LVDS and RGB interface will refer to HW pin and register setting, but DSI
GS IOVCC/VSSD interface only refers to register setting.
GS HW |GS PANEL Direction
0 0 G[1,2,3~>...> 1024 ]
0 1 G[1024, 1023, 1022 >...> 1]
1 0 G[1024, 1023, 1022 >...> 1]
1 1 G[1,2,3>...>1024]
Normal Black/ Normal White panel select.
Note:
1. REV_PANEL is IC register setting.
2. LVDS and RGB interface will refer to HW pin and register setting, but DSI
REV IOVCC/VSSD interface only refers to register setting.
REV HW | REV PANEL Panel type
0 0 Normal Black
0 1 Normal White
1 0 Normal White
1 1 Normal Black
Standby mode.
Host STBYB IC Status
STBYB
0 Standby Mode
IOVCC/VSSD 1 Normal Mode
Data format select for LVDS mode.
LVFMT Format
LVFMT IOVCC/VSSD 0 VESA
1 JEIDA
Command interface selection.
CMDSEL Command IF
CMDSEL IOVCC/VSSD 0 12C
1 SPI
Serial interface (I12C) Compatible Device Address Bit 0 input.
AO |IOVCC/VSSD A0 I12C Address
0 0x68
1 0x69
Serves TE, LEDPWM, VSOUT, HSOUT and external Power IC control signal.
GPQ[5:0] (0] Host
If not use, let it open.
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Panel driver output
) /0 | Connected o
Pin name i Description
type with
Output channel applied to the panel.
Resolution Source Channel
1024RGB S[1:1536]
800RGB S[1:600], S[937:1536]
768RGB S[1:576], S[961:1536]
S[1] ~ S[1536] o LCD 720RGB S[1:540], S[997:1536]
640RGB S[1:480], S[1057:1536]
512RGB S[1:384], S[1153:1536]
X RGB,
1024=X=512, | S[1:X*3/4], S[1537- X*3/4:1536]
X divisible by 8
SZ7[2:3] LCD Source Dummy for Zigzag panel type used, if not use, let it open.
GCKL[1:22] LCD These pins are used for Panel gate control signal. If not use, let it open.
GCKRJ[1:22] LCD These pins are used for Panel gate control signal. If not use, let it open.
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Power supply pins

) /0 | Connected o
Pin name i Description
type with
VCI/ VCIP | Power IC | A power supply for DC/DC circuit.
IovCC | Power IC | A power supply for the 1/O circuit.
System
AVSS P Analog ground. Please connect to system ground VSS=0V.
ground
System
VSSA P Analog ground. Please connect to system ground VSS=0V.
ground
System
VSSD P Ground for the internal logic circuit. Please connect to system ground VSS=0V.
ground
System
VSSP P Ground for the DC/DC circuit. Please connect to system ground VSS=0V.
Ground
Capacitor
(option) or .
AVDD | Input positive power from system/ external power IC
External putp P 4 P
power
Capacitor
(option) or .
AVEE | Input negative power from system/ external power IC
External P g P 4 P
power
Output voltage from the step-up circuit.
Capacitor Connect to a stabilizing capacitor between VGH and system ground.
VGH O .
(option) | pjace a Scotty barrier diode between AVDD and VGH. (Optional)
*¢The diode is needed when AVDD come from external power
Output voltage from the step-up circuit.
Capacitor Connect to a stabilizing capacitor between VGL and system ground.
VGL O .
(option) | pjace a Scotty barrier diode between AVEE and VGL.
Place a Scotty barrier diode between VGL and system ground. (Optional)
VDDD (0] Capagtor Internal logic voltage output.
(option)
VDDH (0] Capagtor High Speed interface voltage output.
(option)
; The power supply of common voltage in DC com driving. Connect to a stabilizing
VCOM o Capqcnor
(option) | capacitor between VCOM and system ground.
External | External High voltage pin is used in OTP program mode, the power is operate at
VPP | Power or
Open 7.5V.If not used, let them open.
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DC/DC pumping

) /0 | Connected o
Pin name - Description
type wit
C11P, C11N
C12P, C12N Charge Pump | connect to the step-up capacitors according to the DC/DC pumping factor by
I/0 Capacitor
C13P, C13N (option) pumping the AVDD voltage. If not used, let them open.
C14P, C14N
C31P, C31IN Charge Pump | Connect to the step-up capacitors according to the DC/DC pumping factor by
I/0 Capacitor
C32P, C32N (option) pumping the AVEE voltage. If not used, let them open.
C41P, C41N Charge Pump | connect to the step-up capacitors according to the DC/DC pumping factor by
I/O Capacitor
C42P, C42N : pumping the VGH voltage. If not used, let them open.
(option)
Charge Pump | connect to the step-up capacitors according to the DC/DC pumping factor by
C51P, C51N I/O Capacitor
(option) pumping the VGL voltage. If not used, let them open.

High speed interface parts

) /O | Connected o
Pin name Description
type with
HS_DOP, LVDS/DSI |LVDS/MIPI-DSI Data differential signal input pins. (Data lane 0)
HS_DON o Host if not used , Please connected to VSSH or .open
HS_CKP, LVDS/DSI |LVDS/MIPI-DSI CLOCK differential signal input pins.
HS_CKN Host if not used , Please connected to VSSH or open.
HS_D1P, LVDS/DSI |LVDS/MIPI-DSI Data differential signal input pins. (Data lane 1)
HS D1N Host if not used , Please connected to VSSH or open.
HS_D2P, LVDS/DSI |LVDS/MIPI-DSI Data differential signal input pins. (Data lane 2)
HS_D2N Host if not used , Please connected to VSSH or open.
HS_D3P, LVDS/DSI |LVDS/MIPI-DSI Data differential signal input pins. (Data lane 3)
HS_ D3N I Host if not used , Please connected to VSSH or open.
VCCH P Power IC  [Power supply for the MIPI DSI analog power.
System
VSSH P ground LVDS/MIPI DSI analogy ground. Please connect to system ground VSS=0V.
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Other Pins
) /0 | Connected o
Pin name i Description
type with
A test pin. This pin is by internal logic function test. This pin can output on FPC.
TEST_EN [ Open
If not used, let it open or connected to VSS.
A test pin. This pin is by internal logic function test. This pin can output on FPC.
TEST_OSC [ Open
If not used, let it open or connected to VSS.
T_IDLL | Open A test pin. If not used, let it open.
A test pin. This pin is by internal logic function test. This pin can output on FPC.
TESTI[3:0] | Open
If not used, let it open or connected to VSS.
A test pin. This pin is by internal logic function test. This pin can output on FPC.
TESTO[7:0] (0] Open
If not used, let it open..
Analog test pin. This pin can output on FPC.
TEST_P (0] Open
If not used, let it open.
Analog test pin. This pin can output on FPC.
TEST_N (0] Open
If not used, let it open.
COGTESTA[2:1] - On Panel |Check bonding status at point A.
COGTESTB[2:1] - On Panel |Check bonding status at point B.
DUMMY - Open Not used. Let it open.
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7. Interface

The JD9168 supports SPI / 12C(Command W/R), RGB, LVDS, DSI(Display Serial
Interface). The interface mode can be selected by IM[1:0] and CMDSEL pins setting

as show in Table 7.1.

CMDSEL Command IF
0 12C
1 SPI

7.1. SPIl interface

IM[1:0] Display IF
0 0 DSl
0 1 LVDS
1 0 RGB
1 1 Not used

Table 7.1: Interface selection

JD9168 use the 3-Wire serial port as communication interface for all the function and
command setting. 3-Wire communication can be bi-directional controlled by the “R/W

command index”.

Under read mode, 3-Wire engine will return the data during “Data phase”. The
returned data should be latched at the rising edge of SCL by external controller. Data
in the “Hi-Z phase” will be ignored by 3-Wire engine during write operation, and should
be ignored during read operation also. During read operation, external controller
should float SDA pin under “Hi-Z phase” and “Data phase”.

7.1.1. SPlinterface write mode

Write command + data protocol:

Command + Data Command Only
Byte Byte
Value Description Value Description
1 OxF1 | WR command index 1 OxF1 WR command index
2 0x01 Data index 2 0x01 Data index(Must be 0x01)
3 0x02 Data number 3 0x00 | Data number(Must be 0x00)
4 0xBO | Command address 4 0x11 Command address
5 0x12 Data 1
6 0x34 Data 2
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(S ) Byte 1 Byte 2 { C )
P OXF1 D 0x01 ~
CSX i WR Index 2 Data Index -
S O 6 6 6 0 0 O 6
{C) Byte 3 Byte 4 { C )
‘ 0x02 D OXBO -
CSX Data Number ~ Command Address
SDA Lo X X oo X o X e X o X e X e e e X e —
(C) Byte 5 Byte 6 ( P )
- 0x12 P 0x34 _
CSX Data 1 gh Data 2 i
SCL BEEERREREEREERE R RN E R ERE)
SDA X0 o o XX o X o X o o X o (e X X o )Xo Xo

CSX
SCL

SDA

CSX
SCL

SDA

Figure 7.1: SPI Write Command + Data transmitter

(s) Byte 1 Byte 2 { C )
N OxF1 ny 0x01 .
\ WR Index gh Data Index g
(X X X X Xeo X))
{C) Byte 3 Byte 4
0x00 0Ox11

A
/

Data Number

\
A

Command Address

UL L

Figure 7.2: SPI Write Command Only transmitter
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7.1.2. SPlinterface read mode
Read command + data protocol:
Command + Data
Byte
Value Description
1 0xF2 | RD command index
2 0x01 Data index
3 0x02 Data number
4 0xBO | Command address
5 X Read Data 1
6 X Read Data 2
Start Transmit
{S) Byte 1 Byte 2 { C)
P OxF2 P 0x01 .
CSX i WR Index 2 Data Index g
SDA S ESOOOE DD E
{C) Byte 3 Byte 4 { C )
P 0x02 P 0xBO L
CSX - Data Number g Command Address -
SDA R € € € € T €5 08 & T T ) € o
Stop Transmit
(C) Byte 5 Byte 6 ( P )
» OxXX P OxXX L
CSX B Read Data 1 g Read Data 2 il
SCL R EEEEEEEE R R R EEEEEEE)
SDA BN NOONNDEN0E

Figure 7.3: SPI Read Command + Data transmitter
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7.2. 12C interface
7.2.1. 12C format

The 12C-bus is for bi-directional, two-line communication between different lcd or
modules. The two lines are the Serial Data line (I2C_SDA) and the Serial Clock Line
(I2C_SCL). Both lines must be connected to a positive supply via pull-up resistors.
Data transfer can be initiated only when the bus is not busy. Each byte of eight bits is
followed by an acknowledge bit. The acknowledge bit is a HIGH level signal put on the
bus by the transmitter during which time the master generates an extra
acknowledgement related clock pulse. A slave receiver which is addressed must
generate an acknowledgement after the reception of each byte. Also a master receiver
must generate an acknowledgement after the reception of each byte that has been
clocked out of the slave transmitter.

[2C-Bus Protocol:

Before any data is transmitted on the 12C-bus, the device which should respond is
addressed first. There are four slave address can be selected by MCU. The slave
addressing is always carried out with the first byte transmitted after the START
procedure.

Definitions:

- Transmitter: The device which sends the data to the bus.

- Receiver: The device which receives the data from the bus.

- Master: The device which initiates a transfer, generates clock signals and terminates a
transfer.

- Slave: The device addressed by a master.

- Multi-master: More than one master can attempt to control the bus at the same time
without corrupting the message.

- Arbitration: Procedure to ensure that, if more than one master simultaneously tries to
control the bus, only one is allowed to do so and the message is not corrupted.

- Synchronization: Procedure to synchronize the clock signals of two or more devices.

MASTER SLAVE SLAVE MASTER MASTER
TRANSMITTER / RECEIVER RECEIVER TRANSMITTER / RECEIVER TRANSMITTER TRANSMITTER / RECEIVER
12C_SDA —l l l l l
12C_SCL r ® ? ’ r
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7.2.2. Command Write Sequence of 12C Interface

JD9168 supports register write sequence via 12C-bus transfer. The register writing
support single register write mode and multi-register write mode. The detail transference
sequences are illustrated and described as below.

(1) Data transfers for register writing follow the format is shown in below.

(2) After the START condition (S), a slave address is sent. R/W bit is setting to “0” for
WRITE.

(3) The slave issues an ACK to master.

(4) 8 bits command address transfer first then transfer the register data parameter.

(5) A data transfer is always terminated by a STOP condition.

(6) JD9168 DA[6:0]=110_1000(0x68, A0 pin="0") or DA[6:0]=110_1001(0x69, A0 pin="1")

S
T Device Command Data Data Data s
R Address Address Index Byte(n) Byte(n+x) °
SDDDDDDDR’C* AAAAAAAAé BBBBBBBBé BBBBBBBBé BBBBBBBB@P
6|5]|4|3[2[1]0|W¥]k 71615141312 (1]|0]k 71615]413(2[1]0]«k 716151413 (2[1]|0|k 71615]4]13]2]|1|0|«k
110100000 0 0 0 0
Figure 7.4: 12C Write Command + Data transmitter
S .
T Device Command Data s
i Address Address Index=0x01 °
SDDDDDDDRé AAAAAAAA‘C* BBBBBBBB@P
6|5|4(3[2]1]|0|W|[k 716151413 (2[1]0]«k 716(5]413|2[1|0]k
110100000 0 000OO0OO0OO0OO1O0
Figure 7.5: 12C Write Command Only transmitter
7.2.3. Command Read Sequence of 12C Interface
JD9168 supports register read sequence via 12C-bus transfer. Register data reading
transfers follow the format and is shown in below.

E Device Command Data i Device Data Data s
R Address Address Index R Address Byte(n) Byte(n+x) °
D[D|D|D|D|D|D 2 A[A]A[A]A]A]A]A]A B|B|B|B|B|B|B[B|A D|D|D|D|D|D|D AlB[B|B[B|B|B|B|B|A B|B|B|[B|B|B|B|B|A
|S|6|5|4|3|2|1|0|W & 7|6|5|4|3|2|l|0 & 7|6|5|4|3|2|1 0|k S|6|5|4|3|2|1|0|R 7 6|5|4|3|2|1 0 ﬁL |7|6|5|4|3|2|l ol§lP
110100000 0 0 110100010 0 0
Figure 7.6: 12C Read Command + Data transmitter
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7.3. RGB interface
7.3.1. General timing diagram

The image information can be incorrect on the display, when timings are out of the
range on the interface (Out of the range timings cannot cause any damage on the
display module or it cannot cause any damage on the host side). If it is returned from
out of the range to in range timings, then the correct display image must be displayed
automatically (by the display module) on the next frame (vertical sync.).

Vertical Sync.

0 1
A Vs Invisble Image
= Timing information what is not possible to see on the display
VBP| - ¥- - = Blanking Time
DE =0 (Low)
Yoo
A Display Area
(VDISP + HDISP) — period
Vgrtical when valid display data are
Lines transferred from host to
VDISP display module
DE = 1 (High)
VFP
1 :
Horizontal Sync. o I I : Horizontal : :
: : : Pix| : :
« HDISP e
< >
Figure 7.7: General timing diagram
) 1 Frame !
|- >l
| | |
| VBP ) [
Panel : '1 864 :
Display ) X |
1 Display Area |
VSYNC
HSYNC
DE
PCLK
HSYNC
PCLK

DE |
D[23]~D[0]

Figure 7.8: RGB (800RGB x 480) timing diagram
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7.3.2. RGB Data format

The JD9168 supports 16-bit, 18-bit or 24-bit parallel RGB interface which includes:
HSYNC, VSYNC, DE, PCLK, DB[23:0]. The interface is active after Power On
sequence. Pixel clock (PCLK) is running all the time without stopping and it is used to
entering HS, VS, DE and D[23:0] lines states when there is a rising edge of the PCLK.
The PCLK cannot be used as continue internal clock for other functions of the display
module e.g. Sleep In— mode etc. Vertical synchronization (VSYNC) is start signal to
receive a “new frame” of the display. This is negative (“-“, “0”, low) active by rising
edge of the PCLK-line. Horizontal synchronization (HSYNC) is start signal to receive a
‘new line” of the frame. This is negative (“-, “0”, low) active by rising edge of the
PCLK- line. Data enable (DE) is used to receive RGB information that should be
transferred on the display. This is positive (“+”, “1”, high) active by rising edge of the
PCLK-line.

The pixel clock cycle is described in the following figure.

PCLK

D[23]~D[0]

HSYNC
VSYNC
DE

Note: PCLK is an unsynchronized signal (It can be stopped).
Figure 7.9: PCLK cycle

Data format D23|D22|D21|D20|D19| D18 D16|D15|D14|D13]D12|D11|D10| D9

16 bit (3Ah=0x50) —’mmm—’m

e (o[ e o]

24 5A1=070) H H CICRRaEE | | ||

Table 7.2: RGB Interface data format
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JD9168 support RGB interface mode 1(SYNC + DE mode) and mode 2(SYNC only
mode), it is select by USER command.

In RGB mode 1(SYNC + DE mode), writing data to line buffer is done by PCLK and
Video Data Bus (D[23] to D[0]), when DE is high state. The external clocks (PCLK,
VSYNC and HSYNC) are used for internal displaying clock. So, controller must always
transfer PCLK, VSYNC and HSYNC signal to JD9168.

In RGB mode 2(SYNC only mode), back porch of Vsync VBP is defined by VBP[7:0].
And back porch of Hsync HBP is defined by HBP[7:0]. Front porch of Vsync VFP is
defined by VFP[7:0]. And front porch of Hsync HFP is defined by HFP[7:0].

Register
RGB VSYNC | HSYNC DE PCLK | D[23] ~D[0] | VFP[7:0] ,VBP[7:0],
mode HFP[7:0], HBP[7:0]
Mode 1 Used Used Used Used Used Not used
Mode 2 Used Used Not used Used Used Used

Table 7.3: Interface selection
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7.4. LVDS interface
7.4.1. LVDS Data format

CLKP

CLKN

DOP/N < RO

GO R5 R4 R3 R2 R1 RO

G0>

D1P/N < G1l

PED D D D D
N L

Bl>

D2P/N < B2

DE><VS>< HS>< BS>< B4><BS><BZ

DE>

Figure 7.10: 6-bit LVDS input ( IM[1:0]=01, LANSEL[1:0]=10, LVFMT=Don’t care )

CLKP

CLKN

S O O O OO
N ) OO S T T OO
) 6O O TN T OO T
G T T O T T DS

Figure 7.11: 8-bit LVDS input ( IM[1:0]=01, LANSEL[1:0]=11, LVFMT=1(JEIDA))

CLKP

CLKN

O OO T DY Y
N O O T O T TS
N G 69 0 T T O T
N G €906 O O O e

Figure 7.12: 8-bit LVDS input ( IM[1:0]=01, LANSEL[1:0]=11, LVFMT=0(VESA) )
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7.5. DSI system interface

The Display Serial Interface (DSI) specifies the interface between a host processor
and a peripheral. DSI builds on existing MIPI Alliance specifications by adopting pixel
formats and command set specified in DPI-2, DBI-2 and DCS standards.

Figure 7.13 DSI transmitter and receiver interface shows a simplified DSI interface.
DSI sends display data or commands to the peripheral, and can read back status or
pixel information from the peripheral. The main difference is that DSI serializes all pixel
data, commands, and events that, in traditional or legacy interfaces, are normally
conveyed to and from the peripheral on a parallel data bus with additional control

signals.

Host Device, DSI Transmitter

Peripheral, DSI receiver

DSI Transmitter
CLKP
CLKN

DOP
DON

D1P
D1N
D2P
D2N
D3P
D3N

Yy

Bi-directional High
Speed Data Links

YYVVYYVY

DSI Receiver
CLKP
CLKN

DOP

DON
D1P

D1N
D2P
D2N
D3P
D3N

Figure 7.13 DSI transmitter and receiver interface
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A conceptual vide of DSI organizes the interface into several functional layers. A
description of the layers follows and is also shown in Figure 7.14.

Application Processor Peripheral

Pixel to Byte Packing Formats
Application Application
Command Generation / Interpretation

Data Control

Lo |[[]]]] L sos [[[[]]]

Data Control Data Control
Packet Based protocol

Low Level Protocol ECC and Checksum Generation and Low Level Protocol
Testing

Data Control Data Control

Lo [[[[]] & sois [[[[[]]

Lane Management Lane Distribution and Merging Lane Management

Ty xsbis] [[ ][] v xsbis | [ []]]

Data Control Start of Packet / End of Packet Data Control

Serializer / Deserializer
Clock management (DDR)
Electrical Layer (SLVS)

PHY Layer PHY Layer

High Speed Unidirectional Clock

Lane 0 -- High Speed Data (optionally Bidirectional in LP Mode)

Lane N -- High Speed Unidirectional Data
Figure 7.14: DSI Layer

PHY Layer: The PHY Layer specifies transmission medium (electrical conductors),
the input/output circuitry and the clocking mechanism that captures “ones” and “zeroes”
from the serial bit stream. Bit-level and byte-level synchronization mechanisms are
included as part of the PHY.

Lane Management Layer: DSI is Lane-scalable for increased performance. The
number of data signals may be 1, 2, 3, or 4 depending on the bandwidth requirements
of the application. The transmitter side of the interface distributes the outgoing data
stream to one or more Lanes (“distributor” function). On the receiving end, the
interface collects bytes from the Lanes and merges them together into a recombined
data stream that restores the original stream sequence (“merger” function).

Protocol Layer: At the lowest level, DSI protocol specifies the sequence and value of
bits and bytes traversing the interface. It specifies how bytes are organized into
defined groups called packets. The protocol defines required headers for each packet,
and how header information is generated and interpreted. The transmitting side of the
interface appends header and error-checking information to data being transmitted.
On the receiving side, the header is stripped off and interpreted by corresponding logic
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in the receiver. Error-checking information may be used to test the integrity of
incoming data. DSI protocol also documents how packets may be tagged for
interleaving multiple command or data streams to separate destinations using a single
DSI.

Application Layer: This layer describes higher-level encoding and interpretation of
data contained in the data stream. Depending on the display subsystem architecture, it
may consist of pixels having a prescribed format, or of commands that are interpreted
by the display controller inside a display module. The DSI specification describes the
mapping of pixel values, commands and command parameters to bytes in the packet
assembly.
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7.5.1. Command mode, Video mode and Virtual Channel

DSl-compliant peripheral support either of two basic modes of operation: Command
Mode and Video Mode. Which mode is used depends on the architecture and
capabilities of the peripheral.

Typically, a peripheral is capable of Command Mode operation or Video Mode
operation. Some Video Mode display modules also include a simplified form of
Command Mode operation in which the display module may refresh its screen from a
reduced-size, or partial, frame buffer, and the interface (DSI) to the host processor
may be shut down to reduce power consumption.

Command Mode

Command Mode refers to operation in which transactions primarily take the form of
sending commands and data to a peripheral, such as a display module, that
incorporates a display controller. The display controller may include local registers and
a frame buffer. Systems using Command Mode write to, and read from, the registers
and frame buffer memory. The host processor indirectly controls activity at the
peripheral by sending commands, parameters and data to the display controller. The
host processor can also read display module status information or the contents of the
frame memory. Command Mode operation requires a bidirectional interface.

Video Mode

Video Mode refers to operation in which transfers from the host processor to the
peripheral take the form of a real-time pixel stream. In normal operation, the display
module relies on the host processor to provide image data at sufficient bandwidth to
avoid flicker or other visible artifacts in the displayed image. Video information should
only be transmitted using High Speed Mode.

Some Video Mode architectures may include a simple timing controller and partial
frame buffer, used to maintain a partial-screen or lower-resolution image in standby or
Low Power Mode. This permits the interface to be shut down to reduce power
consumption. To reduce complexity and cost, systems that only operate in Video
Mode may use a unidirectional data path.

Virtual Channel Capability

While this specification only addresses the connection of a host processor to a single
peripheral, DSI incorporates a virtual channel capability for communication between a
host processor and multiple, physical display modules. Since interface bandwidth is
shared between peripherals, there are constraints that limit the physical extent and
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performance of multiple-peripheral systems. The DSI protocol permits up to four virtual
channels, enabling traffic for multiple peripherals to share a common DSI Link. The
DSl specification makes no requirements on the specific value assigned to each virtual
channel used to designate interlaced fields, For clarity, the first interlaced video field
may be assigned as DI[7:6] = 2'b00 and the second interlaced video field may be
assigned DI[7:6] = 2'b01.

Notel: JD9168 support both command mode and video mode.

Note2: For JD9168, DI[7:6] for virtual channel should be set as 2’b00.
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7.5.2. Power-up Sequence Example

Power-on tror
Reset
110

Voltage f

Rx State
Machine Active L— tinr_sLave —9>€ UNTERNAL_DELAY -"

Clock + as thar wssrer————————\___ [T
Clock - 7/ AN/
Data + JF \_

Data - Jr \_

tinim_masTER 2 tinim_sLAvE + UNTERNAL_DELAY

Any derive state except LP-11, LP-10 or LP-01

Figure 7.15: Peripheral Power-Up Sequencing Example
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7.5.3. DSI Format

Information is transferred between host processor and peripheral using one or more
serial data signals and accompanying serial clock. The action of sending high-speed
serial data across the bus is called a HS transmission or burst. Between transmissions,
the differential data signal or Lane goes to a low-power state (LPS). Interfaces should
be in LPS when they are not actively transmitting or receiving high-speed data. Figure
7.4 shows the basic structure of a HS transmission. N is the total number of bytes sent
in the transmission

DATA 0: ( SoT X Byte 0 >< Byte 1 X Byte 2 ><:____>< Byte N-3 >< Byte N-2 X Byte N-1 >< EoT >

KEY:
SoT - Start of Transmission EoT - End of Transmission

Figure 7.16: Basic HS Transmission Structure
Multi Lane Distribution and Merging

DSl is a Lane-scalable interface. Applications requiring more bandwidth than that
provided by one Data Lane may expand the data path to two, three, or four Lanes wide
and obtain approximately linear increases in peak bus bandwidth.

Multi-Lane implementations shall use a single common clock signal, shared by all
Data Lanes. Conceptually, between the PHY and higher functional blocks is a layer
that enables multi-Lane operation.

Since a HS transmission is composed of an arbitrary number of bytes that may not be
an integer multiple of the number of Lanes, some Lanes may run out of data before
others. Therefore, the Lane Management layer, as it buffers up the final set of
less-than-N bytes, de-asserts its “valid data” signal into all Lanes for which there is no
further data.

Although all Lanes start simultaneously with parallel SoTs, each Lane operates
independently and may complete the HS transmission before the other Lanes,
sending an EoT one cycle (byte) earlier.

The N PHYs on the receiving end of the Link collect bytes in parallel and feed them
into the Lane Management layer. The Lane Management layer reconstructs the
original sequence of bytes in the transmission. Figure 7.17 & Figure 7.18 illustrate a
variety of ways a HS transmission can terminate for different number of Lanes and
packet lengths.
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Number of Bytes, N transmitted is an integer multiple of the number of lanes:

All Data Lanes finish at the same time

LANE 0O: ( SoT Byte 0 X Byte 2 X Byte 4 ><:::::>< Byte N-6 >< Byte N-4 >< Byte N-2 EoT >

v / \ r / 4 Y

LANE 1: ( SoT Byte 1 X Byte 3 >< Byte 5 ><:_ h _>< Byte N-5 >< Byte N-3 >< Byte N-1 EoT >

Number of Bytes, N transmitted is NOT an integer multiple of the number of lanes:

Data Lane O finishes 1 byte later than Data Lane 1

LANE 0O: ( SoT \ Byte 0 X Byte 2 X Byte 4 X: >< Byte N-5 >< Byte N-3 X Byte N-1 EoT J

\ / / \J / A / \J / \ A/

LANE 1: ( SoT Byte 1 X Byte 3 >< Byte 5 ><: ___>< Byte N-4 >< Byte N-2 EoT LPS
KEY:
LPS - Low Power State SoT - Start of Transmission EoT - End of Transmission

Figure 7.17: Two Lane HS Transmission Example

Number of Bytes, N transmitted is an integer multiple of the number of lanes:

All Data Lanes finish at the same time

LANE 0: ( SoT ) Byte 0 >< Byte 3 X Byte6 >( )(ByteN9 Byte N-6 X Byte N-3 EoT

4
l / All Data Lanes fi |s,H at'the sgme time
. i N A i |
LANE 1: { soT Y eye1 Y Byed Byt )( }( Byte N-8 X ByteN-5 | ByteN-2 | EoT
oy \2 b | ‘, v/ v/ \J
LANE 2: SoT Byte 2 Byte 5 Byte 8 X }< Byte N-7 >< Byte N-4 X Byte N-1 EoT

Number of Bytes, N transmitted is NOT an integer multiple of the number of lanes (EXample 1):

Data Lanes O finished 1 byte latet than Data Lane 1 and 2

LANE 0: ( SoT ) Byte 0 >< Byte 3 X Byte 6 >< >< Byte N-7 >< Byte N-4 X Byte N-1 EoT
4 4
v v o Y Yy | v Y
LANE 1: SoT |/ Byte 1 >< Byte 4 X Byte 7 >< }< Byte N-6 X Byte N-3 EoT LPS
S v/ v/ Y/
LANE 2: SoT Byte 2 X Byte 5 X Byte 8 >( x Byte N-5 >< Byte N-2 EoT LPS
—

Number of Bytes, N transmitted is NOT an integer multiple of the number of lanes (Example 2):

4
DataLa e Oflmshes L byteilater than D ?Lane 1

v A

Data Lanes 0 and 1 finish 1 byte later than Data Lane 2
LANE O: E soT Y Byteo Y Byte3 Y Byte 6 )( }< Byte N-8 >< Byle N5 Y ByteN-2 Y EoT
7| N

LANE 1: ( SoT ) Byte 1 X Byte4 X Byte7 >C—___:><ByteN7><ByteNI\‘ByteN-l EoT >

\< l l [ O 7; v, v LA
LANE 2: { SoT Byte2 ) Byle5 | Byes f )< Byte N-6 >< ByteN-3 ) EoT LPS

KEY:
LPS - Low Power State SoT - Start of Transmission EoT - End of Transmission

Figure 7.18: Three Lane HS Transmission Example
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7.5.4. DSI Protocol

On the transmitter side of a DSI Link, parallel data, signal events, and commands are
converted in the Protocol layer to packets, following the packet organization
documented in this section. The Protocol layer appends packet-protocol information
and headers, and then sends complete bytes through the Lane Management layer to
the PHY.

7.5.5. Multiple Packets per Transmission

In its simplest form, a transmission may contain one packet. If many packets are to be
transmitted, the overhead of frequent switching between LPS and High-Speed Mode
will severely limit bandwidth if packets are sent separately, e.g. one packet per
transmission.

The DSI protocol permits multiple packets to be concatenated, which substantially
boosts effective bandwidth. This is useful for events such as peripheral initialization,
where many registers may be loaded with separate write commands at system
startup.

There are two modes of data transmission, HS and LP transmission modes, at the
PHY layer. Before a HS transmission can be started, the transmitter PHY issues a SoT
sequence to the receiver. After that, data or command packets can be transmitted in
HS mode. Multiple packets may exist within a single HS transmission and the end of
transmission is always signaled at the PHY layer using a dedicated EoT sequence. In
order to enhance the overall robustness of the system, DSI defines a dedicated EOT
packet (EoTp) at the protocol layer for signaling the end of HS transmission. For
backwards compatibility with earlier DSI systems, the capability of generating and
interpreting this EOTp can be enabled or disabled. The method of enabling or disabling
this capability is out of scope for this document.

The top diagram in Figure 7.19 illustrates a case where multiple packets are being
sent separately with EoTp support disabled. In HS mode, time gaps between packets
shall result in separate HS transmissions for each packet, with a SoT, LPS, and EoT
issued by the PHY layer between packets. This constraint does not apply to LP
transmissions. The bottom diagram in Figure 7.19 demonstrates a case where
multiple packets are concatenated within a single HS transmission.
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@@@Q@@@@@

Separate Transmissions

KEY:
LPS - Low Power State SP - Short Packet
SoT - Start of Transmission LgP - Long Packet

EoT - End of Transmission

LPS @@@ LgP @ LPS

Single Transmissions

Figure 7.19: HS Transmission Examples with EoTp disabled

Figure 7.20 depicts HS transmission cases where EoTp generation is enabled. In the
figure, EOT short packets are highlighted in red. The top diagram illustrates a case
where a host is intending to send a short packet followed by a long packet using two
separate transmissions. In this case, an additional EoT short packet is generated
before each transmission ends. This mechanism provides a more robust environment,
at the expense of increased overhead (four extra bytes per transmission) compared to
cases where EoTp generation is disabled, i.e. the system only relies on the PHY layer
EoT sequence for signaling the end of HS transmission. The overhead imposed by
enabling EoTp can be minimized by sending multiple long and short packets within a
single transmission as illustrated by the bottom diagram in Figure 7.8.

EoT EoT EoT
Packet Packet Packet
s I@EE) Lo CH@@E) o SNy s

Separate Transmissions

KEY:
LPS - Low Power State SP - Short Packet
SoT - Start of Transmission LgP - Long Packet
EoT - End of Transmission

Single Transmissions

Figure 7.20: HS Transmission Examples with EoTp enabled
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7.5.6. Endian Policy

All packet data traverses the interface as bytes. Sequentially, a transmitter shall send
data LSB first, MSB last. For packets with multi-byte fields, the least significant byte
shall be transmitted first unless otherwise specified. Figure 7.21 shows a complete
Long packet data transmission. Note, the figure shows the byte values in standard
positional notation, i.e. MSB on the left and LSB on the right, while the bits are shown
in chronological order with the LSB on the left, the MSB on the right and time
increasing left to right.

DI WC (LS Byte) | WC (MS Byte) ECC Data CRC (LS Byte) [ CRC (MS Byte)
0x29 OX0L 0x00 0x06 0x01 OxOE OX1E
1]o[o[1][o[1]o[o[1]0]o]o[o[o[o[o]o[o[o[o]o[o]o[o[o[1[Z]o]o[o]o[o[i]o[o[o]o[o[o[o[o[i[1]1[o]o[o]o[o[A[1[i]1][0[o]0
L ML L ML ML M
S sis s sis sis s
B BiB B BB BiB B

Time ———p

Figure 7.21: Endian Example (Long Packet)
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7.5.7. Packet Structure

The first byte of the packet, the Data Identifier (DI), includes information specifying the
type of the packet. Packet sizes fall into two categories:

*Long packets specify the payload length using a two-byte Word Count field.
Payloads may be from 0 to 216- 1 bytes long. Therefore, a Long packet may be up to
65,541 bytes in length. Long packets permit transmission of large blocks of pixel or
other data.

*Short packets are four bytes in length including the ECC. Short packets are used for
most Command Mode commands and associated parameters. Other Short packets
convey events like H Sync and V Sync edges. Because they are Short packets they
can convey accurate timing information to logic at the peripheral.

The Set Maximum Return Packet Size command allows the host processor to limit the
size of response packets coming from a peripheral.
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7.5.8. Long Packet

Figure 7.22 shows the structure of the Long packet. A Long packet shall consist of
three elements: a 32-bit Packet Header (PH), an application-specific Data Payload
with a variable number of bytes, and a 16-bit Packet Footer (PF). The Packet Header
is further composed of three elements: an 8-bit Data Identifier, a 16-bit Word Count,
and 8-bit ECC. The Packet Footer has one element, a 16-bit checksum. Long packets
can be from 6 to 65,541 bytes in length.

