= LATTICE

Contents
O 1= o 1T | B LTy 1 o 4 [ USE 6
00 S 1 o U1 £ PP PP PP P PP PPPPPPPPPPPPPPPPPPRE 6
1.2, Digital VIdEO OULPUL ..eeeitiietiectie ettt ettt st e et e s bt e e bt e sa b e e e bt e st e e e bt e sabeeeaneesabeeenneenares 6
1.3, Digital AUCIO INTEITACE .eoueeiieeeee ettt ettt et e bt e e bt e st e e e bt e st e e sneesabeeeneesares 6
O S o T o | o | PSPPSR 6
T - Vol & - TSRS 6
YY1y =T 0 I Y o o FTr= Y d o LSRR 7
3. Comparing Features of Lattice Semiconductor RECEIVEI DEVICES ......cccuvieeeiiiieieiee e ciree e et e e eree e seaee e st e e e e eaeeeanes 7
B SV Tt oY o F=Y I D TcT Yol e d o o YOS URS 8
4.1, TIVIDS DiItal COMES ..uueeiuiiiiiieiieeittteeite ettt et sit e et e sat e sat e e sh e e at e e sab e e eae e e sab e e bt e e sa b e e bt e e sab e e bt e e smseeaneeessbeeseeesaneenneeas 8
4.2, Active Port Detection and SEIECHION ...cccc.uiii i e e et e s s e e e st e e s eaae e e saaeee s 8
4.3, HDCP Decryption ENGINE/XOR MASK......c.cceruiriirieieierieiesieste sttt eete e teste e st stesaeeateneentetestesbesaesseeneensenseseessees 10
S 10 1@ ol 4T o Y=Y o F=To I =Y SRS 10
T D - - I oY o JU - [ o To I @1o] 0 1VZ=T Y[} o NP PRSPPIt 10
4.5.1. [V oTe [ @o] o] 4 o] I Mo 4 oSSR UPPRRNt 10
45.2. Video Data Conversion and Vide0 OULPUL ........uuiiiiiiiieiiiiiiiees ettt e e e st e e e e e e seaterre e e e e s sesnneraeseeessensnnens 10
4.53. DEEP COlON SUPPOIT.c..etiiiiieiiteittte ettt ettt sttt e st e st e st e st e e bt e st e e s bt e sabe e e bt e sabeesaseesabeesneesabeeenneesares 11
4.5.4. XVYCC SUPPOIT ..ttt e e s e e e e s e s a et et e s e s bbb et e e e e s sennrateseeesesannnes 11
T 0 IV AT [To J oY 4 - | 3R 12
4.6.1. Default Video CONFIGUIATION ...c..iiiiiiiiieeiee ettt st ettt et sne e s b e e aeesares 12
4.6.2. Automatic Video CONTIGUIATION ....cciiiiieiciii ettt et e et e e e rite e e e e ate e e s tae e e e ataeeeensaaeesssaeeesnsaeeeanns 13
4.7.
4.7.1.
4.7.2.
4.7.3. One-Bit AUIO INPUL (DSD/SACD) ...uuiiuiieuiieteeeteete et eteeee et eete e teebeeteetaeebeesbeebeebesasesaaesseesseenseenseessesssenseens 14
4.7.4. High-Bitrate AUdIO ON HDMI .......iiiiiiiiieeiee ettt ettt ettt st e st e s bt e s b e e e sneesabeeeneesares 14
4.7.5. Y XU L o3 YU Lo [ To M@oY o TV - o FP SRR 16
4.7.6. Yo 1Y 11 =TSPTSRO 16
% T @o] o 4 o] I=T o Yo I @0oY o} iT={U =Y o] o[PS SRS PRI 17
4.8.1. Register/ConfigUration LOZIC ....cueeiuieiiiieeieeeciee et e et e et e cte e e teeebeeebeeebeeeabeeeabeeebeeeabeeenseeeabaseseeentaeenseeenses 17
4.8.2.  12C S@IIAl POIS....uiicuieteietieteeteteeteet et ete st ete et e st eteete et e aeete et e e etestesseteebessetesbessebesbessetasaessebesbessebesbessetesbenseteetannas 17
4.8.3. EDID FLASH @nd RAM BIOCK ...couutiiiiieiiieeee ettt sttt st sttt st s s sne e s e e neesanes 17
4.8.4. (01 TGl [ 0] =T o - Lol T OO PO PRSP P P PPRPURPPPRRTPO 18
4.8.5. Standby and HDMI POrt POWET SUPPIIES ...cciieiieeeiiieeeeies sttt e st ese e e e stee e e stae e e s e e e snaae e e snbaeessnneeesnnees 18
TR = [=Yol g Tor- I o T=T ol =Y [o] oK USSP 19
5.1.  Absolute Maximum CONITIONS .......oeiiiiiiiiiiiieiiiiee ettt ettt e st e e s bt e e e e sabe e e seabbeeesbbeeessabaeesssaeeesanseeenn 19
5.2, Normal Operating CoNAItIONS .....ceeiiiiiciiiiiee ettt e e e e e e e st e e e e s e s eata e e e e e e sessnstaareaeeeesesnsstaaeeeessensnsrenees 20
LT T b TG o Y=Y ol 1 Tor-Y 4[] o TSRS PU PSRRI 21
5.3.1. DC Power SUPPIY Pin SPECITICAtIONS .....uiiiiiiieiciie ettt e s e e st e e e e sate e e saaeeeesnbaeeenans 22
LT S Y O o 1= | o7 d o PRSI 24
5.4.1. RV ATe 1o T @ 1U Lo o101 T a1 g YRS 24
5.4.2. AUIO OULPUL TIMINES oo iiiiiiiiieee ettt e e ettt e e e e e e e st e e e e e e e sesrabaeaeeaeeesastasaesaaaesanssstaeseaassasasssaeseaaeaanannses 25
5.4.3. MISCEHANEOUS TIMINGS .oeeiiiiiiiiiee ettt et e e e e e et e e e e e e e e bbb aeeeeeesesaabtaeeeaaesaasstaaseaessasanssaaseaaesennsses 26
5.4.4. NEEITUPE TIMNES i e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e aaaaaaaaaas 27
(ST N[0 VLo V=l DI T o - 1 F U P PP PP PPPPPP 28
6.1.  TMDS INPUL TIMING DIQBIamMS ...uvieeiiiiieiiiiiieteeeieiititeetesesssirrreeeeeessssareeetesssessstsrteessssssssssraeesessssssssseneeesssenssssesees 28
6.2.  POWEN SUPPIY CONTIOL TIMINES woeiiiiiieeiiiieceiee e stee e ettt e e eeete e e sttt e e e e e e e ssaseeeessaeeeassaeesansseeesnsseeeaansaeesannseessnnseeean 28
(o TR =TT A T2 0 1Y =P PPP 29
6.4.  Digital Video OULPUL TimMiNg DiagramsS.....cccccueeeicieeeeiieeeeetteeesiteesessreeesssreeesssseeeassseeesasseeessseesassseeessssssessnsseeen 29
6.4.1. OUETPUL TranSITiION TIMES .ovvveiiieiiiiiiiiriieitterererererere e e ——.—————————.—.—.—.—.—.—.—......................................—... 29
6.4.2. Output Clock 1o OULPUL Data DeIAY ..ceeiiieiiiiiiiee ettt e e e e st r e e e e e e s e bbt e e e e e e e e eennnraeneas 30
6.5.  Digital AUIO OULPUL TIMINES ...uuiiieiiiiiiiiiiiee e ecciieee e e e eerre e e e e e e e e s baereeeeseseatasaeaeeeesasbaaaeasaesseasssaaeeeassenssnsrnnes 30

www.latticesemi.com/legal

Downloaded from AFFOW.Com.


http://www.arrow.com
http://www.arrow.com

= LATTICE

6.6.  Calculating Setup and Hold Times for VId0 BUS .........cccuiieiiiiieieiee ettt stee e stre e e ste e e ssnnee e e snaeeeennns 31
6.6.1. 24/30/36-Bit IMOUE ...c.veeuiieiieeeieeeeettete e te s te sttt et e et e et e e st e st e et e e teestessaesaeesseesaeenseenseeneeeseenteenreenteenteeneennes 31
6.6.2. 12/15/18-Bit DUI-EAZE MOUE......ccuiiiieieeieeiie ettt ettt et e e te et e et e e besaaesaaesaeesbeebeeaneeabesssesssesraensens 32

6.7.  Calculating Setup and Hold Times fOr 125 AUGIO BUS........ccc.cueerieueiiiereiiiieteeisie et tese s v s v st e s besnenes 33

7. Pin Diagram and DESCIIPLIONS.....ccittiiiiertieette ettt sttt ettt et e st e e bt e sttt e bt e sb et e bt e sabe e e sbbe e bt e e sate e neeesabeeneeesnneenees 34

% T 1o T DTV = o o TP PP P PP UPRPR PPN 34

2 T o [ T B T=ETo] o] o1 u o] o PP P PO PP PPN 35
7.2.1. Differential Signal Data PiNS.........cocuieeiiiiie ettt e e s e e et e e e stae e e stae e e eataeeesasaeeesnreeesnssaeesannneas 35
7.2.2. Digital Video OULPUL DAta PiNS ....cccueiieiiiie ettt et et e e e e e s e eae e e sta e e e sata e e esnsaeeesanaeeeessaeessnnneas 36
7.2.3. Digital Video OULPUL CONTIOI PiNS.....uiiiiiiieeciii et e ettt e st e e et e e e eeae e e sta e e e sstaeeesnsaeeesanseeeessaeesnnnneas 37
7.2.4. HDIMI CONErOl SIBNAIT PINS ..ttt ettt ettt st e st e st e s it e sabeesabeesabeesaneesabeesaneens 37
7.2.5. Digital AUAIO OULPUL PiNS.....iiiiiiiiiieiie ittt ettt ettt st e st sa e s et e st e e st e e sabeesabeesareesaneens 38
7.2.6. Configuration/Programming PiNS ........cccceceeeieriererierteseeetetestestesteste st eeeeseestestestestesaeeneensensentessessesseensensensn 39
7.2.7. POWET @NA GrOUNG PINS ..iiiiiiiiieiiieeiie ettt et site e st teesite e st e e sat e e sabeesateesabeesabeesabeesateesabaesabeesabeesaseesabeesaseess 39
7.2.8. Reserved and NOt CONNECLEA PiNS.....cooiiiiiiiieiiee ettt ettt e e st e s bt e s st e e e e sabaeeseaneeas 39

L T LU=l [l o) o s o= Y o] o EOO OSSP 40

2 I Vo [=To T - i o TP PPU PR 40
8.1.1. HDMI Input Modes to Sil9233A Receiver OULPUL IMOAES ......cocuiiiiiiriieiieeeiee et 40
8.1.2. OutpUt MOdE CONFIGUIALION ...couiiiiiieiieeie ettt st ettt e e bt e st e st esbeeeneesbeeesneenane 44

B B O ol [} 4= o 7= 1ol =1 J OO OO 58
8.2.1. HDCP E-DDC / I2C INTEITACE ....viviiei ettt ettt eet ettt ettt sae et e s et e st et et eteseeebesaeereentessesaesaeeresaeereeneeneenes 58
8.2.2.  LOCAI IEC INTRITACE c.veueeviteeieteet ettt ettt ettt ettt bt eseebe et essebe b essese et esseseebensesesbenseseebensesesbenseneans 59
8.2.3. VideO REQUIrEMENT FOF [2C ACCESS ...vvvveeeeeiereiteeteeteeseeseesteetesteeteeseeseeseessetesteetesassreeseensensessetesaseteeneenseneeneen 59
T S L Ol 2 1= (£ =Y T 59

9. DeSigN RECOMMENUATIONS .. .veiitieiiiieeite ettt ettt et sb e et e sttt e bt e s bt e e bt e sab et e bt e sabeeebeeeabeeesbesabeeesaeesnbeeesnneennees 60

L I oYY o @0 T Y e PSPPI 60

9.2, POWEI-0N SEOUENCING ..teteiurteeiitetetaittetesaeteessireeesaaseeeeseseeeesaareeesamseeesansseeesabesesansaeeesnneeesanrenesasneeesanneeesnnneeesannns 60

9.3. oM T W OV =T o A DT =T o' P T PSR 60

9.4.  HDMI Receiver DDC BUS PrOt@CHION....cciii ittt et e e e e sttt e e e e s e e e e e e s e anreeeeeeesenas 61

S 0 TR D =Y olo YU o [ F=d 6F- ] o T- Yol o ] USSP 61

S B T =Yl o o) {<Toi £ (o] o H TP PP PPPUPUPTN 61

9.7, HDIMI RECEIVEI LAYOUL «...eeviiiiiieii ittt ee ettt e e s s ettt e e e s e s et et e e e s e sasbataaaeessssssssbaaaeesssansnnsaeaeesssnnsnsseaeesesnnas 62

9.8, EMII CONSIHEIATIONS ..euviiiiiieitteitteesite ettt st ettt e sa e sttt e s et e s at e sab e s ab e e sabeesat e e sabeesabeesabeesabeesabeesaseesabeesaseesareesaneens 63

LS TR Y/ o Tor | I T o] U Y| USSR 63
9.9.1. oI YU o] o] VAN D<o TU T o] =SSP 64
9.9.2. HDIMI POt CONNECEIONS ....eeieieiiiiiitiiee ettt ettt e e e sttt e e e e s e bt e e e e e s e s s baeeeeeeeesaanbbnbeeaeeesannnnneeeaens 65
9.9.3. [B]T=4} =Y I VATe [=To M @ UL o UL @] oY aT=Yor o o P SUR 66
9.9.4. Digital AUio OULPUL CONNECLIONS ..viiiiiieiiiiieeee ettt e e e et e e e e e e sn e e e e e e s e sanbaareeeeeesnnnsaareeeens 67
9.9.5. (Ofe] 0l o] INYF {0 =1 I @] o1 g <ol d o o 13U USPRN 67

9.10. Layout—TMDS INPUL POt CONNECTIONS ....ceiiiiiieiiiiit it ettt e s et e s e e s sr e e e s enne e e snnneessnneeeeas 68

KO o Tol - Y={ =l [ 0] oY 2 - 14 o] o USSPt 69

10.1. Lo Yo B AU TR T = g =T o SRR 69

10.2. PCB LaYOUL GUIAEIINES .....vvviiieeeieiciiiieiee e e ettt e e e e e ettt e et e e e e et b e e e e e e e e s abaaaeaaeeesassstaaseaaeseanntbaseaaseeannsaaaeeaans 69

10.3. ol T e{=l D [0 1= ] o o LY SRR 70

10.4. Y Y Y= 3 D =4 = o HO SRR 71

10.5. (0o L= o oY= [l o1 0 F= 1 [o] o VO UUR 71

RETEIEINCES .. ettt ettt et e st e et e s abe e st e e s et e e e bt e s a ke e et e e sa ke e e bt e sa ke e e beeea b e e e bee e be e e bee s beeebee s beeennee et 72

SEANAAIAS DOCUMENTS. .. eeiiieiiiieitieesite ettt st ettt su bt e sttt e subeesabeesabeesabeesabeesabeesabeesaseesabeesaseesabeesaseesabeesaseesabaesasaesabeenaseens 72

Lattice SEMICONAUCTOr DOCUMENTS. ..c.uiiiiiirieeiieeetee sttt sttt e se e e st e e shbe e sttt e sabeesateesabeesbteesaseessteesabeessteesaseensseesaseenses 72

BLIE=T a1 Tor= 1 IS U o o Yo o SRR 72

AV E o] g T = 1) o] VA TP ST 73

www.latticesemi.com/legal

Downloaded from AFFOW.Com.


http://www.arrow.com
http://www.arrow.com
http://www.arrow.com

= LATTICE

Figures

[T U T T R V7 o1 ToF: | BN T o] [ oF: | 4 o o NSRS 6
Figure 4.1. A/V ReCIVEr BIOCK DIGEIAM ..ccuiiuiiuieuieieieie ettt ettt et e e st e te sttt e it et eaestesbesaesbesaeeseeneesanbesaesbesseentensansenseseennas 8
Figure 4.2. FUNCIONAl BIOCK DI@BIam ......eiiiiiiiieiiie ettt ettt sttt st e et e st e et e st e e e bt e sabeesabeesabeesnseesabeesnneesas 9
Figure 4.3. Default Video ProCesSing Path ..........coiiiiiiiiiiieiieeesee ettt ettt ettt ne e s b e b e eanee 13
Figure 4.4. High Speed Data TranSmMIiSSION ......c.utiiuiiiieeeieeitteetee st et sb e st e st e st e e st e sabeesabeesabeesabeeeabeesbeeeseesabaeeneesares 15
Figure 4.5. High-Bitrate Stream Before and After Reassembly and Splitting ........coeeeviiiiiiie e 15
Figure 4.6. High-Bitrate Stream After SPHTLING .......vvi i e e et e s et e e e s are e e e s atb e e e entaeeennnes 15
FIGUPE 4.7. 12C REGISTEr DOMAINS ...vveuveeeireitectecteeteeeeste e steeteeteeseesee s e sesesetesseeseessessentesssasesaeeteesseseensesseateseeetesseessensensentesreas 17
T U N B T oY T o £ - ' o RS 18
Figure 5.1. Test Point VCCTP for VCC NOiISE TOIEIraNCe SPEC ..cccuueiiuiiiiiieiiieeieentte ettt ettt ettt s bee bt snee e 20
Figure 5.2. AUdio Crystal SChEMALIC ...ooiuiiiiieiiiee ettt sttt e st e e bt st e e e bt e sabeeeneesares 25
Figure 5.3. SCDT and CKDT Timing from DE 0r RXC INACHIVE/ACHIVE .....ecverueruieiieiieieierieste sttt st st 27
Figure 6.1. TMDS Channel-to-Channel SKEW TIMING ...cc.uveiiiiieeciiiee ettt et e e et e e s st e e e sar e e e e sataeeeennraeesnnnes 28
FIgUre 6.2. POWET SUPPIY SEOUEBNCING ...ccuiieeeiiieeeecite e ettt e e sttt e e e stte e e eetteeestaeeeesstaeeeesaseesassaaeaastasesanssasesssasaesstseeeassaeesnssens 28
Figure 6.3. RESETH IMINIMUNM TiMNES...uuuuuuuiiuiuiuiiiiiiiueuiuiuiueuuuuaaasaeaaaeasaeaeaaaeaeaeasaeaaaaaaaeanaaaa——aaaaaaaaaaaaaaanaaaaaaaaaaasanaaanananaaanaaans 29
Figure 6.4. Video Digital OULPUL TranSition TiMES ......ccciuiieiiiiieeeiiie e ceiiee et e e e st e e eeir e e e stbeeeesabaeeeeastaeesabaseesatseeeessneeennsens 29
Figure 6.5. Receiver Clock-to-Output Delay and Duty Cycle LIMits .....c.coiueeeiiiiiiieniieniieeiee et 30
FIGUIE 6.6. 125 OULPUL TIMINES ©.voveveviiiteeiietetieetete et etese st ete st ss et e e ssetesessebesessebesessebesessessssasebesessebess s ebesessesessasebessssebensseteneane 30
FIGUIE 6.7. S/PDIF OULPUL TIMINES ..eeuteteierteeteieeeetesteiestestesteeseesessesessessesseeseeseessensessessesssssesseessensessensessessesseessensensensessens 31
FIGUIE 6.8, IMICLK TiMINES . eeeiiiiiieiiiiite ettt ettt ettt e et e e st e e s s et e s e s et e e s mba e e e s na e e e ean b e e e sannn e e e snbeeeesaraeesennneesnnnes 31
Figure 6.9. 24/30/36-Bit Mode Receiver Output Setup and Hold TiMES......ccveiiiieeiieiiiee ettt e e 31
Figure 6.10. 12/15/18-Bit Mode Receiver Output Setup and Hold TiMES .....ceeciveeeiiieiiee ettt evee e 32
LT LU R e T D TT- T - | o N 34
Figure 8.1. Receiver Video and Audio Data Processing Paths ..........coouiiiiiiiiiiiiieiceeeee ettt 40
Figure 8.2. HDMI RGB 4:4:4 Input to Video Output Transformations .........ceceevieerieeiiieniee et 41
Figure 8.3. HDMI YCbCr/xvYCC 4:4:4 Input to Video Output Transformations .........cceceeevveereerierienene e seseeeeseesaesee e 42
Figure 8.4. HDMI YCbCr/xvYCC 4:2:2 Input to Video Output Transformations ..........ccceeceveveereeienieneseneseseeeeseessesseseens 43
T oAU S T A A A T o 1T F= DT T= =Y o N 46
LT O I TN T O T o T oY= D= = o N 49
Figure 8.7. YC 4:2:2 Embedded Sync Timing DIaZram .....cccciiicciiiiiee ettt e eecitteee e e e sestttae e e e e e sesnetaeseeeseesnntaeneesseesnnnses 52
Figure 8.8. YC MUX 4:2:2 TiNiNG DiaZIam . ... uuuuuuuuuuuuuiuiuuiiuuuuuuuiueueuuueaeaeaeaaaeaeaeasaeaeaeae.ea.a......—....—....——————————oooooooooo—o—ooo———o————.. 54
Figure 8.9. YC Mux 4:2:2 Embedded Sync Encoding Timing Diagram.........ceecueeriieeriueerieenieenieeeieesieesseesreesseesseessseesanes 56
Figure 8.10. 18-Bit Output 4:4:4 TimMiNg DIagram .....cciiiuiiiiiiiieieiiie et s s e e e resenr e e snr e e e e sareresesnrneesnnnes 57
Figure 8.11. 15-Bit Output 4:4:4 TimiNg DIagram .....cocicuiiiiiiiieieiiie et et e s e esese e e e snr e e e e snreresennnneesnnnes 57
Figure 8.12. 12-Bit OUtpUL 4:4:4 TimiNg Diagram . ... e ittt sasaaananans 57
FIGUPE 8.13. 20 BYLE REAM.....uiiticeieeiceeeeeeteete ettt ettt et e bt ettt et e st e et e saeebeeseestente st s ebesasebeersessassessentesessbesneensentensestesenas
FIGUPE 8.14. 120 BYLE W ...uiivieeieeeeeeeecete et ettt ettt e sttt ett et et e et e st e et e sas et e eseestente st setesaseteeseessesseseentesessbesneensentetentesenas
Figure 8.15. Short Read Sequence

