HHHHHHHHHHHHHHHHH

SH8601A

4838 RGEBB0O1I6. 7TM cc
AMOL HDO s pDraiyv €r

Dat ast’t

User Comman ¢

Preliminary Version 0.0

October, 2019

© 2019 SHENGHETECH. All Rights Reserved



B RE Bk

SHENGHE TECHNOLOGY

Tabl e of Content s

1 GENERAL DESCRIPTION ...eit et 8
000 I [ 1o To [ Tox 1T SRR 8
2 @ T (o (=T TaTo T g Yi(0] 1 0= L4 o SRS 8
R T LU = PP 9
R o D I I T od ] ) 1T o O SSERPR 11

I I o1V YU o] o] Y2 = U SRR 11
I A g T 1 Lo T N o PSSR 12
(I S 3 o T ol = o S O RR 14

2 ELECTRICAL CHARACTERISTICS. ... e, 17
2.1 AbSolute MaXimMUIM RALINGS ...oooeeiieiieiee et e e e e e st e e e e e s s st eeaeeessssanbaeeeeaeeesaansbaeeeeaeeesaansnsseeeaaeseannns 17
2.2 DC EleCtriCal CharaCteriSHCS .......uuuiiiiieeiiiiiiiiiii et e e e ettt e e e e s st e e e e e e s s st eeeaeeesssnnnbaeeaeaeeessasnsneeeaaesesnnns 18

2.2.1 DC Characteristics for POWEE SUPPIY ...cooi ittt er e e e e s e sesaee e e e e e e e nenreees 18
2.2.2 DC Characteristics for Generated VORAJE ........cooeeiiiiiiiiiiiiie e e e e 18
2.2.3 DC CharacteristiCs fOr INTEIfACE .......ueiiiiiiiiiiiiiie e e e e e e e e nenreees 19
2.2.4 POWET CONSUMIPTION ..euitiiiieiiiiee ettt ettt ettt ettt ekt e e skttt e s e ae e e e e a kb et e s e ms b e e e e eanbb e e e e nbeeeeenbreeeennnne 19
2.2.5 DC Characteristics for INternal CirCUILS ..........uuiiiieeiiiiiiiiieie et er e e e e e s e ebeeee e e e e s nenreees 20
2.2.6 DC CharacteriStiCS fOr RESEL ... ....uiiiiiiiiee ittt e e e e e st ee e e e e e s e et eeeaeeeeennnreees 21
P B O O g - = Lo 1T 1] ol SO PRRRRR 22
2.3.1 MIPI DBI Type-C T OptioNL (SPI 3 WIIE) ...ccueiiieiiiiiie ittt ettt 22
2.3.2 MIPI DBI Type-C T OPtioN3 (SPI 4 WIIE) ...ciueeiieiitiii ettt sttt 23
D T O U =T B SRR 24
2.3.4 MIPI DBI TYPE-B (MPU 8DIL) ....eiiiiuiiiieiieiie it sete ettt et e st e e e st e e e s nta e e e e nbae e e e entaeaeennees 25
WY o B g o = 1o (T 1] oSO PERRRR 26
2.4.1 DC CharacteriStiCS fOr MIPI DS ......uoiiiiiiiiiiiiiiie et e e e e e e e s e st e e e e e e s e et eeeaeeeaennnnnees 26
2.4.2 MIPI Line Contention DEIECHION .......uuiiiieeiiiiiiiieie e e eeeiie e e e e e s et r e e e e e s e st eeeaeeeaasnnnteneeeaeeeeannnnenees 27
2.4.3 MIPI DSI High-Speed RX Clock and Data-CloCK TiMiNG ......c..oveiiiiiieiniiiie e 28
2.4.4 High Speed CIock and Data TiMING .....c.ueeeeiiiiiieiiiiie ettt et s b e e e e e e e e e e 29
2.4.5 MIPI ReCeiVer INLIAlIZAtION ......coiieieieie ettt e st r e e e e e s e e e e e e e e e e nenneeeeeeeeeeennnnenees 31

3 FUNCTIONAL DESCRIPTION. ... oottt 32

3.1 Tearing EffeCt INfOrMAtioN........coooi i ——— 32
3.1.1 Tearing EffECT CONTIOL. ...t e e e e et e e e e e e e e naab b e eeeaaeas 32
3.1.2 Tearing EffeCt LiN@ TIMIINGS ... ...uuiiiiieeiiiiitie ettt e e e e et e e e e e e e st b e e e e e e e e e e aanbbreeeaaeas 33

3.2 Sleep Out Command and Self-Diagnostic FUNCLIONS .........ccoooeieieii i 34
3.2.1 Register LOading DELECHION ..........ciiiiiiiiiiiiiiie ettt e et e e e e e e e s e e e e e e s e e aanbreeeeaeeas 34
3.2.2 FUNCLIONAIILY DEIECTION ..ceiiiiiiieitiiie ettt e e e e e ettt e e e e e e e st e bt e e e e e e e e s aanbbneeeaeeas 35

TG B w01 TP TP T PP TP 36
3.3.1 POWET ON/OFf SEOUEBNCE......ceieeeieiee ettt e e e e et e e e e e e e e s aab b bt e et e e e e e e aanbbreeeaaeas 36
B.3.2 POWET LEVEIS ...ttt et oottt e e e e e e e bbbt e e e e e e e e aab e bt e e e e e e e e e anbereeeaaeas 38
3.3.3 Discharge Status of Power BIOCK and I/O PADS ........c..euiiiiiiiieiiiiie et 38
3.3.4 Deep STANUDY FIOW ..ottt ettt 39
3.3.5 SIEEP INJOUL FIOW ..ttt ekt s ket e sk et e skt e s bbe e e e s s e e s nnnee s 40

R @ o l=T = 11 Te] g IST=To [ [=T o (ol T OO PTT TP 41
3.4.1 Display OPerating SEOUENCE .........eeiiiiieiieitiett ettt ettt et e e st e e st et e s asb et e s abbe e e e sasb e e e e sanbreeesannneees 41

TRl =TT TP TP TP 42
3.5.1 REQGISIEI VAIUE ...ttt ekttt e bt e s bttt e ekt e s bbn e e e s s r e e e s nsnn e e s 42

3.6 Modules Input/output/Bi-dir€Ction (1/O) PADS ......cociiaiiiiiiiie ettt e e e e e e snbbaeeeaa s 44

Version 0.0 October. 2019 SHENGHETECH Confidential

1/157



B RE Bk

SHENGHE TECHNOLOGY

3.6.1 Output or Bi-directional (I/O) PADS ........cooiiuiiiiiiiiieie ittt ettt e b e ennneeas 44
3.6.2 INPUL PADS......ceeiitietee ittt ettt ettt oo bttt e o4kttt o4k b et e ook b et e oo b b e e e e e R b et e e e R be et e e nn e e e e e nnn e e e e annree s 44
3.7 OTP (One-Time Programmable Memory) CONLIOl...........c.ueeiiiiiiiiiiiiiee et 45
A IS (U Tod (U] {30 ) O N I = TP 45
R O I 0o o1 1 o) I VT o T 1o o [PPSR 45
3.7.3 OTP Program SEOUENCE ..........uuuuiiiieeiiiiiirieiiete e ettt e e e s s et e e e s et e et e e et e s br e s et et e e e s s asnrrrreeeeeas 45

A INTERFACE ..o et e e e 47
4.1 INtErface TYPE SEIECHON ......eiiiiiiii ittt e e e e e s et e b e e e e e e s e snnbbbaeeeaaeseaannrrneeeaeens 47
4.2 MIPI DBI Type-B and Type-C Interface Configuration.............coooiiiiiiiiiioiiiiiiceeee e 49
4.3 MIPI DBI Interface Data Transfer Ignore and PAUSE ...........ccoiiiiiiiiiiiiiiiiiiee e 49
4.4 MIP] DBI Type-B (MPU 8Dit) INTEITACE ........coiiiiiiiiiiiiiie ettt 49
4.5 MIPI DBI Type-C (3-Wire 9-Bit) INTEITACE .....coouiiiiiiiiiee ettt 50
4.6 MIPI DBI Type-C (4-Wire 8-Bit) INTEITACE .......ouviieiiiiiie ettt 51
A T T S o TN [ 01 (T - o] = SRR 51
A @ U= To IS o I [0 (=] o = Lo SRR 56
4.9 Pixel Format for SPI/MPU INTEITACE ......cciii ittt e e e s e e e e e e s e snnrreeeeeee s 57
O Y T 0 1 SRS 58
T I D 1] I == 1 ] = TR 59
4.10.2 DSI Layer DEFINITIONS .....ceiiiiiiiieiiie ittt ettt s sk e e et e e e e bt et e e e nb e e e e e nnbeeeeeaneee 59
4.10.3 Command and VIdE0 MOUE .........uuuiiiiiieiiiiiiee et e e s e e e e e e s e st eeeaeeeseabsbeeeeeaeeesannnrnees 59
4.10.4 DSI PhySiCal LAYET (D-PHY) ...ciiiiitiiiiiiiit ettt sttt st s et e e e e nnbr e e e e e 60

g LY 1 B 0 1S ] (T o SRR 67
4.10.6 MIPI Interface Timing 0N VIdE0 MOUE ......couuiiiiiiiiiie ittt 78

S COMMAND ..o e e et e e e eaas 81
5.1 LiSt Of USEI COMIMAN ......ueiiiiiieiiiiiiiii ittt ettt e ettt e e e e e e s et bbbt et e e e e e aa s bbb e e e e e e e e e annbbbeeeeeeesaannbnnnaeaeeas 81
5.2 Description Of USEr COMMIEANG .........uuiiiiiieeiiiiiiie et e ettt e e e e e et et e e e e e s bbb e e e e e e e s e aannbeereeaeeesaaannbreneeaeeas 84
5.2.1 NOP (00N): NO OPEIALION ......eieiiieeie e ettt ettt e e e ettt e e e e e s st e b e e e e e e e e aanbbbeeeaeeeeeaannrnneeeaaeas 84
5.2.2 SWRESET (01h): SOftWAre RESEL......cooiiiieeiiiie ettt e e e 85
5.2.3 RDDIDIF (04h): Read Display Identification Information.............cccccooiiiiiiiiiinee e 86
5.2.4 RDNUMED (05h): Read Number of the Errors 0n DSI ........cccuuviiiiiiiiiiiieeeieee e 87
5.2.5 RDDPM (0Ah): Read Display POWEI MOUE .......coiiuiiiiiiiiie ettt 88
5.2.6 RDDMADCTL (0Bh): Read Display MADCTL ......cc.uuuiiiiiieee ittt a e ibneee e e 90
5.2.7 RDDCOLMOD (0Ch): Read Display Pixel FOrMAL ..........ccooiiiiiiiiiiieiiiiieee e 92
5.2.8 RDDIM (0Dh): Read Display IMage MOUE ........cooiuiiiiiieiaaeiiiieet et e e 94
5.2.9 RDDSM (0Eh): Read Display Signal MO ..........ccuuiiiiiiiiiie e 95
5.2.10 RDDSDR (OFh): Read Display Self-DiagnostiCc RESUIL...............cooiiiiiiiiiiiiee e 96
5.2.11 SLPIN (L0R): SIEEP TN .ttt ettt e e e e e ettt e e e e e e e e s aab b b e e e e e e e e e e aanbbneeeaeeas 97
5.2.12 SLPOUT (11N): SIEEP OUL ...ttt ettt e e e e e et e e e e e e e e et b e re e e e e e e e e annbareeeaeeas 98
5.2.13 PTLON (12h): Partial DiSplay MOGE ON ......ccooiiiiiiiiiiieie ettt ee e e 99
5.2.14 NORON (13h): Normal DiSplay MOGE O .....cccoiiiiiiiiiiiieie ettt 100
5.2.15 INVOFF (20h): Display INVErsion Off..........eeeiiioiiiiieeiee et 101
5.2.16 INVON (21h): Display INVEISION ON..........uuiiiiiiiiiiiiieiie ettt e e e e e e eebeeeees 102
5.2.17 ALLPOFF (22h): All PIXEI Off.....eeiiiiiieiiie ettt e e e e e 103
5.2.18 ALLPON (23h): All PIXEI ON ...ttt ettt e ettt e e e e e e s abab e e e e e e e e s annnbaees 104
5.2.19 DISPOFF (28h): DISPlay Off ......eeeiiiieiiiiiitii ittt et e e e e e rbab e e e e e e e e s annneeees 105
5.2.20 DISPON (290): DISPIAY O ..ttt ettt ettt s et e s s s e s e e e e nnee 106
5.2.21 CASET (2Ah): COlUMN AQUIESS SEL.....eiiiiiiiieiiiiiie ittt e s 107
5.2.22 PASET (2Bh): Page ACArESS ST .......uuiiiiiiiiieiiiiiie ittt sttt 109
5.2.23 RAMWR (2Ch): MemOIy WIHE STAI......cciiiiiieiiiiiieiiiee ettt 111
5.2.24 PTLAR (30h): Partial Area ROW S .......coouiiiiiiiiiieiiiie ettt 112
5.2.25 PTLAC (31h): Partial Area COIUMN SEL........cooiiiiiiiiiiiie ittt 114

Version 0.0 October. 2019 SHENGHETECH Confidential

2 /157



B RE Bk

SHENGHE TECHNOLOGY

5.2.26 TEOFF (34h): Tearing EffECt Off .........eiiiiiiii e 116
5.2.27 TEON (35h): Tearing EffECT ON .....cciiiiiiiiiee ettt 117
5.2.28 MADCTL (36h): Memory Data ACCESS CONLIOI ......cccuuiiiiiiiiieiiiee et 119
5.2.29 IDMOFF (38h): 1dIe MOAE Off.... ettt st et saa et e e saaeeenea e 121
5.2.30 IDMON (39h): 1d1E MOTE Ottt ettt e s e e e e anbre e e e neee 122
5.2.31 COLMOD (3Ah): Control Interface PiXel FOrMAaL ...........ccoiuiiieiiiiiieiieeee e 123
5.2.32 RAMWRC (3Ch): MemOory WIte CONINUE .......c.uuiieiiiiieeiiiie ettt 125
5.2.33 TESCAN (44h): Set Tear SCAN LINE .....ccciiiiiiiiiiie ittt 126
5.2.34 RDSCAN (45h): Read Scan Line NUMDET .......c..uiiiiiii e 128
5.2.35 SPI_RDOFF (46h): SPI REAA Off......uiiiiiiiiiieiiii ettt sttt st siae e b 129
5.2.36 SPI_RDON(47h): SPI REAMA ON....ciiiiiiiiiiiiitiie ittt ettt ettt et e sabe e e bt e e sabe e sbeeesabeesneaens 130
5.2.37 AODOFF (48h): AOD MOOE Off.....oiiiiiiiiiiiii ettt sttt ba e et e e sabeesneaen 131
5.2.38 AODON (49h): AOD MOOE ON ....ueiiiiiiiiie ettt ettt tee ettt e e te e e sttt e s be e e sabeeasbeeessbeesbeeesabeeanbeaans 132
5.2.39 AOD_WRDISBV (4Ah): Write Display Brightness Value in AOD Mode..........ccccceiiiiiieiniiineenn 133
5.2.40 AOD_RDDISBYV (4Bh): Read Display Brightness Value in AOD Mode ..........cccccceeeiiiiieeniiieeenee 134
5.2.41 DSTB (4Fh): Deep Standby CONIOL.......coiuiiiiiiiiie ittt sebe e e 135
5.2.42 WRDISBYV (51h): Write Display Brightness ValUe ...........occiiiiiiiiiiiiiie e 136
5.2.43 RDDISBV (52h): Read Display Brightness ValUe ..o 137
5.2.44 WRCTRLD1 (53h): Write CTRL DiSPIAY 1 ....ccoiuuiiieiiiiiie ittt 138
5.2.45 RDCTRLD1 (54h): Read CTRL DiSPIAY 1 .....cciiuuiiiiiiiiiie ittt 139
5.2.46 WRCTRLD2 (55h): Write CTRL DiSPIAY 2 .....cocuviiieiiiiiie ittt 140
5.2.47 RDCTRLD2 (56h): Read CTRL DiSPIAY 2 ......coiuuiiiiiiiiiie ittt 141
5.2.48 WR_CE (58N): WIILE CE .......ceueuiveeieeeeeceeeeeeeeeeee et e teeesese st s s s et teses s nenssesessenenenesaeanses s e 142
5.2 49 RD_CE (59h): REAM CE .....ooiiiiiiiiie ittt sttt ettt ettt et e e sn e et e e sste e snbaeesnteeeneaens 143
5.2.50 HBM_WRDISBYV (63h): Write Display Brightness Value in HBM Mode............cccccoiviiiiiniiienene 144
5.2.51 HBM_RDDISBV (64h): Read Display Brightness Value in HBM Mode ............cccccooviiiiiiniiieeenn 145
5.2.52 HBMCTL (66h): HBM CONLIO.......coiiiiiiiiiiiiiie ittt ettt e e 146
5.2.53 RDDDBS (Alh): Read DDB StArt.........cccutiiiiiieeiiiiiiieiieeee e e sssiiiee e e e e e s s ssteteeereaeesssneeraeeeeaesssnnnsnsnees 147
5.2.54 RDDDBC (A8h): Read DDB CONINUE...........tiiiiiiiieiiiiiee ettt aibe e e e e 148
5.2.55 RDFCS (AAQ): Read First ChECKSUIM ........uuiiiiiiiiie ittt 149
5.2.56 RDCCS (AFh): Read ContinUe ChECKSUM .........uuiiiiiiiiie ittt 150
5.2.57 SPI_MODE (C4h): SPI MOUE CONIOL.....couiiiiiiiiiiieiiiiit ettt 151
5.2.58 RDID1 (DAQ): REAA IDL ... .eieiiiieee ettt e e e e e s et e e e e e e s st e e e e e e e e ssnentaeeeeeeeesannnnsnees 153
5.2.59 RDID2 (DBh): REAU ID2 ........oueeiveeieeeeeceeeeeeeeeee et ee st s s en s aneen e 154
5.2.60 RDID3 (DCh): REAA ID3B .........oeuieeeieececeeeeeeeeeeeeeeee et s st en s en s sen e an s 155
N[ I L PP 156
Version 0.0 October. 2019 SHENGHETECH Confidential

3/157



B RE Bk

SHENGHE TECHNOLOGY

Li st of Figures

Figure Title Page
Number Number
Figure 1 RESEt INPUL THMING ..eeiiiiiiiiiiiiiie ettt ettt s sttt e s st e s ae e e e aa kb e e a4 aa s b et e e aan b e e e e ansbe e e e aanbe e e e e nbeeeeennee 21
Figure 2 3 Wire 9bit Serial Interface CharaCteriStiCS .........oouuiiiiiiiieii e 22
Figure 3 4 Wire 8bit Serial Interface CharaCteriStiCS .........oouuiiiiiiiiie e 23
Figure 4 Quad Serial Interface CharaCleriStCS. ........ciiuuiiieiiiiii et e e e 24
Figure 5 MPU INterface CharaCleriSTCS . .. .. uuriieiiiiiie ittt ettt e e e s et e e e nnbr e e e e e 25
Figure 6 MIPI D-PHY SigNaliNng LEVEIS.........uiiieiiiii ittt sttt ettt e e e e e 26
Figure 7 Signaling and Contention VOIage LEVEIS .........cooiiiiiiiiiie ettt 27
Figure 8 Data to Clock Timing DEFINITIONS ........coiuuriiiiiiiiieiitie ettt s bt e b e e e eneee 28
Figure 9 High Speed Clock and Data tIMING ..........eieiiiiiieiiiiiie ettt e e s s bt e e s e nbeeeeeeneee 29
Figure 10 MIPI lanes Status when Reset Operation & Initialization TIMe .........cccocoiiiiiiiic i 31
Figure 11 Tearing Effect LIne MOAES T DY UCS ...ttt 32
Figure 12 Tearing EffECt LINE TiMINGS ... .oi ittt sttt ettt e et e e e e nb e e e e e nnbne e e e neee 33
Figure 13 RiSE ANd Fall TIiMIES ... ..eiiiiiiiiieiiie ettt ettt ettt e e e b bt e e aasbe e e e en b b e e e e snbe e e e enbeeeeeneee 33
Figure 14 Flow Chart of Register Loading DELECHION .......cocuriiiiiiiiie ittt 34
Figure 15 Flow Chart of FUNCHIONAlItY DEIECHION.......coiuuiiiiiiiiii ettt e 35
FIGUIE 16 POWET-OMN SEOUENCE .....ceiiiuiieiee ittt e ittt e e sttt e sttt e e s abe e e e s st bt e e s aas b et e e aa kb e e e e am s b et e e annbe e e e anbbeeeesanbeeeeennbeeeeannnes 36
FIgUre 17 POWET-Off SEOUEBNCE ......oiiiiiiiie ittt et e st e e et e e e b b et e e aab b et e e aa b be e e e ebbe e e e enbeeeeenees 36
Figure 18 Power-On to Display-On & Display-Off to POwer-Off SEQUENCE ........c.ueviiiiiiiiiiiiieieee e 37
Figure 19 POWET RAMP UP/DOWN ...c.oiuiiiiiiiiitite ittt siie ettt sttt ettt e s ab bt e e e aae b e e e s e e b et e e aan b et e e ansbe e e e enbeeeeeanbneeeennene 37
Figure 20 Flow Chart of Deep Standby MOGE ........cooiiiiiiiiiiie ettt e e 39
Figure 21 Flow chart of Sleep-In & SIEEP-OUL MOUE........cocuiiiiiiiie et 40
Figure 22 Flow Chart Of DiSPIay OPEIALION ......cccuuuiiiiiiiiie ittt ettt ettt et e st e e s s bb e e e e snbe e e e e anbneeeeanene 41
FIgUre 23 OTP Program FIOW ... ....oio ittt ettt ettt e sttt e e e e bttt e e e bt et e e et b e e e e ebbe e e e enbeeeeenene 46
Figure 24 MPU 8-bit Interface Protocol i Register Read and WIEE.........coocuiiiiiiiiiii e 49
Figure 25 MPU 8-bit Interface I PiXel INtEITACE. .......coiuiiiiiiii e e 50
Figure 26 MIPI DBI Type-C Interface T Register Write and REaAd...........ccoiiiiiiiiiiiiiiie e 50
Figure 27 MIPI DBI Type-C (4-Wire 8-Bit) Interface Protocol | Register Write and Read............ccccoovieiniiineennnn 51
Figure 28 SPI 3-WIire 888 PiXEl FOMMAL. ........utiiiiiiiieiiiiit ettt ettt s bt e e et e e s et b e e e enbe e e e s anbeeeeenaene 52
Figure 29 SPI 3-WIire 666 PiXEl FOMMAL. ... ...ttt ittt ettt et e et e e e et b e e e enb e e e e e anbaeeeeaaene 53
Figure 30 SPI 3-Wire 565 PIXEI FOMMAL. ........uiiiiiiiiiiiiiiit ettt sttt et e e et e et e e e et e e e e e anbaeeeeanene 53
Figure 31 SPI 4-Wire 888 PiXEl FOIMAL. .......uutiiiiiiiieiiiiie ettt e et e st e et e e e bb e e e et e e e e e anbneeeeanene 54
Figure 32 SPI 4-WIire 666 PiXEl FOIMAL. ... ...ttt ittt e ettt e eb e e e ab b e e e enbe e e e e anbneeeeanene 55
Figure 33 SPI 4-WIire 565 PIXEI FOMMAL. .......uuiiiiiiiiieiiiiit ettt ettt et e e et e abb e e e enbr e e e e anbneeeeaene 55
Figure 34 Quad SPI Interface Protocol i Register Read and WIEE .........coocuiiiiiiiiiiii e 56
Figure 35 Quad SPI Interface Protocol T PiXel INtEIfACE..........ciiuiiiiiiii e 56
FIGUIEe 36 RGB PiIXEI FOMMAL. ... .tiiiiiiiiiie ittt ettt s ettt e e sttt e e s e bttt e e aab b et e e eabbe e e e ebbe e e e e nbeeeeenneee 57
Figure 37 DSI Tx and Rx Interface COoNfiQUIALION ...........ooiiiiiiiiiiie ittt 58
FIGUIE 38 IMIPT DS LAYETS ..eetiiiuiiiee ettt ettt ettt ottt e 4o a bttt e 4 skttt e e ea ket e 4 e a kbt e e e eab bt e e e embbe e e e aabbe e e e enbeeeeennee 59
Figure 39 MIPI PHY Data Lane Mode State DIAgIaM ........c.uuiieiuiiieiiiieeesiiieee e siiee e sibeee s snbe e e s ssbee e s snbeeessnbeeesennees 61
Figure 40 Clock Lane Module State DIGgIamM.........cuciuuiieiiiiiee it asiiee et ee et e sttt e s atbe e e s asbe e e e snbeeessnnbreeesanens 61
Figure 41 Clock Lane SWitChing State DIAGIam .......coiuuuiieiiiiiie ittt sttt e st e e st e e e s st e e e s nbeee e e aneee 62
Figure 42 High-Speed Data TranSmiSSIiON N BUISES ........ciiuiiiiiiiiiie ittt 62
Figure 43 Switching the Clock Lane Between Clock Transmission and Low-Power Mode ..........ccccoovieeiiiiinenennnn 63
Figure 44 Bus TUM ArOUNG PIrOCEAUIE ........uueiieiiiiie ettt ettt e sttt e ettt e e sttt e e s sttt e e e s ebe e e e annbe e e s anbbeeeesnbeeeeeanbeeeeennene 64
Figure 45 BTA Operation i No Error/Error after Non-Read Command...........ccoocueviiiiiiiiiniiiieniice e 64
Figure 46 Trigger-Reset Command iN ESCAPE MOUE .......couuiiiiiiiiiieiiii ettt e 65
Version 0.0 October. 2019 SHENGHETECH Confidential

4157



B RE Bk

SHENGHE TECHNOLOGY

Figure 47 Data Byte Low-Power Data TranSMISSION .......cocuuiieiiuiiieiiiiiee ittt ettt e s snbe e s e e e e nees 66
Figure 48 Remote APPIICAtION RESEL.......coiiiiiiiiiii ettt e et e e ettt e e e anb et e e e anbr e e e e neee 66
Figure 49 BTA MOAE-TE SIGNAING .....uuiiieiiiiiieiite ettt et a et e et e e e b et e e e nb et e e e anbreeeeneee 67
Figure 50 HS Transmission Examples with EOTP diSAbIEd............oviiiiiiiiiiie e 67
Figure 51 HS Transmission Examples with EOTP enabled ... 67
Figure 52 Endian EXample (LONG PACKEL) .......coiiiiiiiiiiii ettt e e e e e 68
FIgUre 53 LONG PACKET STUCTUIE ......oiutiiiiiiiietee ittt ettt ettt s bt e e ekt e s e et e e aab b et e e e s b e e e e enbe e e e e nbe e e e ennes 69
Figure 54 SOt PACKET SITUCTUIE .....co.uieiiiiiiiii ettt ettt ettt e s et e e e b b et e e e sbe e e e e nbe e e e e anbreeeennne 69
Figure 55 Data [dENTIEr BYLE ........ceiiiiiiiie ittt ettt ettt et e e e e et e e aas b et e e aas b et e e snbe e e e e nbe e e e ennee 70
Figure 56 24bit ECC generation 0N TX SIOE .....ciuuuiiiiiiiiie ittt ettt e st e et e e s et e s anbe e e e e nnbreeeenene 71
Figure 57 16-bit per Pixel - RGB Color Format, LONG PACKEL ..........coiuiiiiiiiiiieiiiiie et 74
Figure 58 18-bit per Pixel (Packed) - RGB Color Format, Long Packet...........ccccvviiiiiiiiiii e 74
Figure 59 18-bit per Pixel(Loosely Packed) - RGB Color Format, Long Packet ............cccoociiiiiiiiiiic e 75
Figure 60 24-bit per Pixel RGB Color Format, LONg PacCKet ..........cooiiiiiiiiiiie e 75
Figure 61 Non-Burst Transmission with Sync Start and ENd ..o 77
Figure 62 Non-Burst Transmission With SYNC EVENTS ........c.uuiiiiiiiii e 77
FIQUIe 63 BUISTE TIANSIMHSSION ... ..viiiiiiiieiee ittt sttt e e sttt ettt e e st e e s sttt e e s st b et e e aa kb e e e s aabbe e e e aan b e e e e anbbe e e e ennbe e e e ennbeeeeennnne 78
Figure 64 Display Timing (ViIdE0 MOUE) ........uiiiiiiiiiiiiiiie ittt ettt ettt e et e e e e s bt e e e e nnbneeeeneee 78
Figure 65 Vertical DISPIAY TiMING .......uuuiiiiiiiiieiiiiee ettt s bt et e e s et bt e e aabbe e e e e sbe e e e sanbreeeeanbneeeenneee 79
Figure 66 Horizontal DiSPIAY TiMING.......cociuieiiiiiiiieiiiiie ettt ettt sttt e e e tb et e e ab et e s easbe e e e s aabreeeeanbneeeeaneee 80
Version 0.0 October. 2019 SHENGHETECH Confidential

