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COVMPACT PACKET BASED MULTI MEDI A | NTERFACE FI ELD COF

THE I NVENTION 5 [0001] The invention relates to

di spl ay devices. Mire specifically, the invention

relates to digital display interface suitable for

coupl i ng v} Q | [ j
BACKWNWRMWM%MW MﬁﬁfﬁiﬁmA

di spl ay technol ogy is di INNEERKA(Ral og type displ ay

10 devi ces (such as cathode ray tubes) and digital

type display devices (such as liquid crystal display,

or LCD, plasma screeps { ch nust be
driven by specific ﬁ;%‘?@tﬁl E%&;% to

S L{Oloels]sf ulThy ild:teﬁﬁni)m%elzﬁéls ﬂolmfmly de¥icee X BIGRE @pecﬁicaﬂyﬁhé advention
anal og system.includes an anal gg source (such as a . .
pdESRde digttahdislpy intkyfece spighle ?OTQPEPI)HEC‘B WIS teridpq display
t QR spl ay device (sonetinmes referred to as a video

15 sink) by way of a conmunication Iink. The

conmuni cati on | i BACKGRAUND ORKEIEINYENTIONoOf a

c (su as.an.anal.og VGA cable i.n.the case of a .
padbBiher bhudt béfVécfﬂo_gaspgiyot%@ pgvidsdud @loggype display
KnRWMaed %u&lli" asatidesky tubed)hintl REsiAY typefdpl Rk (subh§s liquid
VGA DB 15 cabl e i ncludes 15 pins, "each of which'is

ararysta) dlisplay, onk €1, plaspe strkéns, etsi) geagh of 2hidh00a3 pe Ariwenby

t he agdvant ages ,of the VGA DB able is the

opedfy BRLPAERT i GPE: oSty S5 ah Srhe Eep gaompl o
e\tgpicapalogispdernnsdiadds € aRASE soviSe (0K a8 pérlIenad B%Fﬁter, DVD
systens descri bed above predominate, there is little

i ibaish.iole) eayriadglizecdy tnidisplay devign(sostetiaes xfpired foqsm video
t . . in-re
RO 08 YA by B AR By s e
t Hermus£a cdble (syth as arcapiiy €Geakibisinghie basa 91 PIPG], bilerwise referred
Vi sual I nterface (DV|llm¢§abl e nore desirable. It is

wd? ps Kiiohh Bl Rgablplvell snawaiepthoss of skilb i e arts Fanepaueple, the
o oh S e Einoth Fhin P By MR ¢ o@Dl W vific
disfgnek enti al signaling (TVDS) protocol, providing a

WO 0 Obsoe “FipriaiEs oA ABL S FAtsBabeUBHu g mature of
3ehd\dpiande f e la?%egﬂﬁf év%r-%dﬁ@q?ﬁgféd Wist.hag lo?i'g{ﬁltﬁe analog

set of [inks. [0005] Today's display interconnec
| aysignagesciibed alwws prddonii@te, (thera lisolgffle amgntiBvio riigirae pwhy from

for deskt ' i t licati | |
nany YR b it we VERTBITE cobhect i vi by o
apouodg at | @oweVir! iirBednBPéRR $hPAGIRIRE browth of BipRRsystems has

devi ces. |
made the use of digital capable cables such as Digital Visual Interface (DVI) cable

T

more desirable. It is well known that DVT is a digital interface standard created by the
Digital Display Working Group (DDWG). Data are transmitted using the transition
minimized differential signaling (TMDS) protocol, providing a digital signal from the
PC's graphics subsystem to the display. DVI handles bandwidths in excess of 160
MHz and thus supports UXGA and HDTV with a single set of links.

[6005] Today’s display interconnect landscape includes the VGA (analog) and
DVI (digital) for desktop displa.y interconnect applications as well as LVDS (digital)

for internal connectivity applications within laptops and other all-in-one devices.
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G aphics 1 C vendors, display controller IC vendors,
nmoni tor manufacturers and PC OEMs as well as desktop
PC consuners, to one degree or another, nust factor
interface choice into their design, product

def.j njil ufacturin eti,ng and. purchase

e Bhish 28 ve R cohfipndCT RIS, ARior bR s and pe
Wi ORMB s avetll 28 GledlEdy BCicohaias, 8o bheBedrbCoCmpdienafudtisdior

ei ther purchase an anal og nonitor or a digkta

nofteriare shoigaintorthels desagmipsfugt dediideny manuficyingematkgting and

t e FEES

| et (0862 3% DRINBIE ST o Bl DhENes MPE Qi Al analog VGA

buhntetfacathon thehwnpandérimust aitherqerdhase arf HA0G mdfieret ardégital

it wauld be.desirable to have a digjtal i rface tha

| amiiBics T gBich Tiomgec B Bt aro S b ihei i s o been
SHERz@PbPYhy of  inGiak RIS ho\e/dli RA ANFEBAPTY o h&'?@)% built into

(
di spl ays.” I n” some cases, igital interface woul
altboparticlackenitet. conpati bl e with anal og vi deo, such

o0 SRRl o wetle e koeM el P R g B TRTRES g & ore cost

1%ffRotiveipbicufieht infRfces GOH KDY BNERHITHE viMed bileePand video
reduced set of nultinmedia formats each at a native

mesplays dilmsanoedsey, sheedighal interfaca worldialsodiederigyarid sompatible with
diaﬁgllog%%%b S'mgas Ainedia interface includes, at
| easty @ uhi-directional main |ink having a single

| ane coupling t heSUMMARMO¥ BHWICSVERTION nul ti medi a
sink arranged to car&x@a packetized nmultinmedia data
§

stPUh 1 r SrrompactRickst vasrdamulbimedin interivpeaminged feeruple a
g g)t%ﬂhlﬁ)é #ﬂ.fliiitlf?\ﬁ%ig .s!)ﬁr@%f m&%&%%d & ﬁ%og‘ic%aé[ #&ﬂg&%@?&tlg@‘}iﬂehf‘a formats

Ive ia cloc ate, upl ex,
dieagicatiaomtive auktithedia ylock ante ehd g antidatdindisphe is disclosed. The

| 1. i . dt di spl. t hat i.des . )
TR AR e Rt rERTACE e
S @ERNHR e HRITHES 8dur&d o the PItIARLNE Sk WhEn Bl b IcHR YL Backetized

source and the display for transferring information
b etwliimndia idetarstrieath et thegoultivedmrrdutdedo tiesphltiyiedmntisay at a

connectar ar.rangenent .arranged 25 to el ectri cal .
CORRESE Yo B ARG RO e i Slorf HimaTid guptex, bi
dupt@ionabiuxilidr@ ehdr@BPdonnddhblal th@maleiedf SdurtQaddBe display that
mul ti medi a source and the display. [0008] In another

e Btsoilayeh concgrtayigt aunsdigectionalseeintdinit a asendage sommunication

| oW ng: bl | t.i nedi S .
8o R e B KA o

f betorts tieagilitiaiedn Joatde\iad MY dikplediaad @lcoffect@taangement arranged
mul ti medi a di splay, and 30 a conpact packet

b d
i eIl Gonper K dhireghrpalimes: ek pickihe Relf dupleaghiglirectional

[ i T4 npact packet
S et 68 LS PR e A0 P
u[i008] r edhianoihkr embadiments a Bgstemds disdosedl tRatliagi@des at least the

C ling the | ti.media source to, the nmultinmedia sink
a?oﬁlg’ﬁ"gj’é%i %R?ﬂeagfrpulaﬂﬁgwgmf@&aﬁgﬁdﬁp@m%e a reduced set of

multimedia formats each at a native multimedia clock rate, a multimedia display, and

a compact packet based multimedia interface arranged to couple the portable
multimedia source and the display. The compact packet based multimedia display
‘includes at least a uni-directional main link having a single lane coupling the
multimedia source to the multimedia sink arranged to carry a packetized multimedia

2
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2 data streamfromthe nultinmedia source to the

multinmedia display at a link rate that is independent

of the native nultimedia clock rate, a half dupl ex,
-directional auxiliary channel connecting the

%atéée ﬁqhaf{ﬁlﬁ Lfl:i]ecﬁal;:ﬁﬁg éﬁ?%&lﬂ%ﬁgﬁé’m{lﬂ%ﬁc}% Q gf)lgﬁ 3t ajl ok rate that is

s dadeadsnt ob thaumticaimubtimédin klobe tasganh@ f ﬂii;ﬂexnﬂlmrﬁa@bral
sourgce and the dlsplay for transferrln% i nf ormati on

b KE Ry Fh?@nelrﬁﬁ)ml?%a. he wylipadingresrmddhedisplay thahgroyides in
(o} t

C xR Rt e G AEEERnaR oG olsBporfBhS ofcilitakion link between
dupt exiltithédialsowrcet argith displayifbs mansfahiaginddrmiation hetween the

BBl B oG £10 Conle ABY 3Re MRl AR i anged to
| NgéaugiesydbnhRadde ula@-dir@&mfn@i e 1 a%ﬁ%@ﬁdlpdﬂ.ﬁalex b1 directional

coupling a portable nultinmedia source arranged
pragEi ey @hannddg éltﬂ:rnglémnadfa yourae and dheditpleyrat s each at a
n mul t | ck.rate,an
I[]P]%ﬁa ol n)f) t%g oapo %g%tdA mdc%lo?ms egcnb%?g#;q? é%céucPes a¥least

WhBt’E ﬂ:ﬂlmﬁxhgeopeﬁ:ﬂmamoupnﬁgspoﬁﬁﬂeﬁmmh&dlﬁerae mﬁ@e& ﬁcprowde a
includes a uni-directional main link having no

nor e
t Agdcad setod mylwnaﬁ@a i?mmﬁfg@@htaba awwndtlﬁﬁéml@@@@te and a
;
{Tghﬁlhﬁ%%?dtl | Is %1& é%c?cgf lf' air{el&ﬁ% gﬁer?eg:g, Wherein the
i mdemectq:anltet bﬁseﬂhmlnﬁiedmanﬁrﬂat& memkies £ laGHiré@iodal m@ain link
au liary chann t hat

f. dupl ex, di.r i onal
?'leinaé'g mope &lg\lg@eqngg%g\}qnﬁ af‘l"?@g Caw éﬁ?%ﬁ?é?&f%‘ﬂtﬁnedla data
| lsfHam FopfEe 'i‘lﬂﬁﬁﬁﬁedfégmﬁ‘ég lt&ﬁ‘kl tﬂn'e@#ﬁ é?%‘iaﬁﬁa? R 1iGate that is

mul t1 medi a source an |sp for t erring
i mlﬁdnpnmielnbnf the netermuhienadid ¢lociemt€a adelfdopleatd-diteetional auxiliary

di spl t dto
cicBB R foaf P e fetorn e s b BRE B i AR R e
t Remhfinfcatioh Bhe Betwlebn e REHINRAR sodkbéiahil %’ié’dl&h@ﬁ f2ltrahSferring

- the nmultinedia source and the display and passing the

20

25

- 30

patfra@n&ltmdaeﬁmm th@mualrd@dla S@trﬁ%@‘rﬂ the drsplalyeandd ednngetdi a

squrce to. the ha dIS at .the link.r

o e el el v TR PRl qisdlop Bl P and e s
s laoptex 2oi gieeetidHal Z@dhz&?l@h&ﬁ%ﬂt@ﬂhb @iul@hedia 66686 aitl fefddplay and
di splay. interface in accordance with an enbodi nent of

t Ressingiba packstizqdonylimegdijagdata stpeam fremithe malti-mediagoyragde the
Iﬂhﬁﬁgﬁﬁﬁﬂﬁéﬁvf%hhgghkkﬁ used_to_connect a V|deo
a

sour cé an y unit in accordance with a

nunber of errb(IIRIrEElhDESQfRIPtIII@N OFeNH EAPRAIVINGS 12]
5&6&403 shows exenplary main 1ink rates_in accordance

hn_ ditBokFRgtiR ccobrafifed TemASRRIA G off e plaifeym display
2 E@%cﬁe nﬁ?&d&r&dn@é‘w‘i’tﬁ%ﬁ Moliftherdt 3 BGAVARAEE W th an

[0011} Figs. 2A — 2C illustrate a video interface system that is used to connect a

video source and a video display unit in accordance with a number of embodiments of
the invention.
[0012] Fig. 3 shows exemplary main link rates in accordance with an embodiment
of the invention.