Figure 9.1. Decoupling and Bypass Capacitor PlaCemMeNt.......cocuiiiieiiiiiiiieeiee sttt sttt st st st s s 61
Figure 9.2. Cut-out Reference Plane DIMENSIONS .........eeruieiiiinieeiieeeiee st e ettt e st sbeesbee st e sabeesabeesabeesabeesseesabeesneesanes 62
Figure 9.3. HDMI to Receiver ROULING — TOP VIEW .. ..uuiiiiiiiiieiiiiiieet ettt e e sttt e e e s s s et ee e e e s sessaabaeeeesssessnntanneesssesnnnnes 63
Figure 9.4. Power Supply Decoupling and PLL Filtering SChematic .......c..uvveiiiii it 64
Figure 9.5. HDMI Port ConNections SCREMAtIC.....cciiiiiiiiie ettt e e e e et e e e e e s e nata e e e e e e eesnnbaaseeeeeesnnnees 65
Figure 9.6. Digital Display SCHEMALIC ...eiii i e e e e e e e e e e e st tr e e e e e e sesabtaeeeeeeeesnntaaeeeaeeenannees 66
Figure 9.7. AUAIO OULPUL SCNEMATIC ..eiiii ittt e e e e e e et a e e e e e e se s abtaeeeeeesesastaeseaeeeesanstanneaassenannses 67
Figure 9.8. Controller CoNNECtioNS SCHEMATIC. . .uicuiiiiieiie et e e st e e et e e ene e e e sns e e e e srseeeentneeennees 67
Figure 9.9. TMDS INPUt SigNal ASSISNMENTS .....eeeieiiiiiieiee e iciee e et e e eeree e sre e e e e e e eeeeeeessaeeeasstaeesasseeessnseeeessseesanssneesnnsens 68
Figure 10.1. 144-Pin TQFP PacKage DI@gIram .....cccccuiiiieiieeeiiieeeeiteeeseeteeestteesessreeesesseeeesnseasasssasesassesesssseeessnsseesasssnsensnsens 70
Figure 10.2. Marking DIGEIam .....cccccuiiiicieeeeiieeeeeeiee e eree e e sttt e e et e e e seaeeeeessaeaeasstaeeeanseeeesssseaeaassaeesansseeesnnseeeeansseesassneennnsens 71
Figure 10.3. Alternate Marking DIagram .........ceceiiiiiiiiiiiiee et e e e e et e e e e e e e e ta e e e e e e sesaataeeeaeesessstaaseeaeeesantaaneeaseennnnses 71

www.latticesemi.com/legal

Downloaded from AFFOW.Com.


http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com

= LATTICE

Tables

Table 3.1. Comparison of Lattice SEmMiIicoONAUCLOr RECEIVEN DEVICES .....uuviiieiiieeciieee ettt e et e e stree e e sate e s rare e e stre e e e sseaeeeenneeas 7
Table 4.1. Digital Video OULPUL FOMATS ...cooiuiiiiiiiiieeiee ettt ettt sttt e sae e st e e bt e s b e e sbeesbeeesaeesbeeennneeane 10
Table 4.2. SUPPOrted 3D VIdEO FOIMATS....cciiuiiiiiiiiieiite ettt ettt ettt st e sae e s bt e e bt e s bt e s sseesbeeebeesbeeenneeeane 12
Table 4.3. Default VId@0 PrOCESSING .....ceeiuiiiiieiiii ettt ettt ettt et ettt s bt e b e s bt e s bt e sab et e bt e s beeesseesbeeenaeesbeeenneesane 12
Table 4.4. AVI InfoFrame Video Path Details ........ieeiuiiiiiiiieieiie ettt ettt e s st e e e st e e s sane e s saaaeessnbseesnnnns 13
Table 4.5. Digital Output Formats Configurable through Auto Output Format RegiSter .........cccceeevciieeeecieee e eciree s 14
Table 4.6. SUPPOIrtEd IMCLK FrEOUENCIES ... uueeeeiuiiieeitteeeittee e ettt e ertteeestteeestteeesassaeeesstaeeeasssaeesanseseasssseesasssesssssseessnssessnne 14
Table 4.7. Maximum Audio Sampling Frequency for All Video Format TimMinNgs ......cccciveeeeviiieeiciiieeesiieeeecieeeeneeesvree s 16
Table 5.1. Absolute MaximuUm CONITIONS. ......ceiuiiirieriie ettt ettt sttt e sbe e s sbee s bt e s sbeesbeeesbeesbeesssaesbaesnseesnbeesnsnesnns 19
Table 5.2. Normal Operating CoNTItIONS ........cciiuiiiiieiiie ettt st e rb e s bt e e sbee s bt e bt e sabeeesseesbeeesbeesbeeenneenane 20
Table 5.3. Digital 1/0 SPECIHTICAtIONS .ecuiiuiieiiieieie sttt sttt ettt ettt sae bt et et e be st esbesbeeseententesessessesaeeneeneensenes 21
Table 5.4. Total Power versus POWEr-DOWN IMOUES ........uuiiiriiiiiiiieeeiiieeeesiieeessitteeesteeessateeessaaeeeessbaeesssseessssneessseessnnne 22
Table 5.5. POWer-down Mode DefinitioNS .......cuiiiiiieiiiiiiie ettt ettt s ee sttt e st e e e beesbaessbaeebaessbeesnbaesnaeesnns 23
Table 5.6. TIMIDS INPUL TIMINES c...uviiiiiiieeeiiieeeeiteeeeetteeestteeeestteeesetaaeeesstseeeassseesassaseesstaseeanssssesasssseeassseseassasesasseeesasseseanns 24
Table 5.7. 12/15/18-Bit Data OULPUL TIMINES ..ccuvieiieeeiieeieeeiteeeiteeeiteeeeteeeeteeesteeesteeesseeesbeeesseeetesensesebesenssessesenseeensesenseeenes 24
Table 5.8. 16/20/24/30/36-Bit Data OULPUL TIMINES ...eeiiiieeirieeiieeitieeeteeeeteeesteeeeteeeeteeesteeesseeeteeesseeebeeenseeetesenseesnsesensseenns 24
Table 5.9. 125 OULPUL POIt TIMINES.c.c.eivetiieieteiieetieeetet ettt ettt st te e s te et ebe s e b ese st ebeb s s esesessebese s ebesessebesesesesnasesesenes 25
Table 5.10. S/PDIF OULPUL POIt TIMINGS ..cveeveieriereisierieeteetetetestesteseessesseessesessessesaessesseessessessessessessesseensensessessessessesneensenes 25
Table 5.11. AUAIO CryStal TIMINES....ccecueeeiteieiieetee ettt ettt e et e st e st e sttt e bte sttt e b ee s bt e s bt e s beeeseesabeeeseesabeesnseesabeesneenane 25
Table 5.12. MiSCIIANEOUS TIMINES ...eoiutiiitiiiiieiiee ettt ettt et e st e et e st e e bt e sbe e e sbee s bt e s bt e s beeebeesbeeesseeebeeeseesbeeenneenane 26
Table 5.13. Interrupt OULPUL Pin TIMINES ...uvieieiiiieciiiee e ciieeeeciie e e eetee e e sttt e e eetteeesstsaeeesabaeeeessaeesrsssaeesssssesanssssssassssesansreseanes 27
Table 6.1. Calculation of 24/30/36-Bit Output Setup and Hold TIMES ......cececiieiiiieiieciie ettt ettt et eeveeeeaee e 32
Table 6.2. Calculation of 12/15/18-Bit Output Setup and Hold TIMES ......ceievuiieiiiieiiieiee ettt et et e e eaee e 32
Table 6.3. 125 Setup and Hold TiMe CalCUIGLIONS .......c.coviveviiiiereiieetcee ettt ettt ettt ettt ettt sttt sebete s bess s ebesenas 33
Table 8.1. Translating HDMI FOrmats t0 OUtPUL FOIMATS ...c..eiiiiieiiiiiiiieeieeeiie ettt ettt sttt et 40
Table 8.2. OULPUL VIAEO FOIMALS ....eiiiiiiiiiiiieiiie ettt ettt ettt et s bt e b e s bt e s bt e st e e ebee st e e sbeesabeeeneesabeeennenane 44
TADIE 8.3, 4:4:4 IMIAPPINES ..uveeeeeiiete ettt eitteeeeetteeesetteeestteeeasteeeeasasaeeassseeeasseeesassaeeeasseeeeansseessanseeeesssseesanseessnssneessnsseenannes 45
Table 8.4. YC 4:2:2 Separate SYNC PiN IMAPPiNGS ...uueeeeiiiiiiiiieee e e ccititee e e e e seittreeeeeesessataeeeeessesaastaaseesssesnstaansesssesnsnsssreeeens 47
Table 8.5. YC 4:2:2 (Pass Through Only) Separate Sync Pin Mapping ......cccouiiiiiiieeeiiiieeeecieeeeeieeeestteeeesiree e eiveeeeeareeeennns 48
Table 8.6. YC 4:2:2 Embedded SYNC Pin IMaAPPiNgS ...cceiii ettt e e e e sttt ee e e e e s e stetae e e e e s sesaastaaeeeessesnstaaneesesesnnsanseeeens 50
Table 8.7. YC 4:2:2 (Pass Through Only) Embedded Sync Pin MAPPINg .....ccccuviiiiiieeiiiiee ettt e sttt e e eivee e e aveeeeanns 51
Table 8.8. YC IMUX 4:2:2 IMAPPINES weeeeuvreeeitreeeaiuretesiuteeeitteesasssesessssessssseessssssessassnesssssseesasssessssssesessssesssssssesssssneesssssessannee
Table 8.9. YC Mux 4:2:2 Embedded Sync Pin Mapping

Table 8.10. 12/15/18-Bit OULPUL 4:4:4 MaAPPINES ..cvveireeireeireeireereeeeeteeeteesteesteesseesesaesseesseesseeseesesssesssesseeteesseesessesssesses
Table 8.11. Control of the Default 12C Addresses With the CI2CA PiN.......c.ccuciiueieieieieeceeete ettt ettt a et neaeas 59
Table 9.1. Maximum Power Domain Current versus Vide0 MOGE .......c.uueiieiiiiiiiiiieeiiiee ettt sivee e s s e e 60
Table 10.1. Sil9233A HDMI Receiver Device Ordering INformation ...........coocuiiiiiiiee ittt eevee e et e e 71

www.latticesemi.com/legal

Downloaded from AFFOW.Com.


http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com

Sil9233A HDMI Receiver with Repeater, Multi-channel Audio, and Deep Color
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1. General Description

The Lattice Semiconductor Sil9233A HDMI Receiver with
Repeater, Multi-channel Audio, and Deep Color is a
4-port HDMI® receiver device. AV receivers that connect
to DTVs displaying 10/12-bit color depth can now
provide the highest quality protected digital audio and
video, including common 3D formats up to 12-bit, 1080p
at 24 Hz resolution. The receiver supports Deep Color
video up to 12-bit, 1080p at 60 Hz. Efficient color space
conversion receives RGB or YCbCr video data and sends
either standard-definition or high-definition RGB or
YCbCr formats.

The Sil9233A receiver supports the extended gamut YCC
or xvYCC color space, described in the IEC 61966-2-4
specification, that supports approximately 1.8 times the
number of colors as the RGB color space. The xvYCC color
space also makes full use of the range on the standard 8-
bit resolution per pixel.

The Sil9233A receiver device is pre-programmed with
High-bandwidth Digital Content Protection (HDCP)
keys; this helps reduce programming overhead and
lowers manufacturing costs.

An integrated Extended Display Identification Data
(EDID) block stored in non-volatile memory (NVM) can
be programmed at the time of manufacture using the
local 12C bus. On-board RAM can also be loaded with
EDID data from the system microcontroller during
initialization if the NVM is not used. The EDID is
reflected on the four HDMI ports through the DDC bus.
Flexibility allows mixing different EDID formats in an
application. This feature can eliminate up to four EDID
ROMs while also saving board space.

Flexible power management provides extremely low
standby power consumption; standby power can be
supplied from an HDMI 5 V signal or from a separate
standby power pin. If the NVM stores the EDID, only
the 5V power from the source device is needed to

1.1. Inputs

e  Four HDMI/DVI-compatible ports
e TMDS™ core runs at 25 MHz — 225 MHz

1.2. Digital Video Output
xvYCC to extended RGB

e 36-bit RGB/ YCbCr 4:4:4

e 16/20/24-bit YCbCr 4:2:2

e 8/10/12-bit YCbCr 4:2:2 (ITU BT.656)

e True 12-bit accurate output data using an
internal14-bit wide processing path

e  Programmable drive strength from 2 mA to 14 mA

1.3. Digital Audio Interface

e  DTS-HD and Dolby® TrueHD high bit rate audio

e IS output with 4 data signals for multi-channel
formats and flexible, programmable channel mapping

e  S/PDIF output supports PCM, Dolby® Digital, DTS
digital audio transmission with a 32 kHz — 192 kHz
Fs sample rate

e Intelligent audio mute capability avoids pops and
noise with automatic soft mute and unmute

e |EC60958 or IEC61937 compatible

1.4. Control

e  Consumer Electronics Control (CEC) interface
incorporates an HDMI CEC I/0 and an integrated
CEC Programming Interface (CPI)

e Automatic Feature Abort response for unsupported
commands and automatic message retry on
transmit

1.5. Package

20 mm x 20 mm 144-pin TQFP package with
exposed pad (ePad)

read the EDID.
Mobile
ph@

A/V Receiver Display

(OTV, LCD, Plasma, Projector)

Video
Audio
-8
P R
Figure 1.1. Typical Application
© 2009-2017 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal. All other brand or product names are

trademarks or registered trademarks of their respective holders. The specifications and information herein are subject to change without notice.
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2. System Applications

The Sil9233A receiver device is designed for digital televisions that require support for HDMI Deep Color. The device
allows receipt of 10/12-bit color depth up to 1080p resolutions. A single receiver provides four HDMI input ports. The
video output interfaces to a video processor and the audio output can interface directly to an audio DAC or an audio
DSP for further processing as shown in Figure 1.1 on the previous page.

3. Comparing Features of Lattice Semiconductor Receiver

Devices
Table 3.1 compares the features of the Sil9127A, Sil9125, Sil9135A, Sil9223A, and Sil9233A receiver devices.

Table 3.1. Comparison of Lattice Semiconductor Receiver Devices

Feature $il9125 | sil9127A | sio13sa | sil9223A | sil9233A

HDMI Input Connections

TMDS Input Ports 2 | 2 | 2 | 4 | 4

Color Depth 8/10/12-bit

DDC Input Ports 2 | 2 | 2 | 4 | 4

Maximum TMDS Input Clock 225 MHz

Video Output

Digital Video Output Ports 1 | 1 | 1 | 1 I 1

Maximum Output Pixel Clock 165 MHz

Maximum Output Bus Width 36 | 36 | 36 | 36 | 36

Audio Formats

S/PDIF Output Ports 1 1 1 1 1

IS Output 2 channel 2 channel 8 channel 2 channel 8 channel

DSD Output 2 channel NA 6 channel NA 8 channel

High Bit Rate Audio Support No No Yes No Yes

Compressed DTS-HD and Dolby True-

HD

Maximum Audio Sample Rate (Fs) 192 kHz

Video Processing

Color Space Converter RGB to/from RGB to/from YCbCr RGB to/from RGB to/from YCbCr RGB to/from
YCbCr xvYCC to RGB YCbCr xvYCC to RGB YCbCr

xvYCC to RGB

Pixel Clock Divider +4,+2

Digital Video Bus Mapping Swap Cb, Cr pins

Other Features

Local fixed 12C Device Address?! 0x60/0x68 or 0x62/0x6A

Programmable I2C Device Address! NA 0x64, 0xCO, OXEQ NA 0x64, 0xCO, OXEQ 0x64, 0xCO, OxEO

Reserved I>C Device Address? NA 0x90, 0xDO, OxE6 NA 0x90, 0xDO, OxE6 0x90, 0xDO, OxE6

3D Support No Yes No Yes Yes

CEC No Yes No Yes Yes

EDID No NVRAM No NVRAM NVRAM

HDCP Repeater Support No No Yes No Yes

Interlaced Format Detection Pin Yes Yes Yes Yes Yes

Package 144-pin TQFP 128-pin TQFP ePad 144-pin TQFP | 144-pin TQFP ePad 144-pin TQFP
ePad ePad ePad

Notes:

1. Referto the Sil9223A/9233A/9127A HDMI Receivers Programmer Reference for a description of these I2C register addresses.
2. These are reserved I12C register addresses which are within the I12C register address map of the chip. Do not access these
registers on the chip, and do not use these addresses for other devices in the system which use the same 12C bus.
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4. Functional Description

The Sil9233A receiver provides a complete solution for receiving HDMI digital audio and video. Specialized audio and

video processing is available within the receiver to add HDMI capability to consumer electronics such as DTVs.

Figure 4.1 is a block diagram showing the Sil9233A receiver device incorporated into an AV receiver. Figure 4.2 on the
next page shows the functional blocks of the chip. The receiver supports four HDMI input ports. Only one port can be
active at any time.

HDMI Port 3
Connector
R3PWRSV
TMDS!
|€¢——DDC3
[€-CEC
< HPD
Yy vV VN
HDMI Port 2
Connector $—CEC——P
R2PWRSV —pp|
TMDS 22—
mmDigital Videoms»  \/ideo Si19134
< DDC2—P| ”
h Processor ™| Transmitter ™9™
[€—CEC—
< HPD2 SiI9233A
L Receiver ﬁk A
-~ RIPWR5Y —»| 2/
HDMI Port 1|  ——TMDS 1——| DSD
Connector DDC1—| SPDIF
’7 MCLK
[€-CEC
< iPD1- 4 4214 L
T rc
HDMI Port 0
Connector
ROPWR5V
TMDS0 Y
< DDCO Micro-
[€&-CEC— controller
[&——HPDO
L Y vV Y s
) Audio
' Audio DSP DAC Speakers
Other Audio Sources = > >

Figure 4.1. A/V Receiver Block Diagram

4.1. TMDS Digital Cores

The TMDS Digital core can receive TMDS data at up to 225 MHz. Each core performs 10-to-8-bit TMDS decoding on the
video data and 10-to-4 bit TMDS decoding on the audio data received from the three TMDS differential data lines along
with a TMDS differential clock. The TMDS core can sense a stopped clock or stopped video and software can put the
receiver device into power-down mode.

4.2. Active Port Detection and Selection

Only one port can be active at a time, under control of the receiver firmware. Active TMDS signaling can arrive at any
port, but only one has internal circuitry enabled. The firmware in the display controls these states using register
settings.

Other control signals are associated with the TMDS signals on each HDMI port.

The receiver can monitor the +5 V supply from each attached host. The firmware can poll registers to check on which
ports are connected. The firmware also controls functional connection to one of the four Extended DDC (E-DDC) buses,
enabling one while disabling the others. An attached host determines the active status of an attached HDMI device by

www.latticesemi.com/legal
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polling the E-DDC bus to the device. See the Programmer Reference (see the References section on page 72) for a
description of port detection and selection. The Programmer’s Reference requires an NDA with Lattice Semiconductor.