5/157



B RE Bk

SHENGHE TECHNOLOGY

Li st of Tabl es

Table Title Page
Number Number
Table 1 PADS fOr POWET SUPPIY ...eeiiuiieieiiiieee ittt ettt sttt e e sk e et e skt e et e s bbbt e e s bne e e e s bbe e e e s nbneeesannneeas 11
Table 2 PADS fOr ANAIOG POWET ........ueiiiiiiiiie ittt ettt e sttt e skttt e s bbbt e e s bt et e e s bb e e e e s anbne e e s annneeas 12
Table 3 PADS fOr LOGIC INTEITACE ........eeii ittt ettt ettt ekt e e skttt e s bt e e e e s bb e e e e s nbne e e s annneeas 14
Table 4 ADSOIULE MaXIMUM RALINGS .....ceiiiiieieiiiiiee ittt e et bt et b et e e s bbb e e e s abbe e e e s anbe e e e s anbneeesannneeas 17
Table 5 DC CharacteriStiCS fOr POWET LINES........coii ittt ettt e st e e b e e e s anbee e e s annneeas 18
Table 6 DC CharacteriStiCS fOr POWET LINES........ciii ittt e e e e e b e e e s nnee e e s annneeas 18
Table 7 DC Characteristic for INterface SIGNE@IS ..........oviiiiiiiiiii e 19
Table 8 POWET CONSUIMPLION ... ..eeiiiiitiieiitieee ettt ettt e e rbe et e e sttt e e sbe et e e skt et e e st be et e aabbe e e e aasbe e e e anbe e e e asbneeeanbneeesannneeas 19
Table 9 DC Characteristics for INTErNAI CIICUILS ..........uiiiiiiiiie it b e nbre e e s ennneeas 20
Table 10 RESEE INPUL TIMING ... .teeiiiiiiieee ittt ettt e e s bb et e e s bbbt e e s bb et e e s st e e e e anbe e e e ebbbeeeanbneeesannneeas 21
TADIE 11 RESX PUISE ...ttt ettt ettt ook ettt e okttt e ok et e e ekt e et e ekt et e e enbb e e e s nbbe e e s annneeas 21
Table 12 AC Characteristics of MIPI DBI Type-C i Option1 (SPI 3 WIr€) .....coiuviiiiiiiiieiiiiee e 22
Table 13 AC Characteristics of MIPI DBI Type-C i Option3 (SPI 4 WIr€) .....cocuuiiiiiiiiieiiiiee e 23
Table 14 AC Characteristics of QUAA SPI ........ooiiii i e e e e s s st e e e e e e s e s snnrreeeeeeees 24
Table 15 AC CharacCteriStiCS Of IMPU .........uuiiiiiiiiiie ittt ettt e s bbb e e aab e e s aabne e e s annneeas 25
Table 16 MIPI DSI DC CRATACIETISTIC ......iuuveeieiiiiite ittt ettt ettt s bt e s et et e e s bbe e e e snbb e e e s anbneeesannneeas 26
Table 17 MIPI Contention Detector (LP-CD) DC CharacCteriStiC. ........uvtieiurriieiiiiiie ittt 27
Table 18 Data to Clock Signal SPECIfiCAtIONS .........ciiuuiiiiiiiiii e 28
Table 19 Global Operation TiMING PAraMELEIS ........cuuuiiiiiiiiie ittt s e e e s aeb b e e e s anbeeeesannneeas 29
Table 20 AC Characteristics of Tearing EffeCt Signal ..........cooiiiiiiiiiii e 33
Table 21 Discharge Status of Power BIOCK and 1/O PADS .......ccuuuiiiiiiee ittt e e s sraee e e e e s nnnreneeeeee s 38
Table 22 The Default Value of the Register i User Command Set...........c.ueiiiiiiiiiiiiioiiiie e 42
Table 23 Reset States of Output and Bi-dir€CtON PADS ..........oiciiiiiiiie ettt e e seee e e e e s s sentaeer e e e e e s e s nnneeeeeeeees 44
Table 24 Reset StateS Of INPUL PADS .........uiiiiiiieii ittt sttt e s bbbt e e s bbbt e e s aabb e e e s aabae e e s annneeas 44
Table 25 INterface TYPE SEIECHION ... ....ii ittt e bb e e s aab e e s aabae e e s annaeeas a7
Table 26 MPU INnterface PAD ASSIGNMENT ......ouuiiiiiiiiii ettt ettt e st et e e s s be e e e s bbbt e e saabe e e e s anbneeesannneeas a7
Table 27 SPI 3-Wire PAD ASSIGNIMENT ........utiiiiiiiieiiiite ettt ee ettt et e st bt e e s bbe e e e s bbbt e e sasbeeeesabbbeeesaabeeeesannneeas 48
Table 28 SPI 4-Wire PAD ASSIGNIMENT ........iiiiitiitie ittt ettt ettt ettt et e e e s bb et e e s bbe e e e s bbb e e e sasbeeeesabbbeeesanbeeeesannneeas 48
Table 29 QUAM SPI PAD ASSIGNIMENT.......uuitiiiiiitee ittt ettt ettt et et et e e st et e e s bbe e e e sbbeeeesasbeeeesanbbeeesaabaeeesannneeas 48
Table 30 MIPI LaNe State DESCIIPLION .......uueiiiiitiie ettt et e e bbbt e e s bbbt e e s bbe e e e sbbe e e e s anbaeeesannneeas 60
Table 31 MIPI ESCape MO ENLIY COUE .....cooiiiiiiiiiiiii ettt et e e b e e s sabae e e s annneeas 65
Table 32 Data Types for Processor-Sourced PaCKELS ..........ooiiiiiiiiiiie e e e 72
Table 33 Data Types for Peripheral-Sourced PACKELS ..........coii it e e s e e e e e s nnneaeeeeeee s 73
Table 34 Error Report Bit DEfINITIONS ........cieieiiiiie et s e st r e e e e e s e et ae e e e e e s e annteaeeeeaeesesnnnrnnnneeaens 76
Table 35 Vertical TiIMiNg fOr VIAE0 MOUE ......oouiiiiiiiiiii ettt e e s e e e s snnaeeas 79
Table 36 Horizontal Timings fOr VidE0 MOE .........oouiiiiiiiiiiie ettt e e e e s 80
Table 37 List Of LEVEI 1 COMMEANG .......oiiiiiiiiiiiiiie ettt sttt e sttt e st et e e s bbbt e e s sbe e e e s aabb e e e s aabneeesannneeas 81
Version 0.0  October. 2019 SHENGHETECH Confidential

6 /157



G RAKR

SHENGHE TECHNOLOGY

SH86A 1 480x480 AMOLED Display Driver IC

Ver sHoat ory

October, 2019

Ver0.0 October. 2019 Initial Draft

Version 0.0 October. 2019 SHENGHETECH Confidential
71157



B RE Bk

SHENGHE TECHNOLOGY

lceneral description

11l ntroducti on

This IC is used for driving a 480RGBx480 LTPS AMOLED for a wearable or mobile application. It supports a low
voltage operation and single chip solution including 240 Source channels. All circuits are designed suitable for
AMOLED display panel. For high-speed data transfer, the data for display and command are received via MIPI
DSl with 1-lane. Also SH8601A supports MIPI DBI Type-B and Type-C interface. IC is connected to the
Application Processor(AP) directly and stores display data into internal display GRAM which is sent from the AP.
IC generates AMOLED driving signals by itself and stored display data can be performed with minimal power
consumption. Also integrated Source driver, Panel Gate controller, GRAM, Power generation circuit, Voltage
Regulator and Timing controller so on. The initialization settings can be partially or fully stored in the non-volatile
memory(OTP) and these settings are loaded at the starting stagey of display. This IC provides a high-performance
and higher display quality using minimum number of external components for lower power consumption and
saving design cost and space.

A MIPI: Mobile Industry Processor Interface
A DSI: Display Serial Interface

A DBI: Display Bus Interface

1.20rdering informati on
A Product Code: SH8601A

A Package: COF

Version 0.0 October. 2019 SHENGHETECH Confidential
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1.3Feat ur es

Features

Description

Device Type

LTPS AMOLED Driver IC

Display Resolution

Max. 480 RGB (H) x 480 (V)

Support 1:6 MUX and 1:12 MUX Operation

4 Line Horizontal x 2 Line Vertical Control Step

Color Depth 16M Colors
Panel Type AMOLED i Rigid & Flexible
Pixel Arrangement Real RGB, Delta RGB
Display Type Source Output 240CH with MUX
GOA for Gate Output GOAR[22:1], GOAL[22:1].
Support P-MOS Type Panel
High Speed Interface MIPI (DSI), Data 1 Lane, Clock 1 Lane
D-PHY Version v1.0
Interface DSl Version v1.02

Polarity Inversion of MIPI Pins

Support Command Mode

MIPI DBI Type-B (MPU 8-bit) and Type-C (3/4-wire mode), Quad-SPI

Internal Graphics RAM

480x480x24bits = 5,529,600bits

Display Features

RGB separated gamma

ACL, HBM

Image Enhancement Functions : CRP, Hue, Saturation, Brightness, CE with Skin
Tone, Gamut Expansion, Sunlight Readability Enhancement

One Time
Programmable Device

(OTP)

Program Voltage Supply Only External Mode

Size 16K x 8bit (3times Re-writable)

Built-in Gamma, Chip ID, MCS register

On-chip Functions

Internal DC/DC Voltage Converter

Timing Generator

Adjustable Gamma Curves (Separated R/G/B)

External Supply
Voltages

Internal Drive Supply
Voltages

Interface Power VDDI =18V (1.65Vt03.3V)
Analog Power VCI=28V (27Vto3.6V)
AVDD 4.6V to 7.0V

VLOUT2 4.6V to 14.0V

VLOUT3 -14.0V to -4.6V

VGH 5.0V to 10.0vV

VGL -10.0V to -5.0V

Version 0.0

October. 2019
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UELVDD 3.0V to 5.0V
UELVSS -4.0V to -0V
VINT -6.0V to -0.2V
VREGOUT 2.0V to 6.5V
VGS 0.0V to 3.3V

COF Package

Operating Temperature | -40 Cto+85 C

Storage Temperature -55°Cto+125 C

Version 0.0

October. 2019
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l4APADescription

141Power SBaprptl y

Table 1 PADs for Power Supply

Symbol 1/0 Item Function Description Condition
Voltage Range | Typ. = 1.80V (Min. = 1.65V, Max. = 3.3V)
Unused Required
VDDI P | Component Capacitor
Description Power supply for I/O block pr.ovided from outside
VDDI < 0.05V (When power is turned off)
Voltage Range | Typ. = 2.8V (Min. = 2.70V, Max. = 3.60V)
Unused Required
VClI P | Component Capacitor
Description Power Supply for Analog C'ircuits
VCI < 0.05V (When power is turned off)
Voltage Range | Typ. = 6.0V (Min. = 5.8V, Max. = 6.2V)
VOTP P | Unused Open
Description External Voltage Input for OTP Data Program
VSSI P | Description GND for I/0 Block provided from outside (VSSI = 0V)
VSS P | Description GND for Logic Block (VSS = 0V)
VSSM P | Description GND for Memory Block (VSSM = 0V)
VSS_MIPI P | Description GND for MIPI DSI receiver (VSS_MIPI = 0V)
VSSA P | Description GND for Analog circuits (VSSA = 0V)
VSSC P | Description GND for DCDC block (VSSC = 0V)
Version 0.0 October. 2019 SHENGHETECH Confidential
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142Anal Rag t

Table 2 PADs for Analog Power

Symbol 1/0 Item Function Description Condition
Voltage Ranae Min. = 4.6V AVDD-VREGOUT =
9e Range | \ax. = 7.0v Min.0.5V
AVDD o Component Capacitor
Description Power supply for Source Driver and Booster
Min. = 0.0V
Voltage Range Max. = 7.0V
C11P C1IN o | UYnused Open
Component Capacitor
Description Charge-pumping capacitor.
Min. = 0.0V
Voltage Range Max. = 7.0V
C12P C12N o [ UYnused Open
Component Capacitor
Description Charge-pumping capacitor.
Voltage Ranae Min. = AVDD VLOUT2-VGH =
9 Range | \jax. = AVDD x 2 Min.2.0V
vLouT2 o Component Capacitor
Description Power Supply for VGH
Min. = 0.0V
Voltage Range Max. = AVDD x 2
C21P C21N o | Unused Open
Component Capacitor
Description Charge-pumping capacitor
Voltage Range | M- = -AVDD x 2 [VLOUT3-VGL| = Min.
g g Max. = -AVDD 2.0V
VLOUT -
ouTs © Component Capacitor
Description Power Supply for VGL
Min. = -AVDD
Voltage Range Max. = AVDD
C31P C31N o | Unused Open
Component Capacitor
Description Charge-pumping capacitor
Min. = -AVDD x 2
Voltage Range _
C32P C32N o) Max. = -AVDD
Unused Open
Version 0.0 October. 2019 SHENGHETECH Confidential
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Symbol I/O Item Function Description Condition
Component Capacitor
Description Charge-pumping capacitor
Voltage Range mg;_zzzé_os\(/ lower than AVDD T 0.5V
VREGOUT o | Unused Required
Component Capacitor(optional)
Description Reference High Voltage Output for Grayscale Voltage Generator.
Voltage Range mg.::o?;%\(/
VGS o | Unused Required
Component Capacitor(optional)
Description Reference Low Voltage Output for Grayscale Voltage Generator.
Voltage Range mg;.:jl.g.\(/)v T
VGH o | Unused Required
Component Capacitor
Description Reference High Voltage Output for Gate Driver.
Voltage Range mg]x::lsooo\y i
VGL o | Unused Required
Component Capacitor
Description Reference Low Voltage Output for Gate Driver
Voltage Range m:)(::%oz\(/
VINT o | Unused Required
Component Capacitor
Description Reference Voltage Output for Pixel Initialization
Voltage Range mg;_::%_oo\(/
UELVDD o | Unused Required
Component Capacitor
Description Panel Positive Power in AOD Mode
Voltage Range MSX::A'OOO\(/
UELVSS o | Unused Required
Component Capacitor
Description Panel Negative Power in AOD Mode
Version 0.0 October. 2019 SHENGHETECH Confidential
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143LogPear t

Table 3 PADs for Logic Interface

Symbol I/O Iltem Function Description Condition
Min. =-50mV
Voltage Range Max. = 1.30V
Unused Fix to VSS_MIPI.
CKP/CKN | - X —
Differential Clock Input Pins
Description These pins always receive high speed clock when MIPI activates in
high speed data transmission mode.
Min. =-50mV
Voltage Range Max. = 1.30V
DOP/DON /O Unused Fix to VSS_MIPI.
Differential Data Input/Output Pins
Description When forward link activates, these pins receive data from host.
When reverse link activates, these pins transmit data to host.
Min. = 0.0V
Voltage Range Max. = 6.5V
S<240:1> o Unused Open
Description Source Driver Output Pins
Min. =-10.0V
Voltage Range Max. = 10.0V
GOAR<22:1> © Unused Open
Description This pin used to panel control.
Min. =-10.0V
Voltage Range Max. = 10.0V
GOAL<22:1> o Unused Open
Description This pin used to panel control.
Min. = VSSI
Voltage Range Max. = VDDI
IM[2:0] ' | Unused Fix to VDDI or VSSI
Description This pin used to interface mode control.
Min. = VSSI
Voltage Range Max. = VDDI
RESX | Unused Required
This signal is used to reset the device and must be applied to
Description initialize the chip properly.
Active Low
Min. = VSSI
csx | Voltage Range Max. = VDDI
Unused Fix to VDDI or VSSI
Version 0.0 October. 2019 SHENGHETECH Confidential
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Symbol I/O Item Function Description Condition
Chip Select Signal in MIPI DBI Type-B(MP Type-C(SPI
Description p gnal in ype-B(MPU) and Type-C(SPI)
Active Low
Min. = VSSI
Voltage Range Max. = VDDI
DCX I Unused Fix to VDDI or VSSI
Description Data is selected if DCX is high in MIPI DBI Type-B(MPU) and Type-
P C(SPI). Otherwise command is selected.
Min. = VSSI
Voltage Range Max. = VDDI
SCL_WRX I Unused Fix to VDDI or VSSI
Description Synchronous Clock Signal in MIPI DBI Type-B(MPU) and Type-
C(SPI)
Min. = VSSI
Voltage Range Max. = VDDI
Unused Fix to VDDI or VSSI
SDI_RDX I/O
Serial Data Input in MIPI DBI Type-C(SPI)
Description Synchronous Clock Signal in MIPI DBI Type-B(MPU)
Please reference to 4.1 Interface Type Selection
Min. = VSSI
Voltage Range Max. = VDDI
Unused Fix to VDDI or VSSI
SDO_SDI1 I/O
Serial Data Output in MIPI DBI Type-C(SPI)
Description Data Input Signal at Dual Input Mode
Please reference to 4.1 Interface Type Selection
Min. = VSSI
Voltage Range Max. = VDDI
SDI2 I/O | Unused Fix to VDDI or VSSI
Description Serial Data Input in Quad-SPI
P Please reference to 4.1 Interface Type Selection
Min. = VSSI
Voltage Range Max. = VDDI
SDI3 I/O | Unused Fix to VDDI or VSSI
Description Serial Data Input in Quad-SPI
P Please reference to 4.1 Interface Type Selection
Min. = VSSI
Voltage Range Max. = VDDI
PSWAP | Unused Required
These pins control polarity of MIPI Lane.
Description 1:PAP,NAN
0:PAN,NAP
DB[7:0] | Voltage Range | Min. = VSSI
Version 0.0 October. 2019 SHENGHETECH Confidential
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Symbol I/O Item Function Description Condition
Max. = VDDI
Unused Fix to VSSI or VDDI
Descrintion Data Input MIPI DBI Type-B
P If not used, this pad should be connected to VDDI or VSSI.
Min. = VSSI
Voltage Range Max. = VDDI
ERR_FG o Unused Open
Description Purpose on Test for MIPI Status
Min. = VSSI
Voltage Range Max. = VDDI
TE O | Unused Open
- Monitor Pin of TE (Tearing Effect) Logic Signal
Description . . . L
When this pad is not activated, this signal stays low.
Min. = VSSI
Voltage Range Max. = VDDI
EL_CTRL o Unused Necessary
Description PMIC Control Signal
Version 0.0 October. 2019 SHENGHETECH Confidential
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2EI ectCharadcteri stics

21Absol ute Maxi mum Ratings

It defines the maximum operating conditions. The reliability of IC is not guaranteed if used in the conditions
beyond the limits and it may lead to malfunction.

Table 4 Absolute Maximum Ratings

Parameter Symbol Ratings Unit
Supply Voltage for 1/0 Block VDDI-VSS 1 0.3to+3.6 \%
Supply Voltage for Step-up Circuit VCI-VSS 1 0.3to+4.0 \%
AVDD-VSS 103to+84 \%
VSS-VINT 1 0.3t0+6.6 \%
VLOUT2-VSS 1 0.3to+15.0 \%
VSS-VLOUT3 1 0.3to+15.0 \%
AMOLED Supply Voltage Range VGH-VSS '03to+11 v
VSS-VGL T 0.3to+11 \%
UELVDD i VSS 1 0.3to+5.5 \%
VSS- UELVSS 1 03to+4.4 \%
|\\//LL§GJ_I_T32|_ i 0.3t0+26 v
Supply Voltage for OTP VOTP-VSS 1 0.3to+6.2 \%
Input Voltage Range Vin 1 0.3to VDDI + 0.3 \%
Storage Temperature Tstg T 5510 +125 C

NOTE: Conditions outside the range listed in the above table may cause permanent damage to the device, may not be
recovered. It is strongly recommended to use the IC within the limits of its electrical characteristics during normal
operation. Absolute voltages are referenced to ground. The functional operation of the device is not implied for these
conditions.

Version 0.0 October. 2019 SHENGHETECH Confidential
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22DCEIl ectChiacraalct eri sti cs
221DC Characteristics for Power Supply

Table 5 DC Characteristics for Power Lines

Specification icati
Parameter Symbol Condition - Appl|gat|on Unit Note
Min. Typ. Max. Pin
Power VDDI 1.65 1.8 3.3 VDDI v
supply VCI 2.7 2.8 3.6 VClI
voltage VOTP 6.0 VOTP

NOTE: TA=7 40t085 C

222DC Characteristics for Generated Voltage

Table 6 DC Characteristics for Power Lines

- Specification .
Parameter Symbol Condition : Unit Note
Min. Typ. Max.
VREGOUT VREGOUT < AVDD1T 0.5V 20 T 6.5
VGS 0 i 3.3
VINT VINT > VLOUT3 + 2.0V -6.0 T 102
Operation VGH VGH < VLOUT2i 2.0V 5.0 i 10.0 v
voltage VGL VGL > VLOUT3 + 2.0V 110.0 T 15.0
AVDD VCIx 2,VCIx3 4.6 T 7.0
VLOUT2 4.6 T 14
[VLOUT2-VLOUT3| < 25 V
VLOUT3 14 i 4.6

NOTE: TA=1 40to 85 C

Version 0.0 October. 2019 SHENGHETECH Confidential
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223DC h@ar ac

teffrostlictser f ace

Table 7 DC Characteristic for Interface Signals

. Specification _ .
Parameter Symbol Condition - Pin Unit
Min. Typ. Max.
Logic high levelinput |\, 154 i 0.83 VDDI i VDDI
voltage
 low level RESX
Logic low levelinput 1\, 159 i i 0.23 VDDI
voltage -
ic high level v
Logic high leve VOH_IO1 | IOUT =7 1 mA | 0.83 VDDI i VDDI
output voltage e
Logic lowleveloutput | 5, 151 | joUT =+ 1 mA i 0.2 VDDI
voltage -
Input high level IIH VIN = VDDI i 1
leakage current
RESX mA
Input low level L VIN = VSS i i
leakage current
NOTE: TA=7 40t0o85 C
224Power Consumpti on
Table 8 Power Consumption
o Specification )
Parameter Symbol Condition - Unit Note
Min. | Typ. Max.
IVDDlop Frame frequency = 60 Hz T T 2.805
Operating current No load mA
(DS, dynamic display) | [VClop SR_SET = 5010110 i i 5.5
SPR Function OFF
IVDDI.p P11 q I I 850 A
mode u
IVClip i i 50 (NOTE)
Sleep current
IVDDlurps I I 833
ULPS mode uA
IVClurps I I 50
IVDDIlpsLp I I 4
Deep standby current uA
IVClpsLp I i

NOTE: The table above shows only driver IC's power consumption. (MIPI I/F @0.5Gbps, white pattern).
1.8V, TA=25C.

VCIl = 2.8V, VDDI =

Version 0.0
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225DC Characteristics for I nternal Circuits

Table 9 DC Characteristics for Internal Circuits

Characteristic Symbol Condition Min. Typ. Max. | Unit | Note
Operating frequency | FoscTaz2s TA=25"C 21.34 22 2%'6 MHz
B VLOUT? I_VLOUT2 =-0.5mA, TA=25 90 i i
Voltage efficiency of C %
Step-up output = =
p-up outp VLOUT3 _CVLOUT3 +0.5mA, TA=25 90 i i
_ Target .
VGH | VGH =-0.5mA, TA=25 C 01 Target I
. _ Target .
Panel driving voltage | VGL I_VGL =+0.5mA, TA=25 C 01 Target I \%
_ Target .
VINT I_VINT =+0.5mA, TA=25 C 01 Target I
Output on resistance | RONvgn VGH=6.6V i i 2 oW
of Gate driver RONvg VGL=7 8.0V i i >
AVDD =56V
. VREGOUT =5.0V . .
Delay, Source driver | tsp VGS = 2.0V I I 1.8 ns Q)
SR_SET =5H10110
Source output
voltage deviation: VSS + 1.0V <Vso <AVDD i . . o
mean value Qe 1.0V ! ! 5| mv @
(channel to channel)
NOTE: TA =1 40 to 85 C Unless Otherwise Specified
1. Measurement condition (Delay Measurement of Source Driver), EDS load (0.1k,100pF)
Source High
Source Low 10% 10%
2.SR_SET=5b"10110, Offset cancellation condition=ON
Version 0.0 October. 2019 SHENGHETECH Confidential
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226DC CharacteRéese¢etics for

tET tRW
<4+

tSRT
>
Display . Default status
Status Normal Operation >< Reset (Default for H/W Reset)
Figure 1 Reset Input Timing
Table 10 Reset Input Timing
Parameter Symbol Pad Min. | Typ. | Max. | Unit Note
Reset low pulse width tRW RESX 10 i T ns T
; tSRT ms -
time RESX | | 150 Reset during Sleep Out mode
R_eset un-reacted pulse €T RESX 5 - :
width
NOTE:

1. Spike due to an electrostatic discharge on RESX line does not cause irregular system reset according to the table below.

Table 11 RESX Pulse

RESX Pulse Action
Shorter than 5 s Reset rejected
Longer than 10 s Reset
Between 5 ns and 10 ns Reset start

2. During the reset period, the display will be blanked (The display is entering blanking sequence, for which the maximum
time is 150ms, when Reset starts in Sleep Out-mode. The display remains in the blank state in Sleep In-mode)
and then return to Default condition for H/W reset.
3. During Reset Completion Time, ID bytes (or similar) value in OTP will be latched to the internal register during this period.
This loading is done every time when there is H/W reset complete time (tSRT) within 5ms after a rising edge of RESX.