DATA IDENTIFIER (DI):
Contains Virtual Channel identifier and Data Type information
Data Type denotes the format and content of application-specific payload data

16-bit WORD COUNT (WC):
The Word Count conveys how many words (bytes) are in packet payload
The receiver uses WC to determine the packet end (after Payload + Checksum)

8-bit Error Correction Code (ECC) for the Packet Header:

8-hit ECC for the Packet Header, protects up to 8 bytes in header
Enables one-hit errors in Packet Header to be corrected and two-bit errors to be detected
A

PPLICATION SPECIFIC PAYLOAD  CHECKSUM (CS)

/—/%

E I N c

a 3~ ole |- OO -

Lps |soT| s | S2 |0 | 8|8 =|2| 8% |eoT ps

a S ajlo T | <

= ol la O
%/—/

32-bit 16-bit
PACKET PACKET
HEADER FOOTER

(PH) (BF)

PACKET DATA (Payload):
Length = WC * Data Word size (8-bits)
No value restrictions on data words in Payload

Figure 7.22: Long Packet Structure

The Data Identifier defines the Virtual Channel for the data and the Data Type for the
application specific payload data.

The Word Count defines the number of bytes in the Data Payload between the end of
the Packet Header and the start of the Packet Footer. Neither the Packet Header nor
the Packet Footer shall be included in the Word Count.

The Error Correction Code (ECC) byte allows single-bit errors to be corrected and
2-bit errors to be detected in the Packet Header. This includes both the Data Identifier
and Word Count fields.

After the end of the Packet Header, the receiver reads the next Word Count * bytes of
the Data Payload. Within the Data Payload block, there are no limitations on the value
of a data word, i.e. no embedded codes are used.

Once the receiver has read the Data Payload it reads the Checksum in the Packet
Footer. The host processor shall always calculate and transmit a Checksum in the
Packet Footer. Peripherals are not required to calculate a Checksum. Also note the
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special case of zero-byte Data Payload: if the payload has length 0, then the
Checksum calculation results in (OXFFFF). If the Checksum is not calculated, the
Packet Footer shall consist of two bytes of all zeros (0x0000). In the generic case, the
length of the Data Payload shall be a multiple of bytes.

Each byte shall be transmitted least significant bit first. Payload data may be
transmitted in any byte order restricted only by data format requirements. Multi-byte
elements such as Word Count and Checksum shall be transmitted least significant
byte first.
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7.5.9. Short Packet

Figure 7.23 shows the structure of the Short packet. A Short packet shall contain an
8-bit Data ID followed by two command or data bytes and an 8-bit ECC; a Packet
Footer shall not be present. Short packets shall be four bytes in length. The Error

Correction Code (ECC) byte allows single-bit errors to be corrected and 2-bit errors to
be detected in the Short packet.

DATA IDENTIFIER (DI):
Contains Virtual Channel identifier and Data Type information
Data Type denotes the format and content of application-specific payload data

PACKET DATD:
Length is fix two bytes
There are no value restrictions on data words

8-bit Error Correction Code (ECC) for the Packet Header:
8-bit ECC for the Packet Header, protects up to 8 bytes in header
Enables one-bit errors in Packet Header to be corrected and two-bit errors to be detected

0O |lo |«
S |los| s |Q
LPS | SoT | & 21519 EoT | LPS
@© Ll
[a) a o
PACKET
HEADER
(PH)

Figure 7.23: Short Packet Structure
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7.5.10.Common Packet Elements
Long and Short packets have several common elements that are described in this
section.

7.5.11.Data Identifier Byte

The first byte of any packet is the DI (Data Identifier) byte. Figure 7.12 shows the
composition of the Data Identifier (DI) byte. DI[7:6]: These two bits identify the data as
directed to one of four virtual channels. DI[5:0]: These six bits specify the Data Type.

B7 B6 B5 B4 B3 B2 Bl BO

VC DT
k Virtual k i
Channel Data Type
Identifier (DT)
(VC)

Figure 7.24: Data Identifier Byte

7.5.12.Virtual Channel Identifier — VC field, DI[7:6]

A processor may service up to four peripherals with tagged commands or blocks of
data, using the Virtual Channel ID field of the header for packets targeted at different
peripherals. The Virtual Channel ID enables one serial stream to service two or more
virtual peripherals by multiplexing packets onto a common transmission channel.

7.5.13. Data Type Field DT[5:0]

The Data Type field specifies if the packet is a Long or Short packet type and the
packet format. The Data Type field, along with the Word Count field for Long packets,
informs the receiver of how many bytes to expect in the remainder of the packet. This
is necessary because there are no special packet start / end sync codes to indicate
the beginning and end of a packet. This permits packets to convey arbitrary data, but it
also requires the packet header to explicitly specify the size of the packet. When the
receiving logic has counted down to the end of a packet, it shall assume the next data
is either the header of a new packet or the EoT (End of Transmission) sequence.
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7.5.14.ECC

The Error Correction Code allows single-bit errors to be corrected and 2-bit errors to
be detected in the Packet Header. The host processor shall always calculate and

transmit an ECC byte. Peripherals shall support ECC in both forward- and
reverse-direction communications.
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7.5.15.DSI packet
7.5.16.Processor-sourced Packets

The set of transaction types sent from the host processor to a peripheral, such as a
display module, are shown in Table 7.4.

Data Type Data Type |Description Packet
(Hex) (Binary) Size
0x01 00 0001 |Sync Event, V Sync Start Short
0x11 01 0001 Sync Event, V Sync End Short
0x21 10 0001 Sync Event, H Sync Start Short
0x31 11 0001 |Sync Event, H Sync End Short
0x08 00 1000 [End of Transmission packet (EoTp) Short
0x02 00 0010 [Color Mode (CM) Off Command Short
0x12 01 0010 [Color Mode (CM) On Command Short
0x22 10 0010 |Shut Down Peripheral Command Short
0x32 11 0010 [Turn On Peripheral Command Short
0x03 00 0011 |Generic Short WRITE, no parameters Short
0x13 01 0011 |Generic Short WRITE, 1 parameter Short
0x23 10 0011  Generic Short WRITE, 2 parameters Short
0x04 00 0100 (Generic READ, no parameters Short
0x14 01 0100 |Generic READ, 1 parameter Short
0x24 10 0100 |Generic READ, 2 parameters Short
0x05 000101 |DCS Short WRITE, no parameters Short
0x15 010101 |DCS Short WRITE, 1 parameter Short
0x06 00 0110 |DCS READ, no parameters Short
0x37 11 0111 |Set Maximum Return Packet Size Short
0x09 001001 |Null Packet, no data Long
0x19 01 1001 Blanking Packet, no data Long
0x29 10 1001 Generic Long Write Long
0x39 11 1001 |DCS Long Write/write. LUT Command Packet Long
Ox0E 001110 |Packed Pixel Stream, 16-bit RGB, 5-6-5 Format Long
Ox1E 011110 |Packed Pixel Stream, 18-bit RGB, 6-6-6 Format Long
0x2E 10 1110 |Loosely Packed Pixel Stream, 18-bit RGB, 6-6-6 Format Long
Ox3E 11 1110 |Packed Pixel Stream, 24-bit RGB, 8-8-8 Format Long
0xX0 and xx 0000 DO NOT USE

OxXF xx 1111  |All unspecified codes are reserved

unspecified

Table 7.4: Data Types for supported Processor-sourced Packets
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7.5.17.Packed Pixel Stream, 16-bit Format, Long Packet

Packed Pixel Stream 16-Bit Format shown in Figure 7.25 is a Long packet used to
transmit image data formatted as 16-bit pixels to a Video Mode display module. The
packet consists of the DI byte, a two-byte WC, an ECC byte, a payload of length WC
bytes and a two-byte checksum. Pixel format is five bits red, six bits green, five bits
blue, in that order. Within a color component, the LSB is sent first, the MSB last. The
total line width (displayed plus non-displayed pixels) should be a multiple of two bytes.

€1 byte»€«——2 byte—>«1 byte 2 byte——>»
o 5670 1500 15
g 1o 50 15)
()] (6]
S word
or
- ECCNE. — — — — — — — Checksum
& gl Count
c IS
QA E
(«Data IDp
l«———— Packet Header Variable Size Payload Checksum —»

Figure 7.25: 16-bit per Pixel = RGB Color Format, Long Packet
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7.5.18.Packed Pixel Stream, 18-bit Format, Long Packet

Packed Pixel Stream 18-Bit Format (Packed) shown in Figure 7.26 is a Long packet. It
is used to transmit RGB image data formatted as pixels to a Video Mode display
module that displays 18-bit pixels The packet consists of the DI byte, a two-byte WC,
an ECC byte, a payload of length WC bytes and a two-byte Checksum. Pixel format is
red (6 bits), green (6 bits) and blue (6 bits), in that order. Within a color component, the
LSB is sent first, the MSB last.

Note that pixel boundaries only align with byte boundaries every four pixels (nine
bytes). Preferably, display modules employing this format have a horizontal extent
(width in pixels) evenly divisible by four, so no partial bytes remain at the end of the
display line data. If the active (displayed) horizontal width is not a multiple of four
pixels, the transmitter shall send additional fill pixels at the end of the display line to
make the transmitted width a multiple of four pixels. Peripheral will not display the fill
pixels when refreshing the display device.

€1 byte»<«——2 byte

0 5670
9

16 DISIRISES O IR © DRSS 6 D SIS 6 0 SR O DRSS 0 DSRS0 D

Word
Count

Data Type

[«Data IDJ
[«——— Packet Header

2 byte—»|
15
15
60} 60} 60} 60 6] 6D) 6D 6D 60} 60} 60} 60}
Checksum
—————————————————— Variable Size Payload >« Packet Footer —»|

Figure 7.26: 18-bit per Pixel (Packed) — RGB Color Format, Long Packet
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7.5.19.Pixel Stream, 18-bit Loosely Format, Long Packet

In the 18-bit Pixel Loosely Packed format, each R, G, or B color component is six bits,
but is shifted to the upper bits of the byte, such that the valid pixel bits occupy bits [7:2]
of each byte as shown in Figure 7.27. Bits [1:0] of each payload byte representing
active pixels are ignored. As a result, each pixel requires three bytes as it is
transmitted across the Link. This requires more bandwidth than the “packed” format,
but requires less shifting and multiplexing logic in the packing and unpacking functions
on each end of the Link. With this format, pixel boundaries align with byte boundaries
every three bytes. The total line width (displayed plus non-displayed pixels) should be
a multiple of three bytes.

<1 byte»<«——2 byte 1 byte»«1 byte 1 byte: 1 byte 1 byte: 1 byte 1 byte: 1 byte 1 byte 1 byte

Data Type

Pixell Pixel 2 Pixel 3

[« Data IDp
[«——— Packet Headler —————»<«—————————— Variable Size Payload

777777777777777777 Variable Size Payload »< Packet Footer —»|

Figure 7.27: 18-bit per Pixel (Loosely Packed) — RGB Color Format, Long Packet
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7.5.20.Packed Pixel Stream, 24-bit Format, Long Packet

Packed Pixel Stream 24-Bit Format shown in Figure 7.28 is a Long packet. It is used to
transmit image data formatted as 24-bit pixels to a Video Mode display module. The
packet consists of the DI byte, a two-byte WC, an ECC byte, a payload of length WC
bytes and a two-byte Checksum. The pixel format is red (8 bits), green (8 bits) and
blue (8 bits), in that order. Each color component occupies one byte in the pixel stream;
no components are split across byte boundaries. Within a color component, the LSB is
sent first, the MSB last. With this format, pixel boundaries align with byte boundaries
every three bytes. The total line width (displayed plus non-displayed pixels) should be

a multiple of three bytes.

Data Type

[«Data ID )
«— Packet Header

Checksum

Variable Size Payload »< Packet Footer —»|

Figure 7.28: 24-bit per Pixel = RGB Color Format, Long Packet
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7.5.21.Peripheral to Processor Transmission

JD9168 has bidirectional capability for returning READ data, acknowledge, or error
information to the host processor. BTA shall take place after every
peripheral-to-processor transaction. This returns bus control to the host processor
following the completion of the LP transmission from the peripheral.
Peripheral-to-processor transactions are of four basic types:

*Tearing Effect (TE) is a Trigger message sent to convey display timing information to
the host processor. Trigger messages are single byte packets sent by a peripheral’s
PHY layer in response to a signal from the DSI protocol layer.

*Acknowledge is a Trigger Message sent when the current transmission, as well as
all preceding transmissions since the last peripheral to host communication, i.e. either
triggers or packets, is received by the peripheral with no errors.

*Acknowledge and Error Report is a Short packet sent if any errors were detected in
preceding transmissions from the host processor. Once reported, accumulated errors
in the error register are cleared.

*Response to Read Request may be a Short or Long packet that returns data
requested by the preceding READ command from the processor.
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7.5.22.Appropriate Responses to Commands and ACK Requests

In general, if the host processor completes a transmission to the peripheral with BTA
asserted, the peripheral shall respond with one or more appropriate packet(s), and
then return bus ownership to the host processor. If BTA is not asserted following a
transmission from the host processor, the peripheral shall not communicate an
Acknowledge or error information back to the host processor.

Interpretation of processor-to-peripheral transactions with BTA asserted, and the
expected responses, are as follows:

*Following a non-Read command, the peripheral shall respond with Acknowledge if no
errors were detected and stored since the last peripheral to host communication, i.e.
either triggers or packets.

*Following a Read request, the peripheral shall send the requested READ data if no
errors were detected and stored since the last peripheral to host communication, i.e.
either triggers or packets.

*Following a Read request if only a single-bit ECC error was detected and corrected,
the peripheral shall send the requested READ data in a Long or Short packet, followed
by a 4-byte Acknowledge and Error Report packet in the same LP transmission. The
Error Report shall have the ECC Error — Single Bit flag set, as well as any error bits
from any preceding transmissions stored since the last peripheral to host
communication.

*Following a non-Read command if only a single-bit ECC error was detected and
corrected, the peripheral shall proceed to execute the command, and shall respond to
BTA by sending a 4-byte Acknowledge and Error Report packet. The Error Report
shall have the ECC Error — Single Bit flag set, as well as any error bits from any
preceding transmissions stored since the last peripheral to host communication.

*Following a Read request, if multi-bit ECC errors were detected and not corrected,
the peripheral shall send a 4-byte Acknowledge and Error Report packet without
sending Read data. The Error Report shall have the ECC Error — Multi-Bit flag set, as
well as any error bits from any preceding transmissions stored since the last peripheral
to host communication.

*Following a non-Read command, if multi-bit ECC errors were detected and not
corrected, the peripheral shall not execute the command, and shall send a 4-byte
Acknowledge and Error Report packet. The Error Report shall have the ECC Error —
Multi-Bit flag set, as well as any error bits from any preceding transmissions stored
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since the last peripheral to host communication.

*Following any command, if SoT Error, SoT Sync Error or DSI VC ID Invalid or DSI
protocol violation was detected, or the DSI command was not recognized, the
peripheral shall send a 4-byte Acknowledge and Error Report response, with the
appropriate error flags set, as well as any error bits from any preceding transmissions
stored since the last peripheral to host communication, in the two-byte error field. Only
the Acknowledge and Error Report packet shall be transmitted; no read or write
accesses shall take place on the peripheral in response.

*Following any command, if EoT Sync Error or LP Transmit Sync Error is detected, or
a checksum error is detected in the payload, the peripheral shall send a 4-byte
Acknowledge and Error Report packet with the appropriate error flags set, as well as
any error bits from any preceding transmissions stored since the last peripheral to host
communication. For a read command, only the Acknowledge and Error Report packet
shall be transmitted; no read data shall be sent by the peripheral in response.

Once reported to the host processor, all errors documented in this section are cleared
from the Error Register.

7.5.23.Peripheral-to-Processor Packet Description

Table 7.5 presents the complete set of peripheral-to-processor Data Types.

Data Type Data Type Description Packet
(Hex) (Binary) Size
0x02 00 0010 Acknowledge and Error Report Short
0x08 00 1000 ENd of Transmission packet Short
0x1C 01 1100 DCS Long READ Response Long

Table 7.5: Data Types for Peripheral-sourced Packets
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7.5.24.Format of Acknowledge and Error Report and Read Response Data Type
Acknowledge is sent using a Trigger message.
*Byte 0: 00100001 (shown here in first bit [left] to last bit [right] sequence)

Response to Read Request returns data requested by the preceding READ
command from the processor. These may be short or Long packets. The format for
short READ packet responses is:

*Byte 0: Data Identifier (Virtual Channel ID + Data Type)

*Bytes 1, 2: READ data, may be one or two bytes. For single byte parameters, the
parameter shall be returned in Byte 1 and Byte 2 shall be set to 0x00.

*ECC byte covering the header

Acknowledge and Error Report confirms that the preceding command or data sent
from the host processor to a peripheral was received, and indicates what types of error
were detected on the transmission and any preceding transmissions. Note that if
errors accumulate from multiple preceding transmissions, it may be difficult or
impossible to identify which transmission contained the error. This message is a Short
packet of four bytes, taking the form:

*Byte 0: Data Identifier (Virtual Channel ID + Acknowledge Data Type)
*Byte 1: Error Report bits 0-7

*Byte 2: Error Report bits 8-15

*ECC byte covering the header

An error report is a Short packet comprised of two bytes following the DI byte, with an
ECC byte following the Error Report bytes. By convention, detection and reporting of
each error type is signified by setting the corresponding bit to “1”. Table 7.6 shows the
bit assignment for all error reporting.
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Bit

Description

SoT Error

SoT Sync Error

EoT Sync Error

Escape Mode Entry Command Error

Low-Power Transmit Sync Error

Peripheral Timeout Error

False Control Error

Contention Detected

ECC Error, Single-bit (detected and corrected)

O ONOO O WNFLO

ECC Error, Multi-bit (detected, not corrected)

Checksum Error (Long packet only)

DSI Data Type Not Recognized

DSI VC ID Invalid

Invalid Transmission Length

Reserved

DSI Protocol Violation

Table 7.6: Error Report Bit Definitions

The first eight bits, bit O through bit 7, are related to the physical layer errors. Bits 8
and 9 are related to single-bit and multi-bit ECC errors. The remaining bits indicate
DSl protocol-specific errors.
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7.5.25.Video Mode Interface Timing

Video Mode peripherals require pixel data delivered in real time. This section specifies
the format and timing of DSI traffic for this type of display module.

7.5.26.Transmission Packet Sequences

DSI supports several formats, or packet sequences, for Video Mode data transmission.
In the following sections, Burst Mode refers to time-compression of the RGB pixel
(active video) portion of the transmission. In addition, these terms are used throughout
the following sections:

*Non-Burst Mode with Sync Pulses — enables the peripheral to accurately
reconstruct original video timing, including sync pulse widths.

*Non-Burst Mode with Sync Events — similar to above, but accurate reconstruction
of sync pulse widths is not required, so a single Sync Event is substituted.

*Burst mode — RGB pixel packets are time-compressed, leaving more time during a
scan line for LP mode (saving power) or for multiplexing other transmissions onto the
DSI link.

In the following figures the Blanking or Low-Power Interval (BLLP) is defined as a
period during which video packets such as pixel-stream and sync event packets are
not actively transmitted to the peripheral.

To enable PHY synchronization the host processor should periodically end HS
transmission and drive the Data Lanes to the LP state. This transition should take
place at least once per frame; shown as LPM in the figures in this section. The host
processor should return to LP state once per scanline during the horizontal blanking
time.

During the BLLP the DSI Link may do any of the following:

*Remain in Idle Mode with the host processor in LP-11 state and the peripheral in
LP-RX

*Transmit one or more non-video packets from the host processor to the peripheral
using Escape Mode

*Transmit one or more non-video packets from the host processor to the peripheral
using HS Mode
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*If the previous processor-to-peripheral transmission ended with BTA, transmit one or
more packets from the peripheral to the host processor using Escape Mode

*Transmit one or more packets from the host processor to a different peripheral using
a different Virtual Channel ID

The sequence of packets within the BLLP or RGB portion of a HS transmission is
arbitrary. The host processor may compose any sequence of packets, including
iterations, within the limits of the packet format definitions. For all timing cases, the first
line of a frame shall start with VSS; all other lines shall start with VSE or HSS. Note
that the position of synchronization packets, such as VSS and HSS, in time is of
utmost importance since this has a direct impact on the visual performance of the
display panel.

Normally, RGB pixel data is sent with one full scan line of pixels in a single packet.

Transmission packet components used in the figures in this section are defined in
Figure 7.29 Video Mode Interface Timing Legend unless otherwise specified.

) (N () N
\Y \Y H H H H R L
s| |s] |BL| |s s| el |sl lel | p
s| [e] |YP] [s] [al LE] |p] [p]| |B] | M
./ ), W,
Low Power Mode including optional BTA
D

nIT

DSI Packet: Arbitrary sequence of pixel stream and Null Packets
Sl Blanking Packet: Horizontal Back Porch or Low Power Mode

DSI Blanking Packet: Horizontal Front Porch or Low Power Mode

DSI Sync Event Packet: H Sync End

DSI Blanking Packet: Horizontal Sync Active or Low Power Mode, No Data

DSI Sync Event Packet: H Sync Start

DSI Packet: Arbitrary sequence of non-restricted DSI packets or Low Power Mode including optional BTA

DSI Sync Event Packet: V Sync End

DSI Sync Event Packet: V Sync Start

Figure 7.29 Video Mode Interface Timing Legend

If a peripheral timing specification for HBP or HFP minimum period is zero, the
corresponding Blanking Packet may be omitted. If the HBP or HFP maximum period is
zero, the corresponding blanking packet shall be omitted.
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7.5.27.Non-Burst sync pulse mode

With this format, the goal is to accurately convey DPI-type timing over the DSI serial
Link. This includes matching DPI pixel-transmission rates, and widths of timing events
like sync pulses. Accordingly, synchronization periods are defined using packets
transmitting both start and end of sync pulses. An example of this mode is shown in
Figure 7.30.
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Figure 7.30: Video Mode Interface Timing: Non-Burst Transmission with Sync Start
and End

Normally, periods shown as HSA (Horizontal Sync Active), HBP (Horizontal Back
Porch) and HFP (Horizontal Front Porch) are filled by Blanking Packets, with lengths
(including packet overhead) calculated to match the period specified by the
peripheral’s data sheet. Alternatively, if there is sufficient time to transition from HS to
LP mode and back again, a timed interval in LP mode may substitute for a Blanking
Packet, thus saving power. During HSA, HBP and HFP periods, the bus should stay in
the LP-11 state.
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7.5.28.Non-Burst sync event mode

This mode is a simplification of the “Non-Burst Mode with Sync Pulses” format. Only
the start of each synchronization pulse is transmitted. The peripheral may regenerate

sync pulses as needed from each Sync Event packet received. An example of this
mode is shown in Figure 7.31.

tL * (VSA+VBP+VACT+VFP)
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- ~
- N
- ~N
- N
- N
- ~
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H[H H[H
s|B RGB HFP | ————————~- s|e RGB HFP
s|p s|e
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Figure 7.31: Video Mode Interface Timing: Non-burst Transmission with Sync Events

As with the previous Non-Burst Mode, if there is sufficient time to transition from HS to

LP mode and back again, a timed interval in LP mode may substitute for a Blanking
Packet, thus saving power.
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7.5.29.Burst mode

In this mode, blocks of pixel data can be transferred in a shorter time using a
time-compressed burst format. This is a good strategy to reduce overall DSI power

consumption, as well as enabling larger blocks of time for other data transmissions
over the Link in either direction.

Following HS pixel data transmission, the bus may stay in HS Mode for sending
blanking packets or go to Low Power Mode, during which it may remain idle, i.e. the
host processor remains in LP-11 state, or LP transmission may take place in either
direction. If the peripheral takes control of the bus for sending data to the host
processor, its transmission time shall be limited to ensure data underflow does not

occur from its internal buffer memory to the display device. An example of this mode is
shown in Figure 7.32.

tL * (VSA+VBP+VACT+VFP)
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Figure 7.32: Video Mode Interface Timing: Burst Transmission

Similar to the Non-Burst Mode scenatrio, if there is sufficient time to transition from HS

to LP mode and back again, a timed interval in LP mode may substitute for a Blanking
Packet, thus saving power.
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7.5.30.Error-Correcting Code and Checksum
7.5.31.Error-Correcting Code(ECC)

MIPI DSI uses Hamming Code Theory as ECC generate rule. The parity of each bits in
ECC are showed as below.

P7=0

P6=0
P5=D10"D11D12/D13"D14"D15"D16"D17/D18"D19"D21"D22"D23
P4=D4"D5"D6"D7°D8"D9"D16°D17"D18"D19D20"D22"D23
P3=D1/D2"D3"D7/D8"D9"D13"D14"D15"D19"D20"D21"D23
P2=D0"D2D3"D5"D6"D9"D11/D12"D15"D18"D20"D21/D22
P1=D0"D1°D3"D4"D6"D8"D10/D12"D14D17AD20"D21/D22"D23
P0=D0"D1"D2"D4"D5"D7D10~D11°D13"D16"D20"D21/D22"D23

ECC is generated from the twenty-four bits with in the Packet Header as illustrated in
Figure 7.33, which also serves as an ECC calculation example.

32-hit
PACKET HEADER
(PH)

—

€

a 3~ ol e

« [SRE) 8

LPS |SoT £ b E 8 8
[a) o
=

Data ID=0x37 WC LS Byte=0xFO0 WC MS Byte=0x01 ECC=0x3F

1f2f2]ofaf2]o]o| [o]o]ofo]afaf2]2] [z2fo]o]ofo]o]o]o] [afafz]2]2|2]o0]0
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S S S S S S S S
B B B B B B B B

[ ECC Calculation | | ECC |
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2
3

D
0

Figure 7.33: 24-bit ECC generation Example
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7.5.32.Checksum Generation for Long Packet Payloads

To detect errors in transmission of Long packets, a checksum is calculated over the
payload portion of the data packet. Note that, for the special case of a zero- length
payload, the 2-byte checksum is set to OXFFFF. The checksum shall be realized as a
16-bit CRC with a generator polynomial of x*16+x"12+x"5+x"0

The transmission of the checksum is illustrated in Figure 7.34. The LS byte is sent first,
followed by the MS byte. Note that within the byte, the LS bit is sent first.

16-bit Checksum
A

CRC LS Byte CRC MS Byte

v
16-bit PACKET FOOTER (PF)

Figure 7.34: Checksum Transmission

The CRC implementation is presented in Figure 7.35. The CRC shift register shall be
initialized to OXFFFF before packet data enters. Packet data not including the Packet
Header then enters as a bitwise data stream from the left, LS bit first. Each bit is fed
through the CRC shift register before it is passed to the output for transmission to the
peripheral. After all bytes in the packet payload have passed through the CRC shift
register, the shift register contains the checksum. C15 contains the checksum’s MSB
and CO the LSB of the 16-bit checksum. The checksum is then appended to the data
stream and sent to the receiver. The receiver uses its own generated CRC to verify
that no errors have occurred in transmission.

Polynomial: x*16+x"12+x"5+x"0

N N
¢ SEEEEEEEHSEEEEN
N

Figure 7.35: 16-bit CRC Generation Using a Shift Register
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7.5.33.DPHY
7.5.34.Lane Module

A PHY configuration contains a Clock Lane Module and one or more Data Lane
Modules. Each of these PHY Lane Modules communicates via two Lines to a
complementary part at the other side of the Lane Interconnect. Each Lane Module
consists of one or more differential High-Speed functions utilizing both interconnect
wires simultaneously, one or more single-ended Low-Power functions operating on
each of the interconnect wires individually, and control & interface logic. For proper
operation, the set of functions in the Lane Modules on both sides of the Lane
Interconnect has to be matched.

7.5.35.Lane Module Type of Clock Lane, Data0, Datal and Data2

The required functions in a Lane Module depend on the Lane type and which side
(master or slave) of the Lane Interconnect the Lane Module is located. There are three
main Lane types: Clock Lane, Unidirectional Data Lane and Bi-directional Data Lane.
Several PHY configurations can be constructed with these Lane types. In JD9168
Below show the lane module architecture of each lane.

CLK ‘ DO ‘ D1
it e | |
LP-RX — ‘ LP-RX | ‘ LP-RX —
L .~ L
‘ LP-TX\J - ‘ RT n
| ] i
| LP—CD%_ | m%_
| | L~
| | D3
| | . n
| | LP-RXE?—
| | L
Unidirectional Bidirectional | Unidirectional
Clock Lane Data Lane Data Lane

Figure 7.36: Lane Module Type
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7.5.36.Master and Slave

Each Link has a Master and a Slave side. The Master provides the High-Speed DDR
Clock signal to the Clock Lane and is the main data source. The Slave receives the
clock signal at the Clock Lane and is the main data sink. The main direction of data
communication, from source to sink, is denoted as the Forward direction. Data
communication in the opposite direction is called Reverse transmission. Only
bi-directional Data Lanes can transmit in the Reverse direction. In all cases, the Clock
Lane remains in the Forward direction, but bi-directional Data Lane(s) can be turned
around, sourcing data from the Slave side.

JD9168 serves as Slave side.

7.5.37.Lane States and Line Levels

Transmitter functions determine the Lane state by driving certain Line levels. During
normal operation either a HS-TX or a LP-TX is driving a Lane. A HS-TX always drives
the Lane differentially. The two LP-TX’s drive the two Lines of a Lane independently
and single-ended. This results in two possible High- Speed Lane states and four
possible Low-Power Lane states. The High-Speed Lane states are Differential- 0 and
Differential-1. The interpretation of Low-Power Lane states depends on the mode of
operation. The LP-Receivers shall always interpret both High-Speed differential states
as LP-00.

IC supply voltage (1.2V-3.3V") A

Low-Power signaling level (e.g. 1.2V)

Max LP-RX High
A

i CRRKAARKK ;Scc;r:r;o;ofﬁ)

Reference ground

Figure 7.37: Line Levels

The Stop state has a very exclusive and central function. If the Line levels show a Stop
state for the minimum required time, the PHY state machine shall return to the Stop
state regardless of the previous state. This can be in RX or TX mode depending on the
most recent operating direction. Table 7.7 lists all the states that can appear on a Lane
during normal operation. All LP state periods shall be at least TLPX in duration. State
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transitions shall be smooth and exclude glitch effects. A clock signal can be
reconstructed by exclusive-ORing the Dp and Dn Lines. Ideally, the reconstructed

Preliminary V0.13 JD9168

clock has a duration of at least 2*TLPX, but may have a duty cycle other than 50% due

to signal slope and trip levels effects.

Start Line Voltage Levels High-Speed | Low-Power
Code Dp-Line Dn-Line Burst Mode | Control Escape
Mode Mode
HS-0 HS Low HS High Differential-0 | N/A N/A
HS-1 HS High HS Low Differential-1 | N/A N/A
LP-00 LP Low LP Low N/A Bridge Space
LP-01 LP Low LP High N/A HS-Rgst Mark-0
LP-10 LP High LP Low N/A LP-Rgst Mark-1
LP-11 LP High LP High N/A Stop N/A

Table 7.7: Lane State Descriptions

7.5.38.Bi-directional Data Lane Turnaround

The transmission direction of a bi-directional Data Lane can be swapped by means of
a Link Turnaround procedure. This procedure enables information transfer in the
opposite direction of the current direction. The procedure is the same for either a
change from Forward-to-Reverse direction or Reverse-to-Forward direction. Notice
that Master and Slave side shall not be changed by Turnaround.

Figure 7.38 shows the Turnaround procedure graphically.

LP-11

Tiex

Tipx Tipx

—

LP-10 !

LP-00

LP-10 ¢ ¢

Tra-sure

TraceT

Figure 7.38: Turnaround Procedure
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7.5.39.Escape Mode

Escape mode is a special mode of operation for Data Lanes using Low-Power states.
With this mode some additional functionality becomes available. A Data Lane shall
enter Escape mode via an Escape mode Entry procedure (LP-11, LP-10, LP-00,
LP-01, LP-00). As soon as the final Bridge state (LP-00) is observed on the Lines the
Lane shall enter Escape mode in Space state (LP-00). If an LP-11 is detected at any
time before the final Bridge state (LP-00), the Escape mode Entry procedure shall be
aborted and the receive side shall wait for, or return to, the Stop state.

For Data Lanes, once Escape mode is entered, the transmitter shall send an 8-bit
entry command, by Spaced-One-Hot coding, to indicate the requested action. Table
7.8 lists all supported Escape mode commands and actions.

Spaced-One-Hot coding means that each Mark state is interleaved with a Space state.
Each symbol consists therefore of two parts: a One-Hot phase (Mark-0 or Mark-1) and
a Space phase. The TX shall send Mark-0 followed by a Space to transmit a ‘zero-bit’
and it shall send a Mark-1 followed by a Space to transmit a ‘one-bit’. A Mark that is
not followed by a Space does not represent a bit. The last phase before exiting
Escape mode with a Stop state shall be a Mark-1 state that is not part of the
communicated bits, as it is not followed by a Space state.

LP-11->10->00->01->00->01->00->10->00...

n_I—
e

SISHIDUD Gl Sl S L SR S Sl S W

Escape ModelEntry : : Entry Command | : : :Mark-1 and
L] L] L] L] L] L] L] L] L]

1 Stop State

LP CLK = EXOR(Dp,Dn)

Figure 7.39: Trigger-Reset Command in Escape Mode

Escape Mode Action Command Type | Entry Command Pattern
(first bit transmitted to
last bit transmitted)

Low-Power Data Transmission | mode 11100001
Ultra-Low power State mode 00011110
Reset-Trigger Trigger 01100010
TE-Trigger Trigger 01011101
Acknowledge Trigger 00100001

Table 7.8: Escape Entry Codes
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7.5.40.Remote Trigger

Trigger signaling is the mechanism to send a flag to the protocol at the receiving side,
on request of the protocol on the transmitting side. This can be either in the Forward or
Reverse direction depending on the direction of operation and available Escape mode
functionality. Trigger signaling requires Escape mode capability and at least one
matching Trigger Escape Entry Command on both sides of the interface. Any bit
received after a Trigger Command but before the Lines go to Stop state shall be
ignored. Therefore, dummy bytes can be concatenated in order to provide Clock
information to the receive side.

7.5.41.Low-Power Data Transmission(LPDT)

If the Escape mode Entry procedure is followed-up by the Entry Command for
Low-Power Data Transmission (LPDT), Data can be communicated by the protocol at
low speed, while the Lane remains in Low-Power mode. Data shall be encoded on the
lines with the same Spaced-One-Hot code as used for the Entry Commands. The data
is self-clocked by the applied bit encoding and does not rely on the Clock Lane. The
Lane can pause while using LPDT by maintaining a Space state on the Lines. A Stop
state on the Lines stops LPDT, exits Escape mode, and switches the Lane to Control
mode. The last phase before Stop state shall be a Mark-1 state, which does not
represent a data-bit. At the end of LPDT the Lane shall return to the Stop state.

Escape LPDT First Data Byte Pause: Second Data Byte Exit
Mode Command 01110101 Asynchronous 11010000 Escape
Entry no transition

LP CLK = EXOR(Dp,Dn)

B AVAVAVAVAVAVAVAVAVAAVAVAVAVAVAVAYA w AVAVAVAVAVAVATAVA

Figure 7.40: Two Data Byte Low-Power Data Transmission Example

7.5.42.Ultra-Low Power State(ULPS)

If the Ultra-Low Power State Entry Command is sent after an Escape mode Entry
command, the Lane shall enter the Ultra-Low Power State (ULPS). This command
shall be flagged to the receive side Protocol. During this state, the Lines are in the
Space state (LP-00). Ultra-Low Power State is exited by means of a Mark-1 state with
a length TWAKEUP followed by a Stop state.
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7.5.43.TE Trigger

A Command Mode display module has its own timing controller and local frame buffer
for display refresh. In some cases the host processor needs to be notified of timing
events on the display module, e.g. the start of vertical blanking or similar timing
information. In a traditional parallel-bus interface like DBI-2, a dedicated signal wire
labeled TE (Tearing Effect) is provided to convey such timing information to the host
processor. In a DSI system, the same information, with reasonably low latency, shall
be transmitted from the display module to the host processor when requested, using
the bidirectional Data Lane.