CEC_A CEC 8 CEC_D
DSDAQ =
DSDAL @ ;
DSDA2 @ SHeJ'S"’:' <, HDCP HDCP Embedded
DSDA3 Registers Engine | |
DSCLO Interface 9 9 HDCP Keys
psciz ek | (PPO)
DSCL3 EDID % HPDO
SRAMI™ NvRAM Hot Plug =% HPD1
. £ HPD2
CSDA @ Serial Controller T Irbs
cscL s OSt _
CI2CA £k Interface R_PI Configuration
(local) | Registers| | o 4'siatus & Nt
and St_ate Registers
ROXC+ Machine
ROXO+
ROX0- . )
ROX1+ Video Processing
|§00)2<21+ Video || Color
ROX2 — HDCP Deep Space ODCK
Unmask Color Q[35:0]
RIXC+
511))((6;_ Converter DOE
) HSYNC
|§11>2(10§ Up/DOWﬂ VSYNC
il Sampling EVNODD
"
R1X2
HDMI _ /Auto Video Configuration|
roxcs o) RECEIVET AN Split | HDMI
R2XC- Mux Decode ' :
R2X0+ Audio Processing
R2X0- .
. Audio Output
F§<22)§<11+ Audio Clock PULL 5 sppiF
R2X2t Regeneration S/PDIF
: Output | | 15 scripeLk
R3XC Audio - APLL 12s/ —FP WS
+
R3XC- SCDT — HDCP > DSD | [FF SDI3:0]
F%% Logic Unmask Output 8 DR[3:0]
: ¥ DR[3:0]
R3X1+
533%21), Auto MUTEOUT
R3X2- Audio XTALIN
XTALOUT
MCLK
scoT
ROPWR5V
R1IPWR5V
R2PWR5V
R3PWRS5
RESET#

Figure 4.2. Functional Block Diagram
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4.3. HDCP Decryption Engine/XOR Mask

The HDCP decryption engine contains all the necessary logic to decrypt the incoming audio and video data. The
decryption process is entirely controlled by the host side microcontroller/microprocessor through a set sequence of
register reads and writes through the DDC channel. Pre-programmed HDCP keys and a Key Selection Vector (KSV)
stored in the on-chip non-volatile memory are used in the decryption process. A resulting calculated value is applied to
an XOR mask during each clock cycle to decrypt the audio/video data.

The Sil9233A receiver also contains all the necessary logic to support full HDCP repeaters. The KSV values of up to 16
downstream devices (up to 16 total) are written to the receiver through the local I2C bus (CSDA/CSCL). As defined in the
HDCP specification, Vi'is calculated and made available to the host on the DDC bus (DSDA/DSCL).

4.4, HDCP Embedded Keys

The receiver comes pre-programmed with a set of production HDCP keys stored on-chip in non-volatile memory.
System manufacturers do not need to purchase key sets from the Digital-Content LLC. All purchasing, programming,
and security for the HDCP keys is handled by Lattice Semiconductor. The pre-programmed HDCP keys provide the
highest level of security, as keys cannot be read out of the device after they are programmed. Before receiving samples
of the Sil9233A receiver, customers must sign the HDCP license agreement (available from Digital Content Protection,
LLC) or a special NDA with Lattice Semiconductor.

4.5. Data Input and Conversion

4.5.1. Mode Control Logic

The mode control logic determines if the decrypted data is video, audio, or auxiliary information and directs it to the
appropriate logic block.

4.5.2. Video Data Conversion and Video Output

The Sil9233A receiver can output video in many different formats (see examples in Table 4.1) and can process the video
data before it is sent, as shown in Figure 4.3 on page 13. It is possible to bypass each of the processing blocks by setting
the appropriate register bits.

Table 4.1. Digital Video Output Formats

Output Clock (MHz)
Color Video Bus HSYNC/

space | Format | Width VSYNC 480i/3576i2r 480p | XGA | 720p | 1080i | SXGA | 1080p | UXGA | Notes

RGB 4:4:4 36 Separate 27 27 65 74.25 | 74.25 108 148.5 162 —

30 Separate 27 27 65 74.25 | 74.25 108 148.5 162 —

24 Separate 27 27 65 74.25 | 74.25 108 148.5 162 —

12/15/18 Separate 27 27 65 74.25 | 74.25 — = = 4

YCbCr 4:4:4 36 Separate 27 27 65 74.25 | 74.25 108 148.5 162 —

30 Separate 27 27 65 74.25 | 74.25 108 148.5 162 —

24 Separate 27 27 65 74.25 | 74.25 108 148.5 162 —

12/15/18 | Separate 27 27 65 74.25 | 74.25 — — — 4

4:2:2 16/20/24 Separate 27 27 — 74.25 | 74.25 — 148.5 162 —

16/20/24 | Embedded 27 27 — 74.25 | 74.25 — 148.5 162 1

8/10/12 Separate 27 54 — 148.5 | 148.5 — — — —

8/10/12 Embedded 27 54 — 148.5 148.5 — = = 1

Notes:

1. Embedded syncs use SAV/EAV coding.

2. 480i and 576i modes can output a 13.25 MHz clock using the internal clock divider.

3. Output clock frequency depends on programming of internal registers. Differential TMDS clock is always 25 MHz or faster.
4. Output clock supports 12/15/18-bit mode by using both edges.
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4.5.2.1. Color Range Scaling

The color range depends on the video format, according to the CEA-861D specification. In some applications the 8-bit
input range uses the entire span of 0x00 (0) to OxFF (255) values. In other applications the range is scaled narrower.
The receiver cannot detect the incoming video data range and there is no required range specification in the HDMI AVI
packet. The device chooses scaling depending on the detected video format. 10 and 12-bit color range scaling are both
handled the same way. Refer to the Programmer Reference for more details.

When the receiver outputs embedded syncs (SAV/EAV codes), it also limits the YCbCr data output values to 1 to 254.

4.5.2.2. Up Sample / Down Sample

Additional logic can convert from 4:2:2 to 4:4:4 (8/10/12-bit) or from 4:4:4 (8/10/12-bit) to 4:2:2 YCbCr format. All
processing is done with 14 bits of accuracy for true 12-bit data.

4.5.3. Deep Color Support

The Sil9233A device supports color depth modes greater than 24 bits, known as Deep Color modes, introduced in the
HDMI v1.3 Specification. The Deep Color modes employ a new pixel packing scheme to enable the extra bits of higher
color depth data to be carried over the existing TMDS data encoding scheme. Currently, three Deep Color modes are
defined: 30-bit, 36-bit and 48-bit. The Sil9233A receiver supports two of these three Deep Color modes: 30 and 36-bit
modes. In addition, each Deep Color mode is supported to 1080p HD format.

For Deep Color modes, the TMDS clock is run faster than the pixel clock in order to create extra bandwidth for the
additional bits of the higher color depth data. The increase in the TMDS clock is by the ratio of the pixel size to 24 bits,
as follows:

30-bit mode: TMDS clock = 1.25x pixel clock (5:4)

36-bit mode: TMDS clock = 1.5x pixel clock (3:2)

Because the receiver supports 36-bit mode at 1080p, the highest TMDS clock rate it supports is 225 MHz. When in
Deep Color mode, the transmitter periodically sends a General Control Packet with the current color depth and pixel
packing phase information to the receiver. The receiver captures the color depth information in a register, which the
firmware can then use to set the appropriate clock divider to recover the pixel clock and data.

4.5.4. xvYCC Support

The Sil9233A receiver adds support for the extended gamut xvYCC color space; this extended format has roughly 1.8
times more colors than the RGB color space. The use of the xvYCC color space is made possible because of the
availability of LED and laser-based light sources for the next generation displays. This format also makes use of the full
range of values (1 to 254) in an 8-bit space instead of 16 to 235 in the RGB format. The use of xvYCC along with Deep
Color helps in reducing color banding and allows the display of a larger range of colors than is currently possible.

4.5.4.1. Color Space Conversion

Color space converter (CSC) blocks are provided to convert RGB data to Standard-Definition (ITU.601) or High-
Definition (ITU.709) YCbCr formats, and vice-versa. To support the latest extended-gamut xvYCC displays, the Sil9233
device implements color space converter blocks to convert RGB data to extended-gamut Standard-Definition (ITU.601)
or High-Definition (ITU.709) xvYCC formats, and vice-versa.

RGB to YCbCr  The RGB—YCbCr color space converter (CSC) can convert from video data RGB to standard definition
(ITU.601) or to high definition (ITU.709) YCbCr formats. The HDMI AVI packet defines the color space of the incoming
video.

YCbCrto RGB  The YCbCr—RGB color space converter is available to interface to MPEG decoders with RGB-only
inputs. The CSC can convert from YCbCr in standard-definition (ITU.601) or high-definition (ITU.709) to RGB.
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4.6. 3D Video Formats

The Sil9233A receiver has support for the 3D video modes described in the HDMI 1.4 Specification. All modes support RGB
4:4:4, YCbCr 4:4:4, and YCbCr 4:2:2 color formats and 8-, 10-, and 12-bit data width per color component. Table 4.2 shows
only the maximum possible resolution with a given frame rate; for example, Side-by-Side (Half) mode is defined for
1080p60, which implies that 720p60 and 480p60 are also supported. Furthermore, a frame rate of 24 Hz also means that a
frame rate of 23.98 Hz is supported and a frame rate of 60 Hz also means a frame rate of 59.94 Hz is supported. The input
pixel clock changes accordingly.

When using Side-by-Side formats the use of 4:2:2 to 4:4:4 up-sampling and 4:4:4 to 4:2:2 down-sampling should not be
enabled as it may result in visible artifacts.

Video processing should be bypassed in the case of L + depth format.

Table 4.2. Supported 3D Video Formats

3D Format Extended Definition Resolution Frame Rate (Hz) Input Pixel Clock (MHz)
1080p 24
Frame Packing 720p 50/ 60
interlaced 1080i 50/ 60
1080p 24
L + depth - 148.5
720p 50/ 60
1080p 24
full
. , 720p 50/ 60
Side-by-Side
1080p 50/ 60
half
1080i 50/ 60 74.25

4.6.1. Default Video Configuration

After hardware RESET, the Sil9233A chip is configured in its default mode. This mode is summarized in Table 4.3. For
more details and for a complete register listing, refer to the Programmer Reference. The Programmer’s Reference
requires an NDA with Lattice Semiconductor.

Table 4.3. Default Video Processing

Video Control Default after Hardware Reset
HDCP Decryption HDCP decryption is OFF

Color Space Conversion No color space conversion

Color Space Selection BT.601 selected

Color Range Scaling No range scaling
Upsampling/Downsampling No upsampling or downsampling
HSYNC & VSYNC Timing No inversions of HSYNC or VSYNC
Data Bit Width Uses 8-bit data

Pixel Clock Replication No pixel clock replication

Power Down Everything is powered down

Note: The receiver device assumes DVI mode after reset, which is RGB 24-bit 4:4:4 video with 0-255 range.
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Figure 4.3. Default Video Processing Path

4.6.2. Automatic Video Configuration

The Sil9233A receiver adds automatic video configuration to simplify the firmware’s task of updating the video path
whenever the incoming video changes format. Bits in the HDMI Auxiliary Video Information (AVI) InfoFrame are used to
reprogram the registers in the video path.

Table 4.4. AVI InfoFrame Video Path Details

AVI Byte 1 Bits [6:5] AVI Byte 2 Bits [7:6] AVI Byte 5 Bits [3:0]
Y[1:0] Color Space C[1:0] Colorimetric PR[3:0] Pixel Repetition
00 RGB 4:4:4 00 No Data 0000 No repetition
01 YCbCr 4:2:2 01 ITU 601 0001 Pixel sent 2 times
10 YCbCr 4:4:4 10 ITU 709 0010 Pixel sent 3 times
11 Future 11 Extended Colorimetry 0011 Pixel sent 4 times
Information Valid
0100 Pixel sent 5 times
Notes on Table 4.4: 0101 Pixel sent 6 times
1. The Auto Video Configuration assumes that the AVI information is accurate. If 0110 Pixel sent 7 times
information is not available, then the receiver must choose the video path 0111 Pixel sent 8 times
, omedo pemrenanl e eoeg oton
3. The Sil9233A device can support only pixel replication modes 0b0000, 0b0001, 1001 Pixel sent 10 times
and 0b0011. Other modes are unsupported and can result in unpredictable
behavior.

The format of the digital video output bus can be automatically configured to many different formats by programming
the Auto Output Format Register. The available formats are listed in the table below. For detailed definitions of how to
set this register, refer to the Programmer Reference.
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Table 4.5. Digital Output Formats Configurable through Auto Output Format Register

Digital Output Formats
Color Width MUX Sync
RGB 4:4:4 N Separate
YCbCr 4:4:4 N Separate
YCbCr 4:2:2 N Separate
YCbCr 4:2:2 Y Separate
YCbCr 4:2:2 Y Embedded
4.7. Audio Data Output Logic

The Sil9233A receiver can send digital audio over S/PDIF, four I12S outputs, or eight one-bit audio outputs.

4.7.1. S/PDIF

The S/PDIF stream can carry 2-channel uncompressed PCM data (IEC 60958) or a compressed bit stream for multi-
channel (IEC 61937) formats. The audio data output logic forms the audio data output stream from the HDMI audio
packets. The S/PDIF output supports audio sampling rates from 32 to 192 kHz. A separate master clock output (MCLK),
coherent with the S/PDIF output, is provided for time-stamping purposes. Coherent means that the MCLK and S/PDIF
are created from the same clock source.

4.7.2. 128

The I2S bus format is programmable through registers, to allow interfacing with I12S audio DACs or audio DSPs with I2S
inputs. Refer to the Programmer Reference for the different options on the 12S bus. Additionally, the MCLK (audio
master clock) frequency is selectable to be an integer multiple of the audio sample rate Fs.

MCLK frequencies support various audio sample rates as shown in Table 4.6.

Table 4.6. Supported MCLK Frequencies

. Audio Sample Rate, Fs : 1S and S/PDIF Supported Rates
Multiple of Fs
32 kHz 44.1 kHz 48 kHz 88.2 kHz 96 kHz 176.4 kHz 192 kHz

128 4.096 MHz 5.645 MHz 6.144 MHz 11.290 MHz 12.288 MHz 22.579 MHz 24.576 MHz
192 6.144 MHz 8.467 MHz 9.216 MHz 16.934 MHz 18.432 MHz 33.868 MHz 36.864 MHz
256 8.192 MHz 11.290 MHz 12.288 MHz 22.579 MHz 24.576 MHz 45.158 MHz 49.152 MHz
384 12.288 MHz 16.934 MHz 18.432 MHz 33.864 MHz 36.864 MHz

512 16.384 MHz 22.579 MHz 24.576 MHz 45.158 MHz 49.152 MHz

4.7.3. One-Bit Audio Input (DSD/SACD)

DSD (direct stream digital) is an audio data format defined for SACD (Super Audio CD) applications. It consists of four
data outputs for the left channel, four data outputs for the right channel, and a clock for up to 8-channel support. One-
bit Audio supports 64 ¢ Fs, with Fs being either 44.1 kHz or 88.2 kHz.

The one bit audio outputs are synchronous to the positive edge of the DSD Clock. For one bit audio, the sampling
information is carried in the Audio InfoFrame, instead of the Channel Status bits.

4.7.4. High-Bitrate Audio on HDMI

The new high-bitrate compressed standards such as DTS-HD and Dolby TrueHD transmit data at bitrates as high as 18
to 24 Mbps. Because these bitrates are so high, DVD decoders and HDMI transmitters (as source devices), and DSP and
HDMI receivers (as sink devices) must carry the data using four 12S lines rather than using a single very-high-speed
S/PDIF or 1°S bus (see Figure 4.4 on the next page).
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Figure 4.4. High Speed Data Transmission

The high-bitrate audio stream is originally encoded as a single stream. To send it over four IS lines, the DVD decoder
needs to split this single stream into four streams. Because the single stream of data is being sent over four lines, the
programmable ACR (Audio Clock Regeneration) rate is now four times the sample rate of 96 kHz (384 kHz), or 192 kHz
(768 kHz).

Figure 4.5 shows the high-bitrate stream before it has been split into four 12S lines, and after it has been reassembled.

N1 | N

16-Bit

2[4

6
6 7| 8| 9|10|11|12|13|14|15|

Figure 4.5. High-Bitrate Stream Before and After Reassembly and Splitting

Figure 4.6 shows the same high-bitrate audio stream after being split into four IS lines:
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Figure 4.6. High-Bitrate Stream After Splitting
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Table 4.7. Maximum Audio Sampling Frequency for All Video Format Timings

Max fs
Description Ft.)rn"!at Pix?l. Vertical Freq. 8 ch (kHz) T
Timing Repetition (Hz) 4:2:2 and 4:4:4 4:4:4 Deep Color 2 ch (kHz)
24-bit (depth in bits)

60 Hz Formats Standard 10 12
VGA 640x480p none 59.94/60 48 48 48 192
480i 1440x480i 2 59.94/60 48 48 48 192
480i 2880x480i 4 59.94/60 192 192 192 192
240p 1440x240p 2 59.94/60 48 48 48 192
240p 2880x240p 4 59.94/60 192 192 192 192
480p 720x480p none 59.94/60 48 48 48 192
480p 1440x480p 2 59.94/60 96 96 96 192
480p 2880x480p 4 59.94/60 192 192 192 192
720p 1280x720p none 59.94/60 192 192 192 192
1080i 1920x1080i none 59.94/60 192 192 192 192
1080p 1920x1080p none 59.94/60 192 192 192 192

50 Hz Formats Standard 10 12
576i 1440x576i 2 50 48 48 48 192
576i 2880x576i 4 50 192 192 192 192
288p 1440x288p 2 50 48 48 48 192
288p 2880x288p 4 50 192 192 192 192
576p 720x576p none 50 48 48 48 192
576p 1440x576p 2 50 96 96 96 192
576p 2880x576p 4 50 192 192 192 192
720p/50 1280x720p none 50 192 192 192 192
1080i/50 1920x1080i none 50 192 192 192 192
1080p/50 1920x1080p none 50 192 192 192 192

1080p @ 24 Hz - 30 Hz Standard 10 12
1080p 1920x1080p none 24 192 192 192 192
1080p 1920x1080p none 25 192 192 192 192
1080p 1920x1080p none 29.97/30 192 192 192 192

4.7.5. Auto Audio Configuration

The Sil9233A receiver can control the audio output based on the current states of CablePlug, FIFO, Video, ECC, ACR,
PLL, InfoFrame, and HDMI. Audio output is enabled only when all necessary conditions are met. If any critical condition
is missing, then the audio output is disabled automatically.

4.7.6. Soft Mute

On command from a register bit or when automatically triggered with Automatic Audio Control (AAC), the receiver
progressively reduces the audio data amplitude to mute the sound in a controlled manner. This feature is useful when
there is an interruption to the HDMI audio stream (or an error) to prevent any audio pop from being sent to the 1S or
S/PDIF outputs.
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4.8. Control and Configuration

4.8.1. Register/Configuration Logic

The register/configuration logic block incorporates all the registers required for configuring and managing the features
of the Sil9233A receiver. These registers are used to perform HDCP authentication, audio/video/auxiliary format
processing, CEA-861B InfoFrame Packet format, and power-down control.

The registers are accessible from one of two serial ports. The first port is the DDC port, which is connected through the
HDMI cable to the HDMI host. It is used to control the Sil9233A receiver from the host system for HDCP operation. The
second port is the local I1°C port, which is used to control the Sil9233A device from the display system. This is shown in
Figure 4.7. The Local Bus accesses the General Registers and the Common Registers. The DDC Bus accesses the HDCP
Operation registers and the Common Registers.

) HDCP
Accessible _
from DDC Operation

12C Bus

__Reaqisters

Accessible

Video
Processing from Local
Audio 12C Bus

Processing

InfoFrames

Repeater

Interrupts

Figure 4.7. 1°C Register Domains

4.8.2. 12C Serial Ports

The Sil9233A receiver provides 5 12C serial interfaces: 4 DDC ports to communicate back to the HDMI or DVI hosts; one
I2C port for initialization and control by a local microcontroller in the display. Each interface is 5 V tolerant.

4.8.2.1. E-DDC Bus Interface to HDMI Host

The four DDC interfaces (DSDAO-3 and DSCLO-3) on the receiver are slave interfaces that can run up to 100 kHz. Each
interface is connected to one E-DDC bus and is used for reading the integrated EDID in addition to HDCP
authentication.

The Sil9233A receiver is accessible on the E-DDC bus at device addresses 0xAO for the EDID, and 0x74 for HDCP control.
This feature is compliant with the HDCP 1.3 Specification.

4.8.3. EDID FLASH and RAM Block

The EDID block consists of 1024 bytes of RAM. Each port has a block of 256 bytes of RAM for EDID data. This feature
allows simultaneous reads of all ports from four different source devices that are connected to the Sil9233A device. In
addition to the RAM, the EDID block contains 256 bytes of FLASH that is shared by all ports. As a result, the timing
information must be identical among all the ports if the internal EDID is used. An additional area of FLASH contains
unique CEC physical address and checksum values for each of the four ports. This feature allows simultaneous reads of
all ports from four different source devices if they are connected and attempt an EDID read at the same time. If
independent EDIDs are required on any of the ports, a CPU can externally load the 256 bytes of RAM for that port, by
using the local 1°C bus.

www.latticesemi.com/legal

Downloaded from AFFOW.Com.


http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com

= LATTICE

The internal EDID can be selected on a per-port basis using registers on the local I2C bus. For example, Port 0 and Port 1
can use the internal EDID, and Port 2 and Port 3 can use a discrete EEPROM for the EDID.