- {0013] Fig. 4A shows a main link data packet in accordance with an embodiment

of the invention.
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of the invention. 3 100141 Fig. 4B shows a main |ink
packet header in accordance with an enbodi nent of the
i nvention. [00151 Fig. 5A shows a system arranged to
provi de sub-packet enclosure and nultiple-packet

i Bl exi ' ccordan w th an .enbodi nt of..t he
"obid) oX Il ablyoEe il iRl Ahdcts BB RO PR e ind &Y

i repherienéma o gk igbertida. system shown in Fig. 5A 100171
shows a hi gh-level diagramof the nultiplexed

ig. 6 sh
rf';a[ﬂﬂlﬁli nkFig pAhPUE 2 syfemaaiped lomrevide sihraskelsasipnueqnd
Fi it lerﬂagﬁét%ulg Rxink ViVIE?ﬁé@%@ﬁé’mfwmiﬁ%ﬁ%gqu?&&ﬁon.

stream i'n accor dance I'nvent1 on.
Fi[001@ shbissSBehoanetdiber implomuingatioh of thadysiepl dxed iddiga SA.

R onFi B6B07< gk el dftn af g alalsred Mgl lnk sream s

Sul-RankRIo i ARERT FB8WRGn W4 B an  enbodi ment of the
invention. [00211 Fig. 9B shows a representative main

| i[ARk1&at aFigad kkews motlon exaapleefwidats stitBman aesvipdaticermith the
of. ‘geh 0i nvention. [0022] Fig. 10 shows an exanple of a
sél'g |§?er refreshed graphics inmage. [0023] Fig. 11

shoy®]an Exe8Bhdryydtiaféthbr @datipldoPaihtiRiplexcd da@Gataang e
with an enbodi nent of the invention. [0024] Fig. 12

i [apepsdange aythan ehadimentpfdhq ingensiont he systemin

a ancg. W ' t of t. ' i.on.
OB B A S0l e SRR et M R 0
mepbiodgnans bMhe&B/chfiBni N accordance with an enbodi nent
of the invention. [0026] Fig. 14 shows an exenpl ar

VifEHe st eFist ¥B ehwpun Fgrenattee maindikataippaeket ‘Riaesprignce with
e'ﬁﬂ%ﬂib%%en%fﬁm@%x}eﬁﬁ@ﬁ.t ion. 25 [0027] Fig. 15 shows a
representative auxiliary channel electrical sub | ayer

i 1h0022¢ c or Fignteshuomvtshunam amuptxosti aseleictiodly tefeeshed/ gmaphiosnimage.

[ Fig. 16 _.shows a representative main |ink .
e, paﬁ%gsﬁbshoé’l‘?é‘w qXﬁmafisxs 1 HERInE aftRITL aSrpydRncratith an
0kmbB&inienY §the Mrenfi@P29] Fig. 17 shows a
representative connector in accordance with an 30
e b3 menkiigof2 dlustrates/eogicahlaypdQB6] thEsgstent 8n advonwkinge with an
soup ce st 9tfs di aqr am in accordance wi th an enbodi nent
ofrbodinient o the invention.
[0025] Fig. 13 shows an exemplary special character mapping using 8B/10B in
accordance with an embodiment of the invention.
[0026] Fig. 14 shows an exemplary Manchester II encoding scheme in accordance
with an embodiment of the invention,
[0027] Fig. 15 shows a representative auxiliary channel electrical sub layer in
accordance with an embodiment of the invention.
[0028] Fig. 16 shows a representative main link electrical sub layer in accordance
with an embodiment of the invention.
[0029] Fig. 17 shows a representative connector in accordance with an
embodiment of the invention.

[0030] Fig. 18 shows a source state diagram in accordance with an embodiment of

the invention.
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the invention. 4 [00311 Fig. 19 shows a display state
diagramin accordance with an enbodi nent of the
invention. [0032] Figs. 20 - 24 illustrate various
conmput er based i nplenentations of the invention. 5

0, Fi g [ etallj a process, .
oS o Bt sHARYE gBaly ST B ke B b it RO EFF GBpodiment
i nofahevdaioae Wit h an enbodi nent of the invention.

[8{834 Fi % 26 shov_v? a flowchart detailing a process
f lovi &ig5g2%—Pédiusitatgevanppy eempyiaigeased, Bnplepentatiens of the
I Ny rdance with some aspects of the invention.
[0035] Figs. 27A- 27B show a flowchart for a link set
upl0p3Hces§ig. A5 abows a Anwehart Oetuilinf a pocesbivnd idaenhingfg 4vhe

R0 A he G R R S L Wi
giqooz anc @ig\b Bhés £ ABREhFEM aifhig E??od'eglé/ﬁ? &dé!ﬂding Q93 time

9 illustrates a conputer system enpl((;%/I dto
i ipdeontarage gnaity icheakriniaoeprdarge MoG®meRispects @the iBention,

il rate. sy. ed upon the.systemshown in.Fig.1l
OIS B ARG RBR e e T G ol i Aoftance
Mulith areethBodimelit dftthepivaytoy way of conpact

communi cation |ink. gOOSQ] Fig. 32 shows a ] o

r dpPId ent Kig ¥& shampnBewaldrndgtithrg e peasess fonperemingy gpining

a : il >t ri.cala sub- er in

oA AN Shaik Phastiver T,

[ qOesT]] Fi Big. 23ilhkoues a compuies eiteai eniployved uc@thl@hent the
connector in accordance with an enbodi nent of the

i AWEREPBN. [0041] Fig. 34 shows a flowchart detailing

a ess o is .
e o Dol ol (h Sl oG iR b 1 thatis
t meed tovasntiéod multi 5diDETALE O IESERI ST IO a3 BlyRERHED compact
ENMBODI VENTS .8E421 Ref erence will now be nmade in
dé’f’g’infunf‘@“gnb ticul ar embodi ment of the invention an
eXgonol 01&1\%\@ SHovhsSa debladiithfel@mpact Hfin A& UIRATA B layer and
dr aw ngs. ile the invention will be described in

c enyiliacn dhannalictestricabsubaleyérdw hegordanoo dii themt gmbodimgitjof the

be understood that it is not intended to limt the

i IVENtTon to the described 30 enmbodinent. To the

CQUU40R Y, Filgt 33 shovRtLRpRMerdtAiveQ¥@Iced birfdMAbetY LRy accordance with
nodi f1 cati ons, an equi val ents as may be i ncl uded

wiB BRodimens of the invgaioscope of the invention as

dfﬁdﬂfd Fig. 34 shows a flowchart detailing a process describing operation of the
interface in a multi-master mode in accordance with an embodiment of the invention.

DETAILED DESCRIPTION OF SELECTED EMBODIMENTS

[0042] Reference will now be made in detail to a particular embodiment of the
invention an example of which is illustrated in the accompanying drawings. While
the invention will be described in conjunction with the particular embodiment, it will
be understood that it is not intended to limit the invention to the described
embodiment. To the cohtrary, it is intended to cover alternatives, modifications, and
equivalents as may be included within the spirit and scope of the invention as defined

by the appended claims.
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by the appended clainms. 5 - --------- --- [0043] The

inventive interface is a point-to-point, packet-based,
plug & play, serial digital display interface that is
both open and scal able that is suitable for use wth,

tors as
08 g PRl Bt e BB rPolnt BdSichaat. v Sipdey
PGeﬁal (hgdalﬁﬁ)sfpﬁa_wiﬁferﬁb@mhf RibottSopbnspl ayal gy | ltl(hei?s suitable for use
i ncluding 5 HDTV di SE| ays and the |ike. Unlik

c oMt Beidimiedior depkionmaemieeas welhes proxiding £CR connectivity
S \piglluﬁ n\Eﬁ)tEegggk/ﬁﬁﬁ 5 e pbtgs alld Eﬂlﬁgmgll %Q tﬁnccsl{ﬁ l@ﬁ(gz\éf’éég ﬁlcludmg

) ) rnventive ace
SyHDé‘M dfplays and-tbd hlefa m}miﬂ(dmhvmtmnalf (hsplmpﬁdﬂfaeemﬁlat transmit a

tran ferrin or. nore packet stre ) )
o RIS 980 FBIS) PIus (PRiaE Pighal Shob g %y@afﬁ%rnﬁeQE etc.,the inventive

eﬁhﬁ%begﬁ%dlde% tsj?dté}n f Wt?—bﬁ@im bhdkt Al Qg4 gpt'f‘ansfemng one

exanpl e, Fig. shows a generalized represe tatlon of

a Wmpys pm@t stmams spragltancotsds authd ifgint af “\mtum Pipmis’s pitabtished
i nt. ?luf ace l‘(‘[)"ﬁ ln? accordance with an enbodi nent of the
|nven y é hterface 100 connects a transmtter

1([3044} a Fec&iavile, 194 10¥oway geﬁ’éral@zdﬁhﬁﬁﬂe@e@ﬂtaﬂohlﬁf akBs platform
(aI so referred to as a pipe). In the describ
Paekat hated digital yidep dispbiy iatgtfaces (iamscardence witlpanpgrabodiment of

r qﬁ{ Il\(/glgtloqlt MQHECF@&S Iﬂot Jo%ﬁe&é) gt é}tﬂﬁﬁlttef n%th% a@%&%&eir%ﬁ by way

packeti zes each 0O a correspon

pat h@hgsﬂalllmk'ﬂl(vés{ﬂso thdtréedaacls etpspear & theiesdrivedethbbdintent, a
corrgsp%#] data streans each of which are assed

01|0§t eld 2\A1¢ F&ﬁll"e‘é phi@e fragsmitten §03 hat, e
r %Q@ésya{??,tﬂaggetléeg ea?gﬁﬁioda cdifes @?ﬁ?%@ﬁaﬂa 51{@'%5""{1@1 These

ata packet transter or eadh Virtual
|data peekets e thet fonezdohtd omrrcispenchag tlata sireamgadch of whédhnre

| th | Link 106 ' 20 dat
Eﬁﬁés%y it e i At ot 00 1 Fionhs feepidst it should
Wik 601e@ Pt hdBnihatd @S Me dakd ﬁdﬁ{@ﬁfﬁs@r RaE) B8 RandiiRgh 11(1)1]{ can

upon the particular data stream). The data streans
- b.ﬂz mtlmmdtfaﬂdée aagicnlantiae swéanh msnhmgun thegshywicaldimk 106 carrying

A PSRt S ity I Piafteochhe WGk §Oa RO fient

Vﬁbhpweh\oltm desdndnn tg)ohh!l@é pABEuIRAYR, FPAn)UTRE Ha@Rfeams 110 —
t e of | -kKnown 25 formats, such as conposite

ean t@b@ ala)r ngnbgrrofformsateh peviden, girantiic, ardB, eter

ﬂ"FgEEV.T S A SomiR { HIESaThE e SR R ag - 114

s ﬁﬂiﬁldfe%ﬁb@sf video sigadlo thay taEive @ty 68mbuCdhdaspd OF well-known
exanpl e, an analog television, still camera, anal og