Version 0.0 October. 2019 SHENGHETECH Confidential
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t t
VIHXC | €SS3 csh3 {AVIH
CSX VILNG AVIL
twc3/trc
; twrl’%/trdIS
VIHX AVIH
ScL VL AL turnaftins
tgsa toha ;
SDI ><:\\//I|||_| Write data \\//Iltgz
taccS t()dS
7fVOH Read VOHX
SDO >< VOL data Ol 2<

Figure 2 3 Wire 9bit Serial Interface Characteristics

Table 12 AC Characteristics of MIPI DBI Type-C i Optionl (SPI 3 Wire)

_— Specification .
Characteristic Symbol - Unit
Min. Max.
Chip select setup time tess3 40 T ns
Chip select hold time CSX tesha 40 T ns
Chip select fAHiIigh tehws 50 T ns
Write cycle time twes 65 | ns
SCL AHi h o eriod SCL t 25 T ns
g P (Write) s
SCL A peoiod §Nrite) twria 25 T ns
Read cycle time tre3 100 T ns
SCL AHi h o eriod SCL t 50 T ns
9 P (Read) rand
SCL ALowdo period trai3 50 T ns
Data setup time tass 15 T ns
. SDI
Data hold time tdns 15 T ns
Access time tacca 5 15 ns
. . SDO

Output disable time tods 20 T ns
Rise/Fall time - trts T 1 ns
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232MI Pl TDOBE@I Opti ¢BBWi re)
_ lohwa ; tohwa
N t t AV
VIFRN | cssd csha i AVIH
CsX VIR A-VIL
_:-VIH VIH:-
DCX >—<::-vu_ VLA
1 t 1
H tasﬂ ah4 !
! tw<:4/tr
twnaltiga
VIH-X 7 VIH
SCL VIL-R “YIL twmaltrgna
tdsa taha ;
SDI >< K//II:_' Write data \\//Illl_': :
tar(‘4 t0d4
~VOH ead VOR
SDO >< VOL. data \LOl- ><

Figure 3 4 Wire 8bit Serial Interface Characteristics

Table 13 AC Characteristics of MIPI DBI Type-C i Option3 (SPI 4 Wire)

— Specification .
Characteristic Symbol - Unit
Min. Max.

Chip select setup time tessa 40 T ns

Chip select hold time CSX tesha 40 T ns

Chip select fAHiIigh tehwa 50 T ns

Address setup time tasa 10 T ns
: - DCX

Address hold time(Write/Read) taha 20 T ns

Write cycle time twea 50 T ns

SCL AHi h o eriod SCL t 25 i ns

g p (Write) wrh4

SCL ALowdo period twria 25 T ns

Read cycle time trca 100 | ns
SCL

SCL AHiI Readper i od t 50 T ns

g K D (Read) rdha

SCL ALowdo period trala 50 T ns

Data setup time tdsa 15 T ns
. SDI

Data hold time tdha 15 T ns

Access time tacca 5 | ns
. . SDO

Output disable time toda 20 T ns

Rise/Fall time - trts T 1 ns
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233Quad SPI

t : _tqu%
2 t t A
VIFP%: | cssq cshq LAV
CSX VIL_:_ ';'V”_
tWCCI/tI’C
i twrlq/trdlq :
VIH-X: #VIH VIH
SCL V|L§' R AVIL twrha/trdhg VIL
fy e et -
tasq tahg ;
ST ) VIFR
SDI >< L Write data Vil - X
ta(‘(‘n tndn
A VOH ead VOH X
SDO >< voL Jata \OL= X

Figure 4 Quad Serial Interface Characteristics

Table 14 AC Characteristics of Quad SPI

o Specification .
Characteristic Symbol : Unit
Min. Max.

Chip select setup time tessq 40 T ns

Chip select hold time CSX teshg 40 T ns

Chip select fHIigh tchwg 50 T ns

Write cycle time tweg 50 | ns

SCL AHiI h o eriod SCL t 25 T ns

g P (Write) wh

SCL ALowdo period twrig 25 T ns

Read cycle time treq 100 T ns
SCL

SCL AHiI Readper i od t 50 T ns

g Mt P (Read) rdha

SCL ALowo period traiq 50 T ns

Data setup time tdsq 15 T ns
- SDI

Data hold time tang 15 T ns

Access time taccq 5 T ns
- - SDO

Output disable time todq 20 T ns

Rise/Fall time - tots ) 1 ns
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234MI Pl TOBRBMPU 8bit)
— tohwm  tehwm o
w‘\ tessm teshm '/"f'VIH
csX VIR - “AVIL
“¥~VTH VIFPK S
DCX eIl VIL=742
| tasm tabm |
! twem/trc
twm/traim H
VN —#A/IH VIH
WRX/RDX VIL;- F NI tymm/trdhm 2 -VIL
tesi NS '
tgsm tahm ;
DB[7:0] o  Write data DX
tar‘r‘m tndm
DB[7:0] >< xg::' Read data \\//?)E ><

Figure 5 MPU Interface Characteristics

Table 15 AC Characteristics of MPU

_— Specification .
Characteristic Symbol - Unit
Min. Max.

Chip select setup time tessm 40 T ns

Chip select hold time CSX teshm 40 T ns

Chip select fAHiIgh techwm 50 T ns

Address setup time tasm 10 T ns
: - DCX

Address hold time(Write/Read) tahm 20 T ns

Write cycle time twem 50 T ns

WRX A Hi h o eriod WRX t 25 i ns

g p (Write) wrhm

WR X i Lperiadd(Write) twrim 25 T ns

Read cycle time (Register Read) RDX trem 100 T ns

RDX fAHigho period (Register trdhm 50 i ns

RDX fALowdo period Read) trdim 50 | ns

Read cycle time (Memory Read) RDX trem 200 T ns

RDX AHigho period (Memory trdhm 10 T ns

RDX fALowdo period Read) trdim 10 | ns

Data setup time tdsm 15 T ns
. DBJ[7:0]

Data hold time tdhm 15 T ns

Access time tacem 5 | ns
- - DB[7:0]

Output disable time todm 20 T ns

Rise/Fall time - trts i 1 ns
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24MI PlI Characteristics
241DC Char act oMi BISil c s
Vorm
 Region
........................................... Vouns
HRS V;._T I . - Wi max LP Wy
o e i Ve Wenmenin
************************************ :C
Figure 6 MIPI D-PHY Signaling Levels
Table 16 MIPI DSI DC Characteristic
Item Symbol Min. [ Typ. [ Max. | Unit | Note
Differential input high threshold VipTH T ) 70 3
Differential input low threshold VipTL 170 ) T 3
Single-ended input high voltage ViHHs T ) 460
HS_RX Single-ended input low voltage ViLHs T 40 ) T mV
S:\r;gbliae—ended threshold for HS termination VRN : i 450
Common-mode voltage HS receive mode VcMRx (DC) 70 ) 330 1
Differential input impedance Zp 80 100 125 w 2
Logic0 voltage not in ULP State ViL T i 550 v
LP_RX | Logicl input voltage ViH 880 T i
I/O leakage current ILEAK -10 i 10 uA
Thevenin output low level VoL T 50 ) 50 mV
LP_TX | Thevenin output high level VoH 1.1 T 1.3 \%
Output impedance of LP transmitter Zovp 110 T T w 2
NOTE:

1. Vemrxoc (DC) = (Vor+VoN)/2

2. COG resistance is excluded (contact resistance and ITO wiring resistance). The values are tentative.

3. Minimum ©110mV HS differential swing is required for display data transfer.
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242MI Rli ne Contention Detection

The Low-Power receiver and a separate contention detector shall be used in a bi-directional data Lane to monitor
the line voltage on each low-power signal. The low-power receiver shall be used to detect an LP high fault when
the LP transmitter is driving high and the pin voltage is less than ViL. The contention detector shall be used to
detect an LP low fault when the LP transmitter is driving low and the pin voltage is greater than Vinco. An LP low
fault shall not be detected when the pin voltage is less than V.

The LP-CD threshold voltages (V.co and Vinep) are shown along with the normal signaling voltages as below. After
contention has been detected, the protocol shall take proper measures to resolve the situation.

Vormsx —— o — — — — — — S - — — — — — — — — — — - VoH max
LP-TX
Output High
Vornuy — — — — —¥ - LP-RX Input High
Moy — — — — — — | = = — — — - — — — — — — - MiHui
LP=CD Input High
LP-RX
Threshold Region
Viemse — — — — — — . —  — — — — — — — — - Vi pax
—_— - — — — — — v
Vikeoun — — — — — — —— — — — =E i 1S
LP-CD — — — ~ Veursocmax
Threshold Region LP-RX Input Low HS-RX Cﬂi-:rz:(n
Input
Vieomx — — — — — — — — — — B Range Mode
LP-CD Input Range |
Vemrioe min
Vol — — i —— Input Low
GND = '-P'Tf GND
Voumm — —OutputLow - , - — — — - _\_VILHS
o AN o AN AN
N Y4 N A4
Low Power Low Power Low Power High Speed Receiver
Transmitter Contention Detector Receiver
Figure 7 Signaling and Contention Voltage Levels
Table 17 MIPI Contention Detector (LP-CD) DC Characteristic
Item Symbol Min. [ Typ. [ Max. | Unit | Note
LogicO contention threshold ViLep T ) 200
CD_RX _ . . - mV
Logicl contention threshold Vincp 450 I i
Version 0.0 October. 2019 SHENGHETECH Confidential
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243M| MDISHi ghpe RX Cl ocRattCadd @k mi ng

The timing relationship of the DDR Clock differential signal to the Data differential signal is shown in following
figure. 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.

Reference Time

i
!
!
."'—TSETJP—H—TI—OLJ—"‘

0.5Ulyst +

TSKEW

¥
. 2

CLKp
CLKn | |
o 1 U||N‘_.,| i
- Terky =%
Figure 8 Data to Clock Timing Definitions
Table 18 Data to Clock Signal Specifications
Parameter Symbol Condition Min. Typ. Max. Unit Note
DSI Data Transfer Rate Tosir 80 500 Mbps
Data to Clock Skew Tskew[Tx -0.15 0.15 UlinsT 3
Data to Clock Setup time Tsetup 0.15 T T Ulinst 1,2
Data to Clock Hold time TroLp 0.15 | | UlinsT 12,4
Ul instantaneous UlinsT 2 T 12.5 ns

NOTE:

1. Min. Tsetuprx THOLD[Rx time is 0.15Ul. (May change depends on DSI transfer rate)
2. Tsetuplry @nd THoLb[rx are measured without HS-TX jitter and FPC circuit.

3. Total silicon and package delay budget of 0.3* UlinsT.

4. Total setup and hold window for receiver of 0.3* UlinsT.
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244Hi gh S@leedk Dahd miTng

Below Figure shows the sequence of the high speed data transmission.

CLK

Dp/Dn #—TLpx—>*Thsrrerare®*— | Hs.zERO— i
: Disconnect i

; \ Terminator
~VIH(min) \ : \
-VIL(max}

Vrerien(max) \ ! — 7/ 1
VIDTH(max_)g.—//L._//__X:// .. .'. [X:X}OCX:X:// _//_>/
— : i

T | L 5 Capture *Treor™
To-rermen ! : 15T Data Bit I

i | i ; «—Ths.skp—* LP-11
LP-11 | LP-01 LP-00 ! 5 Teor
«—Tus.seTrie—* !

[ THS-TRAIL * THE-E)(IT *

Clock Lane Disconnect
Dp/Dn Terminator
* Telk-posT i Teor ", ! —Teik-seTTie—*
. —> = Toikmiss | [T e rerm e
-VIH(min) / \
-VIL(max) o - T - 7 - — TT T
| e et | p—— | 1 A 11 \ ! -‘_"'
XOOOOOCOC OO L E \ \ f-___-- IOCOCOOOC 0!
—Teik-TRaIL Tuspar— 4 Tipx—*MTcicererans Teik-zero TeLkpre—»|
Data Lane Disconnect T T
Dp/Dn / Terminator e Tipx— P Thsrrerare

~VIH(min) L \
ViL(max)— \ i .

+ THS-SKIP » TorerRmen—

+—Tus.seTTie >

Figure 9 High Speed Clock and Data timing

The values in the following table require a clock tolerance no worse than ° 10 % for implementation.

Table 19 Global Operation Timing Parameters

Symbol Description Min. Typ. Max. Unit | Note

Timeout for receiver to detect absence of A

TCLK-MISS Clock transitions and disable the Clock Lane ) T 60 )
HS-Rx.
Time that the transmitter continues to send ns
HS clock after the last associated Data Lane 60 ns

TcLk-POST has transitioned to LP Mode. Interval is 4523 U T T B)
defined as the period from the end of THS-
TRAIL to the beginning of TcLk-TrAIL.
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Symbol

Description

Min.

Typ.

Max.

Unit

Note

TCLK-PRE

Time that the HS clock shall be driven by
the transmitter prior to any associated Data
Lane beginning the transition from LP to HS
mode.

ul

TCLK-PREPARE

Time that the transmitter drives the Clock
Lane LP-00 Line state immediately before
the HS-0 Line state starting the HS
transmission.

38

95

TCLK-SETTLE

Time interval during which the HS receiver
shall ignore any Clock Lane HS transitions,
starting from the beginning of TcLk-PrePARE.

95

300

TCLK-TERM-EN

Time for the Clock Lane receiver to enable
the HS line termination, starting from the
time point when Dn crosses Vi, max.

Time for Dn
to reach
VTERM-EN

38

ns

TCLK-TRAIL

Time that the transmitter drives the HS-0
state after the last payload clock bit of a HS
transmission burst.

60

TCLK-PREPARE +
TcLk-zERO

TCLK-PREPARE + time that the transmitter
drives the HS-0 state prior to starting the
Clock.

300

Tb-TERM-EN

Time for the Data Lane receiver to enable
the HS line termination, starting from the
time point when Dn crosses Vi, max.

Time for Dn
to reach
VTERM-EN

35ns
+ 43 Ul

TeoT

Transmitted time interval from the start of
THs-TRAIL OF TcLk-TRAIL, tO the start of the LP-11
state following a HS burst.

105 ns +
n
3123 Ul

THs-EXIT

Time that the transmitter drives LP-11
following a HS burst.

100

THS-PREPARE

Time that the transmitter drives the Data
Lane LP-00 Line state immediately before
the HS-0 Line state starting the HS
transmission

40 ns
+43 Ul

85 ns
+63 Ul

THS-PREPARE +
THs-zERO

Ths-PrerArE + time that the transmitter drives
the HS-0 state prior to transmitting the Sync
sequence.

145 ns
+ 103 Ul

THS-SETTLE

Time interval during which the HS receiver
shall ignore any Data Lane HS transitions,
starting from the beginning of Ths-rPrePARE.

85 ns
+63 Ul

145 ns
+ 103 Ul

ns

THs-skIP

Time interval during which the HS-RX
should ignore any transitions on the Data
Lane, following a HS burst. The end point of
the interval is defined as the beginning of
the LP-11 state following the HS burst.

40

55 ns
+43 Ul

THS-TRAIL

Time that the transmitter drives the flipped
differential state after last payload data bit of
a HS transmission burst

Max (n3 8
3 Ul, 60 ns
+n3 43 Ul)

BB
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Symbol Description Min. Typ. Max. Unit | Note
Transmitted length of any Low-Power state . . 4
TLpx period | 56.6 1 ns @
_ Ratio of TLex(MASTER)/ TLex(SLAVE) . .
Ratio Tiex between Master and Slave side 213 ! 312 !
Time that the new transmitter drives the
TTA-GET Bridge state (LP-00) after accepting control 53 Tuipx
during a Link Turnaround.
Time that the transmitter drives the Bridge
TTA-GO state (LP-00) before releasing control during 43 Tipx ns B)
a Link Turnaround.
Time that the new transmitter waits after the
TTA-SURE LP-10 state before transmitting the Bridge TLpx ) 23 Tipx
state (LP-00) during a Link Turnaround.
Time that a transmitter drivers a Mark-1
TWAKEUP state prior to a Stop state in order to initiate 1 ms 5
an exit from ULPS.
NOTE:

1. The minimum value depends on the bit rate. Implementations should ensure proper operation for all the supported bit rates.
2. If a> b then Max. (a, b) = a, otherwise Max. (a, b) =b
3. Where n = 1 for Forward-direction HS mode and n = 4 for Reverse-direction HS mode

4. TLPX is an internal state machine timing reference. Externally measured values may differ slightly from the specified values
due to asymmetrical rise and fall times.

5. Transmitter-specific parameter
6. Receiver-specific parameter

245MI Receiver I nitialization
‘> tPWR_STABLE > min.lomS
VDDI o
VClI _ov |
VDD & VDD_MIPI ov
< > trsT> Min. 5ms
RESX _oOv ]
Initialization Period : tyaster O 5MS >tsiave
IC'sRX State _ ov [¢ tsiave >
CKp _ov LP00 €«——  ftuaster> MiN. 5Ms —> .
or LP11
CKN _o LP0O N/
or LP11
DOP _OV LPOO
oIrLPll
DON ov LP0O
O:rLPll
Figure 10 MIPI lanes Status when Reset Operation & Initialization Time
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31Tearing Effect I nformati on

The Tearing Effect output line supplies a Panel synchronization signal to the external AP. This signal can be
enabled or disabled by the TE control commands. SH8601A has two TE functions. One is controlled by UCS
command and the other is controlled by MCS command. The MCS TE function is superior to the UCS TE function.

3M1Tearing Effect Control

TE signal is controlled by TEM (35h) and TESCAN (44h) commands. In TE Mode 1 (UCS TEON and TEM=0), the
Tearing Effect output signal is generated by V-Sync information or by the only one H-Sync information designated
by TESCAN. In TE Mode 2(UCS TEON and TEM=1), the Tearing Effect output signal consists of V-Sync & H-
Sync information.

TEM=0, TESCAN=0 (V-blank information only)

TEM=0, TESCAN=N( 0) (one H-blank information only)

VSYNC |_| [ ]
HSYNC L

o
>

TEM=1 (V-blank + H-blank information)

TE [N X )

Figure 11 Tearing Effect Line Modes i by UCS

NOTE: During sleep in mode, the Tearing Effect output pin is active low.
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312Tear i

ng Effect Line Timings

&
<

tval oo uon

Horizontal timing

Vertical timing / N /1

th Thdn

Figure 12 Tearing Effect Line Timings

Table 20 AC Characteristics of Tearing Effect Signal

Specification ) o
Parameter Symbol - Unit Description
Min. | Typ. | Max.
Vertical timing low duration tvdl T 480 ) Line Note2
Vertical timing high duration tvdh T 16 ) Line Note2
Horizontal timing low duration thdl T 480 ) Pixel Note2
Horizontal timing high duration thdh T 32 ) Pixel Note2
Rise time tr T T 15 ns
~ ~ Notel
Fall time tf I I 15 ns
NOTE:
1.The signal 6s rise and fall timesthantlbns. tr) are stipul ated

2. Condition : Resolution 480x480, HACTIVE = 480 pixels, HBP = 16 pixels, HFP = 16 pixels,
VACTIVE = 480 lines, VBP = 8lines, VFP = 8lines.

tr tf >
! '\\
7 80% 80% \
.’l.l \‘-
/ 20% 20% Y\

Version 0.0
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32S|1 e®pCommand ard ayenlofst i ¢ Functions
321Regi ster Loading Detection

Sleep out command is a trigger for an internal function of the display module which indicates, if the display module
loading function of factory default values from OTP to registers of the display controller is working properly.

There are compared factory values of the OTP and register values of the display controller by the display
controller (1st step: Compares register and OTP) values, 2nd step: Loads OTP value to register. If those both
values (OTP and register values) are same, there is inverted (= increased by 1) a bit, which is defined in
command "Read Display Self-Diagnostic Result (OFH)" (= RDDSDR) (The used bit of this command is D7). If
those both values are not same, this bit (D7) is not inverted (= not increased by 1).

The flow chart for this internal function is following.

Power on sequence
HW reset
Sleep I(10h) SWreset
> Sleep Out mode Sleep In mode RDDSDR =0
Sleep Outl1h) | Sleep Outllh)
y
Loads values from Compares OTP
OTP to registers And register values
A
Are OTP and
Register values same?
D7 inverted
/
Figure 14 Flow Chart of Register Loading Detection
Version 0.0 October. 2019 SHENGHETECH Confidential
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322Functional ity Detection

Sleep out command is a trigger for an internal function of the display module, which indicates, if the display
modaule is still running and meets functionality requirements.

The internal function (=the display controller) is comparing, if the display module is still meeting functionality
requirements (e.g. Step up circuit voltage levels, timings, etc.). If functionality requirement is met, there is inverted
(=Increased by 1) a bit, which defined in command "Read Display Self-Diagnostic Result (OFH)" (= RDDSDR) (the
used bit of this command is D6). If functionality requirement is not met, this bit (D6) is not inverted (= Not
increased by 1)

The flow chart for this internal function is following:

Power on sequence
HW reset

Sleep |r(1m) SW reset

A 4 Y
> Sleep Out mode Sleep In mode -t RDDSDR B6=0

Sleep Ou(11h) Sleep Ouf11h)

A

Checks timings, voltage levels
And other functionalities

Is functionality
Requirements met ?

D6 inverted

Figure 15 Flow Chart of Functionality Detection

NOTE: There is needed 150ms after sleep out command, when there is changing from Sleep in mode to sleep out mode,
before there is possible to check if functionality requirements are met and a value of RDDSDR's D6 is valid.
Otherwise there is 10ms delay for D6's value when Sleep out command is sent in Sleep out mode.
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3.3Power

331Power

On/ Of f Sequence

IC State Plc?\j\t/:-ng:\l Sleep-In rc(:;z Imgl g;z Internal Power-On sequence period Display-On
VDDl P03
Vel o R
RESX OV | 5 :
i : Initial :selt\ng :
i sLpoUT i opRe DISPON_ |
MIPLE g, e e IR g R
oAy T >10ms :>5ms: >5ms :>5ms! > 80ms
. order ' '
Figure 16 Power-On Sequence
IC State | Display-On Display-Off Sleep-In
VDDI __ov
VCI oV
RESX DISPOFF\; SLPIN L 0y
MIPI I/F m T ov
: — e e
Min. 2frame Min. 5frame i >0ms | >1ms Anyorder}
Figure 17 Power-Off Sequence
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3311Power On to Display On

The power on to display-on sequence & display-off to power-

/| Display Off to Power

off sequence are illustrated in the following figures.

of f

stay Power-On

enter Power-Off

SLPOUT Display ON

SLPIN

H | ‘ H

Display

I

Vsync

EL_EN

OFF status

Display
OFF

Displa;
ON

(Option)

]

AVDD +—

VLOUT2/
VLOUT3

VGH,VGL,

2

VINT

V3

7777777

riable R

ange

Variabl

,,,,,,,

£ Rangd

GOA

Toggle
T

able Eé.‘nge

L

g Rang

GOA EM

nge

,,,,,,,,,,,,,,,,,,,

Toggle

777777777777777777 e Range

EL_CTRL

ELVDD/
ELVSS

nge

Source

ek oo | 1111 | T | dc | o |

b Rangd

Figure 18 Power-On to Display-On & Display-Off to Power-Off Sequence

3312Pow&®Rramp Up/ Down

Max. 3ms

VDDI

Max. 3ms

90%

¢ Max. 50mV 10%

f

GND=0V 10%

¢ Max. 50mV

Max. 3ms
>
90%

1

Figure 19 Power Ramp Up/Down
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332Power Level s

SHB8601A supports 4 types of power-consumption modes. Each mode is described as follows:

1. Normal Mode On (full display), Sleep Out.
In this mode, the display is able to show maximum 16,777,216 colors.

2. Sleep In Mode.
In this mode, the booster, internal oscillator and panel driver circuit are stopped.

3. DSTB Mode.

In this mode, the booster, internal oscillator and panel driver circuit are stopped.
Interface and registers are not working.

4. Power off Mode.
In this mode, VCI and VDDI are removed.

NOTE:

1. Transitions between modes 1-2 are controllable by register control.

2. Mode 3 is entered for power saving with both power supplies for I/0O and analog circuits and can be exited by Hardware
reset only(RESX=Low)
3. Mode 4 is entered only when both Power supplies are removed.

333Di scharge Statusapntl Pb@®ePABS$ock

Table 21 Discharge Status of Power Block and I/O PADs

Power After H/W or S/W Reset Sleep In Mode Deep Standby Mode Abrupt Power Off
VDD VDD GND GND
VDD_MIPI VDD_MIPI GND GND
AVDD GND GND GND
VLOUT2 GND GND GND
VLOUT3 GND GND GND
VGH GND GND GND
VGL GND GND GND
VREGOUT GND GND GND
VGS GND GND GND
VREF GND GND GND
VINT GND GND GND
SOURCE Floating Floating Floating
GOA GND Floating User defined NOTE

NOTE:

1.RefertoAi GOACLK_CTL(B5h) o

Description

2. When IC enters to Deep standby mode & Abrupt power off, please set MIPI Pin(=DOP/N & CKP/N) state to GND.

Version 0.0
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334Deep StBhdwy

( Normal Operating )
Display Off
(28h)
Enter Sleep-In state
(10h)
( Wait min.5-frame >

Deep Standby Set A
(Set R4Fh = 01h)

Setall MIPI Lane=GND>

Wait min.100ms

( DSTB State )
‘ DSTB Enter & Exit
RESX = Low
RESX Low pulse width > 5m
( RESX = ngh )
MIPI Lane LP11
Wait 5ms .
Enter Sleep-Out state
(11h)

( Display ON )
(29h)

Figure 20 Flow Chart of Deep Standby Mode

NOTE: For MIPI IF, If DSTB mode is used, please set CKP/N, DOP/N state to GND after executing DSTB
command.
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335Sl eep I n/ Out

Fl

ow

( Normal Operating

Display Off Flow
(28h)

( Wait min.2-frame

+Black Displ
Enter Sleep-In state
(10h)

U\

( Wait min.5-frame

!

< Internal Power-Off

!

( Sleep-In State

S O

Enter Sleep-Out state
(11h)

( Wait min.5-frame )

!

(All-intern al Power-On Do ne)

‘ Black Display

Enter Display ON flow
(29h)

( Normal Operation )

Version 0.0

Figure 21 Flow chart of Sleep-In & Sleep-Out Mode

October. 2019

40/ 157

SHENGHETECH Confidential




B RE Bk

SHENGHE TECHNOLOGY

340peration Sequence

341Di spl ay OPpegac¢naog

The below chart is one of the reference for display operation.