4.8.4. CEC Interface

The Consumer Electronics Control (CEC) Interface block provides CEC electrically compliant signals between CEC
devices and a CEC master. It allows products to meet the electrical specifications of CEC signaling by translating the
LVTTL signals of an external microcontroller (CEC host-side or transmit-side) to CEC signaling levels for CEC devices at
the receive-side, and vice versa.

Additionally, a CEC controller compatible with the Lattice Semiconductor CEC Programming Interface (CPI) is included
on-chip. This CEC controller has a high-level register interface accessible through the 12C interface which can be used to
send and receive CEC commands. This controller makes CEC control very easy and straightforward, and removes the
burden of having a host CPU perform these low-level transactions on the CEC bus.

4.8.4.1. I’C Interface to Display Controller

The Controller I12C interface (CSDA, CSCL) on the Sil9233A receiver is a slave interface capable of running up to 400 kHz.
This bus is used to configure the chip by reading/writing to the appropriate registers. It is accessible on the local 1°C bus
at two device addresses. Refer to the Programmer Reference for more information. The Programmer’s Reference
requires an NDA with Lattice Semiconductor.

4.8.5. Standby and HDMI Port Power Supplies

The receiver device incorporates a power island that continues to supply power to the EDID memory, the DDC ports,
and the CEC bus when power is removed from the VCC pins, as long as power continues to be provided through at least
one connected HDMI cable or by system standby power. Refer to Figure 4.8. The internal power multiplexer selects
power from either SBVCCS (if it available) or from one of the RnPWR5V pins.

The power island results in an extremely low power standby mode, but allows the EDID to be readable and the CEC
controller to be functional. No damage will occur to the device when in this mode.

System Main 5 V
System Standby 5 V

HDMI Port

A\ 4
RNRPWR5V SBVCCS { Regulator '—
n - = +3.3V +1.2V
Y A4
YVVYVYY A\ 4
‘ Power MUX ‘ Power-On
Reset
DDC
12C CEC Logic
A Logi . . .
- 433V 9l Eoip Main Chip Logic
On-Chip Regulator RAM
+3.3V
\ 4
) +12V NV oTP
On-Chip Regulator Memory ROM
Power Island

Figure 4.8. Power Island
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5. Electrical Specifications
5.1. Absolute Maximum Conditions

Table 5.1. Absolute Maximum Conditions

Symbol Parameter Min Typ Max Units Note
I0VCC33 I/0 Pin Supply Voltage -0.3 — 4.0 Vv 1,2,3
AVCC12 TMDS Analog Supply Voltage -0.3 — 1.9 Vv 1,2
AVCC33 TMDS Analog Supply Voltage -0.3 — 4.0 Vv 1,2
APVCC12 Audio PLL Supply Voltage -0.3 — 1.9 v 1,2
CvCC12 Digital Core Supply Voltage -0.3 — 1.9 Vv 1,2
XTALVCC33 ACR PLL Crystal Oscillator Supply Voltage -0.3 — 4.0 Vv 1,2
SBVCC5 Standby Supply Voltage -0.3 — 5.7 Vv 1,2
Vi Input Voltage -0.3 - I0VCC33 +0.3 \" 1,2
Vsv-Tolerant Input Voltage on 5 V tolerant Pins -0.3 - 5.5 \" 5
T, Junction Temperature — — 125 °C —
Tste Storage Temperature —65 - 150 °C —
Notes:

1. Permanent device damage can occur if absolute maximum conditions are exceeded.

2. Functional operation should be restricted to the conditions described under Normal Operating Conditions on the next page.

3. Voltage undershoot or overshoot cannot exceed absolute maximum conditions.

4. Refer to the Sil9233A Qualification Report for information on ESD performance.

5. Al VCCs must be powered to the device. If the device is unpowered and 5 V is applied to these inputs, damage can occur.
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5.2. Normal Operating Conditions

Table 5.2. Normal Operating Conditions

Symbol Parameter Min Typ Max Units Note
I0VCC33 I/0 Pin Supply Voltage 3.13 33 3.47 Vv 1,4
AVCC12 TMDS Analog Supply Voltage 1.14 1.2 1.26 Vv 1,6
AVCC33 TMDS Analog Supply Voltage 3.13 3.3 3.47 \" 3
APVCC12 Audio PLL Supply Voltage 1.14 1.2 1.26 v —
CvCC12 Digital Core Supply Voltage 1.14 1.2 1.26 Vv 2
XTALVCC33 ACR PLL Crystal Oscillator Supply Voltage 3.13 33 3.47 Vv 4
SBVCC5 Standby Supply Voltage 4.75 5.0 5.25 Vv 10
RnPWR5V DDC I2C I/O Reference Voltage 4.7 5.0 5.3 Y, 11
DIFF33 Difference between two 3.3 V Power Pins — — 1.0 \Y 4
DIFF12 Difference between two 1.2 V Power Pins — — 1.0 \Y

DIFF3312 Difference between any 3.3 Vand 1.2 V Pin -1.0 — 2.6 \Y, 4,5
Veen Supply Voltage Noise — — 100 mVp.p 7
Ta Ambient Temperature (with power applied) 0 25 70 °C —
Oj, Ambient Thermal Resistance (Theta JA) — — 27 °C/W —
Notes:

1. I0OVCC33 and AVCC33 pins should be controlled from one power source.

2. CVCC12 should be controlled from one power source.

3. AVCC12 pin should be regulated.

4. Power supply sequencing must guarantee that power pins stay within these limits of each other; see Figure 6.2 on page 28.
5. No 1.2V pin can be more than DIFF3312[min] higher than any 3.3 V pin. No 3.3 V pin can be more than DIFF3312[max] higher

than any 1.2 V pin.

6. The HDMI Specification requires termination voltage (AVCC33) to be controlled to 3.3 V +5%. The Sil9233A receiver tolerates a
wider range of £300 mV.

7. The supply voltage noise is measured at test point VCCTP in Figure 5.1. The ferrite bead provides filtering of power supply noise.
The figure is representative and applies to other VCC pins as well.

8. Airflow at 0 m/s.

9. Figure 9.4 on page 64 and Figure 9.5 on page 65 show decoupling and power supply regulation.

10. SBVCC5V should provide a stable 5 V before any other VCC is applied to the device; see the Power-on Sequencing section on
page 60.

11. Maximum current draw from this source is 50 mA. There is no power-on sequence requirement for this source.

VCCTP

Parasitic
Resistor

Ferrite

AVCC12

+
01 F /fo - —f'l oF To0F SilI9233A
L GND

Figure 5.1. Test Point VCCTP for VCC Noise Tolerance Spec

Notes:
1. The Ferrite (0.82 uH, 150 mA) attenuates the PLL power supply noise at 10 kHz and above.
2. The optional parasitic resistor minimizes the peaking. The typical value used here is 0.56 Q. 1 Q is the maximum.
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5.3. DC Specifications

Table 5.3. Digital 1/0 Specifications

Symbol Parameter Pin Type3 Conditions2 Min Typ Max Units Note
Vin HIGH-level Input Voltage LVTTL — 2.0 — — Vv —
Vi LOW-level Input Voltage LVTTL — — — 0.8 Vv —
Vi LOW to H!GH Threshold Schmitt . 1.46 _ . v 5
RESET # Pin
Vin. :'Ei'E"Tt;PLigW Threshold Schmitt — — | = | o9 | v 5
LOW to HIGH Threshold
DDC Vth+ DSDAO, DSDA1, DSCLO and Schmitt — 3.0 — — \Y —
DSCL1 pins.
HIGH to LOW Threshold
DDC Vrh. DSDAO, DSDA1, DSCLO and Schmitt - — — 1.5 v —
DSCL1 pins.
Local I2C Vi tgg ;::gg;:ﬁssho'd Schmitt - 21 | — - v 11,13
Local 12C Vy. Eéi?;g;g:;:::iiho'd Schmitt — - - 0.86 Vv 11,13
Vou HIGH-level Output Voltage LVTTL — 2.4 — — Vv 10
Vou LOW-level Output Voltage LVTTL — — — 0.4 Vv 10
lov Output Leakage Current — High Impedance -10 — 10 LA —
Vip Differential Input Voltage — — 75 250 780 mV 4
Vour=2.4V 4 — — mA 1,6,7
lopa 4 mA Digital Output Drive Output
Vour=0.4V 4 — — mA 1,6,7
Vour=2.4V 8 — — mA 1,6,8
lobs 8 mA Digital Output Drive Output
Vour=0.4V 8 — — mA 1,6,8
o ) Vour=2.4V 12 — — mA 1,6,9
lob12 12 mA Digital Output Drive Output
Vour=0.4V 12 — — mA 1,6,9
Rep Internal Pull Down Resistor Outputs IOVCC33=3.3V 25 50 110 kQ 1,12
lopo Output Pull Down Current Outputs IOVCC33=3.6V - 60 90 uA 1,12
lirp Input Pull Down Current Input IOVCC33=3.6V - 60 90 pA 1
Notes:
1. These limits are guaranteed by design.
2. Under normal operating conditions unless otherwise specified, including output pin loading C. = 10 pF.
3. Refer to the Pin Diagram and Descriptions section beginning on page 34 for pin type designations for all package pins.
4. Differential input voltage is a single-ended measurement, according to DVI Specification.
5. Schmitt trigger input pin thresholds Vu: and V. correspond to Vi and V), respectively.
6. Minimum output drive specified at ambient = 70 °C and IOVCC33 = 3.0 V. Typical output drive specified at ambient = 25 °C and

I0VCC33 = 3.3 V. Maximum output drive specified at ambient =0 °C and IOVCC33=3.6 V.

7.  lopa Output applies to pins SPDIF, SCK, WS, SD[3:0], DCLK, INT, and CSDA.

8. lopg Output applies to pins DE, HSYNC, VSYNC, Q[35:0].and MCLK.

9. lop12 Output applies to pin ODCK.

10. Note that the SPDIF output drives LVTTL levels, not the low-swing levels defined by IEC958.

11. The SCL and SDA pins are not true open-drain buffers. When no VCC is applied to the chip, these pins can continue to draw a
small current, and prevent the master IC from communicating with other devices on the I12C bus. Therefore, do not power-down
the receiver (remove VCC) unless the attached 12C bus is completely idle.

12. The chip includes an internal pull-down resistor on many of the output pins. When in the high-impedance state, these pins
draw a pull down current according to this specification when the signal is driven HIGH by another source device.

13. With —10% I0VCC33 supply, the HIGH-to-LOW threshold on DDC and I2C bus is marginal. A -5% tolerance on the IOVCC33
power supply is recommended.
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5.3.1. DC Power Supply Pin Specifications

Table 5.4. Total Power versus Power-Down Modes

Typ? Max*
Symbol Parameter Mode Frequency Units | Notes
33V | 1.2V SBVCC5 33V | 1.2V SBVCC5
Ippa3 Complete A — 63 3 8 mA 1,6
Power-Down
Current
Ipps Sleep Power- B 27 MHz 67 21 8 mA 2,7
down Current 74.25 MHz 90 25 8 mA
150 MHz 74 25 8 mA
225 MHz 74 25 8 mA
Istay Standby C 27 MHz 8 mA 2,8
Current 74.25 MHz 8 mA
150 MHz 8 mA
225 MHz 8 mA
luns Unselected D 27 MHz 67 112 8 68 147 8 mA 2,8
Current 74.25 MHz 70 172 8 72 193 8 mA
150 MHz 75 289 8 78 302 8 mA
225 MHz 77 310 8 78 322 8 mA
lccto Full Power E 27 MHz 98 112 8 115 148 8 mA 2,10
Digital Out 74.25 MHz 167 175 8 179 | 185 8 mA
Current 150 MHz 266 | 289 8 289 | 296 8 mA
225 MHz 345 313 8 377 319 8 mA
Notes:
1. Power is not related to input TMDS clock (RxC) frequency because the selected TMDS port is powered down.
2. Power is related to input TMDS clock (RxC) frequency at the selected TMDS port. Only one port can be selected.
3. Typical power specifications measured with supplies at typical normal operating conditions; and a video pattern that combines
gray scale, checkerboard and text.
4.  Maximum power limits measured with supplies at maximum normal operating conditions, minimum normal operating ambient
temperature, and a video pattern with single-pixel vertical lines.
5. Registers are always accessible on local 12C (CSDA/CSCL) without active link clock.
6. Power Down Mode A: Minimum power. Everything is powered off. Host sees no termination of TMDS signals on any of the four
TMDS ports. 12C access is still available.
7. Power Down Mode B: Powers down TMDS core. CKDT remains enabled and state can be polled in register. Host device can
sense TMDS termination.
8. Power Down Mode C: Power off to 3.3 V and 1.2 V supplies. Power on to SBVCC5 standby supply.
9. Power Down Mode D: Monitor SCDT on selected TMDS port with outputs in the high-impedance state. HDCP continues in the

selected port, but the output of the receiver can be connected to a shared bus.

10. Digital Functional Mode E: Full Operation on one port with digital outputs
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Table 5.5. Power-down Mode Definitions

33V 1.2v Register Bit States L.
Mode SBVCC5 Description
Supply | Supply PDTOT# | PD_TMDS# | PD_AO# | PD_VO#

A | Power ON ON ON 0 1 1 1 Minimum power.

Down Everything is powered off.
Host sees no termination
of TMDS signals on any of
the four TMDS ports. 12C
access is still available.

B | Sleep ON ON ON 1 0 1 1 Powers down TMDS core.
Mode CKDT remains enabled
Power and state can be polled in
register. Host device can
sense TMDS termination.

C | Standby OFF OFF ON 1 1 1 1 Power off to 3.3 V and
Power 1.2 V supplies. Power on
to SBVCCS standby

supply.

D |Unselected ON ON ON 1 1 0 0 Monitor SCDT on selected
Power TMDS port with outputs
in the high-impedance
state. HDCP continues in
the selected port, but the
output of the receiver can
be connected to a shared
bus.

E | Digital ON ON ON 1 1 1 1 Full operation on one
port with digital outputs.

Notes:

1. PDClksinclude PD_MCLK#, PD_XTAL#, PD_APLL#, and PD_PCLK# all set to zero.
2.  PDOutsinclude PD_AO#, and PD_VO# all set to zero.

3. Refer to the Programmer Reference for register bit descriptions.
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5.4. AC Specifications

Table 5.6. TMDS Input Timings

= LATTICE

Symbol Parameter Conditions Min Typ Max Units Figure Notes

Tops Intra-Pair Differential Input Skew — — — Tair ps — 2,4

Tecs Channel to Channel Differential . _ _ T ns Figure 6.1 23
Input Skew

Frxc Differential Input Clock Frequency — 25 — 225 MHz — —

Trxc Differential Input Clock Period — 4.44 — 40 ns — —
Differential Input Clock Jitter

Tuir tolerance (0.3Tbit) 74.25 MHz - - 400 ps - 2,56

Notes:

1. Under normal operating conditions unless otherwise specified, including output pin loading of C. = 10 pF.

2. Guaranteed by design.

3. IDCK Period (refer to the applicable Lattice Semiconductor HDMI Transmitter Data Sheet).

4. 1/10 of IDCK Period (refer to the applicable Lattice Semiconductor HDMI Transmitter Data Sheet).

5. litter defined per HDMI Specification.

6. lJitter measured with Clock Recovery Unit per HDMI Specification. Actual jitter tolerance can be higher depending on the

frequency of the jitter.

Refer to the Programmer Reference (see the References section on page 72) for more details on controlling timing
modes.

5.4.1. Video Output Timings

Table 5.7. 12/15/18-Bit Data Output Timings

Symbol Parameter Conditions Min Typ Max Units Figure Notes
Dt LOW-to-HIGH Rise Time Transition C. =10 pF — — 1.5 ns Figure 6.4 2
Duir HIGH-to-LOW Fall Time Transition C.=10pF — — 15 ns Figure 6.4 2
Reip ODCK Cycle Time C.=10 pF 12.12 — 40 ns Figure 6.5 8
Fcip ODCK Frequency C.=10pF 25 — 82.5 MHz — 5
Touty ODCK Duty Cycle C.=10pF 40% — 60% Reip Figure 6.5 3
Tek20ut ODCK-to-Output Delay C.=10 pF 0.4 — 2.5 ns Figure 6.5 —

Table 5.8. 16/20/24/30/36-Bit Data Output Timings

Symbol Parameter Conditions Min Typ Max Units Figure Notes

Diur LOW-to-HIGH Rise Time Transition C.=10pF — — 1.5 ns Figure 6.4 2

Dt HIGH-to-LOW Fall Time Transition C. =10 pF — — 1.5 ns Figure 6.4 2

Reip ODCK Cycle Time C.=10 pF 6.06 — 40 ns Figure 6.5 5,8

Fcip ODCK Frequency C.=10pF 25 — 165 MHz —

Touty ODCK Duty Cycle C.=10pF 40% — 60% Raip Figure 6.5

Tek20ut ODCK-to-Output Delay C.=10pF 0.4 — 2.5 ns Figure 6.5 —

Notes:

1. Under normal operating conditions unless otherwise specified, including output pin loading of C,=10 pF.

2. Rise time and fall time specifications apply to HSYNC, VSYNC, DE, ODCK, EVNODD and Q[35:0].

3. Output clock duty cycle is independent of the differential input clock duty cycle. Duty cycle is a component of output setup and
hold times.

4. See Table 6.2 on page 32 for calculation of worst case output setup and hold times.

5. All output timings are defined at the maximum operating ODCK frequency, Fcp, unless otherwise specified.

6. Fcp can be the same as Frxc or one-half of Frxc, depending on OCLKDIV setting. Fep can also be Frxc /1.25 or Fryxc /1.5 if Deep
Color mode is being transmitted.

7. Rap is the inverse of Fcp and is not a controlling specification.

8.  Output skew specified when ODCK is programmed to divide-by-two mode.

www.latticesemi.com/legal

Downloaded from AFFOW.Com.



http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com

= LATTICE

5.4.2. Audio Output Timings

Table 5.9. 1S Output Port Timings

Symbol Parameter Conditions Min Typ Max Units Figure Notes
Ter SCK Clock Period (TX) C.=10pF 1.00 — — Tir 1
Thc SCK Clock HIGH Time C.=10pF 0.35 — — Ter 1
Tic SCK Clock LOW Time C.=10pF 0.35 — — Ter 1
Tsu Setup Time, SCK to SD/WS C. =10 pF 0.4Tr—-5 — — ns Figure 6.6 1
Tho Hold Time, SCK to SD/WS C.=10pF 0.4TR—-5 — — ns 1
Tsckputy SCK Duty Cycle C.=10pF 40% - 60% Ter 1
Tsckasp SCK to SD or WS Delay C.=10 pF -5 - +5 ns 2
TaubbLy Audio Pipeline Delay — — 40 80 us — —
Notes:

1. Refer to Figure 6.6 on page 30. Meets timings in Philips 1S Specification.

2. Applies also to SDC-to-WS delay.

Table 5.10. S/PDIF Output Port Timings

Symbol Parameter Conditions Min Typ Max Units Figure Notes
Tspeve SPDIF Cycle Time C.=10pF — 1.0 — Ul 1,2
Fspoir SPDIF Frequency — 4 — 24 MHz Figure 6.7 3
Tspouty SPDIF Duty Cycle CL=10pF 90% — 110% ul 2,5
Tmcikeve MCLK Cycle Time C.=10 pF 20 — 250 ns 1,2,4
Fmcik MCLK Frequency C.=10 pF 4 — 50 MHz Figure 6.8 1,2,4
Tmcikouty MCLK Duty Cycle C.=10pF 40% — 60% Tmcikeve 2,4
TaubbLy Audio Pipeline Delay — — 40 80 us — —
Notes:

Guaranteed by design.

MCLK refers to MCLKOUT.

vk wnhe

Table 5.11. Audio Crystal Timings

Proportional to unit time (Ul), according to sample rate.
SPDIF is not a true clock, but is generated from the internal 128Fs clock, for Fs from 128 to 512 kHz.

Intrinsic jitter on S/PDIF output can limit its use as an S/PDIF transmitter. The S/PDIF intrinsic jitter is approximately 0.1 UL.