VeSS iych| a8 pempORigrvidtad erial Kigitah paradlel Ekgle RGBTV consumer
t 5 id&d
ey 8, RO L BELE b 5850 ) B o s 10
[ nmluddsssmnel fogirt fl ani analgg videorsoercs sath @sfof etangdampl @akeg
d| |tal leV|S|onq VE
ev1310n s 1 camera, analog VCR, DVD player, camcorder, laser disk player, TV
tuner, set top box (with satellite DSS or cable signal) and the like. The source 102
can also include a digital image source such as for example a digital television (DTV),
digital still camera, and the like. The digital video signal can be any number and type

of well known digital formats such as, SMPTE 274M-1995 (1920 x 1080 resolution,



10

15

20

25

30

digital still canera, and the like. The digital video
signal can be any nunber and type of well known

digital formats such as, SMPTE 274M 1995 (1920 x 1080
resolution, 6 progressive or interlaced scan), SMPTE

e _ ! ! !
7 St iptladeaiely SRR A0 o8] LIRS I NEreS i
| nprb gﬁss_i&sﬁ:lamh as ecllhe lsﬁﬁduird ega @ﬂ)t gl;elfs@i\:g ﬁ?;r\fig?ca? 2|/ g §}
, an nal og-to-di gi . . .
contash s g ﬂl_&r?é?f‘oﬁﬁ% |t&egsg>@r<@r1 O ueS a0 Hrlge iprgesignalgan
di 36103418 A&l €8 Rt ATH RbhVer&HAAAGH o WIBES 6 Ao bdal into a
gs g g Q’gl gﬁ al 1 mage

formnig in"the proce n appropri at
datiscrete serissuiftdahtally feocodai gintnbbrssigoay firming Arilie pfocess an

i d ety of A t e d.. B f.
2 St Sl BT Rl el i
PRI, LB 3SR e

®,

exaeipfie for ¢xampée hasemenufeciwied by: Philigsn Ternad bgtrampt, Analog

silgga e,an_ anal to digital converter (not
shovvr11%631 %&Oﬁ%%apﬁo%r%rsctoupl ed to the transmitter 102

Wi[b047]di gFbt @antphs iBhalleg staim 1Wicih drbldd9pe gk She 28 analog
by a. packetizer that converts the digitized data )
sitp digital aanviererdngt gmpe inchided i ar ¢raplesite thelmansater d02 will

STl AEANAIL LA LRKLOR (REpYET-c il R
r eligitisdd datd strdahel Weiheo shurebenol Hatapsclagpt Dpedchto€ which will be
reconbi ni.ng .t he dat 30g§§ket S 14 into their _original

£ SIS SieTare s v & ofahe vingal linkl 1oq Thejreceiver 104 will
| IRSPRBSIRBItOfhe daD&HRRLI1Y8 @ta@gﬁmﬁﬁzyﬁﬁg?gtﬁﬁ%MX data packets

requirenent 1s that the link
pHy4iintalthdii edigindGotmeathiligghevldttzawtddbataygliegatteis independent of

bandwi dt h. of dat t .to Db t L tted..
o BT St Sk Tie bk eas ek e T porcide B ok 87
dhgsibdl 1i4R 108 %e‘h@?ﬁr Ban YR r&lateDani ViR ok 8&ta %%]n(tsﬁf% be

respective virtual |ink based upon a data mapping _
d éfahsmitiedn In the desdribedambodimenp Khsincaining duta (506 gsapixelrdata in

5 SR s b SRS 55

ve

Pink@pingalefintRh. ITh (s GBABE bRysical BAK 106 Q248 of thelddhstituent
way, the interface 100 provi des a scal eabl e nmedi um f or

t K Heporat, asrdogpeonygnijonal Fiercameciyrsaphicld Véaamy one
b ' application data as may be
rgaxg??%gp n aﬁ‘%l Feg%lb% he invention supports hot-pl ug
eyE48] det chisorny, tirdntetth@"HI0 ralidys § edateablangdiyisi fordhe

i nk i to it timumtransm ssion rate. The
h@w&%&ﬁnﬁe? g%lwgié()fagﬁlpp ﬁh&ﬁ/dﬁranb@iﬁ!ﬁf éc'u'dmm qthey; agphiggtion

U5 hy RS FARAESh e AR By g3t o

daspinetymatenllyasptsdld pliyisidahlido@r pspeped its apstirkiidh raandission rate.

OITplg EnV%gtqgl’llj Ir)rr%%id%ls ?ocrtarlgxra]ri p(ir? chPIR,l Ii)ucl:‘e g(id?gltsal display interconnect for all
displays suitable for multiple platforms. Such platforms include host to display,
laptop/all-in-one as well as HDTV and other consumer electronics applications.

- [0049] In addition to providing video and graphics data, display timing
information can be embedded in the digital stream providing essentially perfect and
instant display alignment, obviating the need for features like “Auto-Adjust” and the
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[0049] In addition to providing video and graphics

data, display timng information can be enbedded in

the digital stream providing essentially perfect and

instant display alignnent, obviating the need for

f

padish TR AP bpstH bR iRt Wecfack biiAb G BARE D suppor
s caliipid, digytak dli'[‘cS stprparstsuchrad fmuiphs videq 'gifaphlcd ﬁt@n&tdhﬁ&ﬁ&xo

such as nultl vi deo/ graphi cs_streans and au

stams fqrgpu H{ﬂ ferfealicatians| Irtaaldiltmsaunwe%ﬁaloqepabbps (&/SB)

u f r
A58 NS DS 5 AR Bl
thEeéfwr@ddlti‘ooal cahlingl onal cabling. [00501 O her

i nye ve di spl i n ace | 1,. be
DS o Dt BlerThd T israt b et ey berbRE Salfbp ginddised
20 1dsed upon t he system 100 shown in Fig.l that is

used to connect a video source 202 and a video display
urlP®3Ho4. Fign 2tﬂllll@t1‘£®3 lalsmgmﬂé)pé@s@mmth@mstem he0 shiogenoin Fig. 1

(i et SOMas0E i aB OB S W PR uifiags FERE

ariahmtedl dﬂlﬁﬁ)d&ﬁﬂft cia} valed sourcd 200 eazpmsmdeélﬂﬁémr Bb@ 4 @lsital
i mage source 206, a dl%tEﬂ data stream 210 is
rlwg%tﬁ disptal weeo seuirRR0Pad an @palop ipeges(or malogvidge source) 208.
G r4.@r:
y U808t 80 dHiEPn AL 308, AR AR RIRMEI1Bis pldihded o the
2 lﬁmtmitar to2 whegeaniti thg cdss od gl dnalogdaded Sﬁ)hfce@l@BZQIﬂA/ﬂ' benverter
dgﬁ%5ﬁé dat.a g}rean1214 is then processed _in nmuc
R thefste, capysttsAn apatog data stigam2lg typ cpﬂ@spondmg
d‘i"%l&‘ﬂiﬁtﬁ ‘§frea}19§14 Thge dighRl BYa éifk'afn 21404+ J&%&sr@@es&ﬁ in much the
og type display or a digital type display or in
s @mae oRes asdhe dlgﬂdah&sstmaﬁf@ro tarthé ognomittdr 2 dlhe display unit
nals grOV| ed th re casg, ,the .di s Ia
b B A QR YRe dis agar a@lgl BPeAEplay % i ses can

I @t&@gsaa@ér igod QCBbVA K &%Qﬂ phoiifled@theiesp! Iﬁxﬁn§%§se291eaﬁ§b1ay unit
a D/ A converter uni inthe case of an analog ty

di28plinpjudes g dt&mbiydet@cfﬂ%&ﬁ %wbtedia@;n@rth@ rechiver 1 ¢fewith a dlsplay 218
02
SRR Tl SR BT a3 B

t embbanens the Yidehsnieas2 (o @n\thidemydusite¥f forik {subR4s & PBrsonal
take the formof a video display (such as an LCD t

d ﬂgsﬁtcgycomrert %ggal qg,ag@lpgﬁ V., sgiclop bopmte pwherpas the vu¥e0 display
SR SapBl b Ie VP B R0 G B3 PSR T e
ndizplga¢ty). and packetized prior to transn1SS|on over

t he hysi cal , 1ink 106 which includes a
mﬂsafr ectsegrless phthe typeiRl video sasireq argddsossigy dowsye, the various

saats%&@aﬁme aag%zeq' fﬁ-%kés@ pﬁﬁc‘kb@i gﬁﬂaw&mﬁﬁé@&%m the

I 1nk setup and ot her data S vari ous
| phijsicab hak) &0k whichnfidndesta wrni-diteationat sain ek 229 fobisechronous data
( gﬁ‘?éB sda%h% bl-%tlr%bt)lonal auxiliary channel 224 for link setup and other data traffic
(such as various link management information, Universal serial bus (USB) data, etc.)
between the video source 202 and the video display 204.

[0053] The main link 222 is thereby capable of simultaneously transmitting

~ multiple isochronous data streams (such as multiple video/graphics streams and multi-

channel audio streams). In the described embodiment, the main link 222 includes a
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30 between the video source 202 and the video display
204. [0053] The main link 222 is thereby capabl e of
simultaneously transmtting multiple isochronous data
streans (such as nultiple video/graphics streans and

%%%eﬁéﬁg%}ﬁ?%net %@aﬁ I? tnﬂlgﬁg%h c%a}%bﬁ%c?f tga%§%{‘1lnp egochrm%ous data
di ftfcame ifguck ias unadmmrband gtphiccatdeoaapabdie d@fa) at multIple gigabits per

transfeéé%) i, sochyonous, data streans (such
unEEMst ég gpaphiogical vigegoishdhaelere tranay lmk 222 appears as a

o i 1 5y AL OO e

si frsgiblaslpﬂdy dh theis wpipegimnltiani stdamstand sotsbsighed tpiphigsicaichanncls

P B B kSl BB 650. 5 S, Souabll Shed 0

phyesérasld agbaé)nel s rather, each | ogl cal data streamis
carried in its own Ioglcal pipe (i.e., virtual channel
de9834lbed Iraﬁl@\ﬂei;mb[e@ eawodinrent.ihe shesd rredsfentste |0iﬁﬁmtma1n link

ansfer r.ate in lin IS
08 SR ¢ bR e B B RnalSGanf raille. o
eﬁﬁiptﬁnﬁ:nt&ti@npthe spébd dTRhen@nt 11k 22, cah b 28jveRd iRk radpe
main |link 222 can be adjusted in a range gﬁfrOX|nated

byAPRroXraHed bYéﬁ@éﬁtPSbﬁpeﬁ% gfiebopt b.Ocphns to 8ba et Ghpspanspannel in

Do RAAR | Ao ERCRNIRIELY G I3 4 QRASTR k396 main
c dinksA2p pan Bu@&%)GGHZS(}MZI witlaa coloodemdl pf b8 bits fdd fikdl ver a single
[ channel . It should be not ed

¢ Fegering e{é hiuie B ngf!ﬁ X aieasEP™ 4t (e aRIveT ot GhaBmele EcHges not
13n8Mh¥ cbfi®r ﬁﬁéﬂi:oﬁﬁec{ %h?él@@%ﬁ@és’ th® $waj c%ﬁs%rgﬁ il Eohich%s an

power consunption whi'ch i's an i npo tan I on
( amgodas icoudid aytidrofand desrable fisi foiwee saysjilvieaaplications sih as

 porBsRoRs s BRe Pw TS et Srcedng Bifumbdhf gmgels to four,

| ighdmAiadirkar? 254k ReporNRISEG A I296h X ZMdg%&%lution) with a color

resolution) with a color  depth of 24-bits per pixel

atdeptbiaf 24-dts @N@Aﬁl(éﬂ §QHZXOI’Z@$K§3PM\G25 B0 & 2@é$)oW1thi epolor dépth of 18-

18.20 b th
o kP P B0usB Ghonf R eifhond bl Bt iy esgantsf 1.0 Gos
c E)alnﬂﬁhnel%ﬁly t\w\/@héiﬁaﬁ%é feqairéd foﬁéﬁpt} &refn hAcoTRBAEE HDTV (i.c.,
corrpressed HDTV (i.e., 108O0i 20p) data stream

[é@%@]ormOm)w@t%Fé@ém bed embodi ment, a main |ink data

o6 G FRGRE BratHOS apBRIRIRE b Iy R Ra 8 1 B EERh oo
2badwitltheexicadds it oagpregard em@wadth off &1etdoﬁ£’ti:tﬁeﬂttvﬁltuaﬂﬂhnk§. SData sent

native rate. A tinme-base recovery (TBR) unit 226
i e AtEHeecr A EgsAb ffheltewsm@&‘é@ért&ﬂ@svetrh ¢t Higrhage recovery