Power Off Status
Entry deep standby
_____ Select Power Off (See deep standby flow)
mode
Wait all external Power On
poveer stzble Deep Standby in
————— sequence
Sms RESX goes High Sleep in Sequence
Deep Standby in
RESX low pulse = min. status
5us (1) Sleep in status ]
(only VDD/VDD_MIPI Sleep in Status
power on)
80ms Bt sl Exit deep standby
See sleep out flow Xt sieep in

Auto OTP load &
internal power generation.
Don't send any command

Set user register value / Sleep out sequence YP——
Ifitis necessary / Write Display Data ( Power Off ) ( eepstandhy ou )
Write to GRAM sequence
Set DISPON register(20h) Display On

(start from next frame)

Normal Display Operation

(2) Sleep out sequence

Select next mode

Goto(2)

Select next mode See deep standby flow)

Normal Display )

( END

Continue

) (

) ( Go to (1) sleepin status )

‘ Continue ’

v

Version 0.0

Figure 22 Flow Chart of Display Operation
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35Res et

351Regi svakeue

Table 22 The Default Value of the Register i User Command Set

Item After Power On After Hardware Reset | After Software Reset
SWRESET(01h) Off Off Off
RDDIDIF(04h) OTP value OTP value OTP value
RDNUMED(05h) 00h 00h 00h
RDDPM(0Ah) 08h 08h 08h
RDDMADCTL(0Bh) 00h 00h 00h
RDDCOLMOD(0Ch) 77h 77h 77h
RDDIM(0Dh) 00h 00h 00h
RDDSM(OEh) 00h 00h 00h
RDDSDR(0Fh) 00h 00h 00h
SLPIN(10h) / SLPOUT(11h) SLPIN SLPIN SLPIN
PTLON(12h) Off Off Off
NORON(13h) On On On
INVOFF(20h) / INVON(21h) Off | Off Off | Off Off / Off
ALLOFF(22h) / ALLON(23h) Off | Off Off | Off Off / Off
DISPOFF(28h) / DISPON(29h) Off / Off Off / Off Off / Off
CASET(2Ah) : SC/EC 0000h/01DFh 0000h/01DFh 0000h/01DFh
PASET(2Bh) : SP/EP 0000h/01DFh 0000h/01DFh 0000h/01DFh

Contents of memory is

Contents of memory is

Contents of memory is

RAMWR(2Ch) set randomly set randomly set randomly
PTLAR(30h) : PSR/ PER 0000h / 01DFh 0000h / 01DFh 0000h / 01DFh
PTLAC(31h) : PSC/ PEC 0000h / 01DFh 0000h / 01DFh 0000h / 01DFh
TEOFF(34h) / TEON(35h) Off / Off Off / Off Off / Off
Tearing Line Mode (35h) 00h 00h 00h
MADCTL (36h) 00h 00h 00h
IDMOFF(38h) / IDMON(39h) Off / Off Off / Off Off / Off
COLMOD(3Ah) 77h 77h 77h
RAMMRC(ECN Content of oo 2 | Comtents ot merman s | Contente of merony
TESCAN(44h) / RDSCL(45h) 0000h / 0000h 0000h / 0000h 0000h / 0000h
SPIRDON(46h) / SPIRDOFF(47h) Off / Off Off | Off Off | Off
AOD_WRDISBV(4Ah) 00FFh 00FFh 00FFh
AOD_RDDISBV(4Bh) OOFFh O0FFh OO0FFh
Deep Standby Control(4Fh) Off Off Off
WRDISBV(51h) 00FFh 00FFh 00FFh
RDDISBV(52h) OOFFh OOFFh 00FFh
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Item After Power On After Hardware Reset | After Software Reset
WRCTRLD1(53h) 28h 28h 28h
RDCTRLD1(54h) 28h 28h 28h
WRCTRLD2(55h) 00h 00h 00h
RDCTRLD2(56h) 00h 00h 00h
WR_CE(58h) 00h 00h 00h
RD_CE(59h) 00h 00h 00h
HBM_WRDISBV(63h) 00FFh 00FFh 00FFh
HBM_RDDISBV(64h) 00FFh 00FFh 00FFh
HBMCTRL(66h) 10h 10h 10h
RDDDBS(A1h) (OTP values) (OTP values) (OTP values)
RDDDBC(A8h) (OTP values) (OTP values) (OTP values)
RDFCS(AAh) 00h 00h 00h
RDCCS(AFh) 00h 00h 00h
SPI_MODE(C4h) 00h 00h 00h
RDID1(DAh) (OTP values) (OTP values) (OTP values)
RDID2(DBh) (OTP values) (OTP values) (OTP values)
RDID3(DCh) (OTP values) (OTP values) (OTP values)

NOTE: There will be no abnormal visible effects on the display when S/W or H/W Reset is applied. Internal PoR (Power-on
Reset) circuit generates a reset signal within 1ms after VDDI and VCI rise up to 90% of their typical value. Itis
necessary to wait 5msec after Power-on reset before sending commands. this is to allow time for OTP loading.
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36Modesngdut / o/uBdipudé ctl if ®ADE

3610ut put -doredtii gRPRADs (I / O

Table 23 Reset States of Output and Bi-direction PADs

'Output or Bi- When RESX is After Power On After Hardware After Software
directional PADs Low Reset Reset
DOP High-Z High-Z High-Z High-Z
DON High-Z High-Z High-Z High-Z
SDI_RDX High-Z High-Z High-Z High-Z
SDO_SDI1 Low Low Low Low
SDI2 Low Low Low Low
SDI3 Low Low Low Low
DB[7:0] Low Low Low Low
ERR_FG Low Low Low Low
EL_CTRL Low Low Low Low
TE Low Low Low Low
NOTE: There will be no output from TE during power on/off sequence, hardware reset and software reset
3621 npRADs
Table 24 Reset States of Input PADs
Input PADs WhignLSVI\EISX P(I)Dvl\jgrn (g)n Po'jvfé?rOn Ha?gt;/:;re SoAfI\tA?erlre II?’L(;\r/:/Ta?
Process Reset Reset Off Process
RESX i See Section | Input valid Input valid Input valid See Section
CKP Input invalid Input invalid | Input valid Input valid Input valid Input invalid
CKN Input invalid Input invalid | Input valid Input valid Input valid Input invalid
CSX High High High High High High
DCX High High High High High High
SCL_WRX High High High High High High
Version 0.0  October. 2019 SHENGHETECH Confidential
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370TP (-Onme Progr amma)bl @o riMtermmlIr vy
371Struct OTP of

SHB8601A has three separated independent OTP area

For Module control of manufacturer. It has 3 register sectors and Manufacturer can write each sector at a time.

User must follow a recommended OTP Program sequenceof | C manuf acturerds given.

3720TEontFwhcti on

Refer the command description for OTP Control (0xDO).

3730TFProgrSemuence
To program registers, refer following program sequence.
- pre-register setting
- supply VOTP power=6.0V(Typ.)
- set OTP program command bit in OxDO
A Set MCS_PROG_EN=1 and wait more than 560msec

Note: waiting time is considered at 22MHz OSC clock cycle. Please contact SHT for how long your
system needed the waiting time.

- reset OTP program command bit MCS_PROG_EN=0

- remove VOTP power

- Check programming error: after programming SH8601A checks program error by comparing OTP cell
data and mapped register values. Do read CFh 3 para and follow below instruction.

CFh 3 para PRE_ERR_0=0 & PRE_ERR_1=0 A OTP writing is success
CFh 39 para PRE_ERR _0=0 & PRE_ERR 1=1 A need OTP rewriting
CFh 39 para PRE_ERR_0=1 A OTP rewriting is impossible(No more use IC)

Version 0.0 October. 2019 SHENGHETECH Confidential
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( OTP Program Flow )

y
Register Setting
for target OTP group

A

A

Supply external power 6.0V
to VOTP

v

Set MCS_PROG_EN
(in OxDO)

A 4

Wait more than
870ms

Reset OxDO

y

Remove VOTP power

Error ?
(read CFh)

Yes

( End of OTP Program Flow )

Figure 23 OTP Program Flow
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4Interface

Terminology used in this section

1 Mobile Industry Processor Interface(MIPI): MIPI Alliance has defined DBI, DSI, and D-PHY
Display Bus Interface(DBI): Type-B 8-bit / Type-C Optionl SPI3W/ Option3 SPI14W

Dual mode in SPI3W and SPI4W (register option)

Quad SPI: Quad serial interface

DSI: Display serial interface. DSI is usually called as MIPI

=A =4 =4 A =4

D-PHY: Physical layer

411 nt er f ace

Type

Interface type is decided by input IM[2:0].

Table 25 Interface Type Selection

Sel ection

IM[2:0] Command Interface Display Data Interface
000 SPI 3-wire / MIPI SPI 3-wire / MIPI
001 SPI 4-wire / MIPI SPI 4-wire / MIPI
010 Quad SPI / MIPI Quad SPI / MIPI

011, 100 MPU 8-bit MPU 8-bit
101 SPI 3-wire SPI 3-wire
110 SPI 4-wire SPI 4-wire
111 MIPI MIPI

In-Out pad mapping for each interface mode is shown below.

MPU I/F
Table 26 MPU Interface PAD Assignment
PAD name . DBI Type-B (80-series 8bit MPU)
Signal Name 10 Description

CsX I CsX I Chip selection, Active Low
SCL_WRX I WRX I Write clock, Rising edge

DCX I DCX I 0:Command, 1:Data

SDI_RDX 10 RDX I Read clock, Falling edge

DB[7:0] 10 DB 10 Bi-direction data bus

Version 0.0  October. 2019 SHENGHETECH Confidential

47/ 157




B RE Bk

SHENGHE TECHNOLOGY

SPI 3-Wire
Table 27 SPI 3-Wire PAD Assighment
DBI Type-C i SPI 3-wire DBI Type-C i SPI 3-wire Dual
PAD name | 10 Shgmel 10 Description lgmel 10 Description
Name name
CSX I CSX I Chip selection, Active Low | CSX I Chip selection, Active Low
SCL_WRX I SCL I SPI clock, Rising edge SCL I SPI clock, Rising edge
SDI_RDX 10 =DA 'O | Serial Data in-out or SDIO IO | Serial Data in 0, Data out
SDI I Serial Data input
SDO _SDI1 | IO SDO O | Serial Data output SDI1 I Serial Data in 1
SPI 4-Wire
Table 28 SPI 4-Wire PAD Assignment
DBI Type-Ci SPI 4-wire DBI Type-C i SPI 4-wire Dual
PAD name | 10 STEEY 10 Description =Tge) 10 Description
Name name
CsX I CSX I Chip selection, Active Low | CSX I Chip selection, Active Low
SCL_WRX I SCL I SPI clock, Rising edge SCL I SPI clock, Rising edge
DCX I DCX I 0:Command, 1:Data DCX I 0:Command, 1:Data
SDI_RDX 10 SbA 1O_| Serial Data in-out or SDIO IO | Serial Data in 0, Data out
SDI I Serial Data input
SDO_SDI1 10 SDO O | Serial Data output SDI1 I Serial Datain 1
QUAD SPI
Table 29 Quad SPI PAD Assignment
PAD name . DBI Type-B (80-series 8bit MPU)
Signal Name 10 Description
CsX I CSX I Chip selection, Active Low
SCL_WRX I SCL I Serial clock, Rising edge
SDI_RDX 10 SDIO 10 Serial Data in 0, Data out
SDO_SDI1 10 SDI1 I Serial Data input 1
SDI2 10 SDI2 I Serial Data input 2
SDI3 10 SDI3 I Serial Data input 3
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42MI1 Pl TOBRandy p@l nt erCfoancfee gur ati on

SHB8601A driver IC supports parallel interface DBI Type-B. 8bits data transmitted from Host to SH8601A driver IC.
And supports serial interface DBI Type-C (Optionl and Option3). 8/9bits data transmitted from Host to SH8601A
driver IC. It is possible to suspend data transfer if the Chip select(CSX) and clock signal (WRX or SCL) are held in
their current state until data transfer can resume. Host can read SH8601A register value from DB[7:0] or SDIA(or
SDO) output. Also SH8601A can support Quad SPI mode.

43MI Pl IDhBlerDaa&@eanslfeemrore and Pause

SHB8601A stores the command/parameters into the register file. The command and parameters transferred from
Host Application processor (AP) to SH8601A are stored in the register file of SH8601A before transmission break
occurred. e.g)suchas CSX to fiHigho during data transmission.
parameter is transmitted, only the last transmitted parameters are stored. If a new command is transferred before
the last parameter is done, SH8601A begins to store a new parameter. And previous left parameters are ignored

even they are resent. SH8601A does not support data transmission pause operation during Write/Read sequence.

44M Pl TOYBBR(MP WB bt er f ace

In MIPI DBI Type-B interface, SH8601A supports 8-bit interface mode. Register write-read timing diagram is
shown below. Using this mode, user also can send RGB image data with command 0x2C and 0x3C.

Write mode

8-bit

csx | < > [
pcx
s e T e o H e e e I

RDX
DBJ[7:0] Command Para.1 Para.2 >< Para.3 > ecee
input
Read mode
cox < 8-bit > Ii

pcx

wrx L]

RDX | | | | [ I B
DB[7:0] — Command Paa.1 Pamz X Pam3  » eees

input output

Figure 24 MPU 8-bit Interface Protocol i Register Read and Write
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Command=2C/3C 8-bit

CcsX < >

DCX

WRX 55 S B B IR

RDX
DB[7:0) ———— command R[7:0] G[7:00 X B[7:0] » ***+ { B[7:0]

Figure 25 MPU 8-bit Interface i Pixel Interface
45MI Pl TOBRE@( 3V r9eBi)t I nterface

This serial interface is MIPI DBI Type-C (3-wire 9-bit) bi-directional interface for communication between the Host
Application Processor (AP) and the SH8601A. CSX, SCL, SDIO (or SDI, SDO) are used for interface with AP
only, so it can be stopped when communication is not necessary. In read protocol, SDIO or SDI+SDO condition is
decided by register SDIO_MODE setting in command SPI_MODE(C4h). UCS read is divided into 8 bit para mode
and 24 bit para mode. MCS read is the same as the 24 bit para mode of UCS, but SPI READ should be setto 46
with the command SPI_RDON (47h). SPI_READ must be reset to 6 ith the command SPI_RDOFF (46h).

Write mode
csx 9-bit 9-bit 9-bit . ﬁ
sSCL esee ceee cese eese
soi —— 0 X7 X c8 ) --+- (e X o X 1 X b7 X b6 ) --+- (D1 X Do X1 X D7 X 06 ) (BiXBo X1 ) ---- (D1 X DO)
command parameter 1 parameter 2 parameter n
3-wire : Read 8-bit (UCS read command : 8-bit para)
—_— 9-bit 8-bit —
csx
- EplnlnlnlnlnlnEnln Bl el eEeEeEnln
sorspo —Z (o o7 X cs X o5 X ea X X e X X o X 57 X b6 X b5 X ba X3 X bz X o1 X b0 y—2F
(SDIO_MODE=0) input output
SDI E— [+ Cc7 C6 C5 c4 C3 c2 C1 Co s
hi-Z
SDO D7 D6 D5 D4 D3 D2 D1 DO }p—m-
(SDIO_MODE=1)
3-wire : Read 24-bit (UCS read command 04h : 24-bit para)
dummy cycle
csx —_— 9-bit dummy cycle 8-bit 8-bit vee ﬁ
scL
SDA (o Yo7 Xcs) -ess (o1 Xoo)
(SDIO_MODE=0) command input outbut parameter 1 parameter 2 parameter n
soi ——0 X X ) -+ (X @ ooz
spo T veee (o1 XB0)
(SDIO_MODE=1) parameter 1 parameter 2 parameter n

Version 0.0
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46MI Pl TOBE@(4ANI reBi&) I nterface

This serial interface is MIPI DBI Type-C (4-wire 8-bit) bi-directional interface for communication between the Host
Application Processor (AP) and the SH8601A. CSX, DCX, SCL, SDIO (or SDI, SDO) are used for interface with
AP only, so it can be stopped when communication is not necessary. In read protocol, SDIO or SDI+SDO
condition is decided by register SDIO_MODE setting in command SPI_MODE(C4h). UCS read is divided into 8 bit
para mode and 24 bit para mode. MCS read is the same as the 24 bit para mode of UCS, but SPI READ should
be set to ddwith the command SPI_RDON (47h). SPI_READ must be reset to 6 Qvith the command SPI_RDOFF
(46h).

Write mode
8-bit 8-bit 8-bit
csx : : : [~
DCX DCX=0 command DCX=1 Data seee
SCL eove voee veoe veee
sol o E € e (G @Y TN E) o OYer) e (BLYD0)
command parameter 1 parameter 2 parameter n
4-wire : Read 8-bit (UCS read command : 8-bit para)
E— 8-bit 8-bit
csX
DCX

S e I I

SDI-SDO
(SDIO_MODE=0) command input output parameter 1
SDI C7 C6 C5 C4 C3 C2 Cl Co
input
hi-Z P
SDO D7 D6 D5 D4 D3 D2 D1 DO
(SDIO_MODE=1) output  Parameter 1

4-wire : Read 24-bit (UCS read command Oz'ah : 24-bit para)

8-bit ummy cycle 8-bit 8-bit
-DI -0l -DI
CSX esse

DCX DCX=0 command DCX=1 Data seee

SCL cone cone voee cone

SDI-SDO
(SDIO_MODE=0) command input output parameter 1 parameter 2 parameter n
soI ol veee (X @ -2
i input
(SDIO_MODE=1) output parameter 1 parameter 2 parameter n
Figure 27 MIPI DBI Type-C (4-Wire 8-Bit) Interface Protocol i Register Write and Read
4.7Du a l SPI Il nterface

This interface is optional for SPI 3-wire and SPI 4- wire to send RGB image data. All of RGB image transfer
formats are explained below. Transfer types 1P/1T 1 line, 1P/1T 2 line, and 2P/3T 2 line are selected by register

October. 2019 SHENGHETECH Confidential
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SPI_MODE(C4h).

888
1P/1T, 1 data line

|

CsX command = 2C/3C

pixel data

—

SCL ceee

SDIo

T L e T LT L L L T LT L L 1L

hi-Z

SDI1

1P/1T, 2 data line

CsX

command = 2C/3C

pixel data

—

scL ceee

SDIO

1 G3 G2 Gl

SDI1

2P/3T, 2 data line

GO B7

1 X R7 X_Ro X Re X Ra X Re X Re X Ra X Ro X 67 X 6 X 5 X 64)

B6 B5 B4 B3 B2 Bl BO

CSX command = 2C/3C pixel data pixel data pixel data

scL cees _,_\_,__,_L,_‘_"" cose cose

SDI0 (o) () v
Figure 28 SPI 3-Wire 888 Pixel Format
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666
1P/1T, 1 data line
CSX command = 2C/3C pixel data
ScCL ceee ceee ceee ceen
sp0 (X N) »oer @ oo (AYNRNENE) - (SN ENBENED -
hi-Z hi-Z
SDI1
1P/1T, 2 data line
CSX command = 2C/3C pixel data
scL “ees
S (O X)) e ED 69 ) 0 €3 €3 6 €D 3 3 )
hi-Z
SDI1 1 G2 Gl GO B5 B4 B3 B2 Bl BO
2P/3T, 2 dataline
CSX command = 2C/3C pixel data pixel data pixel data
scL ceee aeen ceee ceee

Figure 29 SPI 3-Wire 666 Pixel Format

565
1P/1T, 1 dataline
CSX _| command = 2C/3C pixel data ,_
SCL
SDIO
SDI1

1P/1T, 2 dataline

command = 2C/3C pixel data

iz ininsininininininin
500 ——(O TN @) DG 63 63 69 £ 63 )

hi-Z
SDI1 1 G2 X GL X GO B4 B3 B2 B1 BO

|

CsX

SCL

%

Figure 30 SPI 3-Wire 565 Pixel Format
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SH86A 1

480x480 AMOLED Display Driver IC

888
1P/1T, 1 data line

CsX command = 2C/3C

pixel data

SDI1

SCL sooe
soio e (G

hi -

z

hi-Z

DCX

|

1P/1T, 2 data line

CSX

|

command = 2C/3C

pixel data

SCL

hi -
spiL {0) d

|

e

z

spio 1 X R7 X Ro X Rs X Ra X Re X Re J( Re X Ro X 67 X G6 X 65 X &4 )

—/

DCX
o

1 G3 X G2 X G1 X GO B7 B6 B5 B4 B3 B2 BL BO

2P/3T, 2 dataline

CsX command = 2C/3C

pixel data pixel data pixel data

SCL

hi -
SDI1

|

e

z

soio e (G

DCX

|
(
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666
1P/1T, 1 dataline
CsX command = 2C/3C pixel data
ScL ceee ceee ceee ceee

spi0 e (RN ENE) o (SN ENED) -

hi-Z hi-Z
SDI1

DCX
]

1P/1T, 2 data line
CSX command = 2C/3C pixel data

. nininininininininininininls
sDI0 ED B €3 €3 €3 €3 9 € €= €3 €3

hi-Z

SDI1 1 G2 G1 GO B5 B4 B3 B2 Bl BO

0
=/
DCX
_l

csx | command = 2C/3C pixel data [ pixel data [ pixel data [
scL Y _,_\_,__,_\_,_\_.... Y eese

spio =)
bex —— |

Figure 32 SPI 4-Wire 666 Pixel Format

565
1P/1T, 1 dataline
CsSX command = 2C/3C pixel data
SCL eeee I

SDIO Ra X Rs X Re X Rt X Ro X &5 X &4 X o3 X G2 X 6L X @0 X B4 X B3 X B2 X BL )X BO )

hi-Z hi-Z
SDI1

DCX
o

1P/1T, 2 dataline
csx | command = 2C/3C pixel data [
scL S I
S0 ——(FY&) - (G

SDI1 { 0 ) hi-Z 1 G2 Gl GO B4 B3 B2 B1 BO
DCX —l |
Figure 33 SPI 4-Wire 565 Pixel Format
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48Quad

ISlPPtler f ace

In addition to MIPI DBI Type-C interface, SH8601A supports Quad-SPI interface. Register read, write interface
and RGB pixel interface timing diagrams are shown below. 1-wire or 4-wire option is selected by register
SPI_MODE(C4h).

Command Write

8-hit

24-bit

8-hit

8-bit

CSX
SCL ceee eoee ceee eoee
SDIO_0 02h ADDR][23:0] Paral[7:0] Para2[7:0]
Command Read dummy
cycle
R — 8-bit 24-bit 8-bit 8-bit

CsX
scL coee eoee eoee cone
SDIO_0 03h ADDR[23:0] dumm Paral[7:0] Para2[7:0]
input odtput

Figure 34 Quad SPI Interface Protocol i Register Read and Write

1-Wire Pixel Write
—_— 8-bit 24-bit 8-bit 8-bit
csx
SCL ceee cess cess eose vsee
SDIO_0 02h 0x002C00 / 0x003C00 Data1[7:0] Data2[7:0] Data3[7:0] **°*
ADDR([23:0]
4-Wire Pixel Write
8-bit 24-bit 8-bit 8-bit 8-bit 8-bit
csx
SCUSS U S S [ [ [ I e I A O I B
SDIO_0 —— 32h 0x002C00 / 0X003C00 D4 X Do X D4 X Do X D4 X D0 X D4 X DO} eese
ADDRI[23:0]
SDIO_1 D5 D1 D5 X D1 D5 D1 D5 D1 eeoe
SDIO_2 D6 X D2 X D6 X D2 X D6 X D2 X D6 X D2 § eeee
SDIO_3 D7 D3 D7 X D3 D7 X D3 D7 X D3 sees
_— 8-bit 24-bit (ADDR[23:0]) 8-bit 8-bit 8-bit 8-bit
csx
SIS U [ U U e ) A O A
SDIO_0 —— 12h 0 X 0 X A4 X Ao X_ 0 X 0 X b4 X Do X D4 X DoX D4 X DOX D4 X DO} eeee
SDIO_1 0o X 0 X as X AL X_ 0 X 0 X D5 X b1 X D5 X DL X D5 X DL X D5 X DL } <*e*
SDIO_2 o X 0 X as X a2 X 0 X o X b6 X D2 X D6 X D2 X D6 X D2 X D6 X D2 } eeee
SDIO_3 o X o X a7 X a3 X_ 0 X 0o X D7 X D3 X D7 X D3 X D7 X D3 X D7 X D3 }§ eeee
ADDR([23:0] = 0x002C00 or 0x003C00
Figure 35 Quad SPI Interface Protocol i Pixel Interface
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49Pi x el For mat for SPI/ MPU I nterface

SH8601A supports various pixel formats through SPI/MPU interface. Target pixel format is decided by IFPF in
COLMOD(0x3A). For 111, 332, and 256-gray pixel formats, SPI/MPU transfer RGB image data using register
write command (0x2C or 0x3C), not RGB image interface. 8-bit data format for this interface is shown below.
Quad SPI support only 24-bit color format.

SPI 1-1-1
7 6 5 4 3 2 1 0
D7 | D6 | D5 | Da | D3 | D2 | DL | DO R70[ o | rot | w0 [ mor [ mo) | ROl [ o) | RO
1st data X x R1[0] | G1[0] B1[0] R2[0] | G2[0] | B2[0]
G[7:0]| G[o] | G[0] | G[0] | G[0] | G[0] | G[0] | G[0] | G[0] |
2nd data x x R3[(0] | G3[0] | B3[0] | R4[0] | Ga[0] | B4fo]
34 data X x Rs[o] | cso] | Bsio] | Reo] | ee[o] | Befol B[7:0]| B[] | B[O] | B[O] | BlO] | BlO] | BlO] | B[] | B[] |
SPI 3-3-2
7 6 5 4 3 2 1 0
D7 D6 D5 D4 D3 D2 D1 DO R[7:0]| R1[2] | R1[1] | R1[0] | R1[2] | R1[1] | R1[0] | R1[2] | R1[1] |

1st data R1[2] R1[1] R1[0] G1[2] G1[1] G1[0] B1[1] B1[0]

G[7:0]| G1[2] | G1[1] | G1[0] | G1[2] | G1[1] | G1[0] | G1[2] | G1[1] |
2nd data | R2[2] | Re[1] | Re[0] | G2[2] | G211 | Gz[o] | B2[1] | B2[0]

3 data R3[2] R3[1] R3[0] G3[2] G3[1] G3[0] B3[1] B3[0] B[7:0]| B1[1] | B1[0] | B1[1] | B1[0] | B1[1] | B1[0] | B1[1] | B1[0] |
SPI 256 Gray
7 6 5 4 3 2 1 0
D7 D6 D5 D4 D3 D2 D1 DO R[7:0] | P[7:0] |
1st data P1[7] | P16l | Pi[5] | Pi4] | PL[3] | P1[2] | Pi[1] | P1[O]
G[7:0] | P[7:0] |
2nd data | P2[7] | P2i6] | P2[5] | P2[4] | P2[3] | P22] | P2[1] | P2[0]
3d data | P3[7] P3[6] | P3[5] | P3[4] | P3[3] | P3[2] | P3[1] P3[0] B[7:0] | P[7:0] |

Figure 36 RGB Pixel Format
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410 M1 P DSI

MIPI (Mobile Industry Processor Interface) DSI (Display Serial Interface) standard defines protocols between a
Host (Application Processor) and Client peripheral devices that adhere to MIPI Alliance standards for mobile
device interfaces. The DSI standard builds on existing standards by adopting pixel formats and command set
defined in MIPI Alliance standards. It builds on existing MIPI Alliance specifications by adopting pixel formats and
command set specified in DPI-2, DBI-2 and DCS standards. Figure58 shows a simplified DSI interface
configuration. From a conceptual viewpoint, a DSI-compliant interface performs the same functions as interfaces
based on DBI-2 and DPI-2 standards or similar parallel display interfaces. It sends pixels 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. From a system or software point of
view, the serialization and deserialization operations should be transparent. The most visible, and unavoidable,
consequence of transformation to serial data and back to parallel is increased latency for transactions that require
a response from the peripheral. For example, reading a pixel from the frame buffer on a display module has a

higher | atency using DSI than DBI. Another fundament al
transaction to throttle the rate, or size, of returned data.
Host Device, e.g. an Application Peripheral, e.g. a Display containing HS
Processor or Baseband Processor High Speed Receiver, LP Receiver, optional LP
containing HS Transmitter, LP Data Links Transmitter (for bidirectional only)
Transmitter, LP Receiver (Lane 0 may be
bidirectional in
LP Mode)
DataN+ P DataN+ . .
DataN- > Datal- Clock Lane: Unidirectional Lane
(Clock only, Escape mode(ULPS only)
Data0+ | Datal+ Data LaneO: Bi-directional Lane
e e R (Forward High-Speed, Bi-directional
Li”e;fs“agrie Escape mode, Bi-directional LPDT)
e Data Lanel~3: Unidirectional
Clock+ B! Clock+ (Forward High-Speed)
Clock- P Clock-

Figure 37 DSI Tx and Rx Interface Configuration
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4101 DSFeatur e

=A =4 =4 =4 4 -4 -4 -4

Support One Data lane and Clock lane.