For polling to the display module, the host processor shall detect the current scan line
information with a DCS command such as get_scan_line to avoid Tearing Effects. For
TE-reporting from the display module, the TE-reporting function is enabled and
disabled by three DCS commands to the display module’s controller: set_tear on,
set_tear_scanline, and set_tear_off.

set_tear_on and set_tear_scanline are sent to the display module as DSI Data Type
0x15 (DCS Short Write, one parameter) and DSI Data Type 0x39 (DCS Long
Write/write_LUT), respectively. The host processor ends the transmission with Bus
Turn-Around asserted, giving bus possession to the display module. Since the display
module’s DSI Protocol layer does not interpret DCS commands, but only passes them
through to the display controller, it responds with a normal Acknowledge and returns
bus possession to the host processor. In this state, the display module cannot report
TE events to the host processor since it does not have bus possession.

To enable TE-reporting, the host processor shall give bus possession to the display
module without an accompanying DSI command transmission after TE reporting has
been enabled. This is accomplished by the host processor’s protocol logic asserting
(internal) Bus Turn-Around signal to its D-PHY functional block. The PHY layer will
then initiate a Bus Turn-Around sequence in LP mode, which gives bus possession to
the display module.

Since the timing of a TE event is, by definition, unknown to the host processor, the
host processor shall give bus possession to the display module and then wait for up to
one video frame period for the TE response. During this time, the host processor
cannot send new commands, or requests to the display module, because it does not
have bus possession.

When the TE event takes place the display module shall send TE event information in
LP mode using a specified trigger message available with D-PHY protocol via the
following sequence:
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*The display module shall send the LP Escape Mode sequence

*The display module shall then send the trigger message byte 01011101 (shown here
in first bit to last bit sequence)

*The display module shall then return bus possession to the host processor

This Trigger Message is reserved by DSI for TE signaling only and shall not be used
for any other purpose in a DSI-compliant interface.
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7.5.44.High Speed Transmission
7.5.45.Burst Payload Data

The payload data of a burst shall always represent an integer number of payload data
bytes with a minimum length of one byte. Note that for short bursts the Start and End
overhead consumes much more time than the actual transfer of the payload data.
There is no maximum number of bytes implied by the PHY. However, in the PHY there
IS no autonomous way of error recovery during a HS data burst and the practical BER
will not be zero. Therefore, it is important to consider for every individual protocol what
the best choice is for maximum burst length.

7.5.46.Start-of-Transmission

After a Transmit request, a Data Lane leaves the Stop state and prepares for
High-Speed mode by means of a Start-of-Transmission (SoT) procedure. Table 7.6
describes the sequence of events on TX and RX side.

TX Side RX Side
Drives Stop state (LP-11) Observes Stop state
Drives HS-Rgst state (LP-01) for time T px Observes transition from LP-11 to LP-01 on the
Lines

Drives Bridge state (LP-00) for time Tys.prepare [Observes transition from LP-01 to LP-00 on the
Lines, enables Line Termination after time
TD—TERM—EN

Enables High-Speed driver and disables
Low-Powerdrivers simultaneously.
Drives HS-0 for a time Tys.zero Enables HS-RX and waits for timer Tys.serrie tO
expire in order to neglect transition effects
Starts looking for Leader-Sequence

Inserts the HS Sync-Sequence ‘00011101’
beginning on a rising Clock edge

Synchronizes upon recognition of Leader
Sequence ‘011101’

Continues to Transmit High-Speed payload
data

Receives payload data

Table 7.9: Start-of-Transmission Sequence
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7.5.47.End-of-Transmission

At the end of a Data Burst, a Data Lane leaves High-Speed Transmission mode and
enters the Stop state by means of an End-of-Transmission (EoT) procedure. Table 7.7
shows a possible sequence of events during the EoT procedure. Note, EoT
processing may be handled by the protocol or by the D-PHY.

TX Side RX Side

Completes Transmission of payload data Receives payload data
Toggles differential state immediately after last
payload data bit and keeps that state for a time

THS-TRAIL

Disables the HS-TX, enables the LP-TX, and Detects the Lines leaving LP-00 state and entering

drives Stop state (LP-11) for a time Tys.ext Stop state (LP-11) and disables Termination
Neglect bits of last period Ths.skp to hide transition
effects

Detect last transition in valid Data, determine last valid
Data byte and skip trailer sequence

Table 7.10: End-of-Transmission Sequence
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7.5.48.High Speed Data Transmission

Figure 7.41 shows the sequence of events during the transmission of a Data Burst.
Transmission can be started and ended independently for any Lane by the protocol.
However, for most applications the Lanes will start synchronously but may end at
different times due to an unequal amount of transmitted bytes per Lane.

CLK

DOCO0OOO6HO4OOEOCOCCO0KOO0HOOEIHOGC

a— T px—>» Tusprepare »4— | Hs.ZERO—>
Dp/Dn Disconnect

; Terminator —
VIH(min) /_\
VIL(max)
VTERM-EN(max) \ 4 ’—//;*/F v — -y >/

\_, QO A" A RN

Treor™
To-Term-EN = - Sgapture R *Treor
1° Data Bit “—Tus.sp—> LP-11
LP-11 LP-01 LP-00

Teor
+—Thssetrie

+— Tus.ra —>*— Tus.exm—*

Figure 7.41: High-Speed Data Transmission in Bursts

7.5.49.High Speed Clock Transmission

In High-Speed mode the Clock Lane provides a low-swing, differential DDR (half-rate)
clock signal from Master to Slave for High-Speed Data Transmission. The Clock signal
shall have quadrature-phase with respect to a toggling bit sequence on a Data Lane in
the Forward direction and a rising edge in the center of the first transmitted bit of a
burst. The detail Clock Start and Stop procedures are shown in Figure 7.42.

Clock Lane Disconnect

Dp/Dn Terminator
/
f——Tcik-posT—H¢——Teor ! fe—TcLk-seTTLE—]
. — l— Tcik-miss [ Tewcreruend]
~VIH(min) 7 sl

dcopodpRZ. A Oopao000EE

TeLk-zero—+#— Teikpre—P

le—TcLk-TRAIL Ths-exi Tipx —>i« Teikprepare

Data Lane Disconnect
Dp/Dn Terminator [ Tipx—*Thsprepare®
/ / | /] / / // /
/ ] /_/ / 1/ ] /_/ / 1/ ] /'\
-VIH(min)
-VIL(max) >/ jt
THS-SK‘P [=Toermen
e—Ths.seTTLE—>

Figure 7.42: Switching the Clock Lane between Clock Transmission and Low-Power
Mode
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7.5.50.System Power state

Each Lane within a PHY configuration, that is powered and enabled, has potentially
three different power consumption levels: High-Speed Transmission mode,

Low-Power mode and Ultra-Low Power State.

7.5.51 . Initialization

After power-up, the Slave side PHY shall be initialized when the Master PHY drives a
Stop State (LP-11) for a period longer then TINIT. The first Stop state longer than the
specified TINIT is called the Initialization period. The Master side shall ensure that a
Stop State longer than TINIT does not occur on the Lines before the Master is

initialized.

TINIT must larger than 500us.

7.5.52.Global Operation Flow Diagram

Figure 7.43 shows the operational flow diagram for a Data Lane Module. Within both
TX and RX four main processes can be distinguished: High-Speed Transmission,

Escape mode, Turnaround, and Initialization.

r N
TX Trigger Escape
Init uLpP Mode
Slave LPDT
(HS-Prpr)I (HS-Rqst Stop LP-Rgst
LP-00 LP-01 LP-11 LP-10
A 4
@_" HST ' ,' EoT ' Turnaround
LP-00->10->00->10
\_ ~
e ~
RX Escape
i (4 ULP Mode
init ’\
Slave ‘
(HS-Prpr HS-Rgst Stop
LP-00 LP-01 LP-11
@_’( HST HEOT)\.(TUTHEWOUHCI
LP-00->10->00->10
\

Figure 7.43: Data Lane Module State

Diagram
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Figure 7.44 shows the state diagram for a Clock Lane Module. The Clock Lane
Module has four major operational states: Init (of unspecified duration), Low-Power
Stop state, Ultra-Low Power state, and High- Speed clock transmission.

SLAVE
HS-REQ
LP-01
BRIDGE
LP-00
BRIDGE ULPS
LP-00 EXIT
LP-10
ULPS
LP-00
ClockXgro

HS CLOCK RECEPTION

Figure 7.44: Clock Lane Module State Diagram
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8. Gamma Structure Description

8.1. Adjustable gamma characteristic (Normal RGB panel type)

The JD9168 includes gamma adjustment function for the 16.7M colours display (256
grayscale for R-/G-/B- color). Gamma adjustment operation is implemented by 19
gamma adjustment control registers to meet the characteristic of LCD panel. Then total
256 grayscale levels are generated in Positive-/Negative- grayscale voltage. These
registers are available for both polarities.

Positive Polarity Register

Input data VPR18[6:0]
VPR17[6:0]
VPR16[6:0]
VPR15[6:0]
VPR14[6:0]
VPR13[6:0]
VPR12[6:0]
VPR11[6:0]
VPR10[6:0]
VPRO[6:0]
VPR8[6:0]
VPR7[6:0]
VPR6[6:0]
VPRS[6:0]
8 8 8 VPR4[6:0]
VPR3[6:0]
VPR2[6:0]
VPRL[6:0]

I‘E
G VPRO0[6:0]

R

V255P/\V255N
_V254P/V254N
<

A A

8-bit D/A 8-bit D/A 8-bit D/A
Converter Converter Converter
<R> <G> <B>

Voltage
Generator

Negative Polarity Register

Output Output Output V1 PNlN
Driver Driver Driver VOP/VON VNR18[6:0]
VNR17[6:0]
VNR16[6:0]
VNR15[6:0]
VNR14[6:0]
> v VNR13[6:0]

A\ 4
VNR12[6:0]
VNR11[6:0]
VNR10[6:0]

LCD VNRO[6:0]

VNRS[6:0]
VNR7[6:0]
VNR6[6:0]
VNR5([6:0]
VNRA4[6:0]
VNR3[6:0]
VNR2[6:0]
VNR1[6:0]
VNRO[6:0]

A A

Figure 8.1: Grayscale control
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The JD9168 has register groups for specifying a series grayscale voltage that meets the
Gamma-characteristics for the LCD panel. These registers are belong amplitude
adjustment of the voltage for the grayscale characteristics. The positive polarity and
negative polarity can be specified independently.

Amplitude adjustment registers

The amplitude adjustment variable registers are used to adjust the amplitude of the
grayscale voltage. This function is implemented by controlling the 128-to-1 selectors
(PR/NR0~18), each one of whole has 7 bits and generates one reference voltage output
(VO(P/N)O, 4, 8, 12, 20, 28, 44, 64, 96, 128, 159, 191, 211, 227, 235, 243, 247, 251,

255). These registers are available for both positive and negative polarities.
Register Positive Negative
Description
Groups Polarity Polarity

VPR18 6-0 | VNR18 6-0 Variable resistor(VPR/NR22) for VO(P/N)255
VPR17 6-0 | VNR17 6-0 Variable resistor(VPR/NR19) for VO(P/N)251
VPR16 6-0 | VNR16 6-0 Variable resistor(VPR/NR18) for VO(P/N)247
VPR15 6-0 | VNR15 6-0 Variable resistor(VPR/NR17) for VO(P/N)243
VPR14 6-0 | VNR14 6-0 Variable resistor(VPR/NR16) for VO(P/N)235
VPR13 6-0 | VNR13 6-0 Variable resistor(VPR/NR15) for VO(P/N)227
VPR12 6-0 | VNR12 6-0 Variable resistor(VPR/NR14) for VO(P/N)211
VPR116-0 | VNR11 6-0 Variable resistor(VPR/NR13) for VO(P/N)191
_ VPR10 6-0 | VNR10 6-0 Variable resistor(VPR/NR12) for VO(P/N)159
AZTE::Z:I VPR9 6-0 VNR9 6-0 Variable resistor(VPR/NR11) for VO(P/N)128
VPR8 6-0 VNRS8 6-0 Variable resistor(VPR/NR10) for VO(P/N)96

VPR7 6-0 VNR7 6-0 Variable resistor(VPR/NR9) for VO(P/N)64

VPR6 6-0 VNRG6 6-0 Variable resistor(VPR/NRS8) for VO(P/N)44

VPR5 6-0 VNRS5 6-0 Variable resistor(VPR/NR7) for VO(P/N)28

VPR4 6-0 VNR4 6-0 Variable resistor(VPR/NR6) for VO(P/N)20

VPR3 6-0 VNR3 6-0 Variable resistor(VPR/NR5) for VO(P/N)12

VPR2 6-0 VNR2 6-0 Variable resistor(VPR/NR4) for VO(P/N)8

VPR1 6-0 VNR1 6-0 Variable resistor(VPR/NR3) for VO(P/N)4

VPRO 6-0 VNRO 6-0 Variable resistor(VPR/NRO) for VO(P/N)O

Table 8.1: Gamma-Adjustment registers
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Gamma resister stream and 128 to 1 selector

VSPR/
VSNR VO(P/N)18
VO(PIN)17
(VPRINR18)
128101 —‘>—>VO(P/N)18 VO(PIN)L6
selector
VO(PIN)15
(VPR/INR17)
128 tol —‘>—>VO(P/N)17
selector VO(P/N)14
(VPRINR16)
128101 —‘>—>VO(P/N)16 VO(PN)13
selector
(VPRINR15)
128101 —‘>—>VO(P/N)15 VO(PIN)12
selector
(VPR/INR14)
128101 —‘>—>VO(P/N)14
selector
VO(P/N)11
(VPRINR13)
128101 —‘>—>VO(P/N)13
selector
(VPRINR12)
128101 —‘>—>VO(P/N)12
selector
(VPR/NR11) VO(P/N)10
360R/IR 128101 —{>—>VO(P/N)11
selector
(VPR/NR10)
128101 —‘>—>VO(P/N)10
selector
(VPRINR9)
128101 _‘>—> VoINS VO(PIN)9
selector
(VPR/INRS)
128101 —‘>—> VO(P/N)8
selector
(VPRINRT)
128101 —{>—> VO(PIN)7
selector VO(P/N)8
(VPRINRS)
128101 —‘>—> VO(PIN)6
selector
(VPR/INR5)
128101 —‘>—> VO(PIN)5
selector
VO(PIN)7
(VPRINRA)
128101 —‘>—> VO(PIN)4
selector
(VPRINR3)
128101 —‘>—> VO(PIN)3 VO(PIN)6
selector
(VPRINR2)
128101 —‘>—> VO(P/IN)2
selector VO(P/N)5
(VPRINRI) VO(P/N)4
128101 —‘>—> VO(PIN)L
selector
VO(PIN)3
(VPRINRO)
128101 _{>—> VO(PIN)O VO(PIN)2
selector
VO(P/N)1
VGSN/ VO(P/N)O
VGSP

8R/1R

20R/1R

- VO191

32R/1R

P VO159

31R/1R

P V0128

32R/1R

P VO96

32R/1R

Figure 8.2: Gamma reference string and gamma reference voltage string
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8.2.1. Variable resister ratio & Voltage levels

The resistances are decided by setting values in the Amplitude adjustment register.
The relationships are the same for VPR/NR 0 ~18, shown below.

Value in Register Resistance
VPR/NR 0~18 (6-0) VPR/NR 0~18

0000000 OR
0000001 1R
0000010 2R
0000011 3R

o o

o o
0011101 29R
0011110 30R
0011111 31R
0100000 32R
0100001 33R
0100010 34R

o o

o o
1000000 64R
1000001 65R
1000010 66R
1000011 67R

o o

o o
1100000 96R
1100001 97R
1100010 98R
1100011 99R

o o

o o
1111100 124R
1111101 125R
1111110 126R
1111111 127R
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8.2.2. The voltage levels are determined by the following formulas:

Reference
voltage

Amplitude adjustment value

VOP15~18 formula

VOP15~18

VPR15~18 6-0 = 0000000

((360R-128R) / 360R) * (VGMP - VGSP) + VGSP

VPR15~18 6-0 = 0000001

((360R-127R) / 360R) * (VGMP - VGSP) + VGSP

VPR15~18 6-0 = 0000010

((360R-126R) / 360R) * (VGMP - VGSP) + VGSP

VPR15~18 6-0 = 0000011

((360R-125R) / 360R) * (VGMP - VGSP) + VGSP

VPR15~18 6-0 = 0000100

((360R-124R) / 360R) * (VGMP - VGSP) + VGSP

VPR15~18 6-0 = 0000101

((360R-123R) / 360R) * (VGMP - VGSP) + VGSP

VPR15~18 6-0 = 0000110

((360R-122R) / 360R) * (VGMP - VGSP) + VGSP

VPR15~18 6-0 = 0000111

((360R-121R) / 360R) * (VGMP - VGSP) + VGSP

VPR15~18 6-0 = 0001000

((360R-120R) / 360R) * (VGMP - VGSP) + VGSP

VPR15~18 6-0 = 0001001

((360R-119R) / 360R) * (VGMP - VGSP) + VGSP

VPR15~18 6-0 = 0001010

((360R-117R) / 360R) * (VGMP - VGSP) + VGSP

VPR15~18 6-0 = 0001011

((360R-116R) / 360R) * (VGMP - VGSP) + VGSP

VPR15~18 6-0 = 0001100

((360R-115R) / 360R) * (VGMP - VGSP) + VGSP

VPR15~18 6-0 = 0001101

((360R-114R) / 360R) * (VGMP - VGSP) + VGSP

VPR15~18 6-0 = 0001110

((360R-113R) / 360R) * (VGMP - VGSP) + VGSP

VPR15~18 6-0 = 0001111

((360R-112R) / 360R) * (VGMP - VGSP) + VGSP

VPR15~18 6-0 = 0010000

((360R-111R) / 360R) * (VGMP - VGSP) + VGSP

VPR15~18 6-0 = 1000000

((360R-64R) / 360R) * (VGMP - VGSP) + VGSP

VPR15~18 6-0 = 1000001

((360R-63R) / 360R) * (VGMP - VGSP) + VGSP

VPR15~18 6-0 = 1000010

((360R-62R) / 360R) * (VGMP - VGSP) + VGSP

VPR15~18 6-0 = 1000011

((360R-61R) / 360R) * (VGMP - VGSP) + VGSP

VPR15~18 6-0 = 1000100

((360R-60R) / 360R) * (VGMP - VGSP) + VGSP

VPR15~18 6-0 = 1000101

((360R-59R) / 360R) * (VGMP - VGSP) + VGSP

VPR15~18 6-0 = 1000110

((360R-58R) / 360R) * (VGMP - VGSP) + VGSP

VPR15~18 6-0 = 1000111

((360R-57R) / 360R) * (VGMP - VGSP) + VGSP

VPR15~18 6-0 = 1001000

((360R-56R) / 360R) * (VGMP - VGSP) + VGSP

VPR15~18 6-0 = 1001001

((360R-55R) / 360R) * (VGMP - VGSP) + VGSP

VPR15~18 6-0 = 1001010

((360R-54R) / 360R) * (VGMP - VGSP) + VGSP

VPR15~18 6-0 = 1001011

((360R-53R) / 360R) * (VGMP - VGSP) + VGSP

VPR15~18 6-0 = 1001100

((360R-52R) / 360R) * (VGMP - VGSP) + VGSP

VPR15~18 6-0 = 1001101

((360R-51R) / 360R) * (VGMP - VGSP) + VGSP

VPR15~18 6-0 = 1001110

((360R-50R) / 360R) * (VGMP - VGSP) + VGSP

VPR15~18 6-0 = 1001111

((360R-49R) / 360R) * (VGMP - VGSP) + VGSP

VPR15~18 6-0 = 1010000

((360R-48R) / 360R) * (VGMP - VGSP) + VGSP

VPR15~18 6-0 = 1110001

((360R-15R) / 360R) * (VGMP - VGSP) + VGSP

VPR15~18 6-0 = 1110010

((360R-14R) / 360R) * (VGMP - VGSP) + VGSP

VPR15~18 6-0 = 1110011

((360R-13R) / 360R) * (VGMP - VGSP) + VGSP

VPR15~18 6-0 = 1110100

((360R-12R) / 360R) * (VGMP - VGSP) + VGSP

VPR15~18 6-0 = 1110101

((360R-11R) / 360R) * (VGMP - VGSP) + VGSP

VPR15~18 6-0 = 1110110

((360R-10R) / 360R) * (VGMP - VGSP) + VGSP

VPR15~18 6-0 = 1110111

((360R-9R) / 360R) * (VGMP - VGSP) + VGSP

VPR15~18 6-0 = 1111000

((360R-8R) / 360R) * (VGMP - VGSP) + VGSP

VPR15~18 6-0 = 1111001

((360R-7R) / 360R) * (VGMP - VGSP) + VGSP

VPR15~18 6-0 = 1111010

((360R-6R) / 360R) * (VGMP - VGSP) + VGSP

VPR15~18 6-0 = 1111011

((360R-5R) / 360R) * (VGMP - VGSP) + VGSP

VPR15~18 6-0 = 1111100

((360R-4R) / 360R) * (VGMP - VGSP) + VGSP

VPR15~18 6-0 = 1111101

((360R-3R) / 360R) * (VGMP - VGSP) + VGSP

VPR15~18 6-0 = 1111110

((360R-2R) / 360R) * (VGMP - VGSP) + VGSP

VPR15~18 6-0 = 1111111

((360R-1R) / 360R) * (VGMP - VGSP) + VGSP

Table 8.2: VOP15~18
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Reference
voltage

Amplitude adjustment value

VOP13/VOP14 formula

VPR13/14 6-0 = 0000000

((344R-128R) / 360R) * (VGMP - VGSP) + VGSP

VPR13/14 6-0 = 0000001

((344R-127R) / 360R) * (VGMP - VGSP) + VGSP

VPR13/14 6-0 = 0000010

((344R-126R) / 360R) * (VGMP - VGSP) + VGSP

VPR13/14 6-0 = 0000011

((344R-125R) / 360R) * (VGMP - VGSP) + VGSP

VPR13/14 6-0 = 0000100

((344R-124R) / 360R) * (VGMP - VGSP) + VGSP

VPR13/14 6-0 = 0000101

((344R-123R) / 360R) * (VGMP - VGSP) + VGSP

VPR13/14 6-0 = 0000110

((344R-122R) / 360R) * (VGMP - VGSP) + VGSP

VPR13/14 6-0 = 0000111

((344R-121R) / 360R) * (VGMP - VGSP) + VGSP

VPR13/14 6-0 = 0001000

((344R-120R) / 360R) * (VGMP - VGSP) + VGSP

VPR13/14 6-0 = 0001001

((344R-119R) / 360R) * (VGMP - VGSP) + VGSP

VPR13/14 6-0 = 0001010

((344R-117R) / 360R) * (VGMP - VGSP) + VGSP

VPR13/14 6-0 = 0001011

((344R-116R) / 360R) * (VGMP - VGSP) + VGSP

VPR13/14 6-0 = 0001100

((344R-115R) / 360R) * (VGMP - VGSP) + VGSP

VPR13/14 6-0 = 0001101

((344R-114R) / 360R) * (VGMP - VGSP) + VGSP

VPR13/14 6-0 = 0001110

((344R-113R) / 360R) * (VGMP - VGSP) + VGSP

VPR13/14 6-0 = 0001111

((344R-112R) / 360R) * (VGMP - VGSP) + VGSP

VPR13/14 6-0 = 0010000

((344R-111R) / 360R) * (VGMP - VGSP) + VGSP

VPR13/14 6-0 = 1000000

((344R-64R) | 360R) * (VGMP - VGSP) + VGSP

VPR13/14 6-0 = 1000001

((344R-63R) / 360R) * (VGMP - VGSP) + VGSP

VPR13/14 6-0 = 1000010

((344R-62R) / 360R) * (VGMP - VGSP) + VGSP

VPR13/14 6-0 = 1000011

((344R-61R) / 360R) * (VGMP - VGSP) + VGSP

VPR13/14 6-0 = 1000100

((344R-60R) / 360R) * (VGMP - VGSP) + VGSP

VPR13/14 6-0 = 1000101

((344R-59R) / 360R) * (VGMP - VGSP) + VGSP

VPR13/14 6-0 = 1000110

((344R-58R) / 360R) * (VGMP - VGSP) + VGSP

VOP13/VOP14

VPR13/14 6-0 = 1000111

((344R-57R) / 360R) * (VGMP - VGSP) + VGSP

VPR13/14 6-0 = 1001000

((344R-56R) / 360R) * (VGMP - VGSP) + VGSP

VPR13/14 6-0 = 1001001

((344R-55R) / 360R) * (VGMP - VGSP) + VGSP

VPR13/14 6-0 = 1001010

((344R-54R) | 360R) * (VGMP - VGSP) + VGSP

VPR13/14 6-0 = 1001011

((344R-53R) / 360R) * (VGMP - VGSP) + VGSP

VPR13/14 6-0 = 1001100

((344R-52R) / 360R) * (VGMP - VGSP) + VGSP

VPR13/14 6-0 = 1001101

((344R-51R) / 360R) * (VGMP - VGSP) + VGSP

VPR13/14 6-0 = 1001110

((344R-50R) / 360R) * (VGMP - VGSP) + VGSP

VPR13/14 6-0 = 1001111

((344R-49R) / 360R) * (VGMP - VGSP) + VGSP

VPR13/14 6-0 = 1010000

((344R-48R) / 360R) * (VGMP - VGSP) + VGSP

VPR13/14 6-0 = 1110001

((344R-15R) / 360R) * (VGMP - VGSP) + VGSP

VPR13/14 6-0 = 1110010

((344R-14R) | 360R) * (VGMP - VGSP) + VGSP

VPR13/14 6-0 = 1110011

((344R-13R) / 360R) * (VGMP - VGSP) + VGSP

VPR13/14 6-0 = 1110100

((344R-12R) / 360R) * (VGMP - VGSP) + VGSP

VPR13/14 6-0 = 1110101

((344R-11R) / 360R) * (VGMP - VGSP) + VGSP

VPR13/14 6-0 = 1110110

((344R-10R) / 360R) * (VGMP - VGSP) + VGSP

VPR13/14 6-0 = 1110111

((344R-9R) / 360R) * (VGMP - VGSP) + VGSP

VPR13/14 6-0 = 1111000

((344R-8R) / 360R) * (VGMP - VGSP) + VGSP

VPR13/14 6-0 = 1111001

((344R-7R) / 360R) * (VGMP - VGSP) + VGSP

VPR13/14 6-0 = 1111010

((344R-6R) / 360R) * (VGMP - VGSP) + VGSP

VPR13/14 6-0 = 1111011

((344R-5R) / 360R) * (VGMP - VGSP) + VGSP

VPR13/14 6-0 = 1111100

((344R-4R) / 360R) * (VGMP - VGSP) + VGSP

VPR13/14 6-0 = 1111101

((344R-3R) / 360R) * (VGMP - VGSP) + VGSP

VPR13/14 6-0 = 1111110

((344R-2R) / 360R) * (VGMP - VGSP) + VGSP

VPR13/14 6-0 = 1111111

((344R-1R) / 360R) * (VGMP - VGSP) + VGSP

Table 8.3: VOP13/VOP14
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Reference
voltage

Amplitude adjustment value

VOP11/VOP12 formula

VPR11/12 6-0 = 0000000

((316R-128R) / 360R) * (VGMP - VGSP) + VGSP

VPR11/12 6-0 = 0000001

((316R-127R) / 360R) * (VGMP - VGSP) + VGSP

VPR11/12 6-0 = 0000010

((316R-126R) / 360R) * (VGMP - VGSP) + VGSP

VPR11/12 6-0 = 0000011

((316R-125R) / 360R) * (VGMP - VGSP) + VGSP

VPR11/12 6-0 = 0000100

((316R-124R) / 360R) * (VGMP - VGSP) + VGSP

VPR11/12 6-0 = 0000101

((316R-123R) / 360R) * (VGMP - VGSP) + VGSP

VPR11/12 6-0 = 0000110

((316R-122R) / 360R) * (VGMP - VGSP) + VGSP

VPR11/12 6-0 = 0000111

((316R-121R) / 360R) * (VGMP - VGSP) + VGSP

VPR11/12 6-0 = 0001000

((316R-120R) / 360R) * (VGMP - VGSP) + VGSP

VPR11/12 6-0 = 0001001

((316R-119R) / 360R) * (VGMP - VGSP) + VGSP

VPR11/12 6-0 = 0001010

((316R-117R) / 360R) * (VGMP - VGSP) + VGSP

VPR11/12 6-0 = 0001011

((316R-116R) / 360R) * (VGMP - VGSP) + VGSP

VPR11/12 6-0 = 0001100

((316R-115R) / 360R) * (VGMP - VGSP) + VGSP

VPR11/12 6-0 = 0001101

((316R-114R) / 360R) * (VGMP - VGSP) + VGSP

VPR11/12 6-0 = 0001110

((316R-113R) / 360R) * (VGMP - VGSP) + VGSP

VPR11/12 6-0 = 0001111

((316R-112R) / 360R) * (VGMP - VGSP) + VGSP

VPR11/12 6-0 = 0010000

((316R-111R) / 360R) * (VGMP - VGSP) + VGSP

VPR11/12 6-0 = 1000000

((316R-64R) / 360R) * (VGMP - VGSP) + VGSP

VPR11/12 6-0 = 1000001

((316R-63R) / 360R) * (VGMP - VGSP) + VGSP

VPR11/12 6-0 = 1000010

((316R-62R) / 360R) * (VGMP - VGSP) + VGSP

VPR11/12 6-0 = 1000011

((316R-61R) / 360R) * (VGMP - VGSP) + VGSP

VPR11/12 6-0 = 1000100

((316R-60R) / 360R) * (VGMP - VGSP) + VGSP

VPR11/12 6-0 = 1000101

((316R-59R) / 360R) * (VGMP - VGSP) + VGSP

VPR11/12 6-0 = 1000110

((316R-58R) / 360R) * (VGMP - VGSP) + VGSP

VOP11/VOP12

VPR11/12 6-0 = 1000111

((316R-57R) / 360R) * (VGMP - VGSP) + VGSP

VPR11/12 6-0 = 1001000

((316R-56R) / 360R) * (VGMP - VGSP) + VGSP

VPR11/12 6-0 = 1001001

((316R-55R) / 360R) * (VGMP - VGSP) + VGSP

VPR11/12 6-0 = 1001010

((316R-54R) / 360R) * (VGMP - VGSP) + VGSP

VPR11/12 6-0 = 1001011

((316R-53R) / 360R) * (VGMP - VGSP) + VGSP

VPR11/12 6-0 = 1001100

((316R-52R) / 360R) * (VGMP - VGSP) + VGSP

VPR11/12 6-0 = 1001101

((316R-51R) / 360R) * (VGMP - VGSP) + VGSP

VPR11/12 6-0 = 1001110

((316R-50R) / 360R) * (VGMP - VGSP) + VGSP

VPR11/12 6-0 = 1001111

((316R-49R) / 360R) * (VGMP - VGSP) + VGSP

VPR11/12 6-0 = 1010000

((316R-48R) / 360R) * (VGMP - VGSP) + VGSP

VPR11/12 6-0 = 1110001

((316R-15R) / 360R) * (VGMP - VGSP) + VGSP

VPR11/12 6-0 = 1110010

((316R-14R) / 360R) * (VGMP - VGSP) + VGSP

VPR11/12 6-0 = 1110011

((316R-13R) / 360R) * (VGMP - VGSP) + VGSP

VPR11/12 6-0 = 1110100

((316R-12R) / 360R) * (VGMP - VGSP) + VGSP

VPR11/12 6-0 = 1110101

((316R-11R) / 360R) * (VGMP - VGSP) + VGSP

VPR11/12 6-0 = 1110110

((316R-10R) / 360R) * (VGMP - VGSP) + VGSP

VPR11/12 6-0 = 1110111

((316R-9R) / 360R) * (VGMP - VGSP) + VGSP

VPR11/12 6-0 = 1111000

((316R-8R) / 360R) * (VGMP - VGSP) + VGSP

VPR11/12 6-0 = 1111001

((316R-7R) / 360R) * (VGMP - VGSP) + VGSP

VPR11/12 6-0 = 1111010

((316R-6R) / 360R) * (VGMP - VGSP) + VGSP

VPR11/12 6-0 = 1111011

((316R-5R) / 360R) * (VGMP - VGSP) + VGSP

VPR11/12 6-0 = 1111100

((316R-4R) / 360R) * (VGMP - VGSP) + VGSP

VPR11/12 6-0 = 1111101

((316R-3R) / 360R) * (VGMP - VGSP) + VGSP

VPR11/12 6-0 = 1111110

((316R-2R) / 360R) * (VGMP - VGSP) + VGSP

VPR11/12 6-0 = 1111111

((316R-1R) / 360R) * (VGMP - VGSP) + VGSP

Table 8.4: VOP11/VOP12
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Reference
voltage

Amplitude adjustment value

VOP10 formula

VPR10 6-0 = 0000000

((264R-128R) / 360R) * (VGMP - VGSP) + VGSP

VPR10 6-0 = 0000001

((264R-127R) / 360R) * (VGMP - VGSP) + VGSP

VPR10 6-0 = 0000010

((264R-126R) / 360R) * (VGMP - VGSP) + VGSP

VPR10 6-0 = 0000011

((264R-125R) / 360R) * (VGMP - VGSP) + VGSP

VPR10 6-0 = 0000100

((264R-124R) / 360R) * (VGMP - VGSP) + VGSP

VPR10 6-0 = 0000101

((264R-123R) / 360R) * (VGMP - VGSP) + VGSP

VPR10 6-0 = 0000110

((264R-122R) / 360R) * (VGMP - VGSP) + VGSP

VPR10 6-0 = 0000111

((264R-121R) / 360R) * (VGMP - VGSP) + VGSP

VPR10 6-0 = 0001000

((264R-120R) / 360R) * (VGMP - VGSP) + VGSP

VPR10 6-0 = 0001001

((264R-119R) / 360R) * (VGMP - VGSP) + VGSP

VPR10 6-0 = 0001010

((264R-117R) / 360R) * (VGMP - VGSP) + VGSP

VPR10 6-0 = 0001011

((264R-116R) / 360R) * (VGMP - VGSP) + VGSP

VPR10 6-0 = 0001100

((264R-115R) / 360R) * (VGMP - VGSP) + VGSP

VPR10 6-0 = 0001101

((264R-114R) / 360R) * (VGMP - VGSP) + VGSP

VPR10 6-0 = 0001110

((264R-113R) / 360R) * (VGMP - VGSP) + VGSP

VPR10 6-0 = 0001111

((264R-112R) / 360R) * (VGMP - VGSP) + VGSP

VPR10 6-0 = 0010000

((264R-111R) / 360R) * (VGMP - VGSP) + VGSP

VPR10 6-0 = 1000000

((264R-64R) / 360R) * (VGMP - VGSP) + VGSP

VPR10 6-0 = 1000001

((264R-63R) / 360R) * (VGMP - VGSP) + VGSP

VPR10 6-0 = 1000010

((264R-62R) / 360R) * (VGMP - VGSP) + VGSP

VPR10 6-0 = 1000011

((264R-61R) / 360R) * (VGMP - VGSP) + VGSP

VPR10 6-0 = 1000100

((264R-60R) / 360R) * (VGMP - VGSP) + VGSP

VPR10 6-0 = 1000101

((264R-59R) / 360R) * (VGMP - VGSP) + VGSP

VPR10 6-0 = 1000110

((264R-58R) / 360R) * (VGMP - VGSP) + VGSP

VOP10

VPR10 6-0 = 1000111

((264R-57R) / 360R) * (VGMP - VGSP) + VGSP

VPR10 6-0 = 1001000

((264R-56R) / 360R) * (VGMP - VGSP) + VGSP

VPR10 6-0 = 1001001

((264R-55R) / 360R) * (VGMP - VGSP) + VGSP

VPR10 6-0 = 1001010

((264R-54R) | 360R) * (VGMP - VGSP) + VGSP

VPR10 6-0 = 1001011

((264R-53R) / 360R) * (VGMP - VGSP) + VGSP

VPR10 6-0 = 1001100

((264R-52R) / 360R) * (VGMP - VGSP) + VGSP

VPR10 6-0 = 1001101

((264R-51R) / 360R) * (VGMP - VGSP) + VGSP

VPR10 6-0 = 1001110

((264R-50R) / 360R) * (VGMP - VGSP) + VGSP

VPR10 6-0 = 1001111

((264R-49R) / 360R) * (VGMP - VGSP) + VGSP

VPR10 6-0 = 1010000

((264R-48R) / 360R) * (VGMP - VGSP) + VGSP

VPR10 6-0 = 1110001

((264R-15R) / 360R) * (VGMP - VGSP) + VGSP

VPR10 6-0 = 1110010

((264R-14R) | 360R) * (VGMP - VGSP) + VGSP

VPR10 6-0 = 1110011

((264R-13R) / 360R) * (VGMP - VGSP) + VGSP

VPR10 6-0 = 1110100

((264R-12R) / 360R) * (VGMP - VGSP) + VGSP

VPR10 6-0 = 1110101

((264R-11R) / 360R) * (VGMP - VGSP) + VGSP

VPR10 6-0 = 1110110

((264R-10R) / 360R) * (VGMP - VGSP) + VGSP

VPR10 6-0 = 1110111

((264R-9R) / 360R) * (VGMP - VGSP) + VGSP

VPR10 6-0 = 1111000

((264R-8R) / 360R) * (VGMP - VGSP) + VGSP

VPR10 6-0 = 1111001

((264R-7R) / 360R) * (VGMP - VGSP) + VGSP

VPR10 6-0 = 1111010

((264R-6R) / 360R) * (VGMP - VGSP) + VGSP

VPR10 6-0 = 1111011

((264R-5R) / 360R) * (VGMP - VGSP) + VGSP

VPR10 6-0 = 1111100

((264R-4R) / 360R) * (VGMP - VGSP) + VGSP

VPR10 6-0 = 1111101

((264R-3R) / 360R) * (VGMP - VGSP) + VGSP

VPR10 6-0 = 1111110

((264R-2R) / 360R) * (VGMP - VGSP) + VGSP

VPR10 6-0 = 1111111

((264R-1R) / 360R) * (VGMP - VGSP) + VGSP

Table 8.5: VOP10
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Reference
voltage