CHLIRIAN PR BT Rl 19 1 BLOURSEpiif
n u$1ﬂgi tltm:cswmmmre,mlteﬂded frv:he am}m bk dath phokespitinegessad. It should be
gtett:l %owelvglp drea\falplgo%%atze?y conq"ogured (P igital display devices 232 shown in
Fig. 2B, time base recovery is unnecessary since display data is be sent to the display
driver electronics at the link character clock rate, thereby greatly reducing the number

of channels required with a commensurate reduction in complexity and cost for the

display. For example, Fig. 2C illustrates an exemplary LCD panel 232 configured in

- such a way that no time base recovery since display data is essentially pipelined to the
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Fig. 2B, tine base recovery is unnecessary since
display data is be sent to the display 30 driver
el ectronics at the link character clock rate, thereby
greatly reduci ng t he nunber of channel s requi red Wi th

n_in goml exity and, cost
* nOF SO RS et TR o RY gyl 236 o drive
exﬁmkﬁr@ﬂl@&lmeﬂh 228#% teafragoaed in  such a way that
time base recovery since display data is

gg@éﬁﬂr al 1Qtheygghodiagnts describe a gmpér prgumeralénn mathgd fordhg link rate
23
e P BT B SR e

2 49anda B0 e/ Odeclodnfragicneint hatledsnodsy ae 8 sulpleof the followmg

enuneration nethod for the link rate and the
pi R HIHE Y ock rate. It has been researched and

under stood that &4 74d¥8z 2 ghanday &7 RiprelfAudi o cl ock
frequencies that exist today are a subset of the

f ol hipwicaes thateespizel (br aulierdyck 28: a6 Belexpreged witlB®URpEAmeters,
xd%]%ddz gﬁjs nmeans that a pixel (or audio) clock rate
cdry teéxpreded with four paranmeters, A B, C, and D
as: 10 Pixel cloc I_ctle—ZA* X, 11D A = 4

bits, B =2 bits, orkyples %noaBd‘%gXbﬂi’. [ 0057]

Even for a link V\,hose link rate (which is the serial

link bit rate / 1R £0pit@B + b Blts (AL BESIdOD] bit,
character such as 8B/ OB characters) may be di fferent

f r[@ﬁ%’/t} he E%ﬁ(f?dr acﬂnﬂ%ors@il rf%tﬁ g»g@c%; % e DN fhhk bitate { éO for a

defining the l1nk ratevvl our paraneters,
A lrnthat uSes HRbit Charadibresuloh ne 8B11 0Bschiateetess )npdyi lod dlﬁerent from the

F Eei)% in tﬁ‘iﬁeﬂ%égudr 0.cl of]cks frglél ,rgtelgrl(;_l{k gslept%ur:pagameters
BATBSC, @[Id f) "ﬁ{é%egeﬁt is tif s%ﬁﬂh&t}ﬁn“r@één%ﬁﬂﬁ@ %H&@aﬁdl@ lf:locks from

rate is 13 . However, suppos€ the pixel Clock rate
i ¢ linktclegk. /an:egqmﬁe,.lees sa@th:e Bnk satalis BetasOA'(==6, WS\VHA) = 7, and D'

L e B lpoB P ik B R Rt s30T o
1 ratd@ {DRHR]= Kb ery, i0ng 6 barkD @ s 1aY)s HRARhE pitel dlbdkdcan be
ti me base recovery, the ti me- base recovery unit 226

rr@n%ted srelialnelesk aspizeldileghkrate ig B@Lﬂk tfst,hﬁtlmkgatz &r22 /Fol.
%qég C orrR %ﬁ%ﬂ%& k‘?& ﬂ]e g%%%?e\r}% Ileﬁl?l éazl%:a? ca%rx the time-

mba@ Idamry ullnetw\tnay $e dmplmhted vk degitalolock s@ithi@irer. For an

stream four of 20 bits  are stored |n each header
s HBeaREssst yidepsyen, thetime stapep ippsiqged nghs packet header which as

§<]:s%r1%9(i 11} 1A8r ehzﬁelﬁ% § %@Ofﬁ'ﬂs {@6{ gr 5{ ﬁ-sﬂ@ztjﬂ'rvi%}.lr b£20 bits

obtained from tacter ¢ uency
( Ereestorked nkeanhane)dasuccfspﬁ\laly Freyg _ﬁ%’l-ﬂ,&‘l‘ $11-8, TS]S 12, TS19-16).
Fri\]eﬁllnkch r* (TSI} 2)

ative stream frequency ( eq_natlve is obtained from link character clock

frequency (Freq link char) as:
Eq(1) Freq native = Freq_link char * (TS19-0)/220

[0059] The transmitter 102 generates this time stamp by counting the number of
nattve stream clocks in 220 cycles of the link character clock frequency period. The
counter updates the value every 220 cycles of the link character clock. Since these

two clocks are asynchronous with each other, the time stamp value will change by 1
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[0059] The transmtter 102 generates this tine stanp

by counting the nunber of native streamclocks in 220
cycles of the link character clock frequency peri od.

The 30 counter updates the val ue every 220 cycl es of

th L t ' ese, t ock re .

s S S B e e P febPu iR L Some tme
W dthmp hamgaelder bf thkQsivategackétiaearBeV@rden @b e 61 the ltigne stamp
transm tter 102 will repeatedly send the sanme tine_ |

st YAlRF (ba maors thamaljequngmae igteristed dykhe reseivengs anandication of an

Sqﬂﬁﬁ?kﬁ%@ﬁgﬁmﬂﬁkﬁéﬁﬁéﬁhﬁguﬁﬁa”p value (by nore than 1

count e interprete the recei ver as an
i N6l i ot shbulirbe notesk thbl, eo doreditdnois conringcatdd foamm audio

source. . 5. [0060], It should be.noted that, no ti )
S Dl it e R e s gty Ehe difhitide aerp iy audio sample

Cagf anl BBnHRHEESItIRY %é&ﬁplie.n]@Q H%ﬂﬁiﬂﬁltgigé RhAY rﬁeﬁa&alugtm Eq(2)

the audi o sanple Trate and nunber o its per sanp

Byanddhelink ehianerterratealbdidisplatdevisasegenaratos tRg¢2ginalandio stream
tq%mlink character rate, the display device
regenerates the original audio stream rate. 10 [0061]

Eq0@g1]Audieg(r)anadis rtedatdis 3/MpR rﬁt@? R)# Kitd ferRbfplep RI(#
sanpl e) x channels) [0062] A main |link data packet
40Ha in Fig. 4A includes a main |ink packet

h 40 . ' ' ' f 16,
230693, 498 3y 0 Pl s A
(iteada 40D g shidvad inEixi 4Bithas srfeanecelIg bitsswHd bith30 afe it® Stream

t iLne . Stanp (IS) 15 LSB. Wien bit 4 is equal _to 1,

t Hﬁé&i&ki&%@l@ﬁ%@ﬂ TR Rstreamcqouny ig 4 o) ibitghis the HimesStamp (TS)
Ti [ | it .

I SNt e e RISy 4 s o
adiimeadarhp galve fissed sirynfof iw@ntprésised vikdled bigedm)amit £ ounValeo frame

which toggles., from 'O’ to."1" or fr "1" to "0" at

¢ Repne BT pisherebirae legtciesiicaghpy of e meshpiss adieh toggles
ViR @t 1eaMbr i8hi 5 4o aFdaGh@iRleh GARIMRMNIMIC(RRE oy fr

8 through 10 are 20 a 4-bit CRC (CRC) that™ checks
enerspicssed videostresnp uBite¥ ghd 6 biet rsserBpd wharGasilsitsay through 10 are

5 Acehin PRERRT GRS e i el B £ are Time
TiSeen 56683 YOI IeersibAQE8P/SIDA) @hichiter aklvaphradesvidbo hfttised as

inventive interface is the ability to nultiplex
difeurdiits of 2echitaligerdams valseh of which can be different

¢ Cai DB pein L '
S S-S5 B Sy B R P o
Fid{fferént shoawsreams sy w0 car fadifedtnt forPaR\ek &1l as have certain

subjpackgé encl osur e and nulh%ple-packet mul tipl exin
i Fadt ik deln packsts inclyde & puBleTRisub ppckete Hosessmplentig) § shows a

Dol nos e o bR 8 RRG RN o Bl pla!
multiplexing in accordance with an embodiment of the invention. It should be noted
that the system 500 is a particular embodiment of the system 200 shown in Fig. 2 and
should therefore not be construed as limiting either the scope or intent of the
invention. The system 500 includes a stream source multiplexer 502 included in the
“transmitter 102 used to combine a stream 1 supplemental data stream 504 with the
data stream 210 to form a multiplexed data stream 506. The multiplexed data stream
506 is then forwarded to a link layer multiplexer 508 that combines any of a number
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shoul d therefore not be construed as limting either
the scope or intent of the 30 invention. The system
500 includes a stream source nultipl exer 502 included
inthe transmtter 102 used to conbine a stream1l

ORLETENs s 0 SHGRAR IR e LB S8 RS SET Ao

dadsa pickerrfil 2 EGﬁe Iof whivdrmiyineakid aﬁy bf)a ﬁuﬂnbéﬂ*’oﬂ saty pﬁckets 514

nult l&égr 503 t conbi nes. any
et Seqd train s & lphiRyes dﬁﬁwllﬂa]leé%eﬂ 6r?§PF$ th? ﬁwltsﬁlff?@é n’lﬁta stream
51
i@l(f 1ﬁfd Ey%dcl ogigtnﬁelg@g%;sﬁregﬁng b%%ﬁg)élﬁﬁ% ?éaﬁ‘bﬁ%sg(g e%ﬁgang fisomated
ermllquebbt thhateed whileda btreakn $inky de-nuldtiphakdri 518 dulier Sflkits off the stream
Iexed dat intoits

S ts,the

cohutrpln g Redh Same il bt nerdt r o 1 Do

(Sob&) an cdrlg?l%%ﬁswah ﬁcgih51e6é1bmg&h%hﬁhetﬁaﬁ hfex i h{a% ﬁ‘nk stream 600
stream si nk de-nmul ti pl exer 5 further splits off th
st%@amxampkmféhfei’@ﬁmaﬁ 10gshoendn Fegam velmithiea stiedms arh multlplexed

S shows a high:l ev m

o R BT nk 22 Pethibe PR i hade S Uk B
of(strb@nsmr-eam 290X 73ty vided (Sthdagh ID=\H)edndt MR SEEABANE= 3). The
are multjplexed _over the main |ink 222, The three

stsl‘ré?‘élri%ack‘ﬁ hepdes sigg aﬁwaén binkopackiciQ0gnininizes thepagiayt pueripad,

|

ey B ORGP 58 Y o e
I |sniallpa&iaetheliﬁﬁkamnnhmtzsﬂetchmnﬁﬁﬁ)deﬁd ay Glfehﬁlaﬁxary whunad 224

results_ in the very_high |ink eff|C|enc The reason
t HEI0p L the drapymigsipn GEH’ g’@"]‘é"és OG@nain figk ?%%lt t he packet

ag%ﬁﬂ?m e@ieﬁ'érﬁll;ﬁ %Cﬂi@ S6h- h(ﬂ(eg Qﬁ% afle¥reERR W Rdme when
4 prior to the transm ssi e packets over
maheimhinpacR& 2iredrd i 0BT pBEessecdvidyo Stpetadm wygrontphnessed video data