Clock lane supports ULPS mode

Support Command and Video mode

Support Tearing effect (TE) signal

Diagnostic function - Checksum and ECC error
Functionality supported by Escape mode

Packet-Based Protocol

High speed(HS) transmissions(uni-direction) and Low Power(LP) transmission(bi-direction)

MIPI Alliance Specification for D-PHY

MIPI Alliance Specification for DSI

Version

1.0

1.02

Date

Sep 22, 2009

Oct 20, 2010

410.2DS |

L&dedéidi nitions

A conceptual view of DSI organizes the interface into several functional layers. A description of the layers follows
and is also shown in Figure 25 and it consists of 4 types such as Application Layer, Low level protocol Layer,
Lane management Layer and PHY Layer.

Application Processor Peripheral
Pixel to Byte Packing Formats
Application . Application
Command Generation / Interpretation
Data Control Data Control
Lene J[]][]] BRI
Data Control Packet Based Protocol Data Control
Low Level Protocol ECC and Checksum Genaration and Low Level Protocol
Testing Dat Conirol
Data Control ata ontro
sas |11 oot [T

Lane Management Lane Distribution and Merging

Lane Management

] ,(N+1Jx3bits||”|” \,(Nu)xsm]s” |[[
Data Control Start of Packet / End of Packet Data Control
Serializer / Deserializer
PHY Layer Clock Management (DDR) PHY Layer
Electrical Layer (SLVS)
T High Speed Unidirectional Clock ?T

Lane 0 — High Speed Data (optionally Bidirectional in LP Mode)
1

Lane N — High Speed Unidirectional Data

Figure 38 MIPI DSI Layers

4103 Command andoVdiedeo

DSI-compliant peripherals support either of two basic modes of operation, Command mode and Video mode. The
mode used depends on the architecture and capabilities of the peripheral. The mode definitions reflect the primary
intended use of DSI for display interconnect, but are not intended to restrict DSI from operating in other
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applications. 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.

4104DS| Physiy@RHY

The D-PHY provides a synchronous connection between master and slave. A practical PHY configuration consists
of a clock signal and one or more data signals. The clock signal is unidirectional, originating at the master and
terminating at the slave. The data signals can be either unidirectional or bi-directional, depending on the selected
options. For half-duplex operation, the reverse direction bandwidth is one-fourth of the forward direction
bandwidth. Token passing is used to control the communication direction of the link.

41041Lane Ptedtiemi ti on

Display module uses data and clock lane differential pairs for DSI. Both differential lane pairs can be driven Low
Power(LP) mode or High Speed(HS) mode. The State Codes of the High Speed(HS) mode and Low Power(LP)
mode lane pair are defined Table 27. All LP state periods shall be at least Tiexin duration. State transitions shall
be smooth and exclude glitch effects. A clock signal can be reconstructed by exclusive-ORing the Dp and Dn
Lines.

Table 30 MIPI Lane State Description

S G Line Voltage Levels High-Speed Low-Power
Dp-Line Dn-Line Burst Mode Control Mode Escape 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-Rqgst Mark-1
LP-11 LP High LP High N/A Stop N/A
NOTE:

1. During High-Speed transmission the Low-Power Receivers observe LP-00 on the Lines.
2. If LP-11 occurs during Escape mode the Lane returns to Stop state (Control Mode LP-11)

4104.2Gl ob@pder aFl ow Diagram

Below figure shows the operational flow diagram for a Data Lane Mode. Within both Tx and Rx four main
processes can be distinguished: High-Speed Transmission, Escape mode, Turnaround and Initialization.
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SH86A 1 480x480 AMOLED Display Driver IC

4 )

X (_Trigger ) Escape
Init
Master

(_ULP__ )\ Mode
HS-Prpr [ HS-Rqgst
LP-00 LP-01

LP-00 A 01/A 00

Stop
LP-11
r 3

4

\ 4 A
HST/ Turnaround
SoT HS-Deskew EoT LP-00>10>00>10
/

_
- A
RX (_Trigger )} Escape
(L ULP_ e\ Mode
Init
Slave
LP-00 A O1/A 00
HS-Prpr HS-Rgst
LP-00 LP-01 :
A
\ 4 Y
HST / Turnaround
SoT HS-Deskew EoT LP-00>10>00>10
. J

Figure 39 MIPI PHY Data Lane Mode State Diagram

41043Cl oc k NMath&t aDieagr am

... MAST ER: HS clock transmission _,,-"'
....... SLAVE: HS clock reception...--=~"

Enter LP Stop state:—> Enter ULPS mode: —> Enter HS mode:—>

Figure 40 Clock Lane Module State Diagram
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41043.1Cl ot Bn®wi tching

(1) After SW/HW Reset or during Power ON, Clock lane and all data lanes must be in LP-11 status.

(2) Exit Ultra Low Power State(ULPS) : LPOOy LP10y LP11 (3) Exit HS clock transmission: HS-0 or HS-1y HS-0y LP11
— HS_CLKP Touema, —— HS_CLKP
T  ( _(
WAKREUR —— HSCLKN > —— HSCLKN
ULPS i LP Stop HS-0 i} LP Stop
LP-00 ! LP-10 LP-11 or HS-1 Hs-0 LP-11

(4) Enter Ultra Low Power State(ULPS) : LP11y LP10y ULPS LP-00 (5) Enter HS clock ransmission: LP-11y LP-01y LP-00y HS-0/1

TCLK-TEF MEN
Twaeoes \ | —— HS CLKP ; Tiex\ Tawzgho —— HS_CLKP
i —— HS_CLKN (T HSCLkN
LP Stop i uLPs LP Stop i i . HS clock
LP-11 LP-10 ' LP-00 Lpa1 ¢ LPOLE LP-00: HS-0 o smission

Figure 41 Clock Lane Switching State Diagram

41044HSH{ gh 9paed Tr andBmirsgi on

The Figure 42 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.

X X OOOGXDXOEOOOOOOO0COOEOOOOCOGOOGKOGGX
Dp/Dn +—Tipx—**Thsprerare™* Ths zero ” b .
| Isconneci
/ S\ 7\ Terminator * —
~VIH(min) i \
—E\Lfmax(‘. ) ;
XCoOOEDO00dPO00ooC——
f——— i ! i |
T . i 3 Capture *Treor™
i D-TERM-EN o % 15T Data Bit e Thssxp— LP-11
LP-11 | LP-O1 | LP-00 | 3 T ’
H | ! EOT
o Thsserrie—* §
«—TusTRAL "+ ThsExm >

Figure 42 High-Speed Data Transmission in Bursts

41045Hi gshhpee&€d ock Transmi ssion

The Figure 43 shows the sequence of the high speed clock transmission. In high speed mode the clock lane
provides a low-swing differential DDR clock signal from Master to Slave for high speed data transmission.
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Clock Lane Disconnect
Dp/Dn / Terminator

[¢—TcikposT—¢———TeoT—¥| fe—Tcik-seTrie—¥
—> Tewk ; \  [*Teucrerme
VIH(min) [+ lcik-miss ¢ v
-VIL(max) ﬁ j /t j %%
‘*TCLK-TRAlPﬁ/iTHS-E)«T—N*TLPx""rcm-pREpAwﬂcLK»ZER%

CLK-PRE ¥

Data Lane Disconnect

Dp/Dn Terminator [T Lpx—*«Tus prepare®

— SIRANEAN
g — HL#

f— —
Ths-skip e Tus remacd

-VIH(min)

—Ths-seTLE—">

Figure 43 Switching the Clock Lane Between Clock Transmission and Low-Power Mode

41046BiDi r ectDacchaahe 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.
Master and Slave side shall not be changed by Turnaround. Link Turnaround shall be handled completely in
Control mode. The low power clock timing for both sides of the Link does not have to be the same, but may differ.
However, the ratio between the Low Power State Periods, Tipx is constrained to ensure proper Turnaround
behavior. The Tiex (master)/Tiex (slave) shall be between 2/3 (0.667) and 3/2 (1.50). The handshake process for
BTA allows only limited mismatch of Escape Mode clock frequencies between a host processor and a peripheral.
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Driving Owner INIINHGSINN  Both Both [NHGSTIN
Datalane_P | BTARgst |  Bridge ‘
3 : Overlap ? Overlap

Datalane N |

— W O
: Reverse ]
/" Transmission —\ :

%Wait Bridge

Turn Around Acknowledge/ ]
Stop

TLPX TLPX TLPX TTA-GO (4*TLPX)

LP-11: LP-10 LP-00 LP-10 LP-00 LP-00 LP-00 LP-10 LP-11
+—— >
Tra sure Tracer Tiex Tiex
(2*Tiex) (5*Tiex)

Figure 44 Bus Turn Around procedure

Figure 45 shows an example of BTA operations. The SLAVE get the lane controllability by BTA procedure to send
the acknowledge packet on the successful data reception if there is no Error and send the acknowledge with error
packet on the data reception if Error is occurred.

EX) No Error Escape Mode Entry Acknowledge Trigger Mark-1 & Stop State
3'3%513?1% (SIaveB EHost)
ape Mode LPDT Mode Error Report a & Stop
Ex) ECC Multi Bit Error o5 | Em | G | Ecc
Read Command (Slavg-lt?Host)
P11510>00501>00 Iflel-l(—JOl\g(())[:{()e Short packet oo
Ex) No Error B | Pas | R | ecc

Figure 45 BTA Operation i No Error/Error after Non-Read Command
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41047Escape Mode

Escape Mode is a special mode of operation for Data Lanes using Low-Power states. With this mode some
additional functionality becomes available. Escape mode operation shall be supported in the Forward direction
and is optional in the Reverse direction. If supported, Escape mode does not have to include all available
features. 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-10 is detected after the first Bridge state or 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. Once Escape Mode is entered, the transmitter shall send an 8-bit entry
command to indicate the requested action. Below table lists all currently available Escape Mode commands and
actions. All unassigned commands are reserved for future expansion.

Table 31 MIPI Escape Mode Entry Code

Entry Command Pattern SH8601A
Escape Mode Action Command Type | (First Bit Transmitted to Last
Bit Transmitted) LP-Rx | LP-Tx

Low-power data transmission mode 11100001 (87h) (0] 0]
Ultra-low power state mode 00011110 (78h) (0] T
Undefined-1 mode 10011111 (F9h) T T
Undefined-2 mode 11011110 (7Bh) T T
ig;ﬁg:gg)ﬂ (Remote Trigger 01100010 (46h) o i
TE trigger Trigger 01011101 (BAh) T 0]
Unknown-4 (Acknowledge trigger) Trigger 00100001 (84h) T 0]
Unknown-5 Trigger 10100000 (05h) T i

The complete Escape mode action for a Trigger-Reset command is shown as follows. It shows the sequence of
the low power data transmission.

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

S
M\ 'ﬂ/_

|
0 1 1 o | 0 ] 0
N | A J
v Y
Mark- 1 and
| Stop State

IaVaVaVaVaVaVaVabaVaballl

|
LP CLK = EXOR(Dp, Dn)

Figure 46 Trigger-Reset Command in Escape Mode
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41047.1Escape Imowewdrata Lane Operation

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.
The PHY in Escape mode shall apply Spaced-One-Hot bit encoding for asynchronous communication. Therefore,
operation of a Data Lane in this mode does not depend on the Clock Lane.

H_)\ ~ A H_A

v ~

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

LP Clk = EXOR(Dp,Dn)

I AVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAV W AVAVAVAVAVAVAVAVIS

Figure 47 Data Byte Low-Power Data Transmission

410472Remote Application Reset

Remote Application Reset Command is used in case of transmission from the host processor to the peripheral. If
the Entry Command Pattern matches the Remote Application Reset Command a Trigger is flagged to the protocol
at the peripheral side via the logical PPI. The host processor can send software reset trigger by Remote

Application Reset Packet.
Escape Mode Entry Remcx%éggtl ication Mark-1 & Stop State
(LP11>10>00>01>00) (01100010) (LP10>LP11)

Figure 48 Remote Application Reset

410473TE Si gnal iDsd

A Command Mode display module has its own timings 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 bi-directional Data Lane. The PHY for DSI has no inherent interrupt
capability from peripheral to host processor so the host processor shall give bus ownership to the peripheral for
extended periods, as it does not know when the peripheral will send the TE message. 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 up to one video frame period for the TE response. During this time, the host processor
cannot send new commands, or request to the display module, because it does not have bus possession. The TE
Signaling function is enabled and disabled by three DCS commands to the display module's controller:

set tear_on, set_tear_off. After sending set_tear_on to enable this function, the host processor ends the
transmission with BTA 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 nhormal 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
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Reporting, the host processor shall give bus possession to the display module without an accompanying DSI
command transmission after TE Signaling has been enabled. This is accomplished by the host processor's
protocol logic asserting (internal) Bus Turn-Around signal to its 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. 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.

14 Response 2q4 Response

Normal BTA TE BTA
SELIEED O Response (Slave to Host) Response (Slave to Host)
Non-read Command
Waiting internal Escape Mode Entry Mark-1 & Stop State
TE signal (LP11510>00>01>00) (LP10>LP11)

Figure 49 BTA Mode-TE Signaling

410.5MI1 Pl PDS®It ocol

On the transmitter side of a DSI Link, parallel data, signal events, and commands are converted in the Protocol
layer to packets. The Protocol layer appends packet-protocol information and headers, and then sends complete
bytes through the Lane Management layer to the PHY. Packets are serialized by the PHY and sent across the
serial Link. The receiver side of a DSI Link performs the converse of the transmitter side, decomposing the packet
into parallel data, signal events and commands. If there are multiple Lanes, the Lane Management layer
distributes bytes to separate PHYs, one PHY per Lane. Packet protocol and formats are independent of the
number of Lanes used.

41051Mul t Ppkc&ets per Transmission

The MIPI CORE of SH8601A supports four data transmission defined in MIP1 DSI specification. And 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 packet can be enabled or disabled with register.

KEY:

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

LPS @@@ LgP @ LPS

Single Transmission Separate Transmissions

LgP LPS

Figure 50 HS Transmission Examples with EoTp disabled

KEY:

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

Lp w

Single Transmission

LgP

Separate Transmissions

Figure 51 HS Transmission Examples with EoTp enabled
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41052Endi an 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
52 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 0x01 0x00 0x06 0x01 OxOE Ox1E
iJoJo[i][o[1]o]o]1]oJo]o]o]o]o]oloJo]o]o]o]o]o]o]o] ][T1]o]o]o]o]o|i]0]oJo]o][o]olo[o[1]1][1]0]oJo]o][0]1[i][T1[1]0]0]0

L ML M L M L M L M

S S s S s sis sis S

B B B BB B{B B{B B
Time >

Figure 52 Endian Example (Long Packet)

41053GenePatbt kSttructur e

Two packet structures are defined for low-level protocol communication: Long packets and Short packets. For
both packet structures, the Data Identifier is always the first byte of the packet.

410531lLong Packet For mat

Figure 44 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. In the Long Packet, Packet Footer is added after Packet Data. Packet footer includes CRC calculated from
Packet Data as checksum.

The Checksum (2 bytes) shall be realized as a 16bit CRC (Packet Data): Polynomial = X6 + X12 + X5 + X0
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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-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

/
P

APPLICATION SPECIFIC PAYLOAD CHECKSUM (CS)

.

£ N £
9 3 .~ O o - (&) o = 3
LPs[soT| = | S |o|g|¢g =|=| 2% |EoT|LPs
© = w| 8@ s | ® La
o 2 oo T | ® 5
Q| 0o

3 ‘ : -- —
32-bit 16-bit
PACKET PACKET
HEADER FOOTER

(PH) (PF)

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

Figure 53 Long Packet Structure
410532Short Packet Structure

Figure 75 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 the Virtual Channel Indentifier and the Data Type information

/| Data Type denotes the format/content of the Application specific payload data
/| Used by the Application layer
/

/ PACKET DATA:
/ Length is fixed at 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
Allows one-bit errors within the Packet Header to be corrected
/| and two-bit errors to be detected

LPS | SoT

ECC

EoT | LPS

DataIlD
Data 0
Data 1

PACKET
HEADER
(PH)

Figure 54 Short Packet Structure
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41054Common P&tlketnt
Long and Short packets have several common elements.
41054.1Data I dentifier Byte

The first byte of any packet is the DI (Data Identifier) byte. Figure 45 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 B1 BO
| vC | DT

Virtual Data Type

Channel (DT)
Indentifier

(VC)

Figure 55 Data Identifier Byte

41054.11Virtual Chani¥Cfildlethlt@ If[i er

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.

4105.4.12Dat a Ty pieD TF[i 5e: | Od]

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.

410542Error Correction Code

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. ECC is generated from the twenty-four data bits within the
Packet Header as illustrated in Figure 46.
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SH86A 1 480x480 AMOLED Display Driver IC
PACK%'EE:EtADER
ol T o
LPs |soT| = | 82 § s
a g o

N,

Data D = 037 ///wc LSByte=0xFO  WC MS Byte = 0x01 \ . ECC= Ox3F )
q: 1]1]1]of1]1]ofo]|oJofofof1]1]1]1]|[1]ofofofofo]o]oO [1[1]1]1]1]1]o]o0
L M L M L M L M
S S S I S S S S S
B B B B B B B Lijl B
ECC Calculation =) ECC
1[1]1]of[1[1]o]Jo]ofofofo]1[1][1][1[1]o]o[o]o]0]0]0 [1[1][1]1]1][1]o]0]
D D PO P1 P2 P3 P4 P5
0 2

3

Figure 56 24bit ECC generation on TX side

P7=0

P6=0
P5=D10"D11"D12”"D13"D14"D15"D16"D17~D18"D19"D21"D22"D23
P4=D4"D5"D6"D7~D8"D9"D16"D177°D18"D19"D20"D22"D23
P3=D1"D2~D3"D7~D8"D9"D13*D14”D15*D19"D20"D21"D23
P2=D0"D2"D3"D5"D6"D9"D11"D12”"D15*D18”"D20"D21"D22
P1=D0"D17D3"D4/D6"D8"D10"D12"D14"D17"D20"D21"D22"D23
PO=D0"D17D2"D4"D5*D7*D10"D11"D13*D16”"D20"D21"D22"D23
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41055Pr ocessor

t oDiPreerci Borhoecreal Sour ced)

Packet Dat a

Type

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

Table 28.
Table 32 Data Types for Processor-Sourced Packets
Data Type o )
(Hex) (Binary) Description Packet Size
01h 00 0001 Sync event, V sync start Short
11h 01 0001 Sync event, V sync end Short
21h 10 0001 Sync event, H sync start Short
31h 11 0001 Sync event, H sync end Short
08h 00 1000 End of transmission packet Short
02h 00 0010 Color mode (CM) off command Short
12h 01 0010 Color mode (CM) on command Short
22h 10 0010 reserved Short
32h 11 0010 reserved Short
03h 00 0011 reserved Short
13h 01 0011 Generic Short WRITE, 1 parameter Short
23h 10 0011 Generic Short WRITE, 2 parameters Short
04h 00 0100 reserved Short
14h 01 0100 Generic READ, 1 parameter Short
24h 10 0100 Generic READ, 2 parameters Short
05h 00 0101 DCS WRITE, no parameters Short
15h 01 0101 DCS WRITE, 1 parameter Short
06h 00 0110 DCS READ, no parameters Short
37h 110111 Set maximum return packet size Short
09h 00 1001 Null packet, no data Long
19h 01 1001 Blanking packet, no data Long
29h 10 1001 Generic long write Long
39h 11 1001 DCS long write/write_LUT command packet Long
OEh 00_1110 Packet pixel stream, 16-bit RGB 565 format Long
1Eh 01 1110 Packet pixel stream, 18-bit RGB 666 format Long
2Eh 10_1110 Packet pixel stream, 18-bit RGB Loosely 666 format Long
3Eh 11 1110 Packed pixel stream, 24-bit RGB, 888 format Long
XOh&Fh ii 2222 illouﬁsonggei codes are reserved I

NOTE: Unspecified codes are reserved.
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41056Per i pher al tDi rPercolciecsoseofrSour ced) Packet Data Type
Table 29 presents the complete set of peripheral to processor data types.

Table 33 Data Types for Peripheral-Sourced Packets

Data Type . :
- Description Packet Size
(Hex) (Binary)
00hi 01lh 00 000x Reserved Short
02h 00 0010 Acknowledge with error report Short
. 0000117 .
03hi 07h 00 0111 Reserved I
08h 00 1000 End of transmission packet Short
. 00 100171 ,
09hi 10h 01 0000 Reserved I
11h 01 0001 Generic Short READ response, 1 byte returned Short
12h 01 0010 Generic Short READ response, 2 bytes returned Short
. 0100117 .
13h i 18h 01 1000 Reserved I
1Ah 01 1010 Generic long READ response Long
1Bh 011011 Reserved T
1Ch 011100 DCS long READ response Long
. 0111017 .
1Dh i 20h 10 0000 Reserved I
21h 10 0001 DCS Short READ response, 1 byte returned Short
22h 10 0010 DCS Short READ response, 2 bytes returned Short
. 1000117 ;
23h1 3Fh 11 1111 Reserved I
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41057Co |

or For mat

There are several data packet structure for pixel data transmission, 16-bit (5-6-5) format, two 18-bit
(6-6-6) formats, 24-bit format (8-8-8) and the data packet structures.

« 1byte »a 1byte »

o 4o 212 slo 4
5b 6b 5b
|
|
|
|
|
|
Pixel 1
|
\ !
\ i
\ /
<1 byte »< 2 bytes »«-1 byte-x<-1 byte »«-1 byte » s <1 byte »«-1 byte »a 2 bytes [
7.0 150 e b
CE (N E 5] 0 7lesb ol 6b sk 5b 5b o« 6b ol 50l ° 15]
g |2 i |
> E l !
o & Word Count ECC ! ! Checksum
T |2 1 |
e : |
Pixel 1| Pixel n|—»
. .
“#Data D
- Packet Header > Variable Size Payload »<——Checksum—»
Time——— p
Figure 57 16-bit per Pixel - RGB Color Format, Long Packet

<1 byte»e 2 bytes
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I |

| |
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\
\

\
»«-1 byte-w<1 byte-»<1 byte»

150 i

/
/
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Q

2 bytes >
15

0 50 1]0

Data Type
Virtual Channel
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15}0 7

[+ Bb-»1e-16b-»fe 6b}
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| byteaiq—1 byte—»«—1 byte—»
B I R I
o 5 o E 5
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\ /
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"\ oy ,
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670 15,0 b ] 0 15
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P9 e e i . 6b—» [«6b—» [+6Eb b—» |+6b—» [+ Bb—» b [«Bb+ [+6b» 6b—» [«6b—
g |E
> | £
% 8| Word Count ECC Checksum
£ |2
o |s
Pixel 1 - Pixel 2 Pixel n-1 Pixel n
1 1 1 1
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Figure 59 18-bit per Pixel(Loosely Packed) - RGB Color Format, Long Packet
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Figure 60 24-bit per Pixel RGB Color Format, Long Packet
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41058Error Report Packet

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 Alo.

Table 34 Error Report Bit Definitions

Bit Description
0 SoT error

1 SoT sync error

2 EoT sync error

3 Escape Mode Entry command error

4 Low-power transmit sync error

5 HS receive timeout error (Timeout error)

6 False control error

7 Contention detection error

8 ECC error, single-bit (Detected and corrected)
9 ECC error, multi-bit (Detected, not corrected)
10 Checksum error (Long packet only)

11 DSl data type not recognized

12 DSI VC ID invalid

13 Invalid transmission length

14 Reserved

15 DSI protocol violation

41059Tr ansmi ssion Packet Sequences

DSl supports several formats, or packet sequences, for Video Mode data transmission. The per i pher al 6s
requirements dictate which format is appropriate. 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:

A NBurst Mode with Sync Pulses i enables the peripheral to accurately reconstruct original video timing,
including sync pulse widths.

A NBurst Mode with Sync Events i similar to above, but accurate reconstruction of sync pulse widths is not
required, so a single Sync Event is substituted.

A Bur s i RGB@idetpackets are time-compressed, leaving more time during a scan line for LP mode
(saving power) or for multiplexing other transmissions onto the DSI link.

41059.1NoBur st Mode RlthesSync

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
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are defined using packets transmitting both start and end of sync pulses.

L% (VSA + VBP + VACT + VFP)
t t 4 t t t i i
A M M AYWA AN A A ANWANANWAL
V[H FIGIEG H[H[H MEGIE H[H H[H[H H[H]|A NCIEERN
s|s|s|%|s|s|s|ts||s|s|s|k|s|s|s|B||s|s|s|tx Active Video Area s|s|s|th s|s|s|P5|s|s|s|HHs
s|ale|®|s|alE s|ale["PlE|alE slalg|*y /0 s|alE s|alE|®[s]ale[H{Ms
o Y o\ U 2 % oUW
VSA Lines N VBP Lines VFP Lines A
VN ¥ 4
/’/// ~
- ~
- N
- ~
/// ~
-7 tzp A
r t thsa thact thrp
N P a —
H H[H H H|H
s|Hsa |s|B RGB HFP s|Hsa[s|B RGB HFP
S E|P s ElP
NIV, N Y N
VACT Lines
[N V

Figure 61 Non-Burst Transmission with Sync Start and End

410592NoMurst Mode with Sync Events

This mode is a simplification of the format described in section 8.11.2. Only the start of each synchronization pulse
is transmitted. The peripheral may regenerate sync pulses as needed from each Sync Event packet received.
Pixels are transmitted at the same rate as they would in a corresponding parallel display interface such as DPI-2.

t* (VSA + VBP + VACT + VFP)

t t t t t t t .
N YN 7N /YN <~ 7N N ()
vV H H H H H H|B|L|V

BL BL BL BL BL . - BL BL L
S S S S Active Video Area S S S P|S
s LP s LP s LP LP il R s LP s LP s :; M;|
NN ] N N — U
P VSA Lines A VBP Lines N VFP Lines A
v
- - tuer T~ ~
r t thacT thep
a N a A
H|H H|H
S|B RGB HFP S|B RGB HFP
S|P S|P
\/ ~—_ " / N~
VACT Lines N
N
Figure 62 Non-Burst Transmission with Sync Events
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480x480 AMOLED Display Driver IC

SH86A 1

4.10593Bur st 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.
t.* (VSA + VBP + VACT + VFP)
t L L t L t 1 L
AN N N F~ Y Y (1)
v H H H H H H H|{B|L|V
SBLSBL SBLSBL___SBL " SBL___SBLSLS
S U I N R B T B S| ________A‘"'_’“’_el"‘ie"_‘fej ________ ol e ol |3 ;; :
NN NI AN N \_/ NV
VSA Lines A VBP Lines A VFP Lines
‘-—”_‘“ tep \\\
r t thacr turp
a8 BL HFP 88| rea BL HFP
S|B| RGB
s|p LP slp LP
\ ~__ A \ ~__ A
VACT Lines h
V
Figure 63 Burst Transmission
4106MI1 RInt erTfiaccieng on Vi deo Mode
SH8601A video mode operates as RGB interface.
Vertical Sync.
1
| Vswie Invisible Image area (Blanking Time)
< DE=0 (Low)
Visible Image area (Active Area)
5 DE=1 (High)
=
=
HSYNC
Horizontal Sync. ‘ |
Hep Hpisp Hep
HP
Figure 64 Display Timing (Video Mode)
Version 0.0 October. 2019 SHENGHETECH Confidential
78/ 157



D

o berh

SHENGHE TECHNOLOGY

SH86A 1

480x480 AMOLED Display Driver IC

4106.1Ver t DcapTiami ng

VS

Vswc A
Vep Vep Vep
DB[23:0]
BL Voisp
o 0 ]

Vep+l

Vep-1

Source

VP (1frame)
y A 4 1 1 1 1 1 1 Vr‘ A 4 1 V 1 1

VS|BP|HS|BP|HS|BP|HS|BP RGB Data BP|HS|BP RGB Data BP|HS| BP| HS| BP|HS| BP| VS| BP
Acronyms:

VS : Vsync Start(DT=01h, Min. 2H lines)

HS : Hsync Start(DT=21h)

BP : Blanking Packet(DT=09h)

RGB Data : RGB data(DT=3Eh)

DT : Data Type

Figure 65 Vertical Display Timing
Table 35 Vertical Timing for Video Mode
Iltem Symbol Condition Min. Typ. Max. Unit Note
Vertical cycle VP T 200 496 - (1)

. . 1) (2
Vertical low pulse width VS T 1 2 2 ( ()3() )
Vertical front porch VFP T 6 8 - i (EE)]

ine

. 1) (2
Vertical back porch VBP ) 6 8 255 ( ()3() )
Vertical blanking period VBL VBP + VFP 12 16 -

Vertical active area i VDISP 192 480 960 1)@®)
(Vertical refresh area) (VRR) ) ) 60 T Hz

NOTE:

1. Typical values are for resolution of 480 x 480 application.

2. VBP are set as back porch by B1h NOR_VBP/VFP[11:0].

3. VS, VBP and VFP values are typical value.

4. 960 of vertical active area is available only at 192 x 960 resolution.
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4106.2Hor i z®ntsplhiami ngs

DE HBLK

HSYN (o}

- HS HS

HDISP

<€ >

DB[23:0] m Visible display data m:
osicukf{ L FLFLALFL UL LFLALALAL AR AL LALF LA LALALALFLALALALALALALALRLFLALALRLRLFLALALRLALALALALRLFLALALE

1 Horizontal period

<

Figure 66 Horizontal Display Timing

Table 36 Horizontal Timings for Video Mode

Iltem Symbol Condition Min. Typ. Max. Unit Note

HS cycle HP i 216 516 - @
1) (2

HS low pulse width HS i 1 2 2 ( ()3() )
Horizontal back porch HBP T 8 16 - (3)
Horizontal front porch HFP ) 8 20 - PCLK
Horizontal data start point ) HBP 8 16 - (3)
Horizontal blanking period HBLK HBP + HFP 16 36 -
Horizontal active area HDISP T 192 480 480 1)

NOTE:

1. Typical values are for resolution of 480 x 480 application.

2. PCLK is pixel clock and same as byte-clock that is generated by dividing CLK by 4 (ex. 500 Mbps, 16ns).
3. HS, HBP and HFP values are typical value.
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5Command

51Li

stUse®@o mmand

Operational Code is abbreviated by Opcode, Read/Write/Command is abbreviated by RWC, and Number of

Parameter bytes is abbreviated by Num. of Para.