Amplitude adjustment value

VOP9 formula

VPR9 6-0 = 0000000

((244R-128R) / 360R) * (VGMP - VGSP) + VGSP

VPR 6-0 = 0000001

((244R-127R) / 360R) * (VGMP - VGSP) + VGSP

VPR9 6-0 = 0000010

((244R-126R) / 360R) * (VGMP - VGSP) + VGSP

VPRY 6-0 = 0000011

((244R-125R) / 360R) * (VGMP - VGSP) + VGSP

VPR9 6-0 = 0000100

((244R-124R) / 360R) * (VGMP - VGSP) + VGSP

VPRY 6-0 = 0000101

((244R-123R) / 360R) * (VGMP - VGSP) + VGSP

VPR9 6-0 = 0000110

((244R-122R) / 360R) * (VGMP - VGSP) + VGSP

VPRY 6-0 = 0000111

((244R-121R) / 360R) * (VGMP - VGSP) + VGSP

VPR9 6-0 = 0001000

((244R-120R) / 360R) * (VGMP - VGSP) + VGSP

VPR9 6-0 = 0001001

((244R-119R) / 360R) * (VGMP - VGSP) + VGSP

VPR9 6-0 = 0001010

((244R-117R) / 360R) * (VGMP - VGSP) + VGSP

VPRY 6-0 = 0001011

((244R-116R) / 360R) * (VGMP - VGSP) + VGSP

VPR9 6-0 = 0001100

((244R-115R) / 360R) * (VGMP - VGSP) + VGSP

VPRY 6-0 = 0001101

((244R-114R) / 360R) * (VGMP - VGSP) + VGSP

VPR9 6-0 = 0001110

((244R-113R) / 360R) * (VGMP - VGSP) + VGSP

VPR9 6-0 =0001111

((244R-112R) / 360R) * (VGMP - VGSP) + VGSP

VPR9 6-0 = 0010000

((244R-111R) / 360R) * (VGMP - VGSP) + VGSP

VPR 6-0 = 1000000

((244R-64R) | 360R) * (VGMP - VGSP) + VGSP

VPR 6-0 = 1000001

((244R-63R) / 360R) * (VGMP - VGSP) + VGSP

VPR9 6-0 = 1000010

((244R-62R) / 360R) * (VGMP - VGSP) + VGSP

VPR 6-0 = 1000011

((244R-61R) / 360R) * (VGMP - VGSP) + VGSP

VPR9 6-0 = 1000100

((244R-60R) / 360R) * (VGMP - VGSP) + VGSP

VPR 6-0 = 1000101

((244R-59R) / 360R) * (VGMP - VGSP) + VGSP

VPR 6-0 = 1000110

((244R-58R) / 360R) * (VGMP - VGSP) + VGSP

VOP9

VPR9 6-0 = 1000111

((244R-57R) / 360R) * (VGMP - VGSP) + VGSP

VPR9 6-0 = 1001000

((244R-56R) / 360R) * (VGMP - VGSP) + VGSP

VPR 6-0 = 1001001

((244R-55R) / 360R) * (VGMP - VGSP) + VGSP

VPR 6-0 = 1001010

((244R-54R) | 360R) * (VGMP - VGSP) + VGSP

VPR 6-0 = 1001011

((244R-53R) / 360R) * (VGMP - VGSP) + VGSP

VPR 6-0 = 1001100

((244R-52R) | 360R) * (VGMP - VGSP) + VGSP

VPR 6-0 = 1001101

((244R-51R) / 360R) * (VGMP - VGSP) + VGSP

VPR 6-0 = 1001110

((244R-50R) / 360R) * (VGMP - VGSP) + VGSP

VPR 6-0 = 1001111

((244R-49R) / 360R) * (VGMP - VGSP) + VGSP

VPR9 6-0 = 1010000

((244R-48R) | 360R) * (VGMP - VGSP) + VGSP

VPR 6-0 = 1110001

((244R-15R) / 360R) * (VGMP - VGSP) + VGSP

VPR9 6-0 = 1110010

((244R-14R) | 360R) * (VGMP - VGSP) + VGSP

VPR9 6-0 = 1110011

((244R-13R) / 360R) * (VGMP - VGSP) + VGSP

VPR9 6-0 = 1110100

((244R-12R) | 360R) * (VGMP - VGSP) + VGSP

VPR9 6-0 = 1110101

((244R-11R) / 360R) * (VGMP - VGSP) + VGSP

VPR9 6-0 = 1110110

((244R-10R) / 360R) * (VGMP - VGSP) + VGSP

VPR9 6-0 =1110111

((244R-9R) / 360R) * (VGMP - VGSP) + VGSP

VPR9 6-0 = 1111000

((244R-8R) / 360R) * (VGMP - VGSP) + VGSP

VPR9 6-0 = 1111001

((244R-7R) / 360R) * (VGMP - VGSP) + VGSP

VPR9 6-0 = 1111010

((244R-6R) / 360R) * (VGMP - VGSP) + VGSP

VPR9 6-0 =1111011

((244R-5R) / 360R) * (VGMP - VGSP) + VGSP

VPR9 6-0 = 1111100

((244R-4R) / 360R) * (VGMP - VGSP) + VGSP

VPR9 6-0 =1111101

((244R-3R) / 360R) * (VGMP - VGSP) + VGSP

VPR9 6-0 = 1111110

((244R-2R) / 360R) * (VGMP - VGSP) + VGSP

VPR9 6-0 =1111111

((244R-1R) / 360R) * (VGMP - VGSP) + VGSP

Table 8.6: VOP9
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Reference
voltage

Amplitude adjustment value

VOPS8 formula

VPR8 6-0 = 0000000

((224R-128R) / 360R) * (VGMP - VGSP) + VGSP

VPRS8 6-0 = 0000001

((224R-127R) / 360R) * (VGMP - VGSP) + VGSP

VPR8 6-0 = 0000010

((224R-126R) / 360R) * (VGMP - VGSP) + VGSP

VPRS8 6-0 = 0000011

((224R-125R) / 360R) * (VGMP - VGSP) + VGSP

VPR8 6-0 = 0000100

((224R-124R) / 360R) * (VGMP - VGSP) + VGSP

VPRS8 6-0 = 0000101

((224R-123R) / 360R) * (VGMP - VGSP) + VGSP

VPR8 6-0 = 0000110

((224R-122R) / 360R) * (VGMP - VGSP) + VGSP

VPRS8 6-0 = 0000111

((224R-121R) / 360R) * (VGMP - VGSP) + VGSP

VPR8 6-0 = 0001000

((224R-120R) / 360R) * (VGMP - VGSP) + VGSP

VPRS8 6-0 = 0001001

((224R-119R) / 360R) * (VGMP - VGSP) + VGSP

VPR8 6-0 = 0001010

((224R-117R) / 360R) * (VGMP - VGSP) + VGSP

VPRS8 6-0 = 0001011

((224R-116R) / 360R) * (VGMP - VGSP) + VGSP

VPR8 6-0 = 0001100

((224R-115R) / 360R) * (VGMP - VGSP) + VGSP

VPRS8 6-0 = 0001101

((224R-114R) / 360R) * (VGMP - VGSP) + VGSP

VPR8 6-0 = 0001110

((224R-113R) / 360R) * (VGMP - VGSP) + VGSP

VPRS8 6-0 = 0001111

((224R-112R) / 360R) * (VGMP - VGSP) + VGSP

VPR8 6-0 = 0010000

((224R-111R) / 360R) * (VGMP - VGSP) + VGSP

VPR8 6-0 = 1000000

((224R-64R) / 360R) * (VGMP - VGSP) + VGSP

VPRS8 6-0 = 1000001

((224R-63R) / 360R) * (VGMP - VGSP) + VGSP

VPR8 6-0 = 1000010

((224R-62R) / 360R) * (VGMP - VGSP) + VGSP

VPRS8 6-0 = 1000011

((224R-61R) / 360R) * (VGMP - VGSP) + VGSP

VPR8 6-0 = 1000100

((224R-60R) / 360R) * (VGMP - VGSP) + VGSP

VPRS8 6-0 = 1000101

((224R-59R) / 360R) * (VGMP - VGSP) + VGSP

VPRS8 6-0 = 1000110

((224R-58R) / 360R) * (VGMP - VGSP) + VGSP

VOP8

VPRS8 6-0 = 1000111

((224R-57R) / 360R) * (VGMP - VGSP) + VGSP

VPR8 6-0 = 1001000

((224R-56R) / 360R) * (VGMP - VGSP) + VGSP

VPRS8 6-0 = 1001001

((224R-55R) / 360R) * (VGMP - VGSP) + VGSP

VPRS8 6-0 = 1001010

((224R-54R) | 360R) * (VGMP - VGSP) + VGSP

VPRS8 6-0 = 1001011

((224R-53R) / 360R) * (VGMP - VGSP) + VGSP

VPRS8 6-0 = 1001100

((224R-52R) / 360R) * (VGMP - VGSP) + VGSP

VPRS8 6-0 = 1001101

((224R-51R) / 360R) * (VGMP - VGSP) + VGSP

VPRS8 6-0 = 1001110

((224R-50R) / 360R) * (VGMP - VGSP) + VGSP

VPR8 6-0 = 1001111

((224R-49R) / 360R) * (VGMP - VGSP) + VGSP

VPR8 6-0 = 1010000

((224R-48R) / 360R) * (VGMP - VGSP) + VGSP

VPRS8 6-0 = 1110001

((224R-15R) / 360R) * (VGMP - VGSP) + VGSP

VPR8 6-0 = 1110010

((224R-14R) | 360R) * (VGMP - VGSP) + VGSP

VPR8 6-0 = 1110011

((224R-13R) / 360R) * (VGMP - VGSP) + VGSP

VPR8 6-0 = 1110100

((224R-12R) / 360R) * (VGMP - VGSP) + VGSP

VPR8 6-0 = 1110101

((224R-11R) / 360R) * (VGMP - VGSP) + VGSP

VPRS8 6-0 = 1110110

((224R-10R) / 360R) * (VGMP - VGSP) + VGSP

VPR8 6-0 = 1110111

((224R-9R) / 360R) * (VGMP - VGSP) + VGSP

VPRS8 6-0 = 1111000

((224R-8R) / 360R) * (VGMP - VGSP) + VGSP

VPR8 6-0 = 1111001

((224R-7R) / 360R) * (VGMP - VGSP) + VGSP

VPRS8 6-0 = 1111010

((224R-6R) / 360R) * (VGMP - VGSP) + VGSP

VPR8 6-0 =1111011

((224R-5R) / 360R) * (VGMP - VGSP) + VGSP

VPR8 6-0 = 1111100

((224R-4R) / 360R) * (VGMP - VGSP) + VGSP

VPR8 6-0 =1111101

((224R-3R) / 360R) * (VGMP - VGSP) + VGSP

VPRS8 6-0 = 1111110

((224R-2R) / 360R) * (VGMP - VGSP) + VGSP

VPR8 6-0 =1111111

((224R-1R) / 360R) * (VGMP - VGSP) + VGSP

Table 8.7: VOP8
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Amplitude adjustment value

VOP6/ VOP7 formula

VPR6/7 6-0 = 0000000

((172R-128R) / 360R) * (VGMP - VGSP) + VGSP

VPR6/7 6-0 = 0000001

((172R-127R) / 360R) * (VGMP - VGSP) + VGSP

VPR6/7 6-0 = 0000010

((172R-126R) / 360R) * (VGMP - VGSP) + VGSP

VPR6/7 6-0 = 0000011

((172R-125R) / 360R) * (VGMP - VGSP) + VGSP

VPR6/7 6-0 = 0000100

((172R-124R) / 360R) * (VGMP - VGSP) + VGSP

VPR6/7 6-0 = 0000101

((172R-123R) / 360R) * (VGMP - VGSP) + VGSP

VPR6/7 6-0 = 0000110

((172R-122R) / 360R) * (VGMP - VGSP) + VGSP

VPR6/7 6-0 = 0000111

((172R-121R) / 360R) * (VGMP - VGSP) + VGSP

VPR6/7 6-0 = 0001000

((172R-120R) / 360R) * (VGMP - VGSP) + VGSP

VPR6/7 6-0 = 0001001

((172R-119R) / 360R) * (VGMP - VGSP) + VGSP

VPR6/7 6-0 = 0001010

((172R-117R) / 360R) * (VGMP - VGSP) + VGSP

VPR6/7 6-0 = 0001011

((172R-116R) / 360R) * (VGMP - VGSP) + VGSP

VPR6/7 6-0 = 0001100

((172R-115R) / 360R) * (VGMP - VGSP) + VGSP

VPR6/7 6-0 = 0001101

((172R-114R) / 360R) * (VGMP - VGSP) + VGSP

VPR6/7 6-0 = 0001110

((172R-113R) / 360R) * (VGMP - VGSP) + VGSP

VPR6/7 6-0 = 0001111

((172R-112R) / 360R) * (VGMP - VGSP) + VGSP

VPR6/7 6-0 = 0010000

((172R-111R) / 360R) * (VGMP - VGSP) + VGSP

VPR6/7 6-0 = 1000000

((172R-64R) / 360R) * (VGMP - VGSP) + VGSP

VPR6/7 6-0 = 1000001

((172R-63R) / 360R) * (VGMP - VGSP) + VGSP

VPR6/7 6-0 = 1000010

((172R-62R) / 360R) * (VGMP - VGSP) + VGSP

VPR6/7 6-0 = 1000011

((172R-61R) / 360R) * (VGMP - VGSP) + VGSP

VPR6/7 6-0 = 1000100

((172R-60R) / 360R) * (VGMP - VGSP) + VGSP

VPR6/7 6-0 = 1000101

((172R-59R) / 360R) * (VGMP - VGSP) + VGSP

VPRG6/7 6-0 = 1000110

((172R-58R) / 360R) * (VGMP - VGSP) + VGSP

VOP6/ VOP7

VPR6/7 6-0 = 1000111

((172R-57R) / 360R) * (VGMP - VGSP) + VGSP

VPR6/7 6-0 = 1001000

((172R-56R) / 360R) * (VGMP - VGSP) + VGSP

VPR6/7 6-0 = 1001001

((172R-55R) / 360R) * (VGMP - VGSP) + VGSP

VPRG6/7 6-0 = 1001010

((172R-54R) | 360R) * (VGMP - VGSP) + VGSP

VPRG6/7 6-0 = 1001011

((172R-53R) / 360R) * (VGMP - VGSP) + VGSP

VPR6/7 6-0 = 1001100

((172R-52R) / 360R) * (VGMP - VGSP) + VGSP

VPRG6/7 6-0 = 1001101

((172R-51R) / 360R) * (VGMP - VGSP) + VGSP

VPR6/7 6-0 = 1001110

((172R-50R) / 360R) * (VGMP - VGSP) + VGSP

VPR6/7 6-0 = 1001111

((172R-49R) / 360R) * (VGMP - VGSP) + VGSP

VPR6/7 6-0 = 1010000

((172R-48R) / 360R) * (VGMP - VGSP) + VGSP

VPR6/7 6-0 = 1110001

((172R-15R) / 360R) * (VGMP - VGSP) + VGSP

VPR6/7 6-0 = 1110010

((172R-14R) | 360R) * (VGMP - VGSP) + VGSP

VPR6/7 6-0 = 1110011

((172R-13R) / 360R) * (VGMP - VGSP) + VGSP

VPR6/7 6-0 = 1110100

((172R-12R) / 360R) * (VGMP - VGSP) + VGSP

VPR6/7 6-0 = 1110101

((172R-11R) / 360R) * (VGMP - VGSP) + VGSP

VPR6/7 6-0 = 1110110

((172R-10R) / 360R) * (VGMP - VGSP) + VGSP

VPR6/7 6-0 = 1110111

((172R-9R) / 360R) * (VGMP - VGSP) + VGSP

VPR6/7 6-0 = 1111000

((172R-8R) / 360R) * (VGMP - VGSP) + VGSP

VPR6/7 6-0 = 1111001

((172R-7R) / 360R) * (VGMP - VGSP) + VGSP

VPR6/7 6-0 = 1111010

((172R-6R) / 360R) * (VGMP - VGSP) + VGSP

VPR6/7 6-0 = 1111011

((172R-5R) / 360R) * (VGMP - VGSP) + VGSP

VPR6/7 6-0 = 1111100

((172R-4R) / 360R) * (VGMP - VGSP) + VGSP

VPR6/7 6-0 =1111101

((172R-3R) / 360R) * (VGMP - VGSP) + VGSP

VRP6/7 6-0 = 1111110

((172R-2R) / 360R) * (VGMP - VGSP) + VGSP

VRP6/7 6-0 = 1111111

((172R-1R) / 360R) * (VGMP - VGSP) + VGSP

Table 8.8: VOP6/ VOP7
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VOP4/ VOPS5 formula

VPR4/5 6-0 = 0000000

((144R-128R) / 360R) * (VGMP - VGSP) + VGSP

VPRA4/5 6-0 = 0000001

((144R-127R) / 360R) * (VGMP - VGSP) + VGSP

VPR4/5 6-0 = 0000010

((144R-126R) / 360R) * (VGMP - VGSP) + VGSP

VPRA4/5 6-0 = 0000011

((144R-125R) / 360R) * (VGMP - VGSP) + VGSP

VPR4/5 6-0 = 0000100

((144R-124R) / 360R) * (VGMP - VGSP) + VGSP

VPRA4/5 6-0 = 0000101

((144R-123R) / 360R) * (VGMP - VGSP) + VGSP

VPR4/5 6-0 = 0000110

((144R-122R) / 360R) * (VGMP - VGSP) + VGSP

VPRA4/5 6-0 = 0000111

((144R-121R) / 360R) * (VGMP - VGSP) + VGSP

VPR4/5 6-0 = 0001000

((144R-120R) / 360R) * (VGMP - VGSP) + VGSP

VPRA4/5 6-0 = 0001001

((144R-119R) / 360R) * (VGMP - VGSP) + VGSP

VPR4/5 6-0 = 0001010

((144R-117R) / 360R) * (VGMP - VGSP) + VGSP

VPRA4/5 6-0 = 0001011

((144R-116R) / 360R) * (VGMP - VGSP) + VGSP

VPR4/5 6-0 = 0001100

((144R-115R) / 360R) * (VGMP - VGSP) + VGSP

VPRA4/5 6-0 = 0001101

((144R-114R) / 360R) * (VGMP - VGSP) + VGSP

VPR4/5 6-0 = 0001110

((144R-113R) / 360R) * (VGMP - VGSP) + VGSP

VPR4/5 6-0 = 0001111

((144R-112R) / 360R) * (VGMP - VGSP) + VGSP

VPR4/5 6-0 = 0010000

((144R-111R) / 360R) * (VGMP - VGSP) + VGSP

VPRA4/5 6-0 = 1000000

((144R-64R) / 360R) * (VGMP - VGSP) + VGSP

VPRA4/5 6-0 = 1000001

((144R-63R) / 360R) * (VGMP - VGSP) + VGSP

VPRA4/5 6-0 = 1000010

((144R-62R) / 360R) * (VGMP - VGSP) + VGSP

VPRA4/5 6-0 = 1000011

((144R-61R) / 360R) * (VGMP - VGSP) + VGSP

VPRA4/5 6-0 = 1000100

((144R-60R) / 360R) * (VGMP - VGSP) + VGSP

VPRA4/5 6-0 = 1000101

((144R-59R) / 360R) * (VGMP - VGSP) + VGSP

VPRA4/5 6-0 = 1000110

((144R-58R) / 360R) * (VGMP - VGSP) + VGSP

VOP4/ VOP5

VPRA4/5 6-0 = 1000111

((144R-57R) / 360R) * (VGMP - VGSP) + VGSP

VPRA4/5 6-0 = 1001000

((144R-56R) / 360R) * (VGMP - VGSP) + VGSP

VPRA4/5 6-0 = 1001001

((144R-55R) / 360R) * (VGMP - VGSP) + VGSP

VPRA4/5 6-0 = 1001010

((144R-54R) | 360R) * (VGMP - VGSP) + VGSP

VPRA4/5 6-0 = 1001011

((144R-53R) / 360R) * (VGMP - VGSP) + VGSP

VPRA4/5 6-0 = 1001100

((144R-52R) | 360R) * (VGMP - VGSP) + VGSP

VPRA4/5 6-0 = 1001101

((144R-51R) / 360R) * (VGMP - VGSP) + VGSP

VPRA4/5 6-0 = 1001110

((144R-50R) / 360R) * (VGMP - VGSP) + VGSP

VPRA4/5 6-0 = 1001111

((144R-49R) / 360R) * (VGMP - VGSP) + VGSP

VPRA4/5 6-0 = 1010000

((144R-48R) / 360R) * (VGMP - VGSP) + VGSP

VPRA4/5 6-0 = 1110001

((144R-15R) / 360R) * (VGMP - VGSP) + VGSP

VPRA4/5 6-0 = 1110010

((144R-14R) | 360R) * (VGMP - VGSP) + VGSP

VPRA4/5 6-0 = 1110011

((144R-13R) / 360R) * (VGMP - VGSP) + VGSP

VPRA4/5 6-0 = 1110100

((144R-12R) / 360R) * (VGMP - VGSP) + VGSP

VPRA4/5 6-0 = 1110101

((144R-11R) / 360R) * (VGMP - VGSP) + VGSP

VPR4/5 6-0 = 1110110

((144R-10R) / 360R) * (VGMP - VGSP) + VGSP

VPR4/56-0 =1110111

((144R-9R) / 360R) * (VGMP - VGSP) + VGSP

VPR4/5 6-0 = 1111000

((144R-8R) / 360R) * (VGMP - VGSP) + VGSP

VPRA4/5 6-0 = 1111001

((144R-7R) / 360R) * (VGMP - VGSP) + VGSP

VPR4/5 6-0 = 1111010

((144R-6R) / 360R) * (VGMP - VGSP) + VGSP

VPRA4/56-0 = 1111011

((144R-5R) / 360R) * (VGMP - VGSP) + VGSP

VPR4/5 6-0 = 1111100

((144R-4R) / 360R) * (VGMP - VGSP) + VGSP

VPRA4/56-0 =1111101

((144R-3R) / 360R) * (VGMP - VGSP) + VGSP

VPR4/5 6-0 = 1111110

((144R-2R) / 360R) * (VGMP - VGSP) + VGSP

VPR4/56-0 =1111111

((144R-1R) / 360R) * (VGMP - VGSP) + VGSP

Table 8.9: VOP4/ VOP5
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VPRO~3 6-0 = 0000000

((128R-128R) / 360R) * (VGMP - VGSP) + VGSP

VPRO~3 6-0 = 0000001

((128R-127R) / 360R) * (VGMP - VGSP) + VGSP

VRP0O~3 6-0 = 0000010

((128R-126R) / 360R) * (VGMP - VGSP) + VGSP

VRPO~3 6-0 = 0000011

((128R-125R) / 360R) * (VGMP - VGSP) + VGSP

VRP0O~3 6-0 = 0000100

((128R-124R) / 360R) * (VGMP - VGSP) + VGSP

VRPO~3 6-0 = 0000101

((128R-123R) / 360R) * (VGMP - VGSP) + VGSP

VRP0O~3 6-0 = 0000110

((128R-122R) / 360R) * (VGMP - VGSP) + VGSP

VRPO~3 6-0 = 0000111

((128R-121R) / 360R) * (VGMP - VGSP) + VGSP

VRP0O~3 6-0 = 0001000

((128R-120R) / 360R) * (VGMP - VGSP) + VGSP

VRPO~3 6-0 = 0001001

((128R-119R) / 360R) * (VGMP - VGSP) + VGSP

VRP0O~3 6-0 = 0001010

((128R-117R) / 360R) * (VGMP - VGSP) + VGSP

VRPO~3 6-0 = 0001011

((128R-116R) / 360R) * (VGMP - VGSP) + VGSP

VRP0O~3 6-0 = 0001100

((128R-115R) / 360R) * (VGMP - VGSP) + VGSP

VRPO~3 6-0 = 0001101

((128R-114R) / 360R) * (VGMP - VGSP) + VGSP

VRP0O~3 6-0 = 0001110

((128R-113R) / 360R) * (VGMP - VGSP) + VGSP

VRPO~3 6-0 = 0001111

((128R-112R) / 360R) * (VGMP - VGSP) + VGSP

VRP0O~3 6-0 = 0010000

((128R-111R) / 360R) * (VGMP - VGSP) + VGSP

VPRO~3 6-0 = 1000000

((128R-64R) / 360R) * (VGMP - VGSP) + VGSP

VPRO~3 6-0 = 1000001

((128R-63R) / 360R) * (VGMP - VGSP) + VGSP

VRPO~3 6-0 = 1000010

((128R-62R) / 360R) * (VGMP - VGSP) + VGSP

VPRO~3 6-0 = 1000011

((128R-61R) / 360R) * (VGMP - VGSP) + VGSP

VPRO~3 6-0 = 1000100

((128R-60R) / 360R) * (VGMP - VGSP) + VGSP

VPRO~3 6-0 = 1000101

((128R-59R) / 360R) * (VGMP - VGSP) + VGSP

VPRO0~3 6-0 = 1000110

((128R-58R) / 360R) * (VGMP - VGSP) + VGSP

VOPO0~3

VPRO~3 6-0 = 1000111

((128R-57R) / 360R) * (VGMP - VGSP) + VGSP

VPRO~3 6-0 = 1001000

((128R-56R) / 360R) * (VGMP - VGSP) + VGSP

VPRO~3 6-0 = 1001001

((128R-55R) / 360R) * (VGMP - VGSP) + VGSP

VPRO0~3 6-0 = 1001010

((128R-54R) / 360R) * (VGMP - VGSP) + VGSP

VPR0~3 6-0 = 1001011

((128R-53R) / 360R) * (VGMP - VGSP) + VGSP

VPR0~3 6-0 = 1001100

((128R-52R) / 360R) * (VGMP - VGSP) + VGSP

VPR0~3 6-0 = 1001101

((128R-51R) / 360R) * (VGMP - VGSP) + VGSP

VPR0~3 6-0 = 1001110

((128R-50R) / 360R) * (VGMP - VGSP) + VGSP

VPR0O~3 6-0 = 1001111

((128R-49R) / 360R) * (VGMP - VGSP) + VGSP

VPRO~3 6-0 = 1010000

((128R-48R) / 360R) * (VGMP - VGSP) + VGSP

VPR0~3 6-0 = 1110001

((128R-15R) / 360R) * (VGMP - VGSP) + VGSP

VPR0~3 6-0 = 1110010

((128R-14R) / 360R) * (VGMP - VGSP) + VGSP

VPR0~3 6-0 = 1110011

((128R-13R) / 360R) * (VGMP - VGSP) + VGSP

VPR0~3 6-0 = 1110100

((128R-12R) / 360R) * (VGMP - VGSP) + VGSP

VPR0~3 6-0 = 1110101

((128R-11R) / 360R) * (VGMP - VGSP) + VGSP

VPRO~3 6-0 = 1110110

((128R-10R) / 360R) * (VGMP - VGSP) + VGSP

VPR0O~3 6-0 = 1110111

((128R-9R) / 360R) * (VGMP - VGSP) + VGSP

VPRO~3 6-0 = 1111000

((128R-8R) / 360R) * (VGMP - VGSP) + VGSP

VPR0O~3 6-0 = 1111001

((128R-7R) / 360R) * (VGMP - VGSP) + VGSP

VPRO~3 6-0 = 1111010

((128R-6R) / 360R) * (VGMP - VGSP) + VGSP

VPR0O~3 6-0 = 1111011

((128R-5R) / 360R) * (VGMP - VGSP) + VGSP

VPRO~3 6-0 = 1111100

((128R-4R) / 360R) * (VGMP - VGSP) + VGSP

VPR0O~3 6-0 = 1111101

((128R-3R) / 360R) * (VGMP - VGSP) + VGSP

VPRO~3 6-0 = 1111110

((128R-2R) / 360R) * (VGMP - VGSP) + VGSP

VPRO~3 6-0 = 1111111

((128R-1R) / 360R) * (VGMP - VGSP) + VGSP

Table 8.10: VOP0O~3
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VNR15~18 6-0 = 0000000

((360R-128R) / 360R) * (VGMN - VGSN) + VGSN

VNR15~18 6-0 = 0000001

((360R-127R) / 360R) * (VGMN - VGSN) + VGSN

VNR15~18 6-0 = 0000010

((360R-126R) / 360R) * (VGMN - VGSN) + VGSN

VNR15~18 6-0 = 0000011

((360R-125R) / 360R) * (VGMN - VGSN) + VGSN

VNR15~18 6-0 = 0000100

((360R-124R) / 360R) * (VGMN - VGSN) + VGSN

VNR15~18 6-0 = 0000101

((360R-123R) / 360R) * (VGMN - VGSN) + VGSN

VNR15~18 6-0 = 0000110

((360R-122R) / 360R) * (VGMN - VGSN) + VGSN

VNR15~18 6-0 = 0000111

((360R-121R) / 360R) * (VGMN - VGSN) + VGSN

VNR15~18 6-0 = 0001000

((360R-120R) / 360R) * (VGMN - VGSN) + VGSN

VNR15~18 6-0 = 0001001

((360R-119R) / 360R) * (VGMN - VGSN) + VGSN

VNR15~18 6-0 = 0001010

((360R-117R) / 360R) * (VGMN - VGSN) + VGSN

VNR15~18 6-0 = 0001011

((360R-116R) / 360R) * (VGMN - VGSN) + VGSN

VNR15~18 6-0 = 0001100

((360R-115R) / 360R) * (VGMN - VGSN) + VGSN

VNR15~18 6-0 = 0001101

((360R-114R) / 360R) * (VGMN - VGSN) + VGSN

VNR15~18 6-0 = 0001110

((360R-113R) / 360R) * (VGMN - VGSN) + VGSN

VNR15~18 6-0 = 0001111

((360R-112R) / 360R) * (VGMN - VGSN) + VGSN

VNR15~18 6-0 = 0010000

((360R-111R) / 360R) * (VGMN - VGSN) + VGSN

VNR15~18 6-0 = 1000000

((360R-64R) / 360R) * (VGMN - VGSN) + VGSN

VNR15~18 6-0 = 1000001

((360R-63R) / 360R) * (VGMN - VGSN) + VGSN

VNR15~18 6-0 = 1000010

((360R-62R) / 360R) * (VGMN - VGSN) + VGSN

VNR15~18 6-0 = 1000011

((360R-61R) / 360R) * (VGMN - VGSN) + VGSN

VNR15~18 6-0 = 1000100

((360R-60R) / 360R) * (VGMN - VGSN) + VGSN

VNR15~18 6-0 = 1000101

((360R-59R) / 360R) * (VGMN - VGSN) + VGSN

VNR15~18 6-0 = 1000110

((360R-58R) / 360R) * (VGMN - VGSN) + VGSN

VON15~18

VNR15~18 6-0 = 1000111

((360R-57R) / 360R) * (VGMN - VGSN) + VGSN

VNR15~18 6-0 = 1001000

((360R-56R) / 360R) * (VGMN - VGSN) + VGSN

VNR15~18 6-0 = 1001001

((360R-55R) / 360R) * (VGMN - VGSN) + VGSN

VNR15~18 6-0 = 1001010

((360R-54R) / 360R) * (VGMN - VGSN) + VGSN

VNR15~18 6-0 = 1001011

((360R-53R) / 360R) * (VGMN - VGSN) + VGSN

VNR15~18 6-0 = 1001100

((360R-52R) / 360R) * (VGMN - VGSN) + VGSN

VNR15~18 6-0 = 1001101

((360R-51R) / 360R) * (VGMN - VGSN) + VGSN

VNR15~18 6-0 = 1001110

((360R-50R) / 360R) * (VGMN - VGSN) + VGSN

VNR15~18 6-0 = 1001111

((360R-49R) / 360R) * (VGMN - VGSN) + VGSN

VNR15~18 6-0 = 1010000

((360R-48R) / 360R) * (VGMN - VGSN) + VGSN

VNR15~18 6-0 = 1110001

((360R-15R) / 360R) * (VGMN - VGSN) + VGSN

VNR15~18 6-0 = 1110010

((360R-14R) / 360R) * (VGMN - VGSN) + VGSN

VNR15~18 6-0 = 1110011

((360R-13R) / 360R) * (VGMN - VGSN) + VGSN

VNR15~18 6-0 = 1110100

((360R-12R) / 360R) * (VGMN - VGSN) + VGSN

VNR15~18 6-0 = 1110101

((360R-11R) / 360R) * (VGMN - VGSN) + VGSN

VNR15~18 6-0 = 1110110

((360R-10R) / 360R) * (VGMN - VGSN) + VGSN

VNR15~18 6-0 = 1110111

((360R-9R) / 360R) * (VGMN - VGSN) + VGSN

VNR15~18 6-0 = 1111000

((360R-8R) / 360R) * (VGMN - VGSN) + VGSN

VNR15~18 6-0 = 1111001

((360R-7R) / 360R) * (VGMN - VGSN) + VGSN

VNR15~18 6-0 = 1111010

((360R-6R) / 360R) * (VGMN - VGSN) + VGSN

VNR15~18 6-0 = 1111011

((360R-5R) / 360R) * (VGMN - VGSN) + VGSN

VNR15~18 6-0 = 1111100

((360R-4R) / 360R) * (VGMN - VGSN) + VGSN

VNR15~18 6-0 = 1111101

((360R-3R) / 360R) * (VGMN - VGSN) + VGSN

VNR15~18 6-0 = 1111110

((360R-2R) / 360R) * (VGMN - VGSN) + VGSN

VNR15~18 6-0 = 1111111

((360R-1R) / 360R) * (VGMN - VGSN) + VGSN

Table 8.11: VON15~18
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VON13/VON14

