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ApplicationMote

Introduction

WhendTU-RBT.601,OformallyCICCIR-601,O0vas[developed
(which[definedtheOY CbCrolor[space,the#:2:2[YCbCr
samplingCorganization,CandOsamplingCresolutions),CitOwas
soonfbllowedbyITU-RBT.656[(formally[CCIR-656).

BT.656[definedfhelparalleliand(Seriallinterfaces(forfransmit-
ting[4:2:2[YChCrldigitallVideo[betweenléquipmentlinstudio
andOpro-videoOapplications.OActivevideoOresolutions[Care
either[172000x[1486 J(525/60videosystems) Cor[0720x[(576
(625/50ideo(Systems).

TheBT.656[parallellihterfacelsesBlor10Dits6fhultiplexed
YCbCrldatal@nd@27MHz¢lock (ECLOevelslareisedforihe
datalfandCclockisignals).Onsteadbf(the[€onventionalVideo
timing[signals({HSYNC,[WSYNC,Cand[BLANK)&also[being
transmitted,[BT.656 LisesCuniquediming[todesCembedded
within(iheWideo[$tream.[This[teduceshehumberlbfiwires
(andICpins)WequiredfbrABT.656Nideolihterface.

Ancillarydigitallinformation{suchlas[audio,[tlosedtaption-
ing,@ndeletext)naylalsobedransmitted[during@heblank-
inglintervals.[This(&liminatesheheeddor[a$eparate[audio
interfaceland[@dditionalldontrol(Signals.

STARTIOFDIGITALIINE

BT.656VideolhterfacelforICs

July[2002 AN9728.2

Becausel[offits[¢apabilities,[AT TLICompatible[Version[oflihe
parallellinterfacelisfhow[beingluised@s[@lthip-to-chiplinter-
faceforNideo[ICs.

YCbCrlVideo[Stream

The[4:2:20Y CbCrldatalis[multiplexed[into[an[B-bitCor[10-bit
stream:[CbqYCrqgY1CboY>Cra, [ete.[FiguresCland P llus-
trateCthe Jformatifor(0525/600and(0625/5000videodsystems,
respectively, UsingB-bitlY CbCrldata.

Afterléach[$AVdode,fhelStream(dfl@ctiveldataivordslalways
beginsivith[A[Cb[$ample.OnZhemultiplexed$equence,ihe
co-sitedl$amplesl{thosedhat¢orrespondoihe$amepoint
onfhelpicture)l@relgrouped@s[CTh, Y, CTr.

EachlinelofVideolis[$ampled[at[13.5MHz,[generating[720
active[Samples[ofi24-bit[4:4:4LY CbCrldata, [as[Shown[ih[Fig-
ures[B&nd4.[Thisls¢onverteddo16-bit(4:2:2YCbCrldlata,
resultingih(720[&ctive[Samples[oflY [perldine,[And[360[active
samples[@éachof[Cb@nd[Criperine.

ThellY [(ataCandtheOCbCrdatalCare (multiplexed,Candthe
13.5MHzkampleltlockfratelisCincreasedbytwollimes[io
27MHz.

HICONTROL[SIGNAL

STARTIOFDIGITALIACTIVELINE

NEXTIINE

EAVICODE BLANKING SAVICODE |CO-SITED CO-SITED
byl 52
FloJolx[8lzsl8]z] < [8]z]F]o]o clYlcl Y[ cl Y[l Y[ JclY[F DIGITAL
Flolo]Yy|o|lofo]oO olfo]|F|lofo B R B R R F VIDEO
22 22 STREAM
4 268 4 1440
1716

FIGURE. BT.6568-BITIPARALLELINTERFACEMATAFORMATFORBG25/60VIDEOIBYSTEMS
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HICONTROLSIGNAL

STARTIOFDIGITALIINE STARTIOFDIGITALACTIVELINE NEXTIINE
EAVICODE BLANKING SAVICODE |CO-SITED  CO-SITED
52 52
FloJo[x[slc[s]z] < [s[c[r[ofo[x[c[ Y[ Y[ Y[c] Y] = [c[Y[F[ DS
FlolofYy|oflo]o]o olo|F|o]o B R B R R| | F VIDEO
ly 22 STREAM
4 280 4 1440
1728

FIGURER. BT.656(8-BITIPARALLELINTERFACEDATAFORMATFORB25/50[VIDEOISYSTEMS

TE01/13.5MHz

_ 50%BYNC
LEVEL

DIGITAL
BLANKING DIGITALACTIVELINE
138T 720T
(720-857) (0-719)
TOTALIINE
858T
(0-857)