> SRR AT otk B SIS ol Hondivils B G aS T ERRnE Pted. JiCrefore,
URSAARIR ST fhA&PoOat wheoflpr@sdl N1aso dalah will BicREE KQSLS of Null

correspondi ng to the video-bl anking period. Therefore,
méberiglichiragtenpdakets fdgring ehipperiml. Lﬁmmmuab@sg dnvheiahglity to

n e serijes. of u Ci char
paCLﬁ? Wgargour?g(ﬁt%s eeu&%, rcegtgln 1@,}) ?ﬂt%tgf if ﬂ]g p6ﬁse{1ﬁiéwent10n use
akbtiddsyméBo@Dorbuhipefagxfoy 8iffPetfecsBétvesit (HRIAFN liGR kitdafd the
i rrpl enentations o t he g_r esent i nventi on use vari ous

mPPIeb e e pbep ditscaricesapatd iy 4 giden daig sHereReT ckEPltah
| ideh Rl §n ?[% 7t tlﬂg p1 éﬁla :ﬂ@&sa 5 (%;/&:CV\Q%H tlﬁzﬁ% b%toéfrp%?el data is
streamils a ream or exa , as

i krianshited ederya rEl dn th'ls eﬁdﬂ@l@ﬁk@hnldﬁ@ha’,s&ieén k& te .25 Gb/sec, such
Gﬁ%ie% such that a bit of plxel data is transnitted
g bt ol pixe] datp ps tgansidfied qach t§as. | He, trapsmitigrd O dggrsperses

S S Dy I, Al s
| ateatigpeedegwespe Girsabitofipiat daa $1hed weecongibitedf pited dataP2. The

illustr eci al., a

t Fig. 8. ch
RS BR e aU v Tera e 10813 B fngristerch Bt ot pryel 3Ha-

S 8A&RFerbink (R spRisthafRtds BdwediDBits of pixel data also creates a steady

. stream of data that allows the link to maintain synchronization. In this example, the

Special characters are Null characters. No line buffer is needed for such methods,

only a small FIFO, because the link rate is sufficiently fast. However, relatively more
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speci al characters allow receiver 104 to distinguish
each bit of pixel data. Interspersing the special
characters between bits of pixel data also creates a
steady 30 stream of data that allows the link to

[ I
riofds FoaROE Dl B rEaiRRsidk o RO TP isoifial T rgpeiver

i meméeﬁlﬁécd@nzmm thetspeethd charadtby baglarmtl lendEl FO
be e the link rate is sufficiently fast.

eﬁ%ﬁg‘?}v el YHAOENaLFE [QF intespersiggimedbodis te hléem%te émﬁeﬁlglve bits

S dipikg daﬁ%w%geeﬁt cobitdft 486 8 1Y aluch Fof BEERYEIP1 through P4
needs to recogni ze when t e Specl a Rar act ers €gin
angubhbk fefl @06 @]llnAl’muﬁet mchaed iethe erahfpitient @4, shgraierng more null

met hod | 0 t erpate_.consecutive ts el _data
S ol ER B i PR LR RO U el péig arCiveling s

ex nidtiohs Ffupd dRelBdvel P 1408 thRe sga%é tﬂaﬁttﬁ’e ﬁ'itér!;}fé@smg
buffer included in the transmtter 4, then one or

monethedn described gbeve; dnindariyesutle ainplnmntahemb theftime taquirkd to fill the
:ngn%itﬁllgfég lfv%lg%(ct%e&—l {}166 tlan?llea 1|‘e| %geiwft%é%% tl tgglgzﬁ?nﬁﬂé{at{xlﬁ gﬂg buffer is

irﬂln;csmnshmlaunaw@giﬁhﬂemeddoed above I'n many such
iﬁB| enentations, the tinme required to fill the Iine
b

Y& wi A5 diseussed Mithaelierense F%Eﬂgr pAdonepfithapdiantagesnel the
%@enﬁ% Fr[t eﬂ:@ 14 h@ Eﬁfﬂ){){oeﬁ toﬁ }é@g% JKSV fis aacfa Etji]gams Rut also

ative [ gh I'scussed Wi

r e]ﬁceelmtmsmg af day @f a51Ambeﬂ@f sab ﬁahleetadmhmtawﬁcwér rh:lilﬁ link data

15

i nv ntlée interface is the ability to not onl

mieekesi £ Arshons & aerescaiariuamib-paset 100 acpidince with an
e%ﬁ‘ib%ﬁin‘i‘&t of th@'?ﬂvéﬁtloﬁ‘ ﬁ}é@%f QlEet@UQ I&Sﬁ%@%%u%&giegh@ader 902

particular main |ink data
r dimt @ thetdesdribed suibogating is DPRes mdais ecrotgromdbivtIP SafsubSPacket

e taneoal Somoist Ik T dak 6Pook i R Eeub-packet 00

- denslbidaednRRAdpARApa ;vﬁ)aa iP¥dB8orPRAhe SutRF&RBIPFIY, B &M of the

20

25

30

SPS (Sub- Packet Star speci al character. If the main

| isvik-peckich Y himkettbe; rnaﬂmi by SPBéSBera@@t Kad) spedal character.

e 0 e ont acket  payl addi t

C b IRRR.Bab8 oF e B Gl PR T P BB oM e m e
mekkeple l@hoxﬁE’El Elgumm@m@&hmomemtha lsu-padiRe O andle main
O herwi se, .the end of the main packet (as indicated b

eRaekehicahichibi gaelesed Hawever.aauhmaske onnatmesd t. endwith
OBbE IS LA il BRI BASSHRIBAC ) 989R A0 Lopary

maln pac osed. wever

s with-paskieefordaresithiat: mae (lhnk(p)aekw 1rv\adcbrdaﬁEENim an ein‘bﬁdlment of the
encl osi ng{tmal n Eacket has no payl oad 9B shows

RBIABRGT yit ST BRGRES b eienpicmaR e baadr Hoi8 Rmbaédx@acket

PG AR A B EROE o O e

' f [0968] andA patticpladl esefupasampdelof sibdegoketdactoswn ubdy is selective

f | t file that { b- t
Ish If)g%gf)coklcpg%s:sg 5%{)]31{:% 93%%&2’199 Li‘]il.iszr gn g?g 182 %‘llslg attributes
SUpthE KRB MBYER [2SRIPVERicaT AL IS Width/Height, etc.) will be

communicated via the auxiliary channel 224 since those attributes stay constant as

long as the stream remains valid. In selective refresh operation, only a portion 1004 of

. the image 1000 is updated per video frame. The four X-Y coordinates of the updated

rectangle(s) (i.e., the portion 1004) must be transmitted every frame since the values
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refresh of an unconpressed graphics i mage 1000
illustrated in Fig. 10. The attributes of the entire
frame 1002 (Horizontal/Vertical Total, |Image

W dt h/ Height, etc.) will be 30 conmunicated via the

AU ' : hut _

bt Rk ROt RS R AR T S AT YR Blample s the
s drasmissenroficokes lvobpgr @bleq@LUADN Idytadopmgtirahfol @84-cofor graphic
the i e 1000.is dat ed per video frame,_ The four

X, GG -8 Yl Bl 1 BUEREO e RIHOTER) | amddhe content of
t hge POIUT Q0st QY haitS 1 la?dét&ﬁnsm tted every frame

since the values 13 o he rectangl e coordi nates

cHafels f Hbeshgleie-directiomabeuxillary chamebXAhplowidics a chiduit to for

transm ssi on .of .color .l.Qok=- abl e. (CLUT) dat.a.for .

- R Sp SBouS s JPHP oo B3 afe Segmadnel AR ginflaperations as
piw&l asdatcarrl sudn pMcdtRntdag) 480 aEUEBY B TF@Nk alp®e, with the
content of the CL must be dynam cal | y updat ed.

[ Gosdiaryrehansel?gttea gisplay deviee enainfarmhe seurge deiaemed cvenig such as
rQyi ' f ' . t nctd ons

958 s B BB G 10, o

opra@plepifa pasticulu tlairisg §e3sioAmails, thidxiansaitier 2OPhdjoet @ main link

data_ such as USB traffic. For exanple, with the, i
adxieibreadyrren gHirtleahor detaminadagsilie of B failed rraipetersien In
S | . . s . .
8 55§50 L 5 g HALEBE, 5 B

( dratica rebmiyelyedlowhpnd Fey rdllabbxarpliary chdnnal gdhovs fontabust operation

trai ning. sessi.qn fails, the transmtter 102 adjusts
t r?é’elh%}_’fﬂ‘qti( ik sep@itss ol SEB{&H ! ﬂl@tegl_éﬁ?éele &ms Ff*ses (an example of
dfIBEN s RBSA S5 P! §B§fa 16 i8al iAidk 8l dnb XNy SRAHL520 L be

this way, the closed | oop created by conbining an
adfptablishbd usingpghrtsped afdlabdnidmidth wi tHe raain dink 22 éb fransfer data

- Bt RpBE e 2@ loing Wik o By 2B SR R oy Reck channet
| 528 eH the BRIKNRURE 200&) tHeRo8REUeFas 2. (Rtofeappli€atRhs, use of
15 which is shown in Fig. 5B), a |ogica

bithig fagicel biodiegctignaliaukdiery sanglanaysix m@@rdegi@abl(ej th;ln ufsing a half-
| ' 1884 224 he bandwi
¢ BRI bR SaB R AL B BAGOIAT EP 0P TE Sotr

fransrter ta” fromthe source

deaa70p 20&idrao tlagind th& rd@snhiseo Oflactid packet data streams the
uni -directional back channel 524 fromthe sink device

2rantteh 0 Giablishegesiable buothroughadink pnesessianbat is

raf s g BTl T8 e ] St e Bk BRI BRI Pl main
blinkliraessittent)2 sehdnaple-didmed irbivthg patl{téhgso ﬁéti the @ébEB.ﬂer 104 can
P 1 tart t t X n act ua acket

d _rs"%tgrrf%lp? shtber h@%n Paﬂgﬁ@?ﬁa{ﬁ&?‘i@%@%{ t ¥hies dgsceibad o

| ERKodicAY §Rirfing flifed ﬁﬁﬂd@i‘léﬁﬂ}gsﬁe%%éé}ﬁhfs Iﬂ%%sdl er 102 and the
anal ogous 'in concept to the [ nk setup of the nodem

Deaceivgr 104nik camzid oinrilg awxhlgargrehinnel. i Ak ekampls wif hiliak td@ifing pattern
. -defined fraini attern so.that the

- BobpyRit b T ihecerdsbpe i Ae et pf e Hvabireds o

snidsﬁatea,tduﬁhg KIRCkfhinkQ€dsion B phhi® 10@pfekédi€the shortest runelength

enbodi ment, training rel ated handshaki ng between th
t while phase ris thgdongagt thikare used by the receiver to optimize an equalizer. In

phase 3, both bit lock and character lock are achieved as long as the link quality is
reasonable. Typically, the training period is about 10 ms, in which time,
approximately 107 bits of data are sent. If the receiver 104 does not achieve solid
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i nforrratlon is stor

receiver 104 is carried on the auxiliary channel. An
exanple of a link training pattern is shown in Fig.
11 in accordance with an enbodi ment of the invention.