VNR13/14 6-0 = 0000000

((344R-128R) / 360R) * (VGMN - VGSN) + VGSN

VNR13/14 6-0 = 0000001

((344R-127R) / 360R) * (VGMN - VGSN) + VGSN

VNR13/14 6-0 = 0000010

((344R-126R) / 360R) * (VGMN - VGSN) + VGSN

VNR13/14 6-0 = 0000011

((344R-125R) / 360R) * (VGMN - VGSN) + VGSN

VNR13/14 6-0 = 0000100

((344R-124R) / 360R) * (VGMN - VGSN) + VGSN

VNR13/14 6-0 = 0000101

((344R-123R) / 360R) * (VGMN - VGSN) + VGSN

VNR13/14 6-0 = 0000110

((344R-122R) / 360R) * (VGMN - VGSN) + VGSN

VNR13/14 6-0 = 0000111

((344R-121R) / 360R) * (VGMN - VGSN) + VGSN

VNR13/14 6-0 = 0001000

((344R-120R) / 360R) * (VGMN - VGSN) + VGSN

VNR13/14 6-0 = 0001001

((344R-119R) / 360R) * (VGMN - VGSN) + VGSN

VNR13/14 6-0 = 0001010

((344R-117R) / 360R) * (VGMN - VGSN) + VGSN

VNR13/14 6-0 = 0001011

((344R-116R) / 360R) * (VGMN - VGSN) + VGSN

VNR13/14 6-0 = 0001100

((344R-115R) / 360R) * (VGMN - VGSN) + VGSN

VNR13/14 6-0 = 0001101

((344R-114R) / 360R) * (VGMN - VGSN) + VGSN

VNR13/14 6-0 = 0001110

((344R-113R) / 360R) * (VGMN - VGSN) + VGSN

VNR13/14 6-0 = 0001111

((344R-112R) / 360R) * (VGMN - VGSN) + VGSN

VNR13/14 6-0 = 0010000

((344R-111R) / 360R) * (VGMN - VGSN) + VGSN

VNR13/14 6-0 = 1000000

((344R-64R) / 360R) * (VGMN - VGSN) + VGSN

VNR13/14 6-0 = 1000001

((344R-63R) / 360R) * (VGMN - VGSN) + VGSN

VNR13/14 6-0 = 1000010

((344R-62R) / 360R) * (VGMN - VGSN) + VGSN

VNR13/14 6-0 = 1000011

((344R-61R) / 360R) * (VGMN - VGSN) + VGSN

VNR13/14 6-0 = 1000100

((344R-60R) / 360R) * (VGMN - VGSN) + VGSN

VNR13/14 6-0 = 1000101

((344R-59R) / 360R) * (VGMN - VGSN) + VGSN

VNR13/14 6-0 = 1000110

((344R-58R) / 360R) * (VGMN - VGSN) + VGSN

VNR13/14 6-0 = 1000111

((344R-57R) / 360R) * (VGMN - VGSN) + VGSN

VNR13/14 6-0 = 1001000

((344R-56R) / 360R) * (VGMN - VGSN) + VGSN

VNR13/14 6-0 = 1001001

((344R-55R) / 360R) * (VGMN - VGSN) + VGSN

VNR13/14 6-0 = 1001010

((344R-54R) / 360R) * (VGMN - VGSN) + VGSN

VNR13/14 6-0 = 1001011

((344R-53R) / 360R) * (VGMN - VGSN) + VGSN

VNR13/14 6-0 = 1001100

((344R-52R) / 360R) * (VGMN - VGSN) + VGSN

VNR13/14 6-0 = 1001101

((344R-51R) / 360R) * (VGMN - VGSN) + VGSN

VNR13/14 6-0 = 1001110

((344R-50R) / 360R) * (VGMN - VGSN) + VGSN

VNR13/14 6-0 = 1001111

((344R-49R) / 360R) * (VGMN - VGSN) + VGSN

VNR13/14 6-0 = 1010000

((344R-48R) / 360R) * (VGMN - VGSN) + VGSN

VNR13/14 6-0 = 1110001

((344R-15R) / 360R) * (VGMN - VGSN) + VGSN

VNR13/14 6-0 = 1110010

((344R-14R) / 360R) * (VGMN - VGSN) + VGSN

VNR13/14 6-0 = 1110011

((344R-13R) / 360R) * (VGMN - VGSN) + VGSN

VNR13/14 6-0 = 1110100

((344R-12R) / 360R) * (VGMN - VGSN) + VGSN

VNR13/14 6-0 = 1110101

((344R-11R) / 360R) * (VGMN - VGSN) + VGSN

VNR13/14 6-0 = 1110110

((344R-10R) / 360R) * (VGMN - VGSN) + VGSN

VNR13/14 6-0 = 1110111

((344R-9R) / 360R) * (VGMN - VGSN) + VGSN

VNR13/14 6-0 = 1111000

((344R-8R) / 360R) * (VGMN - VGSN) + VGSN

VNR13/14 6-0 = 1111001

((344R-7R) / 360R) * (VGMN - VGSN) + VGSN

VNR13/14 6-0 = 1111010

((344R-6R) / 360R) * (VGMN - VGSN) + VGSN

VNR13/14 6-0 = 1111011

((344R-5R) / 360R) * (VGMN - VGSN) + VGSN

VNR13/14 6-0 = 1111100

((344R-4R) / 360R) * (VGMN - VGSN) + VGSN

VNR13/14 6-0 = 1111101

((344R-3R) / 360R) * (VGMN - VGSN) + VGSN

VNR13/14 6-0 = 1111110

((344R-2R) / 360R) * (VGMN - VGSN) + VGSN

VNR13/14 6-0 = 1111111

((344R-1R) / 360R) * (VGMN - VGSN) + VGSN

Table 8.12: VON13/VON14
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JD9168

Reference
voltage

Amplitude adjustment value

VON11/VON12 formula

VON11/VON12

VNR11/12 6-0 = 0000000

((316R-128R) / 360R) * (VGMN - VGSN) + VGSN

VNR11/12 6-0 = 0000001

((316R-127R) / 360R) * (VGMN - VGSN) + VGSN

VNR11/12 6-0 = 0000010

((316R-126R) / 360R) * (VGMN - VGSN) + VGSN

VNR11/12 6-0 = 0000011

((316R-125R) / 360R) * (VGMN - VGSN) + VGSN

VNR11/12 6-0 = 0000100

((316R-124R) / 360R) * (VGMN - VGSN) + VGSN

VNR11/12 6-0 = 0000101

((316R-123R) / 360R) * (VGMN - VGSN) + VGSN

VNR11/12 6-0 = 0000110

((316R-122R) / 360R) * (VGMN - VGSN) + VGSN

VNR11/12 6-0 = 0000111

((316R-121R) / 360R) * (VGMN - VGSN) + VGSN

VNR11/12 6-0 = 0001000

((316R-120R) / 360R) * (VGMN - VGSN) + VGSN

VNR11/12 6-0 = 0001001

((316R-119R) / 360R) * (VGMN - VGSN) + VGSN

VNR11/12 6-0 = 0001010

((316R-117R) / 360R) * (VGMN - VGSN) + VGSN

VNR11/12 6-0 = 0001011

((316R-116R) / 360R) * (VGMN - VGSN) + VGSN

VNR11/12 6-0 = 0001100

((316R-115R) / 360R) * (VGMN - VGSN) + VGSN

VNR11/12 6-0 = 0001101

((316R-114R) / 360R) * (VGMN - VGSN) + VGSN

VNR11/12 6-0 = 0001110

((316R-113R) / 360R) * (VGMN - VGSN) + VGSN

VNR11/12 6-0 = 0001111

((316R-112R) / 360R) * (VGMN - VGSN) + VGSN

VNR11/12 6-0 = 0010000

((316R-111R) / 360R) * (VGMN - VGSN) + VGSN

VNR11/12 6-0 = 1000000

((316R-64R) / 360R) * (VGMN - VGSN) + VGSN

VNR11/12 6-0 = 1000001

((316R-63R) / 360R) * (VGMN - VGSN) + VGSN

VNR11/12 6-0 = 1000010

((316R-62R) / 360R) * (VGMN - VGSN) + VGSN

VNR11/12 6-0 = 1000011

((316R-61R) / 360R) * (VGMN - VGSN) + VGSN

VNR11/12 6-0 = 1000100

((316R-60R) / 360R) * (VGMN - VGSN) + VGSN

VNR11/12 6-0 = 1000101

((316R-59R) / 360R) * (VGMN - VGSN) + VGSN

VNR11/12 6-0 = 1000110

((316R-58R) / 360R) * (VGMN - VGSN) + VGSN

VNR11/12 6-0 = 1000111

((316R-57R) / 360R) * (VGMN - VGSN) + VGSN

VNR11/12 6-0 = 1001000

((316R-56R) / 360R) * (VGMN - VGSN) + VGSN

VNR11/12 6-0 = 1001001

((316R-55R) / 360R) * (VGMN - VGSN) + VGSN

VNR11/12 6-0 = 1001010

((316R-54R) / 360R) * (VGMN - VGSN) + VGSN

VNR11/12 6-0 = 1001011

((316R-53R) / 360R) * (VGMN - VGSN) + VGSN

VNR11/12 6-0 = 1001100

((316R-52R) / 360R) * (VGMN - VGSN) + VGSN

VNR11/12 6-0 = 1001101

((316R-51R) / 360R) * (VGMN - VGSN) + VGSN

VNR11/12 6-0 = 1001110

((316R-50R) / 360R) * (VGMN - VGSN) + VGSN

VNR11/12 6-0 = 1001111

((316R-49R) / 360R) * (VGMN - VGSN) + VGSN

VNR11/12 6-0 = 1010000

((316R-48R) / 360R) * (VGMN - VGSN) + VGSN

VNR11/12 6-0 = 1110001

((316R-15R) / 360R) * (VGMN - VGSN) + VGSN

VNR11/12 6-0 = 1110010

((316R-14R) / 360R) * (VGMN - VGSN) + VGSN

VNR11/12 6-0 = 1110011

((316R-13R) / 360R) * (VGMN - VGSN) + VGSN

VNR11/12 6-0 = 1110100

((316R-12R) / 360R) * (VGMN - VGSN) + VGSN

VNR11/12 6-0 = 1110101

((316R-11R) / 360R) * (VGMN - VGSN) + VGSN

VNR11/12 6-0 = 1110110

((316R-10R) / 360R) * (VGMN - VGSN) + VGSN

VNR11/12 6-0 = 1110111

((316R-9R) / 360R) * (VGMN - VGSN) + VGSN

VNR11/12 6-0 = 1111000

((316R-8R) / 360R) * (VGMN - VGSN) + VGSN

VNR11/12 6-0 = 1111001

((316R-7R) / 360R) * (VGMN - VGSN) + VGSN

VNR11/12 6-0 = 1111010

((316R-6R) / 360R) * (VGMN - VGSN) + VGSN

VNR11/12 6-0 = 1111011

((316R-5R) / 360R) * (VGMN - VGSN) + VGSN

VNR11/12 6-0 = 1111100

((316R-4R) / 360R) * (VGMN - VGSN) + VGSN

VNR11/12 6-0 = 1111101

((316R-3R) / 360R) * (VGMN - VGSN) + VGSN

VNR11/12 6-0 = 1111110

((316R-2R) / 360R) * (VGMN - VGSN) + VGSN

VNR11/12 6-0 = 1111111

((316R-1R) / 360R) * (VGMN - VGSN) + VGSN

Table 8.13: VON11/VON12
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JD9168

Reference
voltage

Amplitude adjustment value

VON10 formula

VNR10 6-0 = 0000000

((264R-128R) / 360R) * (VGMN - VGSN) + VGSN

VNR10 6-0 = 0000001

((264R-127R) / 360R) * (VGMN - VGSN) + VGSN

VNR10 6-0 = 0000010

((264R-126R) / 360R) * (VGMN - VGSN) + VGSN

VNR10 6-0 = 0000011

((264R-125R) / 360R) * (VGMN - VGSN) + VGSN

VNR10 6-0 = 0000100

((264R-124R) / 360R) * (VGMN - VGSN) + VGSN

VNR10 6-0 = 0000101

((264R-123R) / 360R) * (VGMN - VGSN) + VGSN

VNR10 6-0 = 0000110

((264R-122R) / 360R) * (VGMN - VGSN) + VGSN

VNR10 6-0 = 0000111

((264R-121R) / 360R) * (VGMN - VGSN) + VGSN

VNR10 6-0 = 0001000

((264R-120R) / 360R) * (VGMN - VGSN) + VGSN

VNR10 6-0 = 0001001

((264R-119R) / 360R) * (VGMN - VGSN) + VGSN

VNR10 6-0 = 0001010

((264R-117R) / 360R) * (VGMN - VGSN) + VGSN

VNR10 6-0 = 0001011

((264R-116R) / 360R) * (VGMN - VGSN) + VGSN

VNR10 6-0 = 0001100

((264R-115R) / 360R) * (VGMN - VGSN) + VGSN

VNR10 6-0 = 0001101

((264R-114R) / 360R) * (VGMN - VGSN) + VGSN

VNR10 6-0 = 0001110

((264R-113R) / 360R) * (VGMN - VGSN) + VGSN

VNR10 6-0 = 0001111

((264R-112R) / 360R) * (VGMN - VGSN) + VGSN

VNR10 6-0 = 0010000

((264R-111R) / 360R) * (VGMN - VGSN) + VGSN

VNR10 6-0 = 1000000

((264R-64R) / 360R) * (VGMN - VGSN) + VGSN

VNR10 6-0 = 1000001

((264R-63R) / 360R) * (VGMN - VGSN) + VGSN

VNR10 6-0 = 1000010

((264R-62R) / 360R) * (VGMN - VGSN) + VGSN

VNR10 6-0 = 1000011

((264R-61R) / 360R) * (VGMN - VGSN) + VGSN

VNR10 6-0 = 1000100

((264R-60R) / 360R) * (VGMN - VGSN) + VGSN

VNR10 6-0 = 1000101

((264R-59R) / 360R) * (VGMN - VGSN) + VGSN

VNR10 6-0 = 1000110

((264R-58R) / 360R) * (VGMN - VGSN) + VGSN

VON10

VNR10 6-0 = 1000111

((264R-57R) / 360R) * (VGMN - VGSN) + VGSN

VNR10 6-0 = 1001000

((264R-56R) / 360R) * (VGMN - VGSN) + VGSN

VNR10 6-0 = 1001001

((264R-55R) / 360R) * (VGMN - VGSN) + VGSN

VNR10 6-0 = 1001010

((264R-54R) / 360R) * (VGMN - VGSN) + VGSN

VNR10 6-0 = 1001011

((264R-53R) / 360R) * (VGMN - VGSN) + VGSN

VNR10 6-0 = 1001100

((264R-52R) / 360R) * (VGMN - VGSN) + VGSN

VNR10 6-0 = 1001101

((264R-51R) / 360R) * (VGMN - VGSN) + VGSN

VNR10 6-0 = 1001110

((264R-50R) / 360R) * (VGMN - VGSN) + VGSN

VNR10 6-0 = 1001111

((264R-49R) / 360R) * (VGMN - VGSN) + VGSN

VNR10 6-0 = 1010000

((264R-48R) / 360R) * (VGMN - VGSN) + VGSN

VNR10 6-0 = 1110001

((264R-15R) / 360R) * (VGMN - VGSN) + VGSN

VNR10 6-0 = 1110010

((264R-14R) / 360R) * (VGMN - VGSN) + VGSN

VNR10 6-0 = 1110011

((264R-13R) / 360R) * (VGMN - VGSN) + VGSN

VNR10 6-0 = 1110100

((264R-12R) / 360R) * (VGMN - VGSN) + VGSN

VNR10 6-0 = 1110101

((264R-11R) / 360R) * (VGMN - VGSN) + VGSN

VNR10 6-0 = 1110110

((264R-10R) / 360R) * (VGMN - VGSN) + VGSN

VNR10 6-0 = 1110111

((264R-9R) / 360R) * (VGMN - VGSN) + VGSN

VNR10 6-0 = 1111000

((264R-8R) / 360R) * (VGMN - VGSN) + VGSN

VNR10 6-0 = 1111001

((264R-7R) / 360R) * (VGMN - VGSN) + VGSN

VNR10 6-0 = 1111010

((264R-6R) / 360R) * (VGMN - VGSN) + VGSN

VNR10 6-0 = 1111011

((264R-5R) / 360R) * (VGMN - VGSN) + VGSN

VNR10 6-0 = 1111100

((264R-4R) / 360R) * (VGMN - VGSN) + VGSN

VNR10 6-0 = 1111101

((264R-3R) / 360R) * (VGMN - VGSN) + VGSN

VNR10 6-0 = 1111110

((264R-2R) / 360R) * (VGMN - VGSN) + VGSN

VNR10 6-0 = 1111111

((264R-1R) / 360R) * (VGMN - VGSN) + VGSN

Table 8.14: VON10
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Reference
voltage

Amplitude adjustment value

VON9 formula

VNR9 6-0 = 0000000

((244R-128R) / 360R) * (VGMN - VGSN) + VGSN

VNR9 6-0 = 0000001

((244R-127R) / 360R) * (VGMN - VGSN) + VGSN

VNR9 6-0 = 0000010

((244R-126R) / 360R) * (VGMN - VGSN) + VGSN

VNR9 6-0 = 0000011

((244R-125R) / 360R) * (VGMN - VGSN) + VGSN

VNR9 6-0 = 0000100

((244R-124R) / 360R) * (VGMN - VGSN) + VGSN

VNR9 6-0 = 0000101

((244R-123R) / 360R) * (VGMN - VGSN) + VGSN

VNR9 6-0 = 0000110

((244R-122R) / 360R) * (VGMN - VGSN) + VGSN

VNR9 6-0 = 0000111

((244R-121R) / 360R) * (VGMN - VGSN) + VGSN

VNR9 6-0 = 0001000

((244R-120R) / 360R) * (VGMN - VGSN) + VGSN

VNR9 6-0 = 0001001

((244R-119R) / 360R) * (VGMN - VGSN) + VGSN

VNR9 6-0 = 0001010

((244R-117R) / 360R) * (VGMN - VGSN) + VGSN

VNR9 6-0 = 0001011

((244R-116R) / 360R) * (VGMN - VGSN) + VGSN

VNR9 6-0 = 0001100

((244R-115R) / 360R) * (VGMN - VGSN) + VGSN

VNR9 6-0 = 0001101

((244R-114R) / 360R) * (VGMN - VGSN) + VGSN

VNR9 6-0 = 0001110

((244R-113R) / 360R) * (VGMN - VGSN) + VGSN

VNR9 6-0 = 0001111

((244R-112R) / 360R) * (VGMN - VGSN) + VGSN

VNR9 6-0 = 0010000

((244R-111R) / 360R) * (VGMN - VGSN) + VGSN

VNR9 6-0 = 1000000

((244R-64R) / 360R) * (VGMN - VGSN) + VGSN

VNR9 6-0 = 1000001

((244R-63R) / 360R) * (VGMN - VGSN) + VGSN

VNR9 6-0 = 1000010

((244R-62R) / 360R) * (VGMN - VGSN) + VGSN

VNR9 6-0 = 1000011

((244R-61R) / 360R) * (VGMN - VGSN) + VGSN

VNR9 6-0 = 1000100

((244R-60R) / 360R) * (VGMN - VGSN) + VGSN

VNR9 6-0 = 1000101

((244R-59R) / 360R) * (VGMN - VGSN) + VGSN

VNR9 6-0 = 1000110

((244R-58R) / 360R) * (VGMN - VGSN) + VGSN

VON9

VNR9 6-0 = 1000111

((244R-57R) / 360R) * (VGMN - VGSN) + VGSN

VNR9 6-0 = 1001000

((244R-56R) / 360R) * (VGMN - VGSN) + VGSN

VNR9 6-0 = 1001001

((244R-55R) / 360R) * (VGMN - VGSN) + VGSN

VNR9 6-0 = 1001010

((244R-54R) | 360R) * (VGMN - VGSN) + VGSN

VNR9 6-0 = 1001011

((244R-53R) / 360R) * (VGMN - VGSN) + VGSN

VNR9 6-0 = 1001100

((244R-52R) / 360R) * (VGMN - VGSN) + VGSN

VNR9 6-0 = 1001101

((244R-51R) / 360R) * (VGMN - VGSN) + VGSN

VNR9 6-0 = 1001110

((244R-50R) / 360R) * (VGMN - VGSN) + VGSN

VNR9 6-0 = 1001111

((244R-49R) / 360R) * (VGMN - VGSN) + VGSN

VNR9 6-0 = 1010000

((244R-48R) / 360R) * (VGMN - VGSN) + VGSN

VNR9 6-0 = 1110001

((244R-15R) / 360R) * (VGMN - VGSN) + VGSN

VNR9 6-0 = 1110010

((244R-14R) / 360R) * (VGMN - VGSN) + VGSN

VNR9 6-0 = 1110011

((244R-13R) / 360R) * (VGMN - VGSN) + VGSN

VNR9 6-0 = 1110100

((244R-12R) / 360R) * (VGMN - VGSN) + VGSN

VNR9 6-0 = 1110101

((244R-11R) / 360R) * (VGMN - VGSN) + VGSN

VNR9 6-0 = 1110110

((244R-10R) / 360R) * (VGMN - VGSN) + VGSN

VNR9 6-0 = 1110111

((244R-9R) / 360R) * (VGMN - VGSN) + VGSN

VNR9 6-0 = 1111000

((244R-8R) / 360R) * (VGMN - VGSN) + VGSN

VNR9 6-0 = 1111001

((244R-7R) ] 360R) * (VGMN - VGSN) + VGSN

VNR9 6-0 = 1111010

((244R-6R) / 360R) * (VGMN - VGSN) + VGSN

VNR9 6-0 = 1111011

((244R-5R) / 360R) * (VGMN - VGSN) + VGSN

VNR9 6-0 = 1111100

((244R-4R) / 360R) * (VGMN - VGSN) + VGSN

VNR9 6-0 = 1111101

((244R-3R) / 360R) * (VGMN - VGSN) + VGSN

VNR9 6-0 = 1111110

((244R-2R) / 360R) * (VGMN - VGSN) + VGSN

VNRO 6-0 = 1111111

((244R-1R) / 360R) * (VGMN - VGSN) + VGSN

Table 8.15: VON9
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Reference
voltage

Amplitude adjustment value

VONS8 formula

VNRS8 6-0 = 0000000

((224R-128R) / 360R) * (VGMN - VGSN) + VGSN

VNRS8 6-0 = 0000001

((224R-127R) / 360R) * (VGMN - VGSN) + VGSN

VNRS8 6-0 = 0000010

((224R-126R) / 360R) * (VGMN - VGSN) + VGSN

VNRS 6-0 = 0000011

((224R-125R) / 360R) * (VGMN - VGSN) + VGSN

VNRS8 6-0 = 0000100

((224R-124R) / 360R) * (VGMN - VGSN) + VGSN

VNRS8 6-0 = 0000101

((224R-123R) / 360R) * (VGMN - VGSN) + VGSN

VNRS8 6-0 = 0000110

((224R-122R) / 360R) * (VGMN - VGSN) + VGSN

VNRS8 6-0 = 0000111

((224R-121R) / 360R) * (VGMN - VGSN) + VGSN

VNRS8 6-0 = 0001000

((224R-120R) / 360R) * (VGMN - VGSN) + VGSN

VNRS8 6-0 = 0001001

((224R-119R) / 360R) * (VGMN - VGSN) + VGSN

VNRS8 6-0 = 0001010

((224R-117R) / 360R) * (VGMN - VGSN) + VGSN

VNRS8 6-0 = 0001011

((224R-116R) / 360R) * (VGMN - VGSN) + VGSN

VNRS8 6-0 = 0001100

((224R-115R) / 360R) * (VGMN - VGSN) + VGSN

VNRS8 6-0 = 0001101

((224R-114R) / 360R) * (VGMN - VGSN) + VGSN

VNRS8 6-0 = 0001110

((224R-113R) / 360R) * (VGMN - VGSN) + VGSN

VNRS8 6-0 = 0001111

((224R-112R) / 360R) * (VGMN - VGSN) + VGSN

VNRS8 6-0 = 0010000

((224R-111R) / 360R) * (VGMN - VGSN) + VGSN

VNRS8 6-0 = 1000000

((224R-64R) / 360R) * (VGMN - VGSN) + VGSN

VNRS8 6-0 = 1000001

((224R-63R) / 360R) * (VGMN - VGSN) + VGSN

VNRS8 6-0 = 1000010

((224R-62R) / 360R) * (VGMN - VGSN) + VGSN

VNRS8 6-0 = 1000011

((224R-61R) / 360R) * (VGMN - VGSN) + VGSN

VNRS8 6-0 = 1000100

((224R-60R) / 360R) * (VGMN - VGSN) + VGSN

VNRS8 6-0 = 1000101

((224R-59R) / 360R) * (VGMN - VGSN) + VGSN

VNRS8 6-0 = 1000110

((224R-58R) / 360R) * (VGMN - VGSN) + VGSN

VON8

VNRS8 6-0 = 1000111

((224R-57R) / 360R) * (VGMN - VGSN) + VGSN

VNRS8 6-0 = 1001000

((224R-56R) / 360R) * (VGMN - VGSN) + VGSN

VNRS8 6-0 = 1001001

((224R-55R) / 360R) * (VGMN - VGSN) + VGSN

VNRS8 6-0 = 1001010

((224R-54R) / 360R) * (VGMN - VGSN) + VGSN

VNRS 6-0 = 1001011

((224R-53R) / 360R) * (VGMN - VGSN) + VGSN

VNRS8 6-0 = 1001100

((224R-52R) / 360R) * (VGMN - VGSN) + VGSN

VNRS 6-0 = 1001101

((224R-51R) / 360R) * (VGMN - VGSN) + VGSN

VNRS8 6-0 = 1001110

((224R-50R) / 360R) * (VGMN - VGSN) + VGSN

VNRS8 6-0 = 1001111

((224R-49R) / 360R) * (VGMN - VGSN) + VGSN

VNRS8 6-0 = 1010000

((224R-48R) / 360R) * (VGMN - VGSN) + VGSN

VNRS 6-0 = 1110001

((224R-15R) / 360R) * (VGMN - VGSN) + VGSN

VNRS8 6-0 = 1110010

((224R-14R) / 360R) * (VGMN - VGSN) + VGSN

VNRS 6-0 = 1110011

((224R-13R) / 360R) * (VGMN - VGSN) + VGSN

VNRS8 6-0 = 1110100

((224R-12R) / 360R) * (VGMN - VGSN) + VGSN

VNRS 6-0 = 1110101

((224R-11R) / 360R) * (VGMN - VGSN) + VGSN

VNR8 6-0 = 1110110

((224R-10R) / 360R) * (VGMN - VGSN) + VGSN

VNRS8 6-0 = 1110111

((224R-9R) / 360R) * (VGMN - VGSN) + VGSN

VNRS8 6-0 = 1111000

((224R-8R) / 360R) * (VGMN - VGSN) + VGSN

VNRS 6-0 = 1111001

((224R-7R) / 360R) * (VGMN - VGSN) + VGSN

VNR8 6-0 = 1111010

((224R-6R) / 360R) * (VGMN - VGSN) + VGSN

VNRS 6-0 = 1111011

((224R-5R) / 360R) * (VGMN - VGSN) + VGSN

VNR8 6-0 = 1111100

((224R-4R) / 360R) * (VGMN - VGSN) + VGSN

VNRS8 6-0 = 1111101

((224R-3R) / 360R) * (VGMN - VGSN) + VGSN

VNR8 6-0 = 1111110

((224R-2R) / 360R) * (VGMN - VGSN) + VGSN

VNRS8 6-0 = 1111111

((224R-1R) / 360R) * (VGMN - VGSN) + VGSN

Table 8.16: VONS8
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Reference
voltage

Amplitude adjustment value

VON6/ VON7 formula

VNRG6/7 6-0 = 0000000

((172R-128R) / 360R) * (VGMN - VGSN) + VGSN

VNRG6/7 6-0 = 0000001

((172R-127R) / 360R) * (VGMN - VGSN) + VGSN

VNRG6/7 6-0 = 0000010

((172R-126R) / 360R) * (VGMN - VGSN) + VGSN

VNRG6/7 6-0 = 0000011

((172R-125R) / 360R) * (VGMN - VGSN) + VGSN

VNRG6/7 6-0 = 0000100

((172R-124R) / 360R) * (VGMN - VGSN) + VGSN

VNRG6/7 6-0 = 0000101

((172R-123R) / 360R) * (VGMN - VGSN) + VGSN

VNRG6/7 6-0 = 0000110

((172R-122R) / 360R) * (VGMN - VGSN) + VGSN

VNRG6/7 6-0 = 0000111

((172R-121R) / 360R) * (VGMN - VGSN) + VGSN

VNRG6/7 6-0 = 0001000

((172R-120R) / 360R) * (VGMN - VGSN) + VGSN

VNRG6/7 6-0 = 0001001

((172R-119R) / 360R) * (VGMN - VGSN) + VGSN

VNRG6/7 6-0 = 0001010

((172R-117R) / 360R) * (VGMN - VGSN) + VGSN

VNRG6/7 6-0 = 0001011

((172R-116R) / 360R) * (VGMN - VGSN) + VGSN

VNRG6/7 6-0 = 0001100

((172R-115R) / 360R) * (VGMN - VGSN) + VGSN

VNRG6/7 6-0 = 0001101

((172R-114R) / 360R) * (VGMN - VGSN) + VGSN

VNRG6/7 6-0 = 0001110

((172R-113R) / 360R) * (VGMN - VGSN) + VGSN

VNRG6/7 6-0 = 0001111

((172R-112R) / 360R) * (VGMN - VGSN) + VGSN

VNRG6/7 6-0 = 0010000

((172R-111R) / 360R) * (VGMN - VGSN) + VGSN

VNRG6/7 6-0 = 1000000

((172R-64R) / 360R) * (VGMN - VGSN) + VGSN

VNRG6/7 6-0 = 1000001

((172R-63R) / 360R) * (VGMN - VGSN) + VGSN

VNRG6/7 6-0 = 1000010

((172R-62R) / 360R) * (VGMN - VGSN) + VGSN

VNRG6/7 6-0 = 1000011

((172R-61R) / 360R) * (VGMN - VGSN) + VGSN

VNRG6/7 6-0 = 1000100

((172R-60R) / 360R) * (VGMN - VGSN) + VGSN

VNRG6/7 6-0 = 1000101

((172R-59R) / 360R) * (VGMN - VGSN) + VGSN

VNR6/7 6-0 = 1000110

((172R-58R) / 360R) * (VGMN - VGSN) + VGSN

VONG6/ VON7

VNRG6/7 6-0 = 1000111

((172R-57R) / 360R) * (VGMN - VGSN) + VGSN

VNRG6/7 6-0 = 1001000

((172R-56R) / 360R) * (VGMN - VGSN) + VGSN

VNRG6/7 6-0 = 1001001

((172R-55R) / 360R) * (VGMN - VGSN) + VGSN

VNR6/7 6-0 = 1001010

((172R-54R) / 360R) * (VGMN - VGSN) + VGSN

VNR6/7 6-0 = 1001011

((172R-53R) / 360R) * (VGMN - VGSN) + VGSN

VNR6/7 6-0 = 1001100

((172R-52R) / 360R) * (VGMN - VGSN) + VGSN

VNR6/7 6-0 = 1001101

((172R-51R) / 360R) * (VGMN - VGSN) + VGSN

VNR6/7 6-0 = 1001110

((172R-50R) / 360R) * (VGMN - VGSN) + VGSN

VNR6/7 6-0 = 1001111

((172R-49R) / 360R) * (VGMN - VGSN) + VGSN

VNRG6/7 6-0 = 1010000

((172R-48R) / 360R) * (VGMN - VGSN) + VGSN

VNR6/7 6-0 = 1110001

((172R-15R) / 360R) * (VGMN - VGSN) + VGSN

VNR6/7 6-0 = 1110010

((172R-14R) / 360R) * (VGMN - VGSN) + VGSN

VNR6/7 6-0 = 1110011

((172R-13R) / 360R) * (VGMN - VGSN) + VGSN

VNR6/7 6-0 = 1110100

((172R-12R) / 360R) * (VGMN - VGSN) + VGSN

VNR6/7 6-0 = 1110101

((172R-11R) / 360R) * (VGMN - VGSN) + VGSN

VNRG6/7 6-0 = 1110110

((172R-10R) / 360R) * (VGMN - VGSN) + VGSN

VNR6/7 6-0 = 1110111

((172R-9R) / 360R) * (VGMN - VGSN) + VGSN

VNRG6/7 6-0 = 1111000

((172R-8R) / 360R) * (VGMN - VGSN) + VGSN

VNR6/7 6-0 = 1111001

((172R-7R) / 360R) * (VGMN - VGSN) + VGSN

VNRG6/7 6-0 = 1111010

((172R-6R) / 360R) * (VGMN - VGSN) + VGSN

VNR6/7 6-0 = 1111011

((172R-5R) / 360R) * (VGMN - VGSN) + VGSN

VNRG6/7 6-0 = 1111100

((172R-4R) / 360R) * (VGMN - VGSN) + VGSN

VNR6/7 6-0 = 1111101

((172R-3R) / 360R) * (VGMN - VGSN) + VGSN

VRNG6/7 6-0 = 1111110

((172R-2R) / 360R) * (VGMN - VGSN) + VGSN

VRNG6/7 6-0 = 1111111

((172R-1R) / 360R) * (VGMN - VGSN) + VGSN

Table 8.17: VON6/ VON7
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Amplitude adjustment value