FIGURER. BT.656[HHORIZONTALDIMINGRELATIONSHIPEORO
525/60VIDEOSYSTEMS

SAV@ANndEAVTiming[Codes

SAV[{startloflactive[Video)lAand[(EAV{end[oflactive[Video)
codeslarelémbeddedwithin@helY CbCr¥ideol$tream.[They
eliminatefhefeedforfheMHSYNC,[VSYNC,AndBLANKEmM-
ing$ignalsfhormallyflisednaVideo[$ystem.[TheEAV[and
SAV[8equences(@areShownlihTabled.

TheXY Gstatusfword,Which[alsolindicatesOWhetherOtlis[an
SAVOrEAVISequence,lisdefined@s:
FEOorieldd;FEA Forfield2
VEQMuringlerticalBlanking
HEDRSBAV, HEAREAV
P3-POZ[protectionbits
P3ZV®MH
P2EF®MH
P1ZF®NV
POEF®NV®MH

where[@®Tepresentsihelexclusive-OROunction.[Theselpro-
tection[bits[&nable[single-bitlérrorsfobeldetectedlandltor-

TF[1/13.5MHz

__ 50%ISYNC
LEVEL

DIGITAL
BLANKING DIGITALIACTIVEMINE
144T 720T
(720-863) (0-719)
TOTALMINE
864T
(0-863)

FIGUREM4. BT.656[HHORIZONTALOIMINGRELATIONSHIPEFORDO
625/50VIDEOBYSTEMS

rectedd(andOdsomeOmultipleObitOerrorsOdetected) DatOthe
receiver.[AlthoughliheyShould@lwaysbelgenerated(initideo
IClihterconnect@pplications,Theyarelisuallyignoredbythe
receivingIC.

BT.656UisesfheBT.601HdefinedNerticallankinglintervals,
as[shownlih[FiguresBand®.However, [Motefhat@ctivedeso-
lutionsCother@han[¥ 20k 486 And (7 20k [b76Mmaybel$up-
ported{effectivelyCtroppingthelimage)byadjustingliwhere
theEAVCandOSAVcodesOandCverticalCblankingCintervals
occur.

SquarelPixelVariation

ADvariationOusingOsquaredpixelsOhasObeenCdeveloped,
althoughotléndorseddyfheBT.656[Standard.Instead(ofla
27MHz[¢tlock,[a24.54MHz¢lockOs[UsedHor(525/60Video
systems[(640X[480@ctivelresolution),[Aand[a29.5MHz[Glock(is
usedibr25/50ideolSystems[(768X[B76[activefesolution).

Figures7AndBlustratefheldataformat, Figures[@&nd10
illustrate@hehorizontaldimingtelationships,fandFigures11
and12[8how(hellerticalBlankinglihtervals.
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TABLE[. BT.656[EAVIANDSSAVISEQUENCE

8-BITIDATA 10-BITIDATA
D9
(MSB) D8 D7 D6 D5 D4 D3 D2 D1 DO
Preamble 1 1 1 1 1 1 1 1 1 1
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
StatusWord 1 F \% H P3 P2 P1 PO 0 0
LINEQAQVED
LINEZ —— WED
BLANKING
LINE HO HO
FIELDO LINER21GQVED) NUMBER F v | (EAV) | (SAV)
(FED)
oDD FIELD 1-3 1 1 1 0
ACTIVEIVIDEO 220 5 n n 5
LINE266 — LINEL264(V=D) 21-263 0 0 1 0
BLANKING 264-265 0 1 1 0
FIELD2 LINE283QVED) 266-282 1 1 1 0
(F=0) 283-52 1 1
EVEN FIELDR2 83-525 0 0
ACTIVELVIDEO
LINEB25QVED
LINEB — | 0]
HE1 HED
EAV SAV
FIGUREB. TYPICALMBT.656 WERTICALMBLANKINGINTERVALSIFORB25/60VIDEOSYSTEMS
LINEQ LINEQQVED)
BLANKING
LINE23(VED) LINE HO HO
FIELD NUMBER F VvV | (EAV) | (SAV)
(FZD) FIELDO
oDbD ACTIVEIVIDEO 1-22 0 1 1 0
23-310 0 0 1 0
LINEB11QVED) 311-312 0 1 1 0
HINERLS =) BLANKING 313335 | 1 | 1 1 0
LINEB36QVED)
336-623 1 0 1 0
FIELD2 624-625 1 1 1 0
FIELD2
(F=) ACTIVEIVIDEO
EVEN
LINEB24QVE)
BLANKING
LINEB25 LINEB25QVE)
HEDL HED
EAV SAV