As illustrated, during the training session, a phase
PR Bl SPR, Y 28 RS e

opIOQJTIedm:eaﬂleelmkaiateZ@ﬂ repdats the aaming, seb@(trh bit |ock and
c{w@racter | ock are achi eved as.  long as the |ink

PYtly i dn additianipampeid lﬂaﬂpﬁr@annwmtwoslmt rtheauxiligry shanncl
| 14
03223;5”2“03%02%%‘% LTkl flhn il R BRI TR Bl Aty barty
saiedu;bmgﬂ,thle@cfkrhead of pcketrntsmntingssionans thdman 1ibRk222i &utth@more, the

o e o B ean LR D i ey [ EDBhaon Data

| NERdD lﬂf@ﬁn&ttﬁm%lﬂxélgg E}Q: ]?13{)1%? mthﬁﬁéﬁdmﬁc?%ﬁ& loh all monitors
the auxiliar é channel 24 can be also used to carry

meERIPiiaR stendard éatmf@llem ﬂhq@pomims bhasie qumgatxeatabyut&
red e overhead nsni ssi ons_on.
o fpd U5 s PR p b BESERLor SRRy g size.
Camld%%h@@&%ngi&seﬁcﬁo@y L dey tifakige NE@fheht wihay limits, and character
Identification Data EDI D) information replaci ng t he
Dis§Hgs foIiae maniannEne prbxeyial wimberod ba informgfiangs stored in the
(

SRy % VE SRR L s TR i s
C dpaiichithe menitomumkduble AQ gwmmradapt%ﬂ miva siaem uﬁwmhmiﬂformatlon

mge i ze,, 10 color aract eri stl cs, factory pre
gmrﬁPea HEROYCS é(hé’@ MOTH{of gnd %}ﬁ&%ﬁ%ﬁe&ketpgether) Iﬂ what is

st [ I

rlfeR98 1d £ anl dXfeniRD| Egﬂ&oﬁltﬂﬂg ,atﬁl S&)ﬁglyz@ ac}ll 1P %%% %%R?%oth
c @ﬂymimmatueamd isbchirtieous\patians asequighl tb sepiobCiddifiaial data types
sit ff%gn the nitor.and the PC graphics

SYSHE §%‘§r°tph?)%e information for

Cqod2gur af ﬂﬁom NRERABES logiil L’Jé/% M EPST RO Systofs BT ARordance
vvorktoget er). In what 1s 1 erredto as an

emltémlle@nfmd@n@dcﬁf tirpigizentione Ieslwuldi l:wn;ot@h&nhehﬂ@ﬁm exact
carry a?gn nchr nou ..and i sochronous

- Sble N5 SR R0Ras TEAEN $RatR i uBR Guch as

kﬂmeo\ﬂaédisoummﬁ) it HOPERAE pl{ £2hydri 1202 Wt includes
illustrates a |logical |ayerin hO of the system 200
ﬁ%ﬁﬂ

i Hrapweigegkardwareng seprenliehlsyen gfineledesimuliiplexing hardware
{ t t
Sggyétgtf"gﬁ peﬁgl ng u%}lgﬂ appldlagaa i %1?11 30121 ﬁégg%s ?’gﬁln atton

S A EV (Sﬁhlﬂhrapﬁlcs hivdwatedg@l Seoviged é’cﬂ’ﬁr)ard: Sifdlaiph difplay device
sour ce phXSI cal )fer 1202 that .includes transmtter

hitchidss @ physieal LIﬁ‘Y@é po(in¢luding varens re¢payer hagdviae)sa sink link layer
ml'ﬁfd RhERERE L. ﬁ%ﬂ% ex1 Harﬁ%vﬁlteean%gfezglgcﬂlﬁé Eor aﬁg’mware) and a

rmmvar e and a eanlsource sSuc
Astdeani sk 0217 tBatjnkiudss &mpldyvaﬂﬂngaﬁltﬁﬂlsﬂhardm and optional

saftware. Sim | ar ,.adl a 25 i ncludes a
oINS A1y SBpBion BB AET VA Giser Bsdpyitt with which the
hageERimuiicabMyith RiheMeEr 1204 and similarly, a sink application profile
layer 1216 defines the format with which the sink 1212 communicates with the sink

.. link layer 1210.

[0073] The various layers will now be discussed in more detail.
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1210 that includes de-nultiplexing hardware and state
machine (or firmvare) and a streamsink 1212 that

i ncl udes display/timng controller hardware and
optional firmvare. A source application profile |ayer

1 efi t

LS R TN eSS o
siinudgni e(]:&a:itmm sty aféd 12030 ilﬁiyeﬁlbgibaﬂ.ﬁlbd@fdr nes2-eha he electrlcal
forpmat with which the sink 1212 comunicates with th

si R laer ARV3-Ajretudes o cirpeyy dpr misstage midrlwation/epesatign uch as hot
dgﬁs’f‘lezgﬁnb;g{éégé{%& dur&uﬁod' egﬁfeéélbersféérﬁlﬁeggyﬂasﬁtﬂrs Ezﬁallei-to-

enbodi ment e source device physical
13@ﬁa1/detiall—uoetm$alhah cemerswnsc aid m@dk@ya:rulﬂ—bﬁﬁable BAhl’sa The logical

1202-. Th t | b |
Ty R ses S ey JockefiangEppieliae, BHE"
i rklcltahﬂihhé/@%l&ﬂﬁxﬂﬂﬁ"g dtfeth §éi1%fht1%ﬁ f6link 4G UWAREBEse recovery

detection circuit, ??I vers/recei vers/term nati on
r wiiceito prd dpfaendading/desodingspitany §¥ 0BI(as pepdiedin ANSI X3.230-

¢ gglg% zﬁﬁellu%nﬁ ’kl)) ﬁx yperoelfflg%gs épl%g ng?t% gl}é Fad arr% 3311 {\l?(‘éw? S(FH-EPO? characters
péi@rke}tdni;jlél of @archas ¥Rinzdslg. 13316 the main link 222 and Manchester I for

scranbl i ng/ de-scranbl i ng légattern generation for Iink
t g FxiHip ryphwb%%(%%v circuits, and data

AR@”‘*&”Q’ g nﬁ%ﬁ%@?ﬁ%f@%ﬁ%ﬂ?ﬁ@%@%&bﬁ% deriped, for
d akanp]leamaﬂ SePsteatdurhbe| 4486739 whichdhheraby aicrpbatédby
| e of gglchls sho for the main

kIeDS® 4% bréwsept s ﬁf%&he arrhéwa‘i%é 19B gpde i g bk code that
2%&(:&1%? 8-t (gl'ta Bidlks 1&19)017(5%'112 bbdShok %11%%8910[ £dmiRRh. Th8ddition,

encodi ng al gorithmis described, or exanpl e,
i mheUSlS,l OPdtapsihishionivede cond88s 7 BPte witle dita isgedne Dﬁtayldom Is and Os

I Bl A8 e ISR BE ot
eﬁif@‘i’&%@ﬁ&hﬁt sl firBAsRES tb BhDIRiRbIE c%ﬂ%é@éﬂﬁa}f Pleceiver,

serial transmssion. In addition, the
t Fadhsasitesbesvas dde. dmeaver,st BC Ewtaecw dnga staetam sttow%ﬂmb@f
rando anced stre

R0 AgeSu 8 Al oo YRR R S i BReRs g §lGaee

SHfihbéd &Ml afill Y8 & thielsandistre@A $s BOmemah&l 4t@bha ki ﬁeﬁl}%‘dﬁal
recoveg& 8§ a recelver such as transceiver 110
c

Misvelsy /198 transariosien eslesonttrainsthe dispesty thetviren glge number of
a(ii M?sgt%%lés ﬁrorfi %?5ss%pagld91 pﬁ’lo@l{: Egﬁléd%g%sgnél &d Yﬂ%r,]sgheme

connecti ons erage er 0]

selso ahplshfeﬁamddﬁlobel dasaesnioa slrgﬁalneg; clipdadononandemdesy
ﬁ@"'&] | evel s, The 8B/ 10B transm ssi on code constrains
S

pdt Fapidbe peted thah i orderferaveid the repetifive ik Patisraseexhibited
cg}é qur?]co sose&‘ﬁfsgﬁg a?&gﬁ% ﬁ%lﬁ:'tetsto%ﬂfclél A ngln Hgésn?lgn—r&? over main

~ sligh am mgirsmkdndﬁed:befnmﬁB/d:OH eacod2fy. [A0DT4) emepsimum@ packets

ng %):eglgﬂ t@%%qttoé%r? @Vdﬁ %g rscr%&bf‘e\(llo I'l"ijle tslgr%mrb gtflllr}cltl\(gg 1sb1mplemented

with Linear Feedback Shift Registers (LFSRs). When data encryption is enabled, the

initial value of an LFSR seed is dependent on an encryption key set. If it is data

scrambling without encryption, the initial value will be fixed.

[0077} Since data stream attributes are transmitted over the auxiliary channel 224,
-the main link packet headers serve as stream identification numbers thereby greatly
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by unconpressed display data (and hence, to reduce
EM), data transmtted over main 1link 222 is first
scranbl ed before 8B/ 10B encodi ng. Al data except
training packets and special characters will be

s s t

o FEE Bl (B AR A bl ek ) SRR R fhoted that

datesthenthe ypiin bk 222 soraht aukiliddgdinRQ24 ﬂnlat saplaravadloek mgnaﬂrhines. In

LF R seed i s dependent 0 n encryption k set. t
Shigayay, t qfseé TP AR T ik 22 22 ayiiliogn Lk g8 sl ghe dta ang

V %xﬁ‘ﬁctv\fhé b1oBR b8 indoBide HatPk 6. d?ﬁs@gﬁés@ 5 ing for any phase

attributes are transmtted over the auxiliary channe
2da¢k looh €Phks)reifciitkn thackeiveh erdiics! sslbrl ¥er asimyorteninfor since the

oV ey SERpE RS g F R tarisara id Sirkhgh of i wgfc
bechafig drdghaitly. r]@dcbﬁﬁﬁgl& h@e PRI thi KudBarythnidel Beceiver phase

auxiltary 1ink 224 has separate clock signal lines. In
t Hpeksiiays favhas Hedah petiagdsd tmtheufmqugrgznéﬁdrf@mmmdmnsmons

l'&'ﬁdﬁ%ﬂe&&@tﬁgggg%data and extract the clock from

t he i ncom ng feam Fast phase | ocking for any

pHBSZ8]S | ackink sermp(tithd, $he ddtd it bf mBintlik 22edehy@itiated using the
el ectrical sub |ayer is |n'portant for since the

adRneishakg oves anrdaryhannel 285 Puging ek Priceth Keoth iteef training
A@%o arg's&?t(btvbto@ls%alﬁ Nfx %é?&f thé 1@@&%@1&%}% d‘ls KRBk Y¥r failure is

I ngly, on the auxi |ary recerver
p leasenuni @tddsback t@theftemsmagtet 6021 aiaah@ euxibaly chimmkmét olf the

t he. f.requent adunlform transi.tions
\RIHRS (s TppIn (K spechy éedsufgf? PRbTATINALS FPRKCS gtltlkﬁsccessﬁﬂ In
T it¥8 ayal hﬁe@@ﬁ@e PRy sfeaPlaye®i M2l ik Rade ddork ?es&?:ﬂl@%zd &bfroblems and

usi ng fhe andshake over auxiliary channel
Ditlagrefgre o sm;t@ble e, cxtarnairhosietosnafitor appliviations. m@teg unlike

t k .22 [ t
< semT bkl iRy s ok SRl rE cala g Bcteor Bl om the
t i Blokk Bdte. 1A Ainki datd MR 18 Wt sbithdtYink Widtﬂé&e&dsﬁhé B&oregate

training fails, main link speed is reduced and
tbamciwﬂanpfsthmpml@qdmams successful. In 15 this way,

G N ety 8y MR

eFbeexulplélapbn tr@:emm 4 Bot APPUsteatdvemtSzentiawd\@bn mdltbKpower-
conventional djsplay. interfaces, the main channel lin

d 4P &7 FRTECiien efelbe memitar sabimiremehe prures phyisiseldayegtl2024he source

e T
Zﬂle[e@@ﬂ&}y dimnsldPdae detenkineaytesxibRgdmbaridkedutd fae dsi dtkermined

itialization and manag For examl e,
r BY &IPS SESHIST tHF gYmAst @gtem%b@ﬁref‘gcafﬁgx‘gtl@dmdﬁwcewer

%ﬂaﬂfe HUPHREF Gize UR bgfh &19 %ﬁébqptfq;f die ﬁﬂgﬁglﬁrﬁranﬁ WnSnotifies the

fromthe source physi ca ayer e source
detvéagresduirexk 1 20yod ran B4 atadaiat piugsevbhe Inapléﬂmoh; dpoaseqfest from