VON4/ VON5 formula

VNRA4/5 6-0 = 0000000

((144R-128R) / 360R) * (VGMN - VGSN) + VGSN

VNR4/5 6-0 = 0000001

((144R-127R) / 360R) * (VGMN - VGSN) + VGSN

VNRA4/5 6-0 = 0000010

((144R-126R) / 360R) * (VGMN - VGSN) + VGSN

VNR4/5 6-0 = 0000011

((144R-125R) / 360R) * (VGMN - VGSN) + VGSN

VNRA4/5 6-0 = 0000100

((144R-124R) / 360R) * (VGMN - VGSN) + VGSN

VNR4/5 6-0 = 0000101

((144R-123R) / 360R) * (VGMN - VGSN) + VGSN

VNRA4/5 6-0 = 0000110

((144R-122R) / 360R) * (VGMN - VGSN) + VGSN

VNR4/5 6-0 = 0000111

((144R-121R) / 360R) * (VGMN - VGSN) + VGSN

VNRA4/5 6-0 = 0001000

((144R-120R) / 360R) * (VGMN - VGSN) + VGSN

VNR4/5 6-0 = 0001001

((144R-119R) / 360R) * (VGMN - VGSN) + VGSN

VNRA4/5 6-0 = 0001010

((144R-117R) / 360R) * (VGMN - VGSN) + VGSN

VNR4/5 6-0 = 0001011

((144R-116R) / 360R) * (VGMN - VGSN) + VGSN

VNRA4/5 6-0 = 0001100

((144R-115R) / 360R) * (VGMN - VGSN) + VGSN

VNR4/5 6-0 = 0001101

((144R-114R) / 360R) * (VGMN - VGSN) + VGSN

VNRA4/5 6-0 = 0001110

((144R-113R) / 360R) * (VGMN - VGSN) + VGSN

VNR4/5 6-0 = 0001111

((144R-112R) / 360R) * (VGMN - VGSN) + VGSN

VNRA4/5 6-0 = 0010000

((144R-111R) / 360R) * (VGMN - VGSN) + VGSN

VNR4/5 6-0 = 1000000

((144R-64R) / 360R) * (VGMN - VGSN) + VGSN

VNR4/5 6-0 = 1000001

((144R-63R) / 360R) * (VGMN - VGSN) + VGSN

VNRA4/5 6-0 = 1000010

((144R-62R) / 360R) * (VGMN - VGSN) + VGSN

VNR4/5 6-0 = 1000011

((144R-61R) / 360R) * (VGMN - VGSN) + VGSN

VNRA4/5 6-0 = 1000100

((144R-60R) / 360R) * (VGMN - VGSN) + VGSN

VNR4/5 6-0 = 1000101

((144R-59R) / 360R) * (VGMN - VGSN) + VGSN

VNRA4/5 6-0 = 1000110

((144R-58R) / 360R) * (VGMN - VGSN) + VGSN

VON4/ VON5

VNR4/5 6-0 = 1000111

((144R-57R) / 360R) * (VGMN - VGSN) + VGSN

VNRA4/5 6-0 = 1001000

((144R-56R) / 360R) * (VGMN - VGSN) + VGSN

VNR4/5 6-0 = 1001001

((144R-55R) / 360R) * (VGMN - VGSN) + VGSN

VNRA4/5 6-0 = 1001010

((144R-54R) / 360R) * (VGMN - VGSN) + VGSN

VNRA4/5 6-0 = 1001011

((144R-53R) / 360R) * (VGMN - VGSN) + VGSN

VNRA4/5 6-0 = 1001100

((144R-52R) / 360R) * (VGMN - VGSN) + VGSN

VNRA4/5 6-0 = 1001101

((144R-51R) / 360R) * (VGMN - VGSN) + VGSN

VNRA4/5 6-0 = 1001110

((144R-50R) / 360R) * (VGMN - VGSN) + VGSN

VNR4/5 6-0 = 1001111

((144R-49R) / 360R) * (VGMN - VGSN) + VGSN

VNRA4/5 6-0 = 1010000

((144R-48R) / 360R) * (VGMN - VGSN) + VGSN

VNRA4/5 6-0 = 1110001

((144R-15R) / 360R) * (VGMN - VGSN) + VGSN

VNRA4/5 6-0 = 1110010

((144R-14R) / 360R) * (VGMN - VGSN) + VGSN

VNR4/5 6-0 = 1110011

((144R-13R) / 360R) * (VGMN - VGSN) + VGSN

VNRA4/5 6-0 = 1110100

((144R-12R) / 360R) * (VGMN - VGSN) + VGSN

VNRA4/5 6-0 = 1110101

((144R-11R) / 360R) * (VGMN - VGSN) + VGSN

VNRA4/5 6-0 = 1110110

((144R-10R) / 360R) * (VGMN - VGSN) + VGSN

VNR4/5 6-0 = 1110111

((144R-9R) / 360R) * (VGMN - VGSN) + VGSN

VNRA4/5 6-0 = 1111000

((144R-8R) / 360R) * (VGMN - VGSN) + VGSN

VNR4/5 6-0 = 1111001

((144R-7R) / 360R) * (VGMN - VGSN) + VGSN

VNRA4/5 6-0 = 1111010

((144R-6R) / 360R) * (VGMN - VGSN) + VGSN

VNR4/5 6-0 = 1111011

((144R-5R) / 360R) * (VGMN - VGSN) + VGSN

VNRA4/5 6-0 = 1111100

((144R-4R) / 360R) * (VGMN - VGSN) + VGSN

VNR4/5 6-0 = 1111101

((144R-3R) / 360R) * (VGMN - VGSN) + VGSN

VNRA4/5 6-0 = 1111110

((144R-2R) / 360R) * (VGMN - VGSN) + VGSN

VNR4/5 6-0 = 1111111

((144R-1R) / 360R) * (VGMN - VGSN) + VGSN

Table 8.18: VON4/ VON5
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Amplitude adjustment value

VONO~3 formula

VNRO~3 6-0 = 0000000

((128R-128R) / 360R) * (VGMN - VGSN) + VGSN

VNRO~3 6-0 = 0000001

((128R-127R) / 360R) * (VGMN - VGSN) + VGSN

VRNO~3 6-0 = 0000010

((128R-126R) / 360R) * (VGMN - VGSN) + VGSN

VRNO~3 6-0 = 0000011

((128R-125R) / 360R) * (VGMN - VGSN) + VGSN

VRNO~3 6-0 = 0000100

((128R-124R) / 360R) * (VGMN - VGSN) + VGSN

VRNO~3 6-0 = 0000101

((128R-123R) / 360R) * (VGMN - VGSN) + VGSN

VRNO~3 6-0 = 0000110

((128R-122R) / 360R) * (VGMN - VGSN) + VGSN

VRNO-~3 6-0 = 0000111

((128R-121R) / 360R) * (VGMN - VGSN) + VGSN

VRNO~3 6-0 = 0001000

((128R-120R) / 360R) * (VGMN - VGSN) + VGSN

VRNO~3 6-0 = 0001001

((128R-119R) / 360R) * (VGMN - VGSN) + VGSN

VRNO~3 6-0 = 0001010

((128R-117R) / 360R) * (VGMN - VGSN) + VGSN

VRNO~3 6-0 = 0001011

((128R-116R) / 360R) * (VGMN - VGSN) + VGSN

VRNO~3 6-0 = 0001100

((128R-115R) / 360R) * (VGMN - VGSN) + VGSN

VRNO~3 6-0 = 0001101

((128R-114R) / 360R) * (VGMN - VGSN) + VGSN

VRNO~3 6-0 = 0001110

((128R-113R) / 360R) * (VGMN - VGSN) + VGSN

VRNO~-3 6-0 = 0001111

((128R-112R) / 360R) * (VGMN - VGSN) + VGSN

VRNO~3 6-0 = 0010000

((128R-111R) / 360R) * (VGMN - VGSN) + VGSN

VNRO~3 6-0 = 1000000

((128R-64R) / 360R) * (VGMN - VGSN) + VGSN

VNRO~3 6-0 = 1000001

((128R-63R) / 360R) * (VGMN - VGSN) + VGSN

VRNO~3 6-0 = 1000010

((128R-62R) / 360R) * (VGMN - VGSN) + VGSN

VNRO~3 6-0 = 1000011

((128R-61R) / 360R) * (VGMN - VGSN) + VGSN

VNRO~3 6-0 = 1000100

((128R-60R) / 360R) * (VGMN - VGSN) + VGSN

VNRO~3 6-0 = 1000101

((128R-59R) / 360R) * (VGMN - VGSN) + VGSN

VNRO~3 6-0 = 1000110

((128R-58R) / 360R) * (VGMN - VGSN) + VGSN

VONO~3

VNRO~3 6-0 = 1000111

((128R-57R) / 360R) * (VGMN - VGSN) + VGSN

VNRO~3 6-0 = 1001000

((128R-56R) / 360R) * (VGMN - VGSN) + VGSN

VNRO~3 6-0 = 1001001

((128R-55R) / 360R) * (VGMN - VGSN) + VGSN

VNRO~3 6-0 = 1001010

((128R-54R) / 360R) * (VGMN - VGSN) + VGSN

VNRO~3 6-0 = 1001011

((128R-53R) / 360R) * (VGMN - VGSN) + VGSN

VNRO~3 6-0 = 1001100

((128R-52R) / 360R) * (VGMN - VGSN) + VGSN

VNRO~3 6-0 = 1001101

((128R-51R) / 360R) * (VGMN - VGSN) + VGSN

VNRO~3 6-0 = 1001110

((128R-50R) / 360R) * (VGMN - VGSN) + VGSN

VNRO~3 6-0 = 1001111

((128R-49R) / 360R) * (VGMN - VGSN) + VGSN

VNRO~3 6-0 = 1010000

((128R-48R) / 360R) * (VGMN - VGSN) + VGSN

VNRO~3 6-0 = 1110001

((128R-15R) / 360R) * (VGMN - VGSN) + VGSN

VNRO~3 6-0 = 1110010

((128R-14R) / 360R) * (VGMN - VGSN) + VGSN

VNRO~3 6-0 = 1110011

((128R-13R) / 360R) * (VGMN - VGSN) + VGSN

VNRO~3 6-0 = 1110100

((128R-12R) / 360R) * (VGMN - VGSN) + VGSN

VNRO~3 6-0 = 1110101

((128R-11R) / 360R) * (VGMN - VGSN) + VGSN

VNRO~3 6-0 = 1110110

((128R-10R) / 360R) * (VGMN - VGSN) + VGSN

VNRO~3 6-0 = 1110111

((128R-9R) / 360R) * (VGMN - VGSN) + VGSN

VNRO~3 6-0 = 1111000

((128R-8R) / 360R) * (VGMN - VGSN) + VGSN

VNRO~3 6-0 = 1111001

((128R-7R) / 360R) * (VGMN - VGSN) + VGSN

VNRO~3 6-0 = 1111010

((128R-6R) / 360R) * (VGMN - VGSN) + VGSN

VNRO~3 6-0 = 1111011

((128R-5R) / 360R) * (VGMN - VGSN) + VGSN

VNRO~3 6-0 = 1111100

((128R-4R) / 360R) * (VGMN - VGSN) + VGSN

VNRO~3 6-0 = 1111101

((128R-3R) / 360R) * (VGMN - VGSN) + VGSN

VNRO~3 6-0 = 1111110

((128R-2R) / 360R) * (VGMN - VGSN) + VGSN

VNRO~3 6-0 = 1111111

((128R-1R) / 360R) * (VGMN - VGSN) + VGSN

Table 8.19: VONO~3
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9. Function Description

9.1. Tearing effect Line

9.1.1. Tearing effect Line mode
The Tearing Effect line supplies to the MPU a Panel synchronization signal and this
signal can be enabled or disabled by the Tearing Effect Line Off & On commands. The
mode of the Tearing Effect signal is defined by the parameter of the Tearing Effect
Line On command.

Tearing Effect Line Modes
Mode 1, the Tearing Effect Output signal consists of V-Blanking Information only:

tvdl tvdh

\ 4

[y
|

Figure 9.1: Tearing Effect Line mode 1
tvdh= The LCD display is not updated from the Frame Memory

tvdl= The LCD display is updated from the Frame Memory (except Invisible Line — see below)

The TE output timing will be defined by TE_Delay[10:0] setting under mode 1.
Ex: 1. VFP=2, VS=2 and VBP=2 at RGB signal from HOST. Both VFP[7:0] and VBP[7:0] are set
1 from register setting.

TE_Delay[10:0]=0, then TE signal will output after last line finished.

TE_Delay[10:0]=1, then TE signal will output at second line start.

1920w Line f ,,,,,,,,,
1st Line

2nd Line

TE (Mode 1) IR |
@TE_Delay vdh
[10:0]=0 ~— ~——VFP+VS+VBP =6 lines—
TE (Mode 1)
@[T E—?e'ay «—————TE_Delay[10:0]=1——————| yepuer-zine
1001=1] —mM4——— - - -

Figure 9.2: TE Line Delay under mode 1
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Mode 2, the Tearing Effect Output signal consists of V-sync and H-sync Information,
there is one V-sync and N H-sync pulses per field.
N: If the resolution is 800 RGB X 480, the N=480.

/ V-Sync

I |
Invisible Line 1st Line 2nd Line 479th Line 480th Line

Figure 9.3: Tearing Effect Line mode 2

thdh= The LCD display is not updated from the Frame Memory
thdl= The LCD display is updated from the Frame Memory (except Invisible Line — see above)

The H-sync pulses output amount will be defined by TESL[15:0] setting under Mode2.
Ex: 1. TESL[15:0]=0, then TE signal will the same as TE mode 1.

TESL[15:0]=1, then TE signal will output 480 H-sync.

TESL[15:0]=3, then TE signal will output 480 H-sync.

Internal TE
i ﬂ ﬂ ﬂ ﬂ
signal V-Syne V-Sync
Invisible Line 1st Line 2nd Line 479th Line 480th Line
@TE mode 2
TESL=0 V-Sync V-Sync
@TE mode 2 ﬂ ﬂ ﬂ ﬂ
TESL=1 V-Sync V-Sync
o N i N N NI N R
Invisible Line 1st Line 2nd Ling A79th Line @80th Lirje
@TE mode 2 ﬂ ﬂ
TESL=3 V-Sync V-Sync
T - <« <> T
479th Line 480th Line

Figure 9.4: TE Line Output for TELINE setting

640th LineJ—I 7777777777777777777777777777777
1st Line

2nd Line

TE (Mode 1) ’— 7777777 t;,(;h 7777777 ‘ ,,,,,,,,,,,,

Figure 9.5: Tearing Effect Line Output signal

Note: During Sleep In Mode, the Tearing Output Pin is active Low
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9.1.2. Tearing effect line timing
The Tearing Effect signal is described below:

] |
i i
] |
[}
] |
| P\
Vertical Timing \:\ i
| i i |
o S
Horizontal Timing ! ; i i
| | | j
| ! !

1

t
vdl

Y_

t t
hdl hdh

Figure 9.6: Tearing Effect Line timing

Idle Mode Off/On (Resolution 800x480 RGB, Frame Rate = 60 Hz)

Symbol Parameter Min. Max. Unit
tvdl Vertical Timing Low Duration TBD - ms
tvdh Vertical Timing High Duration TBD - us
thdl Horizontal Timing Low Duration TBD - us
thdh Horizontal Timing High Duration TBD TBD us

tr Rise time - TBD ns
tf Fall time - TBD Ns

Table 9.1: AC characteristics of Tearing Effect Line

The signal’s rise and fall times (tf, tr) are stipulated to be equal to or less than 15ns.

tr tf

—/— 0.8*vDD1 0.8*vDD1

I 0.2*vDD1 0.2*vDD1 |

Figure 9.7: Tearing Effect Line definition of tf, tr
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9.2. Oscillator
The JD9168 has an internal R-C oscillator. The oscillator frequency is 41.2MHz and
tolerance is 5%. The oscillation frequency can be adjusted according to internal
register setting.
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9.3. Output pins Characteristics
. After After After
Pin name
power on hardware reset software reset
GPOO0-~5 Low Low Low
SDA High-Z (Inactive) High-Z (Inactive) High-Z (Inactive)

Table 9.2: Output and I/O pins Characteristics
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9.4. Self-diagnostic Functions

The display module shall support all the self-diagnostic functions in this section except
those functions indicated as optional. Optional functions can be implemented in the

display module at the manufacturer’s discretion.

9.4.1. Register loading detection

The SLPOUT command (See “SLPOUT: Exit Sleep In Mode (11h)”) is a trigger for the
Register Loading Detection function. This function indicates if the display module
correctly loaded the factory default values from Non-volatile memory to the registers. If
the registers were loaded properly then bit D7 of the SDR register is inverted, otherwise
the value is unchanged. See RDDSDR: Read Display Self-Diagnostic Result (OFh) for a
description of the RDDSDR register. The flow chart for the Register Loading Detection

function is shown in Figure 9.8.

Sleep In (10h)
A ¢
o | Sleep Out Sleep In
o (11h) (10h)

Power on sequence
HW reset
SW reset

'

' v

A

Sleep Out (11h)

Y

Loads and Compares
OTP and register values

i

Are OTP and register
values the same?

D7 inverted

\J

RDDSDR
D7=0

Figure 9.8: Register loading detection flow chart
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9.4.2. Functionality Detection
The SLPOUT command (see SLPOUT: Exit Sleep In Mode (11h)) is a trigger for the
Functionality Detection function. This function indicates if the display module functional
blocks, e.g. power supply, clock generator, etc. are operating correctly. If the functional
blocks are operating properly then bit D6 of the RDDSDR register is inverted, otherwise
the value is unchanged. See RDDSDR: Read Display Self-Diagnostic Result (OFh) for a
description of the RDDSDR register. The flow chart for the Functionality Detection
function is shown in Figure 9.9.

Power on sequence
Sleep In (10h) HW reset
SW reset

A ¢ ¢

Sleep Out Sleep In RDDSDR
o (11h) (10h) D6=0

' '

Sleep Out (11h)

A

\ /

Check timings, voltage levels,
and other functionalities

'

Is the required
functionality present ?

D6 inverted

Note: There is needed 120msec after SLPOUT command, when there is changing from SLPIN mode to
SLPOUT mode, before there is possible to check if Customer’s functionality requirements are met and a
value of RDDSDR’s D6 is valid. Otherwise, there is 5msec delay for D6’s value, when SLIPOT command is
sentin SLPOUT mode.

Figure 9.9: Functionality detection flow chart
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9.5. Power on/off sequence and HW STBYB timing limitation

9.5.1. General
IOVCC must be setup ready before analog power setup. IOVCC must be power down
after analog power down. During power off, if the display module is in the SLPOUT
mode, VCI, VCIP and IOVCC must be powered down minimum 120msec after RESX
has been released. During power off, if the display module is in the SLPIN mode, VCI,
VCIP and IOVCC can be powered down minimum Omsec after RESX has been
released.

There will be no damage to the display module if the power sequences are not met.
There will be no abnormal visible effects on the display panel during the Power On/Off
Sequences.

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

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

There is not a limit for Rise/Fall time on VCI, VCIP and IOVCC.
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9.5.2. Power on sequence
The power on sequence timing for different power input modes and interfaces are shown as
below table.

Symbol : Value Unit Remark
Min Typ Max
trwon1 0 5 - ms
trwonz 0 5 - ms
trwons 0 5 ms
trwona 0 5 ms
tramp1 0.2 - 20 ms IOVCC, VCCH
tramp2 0.2 - 20 ms VCI, VCIP, AVDD
tramp3 0.2 - 20 ms AVEE
trampa 0.2 - - ms VGL
tramps 0.2 - - ms VGH
trRPWIRES1 10 - - ms
tRPWIRES2 1 - - ms
tmipl LP11 - - trRPWIRES1 ms
tRESETL 20 - - VIS
t1 5 - . ms
tsLpouT 120 - - ms
tpwsLPoUT - 45 - ms
teLoN 2 - - VS
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2 input power mode (EXT_VGL=0, BOOSTM [1:0]=00)
- Internal DC/DC power mode - Charge Pump.
- IOVCC=VCCH=2.5~3.3V, VCI=VCIP=2.5~3.3V
2 power mode power on sequence — DSI:
IOVCC, VCM tewont
%
tRa\mpl 90%
VCl, VCIP @
trPwWIRESL
tRampz --------------
i . tl
HW Reset - 10%  10%-4-
SLPOUT DISON
tMIPLLPll tReSETL Page0_0x11 Page0_0x29
MIPI:LP-11
DSI tsLpout
Initial code | tewsirour Video Packet
Power
Status | SLPIN Mode SLPOUT Mode
Backlight
taLon
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2 power mode power on sequence — LVDS, RGB:

90%
lovCC, VCM
Aow  trwont
S

VCI, VCIP

HW Reset

tRampl

90%

10%

trPWIRES2

>ty

t

tramp2

STBYB

no limit

tsLpout

LVDS/RGB

Video Packet

12C/SPI
CMD

Power

Initial code

twsLrouT

CMD

Status ‘

SLPIN Mode

SLi

POUT Mode

Backlight

teLon
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3input power mode (EXT_VGL=0, BOOSTM [1:0]=01)
- External IOVCC, AVDD, AVEE Power.
- |IOVCC=VCCH=2.5~3.3V, VCI=VCIP=AVDD=4.5~6.0V, AVEE=-4.5~-6.0V.

3 power mode power on sequence — DSI:

IOVCC, VCCH

AVDD,
VCI, VCIP

AVEE

HW Reset

DSI

Power
Status

Backlight

90%,

0% | trwoni
tE'ampl 90%,
> K tpwonz
10%
tRampZ
0%
9006
tRamp3 tl
trewires:
10%  10%
SLPOUT DISON
tmip_LP11 trESETL PageOTOxll Page0_0x29
MIPI:LP-11
tsLrout
Initial code | tewsirour Video Packet
‘ SLPIN Mode SLPOUT Mode

teLon
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3 power mode power on sequence — LVDS, RGB:

90%
IOVCC, ch
Ao tpwoni
K——X—>

tRampl

90%
AVDD, /
VCI, VCIP T0% | tPwonz
s

trRamp2

>t

0%
AVEE \
90%

tRamp3 trpwires t

HW Reset

STBYB

no limit tsLpout

LVDS/RGB

Video Packet

12C/SPI
CMD

Power

Initial code

tpwsLPouT

CMD

Status | SLPIN Mode

SLPOUT Mode

Backlight

taLon
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5 input power mode (EXT_VGL=0 or 1, BOOSTM [1:0]=11)
- External IOVCC, AVDD, AVEE, VGH, VGL.

- IOVCC=VCCH=2.5~3.3V, VCI=VCIP=AVDD=4.5~6.0V, AVEE=-4.5~-6.0V.
- VGH= 7~22V, VGL= -7~-16V (VGH +|VGL| < 30V).

5 power mode power on sequence — DSI:

IOVCC, VCCH .
90%;
AVDD, % Ktewonz
VCILVCIP — A tpwonz tpwona, |
tRamp? i
During t,: VGH = AVDD /
AVDD /
gof@f‘ H
VGH ) teanps
A 10%
trRamp2
N0%
AVEE {
90%'
During t;: AVEE = VGL tramps
i;l:O%
\\!f
VGL
S AVEE K
Ramp3
90%
tRamp4 ‘
tRF’WIRESIL :', '
HW Reset Thow 10t Jron
SLPOUT DISON
T treseTL Page0_0Ox11 Page0_0x29
MIPI:LP-11
DSI tSLPOUT
IInitial code, Video Packet
tPWSLPOUT
Power
Status ‘ SLPIN Mode SLPOUT Mode
Backlight
teLon
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5 power mode power on sequence — LVDS, RGB:

IOVCC, VCCH Aot
T | APWON1
rampt o
t tewonz
AVDD, % %
VCI,VCIP _____ iow towona |
tramp2 |
| 90
During t;: VGH = AVDD /
AVDD Ao
1,°0%1 —
VGH / Hrams
—_— F10%
trRamp2
0% twons
{
AVEE {
90%
During t;: AVEE = VGL n
Ramp3
'i%O%
b
VGL a0, i
t "AVEE N
Ramp3
90%'
trRampéd -
1
trPWIRES2 ty
HW Reset
no limit
LVDS/RGB tsLrouT Video Packet
12C/SPI
CMD I I II a
Initial code CMD
tPWSLPOUT
Power
Status \ SLPIN Mode SLPOUT Mode |
Backlight

talon
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9.5.3. Power off sequence

The power off sequence timing for different power input modes and interfaces are shown as

below table.

Symbol : Value Unit Remark
Min | Typ | Max

trworF1 0 3) - ms

trworr2 0 S - ms

tpworFs 0 S - ms

tpworFa 0 5 - ms
tramp1 0.2 - 20 | ms IOVCC, VCCH
tramp2 0.2 - 20 ms | VCI, VCIP, AvDD
tramp3 0.2 - 20 ms AVEE
trampa 0.2 - - ms 5Power: VGL
tramps 0.2 - - ms 5Power: VGH
tpworr 120 - - ms

tmip_LP11 0 - |tpworr| MS

toisporr | 50 - |tpworr| MS

tRSTHtoL 50 - |tpworr| MS

tvideo_OFF - |tpworr| MS
tBLOFF - - ms
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2 input power mode (EXT_VGL=0, BOOSTM [1:0]=00)
- Internal DC/DC power mode - Charge Pump.
- IOVCC=VCCH=2.5~3.3V, VCI=VCIP=2.5~3.3V

2 power mode power off sequence — DSI:

90%
IOVCC, VCCH
tpworrF1 10%
tRampl
VCl, VCIP %
10%
>
MethOd l tRampz
HW Reset
10%
trworrF
_ MIPI:.LP-11 \
MIPI Video Packet
MIPI:LP-00(ULPM)
: tmipl_Lp11 .
90%

Backlight teLorE

‘ SLPOUT Mode SLPIN Mode

Method?2 DISOFF SLPIN
Page0_0x28 Page0_0x10
tpisporF teworr
. MIPI:LP-11 \
MIPI Video Packet
MIPI:LP-00(ULPM)
90%

Backlight tgLoFF

\ SLPOUT Mode SLPIN Mode
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2 power mode power off sequence — LVDS, RGB:

90%
IOVCC, VCCH
10%
étPWOFFl
90%
VCI, VCIP
10%
<
tpworr tRamp2
STBYB
10%
tRsTHo
HW Reset ReTHe
tvideo_OFF
LVDS, Video Packet
RGB
90%
Backlight taLorr
\ SLPOUT Mode SLPIN Mode
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3 input power mode (EXT_VGL=0, BOOSTM [1:0]=01)
- External IOVCC, AVDD, AVEE Power.

- IOVCC=VCCH=2.5~3.3V, VCI=VCIP=AVDD=4.5~6.0V, AVEE=-4.5~-6.0V.

3 power mode power off sequence — DSI:

IO0VCC, VCCH

trworr2

tpworFL \10%

AVDD,
VCl, VCIP

AVEE

\90%

| 10%

trRamp2

10%,

F 90%,

Method1

tewore

>

tramp3

HW Reset

) MIPI:LP-11
MIPI Video Packet

twipi_LP11

>

Backlight tBLoFF

MIPI:LP-00(ULPM)

Power

Status | SLPOUT Mode

SLPIN Mode

Method?2 DISOFF SLPIN
Page0_0x28 Page0_0x10

toisporF tpworr

MIPI:LP-11
MIPI Video Packet

Backlight tBLoFF

MIPI:LP-00(ULPM)

Power ‘

SLPOUT Mode
Status

SLPIN Mode
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3 power mode power off sequence — LVDS, RGB:

IOVCC, VCCH

90%
tpworr2 tworr1
)

10%:

VCI, VCIP

AVEE

tpworr

90%

10%

1:Rampz

10%,

90%

tRamp3

STBYB

trRsTHIOL

HW Reset

tvideo_OFF

LVDS, Video Packet
RGB

90%

Backlight teLorE

Power | SLPOUT Mode

SLPIN Mode

Status
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5 input power mode (EXT_VGL=0 or 1, BOOSTM [1:0]=11)
- External IOVCC, AVDD, AVEE, VGH, VGL.
- |IOVCC=VCCH=2.5~3.3V, VCI=VCIP=AVDD=4.5~6.0V, AVEE=-4.5~-6.0V.
- VGH=7~22V, VGL= -7~-16V (VGH +|VGL| < 30V).

5 power mode power off sequence — DSI:

IOVCC, VCCH |
trworr1 Loy
tRamp‘l
90%
AVDD, \
VCI, VCIP toworra teworrs teworr2 10
Ramp2
During t;, VGH = AVDD.
— 7 tramp2
VGH VGH discharge to GND— =4 AVDD £
AVDD < VGH < AVDD+0.8v. 90%
b
r 10
Ramp3
trRamps S
10%
AVEE I’
/90%
by
tRampA 10%,*?'
t/ |
| During t,, VGH = AVDD.
AVEE Zo0%
VGL Ay
T AVEE >VGL > AVEE - 0.8v
" VGL discharge to GND
Method1 t
PWOFF
HW Reset
Yo%
MIPI:LP-11
MIPI Video Packet
MIPI:LP-00(ULPM)
( twipi_Lp11 5
-90%
Backlight taiorr
Power
Status ‘ SLPOUT Mode SLPIN Mode
Method?2 DISOFF SLPIN
Page0_0x28 Page0_0x10
toisporr tpworr
MIPI:LP-11
MIPI Video Packet
MIPI:LP-00(ULPM)
-90%
Backlight tBLorr
Power
Status SLPOUT Mode SLPIN Mode
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5 power mode power off sequence — LVDS, RGB:

IOVCC, VCCH

AVDD,
VCI, VCIP

VGH

AVEE

VGL

STBYB

HW Reset

LVDS,
RGB

Backlight

Power
Status

\90%|

AVDD < VGH < AVDD+0.8v—

VGH discharge to GND—

teworr

10%

teworF1 i,m%
tRampi
90%
\
tpworFa teworrs trworr2 10
Ramp2
h During t;, VGH = AVDD.
>? trRamp2
o AVDD
90%
N
10%;
trRamp3
trRamps
10%
t,
- 90%)
tRamp3
trampa 10%%
t/ |
" | During t, AVEE = VGL.
AVEE /o

~ “SAVEE > VGL > AVEE - 0.8
TveL discharge to GND

tRsTHIOL

tvideo_OFF

Video Packet

90%

teLorE

SLPOUT Mode

SLPIN Mode
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9.5.4. HW STBYB timing limitation
The HW pin STBYB is to control standby or normal mode of JD9168 status. There is
timing limitation between “H-L-H” or “L-H-L” status shown as Figure 9.10.

IOVCC, VCCH

VCI, VCIP

STBYB

90%

=50ms

90%

H-L-H limitation

Figure 9.10: HW STBYB “H-L-H” and

=120ms

L-H-L limitation

“L-H-L” timing limitation
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9.6. Uncontrolled power off

The uncontrolled power off means a situation when e.g. there is removed a battery

without the controlled power off sequence. The display module must meet following

requirements:

® There cannot be any damages for the display module or the display module
cannot cause any damages for the host or lines of the interface.

® There cannot be any abnormal visible effects (= display must be blank) with in 1
second on the display and remains blank until “Power On Sequence” powers it up

GAS circuit =  Logic circuit
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10.Command

10.1.Command List
10.1.1.Standard command

Address Operation code R/W D7 D6 D5 D4 D3 D2 D1 DO Function
00 NOP W 0 0 0 0 0 0 0 0 No Operation
01 SWRESET w 0 0 0 0 0 0 0 1 Software Reset
W 0 0 0 0 0 1 0 0
Read Display
I R ID1[7:0] I
04 RDDIDIF Identification
I R ID2[7:0] I
Information
R ID3[7:0]
w 0 0 0 0 0 1 0 1 Read Number of DSI
05 RDNUMPE
R P[7:0] Parity Error
w 0 0 0 0 0 1 1 0
06 RDRED Read Red Color
I R R[7:0] I
I w 0 0 0 0 0 1 1 1 I
07 RDGREEN Read Green Color
R G[7:0]
w 0 0 0 0 1 0 0 0
08 RDBLUE Read Blue Color
R B[7:0]
w 0 0 0 0 1 0 0 1
I R D[31:24] I
09 RDDST R D[23:16] Read Display Status
R D[15:8]
R D[7:0]
w 0 0 0 0 1 0 1 0 Read display power
0A RDDPM
R D7 D6 D5 D4 D3 D2 0 0 mode
w 0 0 0 0 1 0 1 1
0B RDDMADCTL Read display MADCT
R D7 D6 D5 D4 D3 D2 D1 DO
w 0 0 0 0 1 1 0 0 Read display pixel
oc RDDCOLMOD
R 0 D6 D5 D4 0 D2 D1 DO format
w 0 0 0 0 1 1 0 1 Read display image
oD RDDIM
R D7 D6 D5 D4 D3 D2 D1 DO mode
w 0 0 0 0 1 1 1 0 Read display signal
OE RDDSM
R D7 D6 D5 D4 D3 D2 D1 DO mode
w 0 0 0 0 1 1 1 1 Read display
OF RDDSDR
R D7 D6 D5 D4 0 0 0 DO self-diagnostic result
10 SLPIN w 0 0 0 1 0 0 0 0 Sleep In
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11 SLPOUT w 0 0 0 1 0 0 0 1 Sleep Out
Normal display mode
13 NORON w 0 0 0 1 0 0 1 1
on
20 INVOFF W 0 0 1 0 0 0 0 0 Display inversion off I
21 INVON W 0 0 1 0 0 0 0 1 Display inversion on I
22 ALLPOFF w 0 0 1 0 0 0 1 0 All Pixel Off
23 ALLPON w 0 0 1 0 0 0 1 1 All Pixel On
w 0 0 1 0 0 1 1 0
26 GAMSET Gamma set-
w CG[7:0]
28 DISPOFF w 0 0 1 0 1 0 0 0 Display off I
29 DISPON w 0 0 1 0 1 0 0 1 Display on I
Tearing Effect Line
34 TEOFF w 0 0 1 1 0 1 0 0
OFF
w 0 0 1 1 0 1 0 1
35 TEON Tearing Effect Line ON
w X X X X X X X M
w 0 0 1 1 0 1 1 0 Memory Access
36 MADCTL
w MY MX X X BGR - SS GS Control
38 IDMOFF w 0 0 1 1 1 0 0 0 Idle mode off I
39 IDMON w 0 0 1 1 1 0 0 1 Idle mode on
w 0 0 1 1 1 0 1 0
3A COLMOD Interface Pixel Format,
w X D6 D5 D4 X X X X
w 0 1 0 0 0 1 0 0
Set Tear Effect Scan
44 TESL w TELINE[15:8]
Lines
w TELINE[7:0]
w 0 1 0 0 0 1 0 1
Return the current
45 GETSCAN R SLNJ[15:8]
scanline
R SLN[7:0]
w 0 1 0 1 0 0 0 1 Write Display
51 WRDISBV
w DBVI[7:0] Brightness
w 0 1 0 1 0 0 1 0 Read Display
52 RDDISBV
R DBV[7:0] Brightness Value
w 0 1 0 1 0 0 1 1
53 WRCTRLD Write CTRL Display
w X X BCTRL X DD BL X X
w 0 1 0 1 0 0 1 1 Read Control Value
54 RDCTRLD
R X X BCTRL 0 DD BL 0 0 Display-
w 1 1 0 1 1 0 1 0
DA RDID1 Read ID1
R module’s manufacturer{7:0]
DB RDID2 w 1 1 0 1 1 0 1 1 Read D2
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R LCD module/driver version [7:0]

W 0 1 1 1

Read ID3
LCD module/driver ID[7:0]

0 0

Read the DDB from

the provided location.

Continue reading the

RDDDBCON DDB from the last read|

location.