Symbol Parameter Conditions Min Typ Max Units Figure Notes
FxtaL External Crystal Freq. — 26 27 28.5 MHz Figure 5.2 1,2
33V ( >
8 | xTALVCC
i I . 5 | XTALIN
18pF T 27MHz 1M Si[9233A
‘ . . 4 | xTaLouT

18pF

Figure 5.2. Audio Crystal Schematic
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5.4.3. Miscellaneous Timings

Table 5.12. Miscellaneous Timings

Symbol Parameter Conditions Min Typ Max | Units Figure Notes

Ti2covp SDA Data Valid delay from SCL falling edge C. =400 pF — — 700 ns — —

Fooc Speed on TMDS DDC Ports C. =400 pF — — 100 kHz — 2

Fi2c Speed on Local I2C Port C. =400 pF — — 400 kHz — 3

Treser RESET# Signal LOW Time for valid reset — 50 — — us Figure 6.3 —

TstaRTUP Startup time from power supplies valid — — — 100 ms — 5

TBKSVINIT HDCP BKSV Load Time —_ —_ —_ 2.2 ms —_

Notes:

1. Under normal operating conditions unless otherwise specified, including output pin loading of C_ = 10 pF.

2. DDC ports are limited to 100 kHz by the HDMI Specification, and meet 12C standard mode timings.

3.  Local I2C port (CSCL/CSDA) meets standard mode I12C timing requirements to 400 kHz.

4. The time required to load the KSV values internal to the receiver after a RESET# and the start of an active TMDS clock. An
attached HDCP host device should not attempt to read the receiver BKSV values until after this time. The Tgksvinr Min and Max
values are based on the maximum and minimum allowable XCLK frequencies. The loading of the BKSV values requires a valid
XCLK and TMDS clock.

5. Tstartupis the startup time required for the device to be operational once power is stable. This startup time is due to the on

board voltage regulator for the EDID and CEC and a power on reset circuit.
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5.4.4. Interrupt Timings

Table 5.13. Interrupt Output Pin Timings

Symbol Parameter Conditions | Min | Typ [ Max | Units Figure Notes
Tesc Link disabled (DE inactive) to SCDT LOW — — 0.15 40 ms Figure 5.3 1,2,3,8
Thsc Link enabled (DE active) to SCDT HIGH — — — 4 DE Figure 5.3 1,2,4,8
Teicp RXC inactive to CKDT LOW — — — 100 us Figure 5.3 1,2,8
Teaco RXC active to CKDT HIGH — — — 10 us Figure 5.3 1,2,8
Tint Response Time for INT from Input Change — — — 100 us — 1,5,8
Tciop RXC inactive to ODCK inactive — — — 100 ns — 1,8
Tcaod RXC active to ODCK active and stable — — — 10 ms — 1,6,8
Tenar Delay from SCDT rising edge to Software _ _ _ 100 ms Figure 6.3 7
Reset falling edge

Notes:

1. Guaranteed by design.

2. SCDT and CKDT are register bits in this device.

3. SCDT changes to LOW after DE is HIGH for approximately 4096 pixel clock cycles, or after DE is LOW for approximately
1,000,000 clock cycles. At 27 MHz pixel clock, this delay for DE HIGH is approximately 150 ps, and the delay for DE LOW is
approximately 40 ms.

4. SCDT changes to HIGH when clock is active (TCACD) and at least 4 DE edges have been recognized. At 720p, the DE period is 22
us, so SCDT responds approximately 50 ps after TCACD.

5. The INT pin changes state after a change in input condition when the corresponding interrupt is enabled.

6. Output clock (ODCK) becomes active before it becomes stable. Use the SCDT signal as the indicator of stable video output
timings, as this depends on decoding of DE signals with active RXC (see TFSC).

7. Software Reset must be asserted and then de-asserted within the specified maximum time after rising edge of Sync Detect
(SCDT). Access to both SWRST and SCDT can be limited by the speed of the 12C connection.

8. SCDT is HIGH only when CKDT is also HIGH. When the receiver is in a powered-down mode, the INT output pin indicates the
current state of SCDT. Thus, a power-down receiver signals a microcontroller connected to the INT pin whenever SCDT changes
from LOW to HIGH or HIGH to LOW.

RXC link clock active link clock inactive link clock active
CKDT
Teico™] ™ L«TCACD
DE | Do not Care |
~Trsc ™ Thse ™
SCDT
Figure 5.3. SCDT and CKDT Timing from DE or RXC Inactive/Active

Notes:

1. The SCDT shown in Figure 5.3 is a register bit. SCDT remains HIGH if DE is stuck in LOW while RXC remains active, but SCDT
changes to LOW if DE is stuck HIGH while RXC remains active.

2. The CKDT shown in Figure 5.3 is a register bit. CKDT changes to LOW whenever RXC stops, and changes to HIGH when RXC
starts. SCDT changes to LOW when CKDT changes to LOW.

3. SCDT changes to LOW when CKDT changes to LOW. SCDT changes to HIGH at Tusc after CKDT changes to HIGH.

4. The INT output pin changes state after the SCDT or CKDT register bit is set or cleared if those interrupts are enabled.

Refer to the Programmer Reference for more details on controlling timing modes.
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6. Timing Diagrams

6.1. TMDS Input Timing Diagrams

Figure 6.1. TMDS Channel-to-Channel Skew Timing

6.2. Power Supply Control Timings

Figure 6.2 illustrates the power supply sequencing.

Power On Sequence————— ————Power Off Sequence———

DIFF33 max

maximum 3.3 V
excursion

maximum 3.3V
excursion >

IOVCC33
AVCC33

N minimum 3.3V XTALVCC33
! DIFF3312 max
excursion minimum 3.3 V
excursion

DIFF33 max

IOVCC33
AVCC33
XTALVCC33

maximum 1.2 V

maximum 1.2V /’
/excursion DIFF3312 max

excursion

N minimum 1.2V

excursion ~ DIFF12 max AVCC12 -
minimum 1.2 V

AVCC12 CVCC12 excursion
AVPCC12
To ensure proper power-on reset, 5 V should be provided to the SBVCCS pin before DIFF12 max

the power-on sequence shown here begins.

Figure 6.2. Power Supply Sequencing
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6.3. Reset Timings

VCCrnax
RESET#

I
VCCmin I
| FTRESETA
VCC
\ |
I
RESET# RESET# must be pulled LOW for Tgeser before accessing
. registers. This can be done by holding RESET# LOW until Treser
Fees after stable power (at left); OR by pulling RESET# LOW from a

Note that VCC must be stable between its limits for Normal HIGH state (at right) for at least Treser.
Operating Conditions for Treser before RESET# is HIGH.

Figure 6.3. RESET# Minimum Timings

6.4. Digital Video Output Timing Diagrams
6.4.1. Output Transition Times

20V ~ 20V

08V 0.8V

D, f-— —> D,

LHT HLT

Figure 6.4. Video Digital Output Transition Times

© 2009-2017 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal. All other brand or product names are
trademarks or registered trademarks of their respective holders. The specifications and information herein are subject to change without notice.
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Sil9233A HDMI Receiver with Repeater, Multi-channel Audio, and Deep Color
Data Sheet

6.4.2. Output Clock to Output Data Delay

OCKINV =0

ok ] |7

OCKINV =1

ODCK I—

- T CKO(max) »
T. CKO mini

QI[35:0] (

ST NI

nnnnnnnn

DE J—Cﬁ‘m_inbl
A,

VSYNC

Figure 6.5. Receiver Clock-to-Output Delay and Duty Cycle Limits

6.5. Digital Audio Output Timings

ssssssssss TSU — e THD SCK2SD_MIN

WS

Data Valid Data Valid Data Valid
Sb % 7 %
o o

Figure 6.6. 12S Output Timings

© 2009-2017 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal. All other brand or product names are
trademarks or registered trademarks of their respective holders. The specifications and information herein are subject to change without notice
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SPCYC

D
TSPDUTY

\ 50%
SPDIF \

Figure 6.7. S/PDIF Output Timings

A

< T

MCLKCYC

MCLK / 50% 50%

«T

MCLKDUTY

Figure 6.8. MCLK Timings

6.6. Calculating Setup and Hold Times for Video Bus

6.6.1. 24/30/36-Bit Mode

Output data is clocked out on one rising (or falling) edge of ODCK, and is then captured downstream using the same
polarity ODCK edge one clock period later. The setup time of data to ODCK and hold time of ODCK to data are therefore
a function of the worst case ODCK to output delay, as shown in Figure 6.9. The active rising ODCK edge is shown with
an arrowhead. For OCKINV=1, reverse the logic.

CKonT{maX}*HTsu *Tho
CKZOUT{mm}
ODCK
Longest Shortest
Clk-to-Out Clk-to-Out
Q
DE
VSYNC
HSYNC
«—Data Valid—» Data Valid—

Figure 6.9. 24/30/36-Bit Mode Receiver Output Setup and Hold Times
Table 6.1 on the next page shows minimum calculated setup and hold times for commonly used ODCK frequencies. The
setup and hold times apply to DE, VSYNC, HSYNC and Data output pins, with output load of 10pF. These are
approximations. Hold time is not related to ODCK frequency.
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Table 6.1. Calculation of 24/30/36-Bit Output Setup and Hold Times

== LATTICE

Symbol Parameter Tobck Min

24/30/36-Bit Mode Tsu Setup Time to ODCK = Topck — Tekzout{max} 27 MHz 37.0ns 34.5ns
74.25 MHz 13.5ns 11ns

Tho Hold Time from ODCK = Tckaour{min} 27 MHz 37.0ns 0.4 ns

6.6.2. 12/15/18-Bit Dual-Edge Mode

Output data is clocked out on each edge of ODCK (both rising and falling), and is then captured downstream using the
opposite ODCK edge. This is shown in Figure 6.10. The setup time of data to ODCK is a function of the shortest duty
cycle and the longest ODCK to output delay. The hold time does not depend on duty cycle (since every edge is used),
and is a function only of the shortest ODCK to output delay.

ODCK

VSYNC
HSYNC

SuU

T p{min} >

CKZOUT{maX}

™ <~ Texoour{min}

< X

r«—Data Valid—

Data Valid

Figure 6.10. 12/15/18-Bit Mode Receiver Output Setup and Hold Times

Table 6.2 shows minimum calculated setup and hold times for commonly used ODCK frequencies, up to the maximum
allowed for 12/15/18-bit mode. The setup and hold times apply to DE, VSYNC, HSYNC and Data output pins, with
output load of 10 pF. These are approximations. Hold time is not related to ODCK frequency.

Table 6.2. Calculation of 12/15/18-Bit Output Setup and Hold Times

Symbol Parameter Tobck Min
12/15/18-Bit Mode Tsu Setup Time to ODCK 27 MHz 37.0ns 12.3 ns
= Topck ® Tourv{min} — Tekaour{max} 74.25 MHz 13.5ns 2.9ns
) Hold Time from ODCK = Tcioour{min} 27 MHz 37.0ns 0.4 ns
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6.7. Calculating Setup and Hold Times for 1S Audio Bus

Valid serial data is available at Tsck2sa after the falling edge of the first SCK cycle, and then captured downstream using
the active rising edge of SCK one clock period later. The setup time of data to SCK (Tsu) and hold time of SCK to data
(Tho) are therefore a function of the worst case SCK-to-output data delay (Tsck2sd). Figure 6.6 on page 30 illustrates
this timing relationship. Note that the active SCK edge (rising edge) is shown with an arrowhead. For a falling edge
sampling clock, the logic is reversed.

Table 6.3 shows the setup and hold time calculation examples for various audio sample frequencies. The formula used
in these examples also applies when calculating the setup and hold times for other audio sampling frequencies.

Table 6.3. 12S Setup and Hold Time Calculations

Symbol Parameter FWS (kHz) FSCLK (MHz) Ttr Min
Tsu Setup Time, SCK to SD/WS 32 kHz 2.048 488 ns 190 ns
= Trg = ( Tsckoury_worst + Tscxaso_max ) 44.1 kHz 2.822 354 ns 136 ns
=Tr~(0.6Tw + 5ns) 48 kHz 3.072 326 ns 125 ns
=0.4Tr—5ns
96 kHz 6.144 163 ns 60 ns
192 kHz 12.288 81ns 27 ns
Tho Hold Time, SCK to SD/WS 32 kHz 2.048 488 ns 190 ns
= ( Tscxourv_worst = Tscraso_win ) 44.1 kHz 2.822 354 ns 136 ns
=04Tr = 5ns 48 kHz 3.072 326 ns 125 ns
96 kHz 6.144 163 ns 60 ns
192 kHz 12.288 81ns 27 ns

Note: The sample calculations shown are based on WS = 64 SCLK rising edges.
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7. Pin Diagram and Descriptions

7.1. Pin Diagram

Figure 7.1 shows the pin assignments of the Sil9233A receiver device. Individual pin functions are described in the Pin
Descriptions section on the next page. The package is a 20 mm x 20 mm 144-pin TQFP with an ePad, which must be
connected to ground.

144 [] AVCC33
143 [] R3X2+
142 [] R3X2-
141 [] R3X1+
140 [] R3X1-
139 [] R3X0+
138 [] R3X0-
137 [] R3XC+
136 [] R3XC-
135 [] AVCC12
134 [1 R2X2+
133 [] R2X2-
132 [] R2X1+
131 L[] R2X1-
130 [] R2X0+
129 [] R2X0-
128 [] R2XC+
127 L[] R2XC
126 [] AVCC33
125 [] R1X2+

124 [1 R1X2-
121 [] R1X0+

120 [] R1X0-
119 [] R1XC+
118 [] R1XC-
117 [] AVCC12
116 [] ROX2+
115 [] ROX2-
114 [] ROX1+
113 [] ROX1-
112 [] ROX0+
111 1 ROXO-
110 [] ROXC+
109 [] ROXC-

123 [1 R1X1+
122 [] R1X1-

RSVDNC[] 1 AVCC33
APVCCI2[] 2 GPIO3 /MUTEOUT
XTALVCC33[] 3 SPDIF/DL2
XTALOUT[] 4 MCLK
XTALIN[] 5 SD3/DR2
XTALGND [] 6 SD2/DL1
IOVCC33 ] 7 SD1/DR1
CVCCi12 [ 8 SDO/DLO
RSVDNC[] 9 SCK/DCLK
RSVDNCL] 10 WS/DRO
RSVDL[] 11 IOVCC 33
GPIO0/XCLKOUTL] 12 cvee12
GPIO1/SCDT [] 13 Q0
GPIO2/EVNODD [] 14 Ql
RSVDNC[] 15 Q2
GPIO4[] 16 . Q3
O Si19233A o
RSVDNC [] 18 (Top View) as
GPIOB/DL3 [] 19 Q6
GPIO7DR3 [] 20 Q7
RESET# [1 21 Q8
INT[] 22 IOVCC 33
CsCL[] 23 cvee12
CSDA [] 24 Q9
CI2CA[] 25 Q10
CEC_A[] 26 Qi
CEC D[] 27 Q12
SBVCC5[] 28 Q13
ROPWRSV [] 29 Q14
HPDO [] 30 Q15
DSCLO [] 31 Q16
DSDAO [] 32 Q17
R1PWRSV [] 33 ODCK
HPDI[] 34 HSYNC
DSCU[] 35 VSYNC
DSDA1[] 36 DE

N O OO AN MIWONONO 4N MIWONIWDODO AN MTWONDODO A N
MM OFT T ITITSTTTTIEIO OO OOOOODONDOO OO OO OO ©O©O0N~N~~
- - -t - HHHHHHHHHHHHHHH A
>8§g>m22000ooomwmmromwr\mmwmwmmv—omwmm
BCdaESdRZ22222688838880088,008080803080885503
ST20 T2as585 9% o0 o 0o
o 0o0og OO0 ODH b0 > > =3
I ) recoe ¢@o [Shye} (S)ye}

Figure 7.1. Pin Diagram
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HH LATT’CE Sil9233A HDMI Receiver with Repeater, Multi-channel Audio, and Deep Color
Data Sheet

7.2. Pin Descriptions

7.2.1. Differential Signal Data Pins

Pin Name Pin Type Dir Description

ROX0+ 112 | TMDS analog Input | HDMI Port 0 TMDS input data pairs.

ROX0- 111

ROX1+ 114

ROX1- 113

ROX2+ 116

ROX2- 115

ROXC+ 110 | TMDS analog Input | HDMI Port 0 TMDS input clock pair.

ROXC- 109

R1X0+ 121 | TMDS analog Input | HDMI Port 1 TMDS input data pairs.

R1X0- 120

R1X1+ 123

R1X1- 122

R1X2+ 125

R1X2- 124

R1XC+ 119 | TMDS analog Input | HDMI Port 1TMDS input clock pair.

R1XC- 118

R2X0+ 130 | TMDS analog Input | HDMI Port 2 TMDS input data pairs.

R2X0- 129

R2X1+ 132

R2X1- 131

R2X2+ 134

R2X2- 133

R2XC+ 128 | TMDS analog Input | HDMI Port 2 TMDS input clock pair.

R2XC- 127

R3X0+ 139 | TMDS analog Input | HDMI Port 3 TMDS input data pairs.

R3X0- 138

R3X1+ 141

R3X1- 140

R3X2+ 143

R3X2- 142

R3XC+ 137 | TMDS analog Input | HDMI Port 3 TMDS input clock pair.

R3XC- 136

© 2009-2017 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal. All other brand or product names are
trademarks or registered trademarks of their respective holders. The specifications and information herein are subject to change without notice.
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7.2.2. Digital Video Output Data Pins

= LATTICE

Pin Name Pin Type Dir Description

Qo 96 LVTTL Output | 36-Bit Output Pixel Data Bus.

Q1 95 | 2mAto14 mA Q[35:0] is highly configurable using the various video configuration registers. It

Q2 94 supports a wide array of output formats, including multiple RGB and YCbCr bus
formats. Using the appropriate bits in the PD_SYS2 register, the output drivers

a3 3 can be put into a high impedance state.

Q4 92

Q5 91

Q6 90

Q7 89

Q8 88

Q9 85

Q10 84

Q11 83

Q12 82

Q13 81

Q14 80

Q15 79

Q16 78

Q17 77

Q18 70

Q19 69

Q20 68

Q21 67

Q22 66

Q23 65

Q24 64

Q25 63

Q26 62

Q27 59

Q28 58

Q29 57

Q30 56

Q31 55

Q32 54

Q33 53

Q34 52

Q35 51

Notes:

1. When transporting video data that uses fewer than 36 bits, the unused bits on the Q[] bus can still carry switching pixel data
signals. Unused Q[35:0] bus pins should be unconnected, masked or ignored by downstream devices. For example, carrying
YCbCr 4:2:2 data with 16-bit width (see the YC 4:2:2 Formats with Separate Syncs section on page 47), the bits Q[0] through
Q[7] output switching signals.

2. The output data bus, Q[0:35], can be wire-ORed to another device so one device is always in the high-impedance state.
However, these pins do not have internal pull-up or pull-down resistors, and so cannot pull the bus HIGH or LOW when all
connected devices are in the high impedance state.

3. The drive strength of Q[0:35] can be programmed in 2-mA steps between 2 mA and 14 mA.
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7.2.3. Digital Video Output Control Pins

Pin Name Pin Type Dir Description

DE 73 LVTTL Output | Data Enable.
2mAto 14 mA

HSYNC 75 LVTTL Output | Horizontal Sync Output.
2mAto 14 mA

VSYNC 74 LVTTL Output | Vertical Sync Output.
2mAto 14 mA

GPI02/ 14 LVTTL Input | Programmable GPI0O2.

EVNODD 8 mA Output

GP102/ Output | Indicates Even or Odd Field for Interlaced Formats.

EVNODD

ODCK 76 LVTTL Output | Output Data Clock.
2mAto 14 mA

Notes:

1. HSYNC and VSYNC outputs carry sync signals for both embedded and separate sync configurations.
2. Thedrive strength of DE, HSYNC, VSYNC, and ODCK can be programmed in 2-mA steps between 2 mA and 14 mA.