FIGURE®. TYPICALBT.6560VERTICALMBLANKINGINTERVALSFORB25/50VIDEOIBYSTEMS
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HICONTROLSIGNAL
STARTIOFDIGITALIINE STARTIOFDIGITALACTIVELINE NEXTIINE
EAVICODE BLANKING SAVICODE [CO-SITED  CO-SITED
52 52
FloJo[x[slc[s]z] < [s[c[r[ofo[x[c[ Y[ Y[ Y[c] Y] = [c[Y[F[ DS
FlolofYy|oflo]o]o olo|F|lolof|Y]B R B R R| | F VIDEO
ly 22 STREAM
4 272 4 1280
1560

FIGURE. 8-BITIDATAFORMATFORSQUAREPIXEL[B25/60VIDEOISYSTEMS

HICONTROLISIGNAL
STARTIOFDIGITALILINE STARTIDFDIGITALACTIVELINE NEXTIINE
EAVICODE BLANKING SAVICODE [CO-SITED  CO-SITED
52 52
FloJo[x[slcle]z] < [s[c[r[ofo[x[c[ Y[ Y[c[ Y[ Y] < [c[Y[F[ DSTA-
FlolofYy|oflo]o]o olo|F|lolof|Y]B R B R R| | F VIDEO
ly 22 STREAM
4 o 344 4 1536
1888

FIGURE®. 8-BITIDATAIFORMATFORSQUAREMPIXEL625/50VIDEOBYSTEMS

TEO/14.75MHz

TEF0/12.27MHz

__ 50%I[SYNC
__ 50%I[BYNC LEVEL
LEVEL
DIGITAL
DIGITAL BLANKING DIGITALACTIVEMINE
__ BLANKING _ | DIGITALACTIVEILINE 1767 Zo8T
e 60T (768-943) (0-767)
(640-779) (0-639)
TOTALILINE
TOTALMINE
- - 944T
780T (0-943)
(0-779)

FIGUREO. HORIZONTALOIIMINGRELATIONSHIPEORBSQUARED

FIGURER. HORIZONTALTIMINGRELATIONSHIPEORSQUARED
PIXEL625/50VIDEOBYSTEMS

PIXELB25/60VIDEOBYSTEMS
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LINE HO HO
NUMBER | F | v | EAV) | (sAv)
1-3 1 1 1 0
4-22 0o | 1 1 0
23-262 0| o 1 0
263-265 0o | 1 1 0
266-285 1 1 1 0
286-525 1| o 1 0

FIGUREQ1. TYPICALIWERTICALMBLANKINGINTERVALSFORSQUAREPIXELB25/60VIDEOSYSTEMS

LINEQQVED
LINEZ —] WED
BLANKING
FIELDO LINER23IVED)
(FED)
oDD FIELDO
ACTIVEIVIDEO
] LINER263QVED
LINER266 —4— WEQ)
BLANKING
FIELDR LINER286VED)
(F=20)
EVEN FIELDR2
ACTIVEIVIDEO
] LINEB25(VED
LINEB —1 | WED)
HE1 HED
EAV SAV
LINET LINEILQVEED)
BLANKING
LINERZ3IVED)
FIELDI
(FED) FIELDO
oDD ACTIVEIVIDEO
, LINEBLLOVED)
LINEB13 BLANKING
LINEB36VED)
FIELDR
FIELDR
FE0) ACTIVEIVIDEO
EVEN
LINEB24QVED)
' BLANKING
LINEB25 ] LINEB25QVED)
HED HED
EAV SAV

LINE HO HO
NUMBER | F | v | EAV) | (sAv)
1-22 o | 1 1 0
23-310 o] o 1 0
311-312 o | 1 1 0
313-335 1 1 1 0
336-623 1| o 1 0
624-625 1 1 1 0

FIGUREQ2. TYPICALIWERTICALBLANKINGINTERVALSFORSQUAREMPIXELB25/50VIDEOBYSTEMS

AncillaryData

Ancillary[datalpackets@relised{odransmitlihformationSuch
as[tigitalCaudio,taptioninglinformation,Candteletext[tata.
BT.6560discusses[ancillaryldatalonlylinVery[generalferms;
the[SMPTER291MI[Standard(goeslihtolmuchthoreldetail.