Read First Checksum

Read Continue

CCS[7:0] Checksum

Table 10.1: Standard command list
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10.1.2.Standard Command Accessibility

Normal Mode On, Idle | Normal Mode On, Idle | Partial Mode On, Idle | Partial Mode On, Idle
Mode Off, Sleep Mode | Mode On, Sleep Mode Mode Off, Sleep Mode On, Sleep
Off Off Mode Off Mode Off

NOP Yes Yes Yes Yes
SWRESET Yes Yes Yes Yes
RDDIDIF Yes Yes Yes Yes
RDNUMPE Yes Yes N/A N/A
RDRED Yes Yes N/A N/A
RDGREEN Yes Yes N/A N/A
RDBLUE Yes Yes N/A N/A
RDDST Yes Yes N/A N/A
RDDPM Yes Yes Yes Yes
RDDMADCTL Yes Yes Yes Yes
RDDCOLMOD Yes Yes Yes Yes
RDDIM Yes Yes Yes Yes
RDDSM Yes Yes Yes Yes
RDDSDR Yes Yes Yes Yes
SLPIN Yes Yes Yes Yes
SLPOUT Yes Yes Yes Yes
PTLON Yes Yes Yes Yes
INVOFF Yes Yes Yes Yes
INVON Yes Yes Yes Yes
ALLPOFF Yes Yes N/A N/A
ALLPON Yes Yes N/A N/A
GAMSET Yes Yes Yes Yes
DISPOFF Yes Yes Yes Yes
DISPON Yes Yes Yes Yes
TEOFF Yes Yes Yes Yes
TEON Yes Yes Yes Yes
MADCTL Yes Yes Yes Yes
IDMOFF Yes Yes Yes Yes
IDMON Yes Yes Yes Yes
COLMOD Yes Yes Yes Yes
TESL Yes Yes Yes Yes
GETSCAN Yes Yes Yes Yes
WRDISBV Yes Yes Yes Yes
RDDISBV Yes Yes Yes Yes
WRCTRLD Yes Yes Yes Yes
RDCTRLD Yes Yes Yes Yes
RDID1 Yes Yes Yes Yes
RDID2 Yes Yes Yes Yes
RDID3 Yes Yes Yes Yes
RDDDB Yes Yes Yes Yes
RDDDBCON Yes Yes Yes Yes
RDFCS Yes Yes Yes Yes
RDCCS Yes Yes Yes Yes

Table 10.2: Standard Command Accessibility

Operation
code
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10.1.3.Standard Command Default Modes and Values

Hex Operation Parameters Power-on Sequence SW Reset HW Reset
Code code

00 NOP None N/A N/A N/A
01 SWRESET None N/A N/A N/A

I 04 RDDIDIF 3 OTP Value OTP Value OTP Value

Il os RDNUMPE 1 00h 00h 00h

I os RDRED 1 00h 00h 00h

I o7 RDGREEN 1 00h 00h 00h

Il os RDBLUE 1 00h 00h 00h
09 RDDST 1 Refer to corresponding Refer to corresponding command Refer to corresponding

command parameters parameters command parameters
0A RDDPM 1 08h 08h 08h
0B RDDMADCTL 1 00h Refer to corresponding command 0oh
parameters

I ocC RDDCOLMOD 1 07h 07h 07h

I oo RDDIM 1 00h 00h 00h

I oe RDDSM 1 00h 00h 00h

I oF RDDSDR 1 00h 00h 00h

I 10 SLPIN None Sleep In Mode Sleep In Mode Sleep In Mode
11 SLPOUT None Sleep In Mode Sleep In Mode Sleep In Mode
12 PTLON None
20 INVOFF None Display Inversion Off Display Inversion Off Display Inversion Off
21 INVON None Display Inversion Off Display Inversion Off Display Inversion Off
22 ALLPOFF None All Pixel Off All Pixel Off All Pixel Off
23 ALLPON None All Pixel Off All Pixel Off All Pixel Off
26 GAMSET 1 01lh 01h 01lh

I 2s DISPOFF None Display Off Display Off Display Off

I 29 DISPON None Display Off Display Off Display Off

I =4 TEOFF None TE Off TE Off TE Off

I ss TEON 1 TE Off TE Off TE Off

I s6 MADCTL 1 00h No Change 00h
38 IDMOFF None Idle Mode Off Idle Mode Off Idle Mode Off
39 IDMON None Idle Mode Off Idle Mode Off Idle Mode Off
3A COLMOD 1 07h No Change 07h
44 TESL 2 0000h 0000h 0000h
45 GETSCAN 2 0000h 0000h 0000h
51 WRDISBV 1 00h 00h 00h
52 RDDISBV 1 00h 00h 00h
53 WRCTRLD 1 00h 00h 00h
54 RDCTRLD 1 00h 00h 00h
DA RDID1 1 OTP Value OTP Value OTP Value
DB RDID2 1 OTP Value OTP Value OTP Value
DC RDID3 1 OTP Value OTP Value OTP Value
Al RDDDB All OTP Value OTP Value OTP Value
A8 RDDDBCON All OTP Value OTP Value OTP Value
AA RDFCS 1 00h 00h 00h
AF RDCCS 1 00h 0oh 00h

Table 10.3: Standard Command Default Modes and Value
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10.2. Command Description
10.2.1.NOP (00h)

CMD/PAs R/W D7 D6 D5 D4 D3 D2 D1 DO
Command w 0 0 0 0 0 0 0 0 00

This command does not have any effect on the display module. The NOP command may

Description ) )
be used to terminate a Frame Memory Read or Frame Memory Write.

Restriction -

Flow Chart -
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10.2.2.SWRESET: Software Reset (01h)

CMD/PAs D7 D6 D5 D4 D3 D2 D1 DO
Command w 0 0 0 0 0 0 0 1 01

The display module performs a software reset. Registers are written with their SW Reset
Description default values.

The Frame Memory contents are unaffected by this command

The host processor must wait 5 milliseconds before sending any new commands to a
display module following this command. The display module updates the registers during
o this time.

Restriction ) . o
If a SWRESET is sent when the display module is in SLPIN Mode, the host processor
must wait 120 milliseconds before sending an SLPOUT command.

SWRESET should not be sent when the display module is not in SLPIN mode.

SWRESET

'

Blank Display

Flow Chart i

Load S/W Defaults

'

SLPIN Mode
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10.2.3.RDDIDIF:

CMD/PAs

Read Display Identification Information (04h)

D4 D3

Command

0 0

Parameter 1

ID1[7:0]

Parameter 2

ID2[7:0]

Parameter 3

R ID3[7:0]

Description

This read byte returns 24-bit display identification information.
The 1 Parameter identifies the LCD module’s manufacturer. It is specified by display

supplier and for xx is defined as xxHEX.

The 2™ Parameter has 2 purposes. Bit7 (MSB) defines the type of panel. 0=Driver (STN

B/W), 1=Module (Color). Bits 6~0 are used to track the LCD module/driver version. It is
defined by display supplier and it changes each time a revision is made to the display,

material or construction specifications. See Table:

ID Byte Value V[7:0] | Version | Changes
80h
81h
82h
83h
84h
85h

The 3" parameter identifies the LCD module/driver. It is specified by display supplier and

for this LCD project module is defined as xxHEX.

Restriction

Flow Chart

RDDIDIF (04h)

i

Send ID1[7:0]

i

Send 1D2[7:0]

'

Send ID3[7:0]
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10.2.4.RDNUMPE: Read number of the parity errors (05h)

CMD/PAs D7 D6 D5 D4 D3 D2 D1 DO
Command 0 0 0 0 0 1 0 1
Parameter 1 P7 P6 P5 P4 P3 P2 P1 PO

The first parameter is telling a number of the errors on DSI. The more detailed description
of the bits is below.

P[6:0] bits are telling a number of the errors.

P[7] is set to ‘1’ if there is overflow with P[6..0] bits.

P[7:0] bits are set to ‘0’s (as well as RDDSM(0OEh)’s DO is set ‘0’ at the same time) after

there is sent the second parameter information (=The read function is completed).

Description

Restriction -

DSI I/F Mode

RDNUMPE
(RO5h)

Flow Chart / Send 1st parameter /

RDDSM (ROEh) 's DO = '0'
P[7:0] = "00"h

Driver
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10.2.5.REDRD: Read Red Color (06h)

CMD/PAs D7 D6 D5 D4 D3 D2 D1 DO
Command 0 0 0 0 0 1 1 0

Parameter 1 R7 R6 R5 R4 R3 R2 R1 RO

The first parameter is telling red color value of the first pixel of the frame when there is

used DPI I/F.

Description 16 bit format: R5 is MSB and R1 is LSB. R7, R6 and RO are set to ‘0.
18 bit format: R5 is MSB and RO is LSB. R7 and R6 are set to ‘0’.

24 bit format: R7 is MSB and RO is LSB. All bits are used.

Restriction -

RDREAD (06h)

Flow Chart
Driver

Send D[7:0]
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10.2.6.REDGREEN: Read Green Color (07h)

CMD/PAs D7 D6 D5 D4 D3 D2 D1 DO
Command 0 0 0 0 0 1 1 1

Parameter 1 G7 G6 G5 G4 G3 G2 Gl GO

The first parameter is telling green color value of the first pixel of the frame when there is
used DPI I/F.

Description 16 bit format: G5 is MSB and GO is LSB. G7 and G6 are set to ‘0’.
18 bit format: G5 is MSB and GO is LSB. G7 and G6 are set to ‘0’.

24 bit format: G7 is MSB and GO is LSB. All bits are used.
Restriction -

RDGREEN (07h)

Flow Chart

Driver

Send D[7:0]
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10.2.7.REDBLUE: Read Blue Color (08h)

CMD/PAs D7 D6 D5 D4 D3 D2 D1 DO
Command 0 0 0 0 1 0 0 0

Parameter 1 B7 B6 B5 B4 B3 B2 Bl BO

The first parameter is telling blue color value of the first pixel of the frame when there is

used DPI I/F.

Description 16 bit format: B5 is MSB and B1 is LSB. B7, B6 and BO are set to ‘0.
18 bit format: B5 is MSB and BO is LSB. B7 and B6 are set to ‘0’.

24 bit format: B7 is MSB and BO is LSB. All bits are used.

Restriction -

RDBLUE (08h)

Flow Chart
Driver

Send D[7:0]
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10.2.8.RDDST: Read Display Status (09h)

CMD/PAs R/W D7 D6 D5 D4 D3 D2 D1 DO HEX
Command w 0 0 0 0 1 0 0 1 09
Parameter 1 R D[31:24]
Parameter 2 R D[23:16]
Parameter 3 R D[15:8]
Parameter 4 R D[7:0]
This command indicates the current status of the display as described in the table below:
Bit Description Value
‘0’ = Booster Off.
D31 Booster Voltage Status ‘1" = Booster On.
‘0’ = Top to Bottom (MADCTL B7="0").
D30 | Page Address Order | .y, _ g t1om to Top (MADCTL B7="1").
‘0’ = Left to Right (MADCTL B6=0").
D29 Column Address Order 1’ = Right to Left (MADCTL B6="1")
‘0’ = Normal (MADCTL B5="0").
D28 | Page/Column Order | .y, _ g iation (MADCTL B5="1").
D27 Display Device Line ‘0’ = Refresh Top to Bottom (MADCTL B4="0’).
Refresh Order ‘1’ = Refresh Bottom to Top (MADCTL B4="1").
‘0’ = RGB (MADCTL B3="0").
D26 RGB/BGR Order ‘1’ = BGR (MADCTL B3="1").
D25 Display Data Latch Data | ‘O’ = Refresh Left to Right (MADCTL B2="0’).
Order ‘1’ = Refresh Right to Left (MADCTL B2="1).
D24 Source san sequence ‘0’ = Source output Left to Right (MADCTL B1="0").
q ‘1’ = Source output Right to Left (MADCTL B1="1)
D23 Gate san sequence ‘0’ = Gate output Top to Bottom (MADCTL B0="0’).
q ‘1’ = Gate output Bottom to Top (MADCTL B0="1")
Interface Format | D22 | D21 | D20
D22 Not Defined o[ o] o
. Not Defined 0 0 1
Description N Col Not Defined 0 1 0
D21 Pixel Feor?nC;[ Dce)f(i)nition Not Defined 0 1 L
Not Defined 1 0 0
16 Bit/Pixel 1 0 1
D20 18 Bit/Pixel 1 1 0
24 Bit/Pixel 1 1 1
D19 Idle Mode On/Off ‘0’ = Idle Mode Off. ‘1’ = Idle Mode On.
D18 Partial Mode On/Off ‘0’ = Partial Mode Off, ‘1’ = Partial Mode On.
‘0’ = Sleep In Mode.
D17 Sleep In/Out 1’ = Sleep Out Mode.
D16 Display Normal Mode ‘0’ = Partial or Scrolling Mode.
On/Off ‘1’ = Normal Mode.
. . ‘0’ = Vertical Scrolling is Off.
D15 | Vertical Scrolling Status 1’ = Vertical Scrolling is On.
D14 | Horizontal Scrolling Status :;)hj(sybn is not applicable for this project, so it is set
D13 Inversion Status ‘0, - Inversion is Off.
1’ = Inversion is On.
. ‘0’ = Normal mode.
D12 All Pixels On 4" = All Pixels On.
. 0’ = Normal mode.
D11 All Pixels Off 4" = All Pixels OFf.
. ‘0’ = Display is Off.
D10 Display On/Off 1" = Display is On.
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D9 | Tearing Effect Line On/Off (1) ;T.I_eea;r?nggE;?eC;tLénné Off.
Gamma Curve Selected | B8 | B7 | B6
D8 Gamma Curve 1 o|lo]o
Gamma Curve 2 0] 0 1
Gamma Curve 3 0 110
D7 | Gamma Curve Selection Gamma Curve 4 0|11
Not Defined 1 0 0
Not Defined 1101
D6 Not Defined 1]11]0
Not Defined 1111
D5 Tearing Effect ‘0’ = Mode 1, V-Blanking only.
Output Line Mode ‘1’ = Mode 2, both H-Blanking and V-Blanking.
D4 Horizontal Sync. ‘0’ = Horizontal Sync. line is Off (“Low”).
(HSYNC, DPI I/F) ‘1’ = Horizontal Sync. line is On (“High”).
D3 Vertical Sync. ‘0’ = Vertical Sync. line is Off (“Low”).
(VSYNC, DPI I/F) ‘1’ = Vertical Sync. line is On (“High”).
D2 Pixel Clock ‘0’ = PCLK line is Off (“Low”).
(DCK, DPI I/F) ‘1’ = PCLK line is On (“High”).
D1 Reserved Always = ‘0’
. ‘0’=No Parity Error.
DO Parity Error on DSI “1’=Parity Error.

Note: This bit indicates current status of the line when this command has been sent.

Restriction -
RDDST (09h)
Send D[31:24]
Flow Chart

Send D[23:16]

'

Send D[15:8]

'

Send D[7:0]
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10.2.9.RDDPM: Read Display Power Mode (0Ah)

CMD/PAs D7 D6 D4 D3 D2
Command 0 0 0 1 0
Parameter 1 D7 D6 D4 D3 D2

This command indicates the current status of the display as described in the table below:

Bit | Description Value
D7 | Not Defined Setto ‘'O’
‘0’ = Idle Mode Off.
‘1’ = Idle Mode On.
0’ = Sleep In Mode.
Sleep In/Out
Description ‘1’ = Sleep Out Mode.
‘0’ = Display Normal Mode Off.

D6 | Idle Mode On/Off

Display Normal Mode On/Off
‘1’ = Display Normal Mode On.

‘0’ = Display is Off.
‘1’ = Display is On.

Display On/Off

Not Defined Set to ‘0’
Not Defined Set to ‘0’

Restriction

RDDMP(0Ah)

Flow Chart l

Send D[7:0]
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10.2.10. RDDMATCDL: Read Display MADCTL (0Bh)

CMD/PAs D7 D6 D3 D1 DO

Command 0 0 1 1 1

Parameter 1 D7 D6 D3 D1 DO

This command indicates the current status of the display as described in the table below:

Bit Description Value

‘0’ = Top to Bottom (When MADCTL B7="0’).

1’ = Bottom to Top (When MADCTL B7=1").

‘0’ = Left to Right (When MADCTL B6="0").

‘1’ = Right to Left (When MADCTL B6="1").

‘0’ = RGB (When MADCTL B3="0").

1’ = BGR (When MADCTL B3="1").

‘0’ = Source output Left to Right (When MADCTL B1="0).
‘1’ = Source output Right to Left (When MADCTL B1="1).
‘0’ = Gate output Top to Bottom (When MADCTL B0="0").
‘1’ = Gate output Bottom to Top (When MADCTL B0="1").

D7 | Page Address Order

Column Address Order

Description

RGB/BGR Order

Source san sequence

Gate san sequence

Restriction

RDDMADCTR (0Bh)

Flow Chart l

Send D[7:0]
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10.2.11. RDDCOLMOD: Read Display COLMOD (0Ch)

CMD/PAs D6 D5 D4 D2 D1 DO

Command 0 0 0 1 0 0

Parameter 1 D6 D5 D4 D2 D1 DO

This command gets the pixel format for the RGB image data used by the interface.
D[6:4] — DPI Interface Color Pixel Format Definition, fixed @111

D[2:0] — DBI Interface Color Pixel Format Definition, fixed @000.

Description If a particular interface, either DBI or DPI, is not used then the corresponding bits in the
parameter returned from the display module are undefined.

Therefore, for a DBI display module, the Host shall ignore D[6:4] and for a DPI display
module, the Host shall ignore D[2:0].

I Restriction

RDDCOLMOD (0Ch)

Flow Chart l

Send D[7:0]
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10.2.12. Read Display Image Mode (0Dh)

CMD/PAs D5 D4 D3 D2 D1 DO
Command 0 0 1 1 0 1

Parameter 1 D5 D4 D3 D2 D1 DO

This command indicates the current status of the display as described in the table below:

Bit Description Value

‘0’ = Inversion is Off.
D5 | Inversion On/Off
‘1’ = Inversion is On.

‘0’ = Normal Display
‘1’ = White Display

All Pixels On

‘0’ = Normal Display
All Pixels Off
‘1’ = Black Display

Gamma Curve Gamma Set
Description Selected (26h)
CGO
CG1
CG2
CG3

O
N
O
=
W)
o

Gamma Curve 1

Gamma Curve 2

Gamma Curve 3

Gamma Curve Selection
Gamma Curve 4

Not Defined
Not Defined

Not Defined
Not Defined

PP |IP|RP[O]JlOC|O|O
PR, O|O|(FR |, |O]|O
RO, |O(FR,|O|F|O

Restriction

RDDIM (0Dh)

Flow Chart l

Send D[7:0]
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10.2.13. RDDSM: Read Display Signal Mode (OEh)

CMD/PAs D7 D6 D5 D4 D3 D2 D1 DO
Command 0 0 0 0 1 1 1 0
Parameter 1 D7 D6 D5 D4 D3 D2 D1 DO

This command indicates the current status of the display as described in the table below:

Bit Description Value

‘0’ = Tearing Effect Line Off.
‘1’ = Tearing Effect On.

‘0’ = Mode 1.

‘1" = Mode 2.

D7 | Tearing Effect Line On/Off

Tearing Effect Line Output Mode

] ‘0’ = Horizontal Sync. Line is Off (“Low”).
Horizontal Sync. (RGB I/F) On/Off.
‘1’ = Horizontal Sync. Line is On (“High”).

Description Vertical Sync. (RGB I/F) On/Off. 0= Vertical Syng. tingis Off ('Low’).
‘1’ = Vertical Sync. Line is On (“High”).

‘0’ = PCLK line is Off (“Low”).

‘1’ = PCLK line is On (“High”).

‘0’ = DE line is Off (“Low”).

‘1’ = DE line is On (“High”).

Pixel Clock (PCLK, RGB I/F) On/Off.

Data Enable (DE, RGB I/F)) On/Off.

Not Defined for future use and are set to ‘0’.

‘0’=No Parity Error.
Parity Error on DSI

‘I’=Parity Error.

Restriction

RDDSM (OEh)

Flow Chart l

Send D[7:0]
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10.2.14. RDDSDR: Read Display Self-Diagnostic Result (OFh)

CMD/PAs D7 D6 D5 D4
Command 0 0 0 0
Parameter 1 D7 D6 D5 D4

The display module returns the self-diagnostic results following a SLPOUT command.
See section “0

Self-diagnostic Functions” for a description

Bit Description Value

D7 Register Loading Detection See section “Sleep Out —command and

D6 Functionality Detection self-diagnostic functions of the display module”

Description - X : :
D5 Chip Attachment Detection Set to ‘0’ if feature unimplemented.

D4 | Display Glass Break Detection | Set to ‘0’ if feature unimplemented.
D3 Setto ‘0.
D2 Setto ‘0.
Reserved
D1 Setto ‘0.

DO Set to ‘0.

I Restriction

RDDSDR (OFh)

Flow Chart l

Send D[7:0]
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10.2.15. SLPIN: Enter Sleep In Mode (10h)

CMD/PAs

D7 D6 D5 D4 D3 D2 D1 DO

Command

w 0 0 0 1 0 0 0 0 10

Description

This command causes the LCD module to enter the minimum power consumption mode.
In this mode, all unnecessary blocks inside the display module are disabled except interface

communication. This is the lowest power mode the display module supports.

DBI or DSI Command Mode remains operational and the frame memory maintains its
contents. The host processor continues to send PCLK, HS and VS information to DPI IF for

two frames after this command is sent when the display module is in Normal mode.

In this mode the DC/DC converter is stopped, Internal oscillator is stopped, and panel

scanning is stopped.

< Blank >
Source/Gate Output
| 2 frames STOP

[ vewseeuc  [IITIL sroe

DISCHARGH

| DC charge in the capacitor |

| DC/DC Converter |

| Reset pulse for circuit inside panel | RESET

[ weemacsenaor O~ s T

Restriction

This command has no effect when module is already in sleep in mode. Sleep In Mode can
only be left by the Sleep Out Command (11h).

It will be necessary to wait 5msec before sending next command; this is to allow time for the
supply voltages and clock circuits to stabilize.

It will be necessary to wait 120msec after sending Sleep Out command (when in Sleep In

Mode) before Sleep In command can be sent.

Flow Chart

It takes 120msec to get into Sleep In mode after SLPIN command issued.

4

Stop
DC/DC
. Converter
Display whole blank

screen (Automatic v

No effect to DISP Stop
ON/OFF Commands) Internal
Oscillator

\'

Drain charge ( sleep In Mode )
from LCD panel

P-155
December 29, 2022



\@‘ | Preliminary V0.13 JD9168

Jadard Technology Inc.

10.2.16. SLPOUT: Exit Sleep In Mode (11h)

CMD/PAs

D7 D6 D5 D4 D3 D2 D1 DO

Command

w 0 0 0 1 0 0 0 1 11

Description

This command turns off sleep mode. In this mode the DC/DC converter is enabled, Internal

oscillator is started, and panel scanning is started.

Blank Memory
2 frame: contents

ol
LTATAFRACATAATATATATE

|
I oV CHARGE
|

| Source/Gate Output |

| VS, HS, PCLK

| DC charge in the capacitor

| DC:DC converter ov

| Reset pulse for circuit inside panel | RESET

START

| Internal Oscillator | STOP <]

User can start to send PCLK, HS and VS information on DPI IF before Sleep Out command
and this information is valid at least 2 frames before Sleep Out command, if there is left
Sleep In -mode to Sleep Out-mode in Normal Mode On. There is used an internal oscillator

for blank display.

Restriction

This command has no effect when module is already in sleep out mode. Sleep Out Mode can
only be left by the Sleep In Command (10h).

It will be necessary to wait 5msec before sending next command, this is to allow time for the
supply voltages and clock circuits to stabilize.

The display module loads all display supplier’s factory default values to the registers during
this 5msec and there cannot be any abnormal visual effect on the display image if factory
default and register values are same when this load is done and when the display module is
already Sleep Out —mode.

The display module is doing self-diagnostic functions during this 5msec. It will be necessary
to alit 120msec after sending Sleep In command (when in Sleep Out mode) before Sleep Out

command can be sent.

Flow Chart

It takes 120msec to become Sleep Out mode after SLPOUT command issued.

SLPOUT |

Start
Internal
Oscillator

Display whole
blank screen
for 2 frames

(Automatic No

effect to DISP
Start up ON/OFF
DC:DC Commands)

Converter

Display
Memory contents
Offset voltage In accordance

for LCD Panel with the current

command table

settings

Charge

Sleep Out mode
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10.2.17. NORON: Enter Normal Mode (13h)

CMD/PAs D7 D6 D5 D4 D3
Command w 0 0 0 1 0

This command returns the display to normal mode.

o Normal display mode is means Partial mode off, Scroll mode Off.
Description ) ) . )
There is no abnormal visual effect during mode change from Partial mode On to Normal

mode On.

Restriction | This command has no effect when Normal Display mode is active.

See Partial Area and Vertical Scrolling Definition Descriptions for details of when to use this
Flow Chart
command.
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10.2.18. INVOFF: Display Inversion Off (20h)
CMD/PAs D7 D6 D5 D4 D3 D2
Command w 0 0 1 0 0 0

This command is used to recover from display inversion mode.

This command makes no change of contents of frame memory.

This command does not change any other status.

(Example)
Description Memory Display
[ AENEEN

—

Restriction | This command has no effect when module is already in inversion off mode.

=
C Il

Display Inversion
On Mode

Flow Chart | INVOFF

Display Inversion
OFF Mode
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10.2.19. INVON: Display Inversion On (21h)

CMD/PAs D7 D6 D5 D4 D3 D2
Command w 0 0 1 0 0 0

This command is used to enter into display inversion mode.

This command makes no change of contents of frame memory. Every bit is inverted
from the frame memory to the display.

This command does not change any other status.

Description (Example)

memory display
ENEEEEEE

Restriction | This command has no effect when module is already in inversion on mode.

Display Inversion
OFF Mode

Flow Chart rINVON

v

Display Inversion
ON Mode
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10.2.20. ALLPOFF: All Pixel Off (22h)

CMD/PAs

D7 D6 D5 D4 D3 D2 D1 DO

Command

w 0 0 1 0 0 0 1 0

Description

This command turns the display panel black in ‘Sleep Out’ —mode and a status of the
‘Display On/Off —register can be ‘on’ or ‘off’.
This command makes no change of contents of frame memory.
This command does not change any other status
(Example)

memory display

‘All Pixels On’, ’Normal Display Mode On’ or 'Partial Mode On’ — commands are used to
leave this mode. The display panel is showing the content of the frame memory after ‘Normal

Display Mode On’ and ‘Partial Mode On’ -commands.

Restriction

This command has no effect when module is already in All Pixel Off mode.

Flow Chart

Normal Display mode

| ALLPOFF

Black Display
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10.2.21. ALLPON: All Pixel On (23h)

CMD/PAs D7 D6 D5 D4 D3 D2 D1 DO
Command w 0 0 1 0 0 0 1 1

This command turns the display panel white in ‘Sleep out ‘ —mode and a status of the
‘Display On/Off —register can be ‘on’ or ‘off’.
This command makes no change of contents of frame memory.
This command does not change any other status.
(Example)

memory display

5

‘All Pixels Off’, ’Normal Display Mode On’ or 'Partial Mode On’ — commands are used to

Description

leave this mode. The display is showing the content of the frame memory after ‘Normal

Display Mode On’ and ‘Partial Mode On’ —commands.

Restriction | This command has no effect when module is already in all Pixel On mode.

Normal Display mode

Flow Chart | ALLPON

White Display
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10.2.22. GAMSET: Gamma Set (26h)

CMD/PAs

D7 D6 D5 D4 D3 D2 D1 DO

Command

w 0 0 1 0 0 1 1 0 26

Description

This command is used to select the desired Gamma curve for the current display. A

maximum of 4 fixed gamma curves can be selected. The curves are defined in Curve
Correction Power Supply Circuit. The curve is selected by setting the appropriate bit in the

parameter as described in the Table:

GC[7..0] | Parameter | Curve selected
01lh GCO Gamma Curve 1
02h GC1 Gamma Curve 2
04h GC2 Gamma Curve 3
08h GC3 Gamma Curve 4

Note: All other values are undefined.

Restriction

Values of GC[7..0] not shown in table above are invalid and will not change the

current selected Gamma curve until valid value is received.

Flow Chart

GAMSET

\'4

: GC[7:0] 7
V

New Gamma
Curve Loaded
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10.2.23. DISPOFF: Display Off (28h)

CMD/PAs D7 D6 D5 D4 D3 D2 D1 DO
Command w 0 0 1 0 1 0 0 0 28

This command is used to enter into DISPLAY OFF mode. In this mode, the output from
Frame Memory is disabled and blank page inserted.

This command makes no change of contents of frame memory.

This command does not change any other status.

Description There will be no abnormal visible effect on the display.

Example

Memory Display

—

Restriction | This command has no effect when module is already in display off mode.

Display On
Mode

A4

Flow Chart | DISPOFF

Display Off
Mode
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10.2.24. DISPON: Display On (29h)

CMD/PAs D7 D6 D5 D4 D3 D2 D1 DO
Command w 0 0 1 0 1 0 0 1 29

This command is used to recover from DISPLAY OFF mode. Output from the Frame Memory

is enabled.
This command makes no change of contents of frame memory.

This command does not change any other status.

Description (Example)

Memory Display
| ENNEEN|

—

Restriction | This command has no effect when module is already in display on mode.

Display
Off Mode
Y

Flow Chart [ D'SION I

Display
On Mode

LI
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10.2.25. TEOFF: Tearing Effect Line OFF (34h)

CMD/PAs

D7 D6 D5 D4 D3 D2 D1 DO

Command

w 0 0 1 1 0 1 0 0 34

Description

This command is used to turn OFF (Active Low) the Tearing Effect output signal from the TE

signal line.

Restriction

This command has no effect when Tearing Effect output is already OFF.

Flow Chart

(_TE Line Output ON )

(_TE Line Output OFF )
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10.2.26. TEON: Tearing Effect Line ON (35h)

CMD/PAs

Command

Parameter 1

This command is used to turn ON the Tearing Effect output signal from the TE signal line.
This output is not affected by changing MADCTL bit B4.

The Tearing Effect Line On has one parameter which describes the mode of the Tearing
Effect Output Line. (X=Don’t Care).

When M=0:

The Tearing Effect Output line consists of V-Blanking information only:

tvdi tvdh

‘@
B

Vertical Time

Scalm

When M=1:

Description

The Tearing Effect Output Line consists of both V-Blanking and H-Blanking

information:

Vertical Time
Scale

Note: During Sleep In Mode with Tearing Effect Line On, Tearing Effect Output pin will be

active Low.

Restriction This command has no effect when Tearing Effect output is already ON.

( TE Line Output OFF)

Flow Chart

(_TE Line Output ON)
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10.2.27. MADCTL: Memory Access Control(36h)

CMD/PAs R/W D7 D6 D5 D4 D3 D2 D1 DO HEX
Command w 0 0 1 1 0 1 1 0 36
Parameter 1 W B7 B6 0 0 B3 0 Bl BO

This command defines read/write scanning direction of frame memory.

This command makes no change on the other driver status.

Bit NAME DESCRIPTION

Select the Gate driver scan direction on
B7 | PAGE ADDRESS ORDER (MY)
panel module

Select the Source driver scan direction
B6 | COLUMN ADDRESS ORDER (MX)
on panel module

Color selector switch control
B3 | RGB-BGR ORDER (BGR) 0=RGB color filter panel
1=BGR color filter panel

) ) Select the Source driver scan direction
B1 | Flip Horizontal (SS)
on panel module

) ) Select the Gate driver scan direction on
BO | Flip Vertical (GS)
panel module

RGB-BGR ORDER (BGR):

Description RGB-BGR Order
B3=0 B3=1
EEE DriveriC R ® [ oriveric B
SIG1 SIG2 ... SIG480 SIG1 SIG2.. SIG480
v v v v
SI1 IG2 ............ SG480 S1 IG2 ............ SIG480
REBYREB REB BE@RBER BER
REB BERJBER
LCD panel LCD panel
Source scan sequence (SS):
550 5$5=1
Frame Memory Display Device Frame Memory Display Device

-

Tl
-——
Lyl
1]
FTTTrd
-

Tl
-——
Lyl

=]
=]

ITTTTT T ITTTTT T
1——+m 1T—+m 1T—+m m+——->1
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Gate scan sequence (GS):

GS=0 Gs=1

Frame Memory Display Device Frame Memory Display Device
Top Let NENEW Top Left NEREN Top Le NENEE Toplefny 111111

|
IHERERE FTTTTT IR ERE FTTTT
1—»m 1—»m 1—+m 1—»m

Top-Left (0,0) means a physical memory location.

Restriction

[_wmapcTL |

Flow Chart 4
1st parameter
B[7:0]
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10.2.28. IDMOFF: Idle Mode Off (38h)
CMD/PAs D7 D6 D5 D4 D3 D2 D1 DO

Command w 0 0 1 1 1 0 0 0
This command is used to recover from Idle mode on. In the idle off mode, LCD can

Description ) )
display maximum 16.7M colors.

Restriction This command has no effect when module is already in idle off mode.

Idle on mode

A

Flow Chart | 'DMEFF I

Idle off mode
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10.2.29. IDMON: Idle Mode On (39h)

CMD/PAs D7 D6 D5 D4 D3 D2 D1 DO
Command w 0 0 1 1 1 0 0 0 39

This command is used to enter into Idle mode on. In the idle on mode, color expression is
reduced. The primary and the secondary colors using MSB of each R, G and B in the

Frame Memory, 8 color depth data is displayed.

(Example)

Memory Display

Description Memory contents vs. Display Color

R7-R0O | G7-GO | B7-BO
Black | OXXXXX | OXXXXX | OXXXXX

Blue OXXXXX | OXXXXX | IXXXXX

Red IXXXXX | OXXXXX [ OXXXXX
Magent [ IXXXXX | OXXXXX [ IXXXXX
Green | OXXXXX | IXXXXX | OXXXXX
Cyan | OXXXXX | IXXXXX [ IXXXXX
Yellow | IXXXXX | IXXXXX | OXXXXX
White [ IXXXXX | IXXXXX | IXXXXX

X=don’t care

Restriction This command has no effect when module is already in idle on mode.

< Idle off mode )

Flow Chart

Idle on mode
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10.2.30. COLMOD: Interface Pixel Format (3Ah)

CMD/PAs D6 D5 D4 D2
Command 0 1 1 0

Parameter 1 D6 D5 D4 D2

This command is used to define the format of RGB picture data.
D6~D4 : DPI Pixel format Definition, fixed @111.
D2~DO0 : DBI Pixel format Definition, fixed @000.

Description If a particular interface, enter DBI or DPI, is not used then the corresponding bits in the

parameter returned from the display module undefined.

Reference to: 7.3.2 RGB Data format

Restriction There is no visible effect until the Frame Memory is written to.

( Bit/Pixel Mode )

A\

Set Pixel Format

Flow Chart

( New n Bit/Pixel Mode )
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10.2.31. TESL: Set Tear Effect Scanline (44h)

CMD/PAs D4 D3

Command 0 0

Parameter 1 TELINE[15:8]
Parameter 2 TELINE[7:0]

This command is turns on the display module’s Tearing Effect output signal on the TE
signal

Line when the display module reaches line TELINE. The TE signal is not affected by
changing MADCTL bit B4.

The Tearing Effect Line On has one parameter which describes the mode of the Tearing
Effect Output Line.

Description . ) . o i
The Tearing Effect Output line consists of V-Blanking information only:

tvdl tvdh

-4

Vertical Time

Scalj\E\

Note: That TELINE=0 is equivalent to TEMODE=0. The Tearing Effect Output Line shall

be active low when the display module is in Sleep mode.

Restriction The command has no effect when Tearing Effect output is already ON.

TE output On or Off

\4
Set

A 4

Flow Chart {Line N (LSB) ;

TE output On
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10.2.32. GETSCAN: Get the Current Scanline (45h)

CMD/PAs D4 D3

Command 0 0
Parameter 1 SLN[15:8](8’b0)
Parameter 2 SLN[7:0](8’b0)

The display module returns the current scanline, N, used to update the display device.

b o The total number of scanlines on a display device is defined as VSYNC + VBP + VACT +
escription
VFP. The first scanline is defined as the first line of V Sync and is denoted as Line O.

When in Sleep Mode, the value returned by get scanline is undefined.

Restriction -

GETSCAN(45h)

A 4

Flow Chart /_écanline MSB;
\ 4
fScanIine Ls;
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10.2.33. WRDISBYV: Write Display Brightness (51h)
CMD/PAs D4 D3

Preliminary V0.13 JD9168

Command 1 0

Parameter 1 DBV[7:0]

This command is used to adjust the brightness value of the display.
It should be checked what the relationship between this written value and output

brightness of the display is. This relationship is defined on the display module
specification.

Description

In principle relationship is that 00h value means the lowest brightness and FFh value
means the highest brightness.

Restriction -

[ WRDISBV

New Display
Luminance
Value Loaded

Flow Chart
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10.2.34. RDDISBV: Read Display Brightness Value (52h)
CMD/PAs D4 D3

Command 1 0

Parameter 1 DBV[7:0]

This command returns the brightness value of the display.
It should be checked what the relationship between this returned value and output

brightness of the display. This relationship is defined on the display module specification
Description is.

In principle the relationship is that 00h value means the lowest brightness and FFh
value means the highest brightness.

Restriction

[_Read RDDISBV |
Flow Chart

v
~ SendDBV .~
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10.2.35. WRCTRLD: Write CTRL Display (53h)

CMD/PAs D5 D3

Command 0 0

Parameter 1 BCTRL DD

This command is used to control display brightness.

BCTRL: Brightness Control Block On/Off, This bit is always used to switch brightness for
display.
0 = Off (Brightness registers are DBV[7..0])

1 = On (Brightness registers are active, according to the other parameters.)