7.2.4. HDMI Control Signal Pins

Pin Name Pin Type Dir Description
DSCLO 31 Schmitt Input | DDC I12C Clock for respective port.
DSCL1 35 Open drain HDCP KSV, An, and Ri values are exchanged over an I12C port during
DSCL2 39 5V tolerant authentication. True open drain, so does not pull to GND if power is not applied.
DSCL3 43
DSDAO 32 Schmitt Input | DDC I2C Data for respective port.
DSDA1 36 Open drain Output | HDCP KSV, An, and Ri values are exchanged over an I12C port during
DSDA2 40 5V tolerant authentication. True open drain, so does not pull to GND if power is not applied.
DSDA3 44 3 mA
HPDO 30 LVTTL Input | Hotplug output signal to HDMI connector for respective port
HPD1 34 4 mA Output | Indicates EDID is readable..
HPD2 38
HPD3 42
ROPWR5V 29 LVTTL Input | 5V power and port detection input for respective port.
R1PWR5V 33 5V tolerant Used to power internal EDID when device is not powered.
R2PWR5V 37
R3PWR5V 41
CEC_A 26 CEC compliant Input | HDMI compliant CEC I/O used to interface to CEC devices.
5V tolerant Output | This pin connects to the CEC signal of all HDMI connectors in the system.
This pin has an internal pull-up resistor.
CEC_D 27 LVTTL Input | CEC interface to local system. True open-drain. An external pull-up is required.
Schmitt Output | This pin typically connects to the local CPU.
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7.2.5. Digital Audio Output Pins
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Pin Name Pin Type Dir Description
XTALIN 5 5V tolerant Input | Crystal Clock Input.
LVTTL Also allows LVTTL input. Frequency required: 26 MHz — 28.5 MHz.
XTALOUT 4 LVTTL Output | Crystal Clock Output.
4 mA
GPIOO/ 12 LVTTL Input | Programmable GPIOO.
XCLKOUT 4 mA Output
GP100/ Output | Additional Clock Output from crystal oscillator circuit.
XCLKOUT
MCLK 105 LVTTL Output | Audio Master Clock Output.
8 mA
SCK/ 100 LVTTL Output | 12S Serial Clock Output.
DCLK 4 mA
SCK/ DSD Clock Output.
DCLK
SD3/DR2 104 LVTTL Output | 12S Serial Data Output.
SD2/DL1 103 4 mA
SD1/DR1 102
SDO/DLO 101
SD3/DR2 DSD Serial Right Ch2 Data Output.
SD2/DL1 DSD Serial Left Ch1 Data Output.
SD1/DR1 DSD Serial Right Ch1 Data Output.
SDO/DLO DSD Serial Left Ch0 Data Output.
WS/ 99 LVTTL Output | I12S Word Select Output.
DRO 4 mA
WS/ DSD Serial Right ChO Data Output.
DRO
SPDIF/ 106 LVTTL Output | S/PDIF Audio Output.
DL2 4 mA
SPDIF/ DSD Serial Left Channel 2 data output.
DL2
GP106/ 19 LVTTL Input/ | Programmable GPIO6.
DL3 4 mA Output
GP106/ Output | DSD Serial Left Channel 3 data output.
DL3
GPI107/ 20 LVTTL Input/ | Programmable GPIO7.
DR3 4 mA Output
GP107/ Output | DSD Serial Right Channel 3 data output.
DR3
GPIO3/ 107 LVTTL Input | Programmable GPIO3 or Mute Audio Output.
MUTEOUT 4 mA Output
GP103/ Output | Mute Audio Output.
MUTEOUT Signal to the external downstream audio device, audio DAC, and so on to mute
audio output.

Note: The XTALIN pin can either be driven at LVTTL levels by a clock (leaving XTALOUT unconnected), or connected through a crystal
to XTALOUT; see Figure 9.7 on page 67.
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7.2.6. Configuration/Programming Pins

Pin Name Pin Type Dir Description
INT 22 LVTTL Output | Interrupt Output.
4 mA Configurable polarity and push-pull output. Multiple sources of interrupt can be

enabled through the INT_EN register.
See note below.

RESET# 21 Schmitt Input | Reset Pin.
5V tolerant Active LOW.
CSCL 23 Schmitt Input | Configuration/Status 12C Clock.
5V tolerant Chip configuration/status, CEA-861 support and downstream HDCP registers are

accessed via this I12C port.

CSDA 24 Schmitt Input | Configuration/Status I12C Data.
5V tolerant Output | Chip configuration/status, CEA-861 support and downstream HDCP registers are
3mA accessed via this I2C port.
CI2CA 25 LVTTL Input | Local I12C Address Select.
5V tolerant LOW = Addresses 0x60/0x68
HIGH = Addresses 0x62/0x6A
GPIO1/SCDT 13 LVTTL Input | Programmable GPIO1.
4 mA Output
GPIO1/SCDT Output | Sync Detection Indicator.
Indicates Active Video at HDMI Input Port.
GPI104 16 LVTTL Input | Programmable GPIO4.
4 mA Output
GPIO5 17 LVTTL Input | Programmable GPIOS.
4 mA Output

Note: The INT pin can be programmed to be either a push-pull LVTTL output or an open-drain output.

7.2.7. Power and Ground Pins

Pin Name Pin Type Description Supply
CVCC12 8,60, 71, 86,97 Power Digital Logic VCC. 1.2V
I0VCC33 7,61,72,87,98 Power Input/Output Pin VCC. 3.3V
AVCC33 108, 126, 144 Power TMDS Analog VCC 3.3 V. 3.3V
AVCC12 117,135 Power TMDS Analog VCC 1.2 V. 1.2V
APVCC12 2 Power Audio Clock Regeneration PLL Analog VCC. 1.2V
Must be connected to 1.2 V.
XTALVCC33 3 Power Audio Clock Regeneration PLL crystal oscillator 3.3V
power.
Must be connected to 3.3 V.
XTALGND 6 Ground | Audio Clock Regeneration ground. Ground
SBVCC5 28 Power Standby power supply. 5V
All other supplies can be off with SBVCC5 on.
GND 50, ePad (bottom of package) Ground | Ground. The ePad must be soldered to ground. Ground

7.2.8. Reserved and Not Connected Pins

Pin Name Pin Type Description Supply

RSVDNC 1,9, 10, 15, 18, 45-49 Reserved | Reserved, must be left unconnected No
connection

RSVDL 11 Reserved | Reserved, must be tied to ground Ground
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8. Feature Information

8.1. Video Path

The Sil9233A receiver accepts all valid HDMI input formats and can transform that video in a variety of ways to produce
the proper video output format. The following pages describe how to control the video path formatting and how to
assign output pins for each video output format. The processing blocks shown in Figure 8.1 correspond to those shown
in Figure 8.2 through Figure 8.4 on pages 41 through 43.

»{ MCLK
P SPDIF )
Pr(fci‘i';ng »o— P 12S Outputs »  sck >
TMDS > HDCP ¢ ( WS )
Widen to InfoFrame
14-Bits Packet SD[3:0]
Processing
—> DSD Outputs > DCLK
YChCr Down Note: DSD outputs are > DR[3:0] )
»o» RCGBO | o 0 Range [»O—»o-» Sample shared with SPDIF and
YCbCr Reduce 4:4:410 128 signals
I I 4:2:2 DL[3:0]
bypa: bypa bypass:
Upsample xvYCC/ RGB Dither Mux Video
> 42:2t0 > YCbCr to »®-» Range > »O—— 0> FPO—» . —
aaa RGB Expand Module K 656 Timing
o HSYNC
bypass bypa:
bypass VSYNC
ODCK
Q[35:0]

Figure 8.1. Receiver Video and Audio Data Processing Paths

8.1.1. HDMI Input Modes to Sil9233A Receiver Output Modes

The HDMI link supports transport of video in any of three modes: RGB 4:4:4, YCbCr 4:4:4 or YCbCr 4:2:2. The flexible
video path in the Sil9233A receiver allows reformatting of video data to a set of output modes. Table 8.1 lists the
supported transformations and points to the figure for each. In every case, the HDMI link itself carries separate syncs.

Table 8.1. Translating HDMI Formats to Output Formats

HDMI Input Mode Digital Output Format
RGB 4:4:4 YChCr 4:4:4 YChCr 4:2:2 YCbCr 4:2:2 YC Mux YC Mux
Separate Sync | Separate Sync | Separate Sync |Embedded Sync |Separate Sync |Embedded Sync
RGB 4:4:4 Figure 8.2A Figure 8.2B Figure 8.2C Figure 8.2D Figure 8.2E Figure 8.2F
YCbCr/xvYCC 4:4:4 Figure 8.3A Figure 8.3B Figure 8.3C Figure 8.3D Figure 8.3E Figure 8.3F
YCbCr/xvYCC 4:2:2 Figure 8.4A Figure 8.4B Figure 8.4C Figure 8.4D Figure 8.4E Figure 8.4F
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Sil9233A HDMI Receiver with Repeater, Multi-channel Audio, and Deep Color

Data Sheet

8.1.1.1. HDMI RGB 4:4:4 Input Processing

RGB 4:4:4

TMDS and
HDCP
Decoding

RGB 4:4:4

TMDS and
HDCP
Decoding

» RGBtoYCbCr

Color Range

Scaling

TMDS and
HDCP
Decoding

» RGBtoYChCr

Color Range
Scaling

DownSampling ———————————————— %0

RGB 4:4:4

RGB 4:4:4

TMDS and
HDCP
Decoding

» RGBtoYChCr

Color Range
Scaling

DownSampling —»

Embedded
Syncs

RGB 4:4:4

TMDS and
HDCP
Decoding

» RGBtoYCbCr

——»

Color Range
Scaling

DownSampling —|

MUX YC

RGB 4:4:4

TMDS and
HDCP
Decoding

e

RGBtoYCbCr —»|

Color Range Down
Scaling Sampling

Embedded
Syncs

MUX YC

Figure 8.2. HDMI RGB 4:4:4 Input to Video Output Transformations

YCbCr 4:4:4
Separate Syncs

YCbCr 4:2:2 YCbCr 4:2:2
Separate Syncs

MUX YC 4:2:2

MUX YC 4:2:2

RGB 4:4:4

Separate Syncs Emb. Syncs

Emb. Syncs

Digital Out

Digital Out

Digital Out

Digital Out

Digital Out

Digital Out
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8.1.1.2. HDMI
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Figure 8.3. HDMI YCbCr/xvYCC 4:4:4 Input to Video Output Transformations
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Figure 8.4. HDMI YCbCr/xvYCC 4:2:2 Input to Video Output Transformations
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8.1.2. Output Mode Configuration

The Sil9233A receiver supports multiple output data mappings. Some have separate control signals while some have
embedded control signals. The selection of data mapping mode should be consistent at the pins and in the
corresponding register settings. Refer to the Programmer Reference for more details.

Table 8.2. Output Video Formats

Output Mode Data Widths Pixel Replication Syncs Page Notes
RGB 4:4:4 24, 30, 36 1x Separate 45 3,7
YCbCr 4:4:4 24, 30, 36 1x Separate 45 1.3.7
YC 4:2:2 Sep. Syncs 16, 20, 24 1x Separate 47 2,3

YC 4:2:2 Sep. Syncs 16, 20, 24 2X Separate 47 2,3,8
YC 4:2:2 Emb. Syncs 16, 20, 24 1x Embedded 50 2,5

YC MUX 4:2:2 8, 10, 12 2x Separate 53 2,4,8
YC MUX 4:2:2 Emb. Syncs 8,10, 12 2x Embedded 55 2,5,6,8,9
Notes:

1. YC4:4:4 data contains one Cr, one Cb and one Y value for every pixel.

2. YC4:2:2 data contains one Cr and one Cb value for every two pixels; and one Y value for every pixel.

3. These formats can be carried across the HDMI link. Refer to the HDMI Specification, Section 6.2.3. The link clock must be within
the specified range of the receiver.

4. InYC MUX mode data is sent to one or two 8/10/12-bit channels.

5.  YC MUX with embedded SAV/EAV signal.

6. Syncs are embedded using SAV/EAV codes.

7. A 2xclock can also be sent with 4:4:4 data.

8.  When sending a 2x clock the HDMI source must also send AVI InfoFrames with an accurate pixel replication
field. Refer to HDMI Spec 1.3, Section 6.4.

9. 2xclocking does not support YC 4:2:2 embedded Sync timings for 720p or 1080i, as the output clock frequency would exceed
the range allowed for the receiver.

The Sil9233A receiver can output video in various formats on its parallel digital output bus. Some transformation of the
data received over HDMI is necessary in some modes. Digital output is used with either 4:4:4 or 4:2:2 data.

The diagrams do not include separation of the audio and InfoFrame packets from the HDMI stream, which occurs
immediately after the TMDS and (optional) HDCP decoding. The HDMI link always carries separate HSYNC and VSYNC
and DE. Therefore the SAV/EAV sync encoder must be used whenever the output mode includes embedded sync.

The timing diagrams in Figure 8.5 through Figure 8.9 on pages 46 through 56 show only a representation of the DE,
HSYNC and VSYNC timings. These timings are specific to the video resolution, as defined by EIA/CEA-861B and other
specs. The number of pixels shown per DE HIGH time is representative, to show the data formatting.
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8.1.2.1. RGB and YCbCr 4:4:4 Formats with Separate Syncs
The pixel clock runs at the pixel rate and a complete definition of each pixel is output on each clock. Figure 8.5 on the

next page shows RGB data. The same timing format is used for YCbCr 4:4:4 as listed in Table 8.3. Figure 8.5 also shows

timings with OCLKDIV = 0 and OCKINV = 1.

Table 8.3. 4:4:4 Mappings

PinName 36-bit 36-bit 30-bit 30-bit 24-bit 24-bit
RGB YCbCr RGB YCbCr RGB YCbCr
Qo BO (61:]0] NC NC NC NC
Ql B1 Cb1 NC NC NC NC
Q2 B2 Cb2 BO Cb0 NC NC
Q3 B3 Cb3 B1 Cb1l NC NC
Q4 B4 Cb4 B2 Cb2 BO Cb0
Q5 B5 Cb5 B3 Ch3 B1 Cbl
Q6 B6 Ch6 B4 Ch4 B2 Ch2
Q7 B7 Cb7 B5 Cb5 B3 Cb3
Q8 B8 Ch8 B6 Ch6 B4 Cb4
Q9 B9 Ch9 B7 Cb7 B5 Cb5
Q10 B10 Cb10 B8 Cbh8 B6 Ch6
Ql1 B11 Cb11l B9 Cbh9 B7 Cb7
Q12 GO YO NC NC NC NC
Q13 Gl Y1 NC NC NC NC
Ql4 G2 Y2 GO YO NC NC
Q15 G3 Y3 Gl Y1 NC NC
Qleée G4 Y4 G2 Y2 GO YO
Q17 G5 Y5 G3 Y3 Gl Y1
Q18 G6 Y6 G4 Y4 G2 Y2
Q19 G7 Y7 G5 Y5 G3 Y3
Q20 G8 Y8 G6 Y6 G4 Y4
Q21 G9 Y9 G7 Y7 G5 Y5
Q22 G10 Y10 G8 Y8 G6 Y6
Q23 G1l1 Y11 G9 Y9 G7 Y7
Q24 RO Cr0 NC NC NC NC
Q25 R1 Crl NC NC NC NC
Q26 R2 Cr2 RO Cr0 NC NC
Q27 R3 Cr3 R1 Crl NC NC
Q28 R4 Crd R2 Cr2 RO Cr0
Q29 R5 Cr5 R3 Cr3 R1 Crl
Q30 R6 Cr6 R4 Crd R2 Cr2
Q31 R7 Cr7 R5 Cr5 R3 Cr3
Q32 R8 Cr8 R6 Cr6 R4 Crd
Q33 R9 Cr9 R7 Cr7 R5 Cr5
Q34 R10 Crl0 R8 Cr8 R6 Cré
Q35 R11 Crll R9 Cr9 R7 Cr7
HSYNC HSYNC HSYNC HSYNC HSYNC HSYNC HSYNC
VSYNC VSYNC VSYNC VSYNC VSYNC VSYNC VSYNC
DE DE DE DE DE DE DE
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| blank | Pixel0 | Pixel1 | Pixel2 | Pixel3 | Pixel4 | Pixeln | blank | blank | blank |
Q[35:24]:>< val >< RO >< R1 >< R2 >< R3 >< R4 >< Rn >< val >< val >< val >
val >< GO G1 G2 G3 G4 Gn >< val >< val >< val >
val><BO><Bl><BZ><BS><B4><Bn><vaI><vaI><val>
ODCK
DE
HSYNC, r—
VSYNC

Figure 8.5. 4:4:4 Timing Diagram

Q[23:12]

Q[11:0]

>< >

Note: The val data is defined in various specifications to specific values. These values are controlled by setting the
appropriate Sil9233A registers, because no pixel data is carried on HDMI during blanking.
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8.1.2.2. YC 4:2:2 Formats with Separate Syncs

The YC 4:2:2 formats output one pixel for every pixel clock period. A luminance (Y) value is sent for every pixel, but the
chrominance values (Cb and Cr) are sent over two pixels. Pixel data can be 24-bit, 20-bit or 16-bit. HSYNC and VSYNC
are output separately on their own pins. The DE HIGH time must contain an even number of pixel clocks. Figure 8.6 on
page 49 shows timings with OCLKDIV = 0 and OCKINV = 1.

Table 8.4. YC 4:2:2 Separate Sync Pin Mappings

S i 16-bit YC 20-bit YC 24-bit YC
Pixel #0 Pixel #1 Pixel #0 Pixel #1 Pixel #0 Pixel #1
Qo NC NC NC NC NC NC
Ql NC NC NC NC NC NC
Q2 NC NC NC NC NC NC
Q3 NC NC NC NC NC NC
Q4 NC NC NC NC NC NC
Q5 NC NC NC NC NC NC
Q6 NC NC NC NC NC NC
Q7 NC NC NC NC NC NC
Q8 NC NC NC NC NC NC
Q9 NC NC NC NC NC NC
Q10 NC NC NC NC NC NC
Q11 NC NC NC NC NC NC
Q12 NC NC NC NC YO YO
Qi3 NC NC NC NC Y1l Y1
Q14 NC NC YO YO Y2 Y2
Q15 NC NC Y1 Y1 Y3 Y3
Ql6 YO YO Y2 Y2 Y4 Y4
Q17 Y1 Y1 Y3 Y3 Y5 Y5
Q18 Y2 Y2 Y4 Y4 Y6 Y6
Q19 Y3 Y3 Y5 Y5 Y7 Y7
Q20 Y4 Y4 Y6 Y6 Y8 Y8
Q21 Y5 Y5 Y7 Y7 Y9 Y9
Q22 Y6 Y6 Y8 Y8 Y10 Y10
Q23 Y7 Y7 Y9 Y9 Y11 Y11
Q24 NC NC NC NC Cbo Cr0
Q25 NC NC NC NC Cb1l Crl
Q26 NC NC Cbo Cr0 Cbh2 Cr2
Q27 NC NC Cb1l Crl Cb3 Cr3
Q28 ChO0 Cr0 Cbh2 Cr2 Ch4 Crd
Q29 Cb1l Crl Cb3 Cr3 Cb5 Cr5
Q30 Ch2 Cr2 Cbh4 Crd Cb6 Cré
Q31 Cb3 Cr3 Cb5 Cr5 Cb7 Cr7
Q32 Ch4a Cr4 Cb6 Cr6 Cbh8 Cr8
Q33 Cb5 Cr5 Cb7 Cr7 Ch9 Cr9
Q34 Ch6 Cr6 Cb8 Cr8 Cb10 Cr10
Q35 Cb7 Cr7 Cbh9 Cr9 Cb11 Crll
HSYNC HSYNC HSYNC HSYNC HSYNC HSYNC HSYNC
VSYNC VSYNC VSYNC VSYNC VSYNC VSYNC VSYNC
DE DE DE DE DE DE DE
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Table 8.5. YC 4:2:2 (Pass Through Only) Separate Sync Pin Mapping

= LATTICE

Pin Name 16-bit YC 20-bit YC 24-bit YC
Pixel #0 Pixel #1 Pixel #0 Pixel #1 Pixel #0 Pixel #1
Qo NC NC NC NC NC NC
Q1 NC NC NC NC NC NC
Q2 NC NC NC NC NC NC
Q3 NC NC NC NC NC NC
Q4 NC NC NC NC YO YO
Q5 NC NC NC NC Y1 Y1
Q6 NC NC YO YO Y2 Y2
Q7 NC NC Y1 Y1 Y3 Y3
Q8 NC NC NC NC Cb0 Cr0
Q9 NC NC NC NC Cb1l Crl
Qlo NC NC (61:]0] Cr0 Cb2 Cr2
Ql1 NC NC Cb1 Crl Cbh3 Cr3
Q12 NC NC NC NC NC NC
Q13 NC NC NC NC NC NC
Ql4 NC NC NC NC NC NC
Q15 NC NC NC NC NC NC
Qle YO YO Y2 Y2 Y4 Y4
Ql7 Y1 Y1 Y3 Y3 Y5 Y5
Q18 Y2 Y2 Y4 Y4 Y6 Y6
Q19 Y3 Y3 Y5 Y5 Y7 Y7
Q20 Y4 Y4 Y6 Y6 Y8 Y8
Q21 Y5 Y5 Y7 Y7 Y9 Y9
Q22 Y6 Y6 Y8 Y8 Y10 Y10
Q23 Y7 Y7 Y9 Y9 Y11 Y11
Q24 NC NC NC NC NC NC
Q25 NC NC NC NC NC NC
Q26 NC NC NC NC NC NC
Q27 NC NC NC NC NC NC
Q28 ChO Cr0 Cb2 Cr2 Ch4 Crd
Q29 Cb1 Crl Cb3 Cr3 Cbs Cr5
Q30 Cb2 Cr2 Ch4 Crd Cbhb Cr6
Q31 Cb3 Cr3 Cb5 Cr5 Cb7 Cr7
Q32 Cb4 Crd Cbh6 Cr6 Cb8 Cr8
Q33 Cb5 Cr5 Cb7 Cr7 Cb9 Cr9
Q34 Chb Cré Cbs8 Cr8 Cb10 Cr10
Q35 Cb7 Cr7 Ch9 Cr9 Ch11 Crll
HSYNC HSYNC HSYNC HSYNC HSYNC HSYNC HSYNC
VSYNC VSYNC VSYNC VSYNC VSYNC VSYNC VSYNC
DE DE DE DE DE DE DE

Note: This pin mapping is only valid when the input video format is YC 4:2:2 and the output video
format is YC 4:2:2 also. No video processing block should be enabled when this

pin mapping is used.
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| blank | Pixelo— Pixell | Pixel2— Pixel3 | Pixeln-1—Pixeln |

I
Q[35:28]>< val ><Cb0[11:4]>< Cr0[11;4]>< cm[11:4]>< Cr2[11:4] Cbn-l[l]_‘4]><crn-1[1]_‘4>< val >< val ><:
Q[23:16]i>< val >< Y0[11:4]>< Yl[ll'4]>< Y2[11:4]>< Y3[1]_'4]><Yn-1[11:4]>< Yn[l]_'4]>< val >< val ><:
Q[27: 24]>< val >< Cb0[3:0]>< Cr0[3:0]>< Cb2[3:0]>< Cr2[3:0] Cbn-1[3:0]><crn-1[3:0]>< val >< val ><:
Q[15:12]i>< val >< v0[3:0]>< Yl[3:0]>< v2[3:0]>< Y3[3:0]><Yn—1[3:0]>< Yn[3:0]>< val >< val ><:

ODCK
DE —
HSYNC, |_

VSYNC

Figure 8.6. YC Timing Diagram

Note: The val data is defined in various specifications to specific values. These values are controlled by setting the
appropriate Sil9233A registers, because no pixel data is carried on HDMI during blanking.
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8.1.2.3. YC 4:2:2 Formats with Embedded Syncs

The YC 4:2:2 embedded sync format is identical to the previous format (YC 4:2:2), except that the syncs are embedded and
not separate. Pixel data can be 24-bit, 20-bit or 16-bit. DE is always output. Figure 8.7 on page 52 shows the Start of Active
Video (SAV) preamble, the End of Active Video” (EAV) suffix, and shows timings with OCLKDIV = 0 and OCKINV = 1.