On[scanlinesCtontainingCactive[Video[tata,ancillarydata
maybefransmittedlinfhedimebetweenIhe[EAVSequence
and[BAVsequencel{horizontallblanking).[On[blanked3can
linesduringfheerticalBlankinglintervals,@ncillary[datahay
belfransmitted[at@nyime.

TherelareOwollypesloffancillaryfdatadormats,fas[shownn
Tables2[@nd3.[n[general,[Typell[{anldlderformat)lises[a

single[data(0DWorddolindicatetheltypeloffancillary[data,
Type2[{ahewerformat)UsesfivolvordsioriheldatalD.

DataID{DID)

TheDataDMordlhdicatesihelypelofldataeingSent.[The
assignmentdfithost@ffheDatalDMalueslisdontrolledByihe
ITURNASMPTEb@nsureléquipmenti@ompatibility. [AfewID
valueslarelavailabledoruserfapplicationshatldon’ttequire
registration.[Video[Cs[for(the[PClmultimedialmarket[lise
theselliser-applicationD[¢odes[ib@voiddontentionWwithpro-
fessionallvideoléquipment.
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TABLER. TYPEQ[ANCILLARYDATAPACKETHFORMAT

8-BITIDATA 10-BITIDATA
D9(MSB) D8 D7 D6 D5 D4 D3 D2 D1 DO
Preamble 0 0 0 0 0 0 0 0 0 0
1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1
DatallD PAR PAR Value[6f[00000000{b[11111111
DataBlockMNumber PAR PAR Value[6f[0000[0000fb[11111111
DatalWord[Count PAR PAR Value[6f[0000[0000fb[11111111
User[DataWord©0 Value[6f[00[0000[0100fo1111111011
User[DataWord Value[6f[00[0000[0100{o1111111011
Check[Bum PAR Sum6f(D0-D8ofldataldDthroughlastUserldatalord. Presetiblallzeros;darrylislignored.
NOTES:

1. PARE[@ven(parityfor(D0-D7.
2. D8Zlihvertedalue BfD8Mbit.
3. 8-bitldatalisfransferredusingtheD2-D9bits

TABLERB. TYPERANCILLARYDATAPACKETEFORMAT

8-BITIDATA 10-BITIDATA
D9(MSB) D8 D7 D6 D5 D4 D3 D2 D1 DO
Preamble 0 0 0 0 0 0 0 0 0 0
1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1
DatalD PAR PAR Value[6f[0000[0000fb[11111111
SecondaryID PAR PAR Value0f[0000M0000fb11111111
DatalWord[Count PAR PAR Value[6f[0000[0000fb[11111111
User[DataWord©0 Value[6f[00[0000[0100fo1111111011
UserDataWord Value[6f[00[0000[0100fo1111111011
Check[$um PAR Sum6f(D0-D80fldatalDthroughlastUserldatalord.Presetiblallzeros;darrylislignored.
NOTES:

4. PARZ[eéven(parityforD0-D7.
5. 8-bitldatalisfransferredusingfheD2-D9bits.

6
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Secondary[IDSDID):[TypeFormatOnly

The[SecondaryDatalDWwords[alsolpartlofiheldataldDFor
TypeR@ncillaryformats.The@ssignmentofihostoffthel$ec-
ondary[Datal1Dvalueslis[alsoltontrolledbythe(0TUCANd
SMPTEolensureléquipmentlcompatibility. [AfewSDIDVal-
ueslarelavailableforluser@pplicationsihatldon’tlfequirelfeg-
istration.[VideoOCs{orfhe[PClinultimedialinarketisethese
user-application($DID[dodes[ib@avoidldontentionWith{profes-
sionalllideoléquipment.

DataBlockMumber{DBN): TypellFormatOnly

TheDataBlockMumberiwordlisusedib@llowultiple@ncil-
lary[packets[(sharing(the[bsame[data1D)[to[beputCback
togetherCatlthelteceiver.[Thislsthe[taseWhenltherelare
moredhan2550userldatalivordstequireddobedransmitted,
thusrequiringCmorethanConelancillary[packetto[bellised.
The[DataBlockINumberValuelincrementsbylone{or[&ach
consecutivel@ncillarypacket.

DataWord[Count{DC)

The[DatalWord[CountCvordspecifiestheChumberofllser
datalWordslihfhe[packet.