D e e e by B s eI

agr &fGPNMA) EBuring a normal operation, the source link layer 1204 sends the
stream attributes to the receiver 104 via the auxiliary channel 224, notifies the stream
source 1204 whether the main link 222 has enough resource for handling the
requested data streams, notifies the stream source 1204 of link failure events such as
sync loss and buffer overflow, and sends MCCS commands submitted by the stream
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25 by a training session, the nunber of tine-base

recovery units on the receiver, available buffer size
on both ends, availability of USB extensions and then
notifies the stream source 1206 of an associ ated hot

| al

C o 1200 to 4B rBRHIcH vidng BRI ERERD 124 A LR B aREHR

di lEpilveqn thapaiid linkylagdrDI2D4 and tecutiexnal sentcp/sinkurse g farmats defined
t he ce link layer 1204 sends the

nar eration r
Sdngﬁ%%ﬂﬁﬁﬁﬂqqﬂqﬂyﬁégw?igf ‘he receiver 104 via the
;[?8030 1ar Y £ BaRng) thg%ﬁpll%hfPr%IetLrﬁ?elsderﬂ%@morﬁﬁférvﬁﬁl Wthh a
04 whet hef the main 222 has”enough resource fo
hastrgbmsguich €or sirdg maB umdrfm\altls theaasreiatevolinkf hayz@ tTﬂue formats

e B e Eo B n Doy et e dife bR & B Srvsmaries

S Ukypptich@sh diefenBerd o @R T’Hnl‘é s e ¥80dink StdtiEinGBF P Aar

via the auxiliary channel 224. Al comuni cations
betRidisatiarhdepsadant ormatsimaiy bk dote magpiet trae-dasegagvery equation

/ f
ot B8 il 408 e b D s o PRl o8 sbepagct o, i
Appblicibld) di’hd%p‘{flidaﬁoﬂ_m;cﬂle lie;fer @ﬁ;ﬁpcfr(@ rtmmmmﬁg?‘cdm fohm#&s 24-bit
5 stream source (or face wit

ad¥oRi HrRigRGZaRS 13yt RG% éOfbéfrli’wﬁBs%%@qlPhBQBt(@thébased) 16-
@,?AI, CS@MzQ”zdS’BRW&I&C%@Q’%D%%QY&E@% into the

oW ng cat egori es [ication in ependent formats
l[008<1] Ve sBagaxafple, thenksphiyadavicd apglication pasitle layer (APL) 1214 is

Inﬁa e"’%?"é’?l? 55?@%%%%%3@%5& %%%@P@@Pg m}rﬁmgt for
s Isﬁlémﬁmmeyslﬁly é&hﬁﬁﬁm@&rt e %&nﬁﬁ%ﬁ@&% R BrdaEs Gl

fornats if 10 applicable). The Application Profile
ﬂntsmprptbmst fohdath génit @won@ccwbcb froﬁmhﬂmtsrfm 190t Since some

Ré%ieeé%?h%%ﬁgﬁ??‘? tuch 57 bl e weetatsb AR o0 are

abgschific RiohitREEUAR; theP @f1dontiAén B*ANReS of th enteifedl .
device application profile |layer (APL) 1214 is

e ¥giedsathey ngnrbagshing swmiton fypctorsameahrag shel @rcfaaa:@apmng yormat
d St [ Sour cel Si

c SRR bR ol BT b Migue R BB TP ¥ el rpgtgnovs
peec@nthat isad bé aandabittbdr Regdraleseortthé Spphcati®s She/@tbain Ditce 1204

t he |nterface 100. Since sone .aspects of the APL 1214

( Surtps dhe soecedinkdpyerdndd Enussertan mﬁm therpin Jink282 is capable of
b
i T PR el 6 B0 i e 3t ERERBE e ppamission
nonileanaih limk22Bns, such as such as data mappi ng fornat
2 n stream attribyte fornmat gue t

B%% at i GREBILT é‘it%lén‘?ﬂf thaiige m%m[m%g%tw #hi¢ AEupperting the
B B, e e 2 n P Pl 16 iy souree
t bnlakayer 12ddrthathethes trahéreitied itm tHeiradei B2 Dversthe awd by chfinnel 224.

‘handling, (e, RSnding, data SLLEARLS) Rl O kR e S5 of o

particular stream, to recover the original data from the stream and to format it back to
the stream’s native data rate. The attributes of the data stream are application

dependent.
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on the main link 222. 25 [0082] Wwen it is determ ned
that the main link 222 is capable of supporting the
pendi ng packet strean(s), the stream source 1206 sends

strean1attr|butes to the source link layer 1214 that
[Ob@n tir?@l%gé SEWh Qe HeadHEE b Y RIwi Yﬁg némaﬁéfBié bh HeYmain
chan 224, ese attributes are t e I nformati on

usletk 232, tH&etre:an sowree 12 bt mdp rkicfoprrtdibvepatieby fof example, reducing
ticular.stream to recover the original data from

¢ upgesdrireidaePre8IoRdEPtt back to 30 the strean s
n qoosq datrge Hﬁf)ﬁy dthge ﬁhﬁﬁéa‘? Mg@ﬁ 1 ?lfé 155151:69 fHedi 14 P@Vice link

are application ~dependent. I'n those cases
wHayes lﬂh%a@tb@mdmlayadwweaﬂsﬂ 131 m‘@omahqmgmiing teshnplogy used for

h Sour,C ke
carsetd QbsaiSontFiptiopo R g ik 228 ana i Ay chmagiazs
r efak € i EplBfsicaDlaérs, C@i@h Ronsi HASAF a T cdlis6P la3¥r lRVArCGectrical
physi cal |ayer 1216 isolates the display device link 5
| a?yé layepthat wglpdenide gpagsictay spesifieabionpFon oxpgle,dhe halgduplex, bi-
Si f
IS IS B Y iy g s sn o
aube linlaasyshobvarin€lg P24 Ad‘:mx(hdrjil Bhk trenginifbyRI02dl praaydxdsyith link

each consi sting of sub [ ayer and
eI SBRRFIELS 313’ a logisal %5*?3?@%85811&&#@6%@6@ esialigsheialized and

S @%ﬁkrﬁitﬁzé% 2Borrés Bntﬁﬁ@gﬁi %rgflhﬂ‘( r@@éh erqE@{I.ﬁﬂ}ﬂe Reéiver 1504, in

di rectional auxi |ary o 224
t temsreceiver seankizea limkosbiareeter &lonethe Iaumhdrydinldx)m dng deisekializes

a wn in Fig 15. auxi ink tr tter 1502

" IR Nt Ech cfook Rty Plg b posed @t.t & aiggfuictions of
| AYedoudctQ8pidaltsiBlayRfEntiNge s@ﬁ‘él'eﬁbécﬁﬁ@ paddii2lreZ 85la 38mbling
transmtted to a corresponding auxiliary |ink receiver
1501 EMIyedyation), wad tragug patwm genergtiondorthe sranynitienpdrz.eWhile
Llé"oré}elg peacr gf%}eégrt’z eorrnnalté)? 2”‘5 1035 ?ﬁathé re&ﬁ’é’?’éﬁ’tgbcra?%‘}%oléﬁer includes
r 8ip@al debotﬁh@ WethARetHME dataliRtschdhebling] &id ﬁxﬁ%bsm@mf&y
15 the source |ogical sub layers include signal
e ng, Thrararier functiens efauailisey ehapneligsicylisy lzawr include data
r , r

ggéb%ﬁﬂ%oz{}%lrdeggcﬁ?é, f&ﬁ?ﬂk@% fiLs r&ﬁlﬁ% Br 850 gﬁ(ﬂhepé’] ?\;vo Hgons n

ransm e recelver ort

ﬁapnllarfylthmneﬂ)pﬁ)t@fol tshmdaae Ipbtﬁdicdl Ogrnited tosliﬂ’k de&;]_fﬁhanagement
cl ydes. si gnal decodlng, acketi zin

d @EP%W% Bogt-tgrgIntitoRe) %@ &3 Egle%%g}at pro?méﬁ]at Gabe managed
I

Inrﬁgé e eagg%g&ggtgﬁncaggmb ok & wg&%ec Ogi%%nagd Fidtocdthat &pbrts

f ptuer degd thpe$ suolri an /3B trdﬁ‘tcaandnobdld)’@eesmh @s tiwey-ohdiheahsink

(Pr o B Frdctet pf R AG SHERAS FUHEePOHE SHHETHE s identical
p%gﬁfd‘lés@ DPQie'ﬂrotb&ﬂ%l%Qé@s ﬂa?mﬁg b &k Hﬁ?&@f)etﬁr‘égﬁ fHevo.

that can be managed by the Link Layer state-nachine

obtill irefevmgdo &Hrgl 18xthe nwadiamahaom&j lelectril deyﬂrtcentams Hiee

dgt A %grellsslnglc'@ ﬂ%ﬁre&?&ert lr ’i"ﬁ:e t%pn%mtit%)rci 599 |1se]§’ro§n ed w1t?1 link
characters by the logical sub layer, which it serializes and transmits out. The receiver
1504 receives serialized link character from the link layer and subsequently de-
serializes it at link character clock rate. The positive and negative signals of auxiliary
channel 224 are terminated to ground via 50-ohm termination resistors at cach end of
the link as shown. In the described implementation, the drive current is
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25 devices. It should be noted that the data encodi ng
and decodi ng schene is identical regardless of the

protocol whereas frami ng of data differs between the
two. Still referring to Fig. 15, the auxiliary channe

| . L :
O ERR Mo Elon ITHAL Bdt i, s SRR S bk bifnately SmA
provdpgectimately 24nnk resahimpdc hesszelyf Mdifferenil cpp oSapproximately

layer,. which it serialjzes,and transm.ts out. The .,
r ko wrawt&&i%ég clsgirica] 1dlmoss Relﬁw_a Fhggrogitive nor the
Bt REsibhAl Ks SRNET WARH sBHRSLAMRRdsYorOBom SR élgédiéﬁ $dikGiate, the

fr
at I'ink character clock rate. The positive an
nefaNCymtisingnastdedfansmiticl iand the lotkamentdblizBetl. anghe described

PR R e Bo BRSBTS P S BP B rensa
| npfieig dticRitk rhfe@ 8dithdsfoBoNEERY fous 1 kSn MAMhaNEAPLEde. The

depending on the link condition and ranges from
PP EEns] T ip dhasioprasdciiee erpots eRoRiagud Hotgnalie ovents

a f i.ffer i.al . i 2|y . 400 .

2 PRI ARy Ik Gl NSl bo SR LB R sia htudfiory
t dhapod 2R4ve nor the negative signal is driven. \Wen
starting transm ssion fromthe electrical idle state,

t HAY¥SlSyNe hatdeesribertgmboniancnf. b wpt Itk Hicupperty dipgeete, variable
r ; .

ool Rariss URRE plBe RS P R0 SRR B Rney (4F PV
diréprescautrtivalset qdink rafiegpaissnatt withcckcalatestd Sreqjueey of 24-MHz).

fo]l owed .by.fqur I's i ester Il .code. The
a4 ORI Efetethe meip Bplk B8 @%W@T%VP@&%@%M@ only a
hatmphiter 286 HQhe &m&&@&v@ééedﬁﬁ%nl)by rdRBiveO P (alt ke displa%/ (Slevice.

driving or measuring the positive and negative signd
of[088%i | i Asyhovin théreabhe | 6(X4kes[tBOBBIN ihclutéren sht of twibied pair

enbodi nen t he [ Ik 222 s gdiscrete o
VPR o i A Beg [ AR GhRBEBASE) PRES sBrge prqpices na
| agsibal RQ/B kalor baRauatwsyéteRsidhthsP A10basRd TV systems). As known
representative set of link rates consonant with a

| Gydhoserof skifllin thesgytidvisjedarairablvp y typemd cgblgwiaticansistgof two

1 in ] i i di recti-onal. . .
R PR Bs £7 S U5 9LB5 Hrs pgyoe sem
destiileehastleoriry ivgroatdidywad ab&¥s dindl hetedbrspta)it dexldBe noted
[0087] As shown, the cable 1604 takes the form ]

i at iyEangothes systemsythesigpalsgopld akjo kescompamentdrasedhsignals (P, Pr,
t - y i i ..

o L RESCUREDIT D sys . i Mo UliE 8o BB paic i

( snditvidaslyPhieldak ebwd Pins st €125) pova dad @rsundaye proesdedoThe

skjll in the arfg,

tw.sted pair. cable js type. . of )
c SBTractPRSiics MpRedaapg o ?aCE%ﬁ%Wt}aﬁa@ﬁ&H@m% @n%ﬁ%aﬂé]& entire

Wickis id Mo diddd. et RaanpPLREhdiviNeT WikRs gl%f %Bﬁé%mﬁe
signal whil d o]I a S

ile the other wire I's grounded an sor
s icgmrector shaisfoarhotic endsl Thetmukdobshelo tmdshottbdito gmusdine source