Table 8.6. YC 4:2:2 Embedded Sync Pin Mappings

Pin Name 16-bit YC 20-bit YC 24-bit YC
Pixel #0 Pixel #1 Pixel #0 Pixel #1 Pixel #0 Pixel #1
Qo NC NC NC NC NC NC
Q1 NC NC NC NC NC NC
Q2 NC NC NC NC NC NC
Q3 NC NC NC NC NC NC
Q4 NC NC NC NC NC NC
Q5 NC NC NC NC NC NC
Q6 NC NC NC NC NC NC
Q7 NC NC NC NC NC NC
Q8 NC NC NC NC NC NC
Q9 NC NC NC NC NC NC
Qlo NC NC NC NC NC NC
Ql1 NC NC NC NC NC NC
Q12 NC NC NC NC YO YO
Q13 NC NC NC NC Y1 Y1
Q14 NC NC YO YO Y2 Y2
Q15 NC NC Y1 Y1 Y3 Y3
Qle YO YO Y2 Y2 Y4 Y4
Q17 Y1 Y1 Y3 Y3 Y5 Y5
Q18 Y2 Y2 Y4 Y4 Y6 Y6
Q19 Y3 Y3 Y5 Y5 Y7 Y7
Q20 Y4 Y4 Y6 Y6 Y8 Y8
Q21 Y5 Y5 Y7 Y7 Y9 Y9
Q22 Y6 Y6 Y8 Y8 Y10 Y10
Q23 Y7 Y7 Y9 Y9 Y11 Y11
Q24 NC NC NC NC Cbo Cr0
Q25 NC NC NC NC Cb1 Crl
Q26 NC NC (61:]0] Cr0 Cb2 Cr2
Q27 NC NC Cb1 Crl Cb3 Cr3
Q28 ChO Cr0 Cb2 Cr2 Ch4 Crd
Q29 Cb1 Crl Cb3 Cr3 Cbs Cr5
Q30 Cb2 Cr2 Ch4 Cr4 Cb6 Cré
Q31 Cb3 Cr3 Cb5 Cr5 Cb7 Cr7
Q32 Cb4a Crd Ch6 Cr6 Cbh8 Cr8
Q33 Cb5 Cr5 Cb7 Cr7 Cb9 Cr9
Q34 Ch6 Cré Cbs8 Cr8 Cb1o0 Cr10
Q35 Cb7 Cr7 Cb9 Cr9 Cb11 Crl1
HSYNC Embedded Embedded Embedded Embedded Embedded Embedded
VSYNC Embedded Embedded Embedded Embedded Embedded Embedded
DE Embedded Embedded Embedded Embedded Embedded Embedded
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Table 8.7. YC 4:2:2 (Pass Through Only) Embedded Sync Pin Mapping

Pin Name 16-bit YC 20-bit YC 24-bit YC
Pixel #0 Pixel #1 Pixel #0 Pixel #1 Pixel #0 Pixel #1
Qo NC NC NC NC NC NC
Q1 NC NC NC NC NC NC
Q2 NC NC NC NC NC NC
Q3 NC NC NC NC NC NC
Q4 NC NC NC NC YO YO
Q5 NC NC NC NC Y1 Y1
Q6 NC NC YO YO Y2 Y2
Q7 NC NC Y1 Y1 Y3 Y3
Q8 NC NC NC NC Cb0 Cr0
Q9 NC NC NC NC Cb1l Crl
Qlo NC NC (61:]0] Cr0 Cb2 Cr2
Ql1 NC NC Cb1 Crl Cbh3 Cr3
Q12 NC NC NC NC NC NC
Q13 NC NC NC NC NC NC
Ql4 NC NC NC NC NC NC
Q15 NC NC NC NC NC NC
Qle YO YO Y2 Y2 Y4 Y4
Ql7 Y1 Y1 Y3 Y3 Y5 Y5
Q18 Y2 Y2 Y4 Y4 Y6 Y6
Q19 Y3 Y3 Y5 Y5 Y7 Y7
Q20 Y4 Y4 Y6 Y6 Y8 Y8
Q21 Y5 Y5 Y7 Y7 Y9 Y9
Q22 Y6 Y6 Y8 Y8 Y10 Y10
Q23 Y7 Y7 Y9 Y9 Y11 Y11
Q24 NC NC NC NC NC NC
Q25 NC NC NC NC NC NC
Q26 NC NC NC NC NC NC
Q27 NC NC NC NC NC NC
Q28 ChO Cr0 Cb2 Cr2 Ch4 Crd
Q29 Cb1 Crl Cb3 Cr3 Cbs Cr5
Q30 Cb2 Cr2 Ch4 Crd Cbhb Cr6
Q31 Cb3 Cr3 Cb5 Cr5 Cb7 Cr7
Q32 Cb4 Crd Cbh6 Cr6 Cb8 Cr8
Q33 Cb5 Cr5 Cb7 Cr7 Cb9 Cr9
Q34 Chb Cré Cbs8 Cr8 Cb10 Cr10
Q35 Cb7 Cr7 Ch9 Cr9 Ch11 Crll
HSYNC Embedded Embedded Embedded Embedded Embedded Embedded
VSYNC Embedded Embedded Embedded Embedded Embedded Embedded
DE Embedded Embedded Embedded Embedded Embedded Embedded

Note: This pin mapping is only valid when the input video format is YC 4:2:2 and the output video
format is YC 4:2:2 also. No video processing block should be enabled when this
pin mapping is used.
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Figure 8.7. YC 4:2:2 Embedded Sync Timing Diagram

Note: The val data is defined in various specifications to specific values. These values are controlled by setting the
appropriate Sil9233A registers, because no pixel data is carried on HDMI during blanking. SAV/EAV codes appear as an
8-bit field on both Q[35:28] (per SMPTE) and Q[23:16].
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8.1.2.4. YC Mux (4:2:2) Formats with Separate Syncs

The video data is multiplexed onto fewer pins than the mapping in Table 8.8, but complete luminance (Y) and
chrominance (Cb and Cr) data is still provided for each pixel because the output pixel clock runs at twice the pixel rate.
Figure 8.8 on the next page shows the 24-bit mode. The 16- and 20-bit mappings use fewer output pins for the pixel
data. Note the separate syncs. Figure 8.8 also shows OCLKDIV =0 and OCKINV = 1.

Table 8.8. YC Mux 4:2:2 Mappings

PinName 8-bit 10-bit 12-bit
YCbCr YCbCr YCbCr
Qo NC NC NC
Ql NC NC NC
Q2 NC NC NC
Q3 NC NC NC
Q4 NC NC NC
Q5 NC NC NC
Q6 NC NC NC
Q7 NC NC NC
Q8 NC NC NC
Q9 NC NC NC
Q10 NC NC NC
Q11 NC NC NC
Q12 NC NC DO
Q13 NC NC D1
Q14 NC DO D2
Q15 NC D1 D3
Ql6 DO D2 D4
Q17 D1 D3 D5
Q18 D2 D4 D6
Q19 D3 D5 D7
Q20 D4 D6 D8
Q21 D5 D7 D9
Q22 D6 D8 D10
Q23 D7 D9 D11
Q24 NC NC NC
Q25 NC NC NC
Q26 NC NC NC
Q27 NC NC NC
Q28 NC NC NC
Q29 NC NC NC
Q30 NC NC NC
Q31 NC NC NC
Q32 NC NC NC
Q33 NC NC NC
Q34 NC NC NC
Q35 NC NC NC
HSYNC HSYNC HSYNC HSYNC
VSYNC VSYNC VSYNC VSYNC
DE DE DE DE
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| Pixel 0 | Pixel 1 | Pixel 2 | Pixel 3 |
EDEDEDED EDED EDEDEDEDEDED S
Q[23:16D< val >< val >< val >< val >< val ><Cb0[11:4]>< Y0[1]:4]>< Cr0[11:4]>< Y1[114]><Cb2[1]:4]>< Y2[1l'4]>< Cr2[11:4]>< Y3[11:4]><:
Q[ls:lZD< val >< >< >< >< ><Cb0[3:0]>< Y0[3:0] ><Cr0[3:0]>< Y1[3:0] ><Cb2[3:0]>< Y2[3:0] ><Cr2[3:0]>< Y3[3:0]><:
ODCK

DE |
HSYNC
VSYNC

Figure 8.8. YC Mux 4:2:2 Timing Diagram

Q[35:24]
Q110 X

Note: The val data is defined in various specifications to specific values. These values are controlled by setting the
appropriate Sil9233A registers, because no pixel data is carried on HDMI during blanking.
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8.1.2.5. YC Mux 4:2:2 Formats with Embedded Syncs

This mode is similar to that shown in Figure 8.7 on page 53, but with embedded syncs. It is similar to YC 4:2:2 with
embedded syncs, but also multiplexes the luminance (Y) and chrominance (Cb and Cr) onto the same pins on
alternating pixel clock cycles. Normally this mode is used only for 480i, 480p, 576i and 576p modes. Output clock rate is
half the pixel clock rate on the link. SAV code is shown before rise of DE. EAV follows the falling edge of DE. See the ITU-
R BT.656 Specification. 480p, 54-MHz output can be achieved if the input differential clock is 54 MHz. Figure 8.9 on the
next page shows OCLKDIV = 0 and OCKINV = 1.

Table 8.9. YC Mux 4:2:2 Embedded Sync Pin Mapping

E IR, 8-bit 10-bit 12-bit
YCbCr YChCr YCbCr

Qo NC NC NC
Q1 NC NC NC
Q2 NC NC NC
Q3 NC NC NC
Q4 NC NC NC
Q5 NC NC NC
Q6 NC NC NC
Q7 NC NC NC
Q8 NC NC NC
Q9 NC NC NC
Q10 NC NC NC
Q11 NC NC NC
Q12 NC NC DO
Q13 NC NC D1
Ql4 NC DO D2
Q15 NC D1 D3
Qle6 DO D2 D4
Q17 D1 D3 D5
Q18 D2 D4 D6
Q19 D3 D5 D7
Q20 D4 D6 D8
Q21 D5 D7 D9
Q22 D6 D8 D10
Q23 D7 D9 D11
Q24 NC NC NC
Q25 NC NC NC
Q26 NC NC NC
Q27 NC NC NC
Q28 NC NC NC
Q29 NC NC NC
Q30 NC NC NC
Q31 NC NC NC
Q32 NC NC NC
Q33 NC NC NC
Q34 NC NC NC
Q35 NC NC NC

HSYNC Embedded Embedded Embedded

VSYNC Embedded Embedded Embedded
DE Embedded Embedded Embedded
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Pixel 0 — Pixel 1 Pixel 2 — Pixel 3

I SAV I
Qm><><><><><><><><><><><><K
Q[23216‘]:>< val >< FF >< 00 >< 00 >< XY ><Cb0[114>< Y0[1141><Cr0[1141>< Y11141><Cb2[1141>< v21141><cr2114>< Y3[1141><:
EDED D SN

Q[15:12]:>< val Cho[3:0] >< YO[3:0] >< Cro[3: o]>< Y1[3:0] >< Ch2[30]>< Y2[3:0] >< crz[301>< Y3[3:0] ><:
ODCK

Active
Video ’

Q[35:24)

X X

X X

Figure 8.9. YC Mux 4:2:2 Embedded Sync Encoding Timing Diagram

Note: The val data is defined in various specifications to specific values. These values are controlled by setting the
appropriate Sil9233A registers, because no pixel data is carried on HDMI during blanking. Refer to the Programmer
Reference for details.

8.1.2.6. 12/15/18-Bit RGB and YChCr 4:4:4 Formats with Separate Syncs

The output clock runs at the pixel rate and a complete definition of each pixel is output on each clock. One clock edge
drives out half the pixel data on 12/15/18 pins. The opposite clock edge drives out the remaining half of the pixel data
on the same 12/15/18 pins. Figure 8.10 below shows RGB data. The same timing format is used for YCbCr 4:4:4 as listed
in the columns of Table 8.10. Control signals (DE, HSYNC and VSYNC) change state with respect to the first edge of

ODCK.
Table 8.10. 12/15/18-Bit Output 4:4:4 Mappings
24-bit 30-bit 36-bit
Pin RGB YChCr RGB YCbCr RGB YCbCr
Name First Second First Second First Second First Second First Second First Second
Edge Edge Edge Edge Edge Edge Edge Edge Edge Edge Edge Edge
Qo NC NC NC NC NC NC NC NC BO G6 Cho Y6
Q1 NC NC NC NC NC NC NC NC B1 G7 Cb1 Y7
Q2 NC NC NC NC NC NC NC NC B2 G8 Cb2 Y8
Q3 NC NC NC NC BO G5 CbO Y5 B3 G9 Cb3 Y9
Q4 NC NC NC NC B1 G6 Cb1 Y6 B4 G10 Ch4 Y10
Q5 NC NC NC NC B2 G7 Cb2 Y7 B5 G11 Cb5 Y11
Q6 BO G4 Cb0 Y4 B3 G8 Cb3 Y8 B6 RO Cbé Cr0
Q7 B1 G5 Cb1l Y5 B4 G9 Ch4 Y9 B7 R1 Cb7 Crl
Q8 B2 G6 Cb2 Y6 B5 RO Cb5 Cr0 B8 R2 Ch8 Cr2
Q9 B3 G7 Cb3 Y7 B6 R1 Cbhb Crl B9 R3 Ch9o Cr3
Q10 B4 RO Cb4 Cr0 B7 R2 Cb7 Cr2 B10 R4 Cb10 Cr4
Ql1 B5 R1 Cb5 Crl B8 R3 Ch8 Cr3 B11 R5 Cb11 Cr5
Q12 B6 R2 Cbh6 Cr2 B9 R4 Cb9 Cr4 GO R6 YO Cré6
Q13 B7 R3 Cb7 Cr3 GO R5 YO Cr5 G1 R7 Y1 Cr7
Q14 GO R4 YO Cr4 Gl R6 Y1 Cr6 G2 R8 Y2 Cr8
Q15 Gl R5 Y1 Cr5 G2 R7 Y2 Cr7 G3 R9 Y3 Cr9
Q16 G2 R6 Y2 Cré G3 R8 Y3 Cr8 G4 R10 Y4 Cr10
Q17 G3 R7 Y3 Cr7 G4 R9 Y4 Cr9 G5 R11 Y5 Crll
HSYNC | HSYNC | HSYNC | HSYNC | HSYNC | HSYNC | HSYNC | HSYNC | HSYNC | HSYNC | HSYNC | HSYNC | HSYNC
VSYNC | VSYNC | VSYNC | VSYNC | VSYNC | VSYNC | VSYNC | VSYNC | VSYNC | VSYNC | VSYNC | VSYNC | VSYNC
DE DE DE DE DE DE DE DE DE DE DE DE DE
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H LATT’CE Sil9233A HDMI Receiver with Repeater, Multi-channel Audio, and Deep Color

Data Sheet
| blank | Pixel 0 | Pixel 1 | Pixel 2 | Pixel 3 | blank | blank | blank
Q[17: 12]:>< >< GO[5:0] >< RO[11:6] >< G1[5:0] >< R1[11:6] >< G2[5:0] >< R2[11:6] >< G3[5:0] >< R3[11:6] >< >< >< >< val >< val >< val
Q[11:6]:>< val >< BO[11:6] >< RO[5:0] >< B1[11:6]>< R1[5:0] >< BZ[11:6]>< R2[5:0] >< B3[11:6] >< R3[5:0] >< >< >< >< val >< val >< val
Q[5:0]:>< val >< BO[5:0] ><GO[11:6]>< B1[5:0] ><Gl[11:6]>< B2[5:0] ><GZ[11:6]>< B3[5:0] ><G3[11:6]>< >< >< >< val >< val >< val

oocK o 7 L L L |
DE |

HSYNC,

VSYNC

Figure 8.10. 18-Bit Output 4:4:4 Timing Diagram

| blank | Pixel 0 | Pixel 1 | Pixel 2 | Pixel 3 | blank | blank | blank

Q[17:13]:>< val >< GO[4:0] >< RO[9:5] >< G1[4:0] >< R1[9:5] >< G2[4:0] >< R2[9:5] >< G3[4:0] >< R3[9:5] >< val >< val >< val >< val >< val ><
Q[12:8]:>< val >< BO[9:5] >< RO[4:0] >< B1[9:5] >< R1[4:0] >< B2[9:5] >< R2[4:0] >< B3[9:5] >< R3[4:0] >< val >< val >< val >< ><
Q[7:3]:>< val >< BO[4:0] >< GO[9:5] >< B1[4:0] >< G1[9:5] >< B2[4:0] >< G2[9:5] >< B3[4:0] >< G3[9:5] >< val >< val >< val >< ><
-l L L L L L LT
DE |
HSYNC, ,7
VSYNC

Figure 8.11. 15-Bit Output 4:4:4 Timing Diagram

> >

| blank | Pixel 0 | Pixel 1 | Pixel 2 | Pixel 3 | blank | blank | blank

Q[17:14]:>< val >< GO[3:0] >< RO[7:4] >< G1[3:0] >< R1[7:4] >< G2[3:0] >< R2[7:4] >< G3[3:0] >< R3[7:4] >< val >< val >< val >< val >< val ><
Q[13:10]:>< val >< BO[7:4] >< RO[3:0] >< B1[7:4] >< R1[3:0] >< B2[7:4] >< R2[3:0] >< B3[7:4] >< R3[3:0] >< val >< val >< val >< ><
Q[9:6]:>< val >< BO[3:0] >< GO[7:4] >< B1[3:0] >< G1[7:4] >< B2[3:0] >< G2[7:4] >< B3[3:0] >< G3[7:4] >< val >< val >< val >< ><
-l 1L LT L L L LT
DE |
HSYNC,
VSYNC

Figure 8.12. 12-Bit Output 4:4:4 Timing Diagram

> >
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8.2. I2CInterfaces

8.2.1. HDCP E-DDC / I?C Interface

The HDCP protocol requires values to be exchanged between the video transmitter and video receiver. These values
are exchanged over the DDC channel of the DVI interface. The E-DDC channel follows the 12C serial protocol. The
Sil9233A device is the video receiver in a system design using an Sil9233A receiver, and it has a connection to the
E-DDC bus with a slave address of 0x74. The 12C read operation is shown in Figure 8.13, and the write operation in

Figure 8.14.
Bus Activity : & Slave Address Register Address & Slave Address )
Master 5 /_/R (7‘) 1)
HERERN HERREE
DSDA Line S S P
LI LIl

A
C

0

Figure 8.13. I’C Byte Read

Bus Activity : £ Slave Address Register Address Data S
Master 5/_& /_,_/R /_’/R %)
[TTTTTI [TTTTTI
DSDA Line S P
L] L]
A A A
Cc C C
K K K

Figure 8.14. I’C Byte Write

Multiple bytes can be transferred in each transaction, regardless of whether they are reads or writes. The operations
are similar to those in Figure 8.13 and Figure 8.14 except that there is more than one data phase. An ACK follow each
byte except the last byte in a read operation. Byte addresses increment, with the least significant byte transferred first,
and the most significant byte last. See the I2C specification for more information.