Table 37 List of Level 1 Command

OFHC;?Se Function R/W/C o;\llggé. Parameters

00 No Operation C - NO operation

01 Software Reset C - -

04 Read Di_splay Identification R 3 ID1/2/3

Information

05 Read Number of Errors on DSI R 1 Number of the error on DSI

0A Read Display Power Mode R 1 Display power mode

0B Read Display MADCTL R 1 MX, BGR

ocC Read Display Pixel Format R 1 Display COLMOD

0D Read Display Image Mode R 1 Display image mode

OE Read Display Signal Mode R 1 Display signal mode

OF EgzﬁlltDisplay Self-Diagnostic R 1 Display self-diagnostic result

10 Sleep In C - -

11 Sleep Out C - -

12 Partial Display On C - -

13 Normal Display mode on C - -

20 Inversion Off C - -

21 Inversion On C - -

22 All pixels off C - -

23 All pixels on C - -

28 Display off C - -

29 Display on C - -

oA Column Address Set W 4 \?Vtrziiret/End column address in memory

2B Page Address Set w 4 Start/End page address in memory write

2C Memory Write Start w Variable | Memory write data

30 Partial Area Row Set w 4 Start/End row address in partial mode

31 Partial Area Column Set w 4 Start/End page address in partial mode
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BpcuEe Function R/WIC Num. Parameters
(Hex) of Para.
34 Tearing effect off C - -
35 Tearing effect on W/C 1 1 byte. for tearing effect line mode
selection.

36 Memory data access control w 1 MX, BGR

38 Idle Mode Off C - -

39 Idle Mode On C - -

3A Write Display Pixel Format W 1 1byte for interface color selection

3C Memory Write Continue W Variable | Memory write data

44 Write Tearing Effect Scan Line W 2 2_byte for TE signal turns_ on when the

display module reaches line N.

45 Read Scan Line Number R 2 Scan line

46 SPI read Off C - -

47 SPI read On C - -

48 AOD Mode Off Cc -

49 AOD Mode On C -

AA Write Display Brightness Value in W 5 2 byte for display brightness value in
AOD Mode AOD mode

4B Read Display Brightness Value R 5 2 byte for display brightness value in
in AOD Mode AOD mode

4F Deep Standby Mode On W 1 1 byte for deep standby mode control
Write Display Brightness Value in 2 byte for display brightness value in

51 w 2
Normal Mode normal mode
Read display brightness value in 2 byte for display brightness value in

52 R 2
Normal Mode normal mode

53 Write CTRL Displayl w 1 1 byte for display controll

54 Read CTRL Displayl R 1 1 byte for display controll

55 Write CTRL Display?2 w 1 1 byte for display control2

56 Read CTRL Display2 R 1 1 byte for display control2

58 Write CE W 1 1 byte for CE control

59 Read CE R 1 1 byte for CE control

63 Write Display Brightness Value in W 5 2 byte for display brightness value in
HBM Mode HBM mode

64 Read Display Brightness Value R 5 2 byte for display brightness value in
in HBM Mode HBM mode

66 Write HBM Control w 1 1 byte for HBM control

Al Read DDB start R 8 byte for Read DDB start

A8 Read DDB Continue R 8 8 byte for Read DDB continue
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O(pHCe(:(()je Function R/W/C O;\lggé. Parameters
AA Read First Checksum R 1 Read Checksum
AF Read continue Checksum R 1 Read Checksum
C4 SPI mode control w 1 1 byte for SPI mode control
DA Read ID1 R 1 Read ID1
DB Read ID2 R 1 Read ID2
DC Read ID3 R 1 Read ID3

NOTE:

1. Undefined commands are treated as NOP (00OH) command.

2.Commands 10H, 28H, 29H, 36H, 51H, 53H, 55H, 61H, 63H, and 66H are updated during V-sync when Module is in Sleep
Out Mode to avoid abnormal visual effects. During Sleep In mode, these commands are updated immediately.

Read Display Power Mode (0Ah), Read Display MADCTL (0Bh), Read Display Pixel Format (0Ch), Read Display Image Mode
(ODh), Read Display Signal Mode (OEh), Read Display Self-Diagnostic Result (OFh), Read Display Brightness Value in normal
mode(52h), Read CTRL Displayl (54h), Read CTRL Display2 (56h), Read Display Brightness Value in AOD Mode (4BH),
Read Display Brightness Value in HBM Mode (64H) are updated immediately both in Sleep In mode and Sleep Out mode.

3. Parameters of the command are stored onto registers when the last parameter of the command has been received. Also,
parameters of the command are not stored onto registers if there has been happen a break. This note is valid when a number
of the parameters are equal or less than 32.
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52Descr i pts eto noniand

521NOR OOND: Operati on

00H NOP (No Operation)

i Write/Read D7 D6 D5 D4 D3 D2 D1 DO HEX
Command Write 0 0 0 0 0 0 0 0 00
Parameter No Parameter
Description This command is an empty command. It does not have any effect on the display module.

Restriction T
Status Availability
Register
_ Sleep Out Yes
Availability
Sleep In Yes
Status Default Value
Power On Sequence N/A
Default
S/W Reset N/A
H/W Reset N/A
Flow Chart T
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522SWRESKED1Bpftware Reset

01H SWRESET (Software Reset)

T Write/Read D7 D6 D5 D4 D3 D2 D1 DO HEX
Command Write 0 0 0 0 0 0 0 1 01
Parameter No Parameter

When the software reset command is written, it causes a software reset. It resets the User, Manufacturer
o commands and parameters to their S/\W Reset default values (See default tables in each command
Description | yescription.) and OTP s loaded.
The display will be blanked. (The display will be blanked after first VSYNC, when Software Reset
command is written in sleep out mode. The display remains the blank state in sleep in Mode.)
It will be necessary to wait 5msec before sending new command following software reset. The display
module loads all display suppliers' factory default values to the registers during this 5 msec.

Restriction If software reset is applied during sleep out mode, it will be necessary to wait 80ms before sending sleep
out command
Software reset command cannot be sent during sleep out sequence.

Register Status Availability
o Sleep Out Yes
Availability
Sleep In Yes
Status Default Value
Default Power On Sequence N/A
S/W Reset N/A
H/W Reset N/A
Legend
SWRESET
/ Parameter /
\ 4
Display Whole Display
Blank Screen
Flow Chart
v Action
Set Commands to
S/W Default Value ( Mode >
\ 4 Sequential
( Sleep in Mode > Transfer
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523RDDI IOM Read Display I dentification I nformation
04H RDDIDIF (Read Display Identification Information)
Write/Read D7 D6 D5 D4 D3 D2 D1 DO HEX
Command Write 0 0 0 0 0 1 0 0 04
1st Para Read ID1[7:0] 00
2nd Para Read ID2[7:0] 00
3rd Para Read ID3[7:0] 00
This command indicates the return value of 24-bit display identification information.
ID1[7:0]: AMOLED module maker code (8-bit)
b i ID2[7:0]: Driver IC and module version (8-bit)
escription . .
SCrpt ID3[7:0]: Project code (8-bit)
NOTE: Commands RDID1/2/3 (DAH, DBH, and DCH) reads data corresponding to the parameters 1, 2
and 3 of the command 04H, respectively.
Restriction There is one dummy clock before 1st parameter when using Serial interface.
Status Availability
Register
Availability Sleep Out ves
Sleep In Yes
Status Default Value
Power On Sequence 00_00_OOH (OTP value)
Default
S/W Reset 00_00_OOH (OTP value)
H/W Reset 00_00_OOH (OTP value)
Legend
Command
RDDIDF(04h)
Parameter /
\ 4
/ Send 1% parameter / Display
Flow Chart \
Action
Send 2" parameter
( Mode )
\ 4
rd
/ Send 3" parameter / Sequential
Transfer
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524RDNUMED 5Read Number of the Errors on DSI
05H RDNUMED (Read Number of the Errors on DSI)
T Write/Read D7 D6 D5 D4 D3 D2 D1 DO HEX
Command Write 0 0 0 0 0 1 0 1 05
1st Para Read NUMED[7:0] 00
This command returns the number of corrupted packets previously received on the DSI link. The
NUMED[7:0] bits are setRDDSM(OEHS 66adDOwelsl sas to 0606
Description parameter information is sent, indicating that the read function is completed.
NUMED[7] bitsiss et t o dsloderflowfwithttie &IWMEDI[6:0] bits.
NUMED]I6:0] bits indicates a humber of errors.
After the RESX goes high from low, all lanes should be "High". If all lanes are not high, DSI errors may
. occur and this parameter may not be all zero. The errors only include ECC 1BIT ERROR, ECC MULTIBIT
Restriction | ERROR and CHECKSUM ERROR.
If you want specific description of ECC and CHECKSUM ERROR, refer to MIPI DSI document.
Status Availability
Register
oo Sleep Out Yes
Availability
Sleep In Yes
Status Default Value
Power On Sequence 00h
Default
S/W Reset 00h
H/W Reset 00h
Legend
Command
Read Number
Of the Errors on DSI Parameter
Display ;
P[7...0] = 00h Display
Flow Chart RDDSM(OEh)'s D0=0
Action
( Mode )
Sequential
Transfer
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525RDDP MO AlRead Display Power Mode

OAH

RDDPM (Read Display Power Mode)

Write/Read D7 D6 D5 D4 D3 D2 D1 DO HEX

Command

Write 0 0 0 0 1 0 1 0 0A

Parameter

NOR DISP
Read BSTO IDMON | PTLON sLPou 0 0 08
N T ON ON

Description

This command indicates the current status of the display as described in the table below:

Bit Description Remark

D7 Booster Voltage Status -

D6 Idle Mode On/Off -

D5 Partial Display Mode On/Off -

D4 Sleep In/Out -

D3 Display Normal Mode On/Off -

D2 Display On/Off -

D1 Reserved Set to "0"

DO Reserved Set to "0"

BSTON - Booster Voltage Status

0 = Booster off or has a fault

1 = Booster on and working good

IDMON - Idle Mode On/Off

0 = Idle mode off

1 = Ide mode on

PTLON - Partial Display Mode On/Off

0 = partial display off

1 = partial display on

SLPOUT - This bit is updated immediately after Sleep In (10h) / Sleep Out (11h) command is written.
0 = Sleep in mode

1 = Sleep out mode

NORON - Normal Display Mode On

0 = Normal display off

1 = Normal display on

DISPON - This bit is updated immediately after Display On (29h) / Off (28h) command is written.
0 = Display is off

1 = Display is on

D[1] - Reserved

This bit is not applicable for this project, so it is set to "0".
D[0] - Reserved

This bit is not applicable for this project, so it is set to "0".

Restriction

Register
Availability

Status Availability

Sleep Out Yes

Sleep In Yes
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SH86A 1

480x480 AMOLED Display Driver IC

Status Default Value
Power On Sequence 08h
Default
S/W Reset 08h
H/W Reset 08h
Legend
Command
Read RDDPM
_______ & - _H_osi ~ Parameter
Display _
/ Send parameter Display
Flow Chart
Action
( Mode )
Sequential
Transfer
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526 RDDMADC(TABIRead Display MADCTL

0BH RDDMADCTL (Read Display MADCTL)

T Write/Read D7 D6 D5 D4 D3 D2 D1 DO HEX
Command Write 0 0 0 0 1 0 1 1 0B
Parameter Read 0 MX 0 0 BGR 0 0 0 00

This command indicates the current status of the display as described in the table below:
Bit Description Remark
D7 Reserved Set to "0"
D6 Memory Write Direction Horizontal Flip -
D5 Reserved Set to "0"
D4 Reserved Set to "0"
D3 RGB/BGR Order T
D2 Reserved Set to "0"
D1 Reserved Set to "0"
Description DO Reserved Set to "0"

1 D[7] - Reserved

This bit is not applicable for this project, so it is set to "0".
1 MX - Memory Write Direction Horizontal Flip

0 = Memory write forward direction

1 = Memory write reverse direction
1 D[5:4] - Reserved

These bits are not applicable for this project, so it is set to "0".
1 BGR - RGB/BGR Order

0 = RGB (When MADCTL D3 ="0")

1 =BGR (When MADCTL D3 ="1")
1 D[2:0] - Reserved

This bit is not applicable for this project, so it is set to "0".

Restriction T
Status Availability
Register
oo Sleep Out Yes
Availability
Sleep In Yes
Status Default Value
Power On Sequence 00h
Default
S/W Reset 00h
H/\W Reset 00h
Version 0.0 October. 2019 SHENGHETECH Confidential

90/ 157




B RE Bk

SHENGHE TECHNOLOGY

SH86A 1

480x480 AMOLED Display Driver IC

Flow Chart

/ Send parameter

Display

Legend

Command

Parameter

Display

C

Mode

Action >
)

Sequential
Transfer
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52.7RDDCOL MODC Re a d

Di spl ay

Pi

x el

For mat

OCH RDDCOLMOD (Read Display Pixel Format)

T Write/Read D7 D6 D5 D4 D3 D2 D1 DO HEX
Command Write 0 0 0 0 1 1 0 0 ocC
Parameter Read SPL_P VIPF[2:0] 0 IFPF[2:0] 77

F_SEL ' '
This command indicates the current status of the display as described in the table below:
1 SPI_PF_SEL i SPI Pixel Format Selection.
1 VIPF[2:0] T Pixel Format Definition.
1 D[3] - Reserved
This bit is not applicable for this project, so it is set to "0".
1 IFPF[2:0] - DBI Pixel Format Definition.
Refer to section : COLMOD(3Ah) : Control Interface Pixel Format
Control Interface Color Format IFPF[2] IFPF[1] IFPF[0]
Description 24-bit/pixel(16.7M Color) 1 1 1
18-bit/pixel(262K Color) 1 1 0
16-bit/pixel(65K Color) 1 0 1
Setting Disable 1 0 0
3-bit/pixel(8 Color) 0 1 1
8-bit/pixel(256 Color, 3-3-2) 0 1 0
8-bit/pixel(256 Gray) 0 0 1
Setting Disable 0 0 0
Restriction T
Status Availability
Register
o Sleep Out Yes
Availability

Sleep In Yes

Status Default Value
Power On Sequence 77h

Default
S/W Reset 77h
H/W Reset 77h
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SH86A 1

480x480 AMOLED Display Driver IC

Flow Chart

Send parameter

Display

Legend

Command

Parameter

Display

C

Mode

Action >
)

Sequential
Transfer
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528RDDI(M DIRead

Di splay | mage Mode

ODH RDDIM (Read Display Image Mode)

T Write/Read D7 D6 D5 D4 D3 D2 D1 DO HEX
Command Write 0 0 0 0 1 1 0 1 (0]
Parameter Read 0 0 INVON AL::IPO ALFLE © 0 0 0 00

This command indicates the current status of the display as described in the table below:
1 D[7:6] - Reserved
These bits are not applicable for this project, so it is set to "0".
1 INVON - Display Inversion On/Off
0 = Display inversion Off
1 = Display inversion On
Description 1 ALLPON - All Pixel On/Off
0 = Normal display
1 = All pixel is on
1 ALLPOFF - All Pixel Off/On
0 = Normal display
1 = All pixel is off
1 D[2:0] - Reserved
These bits are not applicable for this project, so it is set to "0".
Restriction )
Status Availability
Sleep Out Yes
Sleep In Yes
Register
- Status Default Value
Availability
Power On Sequence 00h
S/W Reset 00h
H/\W Reset 00h
Legend
’/‘ Command
Read RDDIM
$ Host / Parameter /
Display Display
Send parameter
Flow Chart
Action
< Mode >
Sequential
Transfer
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529RDDS MO0 ERE ad

Di spl ay

Signal

Mo d e

OEH RDDSM (Read Display Signal Mode)

T Write/Read D7 D6 D5 D4 D3 D2 D1 DO HEX
Command Write 0 0 0 0 1 1 1 0 OE
Parameter Read TEON TEM 0 0 0 0 0 DSIE 00

This command indicates the current status of the display as described below:
9 TEON - This bit is updated immediately after Tearing Effect On (35h) / Off (34h) command is written.
0 = Tearing effect off
1 = Tearing effect on
1 TEM - This bit is updated immediately after Tearing Effect On (35h) command is written. Refer to
section TEON: Tearing Effect On (35H).
0 = Mode 1.
Description 1 =Mode 2.
91 DI[5:1] - Reserved
These bits are not applicable for this project, so it is set to "0".
9 DSIE - Error on DSI, refer to section RDNUMED(05h) : Read Number of the Errors on DSI.
If you want specific description of ECC and CHECKSUM ERROR, refer to MIPI DSI document.
This bit is only for MIPI interface. In other interface, DO is set to "0".
0 = No Error
1 = Error
Restriction T
Status Availability
Register
N Sleep Out Yes
Availability
Sleep In Yes
Status Default Value
Power On Sequence 00h
Default
S/W Reset 00h
H/\W Reset 00h
Legend
Command
Read RDDSM
_______ & ——_____ Host / Parameter /
Display _
Send parameter Display
Flow Chart
Action
( Mode >
Sequential
Transfer
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5210RDDSDROFRE ad

Di spbhiaggg Bed tfi ¢

Resul t

OFH RDDSDR (Read Display Self-Diagnostic Result)
T Write/Read D7 D6 D5 D4 D3 D2 D1 DO HEX
Command Write 0 0 0 0 1 1 1 1 OF
CHKS
Parameter Read RLDT FNDT 0 0 0 0 0 UM_E 00
RR
This command indicates the status of the display self-diagnostic results after Sleep Out-command as
described in the table below:
1 RLDT - Register Loading Detection.
Refer to section fRegister Loading Detectiono
Description 1 FENDT - Functionality Detection
Refer to sectiono Functionality Detectiono
1 D[5:1] - Reserved.
These bits are not applicable for this project, so it is set to "0".
1 CHKSUM_ERR' Checksum Error Detection.
Restriction i
Status Availability
Register
o Sleep Out Yes
Availability
Sleep In Yes
Status Default Value
Power On Sequence 00h
Default
S/W Reset 00h
H/\W Reset 00h
Legend
Command
Read RDDSDR
_______ & ——_____ Host / Parameter /
Display _
/ Send parameter Display
Flow Chart
Action
( Mode >
Sequential
Transfer
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5211MSLPI(NOB) eep I n

10H SLPIN (Sleep In)
T Write/Read D7 D6 D5 D4 D3 D2 D1 DO HEX
Command Write 0 0 0 1 0 0 0 0 10
Parameter No Parameter
This command causes the display module to enter the minimum power consumption mode.

Description In this mode, the DC/DC converter is stopped, Internal oscillator is stopped, and panel scanning is
stopped.
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).

Restriction It will be necessary to wait 5ms before sending next command. This is to allow time for the supply
voltages and clock circuits to stabilize.
It will be necessary to wait 80ms after sending Sleep Out command (when in Sleep In mode) before Sleep
In command can be sent.

Status Availability
Register . .
o Sleep Out Yes (Reflect in the next V-sync period).
Availability
Sleep In Yes
Status Default Value
Power On Sequence Sleep In Mode
Default
S/W Reset Sleep In Mode
H/W Reset Sleep In Mode
It takes about 80ms before it goes into Sleep-in Mode (Booster off state) after SLPIN command.
Legend
SLPIN
Parameter
A
Display whole blank screen Display
(Automatic No effect to
DISPON/DISPOFF commands)
Action
A
Flow Chart Drain Charge From ( Mode >
Display Panel
Transfer
Stop : DCDC Converter

A 4

Stop : Internal Oscillator

( Sleep In Mode >

NOTE: Refer to customer appendix for SLPIN sequence
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5212SLPOUYMTLB) eep Out
11H SLPOUT (Sleep Out)

T Write/Read D7 D6 D5 D4 D3 D2 D1 DO HEX
Command Write 0 0 0 1 0 0 0 1 11
Parameter No Parameter
Descrition This command turns off sleep mode.

P In this mode the DC/DC converter is enabled, Internal oscillator is started, and panel scanning is started.
This command shall not cause any visible effect on the display module when the module is already in
Sleep Out mode.
Sleep Out Mode can only be left by the Sleep In command (10h)

Restriction This host processor must wait 5msec after sending this command before sending other
command. The display module loads all display supplier's factory default values from internal OTP to the
registers during this 5msec. Also the host processor must wait 85msec after sending a Sleep Out
command before sending a Sleep In command to avoid abnormal Sleep In status. This delay time allows
the internal power circuits and clock circuits to stabilize.

Status Availability
Register
A Sleep Out Yes
Availability
Sleep In Yes
Status Default Value
Power On Sequence Sleep In Mode
Default
S/W Reset Sleep In Mode
H/W Reset Sleep In Mode
Legend
SLPOUT
l / Parameter /
Start Internal Oscillator Display
l Action
Start DCDC Converter
l ( Mode )
Charge Offset Voltage Sequential
Flow Chart for Dlspilay Panel \\_Tr}sfer_\‘
Display whole blank screen for
2 frames(Automatic No effect
to DISPON/DISPOFF commands)
Display Memory Contents in
Accordance with the Current
Command Table Settings
< Sleep Out Mode >
It takes 150ms to become Sleep Out mode after SLPOUT command issued.
Version 0.0 October. 2019 SHENGHETECH Confidential

98 /157




B RE Bk

SHENGHE TECHNOLOGY

5213PTLONlL2h)Pabit s pMag®©n

12H PTLON (Partial Display Mode On)

T Write/Read D7 D6 D5 D4 D3 D2 D1 DO HEX
Command Write 0 0 0 1 0 0 1 0 12
Parameter No Parameter

This command causes the display module to enter the Partial Display Mode.
Description The Partial Display Mode window is described by the PTLAR(30h)/PTLAC(31h).
To leave the Partial Display Mode, NORON(13h) command should be used.
Restriction This command has no effect when partial display mode is already active.
Status Availability
Register . .
o Sleep Out Yes (Reflect in the next V-sync period).
Availability
Sleep In Yes
Status Default Value
Power On Sequence Normal Display On
Default
S/W Reset Normal Display On
H/W Reset Normal Display On
Legend
Command
< Normal Display Mode >
Parameter
PTLON(12h) Display
Flow Chart
A\ 4 Action
< Partial Display Mode )
( Mode )
Sequential
Transfer
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5214NORON13h)NorDnabMaye On

13H NORON (Normal Display Mode On)

) Write/Read D7 D6 D5 D4 D3 D2 D1 DO HEX
Command Write 0 0 0 1 0 0 1 1 13
Parameter No Parameter
b inti This command returns the display to normal mode.
escription

P Normal display mode on means All Pixel Off(22h), All Pixel On(23h) and Partial mode(12h) are off.
Restriction This command has no effect if Normal Display mode is active.
Status Availability
Register - -
N Sleep Out Yes (Reflect in the next V-sync period).
Availability
Sleep In Yes
Status Default Value
Power On Sequence Normal Display Mode On
Default
S/W Reset Normal Display Mode On
H/W Reset Normal Display Mode On
Legend
( Not Normal Display Mode > Command
/ Parameter /
NORON(13h) Display
Flow Chart v
Action
( Normal Display Mode >
( Mode >
Sequential
Transfer
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52151 NVORMm )Di spl myer si on

of f

20H INVOFF (Display Inversion Off)

i Write/Read D7 D6 D5 D4 D3 D2 D1 DO HEX
Command Write 0 0 1 0 0 0 0 0 20
Parameter No Parameter

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)
Memory Display Panel
Description L ]
FTTTT]
Restriction This command has no effect if Normal Display mode is active.
Status Availability
Register . )
o Sleep Out Yes (Reflect in the next V-sync period).
Availability
Sleep In Yes
Status Default Value
Power On Sequence Display Inversion Off
Default
S/W Reset Display Inversion Off
H/W Reset Display Inversion Off
Legend
( Display Inversion On Mode ) Command
/ Parameter /
INVOFF(20h) .
Display
Flow Chart Y ;
( Display Inversion OFF Mode ) Action
( Mode >
Sequential
Transfer
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qga

52161 NV XNbh )Di spl ay I nversion On
21H INVON (Display Inversion On)

T Write/Read D7 D6 D5 D4 D3 D2 D1 DO HEX
Command Write 0 0 1 0 0 0 0 1 21
Parameter No Parameter

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.
Example)
Memory Display Panel
Description L1
_] il Ili
HEE N
L1 ||
H EE N
L HEE N
L H ||
FTT T
Restriction This command has no effect if Normal Display mode is active
Status Availability
Register . .
. Sleep Out Yes (Reflect in the next V-sync period).
Availability
Sleep In Yes
Status Default Value
Power On Sequence Normal Display Mode On
Default
S/W Reset Normal Display Mode On
H/W Reset Normal Display Mode On
Legend
( Display Inversion Off Mode > Command
i Parameter
’(F(Zlh)—‘ Display
Flow Chart v .
Action
( Display Inversion On Mode >
( Mode )
Sequential
Transfer
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5217ALEBOFK 22A) | Pif X e |
22H ALLPOFF (All Pixel Off)

T Write/Read D7 D6 D5 D4 D3 D2 D1 DO HEX
Command Write 0 0 1 0 0 0 1 0 22
Parameter No Parameter

This command turns the display panel black in sleep out mode. It also turns on/off the status of the
DISPON/DISPOFF register. This command does not change the content of frame memory or any other
status.
(Example)
Memory Display
Description
6 Al | OmR3k)®Ir 6 Nor mal3h) Eommandsang dsed to leave this mode.
The display panel shows the displ ayomnand.t ent f r o
Restriction This command has no effect if module is already in all pixels off mode.
Status Availability
Register . )
o Sleep Out Yes (Reflect in the next V-sync period).
Availability
Sleep In Yes
Status Default Value
Power On Sequence Normal Display Mode On
Default
S/W Reset Normal Display Mode On
H/W Reset Normal Display Mode On
Legend
C Normal Display Mode ) Command
/ Parameter /
ALLPOFF(22h) Display
Flow Chart \4
, <::: Action :::>
C Black Display Mode )
<: Mode :)
Sequential
Transfer
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5218 ALBON( 23A) I ®inx e |
23H ALLPON (All Pixel On)

T Write/Read D7 D6 D5 D4 D3 D2 D1 DO HEX
Command Write 0 0 1 0 0 0 1 1 23
Parameter No Parameter

This command turns the display panel white in sleep out mode. It also turns out on/ off the status of the
DISPON/DISPOFF register. This command does not change the content of frame memory or any other
status.
(Example)
Memory Display
Description
6 Al | OffgR2k)e | 6 No r ma (13h)zonemaridsaayedised to leave this mode.
The display panel shows the display content afte
Restriction This command has no effect If the module is already in all pixels on mode
Status Availability
Register . i
o Sleep Out Yes (Reflect in the next V-sync period).
Availability
Sleep In Yes
Status Default Value
Power On Sequence Normal Display Mode On
Default
S/W Reset Normal Display Mode On
H/W Reset Normal Display Mode On
Legend
C Normal Display Mode ) Command
/ Parameter /
ALLPON(23h) Display
Flow Chart v
<::: Action :::>
C White Display Mode )
<: Mode :>
Sequential
Transfer
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5219D1 SPOFFX8 D) spl ay Of f

28H DISPOFF (Display Off)
T Write/Read D7 D6 D5 D4 D3 D2 D1 DO HEX
Command Write 0 0 1 0 1 0 0 0 28
Parameter No Parameter

This command is used to enter into Display Off mode.
This command does not change any other status except bit D2 of RDDPM command (0Ah).
There will be no abnormal visible effect on the display

(Example)
Host Display

Description

Restriction This command has no effect when module is already in display off mode.