Display Dimming (DD): (Only for manual brightness setting)
DD = 0: Display Dimming is off

DD = 1: Display Dimming is on

Description
BL: Backlight Control On/Off

0 = Off (Completely turn off backlight circuit. Control lines must be low. )

1=0n

Dimming function is adapted to the brightness registers for display when bit BCTRL is
changed at DD=1, e.g. BCTRL: 0 -> 1 or 1-> 0.

When BL bit change from “On” to “Off”, backlight is turned off without gradual dimming,

even if dimming-on (DD=1) are selected.

X = Don'’t care.

Restriction -

Flow Chart BCTRL, DD, BL

New Control
Value Loaded
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10.2.36. RDCTRLD: Read CTRL Value Display (54h)

CMD/PAs D5 D3 D2
Command 0 0 1
Parameter 1 BCTRL DD BL

This command returns ambient light and brightness control values, see chapter:

BCTRL: Brightness Control Block On/Off, This bit is always used to switch brightness for

display.
0 = Off
1=0n

Description Display Dimming (DD):
DD = 0: Display Dimming is off
DD = 1. Display Dimming is on

BL: Backlight Control On/Off
0 = Off (completely turn off backlight circuit)
1=0n

Restriction -

[ Read RDCTRLD
/Send 1 Parameter/

Flow Chart
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10.2.37. RDDDB: Read DDB Start (Alh)

CMD/PAs R/W D7 D6 D5 D4 D3 D2 D1 DO HEX
Command w 1 0 1 0 0 0 0 1 Al
Parameter 1 R X X X X X X X X
R X X X X X X X X
Parameter n R X X X X X X X X

Description

This command reads identifying and descriptive information from the peripheral.

This information is organized in the Device Descriptor Block (DDB) stored on the
peripheral. The response to this command returns a sequence of bytes that may be any
length up to 64K bytes. Note that the returned sequence of bytes does not necessarily

correspond to the entire DDB; it may be a portion of a larger block of data.

The format of returned data is as follows:
Parameter 1: LS (least significant) byte of Supplier ID. Supplier ID is a unique value

assigned to each peripheral supplier by the MIPI organization.

Parameter 2: MS (most significant) byte of Supplier ID.

Parameter 3: LS (least significant) byte of Supplier Elective Data. This is a byte of
information that is determined by the supplier. It could include model number or revision

information, for example.

Parameter 4: MS (most significant) byte of Supplier Elective Data
Parameter 5: single-byte Escape or Exit Code (EEC). The code is interpreted as follows:
- FFh - Exit code — there is no more data in the Descriptor Block
- 00h - Escape code — there is supplier-proprietary data in the Descriptor Block (does not
conform to any MIPI standard)
- Any other value — there is DDB data in the Descriptor Block. The format and
interpretation of this data is documented in MIPI Alliance Standard for Device Descriptor
Block (DDB).

DDBs may contain many more data fields providing information about the peripheral.

In a DSI system, read activity takes the form of two separate transactions across the bus:
first the read command RDDDB: Read DDB Start (A1h) from host processor to peripheral,
which includes the bus turn-around token.

The peripheral then takes control of the bus and returns the requested data. The
peripheral response to RDDDB: Read DDB Start (Alh) is a Long Packet type, so its length
may be up to 64K bytes unless limited by a previous set_max_return_size command.
The response to a RDDDB: Read DDB Start (A1h) command always starts at the

beginning of the Device Descriptor Block. After receiving the first packet and processing
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the returned DDB data, the host processor may initiate a RDDDBCON: Read DDB
Continue (A8h) command to access the next portion of the DDB. A RDDDBCON: Read
DDB Continue (A8h) command begins the next read at the location following the last byte
of the previous data read from the DDB.

Subsequent RDDDBCON: Read DDB Continue (A8h) commands can be used to read a
DDB or supplier-proprietary block of arbitrary size. There is, however, no obligation to
read the entire block. The host processor may choose to stop reading after completion of

any Read DDB xxx command.

Restriction -

| Read_DDB_start]|

DDB
Flow Chart D1[7:0],D2[7:0],

["’Any Command ‘
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10.2.38. RDDDBCON: Read DDB Continue (A8h)
CMD/PAs

Preliminary V0.13 JD9168

Command

Parameter 1

Parameter n R X X X X X X

A RDDDB: Read DDB Start (A1h) command should be executed at least once before a
Descrioi RDDDBCON: Read DDB Continue (A8h) command to define the read location.
escription
Otherwise, data read with a RDDDBCON: Read DDB Continue (A8h) command is

undefined.

Restriction -

IRead_DDB_continueI

DDB
Flow Chart D1[7:0],D2[7:0],

["’Any Command .
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10.2.39. RDFCS: Read First Checksum (AAh)

CMD/PAs D4 D3

Command 0 1

Parameter 1 FCS7:0]

This command returns the first checksum what has been calculated from Nokia’s area

Description registers and the frame memory after the write access to those registers and/or frame

memory has been done.

o -It will be necessary to wait 150ms after there is the last write access on Nokia area
Restriction

registers before there can read this checksum value.

RDFCS
/ Send 1 parameter /

Flow Chart

P-181
December 29, 2022



\@ Preliminary V0.13 JD9168

Jadard Technology Inc.
10.2.40. RDCCS: Read Continue Checksum (AFh)

CMD/PAs D4 D3

Command 0 1

Parameter 1 CCS[7:0]

This command returns the continue checksum what has been calculated continuously

Description after the first checksum has calculated from Nokia area registers and the frame memory

after the write access to those registers and/or frame memory has been done.

o -it will be necessary to wait 300ms after there is the last write access on Nokia area
Restriction

registers before there can read this checksum value in the first time.

RDCCS
/ Send 1 parameter /

Flow Chart
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10.2.41. RDID1: Read ID1 (DAh)

CMD/PAs D5 D4 D3 D2

Command 0 1 1 0

Paameter 1 module’s manufacturer{7:0]

5 o This read byte identifies the LCD module’s manufacturer. It is specified by display supplier
escription
P and for xx is defined as xxHEX.

Restriction -

Read ID1

Flow Chart

/ Send 1 parameter /
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10.2.42. RDID2: Read ID2 (DBh)

CMD/PAs D5 D4 D3 D2
Command 0 1 1 0

Parameter 1 LCD module/driver version [7:0]

This read byte is used to track the LCD module/driver version. It is defined by display
supplier and changes each time a revision is made to the display, material or construction

specifications. See Table:

ID Byte Value V[7:0] | Version | Changes
80h

Description 81h
82h
83h
84h
85h

X=Don't care

Restriction -

Read ID2

Flow Chart

/ Send 1 parameter /
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10.2.43. RDID3: Read ID3 (DCh)

CMD/PAs D5 D4 D3
Command 0 1 1
Parameter 1 LCD module/driver ID[7:0]

5 o This read byte identifies the LCD module/driver. It is specified by display supplier and for
escription
P this LCD project module is defined as xxHEX.

Read ID13
/ Send 1 parameter /

Restriction -

Flow Chart
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11.Electrical Specifications
11.1. Absolute maximum ratings
Symbol Parameter Unit Value Note
VCI Analog Supply Voltage V -0.3t0 +6.6 Note™ ¥
IOVCC Interface Supply Voltage V -0.3t0 +3.6 Note®™®
VCCH High speed interface v 0310 +3.6 Note® ©®
Supply Voltage
AVDD Positive Voltage input v -0.3t0 +6.6 Note™
AVEE Negative Voltage input v -0.3t0 -6.6 Note!”
VGH Power Supply Voltage V -0.3to +23 Note®"?
VGL Power Supply Voltage V -0.3t0 -17 Note®?
Top Operating Temperature °C -40 to +85 Note™
Tstg Storage Temperature °C -55 to +110 Note™?

Note: (1) Permanent device damage may occur if absolute maximum conditions are exceeded.

(2) Functional operation should be restricted to the conditions described under DC Characteristics.
(3) IOVCC, VSSD must be maintained.

(4) To make sure IOVCC = VSSD, VCIz VSSP .
(5) To make sure VCCH = VSSH.

(6) To make sure AVDD = AVSS.

(7) To make sure AVSS = AVEE

(8) To make sure VGH = AVSS.

(9) To make sure AVSS = VGL

(10) VGH +[VGL| < 30V
(11) For die and wafer products, specified up to +85C.

(12) This temperature specifications apply to the COG package.
Table 11.1: Absolute maximum ratings
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11.2.DC characteristics
11.2.1.RGB Interface DC electrical characteristics
(TA=-40 ~ 85 °C)
Iltem Symbol Condition Min. Typ. Max. Unit
VCI Vin Analog Supply Voltage 2.5 - 6.0
IOVCC Vin Interface Supply Voltage 2.5 - 3.6
AVDD ViN Analog Supply Voltage 4.5 - 6.0
AVEE ViN Analog Supply Voltage 2.5 - -6.0
High speed interface
VCCH ViN Supply Voltage 25 - 3.6
Input high voltage Vin lovce=25-33v | | SX | - |ovee | v
VCIP= 2.5~ 6.0V 03x
Input low voltage Vi VCI= 2.5~ 6.0V 0 - IOVCC V
Output high voltage _ 0.8 x
(SDA, GP|O) Vou1 loy =-1.0 mMA IOVCC - IOvCC Vv
Output low voltage V. IOVCC= 2.5~ 3.3V 0 ) 0.2x v
(SDA, GPIO) o lo. = 1.0 mA lovCC
| VSYNC, HSYNC - - 1 pA
Logic High level input " RESX, SCL, CSX, - - 1 uA
current | DB[23...0], SDA - - 1 uA
D DB[23...0] - - 1 LA
| VSYNC, HSYNC -1 - pA
Logic Low level input " RESX, CSX, SCL -1 - pA
current | DB[23...0], SDA -1 y pA
-0 DB[23...0] -1 - uA
Current consumption
standby mode IsT(vDD) VCI/VCCH=3.3V - TBD pA
(VCIP/VCI-VSSD) IOVCG=33V
Current consumption -
standby mode Istovce) TA =25°C - TBD HA
(lovCC-VSSD)
Current consumption
during Deep-standby mode | Ipp-st(vop) VCI/NCCH=3.3V - TBD - pA
(VCIP/VCI-VSSD) IOVCC=33V
Current consumption T =25°C
during Deep-standby mode |Ipp-stgovce) A= - TBD - pA
(10VCC—-VSSD)
Table 11.2: RGB Interface DC characteristic
P-187
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11.2.2.LVDS DC electrical characteristics
(Ta=-40 ~ 85 °C)

Iltem Symbol Condition Min. Typ. Max. Unit
Differential input high Rx +0.1 0.2 0.3 \Y
threshold voltage v Rxvew=1.2V

Differential input low RXvTL -0.3 -0.2 -0.1 \Y
threshold voltage

Input voltage range RXviN 0.7 - 1.7 \Y
(singled-end)

Differential input common RXvem IVID|=0.2 1 1.2 14 \Y,
mode voltage '

Differential input ZID 80 100 125 ohm
impedance

Differential input voltage IVID| 0.2 . 0.6 A
Differential input leakage ILcLvDs -10 - +10 uA
current

LVDS Digital Stand-by lsros | ClOCk & all Functions ) TBD . UA
Current are stopped

Table 11.3: LVDS DC characteristic

Single-End Signals

DxP-DxXN= -|VID| < Rxyr.="LOW"

DXPV “‘. 3 \/—\/7“_
Rxvew | &~ NG A IVID|

/l% VAN Iv\._\ /' \ /\. A Differential Input Voltage
DxN y

DxP-DxN= +|VID| > Rxyr="HIGH"

Rxvewm

Y GND

RXyTH—;
IVID|

X3 y

Ry —Y I [VID|

Figure 11.1: LVDS input timings
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11.3. AC characteristics
11.3.1.Reset input timings

Shorter than 15us trw
«—» - >
RESX J\ ]
l i trr
IC stauts Normal Operator X Resetting ) Initial condition
Figure 11.2: Reset input timings
Symbol Parameter Rili?]tsd Min. Max. Unit
trw Reset “L” pulse width® RESX 20 - Hs
- - 50 ms
ina®
try Reset complete time - - 12090 ® s

Note:
(1) The reset complete time also required time for loading ID bytes from OTP to registers. This loading is done every time
when there is HW reset complete time (trt) within 5 ms after a rising edge of RESX.

(2) Spike due to an electrostatic discharge on RESX line does not cause irregular system reset according to the table
below.

RESX Pulse Action

Shorter than 15 ps Reset Rejected
Longer than 20 ps Reset

Between 15 ps and 20 ys | Reset Start

(3) During the resetting period, the display will be blanked (The display is entering blanking sequence, which maximum time
is 120 ms, when Reset Starts in Sleep Out —mode. The display remains the blank state in Sleep In —-mode) and then
returns to Default condition for H/W reset.

(4) Spike Rejection also applies during a valid reset pulse as shown below:

| 20ps o
= gl
Reset is accepted
| 0us >
100ns ) » . : .
_’u‘i Less than 100ns width positive spike will be rejected

Table 11.4: Reset timings

(5) When Reset is applied during Sleep In Mode.

(6) When Reset is applied during Sleep Out Mode.

(7) It is necessary to wait 5msec after releasing RESX before sending commands. Also Sleep Out command cannot be sent
for 120msec.

(8) After Sleep Out command, it is necessary to wait 120msec then send RESX.
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11.3.2.SPI electronic characteristics

CSX \ tess tesh
= gl
- twoftre i .
SCL ¥§\,< twrl / Tral » .4 » -
B - twrh / trn '
: : < tys . ¥ tan ‘
SDA ; _X_ EE _:><_
(Write) ' /A : A
tacg' t
SDA ' S §<—Qd—>"\i‘
(Read) ' -"';\-- : --A-

Figure 11.3: SPI interface AC characteristics

(Ta=25°C, IOVCC=3.3V, VCI=3.3V)

Signal Symbol Parameter Min. Max. Unit Description
tess Chip select setup time (Write) 40 - )
CSX tesh Chip select setup time (Read) 40 - ns
SCL twe Write cycle 100 -
Wi twrh Control pulse “H” duration 40 - ns -
(Write) [ Control pulse “L” duration 40 -
scL trc Read cycle 150 -
Read trdn Control pulse “H” duration 60 - ns -
(Read) tral Control pulse “L” duration 60 -
SDA tys Data setup time 30 - ns
(Write) tar Data hold time 30 - Note®
SDA tace Read access time - 35 ns
(Read) tod Output disable time 10 50

Note: (1) For maximum CL=30pF, for minimum CL=8pF.
(2) The input signal rise time and fall time (tr, tf) is specified at 15 ns or less.
(3) Logic high and low levels are specified as 30% and 70% of IOVCC for Input signals.

Table 11.5: SPI interface AC characteristics
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11.3.3.LVDS electronic characteristics

1/RX ¢k

-

-
CLKP

o X X

X

Previous Cycle . 1 Cycle

.
|

oo X KK AK KKK KX

S -
VDD | TenPLL

X XXX

XX X X

Internal

L

Clock

CLK | |

H

}7777

DATA __| [ ] | 4{
RsposL(Min) —y &—

Rspos1(max)
Rspos2(min)
Rspos2(max)

Rspos 7 (min)

Rspos 7 (Max)

Ideal Strobe Position

-~ TRSKM >t TSW > TRSKM »
—
Rspos(min) Rspos(max)

Ideal Tx Pulse Position

Tsw: Strobe width (Internal data sampling window)
Rspos : Receiver strobe position
Trskm : Receiver strobe margin

Ideal Tx Pulse Position

Figure 11.4: LVDS AC characteristics

Signal Symbol Min. Typ Max. Unit Description
i Refer to input timing table
Clock frequency Rxeu 30 TBD | MHz | ¢ each display resolution
[VID] = 200mV
Input data skew margin Trskm 500 - - ps RxVCM = 1.2V
RXFCLK = 81MHz
Clock high time Tiven - 4/(7x RXrciLk) - ns -
Clock low time T|_\/c|_ - 3/(7XRX|:(;|_|() - ns
PLL wake-up time TenPLL - - 150 us

Table 11.6: LVDS AC characteristics
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11.3.4.DSI D-PHY electronic characteristics
The Description of D-PHY Layer
In general, the DSI - PHY may contain the following electrical functions: Low-Power Receiver
(LP-RX), High-Speed Receiver (HS-RX), the Low-Power Contention Detector (LP-CD), and
Low Power Transmitter (LP-TX). Figure 11.5 shows the complete set of electronic functions
required for a fully featured PHY transceiver.

PPI
(appendix)

Figure 11.5: Electronic functions of a D-PHY transceiver

Figure 11.6 shows both the HS and LP signal levels of electronic characteristics, respectively.
Where, the HS receiver utilizes low-voltage swing differential signaling. The LP transmitter and
LP receiver utilize low-voltage swing single signaling. Because the HS signaling levels are
below the LP low-level input threshold, Lane switches between Low-Power and High-Speed
mode during normal operation.

OUTPUT HIGH LP RX
A w INPUT HIGH

VHMN o e e e e e e e e e e e e

LP RX
Threshold Region

VILMAX === == === ————=—=—==—=—==-=-

VIHCDMAX - — ———— — — — — — — — VCMRXDC,MAX

LP Contention LP RX HS TX HS-RX
Fault Threshold INPUT HIGH Input Range| ommon mode’
input Range
VIHCD,MIN—— ———————————— - SCCCCm o
——————— — — — VCMRXDC,MIN
VOL,MAX — —1PTx — -
GND s GND
Vo OUIRPLITLOW- ————— — _\__7 — oo
w_) \ﬁ/_/ \ﬁ/_/ »
Low Power Low Power Low Power High Speed RX
X CD RX

Figure 11.6: HS and LP signal levels
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The Electronic Characteristics of Low-Power Transmitter (TX)

The Low-Power TX shall be a slew-rate controlled push-pull driver. It is used for driving the
Lines in all Low-Power modes. Hence, it is important to keep static power consumption of a LP
TX be as low as possible. Under tables list DC and AC characteristic for Low power

transmitter.

Parameter Description Min. | Typ. | Max. Unit Note
Vou Thevenin output high level 1.1 1.2 1.3 V -
VoL Thevenin output low level -50 - 50 mV
Zop Output impedance of LP-TX 110 - - Q (1)

Note: (1)Though no maximum value for Zo,p is specified, the LP transmitter output impedance shall
ensure the tg p/tr p Specification is met.

Table 11.7: LP-TX DC Specifications

Parameter Description Min. Typ. Max. Unit Note
triplieLp 15%-85% rise time and fall time - - 25 ns (1)
T Period of the LP exclusive-OR 90 ns
LP-PER-TX C|0Ck
Slew rate @ CLOAD = OpF 30 - 500 mV/ns (1),(3),(5),(6)
Slew rate @ CLOAD = 5pF - - 300 mV/ns (1),(3),(5),(6)
Slew rate @ CLOAD = 20pF - - 250 mV/ns (1),(3),(5),(6)
Slew rate @ CLOAD = 70pF - - 150 mV/ns (1),(3),(5),(6)
Slew rate @ CLOAD =0 to 70pF y i
OV/dtsr (Rising Edge Only) 30 mV/ns 0),(3),(7)
Slew rate @ CLOAD =0 to 70pF 30-0.075 * i i
(Rising Edge Only) (VO, INST-700) mVins | (1).(8).09)
Slew rate @ CLOAD =0 to 70pF i i
(Falling Edge Only) €0 mvins (1).2).3)
Ciloap Load capacitance - - 70 pF -

Note: (1) CLOAD includes the low-frequency equivalent transmission line capacitance. The capacitance of TX and
RX are assumed to always be <10pF. The distributed line capacitance can be up to 50pF for a transmission
line with 2ns delay.
(2) When the output voltage is between 400 mV and 930 mV.
(3) Measured as average across any 50 mV segment of the output signal transition.
(4) This parameter value can be lower than TLPX due to differences in rise vs. fall signal slopes and trip levels

and mismatches between Dp and Dn LP transmitters.
(5) This value represents a corner point in a piecewise linear curve.

(6) When the output voltage is in the range specified by VPIN(absmax).

(7) When the output voltage is between 400 mV and 700 mV.
(8) Where VO,INST is the instantaneous output voltage, VDP or VDN, in millivolts.
(9) When the output voltage is between 700 mV and 930 mV.

Table 11.8: LP-TX AC Specifications
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The Electronic Characteristics of Receiver (RX)
This part includes two parts which Low-Power RX and High-Speed RX. Because they have
differential DC and AC characteristic, first to describe LP-RX then describe HS-RX.

Low-Power Receiver (RX)

The low power receiver is an un-terminated, single-ended receiver circuit. The LP receiver is
used to detect the Low-Power state on each pin. For high robustness, the LP receiver shall
filter out noise pulses and RF interference. It is recommended the implementer optimize the
LP receiver design for low power. The LP receiver shall reject any input glitch when the glitch
is smaller than eSPIKE. The filter shall allow pulses wider than TMIN to propagate through the
LP receiver. The Figure 11.7 shows Input Glitch Rejection of Low-Power RX. In addition, under
tables list DC and AC characteristic for LP-RX.

2*TLPX A .
eSpike :4 | eSpike

|
|
| TMIN-RX | |
|
I

OUTPUT

Figure 11.7: Input Glitch Rejections of Low-Power Receivers

Parameter Description Min. Typ. Max. Unit Note
Vi Logic 1 input threshold 880 - - mV -
Vi Logic 0 input threshold, not in ULP i - 550 mvy i
state

Table 11.9: LP-RX DC Specifications

Parameter Description Min. Typ. Max. Unit Note

€spiKE Input pulse rejection - - 300 V.ps 1,2,3
Twvin Minimum pulse width response 20 - - ns 4
VinT Peak-to-peak interference voltage - - 200 mV -
fint Interference frequency 450 - - MHz -

Note: (1) Time-voltage integration of a spike above VIL when being in LP-0 state or below VIH when being in LP-1 state
(2) An impulse less than this will not change the receiver state.
(3) In addition to the required glitch rejection, implementers shall ensure rejection of known RF-interferers.
(4) An input pulse greater than this shall toggle the output.

Table 11.10: LP-RX AC Specifications

P-194
December 29, 2022



\@ Preliminary V0.13 JD9168

Jadard Technology Inc.

Line Contention Detection
Contention can be inferred by following conditions:

1. Detect an LP high fault when the LP transmitter is driving high and the pin voltage is less
than VIL.

2. Detect an LP low fault shall be detected when the LP transmitter is driving low and the pad
pin voltage is greater than VIHCD.

Parameter Description Min. Typ. Max. Unit Note
ViHcp Logic 1 contention threshold 450 - - mV -
Viico Logic 0 contention threshold - - 200 mV -

Table 11.11: Contention Detector DC Specifications
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High-Speed Receiver (RX)

The HS receiver is a differential line receiver. It contains a switch-able parallel input
termination, ZID, between the positive input pin Dp and the negative input pin Dn. Under
Tables list DC and AC characteristic for HS-RX.

Parameter Description Min. Typ. Max. Unit Note
Vewrxoe | Common-mode voltage HS receive mode 70 - 330 mV (1),(2)
VibTH Differential input high threshold - - 70 mV -
VipTL Differential input low threshold -70 - - mV -
Vidns Single-ended input high voltage - - 460 mV (1)
ViLus Single-ended input low voltage -40 - - mV (1)
Zp Differential input impedance 80 100 125 Q -

Note: (1) Excluding possible additional RF interference of 100mV peak sine wave beyond 450MHz.
(2) This table value includes a ground difference of 50mV between the transmitter and the receiver, the static
common-mode level tolerance and variations below 450MHz

Table 11.12: HS Receiver DC Specifications

Parameter Description Min. Typ. Max. Unit Note
AVemrxmp | Common mode interference beyond 450 MHz - - 100 MVpp (1)
Ccum Common mode termination - - 60 pF (2)

Note: (1) AVCMRX(HF) is the peak amplitude of a sine wave superimposed on the receiver inputs.
(2) For higher bit rates a 14pF capacitor will be needed to meet the common-mode return loss specification.

Table 11.13: HS Receiver AC Specifications

High-Speed Data-Clock Timing
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This section specifies the required timings on the high-speed signaling interface independent
of the electrical characteristics of the signal. The PHY is a source synchronous interface in the
Forward direction. In either the Forward or Reverse signaling modes there shall be only one
clock source. In the Reverse direction, Clock is sent in the Forward direction and one of four
possible edges is used to launch the data.
The Master side of the Link shall send a differential clock signal to the Slave side to be used
for data sampling. This signal shall be a DDR (half-rate) clock and shall have one transition
per data bit time. All timing relationships required for correct data sampling are defined relative
to the clock transitions. Therefore, implementations may use frequency spreading modulation
on the clock to reduce EMI.
The DDR clock signal shall maintain a quadrature phase relationship to the data signal. Data
shall be sampled on both the rising and falling edges of the Clock signal. The term “rising edge”
means “rising edge of the differential signal, i.e. CLKP — CLKN, and similarly for “falling edge”.
Therefore, the period of the Clock signal shall be the sum of two successive instantaneous
data bit times. This relationship is shown in Figure 11.8.

CLKP

CLKN

— 1 Data Bit Time=1Ul _»4_ 1 Data Bit Time=1Ul —>p
UlinsT(1) ! UlinsT(2)

«@—— 1 DDR Clock Period = Ulinst(1) + UliNsT(2) ——»

Figure 11.8: DDR Clock Definition

The same clock source is used to generate the DDR Clock and launch the serial data. Since
the Clock and Data signals propagate together over a channel of specified skew, the Clock
may be used directly to sample the Data lines in the receiver. Such a system can
accommodate large instantaneous variations in Ul.

The allowed instantaneous Ul variation can cause large, instantaneous data rate variations.
Therefore, devices shall either accommodate these instantaneous variations with appropriate
FIFO logic outside of the PHY or provide an accurate clock source to the Lane Module to
eliminate these instantaneous variations.
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The UIINST specifications for the Clock signal are summarized in following Table.

Parameter Symbol Min. Typ. Max. Unit Note
(1), (2),
Ul instantaneous UlinsT - - 3.33 ns 3), (4),
®)

Note: (1) This value corresponds to a minimum 300 Mbps data rate.
(2) The minimum Ul shall not be violated for any single bit period, i.e., any DDR half cycle within a data burst.
(3) Maximum total bit rate is 700Mbps/per lane of 2 data lanes 24-bit data format
(4) Maximum total bit rate is 700Mbps/per lane of 3 data lanes 24-bit data format
(5) Maximum total bit rate is 500Mbps/per lane of 4 data lanes 24-bit data format

Table 11.14: Reverse HS Data Transmission Timing Parameters

The timing relationship of the DDR Clock differential signal to the Data differential signal is
shown in Figure 11.9. Data is launched in a quadrature relationship to the clock such that the
Clock signal edge may be used directly by the receiver to sample the received data.

The transmitter shall ensure that a rising edge of the DDR clock is sent during the first payload
bit of a transmission burst such that the first payload bit can be sampled by the receiver on the
rising clock edge, the second bit can be sampled on the falling edge, and all following bits can
be sampled on alternating rising and falling edges.

All timing values are measured with respect to the actual observed crossing of the Clock
differential signal. The effects due to variations in this level are included in the clock to data
timing budget.

Receiver input offset and threshold effects shall be accounted as part of the receiver setup
and hold parameters.

Reference Time

[— Tsetup—><— ThoLo—>

0.5UInsT+
Tekew
CP
|
\
CN
1 Ulinst }
\
< N
Teikp |

Figure 11.9: Data to Clock Timing Definitions
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Data-Clock Timing Specifications

The Data-Clock timing specifications are shown in Table 11.15. Implementers shall specify a
value Ulnstvin that represents the minimum instantaneous Ul possible within a High-Speed
data transfer for a given implementation. Parameters in Table 11.15 are specified as a part of
this value.. The setup and hold times, Tsetuprx; @and TroLoRrx), respectively, describe the timing
relationships between the data and clock signals. Tserupry) IS the minimum time that data shall
be present before a rising or falling clock edge and Tyoipry IS the minimum time that data
shall remain in its current state after a rising or falling clock edge. The timing budget
specifications for a receiver shall represent the minimum variations observable at the receiver
for which the receiver will operate at the maximum specified acceptable bit error rate.

The intent in the timing budget is to leave 0.4*Ulst, i.e. £0.2*Ulyst for degradation
contributed by the interconnect.

Parameter Symbol Min. Typ. Max. Unit Note
Data to Clock Setup Time [RX] TseTuprx] 0.15 - - UIINST 1
Clock to Data Hold Time [RX] ThoLbRrx 0.15 - - UIINST 1

Note: (1) Total setup and hold window for receiver of 0.3*UIINST.
Table 11.15: Data to Clock Timing Specifications
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Burst Mode Data Transmission

CLK

Dp/Dn a— Tipx—>« Thsrrerane ++Ths.zero—> Disconnect
—Tﬁ/ Terminatorn —
VIH(min) /
VIL(max)

VTERM-EN(max) \—/ \ J ﬂF—//— / Vet /;—//—>/
ogumax) gy / / = / —H
/;A—H
; R /L:y Capture j+Treor™
D-TERMEN 1°" Data Bit —Ths.sip—> LP-11
LP-11 LP-01 LP-00 * Teor
*+— Tusserme—> — Ths-rAIL —>*— Ths-ExiT—>

Figure 11.10: High-Speed Data Transmission in Bursts

Parameter Description Min Typ Max UNIT
Tipx Transmitted length of any Low-Power state period 50 - - ns
T Hs-PREPARE Time that the transmitter drives the Data Lane LP-00

Line state immediately before the HS-0 Line state 40 + 4*UlI - 85 + 6*UlI ns
starting the HS transmission
Thsprepare + | Ths-prepare + time that the transmitter drives the
_ o 145 + 10*UI - - ns
Ths-zErRO HS-0 state prior to transmitting the Sync sequence.
To-TERM-EN Time for the Data Lane receiver to enable the HS line
o - - 35 + 4*UI ns
termination.
THs-SETTLE Time interval during which the HS receiver shall 145 +
) ) 85 + 6*UI - ns
ignore any Data Lane HS transitions. 10*UI
THs-TRAIL Time that the transmitter drives the flipped differential
. . Max( n*8*Ul,
state after last payload data bit of a HS transmission - - ns
60+n*4*UI)
burst
Ths-ExIT Time that the transmitter drives LP-11 following a HS
100 - - ns
burst.
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Clock Lane Disconnect
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h
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e—Ths-seTTLE—>

Figure 11.11: Switching the Clock Lane between Clock Transmission and Low-Power

Mode
Parameter Description Min Typ Max UNIT
TeLk-PoOST Time that the transmitter continues to send HS clock
after the last associated Data Lane has transitioned to |60 + 52*UlI - - ns
LP Mode.
TeLk-PRE Time that the HS clock shall be driven by the
transmitter prior to any associated Data Lane 8*Ul - - ns
beginning the transition from LP to HS mode.
Tcuk-prepare | Time that the transmitter drives the Clock Lane LP-00
Line state immediately before the HS-0 Line state 38 - 95 ns
starting the HS transmission.
Teik-prerare t |TeLk-prerare T time that the transmitter drives the HS-0
. . 300 - - ns
TeLk-zERO state prior to starting the Clock.
Tok-termen | Time for the Clock Lane receiver to enable the HS line
. - - 38 ns
termination.
TeLK-TRAIL Time that the transmitter drives the HS-0 state after the 60
- - ns
last payload clock bit of a HS transmission burst.
Tus-ExiT Time that the transmitter drives LP-11 following a HS
100 - - ns
burst.
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11.3.5.Timings for DSI Video mode

Vertical Timings

VS ] J
s TUUUTUUTUUTUTUUTY
A 4 ) 4 ) 4 ) 4 ) 4 >
> VBK i VDISP
) P
DE [ |
VFP VS VBP VFP
DBJ[23:0]
DSI Video 3] &I aMa s s H AT _TA] [V
s|B|s|B|s|B|s]|B]|s s|B RGB dat Bls|B|s|B|s|B
PaCketSPsPsPsPsPSPRGBdate S o s|Pls|P|s|P

Figure 11.12: Vertical Timings for DPI I/F

Resolution=800x480 (T,=25°C, IOVCC=3.3V, VCI=3.3V)

Iltem Symbol |Condition Min. Typ. Max. Unit
Vertical low pulse width VS - 2 - Note | Line
Vertical front porch VFP - 2 - - Line
Vertical back porch VBP - 2 - Note” | Line
Vertical blanking period VBK VS+VBP+VFP 6 - - Line
Vertical active area - VDISP - 480 - Line
Vertical Refresh rate VRR - 60 - Hz

Note:

1. The VS and VBP pulse width are related to GIP start pulse and GIP clock pulse timing. The GIP start pulse
and GIP clock pulse must be set at corresponding position for LCD normal display.

Resolution=1024x600 (T,=25°C, IOVCC=3.3V, VCI=3.3V)

Iltem Symbol |Condition Min. Typ. Max. Unit
Vertical low pulse width VS - 2 - Note" | Line
Vertical front porch VFP - 2 - - Line
Vertical back porch VBP - 2 - Note” | Line
Vertical blanking period VBL VS+VBP+VFP 6 - - Line
Vertical active area - VDISP - 600 - Line
Vertical Refresh rate VRR - 60 - Hz

Note:

1. The VS and VBP pulse width are related to GIP start pulse and GIP clock pulse timing. The GIP start pulse and

GIP clock pulse must be set at corresponding position for LCD normal display.

Table 11.16: Vertical Timings for DSI Video I/F

P-202
December 29, 2022



©

Preliminary V0.13 JD9168
Jadard Technology Inc.
Horizontal Timings
_HFP HS HBP HFP
HS
P HDISP o
DE
DB[23:0] Invalid data Valid data Invalid data
PCLK |-| |-| ﬁ |-| H |-| H = 4
(PCLK depend on DSI
clock and data lanes) W L 4 U L
DSI Packets gP |Hssl Bp Packed Pixel Stream Bp |Hss| Bp
(24-bit RGB)
Figure 11.13: Horizontal Timing for DSI Video mode I/F
RGB Resolution=800x480 (T,=25°C,VCCH=I0VCC=3.3V, VCI=3.3V)
Iltem Symbol Condition Min. Typ. Max. Unit
HS low pulse width HS - 100 ns
Horizontal back porch HBP - 100 ns
Horizontal front porch HFP - 400 ns
Horizontal blanking period HBLK HS+HBP+HFP 900" ns
Horizontal active area HDISP | 800 pixels - 12¢ - us
Note:
1. Below time limitation will apply in all DSI speed range.
(1) HS+HBP >= 500ns.
(2) HFP >= 400ns.
2. Base on frame rate = 60HZ,
(1) VS=2, VBP=2 and VFP=2.
RGB Resolution=1024x600 (T,=25°C,VCCH=I0VCC=3.3V, VCI=3.3V)
Iltem Symbol Condition Min. Typ. Max. Unit
HS low pulse width HS - 100 - - ns
Horizontal back porch HBP - 100 - - ns
Horizontal front porch HFP - 400 - - ns
Horizontal blanking period HBLK HS+HBP+HFP - 900" - ns
Horizontal active area HDISP 1024 pixels - 12¢ - us
Note:
1. Below time limitation will apply in all DSI speed range.
(1) HS+HBP >= 500ns.
(2) HFP >= 400ns.
2. Base on frame rate = 60HZ,
(1) VS=2, VBP=2 and VFP=2.
Table 11.17: Horizontal Timings for DSI Video mode I/F
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12.Chip information

12.1. PAD assignment

Chip Size: 27700um x 800um (tolerance: +0/-60um)

Overview (Simple view)
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INPUT PAD OUTPUT PAD
Symbol Size Number Symbol Size Number Symbol Size
Al 30 Bl 16 Cl 120
A2 70 B2 65 c2 120
A3 45 B3 45 c3 36
A4 40 B4 40 c4 36
AS 42 2 5 NO1~NO614 BS 57 NOUG15~-N0 2484
B6 25
B7 33
B8 25.5
B9 1173.5
B10 1340.5
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13.Ordering Information

TBD
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