UserDataWords[UDW)

Upfo255useridatalwordsinaybepresentlinfhepacket. 8-
bitValuesof[00HANdFFyArelhotlallowed;[10-bitivalues[of
000y-003y@ndBFCH-3FFy@remot@llowed.

Datallimits

YCbCrlandlancillarydatalmaylhot[lise[the[B-bitlvalues[of
00y @ndEFFySincefhoseNalues@redsedioriiminglihforma-
tion.[For[10-bitCsystems, ihe10-bitivalues[DO00-003yand
3FCH-3FFyMayhotbelisedfo[Avoid[tontentionWith[B-bit
systems.

Duringlankinglihtervals,uinless[ancillaryldatalis[present,[Y
valuesCmust[be[set[1o[1 0y {040y LhfCACL0-bit[system)and
CbCrvalues(SetibB0y {200y if[AL0-bitSystem).

Implementation[Considerations

Video[IC[Receivers

OnlyfheEAVI@ndSAVISequences(shouldbelisediblrecover
thellideoiming.[AssumptionsShouldotbefhadel@aboutfhe
numberdflelockleyclesiperinelorlhorizontalblankinglinter-
val.[Dtherwise,fhelimplementation(inayhot[Wwork[Wwith[teal-
worldli¥ideo[Signals@ndproposedVariations3uchlas[Scaled
video.

Someldlder¥ideo(sourceslalsolindicate[syncimingbyhav-
inglY [databelalValuedfllessthan[16.(However,[hewVideo
ICshaveltheloptiondfloutputting[digitalldata{suchlas[dlosed
captioningandteletext) OduringCtheCblankingCintervals.CIn
addition,to[hllowteal-worldOvideoCandtest[signals[to[be
passedthroughCwithCminimumCdisruption,CmanyCalsoChow
allowhelY [datalohave@aluedessthan16during[active
video.[Thus,Teceiverldesignsfassuming$yncimingiilllbe
presentbnthellY (thannelwillChoOongerCvorkwith(these
newer(Cs.

FormaximumCeompatibilitylWhen[processing@ncillarydata,
onceliheDatalWord[CountValue[{N)Ostead,[t[$houlddis-
ableffhePreambleldetectionl@ircuitryforN#1vords.[5ome
proposedVariationslallowthe[User[Datato[have[the[B-bit
values[ofl00[@AndFFHAnd10-bitivalues[6f[000y-003&nd
3FCH-3FFy.

VideolIC[Sources

Toleénsuremaximumlcompatibility, [active Wideo[datal$hould
belransmittedlas[al¢ontiguousl$treamlofldata, ith[AlValid
datalWord[@ach(dlockldycle.dflfhere@relanyNariationslihihe
linellength,@hehorizontalldigitalblankinglinterval{thelinter-
vallbetweenfheEAVANdFAVSequences)Shoulddelshort-
enedorlengthenediblfeflectihefruelinefiming.

Summary

This[ApplicationNotepresentedSome[ofEheltapabilitiesof
theBT.656(hterfacel@s@ppliedfordCs.

UsingINTSCland[PAL[decoders({suchlasihe[MP8116)@nd
encoders{suchlasihe(HMP8171[and[HMP8173)@hatlSup-
port(theBT.65600nterfacetanCsimplify[systemdesignCand
lower[dost,While@llowingMew(dapabilities.

AlliIntersillU.S.[products(arefanufactured,lassembled@ndfestedtilizingdSO9000[quality[S8ystems.
Intersil[Corporation’siquality(@ertifications[@anbe Niewed[atihww.intersil.com/design/quality

Intersil(products(are[Soldbyldescriptionlonly.[IntersillCorporationfeservesihedightdoinake[¢hangeshltircuitldesign, Softwareand/orSpecifications@tlany fimevithout
notice.[Accordingly, thefeaderlis[¢autioneddoVerify(ihatldlatalsheets[are[current(before[placinglorders. Onformationfurnished by ntersillisbelieved fobelaccurate[and
reliable.[However,MoldesponsibilityislassumedbyhtersillrlitsSubsidiariesforltslise; Morforanyihfringementsof(patentsiordtherTightsofthirdpartiesivhichay Mesult
fromlits[ise. Molicenselis[@rantedBy(implication[dr[@therwiseinder@nypatentlorpatentrights(oflintersil@ritsSubsidiaries.

ForlihnformationlfegardinghtersillCorporationandlisproducts,Seelww.intersil.com
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