Status Availability
Register ] .
. Sleep Out Yes (Reflect in next V-sync period)
Availability
Sleep In Yes
Status Default Value
Power On Sequence Display Off
Default
S/W Reset Display Off
H/W Reset Display Off
Legend
( Display On Mode > Command
i Parameter
m Display
Flow Chart
A 4 Action
( Display Off Mode >
( Mode )
Sequential
Transfer
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D

5.220D1 SPOR9DP) spl ay On
29H DISPON (Display On)

T Write/Read D7 D6 D5 D4 D3 D2 D1 DO HEX
Command Write 0 0 1 0 1 0 0 1 29
Parameter No Parameter

This command is used to recover from Display Off Mode.
This command does not change any other status except bit D2 of RDDPM command (0Ah).
(Example)
Host Display
Description
Restriction This command has no effect when module is already in display on mode.
Status Availability
Register . .
o Sleep Out Yes (Reflect in next V-sync period)
Availability
Sleep In Yes
Status Default Value
Power On Sequence Display Off
Default
S/W Reset Display Off
H/W Reset Display Off
Legend
( Display Off Mode > Command
/ Parameter /
DISPON(29h) Display
Flow Chart v
Action
( Display On Mode >
( Mode >
Sequential
Transfer
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SH86A 1 480x480 AMOLED Display Driver IC

5221CASE(T2Ah)Col umn Address Set

2AH CASET (Column Address Set)
i Write/Read D7 D6 D5 D4 D3 D2 D1 DO HEX
Command Write 0 0 1 0 1 0 1 0 2A
1st Para Write SC[15:8] 00
2nd Para Write SC[7:0] 00
3rd Para Write EC[15:8] 01
4th Para Write EC[7:0] DF
This command is used to define area of frame memory where MCU can access.
This command makes no change on the other driver status.
Each value represents on column line in the frame memory.
Example)
|SCH5ﬂ]|| ECHSﬂ]|
Description
SC[15:0] : Start of Column
s EC[15:0] : End of Column
SC[15:0] must always be less than EC[15:0]
- If transferred image size is bigger than setting window size, abnormal display is occurred.
Restriction . . . . .
So transferred image size should be same as setting window size.
The SC[15:0] and EC[15:0]-SC[15:0]+1 must be divisible by 2.
Status Availability
Register
o Sleep Out Yes
Availability
Sleep In Yes
Default Value
Status
SC[15:0] EC[15:0]
Default Power On Sequence 00_00h 01_DFh
S/W Reset 00_00h 01_DFh
H/W Reset 00_00h 01_DFh
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SH86A 1 480x480 AMOLED Display Driver IC

Legend

CASET(2Ah)
l Parameter
1% & 2" Parameter. SC[15:0] Display
3 & 4™ parameter. EC[15:0]

Action

PASET(2Bh) C Mode >
\ 4 Sequential
Flow Chart 18 & 2™ parameter. SP[15:0] Transfer
3 & 4" parameter. EP[15:0]

|

A

Image Data
D1[7:0], D2[7:0], ..... Dn[7:0]

Any Command
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SH86A 1 480x480 AMOLED Display Driver IC

5222PASE(T2Bh): Page Address Set

2BH PASET (Page Address Set)
T Write/Read D7 D6 D5 D4 D3 D2 D1 DO HEX
Command Write 0 0 1 0 1 0 1 1 2B
1st Para Write SP[15:8] 00
2nd Para Write SP[7:0] 00
3rd Para Write EP[15:8] 01
4th Para Write EP[7:0] DF
This command is used to define area of frame memory where MCU can access.
This command makes no change on the other driver status.
Each value represents on page line in the frame memory.
Example)
SP[15:0] |-
Description
: B
EP[15:0] — MEEEEE.
R
SP[15:0]: Start of Page
., EP[15:0]: End of Page
SP[15:0] must always be less than EP[15:0]
Restriction If SP[15:0] or EP[15:0] is greater than the available frame memory, then the parameter is not updated.
The SP[15:0] and EP[15:0]-SP[15:0]+1 must be divisible by 2.
Status Availability
Register
N Sleep Out Yes
Availability
Sleep In Yes
Default Value
Status
SP[15:0] EP[15:0]
Default Power On Sequence 00_00h 01_DFh
S/W Reset 00_00h 01_DFh
H/W Reset 00_00h 01_DFh
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SH86A 1 480x480 AMOLED Display Driver IC

Legend

CASET(2Ah)
l Parameter
1% & 2" Parameter. SC[15:0] Display
3 & 4™ parameter. EC[15:0]

Action

PASET(2Bh) C Mode >
\ 4 Sequential
Flow Chart 18 & 2™ parameter. SP[15:0] Transfer
3 & 4" parameter. EP[15:0]

|

A

Image Data
D1[7:0], D2[7:0], ..... Dn[7:0]

Any Command
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5223RAMWR 2 Ch) Memory Write Start
2CH RAMWR (Memory Write Start)

i Write/Read D7 D6 D5 D4 D3 D2 D1 DO HEX
Command Write 0 0 1 0 1 1 0 0 2C
1st Para Write D1[7] D1[6] D1[5] D1[4] D1[3] D1[2] D1[1] D1[0] 00
2nd Para Write D2[7] D2[6] D2[5] D2[4] D2[3] D2[2] D2[1] D2[0] 00

é
Nth Para Write Dn[7] Dn[6] Dn[5] Dn[4] Dn[3] Dn[2] Dn[1] Dn[0] 00

This command is used to transfer data from MCU to frame memory. This command makes no change to
Descrintion the other driver status. When this command is accepted, the column register and the page register are
P reset to (AO0OO0OO0O0O0/O0000006). Then Dn[7:0] is stored
register incremented. Sending any other command can stop frame write.
o There is no restriction on length of parameters.
Restriction . . .
No access in the frame memory in sleep in mode.
Status Availability
Register
oo Sleep Out Yes
Availability
Sleep In Yes
Status Default Value
Power On Sequence Contents of memory is set randomly
Default
S/W Reset Contents of memory is set randomly
H/W Reset Contents of memory is set randomly
Legend
Command
MEMWR(2Ch) / Parameter
Displ
Image Data isind
Flow Chart D1[7:0], D2[7:Q], ..... Dn[7:0]
Action
< Mode >
Next Command
Sequential
Transfer
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SH86A 1 480x480 AMOLED Display Driver IC

5224PTLAR3IONh)Parti al Area Row Set

30H PTLAR (Partial Area Row Set)
i Write/Read D7 D6 D5 D4 D3 D2 D1 DO HEX
Command Write 0 0 1 1 0 0 0 0 30
1st Para Write PSP[15:8] 00
2nd Para Write PSP[7:0] 00
3rd Para Write PEP[15:8] 01
4th Para Write PEP[7:0] DF
This command defines the partialdi s pl ay modeds di s pl| mammetersassaciated hwichr
this command, the first defines the partial start row(PSP) and the second the partial end row(PEP).
As illustrated in the figures below. PSP[15:0] and PEP[15:0] refer to the Frame Memory Line Pointer.
Example)
If PEP[15:0] > PSP[15:0]
Partial Start Row
PSP[15:0]
Partial Area
Partial End Row
Description PEP[15:0]
If PSP[15:0] > PEP[15:0]
Partial Area
Partial End Row
PEP[15:0]
Partial Start Row
PSM15:0] Partial Area
Restricti PSP[15:0] and PEP[15:0] cannot be 0000h nor exceed the last vertical line number.
estriction
The setting of PSP[15:0] and PEP[15:0] must be a multiple of 2.
Register Status Availability
Availability Sleep Out Yes (Reflect in the next V-sync period).
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Sleep In Yes
Status Default Value
Power On Sequence 00_00h /01_DFh
Default
S/W Reset 00_00h /01_DFh
H/W Reset 00_00h /01_DFh
Legend
( Any Display Mode ) Command
/ Parameter /
PTLAR(30h)
Display
1% & 2™ Parameter. PSP[15:0] < Action >
3" & 4™ Parameter. PEP[15:0]
i ( Mode )
Flow Chart
PTLAC(31h) Sequential
Transfer
\ 4

1% & 2" Parameter. PSC[15:0]
3" & 4™ Parameter. PEC[15:0]

A

( Partial Display Mode )

Version 0.0 October. 2019 SHENGHETECH Confidential
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SH86A 1 480x480 AMOLED Display Driver IC
5225PTLAC3ILh)Partial Area Column Set
31H PTLAC (Partial Area Column Set)
T Write/Read D7 D6 D5 D4 D3 D2 D1 DO HEX
Command Write 0 0 1 1 0 0 0 1 31
1st Para Write PSC[15:8] 00
2nd Para Write PSC[7:0] 00
3rd Para Write PEC[15:8] 01
4th Para Write PEC[7:0] DF
This command defines the partialdi s pl ay modeds di s pl| mammetersassaciated hwichr
this command, the first defines the partial start column(PSC) and the second the partial end column(PEC).
As illustrated in the figures below. PSC[15:0] and PEC[15:0] refer to the Frame Memory Line Pointer.
Example)
If PEC[15:0] > PSC[15:0]
Partial Start Column Partial End Column
PSC[15:0] PEC[15:0]
Description
Partial Area
If PSC[15:0] > PEC[15:0]
Partial End Column Partial Start Column
PEC[15:0] PSC[15:0]
Partial Area Partial Area
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Restricti PSC[15:0] and PEC[15:0] cannot be 0000h nor exceed the last pixel number.
estriction
The setting of PSC[15:0] and PEC[15:0] must be a multiple of 2.
Status Availability
Register . .
o Sleep Out Yes (Reflect in the next V-sync period).
Availability
Sleep In Yes
Status Default Value
Power On Sequence 00_00h /01_DFh
Default
S/W Reset 00_00h/01_DFh
H/W Reset 00_00h/01_DFh
Legend
( Any Display Mode ) Command
/ Parameter /
PTLAR(30h)
Display
1% & 2™ Parameter. PSP[15:0] < Action >
3" & 4™ Parameter. PEP[15:0]
i ( Mode )
Flow Chart
PTLAC(31h) Sequential
Transfer
\ 4
1% & 2" Parameter. PSC[15:0]
3" & 4™ Parameter. PEC[15:0]
y
( Partial Display Mode )
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5226TEOFF34Mmgari ngOEf fect

34H TEOFF (Tearing Effect Off)

T Write/Read D7 D6 D5 D4 D3 D2 D1 DO HEX
Command Write 0 0 1 1 0 1 0 0 34
Parameter No Parameter
Description This command is used to turn off (Active Low) the Tearing Effect output signal from TE signal line.
Restriction This command has no effect when Tearing Effect output is already OFF.

Status Availability
Register
N Sleep Out Yes
Availability

Sleep In Yes
Status Default Value

Power On Sequence Off

Default
S/W Reset Off
H/W Reset Off
Legend
( TE Line Output On > Command
/ Parameter /
TEOFF(34h) Display
Flow Chart v
< Action >
( TE Line Output Off >
( Mode )
Sequential
Transfer
Version 0.0 October. 2019 SHENGHETECH Confidential
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5227TTEON3Smgaring

Ef fect On

35H TEON (Tearing Effect On)
T Write/Read D7 D6 D5 D4 D3 D2 D1 DO HEX
Command Write 0 0 1 1 0 1 0 1 35
1st Para Write 0 0 0 0 0 0 0 TEM 00
This command is used to turn on the Tearing Effect output signal from the TE signal line.
The TEON has one parameter that describes the mode of the Tearing Effect Output Line.
When TEM = 0 & TE_SCANLINE (in TESCAN, 44h) = 0: TE Output line consists of V-Blanking
information only
VSYNC T ]
HSYNC A A A A
TE ecoe
When TEM = 0 & TE_SCANLINE (in TESCAN, 44h) = N (Ni 0): TE Output line consists of one
Description | H-Blanking information only
VSYNC [ ] [ ]
HSYNC - eoee
v
When TEM = 1: TE Output line consists of one V-Blanking and H-Blanking information
TE LN N ]
NOTE: 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.
For enabling Tearing Effect Bus Trigger information, parameter TEM should be "0".
Status Availability
Register
N Sleep Out Yes
Availability
Sleep In Yes
Status Default Value
Power On Sequence Tearing effect off & TEM ="0"
Default
S/W Reset Tearing effect off & TEM ="0"
H/W Reset Tearing effect off & TEM ="0"
Version 0.0 October. 2019 SHENGHETECH Confidential
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Legend
( TE Line Output Off ) Command
/ Parameter /
TEON(35h) Display

Mode

Flow Chart v
< Action >
/ Parameter : TEM /

( TE Line Output Off ) Sequential
Transfer

October. 2019 SHENGHETECH Confidential
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5228 MADCT(L36Mgmory Data Access Control
36H MADCTL (Memory Data Access Control)

T Write/Read D7 D6 D5 D4 D3 D2 D1 DO HEX
Command Write 0 0 1 1 0 1 1 0 36
Parameter Write 0 MX 0 0 BGR 0 0 0 00

This command indicates the current status of the display as described in the table below
Bit Description Remark
D7 Reserved Set to "0"
D6 Memory Write Direction Horizontal Flip -
D5 Reserved Set to "0"
D4 Reserved Set to "0"
D3 RGB/BGR Order i
D2 Reserved Set to "0"
D1 Reserved Set to "0"
1 D[7] - Reserved
This bit is not applicable for this project, so it is set to "0".
1 MX - Memory Write Direction Horizontal Flip
0 = Memory write forward direction
1 = Memory write reverse direction
1 D[5:4] - Reserved
These bitsarenotappl i cabl e for this project, sot i
1 BGR - RGB/BGR Order
0 = RGB Order
1 =BGR Order
91 D[2:0] - Reserved
This bit is not applicable for this project, so it is set to "0".
Restriction T
Status Availability
Register . .
o Sleep Out D[3] : Yes (Reflect in next V-sync period)
Availability

Sleep In Yes

Status Default Value
Power On Sequence 00h

Default
S/W Reset 00h
H/W Reset 00h
Version 0.0 October. 2019 SHENGHETECH Confidential

119/ 157




B RE Bk

SHENGHE TECHNOLOGY

SH86A 1 480x480 AMOLED Display Driver IC
Legend
MADCTL(36h) / /
Parameter

y

/ 1% Parameter D[7:0] / Display
Flow Chart
<::: Action :::>

Mode

Sequential
Transfer

Version 0.0 October. 2019 SHENGHETECH Confidential
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52291 DMOEB&h) dl e Mode Of f

38H IDMOFF (Idle Mode Off)
T Write/Read D7 D6 D5 D4 D3 D2 D1 DO HEX
Command Write 0 0 1 1 1 0 0 0 38
Parameter No Parameter

Description This command causes the display module to exit Idle mode.

Restriction This command has no effect when the display module is not in Idle mode.

Status Availability
Register . .
oo Sleep Out Yes (Reflect in next V-sync period)
Availability
Sleep In Yes
Status Default Value
Power On Sequence Off
Default
S/W Reset Off
H/W Reset Off
Legend

(: Idle Mode On :) r———-——'—‘7;;;;;;;;_——_——_———_
/ Parameter /

IDMOFF(38h) Display

Flow Chart
v < Action >
(: Idle Mode Off :) <: :>

Mode

Sequential
Transfer

Version 0.0 October. 2019 SHENGHETECH Confidential
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52301 DMQON3 9h)I dl e Mode On
39H IDMON (Idle Mode On)

T Write/Read D7 D6 D5 D4 D3 D2 D1 DO HEX
Command Write 0 0 1 1 1 0 0 1 39
Parameter No Parameter

This command causes the display module to enter Idle mode.
Description In idle mode, color expression is reduced. Colors are shown on the display device using the MSB of each
of the R, G and B color components in the frame memory.
Restriction This command has no effect when the display module is in Idle mode.
Status Availability
Register . .
o Sleep Out Yes (Reflect in next V-sync period)
Availability
Sleep In Yes
Status Default Value
Power On Sequence Off
Default
S/W Reset Off
H/W Reset Off
Legend
( Idle Mode Off > Command
l / Parameter /
Flow Chart
\ 4 < Action >
( Idle Mode On >
( Mode )
Sequential
Transfer
Version 0.0 October. 2019 SHENGHETECH Confidential
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5231COLMOD3 AlContromtl er face Pixel For mat

3AH COLMOD (Control Interface Pixel Format)
T Write/Read D7 D6 D5 D4 D3 D2 D1 DO HEX
Command Write 0 0 1 1 1 0 1 0 3A
. SPI_P . .
1st Para Write F SEL VIPF[2:0] 0 IFPF[2:0] 77

This command is used to define the format of RGB picture data.
The formats are shown in the table:
1 SPI_PF_SEL i SPI Pixel Format Selection.
0 = IFPF[2:0] is used by the SPI interface.
1 = VIPF[2:0] is used by the SPI interface.
1 VIPF[2:0] 7 This command is used by SPI_PF_SEL=1.
1 D[3] - Reserved
This bit is not applicable for this project, so it is set to "0".
1 IFPF[2:0] i This command is used by SPI_PF_SEL=0 or MIPI command mode.

Control Interface Pixel Format IFPF[2] IFPF[1] IFPF[O]

Description 24-bit/pixel(16.7M Color) 1 1 1

18-bit/pixel(262K Color)

16-bit/pixel(65K Color)

Setting Disable

8-bit/pixel(256 Color, 3-3-2)

8-bit/pixel(256 Gray)

1 1 0
1 0 1
1 0 0
3-bit/pixel(8 Color) 0 1 1
0 1 0
0 0 1
0 0 0

Setting Disable

NOTE: Pixel Format is set by video packet header in video mode.

Restriction T
Status Availability
Register
N Sleep Out Yes
Availability
Sleep In Yes
Status Default Value
Power On Sequence 77h
Default
S/W Reset 77h
H/W Reset 77h
Version 0.0 October. 2019 SHENGHETECH Confidential
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SH86A 1 480x480 AMOLED Display Driver IC

Legend

( 24-bit/pixel Mode > Command

/ Parameter /

COLMOD(3Ah) Display

Flow Chart
A 4 < Action >

/ 1% Parameter : 07h /

\ 4

( 24-bit/pixel Mode ) Sequential
Transfer

Mode

Version 0.0 October. 2019 SHENGHETECH Confidential
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5232RAMWRC3Ch)Memory Write Continue

3CH RAMWRC (Memory Write Continue)
i Write/Read D7 D6 D5 D4 D3 D2 D1 DO HEX
Command Write 0 0 1 1 1 1 0 0 3C
1st Para Write D1[7] D1[6] D1[5] D1[4] D1[3] D1[2] D1[1] D1[0] 00
2nd Para Write D2[7] D2[6] D2[5] D2[4] D2[3] D2[2] D2[1] D2[0] 00
Nth Para Write Dn[7] Dn[6] Dn[5] Dn[4] Dn[3] Dn[2] Dn[1] Dn[0] 00
This command is used to transfer data from MCU to frame memory if user wants to continue memory
write after AMemory Write St arCo(n2Ghnude (c3oCnhmadn d Tohr
Description no change to the other driver status. When this command is accepted and Dn[7:0] is transferred from
MCU, the column register and the page register are incremented from the value which has been arrived
by previous memory write operation(2CH or 3Ch).
Restriction Host Must send multiple of 4 parameters at once. If host does not, memory write function will not operate
properly.
Status Availability
Register
o Sleep Out Yes
Availability
Sleep In Yes
Status Default Value
Power On Sequence Contents of memory is set randomly
Default
S/W Reset Contents of memory is set randomly
H/W Reset Contents of memory is set randomly
Legend
MEMWRC(3Ch) / Parameter
Displ
Image Data Py
Flow Chart D1[7:0], D2[7:0], ..... Dn[7:0]
< Action >
< Mode >
Next Command
Sequential
Transfer
Version 0.0 October. 2019 SHENGHETECH Confidential
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5233 TESCAN 4Bt Teaki nSecan

44H TESCAN (Set Tear Scan line)

T Write/Read D7 D6 D5 D4 D3 D2 D1 DO HEX
Command Write 0 1 0 0 0 1 0 0 44
1st Para Write TE_SCANLINE[15:8] 00
2nd Para Write TE_SCANLINE[7:0] 00

This command turns on the display module's Tearing Effect output signal on the TE signal line when the
display module reaches line N. When TE_SCANLINE = "1", Tearing Effect Output Line is on at the
second line of VSYNC.
The Tearing Effect Output line shall be active low when the display module is in Sleep mode.
Note that TE_SCANLINE with N = "0" is equivalent to TEON with TEM = "0".
35h | 44h
TE Output
TEM TE_SC
ANLINE
The Tearing Effect Output line consists of V-blanking information only.
1 tvdl ' tvdh
R > —>!
0 0 : A
Vemcm1mneSgﬂg__J//_____\N( /4f____w\%;__
o The Tearing Effect Output Line consists of Nth line information
Description
Vsync
0 io Hsync E
TE Output Line |_|
(When TE_SCANLINE=1)
TE Output Line H
(When TE_SCANLINE=6)
The Tearing Effect Output line consists of V-blanking information only.
1 tvdl ' tvdh
R > —>!
1 X : A
Vemcm1mneSgﬂg__J//_____\N( /4f____w\%;__
This command takes effect on the frame following the current frame. Therefore, if the Tear Effect (TE)
Restricti output is already ON, the TE output shall continue to operate as programmed by the previous TEON, or
estriction TESCAN, command until the end of the frame.
TE_SCANLINE[15:0] always must be less than VBP + VFP + VACT.
Register Status Availability
AVaI'ablllty S|eep Out Yes
Version 0.0 October. 2019 SHENGHETECH Confidential
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Sleep In Yes
Status Default Value
Power On Sequence 00_00h
Default
S/W Reset 00_00h
H/W Reset 00_00h
Legend
( TE Output Off ) Command
/ Parameter /
Set Tear On(35h) -
Display
Flow Chart Y _
1% & 2" parameter : < Action >
TE_SCANLINE[15:0]
¢ ( Mode )
( TE Output On Sequential
Transfer
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5234RDSEN( 45h) :

Read uSwcbaenr Li ne

N

45H RDSCAN (Read Scan Line Number)
T Write/Read D7 D6 D5 D4 D3 D2 D1 DO HEX
Command Write 0 1 0 0 0 1 0 1 45
1st Para Read GET_SCANLINE[15:8] 00
2nd Para Read GET_SCANLINE[7:0] 00
The display module returns the current scanline, N, used to update the display device. The first scanline
Description is defined as the first |ine of Vsync and is den
RDSCAN is undefined.
Restriction
Status Availability
Register
N Sleep Out Yes
Availability
Sleep In Yes
Status Default Value
Power On Sequence 00_00h
Default
S/W Reset 00_00h
H/W Reset 00_00h
Legend
’/‘ Command
RDSCAN(45h)
Host / Parameter /
i et I_
Ispla i
Send 1% & 2™ piay Display
Flow Chart Parameter
GET_SCANLINE[15:0] < Action >
( Mode )
Sequential
Transfer
Version 0.0 October. 2019 SHENGHETECH Confidential
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SH86A 1

480x480 AMOLED Display Driver IC

5235SP| _RDOFFSR 4 &Rre)id

o

46H SPI_RDOFF (SPI Read Off)

) Write/Read D7 D6 D5 D4 D3 D2 D1 DO HEX
Command Write 0 1 0 0 0 1 1 0 46
Parameter No Parameter
Description This command disables SPI Read.

Restriction -
Status Availability
Register
o Sleep Out Yes
Availability
Sleep In No
Status Default Value
Power On Sequence Off
Default
S/W Reset Off
H/W Reset Off
Legend
< SPI Read Enable > Command
i Parameter
m Display
Flow Chart
A 4 Action
< SPI Read Disable >
< Mode >
Sequential
Transfer
Version 0.0 October. 2019 SHENGHETECH Confidential
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SH86A 1

480x480 AMOLED Display Driver IC

5236SPI _RDONGS#®#7hrRead On
47H SPI_RDON (SPI Read On)

) Write/Read D7 D6 D5 D4 D3 D2 D1 DO HEX
Command Write 0 1 0 0 0 1 1 1 47
Parameter No Parameter
Description This command enables SPI Read.

Restriction -
Status Availability
Register
N Sleep Out Yes
Availability
Sleep In No
Status Default Value
Power On Sequence Off
Default
S/W Reset Off
H/W Reset Off
Legend
< SPI Read Disable > Command
i Parameter
m Display
Flow Chart
\ 4 Action
< SPI Read Enable >
< Mode >
Sequential
Transfer
Version 0.0  October. 2019 SHENGHETECH Confidential
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5237A0ODOF&8)A0D Mode Of f

48H AODOFF (AOD Mode Off)

T Write/Read D7 D6 D5 D4 D3 D2 D1 DO HEX
Command Write 0 1 0 0 1 0 0 0 48
Parameter No Parameter
Description This command turns off AOD mode.