There is also a “Short Read” format, designed to improve the efficiency of Ri register reads (which must be done every
two seconds while encryption is enabled). This transaction is shown in Figure 8.15. Note that there is no register
address phase (only the slave address phase), because the register address is reset to 0x08 (Ri) after a hardware or
software reset, and after the STOP condition on any preceding I?C transaction.

. Slave Address Ri Lsb Ri Msb
Bus Activity:

Master — )

Q.

S

n
) T T T T 171 T T T T T

DSDA Line s p
A O A A I A

A
C

Start

o»
~0>Z

Figure 8.15. Short Read Sequence
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8.2.2. Local I’C Interface

The Sil9233A receiver has a second 12C port accessible only to the controller in the display device. It is separate from
the E-DDC bus. The Sil9233A receiver is a slave device that responds to six binary 12C device addresses of seven bits
each. This I12C interface only supports the read operation shown in Figure 8.13 on the previous page, and the write
operation shown in Figure 8.14 on the previous page. It does not support the short read operation shown in Figure 8.15
on the previous page. Note that the 12C data pin for the local I12C bus is CSDA, instead of the DSDA pin shown in these
figures.

The local I12C interface on Sil9233A pins CSCL and CSDA is a slave interface that can run up to 400 kHz. This bus is used
to configure and control the receiver by reading/writing to necessary registers.

The local I2C interface consists of 5 separate I2C slave addresses. Therefore, it appears as 5 separate devices on the 12C
local bus. The first two of these addresses, used for HDMI Control and general low level register control, are fixed, and
can only be set to one of two values by using the CI2CA pin. Table 8.11 shows the address selected for each state of the
CI2CA pin at reset. The other 3 addresses (used for CEC, EDID, and xvYCC) have an 12C register programmable address
mapped into the HDMI Control register space, so the default value can be changed if there is a bus conflict with
another device.

Table 8.11. Control of the Default I12C Addresses with the CI2CA Pin

Register Group CI2CA = LOW CI2CA = HIGH

HDMI Control and low level registers (fixed) 0x60 & 0x68 0x62 & Ox6A

The HDMI Control and low level registers are fixed after reset based on CI2CA pin and cannot be changed. The IC slave
address for the xvYCC registers, EDID Control registers, and the CEC Control registers each have a register associated
with them that allows the address to be changed. See the Programmer Reference for more information.

8.2.3. Video Requirement for I1>C Access

The Sil9233A receiver does not require an active video clock to access its registers from either the E-DDC port or the
local I2C port. Read-Write registers can be written and then read back. Read-only registers that provide values for an
active video or audio stream return indeterminate values if there is no video clock and no active syncs.

Use the SCDT and CKDT register bits to determine when active video is being received by the chip.

8.2.4. 12C Registers

The register values that are exchanged over the HDMI DDC 1%C serial interface with the receiver for HDCP are described
in the HDCP 1.3 Specification in Section 2.6 — HDCP Port. Refer to the Programmer Reference for details on these and
all other Sil9233A registers.
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9. Design Recommendations

The following information is provided as recommendations that are based on the experience of Lattice Semiconductor
engineers and customers. If you choose to deviate from these recommendations for a particular application, Lattice
Semiconductor strongly suggests that you contact one of its technical representatives for an evaluation of the change.

9.1. Power Control

The low-power standby state feature of the Sil9233A receiver provides a design option of leaving the chip always
powered, as opposed to powering it on and off. Leaving the chip powered and using the PD# register bit to putitin a
lower power state can result in faster system response time, depending on the system Vcc supply ramp-up delay.

9.2. Power-on Sequencing

Due to timing considerations with the power-on reset circuits within the chip, Lattice Semiconductor recommends that
5V power be available to the device before the 3.3 Vand 1.2 V VCC supplies are enabled. If the 3.3 V and 1.2 V supplies
reach their operating levels before the 5 V power supply to the power island, the chip may not reset properly.

9.3. Power Pin Current Demands

The limits shown in Table 9.1 indicate the current demanded by each group of power pins on the Sil9233A device.
These limits were characterized at maximum VCC, 0 °C ambient temperature and for fast-fast silicon. Actual application
current demands can be lower than these figures, and varies with video resolution and audio clock frequency.

Table 9.1. Maximum Power Domain Current versus Video Mode

3.3 V Power Domain Currents (mA)
Mode ODCK (MHz)
lovcess3 AVCC33 XTALVCC33
480p 27.0 52 62 2
1080i 74.25 116 62 2
1080p 148.5 226 62 2
1080p@12-bit? 225 314 62 2
1.2 V Power Domain Currents (mA)
Mode ODCK (MHz)
AVCC12 cvcci2 APVCC12
480p 27.0 93 53 3
1080i 74.25 91 92 3
1080p 148.5 126 167 3
1080p@12-bit* 225 107 210 3
Notes:

1. Measured with 12-bits/pixel video data.

2.  Measured with 192 kHz, 8-channel audio, except for 480p mode which used 48 kHz, 8-channel audio.

3. Measured with RGB input, vertical black-white/1-pixel stripe (Moire2) pattern, converting to YCbCr output (digital for IOVCC33).

4. Only one core can be selected at a time. The TMDSXSEL register bit turns off the unselected core, except for the termination to
AVCC33.

AVCC33 current includes 40 mA for the unselected TMDS core. Only 5 mA of this current is dissipated as power in the

receiver; the remainder is dissipated in the HDMI transmitter. The AVCC33 current on the unselected core can be

reduced to 5 mA by asserting the corresponding PD_TERMNx# register bit.
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9.4. HDMI Receiver DDC Bus Protection

The VESA DDC Specification (see the References section on page 72) defines the DDC I2C interconnect bustobe a 5 V
signaling path. The I2C pins on the Sil9233A chip are 5 V tolerant. And these pins are true open-drain 1/0. The pull-up
resistors on the DDC bus should be pulled up using the 5 V supply from the HDMI connector. Refer to Figure 9.9 on
page 68.

9.5. Decoupling Capacitors

Designers should include decoupling and bypass capacitors at each power pin in the layout. These are shown
schematically in Figure 9.4 on page 64. Place these components as closely as possible to the Sil9233A pins and avoid
routing through vias. Figure 9.1 shows the various types of power pins on the receiver.

Cc2

Ferrite

Via to GND

Figure 9.1. Decoupling and Bypass Capacitor Placement

9.6. ESD Protection

The Sil9233A chip is designed to withstand electrostatic discharge to 2 kV. In applications where higher protection
levels are required, ESD limiting components can be placed on the differential lines coming into the chip. These
components typically have a capacitive effect, reducing the signal quality at higher clock frequencies on the link. Use of
the lowest capacitance devices is suggested; in no case should the capacitance value exceed 5 pF.

Series resistors can be included on the TMDS lines (see Figure 9.9 on page 68) to counteract the impedance effects of
ESD protection diodes. The diodes typically lower the impedance because of their capacitance. The resistors raise the
impedance to stay within the HDMI specification centered on a 100-Q differential.

© 2009-2017 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal. All other brand or product names are
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9.7. HDMI Receiver Layout

The Sil9233A chip should be placed as closely as possible to the input connectors that carry the TMDS signals. For a
system using industry-standard HDMI connectors (see Table 10.1 on page 71), the differential lines should be routed as
directly as possible from connector to receiver. Lattice Semiconductor receivers are tolerant of skews between
differential pairs, so spiral skew compensation for path length differences is not required. Each differential pair should
be routed together, minimizing the number of vias through which the signal lines are routed. The distance separating
the two traces of the differential pair should be kept to a minimum.

Follow these layout guidelines to achieve the optimal input TMDS signal quality:

1. Lay out all differential pairs with controlled impedance of 100 Q differential.

2. Cut out all copper planes (ground and power) that are less than 45 mils underneath the TMDS traces near the
receiver with dimensions as shown as shown in Figure 9.2.

3. If ESD suppression devices or common mode chokes are used, place them near the HDMI connector, away from the
Sil9233A IC. Do not place them over the ground and power plane cutout near the receiver.

>0.1inch

HDMI Connectors
O EE LT PR LT
HE I TREEE HEE T

>0.1linch

Ground and Power plane cut-out for copper planes <45 mil separation from TMDS traces |

Figure 9.2. Cut-out Reference Plane Dimensions

In Figure 9.3 on the next page, which is a representation of a PCB containing HDMI connectors and the receiver, note
the sixteen TMDS traces connected directly from the HDMI connectors (left) to the Sil9233A pins (right). Trace
impedance should be 100 Q differential in each pair and 50 Q single-ended if possible. Trace width and pitch depends
on the PCB construction. Not all connections are shown; the drawing demonstrates routing of TMDS lines without
crossovers, vias, or ESD protection. Refer also to Figure 9.9 on page 68.

© 2009-2017 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal. All other brand or product names are
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HDMI Port -~
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Connector [ X "
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PIN lﬂ ......
=)
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(- )
=)

Drawing is not to exact scale. Refer to
PIN ﬂ ---------- HDMI connector specification for exact
dimensions.

Figure 9.3. HDMI to Receiver Routing — Top View

9.8. EMI Considerations

Electromagnetic interference is a function of board layout, shielding, receiver component operating voltage, and
frequency of operation, among other factors. When attempting to control emissions, do not place any passive
components on the differential signal lines (aside from any essential ESD protection as described earlier). The
differential signaling used in HDMI is inherently low in EMI as long as the routing recommendations noted in the
Receiver Layout section are followed.

The PCB ground plane should extend unbroken under as much of the Sil9233A chip and associated circuitry as possible,
with all ground pins of the chip using a common ground.

9.9. Typical Circuit

Representative circuits for application of the Sil9233A chip are shown in Figure 9.4 through Figure 9.8 on pages 64
through 67. For a detailed review of your intended circuit implementation, contact your Lattice Semiconductor
representative.
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9.9.1. Power Supply Decoupling

AVCC_3.3V

Ferrite
220 @100MHz

AVCC33

+33V
Place ceramic capacitors
= close to VCC pins .
IovCC33
+ +
0.1uF [0.1yF [01pF [O1pF [1nF  |1nF [10F [1nF [1nF |10F [1nF
10pF |10 uF
L4 A L L4 A A L4 A L L g L 4 L GND

Place ceramic capacitors
= close to VCC pins .

+1.2V

cvee12

+ +
TN
0 ”F/F"F 01yF |014F |01 pF [0.LuF [InF |1nF |LnF  |1nF |1nF |1nF |1nF
. . . . . : . : . > o GND

+1.2V

SiI9233A

056 Q Ferrite
1%  0.82 pH, 150 mA

AVCC12

AGND

Ferrite
+1.2V 220@100MHz
APVCC12
Ferrite
+3.3V 220@100MHz
XTALVCC33
+5V
(O——sBveces

Figure 9.4. Power Supply Decoupling and PLL Filtering Schematic

The ferrite on AVCC33 attenuates noise above 10 kHz. A parasitic resistor helps to minimize the peaking. An example of
a surface-mount device is the MLF2012 Series SMD inductors from TDK.
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Sil9233A HDMI Receiver with Repeater, Multi-channel Audio, and Deep Color

Data Sheet

9.9.2. HDMI Port Connections

RX2+n

RX2-n

RX1+n

RX1-n

RX0+n
RX0-n

RXC+n
RXC-n

HDMI

Connector
Port n

CECn

HPD n

+5Vn

SCLn

SDAn

47 kQ

47kQ

Figure 9.5. HDMI Port Connections Schematic

Note: Repeat the schematic for each HDMI input port on the Sil9233A receiver.

RnX2+
RnX2-

RnX1+
RnX1-

RnX0+
RnX0-

RnXC+
RnXC-

SiI9233A

CEC_A

HPDn

DSCLn

DSDANn
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9.9.3. Digital Video Output Connections

SiI9233A 2 Microcontroller

96 33

92 33

88 33

o)
N
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78 33

68 33
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©
YYYVYYYVYYYYY

33

Q24

55
l

Q26
Q72 >
Q28
Q29
Q30

}

Q31 >
Qa2 E& >
>

>

>

Q33
Q34
Q35

33

Figure 9.6. Digital Display Schematic

The 3.3 V to the level-shifters and pull-up resistors should be powered-down whenever the 3.3 V is powered-down on
the receiver itself.

The receiver INT output can be connected as an interrupt to the microcontroller, or the microcontroller can poll
register 0x70 (INTR_STATE) to determine if any of the enabled interrupts have occurred. Refer to the Programmer
Reference for details. The receiver VSYNC output can be connected to the microcontroller if it is necessary to monitor
the vertical refresh rate of the incoming video.
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9.9.4. Digital Audio Output Connections

+3.3V

Ferrite

— closely to package as

Si[9233A

XTALVCC

XTALIN

XTALOUT
Place crystal circuit as

possible.

SCK
ws
SD[3:0]
SPDIF
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DR[2.0]
DL[2:0]

MCLKOUT
MUTEOUT

Figure 9.7. Audio Output Schematic

9.9.5. Control Signal Connections

CSDA

CsCL

Microcontroller

GPIO

GPIO

GPIO

GPIO

+3.3V

Si[9233A
4.7
kQ
CSDA
L d CSCL
EVEN/ODD Field
EVNODD
RSVDL
4.7 kQ
SCDT and INT outputs to micro are optional
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through CSDAICSCL FC port. =
RESET#
ScDT
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Firmware monitors Hot Plug Detect signal
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Figure 9.8. Controller Connections Schematic
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9.10. Layout—TMDS Input Port Connections

Figure 9.9 shows an example of routing TMDS lines between the Sil9233A device and the HDMI connector.

DDC SCL TMDS Data 2+

DDC SDA TMDS Data 2-

Hot Plug TMDS Data 1+

Detect
Connector TMDS Data 1-

Shell
+5V Power TMDS Data 0+

DDC Ground
TMDS Data 0-
Reserved NC
TMDS Clock
CEC Shield

TMDS Data Shield
TMDS
Clock+ TMDS Data Shield
TMDS Data Shield

TMDS Clock-

Figure 9.9. TMDS Input Signal Assignments
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10. Package Information

10.1. ePad Requirements

The Sil9233A receiver is packaged in a 144-pin, 20 mm x 20 mm TQFP package with an exposed pad (ePad) that is used
for the electrical ground of the device and for improved thermal transfer characteristics. The ePad dimensions are
4.445 mm x 4.0604 mm +0.15 mm. Soldering the ePad to the ground plane of the PCB is required to meet package
power dissipation requirements at full speed operation, and to correctly connect the chip circuitry to electrical ground.
A clearance of at least 0.25 mm should be designed on the PCB between the edge of the ePad and the inner edges of
the lead pads to avoid the possibility of electrical shorts.

The thermal land area on the PCB may use thermal vias to improve heat removal from the package. These thermal vias
also double as the ground connections of the chip and must attach internally in the PCB to the ground plane. An array
of vias should be designed into the PCB beneath the package. For optimum thermal performance, the via diameter
should be 12 mils to 13 mils (0.30 mm to 0.33 mm) and the via barrel should be plated with 1-ounce copper to plug the
via. This design helps to avoid any solder wicking inside the via during the soldering process, which may result in voids
in solder between the pad and the thermal land. If the copper plating does not plug the vias, the thermal vias can be
tented with solder mask on the top surface of the PCB to avoid solder wicking inside the via during assembly. The
solder mask diameter should be at least 4 mils (0.1 mm) larger than the via diameter.

Package stand-off when mounting the device also needs to be considered. For a nominal stand-off of approximately
0.1 mm the stencil thickness of 5 mils to 8 mils should provide a good solder joint between the ePad and the thermal
land.

Figure 10.1 on the next page shows the package dimensions of the Sil9233A receiver device.

10.2. PCB Layout Guidelines

Refer to Lattice Semiconductor document PCB Layout Guidelines: Designing with Exposed Pads (see the References
section on page 72) for basic PCB design guidelines when designing with thermally enhanced packages using the
exposed pad. This application note is intended for use by PCB layout designers.

www.latticesemi.com/legal

Downloaded from AFFOW.Com.


http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com

10.3. Package Dimensions

These drawings are not to scale.
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Figure 10.1. 144-Pin TQFP Package Diagram
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Item Description Min Typ Max Item Description Min Typ Max
A Thickness 1.00 1.10 1.20 b Lead width 0.17 0.22 0.27
Al Stand-off 0.05 0.10 0.15 C Lead thickness 0.09 — 0.20
A2 Body thickness 0.95 1.00 1.05 e Lead pitch 0.50 BSC
D | Footprint 22.00 BSC L | Lead foot length 045 | 060 | 075
E Footprint 22.00 BSC L1 Total lead length 1.00 REF
D1 Body size 20.00 BSC R:1 Lead radius, inside 0.08 — —
Eq Body size 20.00 BSC R, Lead radius, outside 0.08 — 0.20
D, Lead Row Width 17.5BSC S Lead horizontal run 0.20 — —
E, Lead Row Width 17.5 BSC
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10.4. Marking Diagram

Figure 10.2 shows the markings of the Sil9233A package. Figure 10.1 on the previous page shows the package and
dimension details.

Universal Packages
/S.‘l . Sil9233ACTU
l lcon Legend Description
Imag§< — tooo LLLLLLL Lot Number
VastLane -«———— ProductLine YY Year of Mfr
S|19233ACTU= Silicon Image Part Number WW Week of Mfr
- Lot # (= Job#
LLLLLLLLL LoL# (= Job) AH12XD2 Trace Code:
AH12XD2 % Trace code X Bond wire
G ) K gold
l\ ) Pin 1
s location A gold
N copper
P copper
Figure 10.2. Marking Diagram PP
LATTICE
SiI9233ACTU
DATECODE
Region/(?o!.mtry 1@
of Origin
Pin 1 Indicator — O
Figure 10.3. Alternate Marking Diagram
10.5. Ordering Information
Table 10.1 gives ordering information for the Sil9233A HDMI receiver device.
Table 10.1. Sil9233A HDMI Receiver Device Ordering Information
Part Number Pixel Clock Range Interface Bond Wire el Package Temperature Grade
Refresh Rate
5i19233ACTU 25 MHz — 225 MHz HDMI Gold 1080p/60 Hz | _ 44PN | £rtended (~30 °C to +85 °C)
! ° P TQFP ePad | < enCe °
. 144-pin . N
Sil9233ACTU-C 25 MHz — 225 MHz HDMI Copper 1080p/60 Hz TQFP ePad Extended (30 °C to +85 °C)

The universal package may be used in lead-free and ordinary process lines.
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CEA-861-B A DTV Profile for Uncompressed High Speed Digital Interfaces, Draft 020328, EIA/CEA; March 2002.
CEA-861-D A DTV Profile for Uncompressed High Speed Digital Interfaces, EIA/CEA; July 2006.

EDDC Enhanced Display Data Channel Standard, Version 1.1, VESA; March 2004.

For information on the specifications that apply to this document, contact the responsible standards groups appearing

on this list.

Standards Group Web URL

ANSI/EIA/CEA http://global.ihs.com
VESA http://www.vesa.org

DVI http://www.ddwg.org
HDCP http://www.digital-cp.com
HDMI http://www.hdmi.org

Lattice Semiconductor Documents

This is a list of the related documents that are available from your Lattice Semiconductor sales representative. The
Programmer’s Reference requires an NDA with Lattice Semiconductor.

Document Title

Sil-PR-1033 Sil9223A/9233A/9127A HDMI Receivers Programmer Reference
Sil-PR-0041 CEC Programming Interface (CPI) Programmer Reference
Sil-AN-0129 PCB Layout Guidelines: Designing with Exposed Pads

Technical Support

For assistance, submit a technical support case at www.latticesemi.com/techsupport.
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Revision History

Revision D, May 2017

Figure 10.3. Alternate Marking Diagram added per PCN13A16.

Revision C, March 2016

Formatted to latest template.

Revision C, November 2013

1. Updated Figure 10.2. Marking Diagram to show trace code information.
2. Added Table 10.1. Sil9233A HDMI Receiver Device Ordering Information.
3. Updated layout by repositioning the Revision History section.

Revision B, December 2012

Added local I1°C device addresses.

Revision A07, August 2010

Removed Patent information from DB, rolled the revision.

Revision A06, April 2010

Update to create Data Brief.

Revision A05, September 2009

Minor corrections; updated with 3D information.

Revision A04, June 2009

Update Tck2out and related values; update additional content.

Revision A03, February 2009

Removed audio downsampling, output delay control, and video output pull-down information.
Revision A02, January 2009

Clarify POR requirement; provided RnPWR5V power requirement; minor corrections.
Revision A01, October 2008

Removed references to Mobile HD.

Revision A, October 2008

Initial production release.

www.latticesemi.com/legal

Downloaded from AFFOW.Com.


http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com

7t Floor, 111 SW 5t Avenue

1] ] TTICE Portland, OR 97204, USA
[ |} LA T 503.268.8000

www.latticesemi.com

Downloaded from AFFOW.Com.


http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com