Restriction -
Status Availability
Register
oo Sleep Out Yes
Availability
Sleep In Yes
Status Default Value
Power On Sequence AOD Off Mode
Default
S/W Reset AOD Off Mode
H/W Reset AOD Off Mode
Legend
( Display AOD Mode ) Command
l Parameter
AODOFF(48h) Display
Flow Chart
4 < Action >
( Display Normal Mode )
(: Mode :)
Sequential
Transfer
Version 0.0 October. 2019 SHENGHETECH Confidential

131/ 157



@

o berh

SHENGHE TECHNOLOGY

52.38A0DOM & )AOD Mode

On

49H AODON (AOD Mode On)

T Write/Read D7 D6 D5 D4 D3 D2 D1 DO HEX
Command Write 0 1 0 0 1 0 0 1 49
Parameter No Parameter
Description This command turns on AOD mode.

Restriction -
Status Availability
Register
oo Sleep Out Yes
Availability
Sleep In Yes
Status Default Value
Power On Sequence AOD Off Mode
Default
S/W Reset AOD Off Mode
H/W Reset AOD Off Mode
Legend
( Display Normal Mode ) Command
l Parameter
AODON(49h) Display
Flow Chart
4 < Action >
( Display AOD Mode )
(: Mode :)
Sequential
Transfer
Version 0.0 October. 2019 SHENGHETECH Confidential
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5239AO0DWRDI SBNh )Wr i t e

Di spl avaBuegAODDe Mo de

4AH AOD_WRDISBYV (Write Display Brightness Value in AOD Mode)
T Write/Read D7 D6 D5 D3 D2 D1 DO HEX
Command Write 0 1 0 1 0 1 0 4A
1st Para Write AOD_DBV[7:0] FF
2nd Para Write 0 0 0 0 0 AOD_DBV[9:8] 00
This command is used to adjust the brightness value of the display in AOD Mode.
It should be checked what is the relationship between this written value and output brightness of the
Description display. This relationship is defined on the display module specification.
In principle relationship is that 000h value means the lowest brightness and 3FFh value means the
highest brightness
Restriction
Status Availability
Register . .
o Sleep Out Yes (Reflect in next V-sync period)
Availability
Sleep In Yes
Status Default Value
Power On Sequence 0_FFh
Default
S/W Reset 0_FFh
H/W Reset 0_FFh
Legend
(—‘_ﬂﬂ____,_—————""—ﬂ—w Command
AOD_WRDISBV(4Ah) / Parameter /
A 4
Display
AOD_DBV[9:0]
Flow Chart )
<:: Action ::>
A 4
New Display Brightness ( Mode )
Value Loaded
in AOD Mode -
Sequentia
Transfer
Version 0.0 October. 2019 SHENGHETECH Confidential
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5240A0DRDDI SB¥ )Re ad

Di spl ay

BrighA@BbsbMoWal ue

4BH AOD_RDDISBYV (Read Display Brightness Value in AOD Mode)
T Write/Read D7 D6 D5 D4 D3 D2 D1 DO HEX
Command Write 0 1 0 0 1 0 1 1 4B
1st Para Read AOD_DBV[7:0] FF
2nd Para Read 0 0 0 0 0 0 AOD_DBV[9:8] 00
This command returns the brightness value of the display in AOD Mode.
It should be checked what the relationship between this returned value and output brightness of the
Description display. This relationship is defined on the display module specification.
In principal relationship is that 000h value means the lowest brightness and 3FFh value means the
highest brightness.
Restriction )
Status Availability
Register
oo Sleep Out Yes
Availability
Sleep In Yes
Status Default Value
Power On Sequence 0_FFh
Default
S/W Reset 0_FFh
H/W Reset 0_FFh
Legend
(—"”——————————————————W Command
AOD_RDDISBV(4Bh)
Host / Parameter /
———— - ;7_
isplay i
Send 1% & 2™ Display
Flow Chart Parameter
AOD_DBV[9:0] < Action >
<: Mode :)
Sequential
Transfer
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5241DSTB4Fh): DeegoBtantby

4FH DSTB (Deep Standby Control)
T Write/Read D7 D6 D5 D4 D3 D2 D1 DO HEX
Command Write 0 1 0 0 1 1 1 1 4F
1st Para Write 0 0 0 0 0 0 0 DSTB 00

Parameter No Parameter

This command is used to control signal which are related to deep standby mode control

DSTB : Deep standby mode control.
0 = Deep standby mode disable
1 = Deep standby mode enable

B

Description ) )
To exit deep standby mode, set RESX low pulse more than 3ms to pin RESX.
If user wants to enter deep standby mode from normal display directly, it shall enter sleep in mode &
display off mode first, and wait 2 frames or more time for completing power off sequence, and then
execute this command to enter deep standby mode
Restriction -
Status Availability
Register
o Sleep Out Yes
Availability
Sleep In Yes
Status Default Value
Power On Sequence 00h
Default
S/W Reset 00h
H/W Reset 00h
Legend
( Normal Display Mode ) Command

i / Parameter /
DSTB(4Fh) Display

Flow Chart
\ 4 < Action >

Send 1% Parameter
DSTB
i Sequential
C Deep Standby Mode ) Transfer

Mode
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@

5242WRDI SBYLW) it e

Di spl awaBuieghtness

51H WRDISBV (Write Display Brightness Value)
T Write/Read D7 D6 D5 D4 D3 D2 D1 DO HEX
Command Write 0 1 0 1 0 0 0 1 51
1st Para Write DBV[7:0] FF
2nd Para Write 0 0 0 0 0 0 DBV[9:8] 00
This command is used to adjust the brightness value of the display.
It should be checked what is the relationship between this written value and output brightness of the
Description display. This relationship is defined on the display module specification.
In principle relationship is that 000h value means the lowest brightness and 3FFh value means the
highest brightness
Restriction T
Status Availability
Register . .
o Sleep Out Yes (Reflect in next V-sync period)
Availability
Sleep In Yes
Status Default Value
Power On Sequence 0_FFh
Default
S/W Reset 0_FFh
H/W Reset 0_FFh
Legend
’/—‘ Command
WRDISBV(51h) / Parameter /
\ 4
Display
DBV[9:0]
Flow Chart
Action
\ 4
New Display Brightness ( Mode >
Value Loaded
Sequential
Transfer
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52.43RDDI| SB¥2Rp ad

Displ ay

Brightness

Val ue

52H RDDISBV (Read Display Brightness Value)
T Write/Read D7 D6 D5 D4 D3 D2 D1 DO HEX
Command Write 0 1 0 1 0 1 0 52
1st Para Read DBV[7:0] FF
2nd Para Read 0 0 0 0 0 DBV[9:8] 00
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
Description display. This relationship is defined on the display module specification.
In principal relationship is that 000h value means the lowest brightness and 3FFh value means the
highest brightness.
Restriction T
Status Availability
Register
N Sleep Out Yes
Availability
Sleep In Yes
Status Default Value
Power On Sequence 0_FFh
Default
S/W Reset 0_FFh
H/W Reset 0_FFh
Legend
’/‘ Command
RDDISBV/(52h) ost / Parameter /
““““ T
isplay i
Send 1% & 2™ Display
Flow Chart Parameter
DBV[9:0] < Action >
< Mode >
Sequential
Transfer
Version 0.0 October. 2019 SHENGHETECH Confidential

137/ 157




B RE Bk

SHENGHE TECHNOLOGY

5244WRCTRLDBh)Wr i CERL

Display 1

53H WRCTRLD1 (Write CTRL Display 1)
T Write/Read D7 D6 D5 D4 D3 D2 D1 DO HEX
Command Write 0 1 0 1 0 0 1 1 53
1st Para Write 0 0 BCTRL 0 Dl;?;_ 0 0 0 28
This command control related display brightness.
1 D[7:6] - Reserved.
These bits are not applicable for this project, so it is set to "0".
1 BCTRL - Brightness Control
0 = Off
1=0n
Description 1 D[4] - Reserved
Thisbitisnot applicable for this project, so it is
1 DISP_DIM i Display Dimming
0 = Display Dimming Off
1 = Display Dimming On
1 D[2:0] - Reserved
These bits are not applicabl.e for this project,
Restriction i
Status Availability
Register . .
oo Sleep Out Yes (Reflect in next V-sync period)
Availability
Sleep In Yes
Status Default Value
Power On Sequence 28h
Default
S/W Reset 28h
H/W Reset 28h
Legend
(ﬂﬂ____—,_,_————""—'ﬂﬂw Command
WRCTRLD1(53h) / Parameter /
\ 4
Display
1% Parameter
Flow Chart BCTRL, DISP_DIM < _ >
Action
<: Mode :)
Sequential
Transfer
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5245ROCTRL DB )ReadTRL Display 1

54H RDCTRLD1 (Read CTRL Display 1)
T Write/Read D7 D6 D5 D4 D3 D2 D1 DO HEX
Command Write 0 1 0 1 0 1 0 0 54
1st Para Read 0 0 BCTRL 0 253— 0 0 0 28
This command returnsthebr i ght ness value of O6Write CTRL Disp
1 D[7:6] - Reserved.
These bits are not applicable for this project, so it is set to "0".
1 BCTRL - Brightness Control
0 = Off
1=0n
Description 1 D[4] - Reserved
Thisbitis not applicable for this project, so t is
i1 DISP_DIM i Display Dimming
0 = Display Dimming Off
1 = Display Dimming On
1 D[2:0] - Reserved
These bits are not applicable for this project,
Restriction T
Status Availability
Register
o Sleep Out Yes
Availability
Sleep In Yes
Status Default Value
Power On Sequence 28h
Default
S/W Reset 28h
H/W Reset 28h
Legend
(—“"——————————————————W Command
RDCTRLD1(54h)
Host / Parameter /
ittty 2t
Display Display
Send 1% Parameter
Flow Chart BCTRL, DISP_DIM < _ >
Action
<: Mode :)
Sequential
Transfer
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5246 WRCTRLDSBh)Wr i CERL Display 2

55H WRCTRLD2 (Write CTRL Display 2)
T Write/Read D7 D6 D5 D4 D3 D2 D1 DO HEX
Command Write 0 1 0 1 0 1 0 1 55
1st Para Write 0 0 0 0 0 0 ACL_PROF[1:0] 00

This command control related display brightness.
1 D[7:2] - Reserved

These bits are not applicable for this project,
o 1 ACL_PROF[1:0] 7 Select ACL Profile
Description
0 = ACL Off
1 = Profile 1
2 = Profile 2
3 = Profile 3
Restriction T
Status Availability
Register . .
o Sleep Out Yes (Reflect in next V-sync period)
Availability
Sleep In Yes
Status Default Value
Power On Sequence 00h
Default
S/W Reset 00h
H/W Reset 00h
Legend
WRCTRLD2(55h) / Parameter /
4
Display
1% Parameter
Flow Chart ACL_PROF[1:0] <:: . ::>
Action
( Mode )
Sequential
Transfer
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524TROCTRLDPBh )ReadTRL Display 2

56H RDCTRLD2 (Read CTRL Display 2)
T Write/Read D7 D6 D5 D4 D3 D2 D1 DO HEX
Command Write 0 1 0 1 0 1 1 0 56
1st Para Read 0 0 0 0 0 0 ACL_PROF[1:0] 00

This command returns the brightnessval ue of O6Write CTRL Display 10|
1 D[7:2] - Reserved

These bits are not applicable for this project. It i s f 00
o 1 ACL_PROF[1:0] 7 Select ACL Profile
Description
0 = ACL Off
1 = Profile 1
2 = Profile 2
3 = Profile 3
Restriction )
Status Availability
Register
oo Sleep Out Yes
Availability
Sleep In Yes
Status Default Value
Power On Sequence 00h
Default
S/W Reset 00h
H/W Reset 00h
Legend
RDCTRLD2(56h)
Host / Parameter /
s S
Display Display

Send 1% Parameter

Flow Chart ACL_PROF[1:0] < Action >

Mode

Sequential
Transfer
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5248WR_CESh )Wr it e CE
58H WR_CE (Write CE)
T Write/Read D7 D6 D5 D4 D3 D2 D1 DO HEX
Command Write 0 1 0 1 1 0 0 0 58
1st Para Write 0 0 0 0 0 SRE_E SRE_MODE[1:0] 00
This command control related SRE (Sunlight Readability Enhancement)
1 D[7:3] - Reserved.
These bits are not applicable for this project, so it is set to "0".
1 SRE_ENT1 SRE Control
0 = Off
Description 1=0n
1 SRE_MODEJ[1:0] i Sunlight Readability Mode
0 = Low
1=Low
2 = Medium
3 = High
Restriction T
Status Availability
Register . )
o Sleep Out Yes (Reflect in next V-sync period)
Availability
Sleep In Yes
Status Default Value
Power On Sequence 00h
Default
S/W Reset 00h
H/W Reset 00h
Legend
Command
WR_CE(58h) / Parameter /
\ 4 _
1% Parameter Display
Flow Chart SRE_EN,
SRE_MODEJ1:0] < Action >
(: Mode :)
Sequential
Transfer
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5249RD_C(E3h )Read CE
59H RD_CE (Read CE)

T Write/Read D7 D6 D5 D4 D3 D2 D1 DO HEX
Command Write 0 1 0 1 1 0 0 1 59
1st Para Read 0 0 0 0 0 SRE_E SRE_MODE]1:0] 00

This command control related SRE (Sunlight Readability Enhancement)
1 D[7:3] - Reserved.
These bits are not applicable for this project, so it is set to "0".
1 SRE_ENT SRE Control
0 = Off
Description 1=0n
1 SRE_MODEJ[1:0] i Sunlight Readability Mode
0 = Low
1=Low
2 = Medium
3 = High
Restriction i
Status Availability
Register
o Sleep Out Yes
Availability
Sleep In Yes
Status Default Value
Power On Sequence 00h
Default
S/W Reset 00h
H/W Reset 00h
Legend
(——____ﬂ_,__—————"’———~W Command
RD_CE(59h)
Host Parameter
———m ;7_
isplay
Send 1% Parameter Display
Flow Chart SRE_EN,
SRE_MODE([1:0] < Action >
<: Mode :)
Sequential
Transfer
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5250 HBMWRDI SBW)Wr i t e

Di spl avwaBuieghBMe Mo de

63H HBM_WRDISBV (Write Display Brightness Value in HBM Mode)
T Write/Read D7 D6 D5 D3 D2 D1 DO HEX
Command Write 0 1 1 0 0 1 1 63
1st Para Write HBM_DBV][7:0] FF
2nd Para Write 0 0 0 0 0 HBM_DBV[9:8] 00
This command is used to adjust the brightness value of the display in HBM Mode.
It should be checked what is the relationship between this written value and output brightness of the
Description display. This relationship is defined on the display module specification.
In principle relationship is that 000h value means the lowest brightness and 3FFh value means the
highest brightness
Restriction
Status Availability
Register . .
o Sleep Out Yes (Reflect in next V-sync period)
Availability
Sleep In Yes
Status Default Value
Power On Sequence 0_FFh
Default
S/W Reset 0_FFh
H/W Reset 0_FFh
Legend
’/_‘ Command
HBM_WRDISBV(63h) / Parameter /
\ 4
Display
HBM_DBV[9:0]
Flow Chart
Action
\ 4
New Display Brightness < Mode )
Value Loaded
in HBM Mode -
Sequential
Transfer
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5251HBMRDDI SBW)Re ad

Di spl ay

BrightHBMsMoWal ue

64H HBM_RDDISBYV (Read Display Brightness Value in HBM Mode)
T Write/Read D7 D6 D5 D4 D3 D2 D1 DO HEX
Command Write 0 1 1 0 0 1 0 0 64
1st Para Read HBM_DBV/[7:0] FF
2nd Para Read 0 00 0 0 0 0 HBM_DBV[9:8] 00
This command returns the brightness value of the display in HBM Mode.
It should be checked what the relationship between this returned value and output brightness of the
Description display. This relationship is defined on the display module specification.
In principal relationship is that 000h value means the lowest brightness and 3FFh value means the
highest brightness.
Restriction )
Status Availability
Register
oo Sleep Out Yes
Availability
Sleep In Yes
Status Default Value
Power On Sequence 0_FFh
Default
S/W Reset 0_FFh
H/W Reset 0_FFh
Legend
’/‘ Command
HBM_RDDISBV(64h)
Host / Parameter /
e ;7_
isplay i
Send 1% & 2™ Display
Flow Chart Parameter
HBM_DBV[9:0] Action
( Mode )
Sequential
Transfer
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5252HBMCTL (66h): HBM Contr ol
66H HBMCTL (HBM Control)
T Write/Read D7 D6 D5 D4 D3 D2 D1 DO HEX
Command Write 0 1 1 0 0 1 1 0 66
. HBM_
1st Para Write 0 0 HBM_MODEJ1:0] 0 0 EN 0 10
This command control related high brightness mode.
1 D[7:6] - Reserved.
These bits are not applicable for this project, so it is set to "0".
1 HBM_MODE[1:0] i High Brightness Mode
0 = HBM MODEUQO: Interpolation in HBM
1 = HBM MODERQ: Interpolation in HBM
2 = HBM MODEL: Immediately changes Gamma HBM setl in HBM
Description 3 = HBM MODE2: Immediately changes Gamma HBM set2 in HBM
1 D[3:2] - Reserved.
These bits are not applicable for this project, so it is set to "0".
1 HBM_EN i HBM Control
0 = Off
1=0n
1 DI[O] - Reserved.
This bit is not applicable for this project, so it is set to "0".
Restriction )
Status Availability
Register . .
N Sleep Out Yes (Reflect in next V-sync period)
Availability
Sleep In Yes
Status Default Value
Power On Sequence 10h
Default
S/W Reset 10h
H/W Reset 10h
Legend
Command
HBMCTL(66h) Parameter
HBM_EN, Display
Flow Chart HBM_MODE[1:0]
l < Action >
New Display Brightness ( Mode )
Value Loaded
in HBM Mode -
Sequential
Version 0.0 October. 2019 SHENGHETECH Confidential

146 / 157




B RE Bk

SHENGHE TECHNOLOGY

52.53RDDDB(SA1:h )Re ad

DDB St art

Al1H RDDDBS (Read DDB Start)
T Write/Read D7 D6 D5 D4 D3 D2 D1 DO HEX
Command Write 1 0 1 0 0 0 0 1 Al
1st Para Read DDB1[7:0] 00
2nd Para Read DDB2[7:0] 00
3rd Para Read DDB3[7:0] 00
4th Para Read DDB4[7:0] 00
5th Para Read DDB5[7:0] 00
6th Para Read DDB6[7:0] 00
7th Para Read DDB7[7:0] 00
8th Para Read DDB8[7:0] 00
9th Para Read 1 1 1 1 1 1 1 1 FF
This command returns supplier identification and display module model/revision information of DDh.
Description NOTE: This information is not the same RDID1(DAh) : Read ID1, RDID2(DBh) : Read ID2. and
RDID3(DCh) : Read ID3 commands are returning.
Restriction T
Status Availability
Register
oo Sleep Out Yes
Availability
Sleep In Yes
Status Default Value
Power On Sequence (OTP value)
Default
S/W Reset (OTP value)
H/W Reset (OTP value)
Legend
’//‘ Command
RDDDES(Alh) Host / Parameter
Send 1% & 2™ Display | Display |
Parameter
l Action
Flow Chart Send 39 & 4" C Mode >
Parameter
Sequential
l Transfer
Send 5" & 6"
Parameter
Send 7" & 8"
Parameter
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5254RDDD®B( 8Bh) Read DDB Continue

A8H RDDDBC (Read DDB Continue)
T Write/Read D7 D6 D5 D4 D3 D2 D1 DO HEX
Command Write 1 0 1 0 1 0 0 0 A8
1st Para Read DDBn+1[7:0] 00
2nd Para Read DDBn+2[7:0] 00
3rd Para Read DDBn+3[7:0] 00
4th Para Read DDBn+4[7:0] 00
5th Para Read DDBn+5[7:0] 00
6th Para Read DDBN+6[7:0] 00
7th Para Read DDBN+7[7:0] 00
8th Para Read DDBN+8[7:0] 00
9th Para Read 1 1 1 1 1 1 1 1 FF
This command returns supplier identification and display module model/revision information of DDh.
b o NOTE: This information is not the same RDID1(DAh) : Read ID1, RDID2(DBh) : Read ID2 and
escription RDID3(DCh) : Read ID3 commands are returning. Use when want to read DDh continuously after used
Alh.
Restriction T
Status Availability
Register
N Sleep Out Yes
Availability
Sleep In Yes
Status Default Value
Power On Sequence (OTP value)
Default
S/W Reset (OTP value)
H/W Reset (OTP value)
Legend
m Fm
RDDDBC(A8H) Host Parameter
Send 1% & 2" Display ‘ Display ‘
Parameter
L Action
Flow Chart Send 3¢ & 4" Mode
l;r;rameter ( >
i Transfer
Send 5" & 6"
Parameter
Send 7" & 8"
Parameter
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52.55RDF C(SAh) ReFa dCshte ¢ kns u

AAH RDFCS (Read First Checksum)

T Write/Read D7 D6 D5 D4 D3 D2 D1 DO HEX
Command Write 1 0 1 0 1 0 1 0 AA
1st Para Read FCS[7:0] 00

Thiscommandr et urns the first checksum what has been
Description registers(not include AManufacture Command Set0)
registers and/or frame memory has been done.
Restriction It will be necessary to wait 150ms after there i
before there can read this checksum value.
Status Availability
Register
oo Sleep Out Yes
Availability
Sleep In Yes
Status Default Value
Power On Sequence 00h
Default
S/W Reset 00h
H/W Reset 00h
Legend
’/_‘ Command
RDFCS(AAh)
Host Parameter
iebininiiels Sinieteieinininbatet
Display Display
Send 1% Parameter
Flow Chart FCS[7:0]
Action
( Mode >
Sequential
Transfer
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5256RDCCSY Rh) Read Continue Checksum

AFH RDCCS (Read Continue Checksum)

T Write/Read D7 D6 D5 D4 D3 D2 D1 DO HEX
Command Write 1 0 1 0 1 1 1 1 AF
1st Para Read CCS[7:0] 00

This command returns the continue checksum what has been calculated continuously after the first
Description checksum has calculated from fiUser Canmeamoaymfter the evtited
access to those registers and/or frame memory has been done.

- It wi || be necessary to wait 300ms after there
Restriction . . L

before there can read this checksum value in the first time.
Status Availability
Register
oo Sleep Out Yes
Availability
Sleep In Yes
Status Default Value
Power On Sequence 00h
Default
S/W Reset 00h
H/W Reset 00h
Legend
RDCCS(AFh)
Host / Parameter /
Sibeiniiils Attt
Display Display
Send 1% Parameter
Flow Chart CCSJ[7:0]
Action
( Mode )
Sequential
Transfer
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5257TSPI _MJO&A)SPI Mode Contr ol
C4H SPI_MODE (SPI Mode Control)
T Write/Read D7 D6 D5 D4 D3 D2 D1 DO HEX
Command Write 1 1 0 0 0 1 0 0 C4
SRAM
. DUAL_PMODEJ[1 QUAD | SDIO DUAL
1st Para Write _WR_ 0 - 0 - - 00
VODE :0] _LINE | MODE EN
This command control interface mode.
1 SRAM_WR_MODE i SRAM Write Enable in SPI+MIPI interface mode
0 = Disable
1 =Enable
D[6] - Reserved
This bit is not applicable for this project, s
DUAL_PMODEJ[1:0] i RGB image data transfer format in SPI3,4W interface mode
0=1P /1T 1line
1=1P /1T for 2 line
2 =2P /3T for 2 line
Description D[3] - Reserved
Thisbitis not applicable for this project, so it is
QUAD_LINE i Quad line
0 = SDIO, SDI1, SDI2, SDI3 (4 line)
1=SDIO (1 line)
SDIO_MODE i Read protocol in SPI3,4W interface mode
0=SDI
1=SDI + SDO
DUAL_EN T Dual mode enable in SPI3,4W interface mode
0 = Disable
1 =Enable
Restriction T
Status Availability
Register
A Sleep Out Yes
Availability
Sleep In Yes
Status Default Value
Power On Sequence 00h
Default
S/W Reset 00h
H/W Reset 00h
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Legend
SPI_MODE(C4h) / Parameter /
v
1% Parameter Display

SRAM_WR_MODE

Flow Chart i :
DUAL_PMODE[1:0] < Action >

, QUAD_LINE,
SDIO_MODE,
DUAL_EN

Mode

Sequential
Transfer
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5258RD|I DDAh)Read | D

DAH RDID1 (Read ID1)

T Write/Read D7 D6 D5 D4 D3 D2 D1 DO HEX
Command Write 1 1 0 1 1 0 1 0 DA
1st Para Read ID1[7:0] 00
Description This read byte is an identifier. It is specified by Module maker code.

Restriction T
Status Availability
Register
N Sleep Out Yes
Availability
Sleep In Yes
Status Default Value
Power On Sequence (OTP value)
Default
S/W Reset (OTP value)
H/W Reset (OTP value)
Legend
’/—‘ Command
RDID1(DAh)
Host / Parameter /
bttt Ahabetetaiai ity
Display Display
Send 1% Parameter
Flow Chart ID1[7:0]
Action
( Mode )
Sequential
Transfer
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5259RDI DDB:MRead | D2

DBH RDID2 (Read ID2)
T Write/Read D7 D6 D5 D4 D3 D2 D1 DO HEX
Command Write 1 1 0 1 1 0 1 1 DB
1st Para Read ID2[7:0] 00
Description This read byte is an identifier. It is specified by Module/Driver version.
Restriction T
Status Availability
Register
oo Sleep Out Yes
Availability
Sleep In Yes
Status Default Value
Power On Sequence (OTP value)
Default
S/W Reset (OTP value)
H/W Reset (OTP value)
Legend
’/—‘ Command
RDID2(DBh)
Host / Parameter /
bttty Ainbeteiaiai ity
Display Display
Send 1% Parameter
Flow Chart ID2[7:0]
Action
( Mode )
Sequential
Transfer
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5260RDI DD Ch)Read | D3

DCH RDID3 (Read ID3)
T Write/Read D7 D6 D5 D4 D3 D2 D1 DO HEX
Command Write 1 1 0 1 1 1 0 0 DC
1st Para Read ID3[7:0] 00
Description This read byte is an identifier. It is specified by Module/Driver project code.
Restriction T
Status Availability
Register
o Sleep Out Yes
Availability
Sleep In Yes
Status Default Value
Power On Sequence (OTP value)
Default
S/W Reset (OTP value)
H/W Reset (OTP value)
Legend
’/—‘ Command
RDID3(DCh)
Host / Parameter /
bttt Attty
Display Display
Send 1% Parameter
Flow Chart ID3[7:0]
Action
( Mode )
Sequential
Transfer
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NOTI CE

SHT may make changes to specifications and product descriptions without notice at any time.
User must not rely on the absence or characteristics of any features or instructions marked
"reserved", ATBDO or undefined".

It reserves these for future definition and shall have no responsibility whatsoever for conflicts or
incompatibilities arising from future changes to them. The information here is subject to change
without notice. Do not finalize a design with this information.

The products described in this document may contain design defects or errors known as errata
sheets which may cause the product to deviate from published specifications.
Contact your SHT sales office or headquarter to obtain the latest specifications.

Customer should use the SHT products described in this document within the range specified by
SHT, especially with respect to the maximum rating, operating supply voltage range, movement
power voltage range, heat radiation characteristics, installation and other product characteristics.
SHT shall have no liability for malfunctions or damages arising out of the use of SHT products
beyond such specified ranges.

This document may not be reproduced, duplicated, or disclosed to any third parties in any form, in
whole or in part, without prior written consent of SHT.

SHT, SH and SHT logo are trademarks of Shenghe technology in the China and/or other countries.

No part of this document may be permitted to be copied, transmitted or stored in any form without
prior written consent of Shenghe technology.

Copyright © 20D Shengheechnology. All rights reserved.
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