B Y RN —

S ek BTHentdhl BUtA féMBe EateBior BAHE doMtcetdRdicB2hd ahPthat on the
display device end. The source device supplies the power.
[0088} The main link 222 is terminated on both ends and since the main link 222
is AC coupled, the termination voltage can be anywhere between 0V (ground) to
+3.6V. In the described implementation, the drive current is programmable |
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i ndi vidually shielded. Two pins for +12V power and
ground are provided. The 25 characteristics inpedance
of each differential pair is 100 ohns +/- 20% The
entire cable is also shielded. This outer shield and

|n
p?ég(ﬂg B%%%mﬂ[@ﬁ%%g 0%11%% gi%n.} %%e?)ﬁlgﬂ{%ﬁgﬁ s r ted
t oalzgprco)umdtel"t)nﬂanﬂcremlttﬁ@ ideMange of Vdifferepatiopp bF Qﬂ)rdﬁmately
ins.iin one_row having

Fi 17 has _13
v tq sspoyimagchoheVe easmﬁnwarwﬂtﬁ%e AR ATt for cach
t h&nﬁ@éﬂoﬁ%s%d EAnBB PadEs. tAl?laélecQHc }]edik gmv"i’é’ed for power
devi ce end. e source device sup |es t wer .
[ O0&8iscmiet mades. [Th plectzizal idke, nether Hiwtpediton nbothe negalive signals are
nk 222 s, AC. c

| d,
Rl eh BB o e DR o, ty Gansmitter must
( GoRtié ) thaning Ses@dn ih Brdeh fo-6kafsh BRdidkWIte FRe&L V&N,

the drive current is Ero grammabl e 20 dependi ng on the
| i [AR8Yondilhe srveatien wilhges be ﬂgsmép@rmtﬁnmo%atgte gingranes shown in

t
SR oS40 SR AR e ot g
aplesaiticdbeivg At 2Moff Stage 180Q] iy By sterth i QG s6UM Mgt thé source is

se].ected for each. connection using a trainin
Slivbl. 1 : P

CEPWEE 1§ @ableffhen deayeemdragsisipngiag stepdoy state 1804
p%‘ﬁﬁﬁblé fAFHAARE M%m%éelvérrﬂe%cﬁgﬁ r ‘]t C(?rlchalJ tgldgtecp\%hétﬁglr or not the
the positive nor the negative signals
Whrresei et av priessgrt @<t ,rheh phlgﬁﬂa}()n‘.hé amxﬂleﬁyeﬁ)hnmal & parididizally pulsed

stat the transmitt conduct ai ni ng

Sicfian o u51caey 0isE andh Plearee RGE Fple dRohATS the termination
r @&@ét&% Idurih® 88U rivifEisinieag il O FF ids! detéi‘ﬁ’l‘lYlekHQhQ%%é é@@: G5 present
in ternms of state diagrans shown in Figs. 18 an
d dasad; uped tlmnowureﬁcﬁrbﬂagq: duppy thefr iy, syt@nmstansitionk & s detected

1565 HAR G0 TR STt T S e Bl Bt pg cven
dinggbdeadictdeted! M hS Q& SthieRe i8R BERIer HBRd NBerPINE o8I ver

transitions to a standby state 1804 suitable for
pdﬁf@?tlcywwﬁ@tnﬁwé ungbaich dime] éf ever, iagaceitay ipdatested or a timeout has

recelv r |s L Ssent
G ER i SleREH oot BPgl onl< 581 an s OGR! b o 0 0
pﬁD@EdsmﬁﬂMﬁh\ﬁﬁdfﬁwﬁﬁﬂwﬁd@y@yﬂahmﬁﬁﬁ%a&aﬁ gdneasure
of a voltage drop across the term nation 15 resistors

d 998G« Hé 2bthe siatey 1§06 adiarlay bef. unprug qvenkis deteaied thewthe system
lﬁor{sgy‘rﬁ Y(?fhﬁ sﬁm@?fsct%tl 802 a@ﬁger\l;d'%% nd Q)%{&E(ﬁ*%g ﬁl% auxiliary

votage en the systemtransitions
dehantiesith a@oatlveandsil@aﬁvdﬁgﬁal it eliaRetnp Rgetviephndthe receiver’s

re ei ver has been detected, a, hot plug event_ has

CQHSPLRFRRSeY f 4y, dyehreked. (1 Bices soristTosieregaved, then the
d [
e -
t isrecainednfasm 26 dikglpp dben the dsphiyllds bekaotipdnd thatsoumee is ready
Ry R B TS0 s el o e A purpler of
atlﬁl@%&@féco{f&)? QRis)lahd Me dyRRNStrAsRiohS Q@a #hath BRL AYtidRhtion state

| ug event is detected, then the system
1 08 and is ready to commence a tralmng start notification phase.

- [0091] At this point, a training session is started by sending a training pattem over

the main link at a set link rate and checks an associated training status. The receiver

- sets a pass/fail bit for each of three phases and the transmitter will proceed to the next
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transitions back to the standby state 1804. O herw se

the source drives the auxiliary channel with a

positive and negative signal to wake up receiver and

the receiver's 25 subsequent response, if any, is

C , he . .. ..
7 PSS porl Aerk AR B b AL SRR Sl E b acke 8, i Grain ik s
st mbdy 4804 linkfrateh cvtehie poing tht g‘ma'l?ace irangiteR té @thofhalbperation

t he di a hen t he, di spl a s woken up and. the
osg?t&é%f‘)@ the gk r¢fe l%réélé?ea@fld |ﬂilwalelﬂsaﬁfismntlﬁ gepeated.

( Sﬂﬁﬁnﬁ&e%ﬁnﬁﬂ df)iérartﬁh %tat@}’ﬂ‘lfoefhe%b&ﬁe cBEhuRY {Hrzﬁ\';ﬂ-loﬁfcally monitor a
ti me-base recovery units) and the systemtransit

t olirk Statumlﬂdlemwhunh tfifails, 240t mlrplsg atant is3teb&ASnd ek $ystem

d a_t t t f t on phase.
[ GBtitcRe W SRaTh Fyhted oD At g bddios o delselof exrogy e
S Gr[tﬁdreﬂf@r a syh@iodd RGleRRtcehbn Geeystel@ar¥Ridhs td fkeaB0R for a main

set link rate and checks an aSSOC|ated training
stlikpg-initiglon ex@di.ver sets a pass/fail bit for each of

0B 218 AR B0 T S RSB

VM@IGZmQJasl&agBSS diedoral, e dispiey fokisio b FF state.” a4 ¥taadby mode
that |ink rate. At this point, the interface

t riie 1 99% hathygaig ligh rr?@rveéa@qi awxibiary chespebslavagre in electrical idle, a
OLRGEYE &Bp abRSs IHeR 1@5%11' 1‘§s1§t8%%cf%qxﬁlﬁﬂr dfindi s?al\/Q nglq are
session i S repeated. nor nal” oper at |

s tmadretot &1l for atphsictomined V(Dl‘tﬂlge nids: \tothag@rsldEddcteﬂl ﬂh)tn the auxiliary

|to 5I|nksttus ndex hif fails, a hot
Ok et &yl o SediGipcarier el DUARGHIIBREves to a
t Qidphs, hangby, O%e@&r%e %@ﬁlsﬁﬁﬁ r¥8hins i ﬁ’ll% stnltY stBeU904. At the

det éct’i on event . however, a sync loss I's
detate 1 ¥, (mae Hink hletldyzstl@'m)hasah i a display tsalesicwletheB @R auxiliary

(R PR Pt S RS Btonb R et it gapabitty
Alreadl colinthnd aHA (AOidplaf StavOkdRBRNE S ORIE6tRHvisd, Rethere is no

di spl ay goes to an state. At a standby npde state
190@vitshen e srkibiary ¢hannd dei meve tharda predeteimaingd perdovhed time then

I
O iy BB P oo e Rap Pl 202

PPO93ar e DoFig h anivthd Dirt Aotpfitieh halcNRE dikdldyadspondid to the
the voltage is detected, then the auxiliary channel

Ffév’énqolétﬂtiaﬁ% by the-wensantterhy; adiusting the egualizsh yging raiing patterns,
a

P PR AV RATRIR SR o D1cthe BRI IS P MG mpprper waining
19@410n,%hd tifvhe txatrmi@a]s%ﬁt}ﬁaﬁgb o horikal lopefau@d 5taRt1io00. If there is
phase),. if di s, |$W‘iet ected, then the auxiljary
SP% 1¥jtyrqn the apy Pﬂ)fqha 4 em thegpgindink (for Aaunag)fer more than a
R (Rt B plo g SR G SRR REIRL the
i ftandiertated9%b  acti vity on the auxiliary channel for
TRl e e SRR b o e
stiprbyntsifadee 1904. [0093] During a training start

notification phase, the display responds to the
[0095] Fig. 20 shows a PC motherboard 2000 having an on-board graphics engine

2002 that incorporates a transmitter 2004 in accordance with the invention. It should
be noted that the transmitter 2004 is a particular example of the transmitter 102 shown
in Fig. 1. In the described embodiment, the transmitter 2004 is coupled to an
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training initiation by the transmtter by adjusting
the equalizer using training patterns, wupdating the
result for each phase. If the training fails, then
wait for another training session and if the training

PasABSotod JTOB (98n Eherlﬁfegﬂlf HRRSLALAN 7%?11[1&1#@& On r‘ﬂe];r}lotgﬁrboard

there is 25 no a%tlwt on the auxiliary channe
t ha0@ednch inrtkm(if contecwidrio agljsplayrdavive 008 & way of a twisted pair

pr edet i ne | O, far le), the auxiliary
chcﬁﬁf?eﬁ)rlg}cgkﬂge%%fl‘gﬁ%d?@?e%me standby state 1904.

[ O0Rdd] Fi 38 knd@nin 8 SHOWI Eﬁbféﬁ(&e%lobé%ﬁm%&ﬂﬁon of Santa
of the cross platform "display interface.” 30 [ 0095]

Fi gara §Aginabigh-tRad wisithh de s gén coumceridaintergormectdnctinobrgy that

r aphi ¢s. enai 2002 t.hat incorpora .. transmtter.
R i RS e ARk g PR RS BT it BR. Thdfs
Nnadodfighrafibn, thePCT Bosrodst foet is aﬁgﬂeﬂtéd b IRRbIk CHPliant with the
exanple of the transmtter 102 shown in Fig. 1. In )
t Heqyesseantsd dhecmsonladenm intertace pinensantditecthpdrve & display device
caQl . the |ines of
tﬁgﬂégﬁﬁgg%%@ﬂ%é%% nggﬁgéaégﬁgokgénntI%rboard 2000
W@} n Insitatiensoelene titiedott pradicdl (®ph@nt demdoase RGO thy

e Susahe souB Fanbe KiEIHENIEE SPVO ho ERpPeLxpress
( deMBLEBRSH 2By bi’dﬂlgﬁ!htoql‘?é QMf'tf?@P@fusiﬁggf;iﬁ%ﬁiée &rdt8netdY as

i s a high-bandw ow pi n count,
i shewn onhige21.tAscik el gy withdhe catand gersrationi ofadd-of gwphies cards,

conmpati.bility with existing PClL infrastructure. Jn .

¢ PSR ks Herl oAt SHnplerbd Rbgpd e oo ghewe &urie. 23
t GOGBF O MEINGANBASe AT hotdbbdk AfificatiGRUhE $ARGEStePbn IHA8&notherboard
cross platforminterface which can directly drive a

digeaphagp cogine sewulddn vedthrangh femahernbliog rodntgratesheectver/ TCON

conpect or . shown. 1 09 n._situati .Where it .

; TRAC B S BR Ber el hbr B okl 66 SBRE IR Rrddaton, te
Mp¢RBIHTOON woliR! 5 igb@lted 6@theiRnélaHESEY felaﬁélﬁg e fnber of
SDVO sl ot of the PClI Express notherboard and brought

t snteFRnIsAEWireY tofther Waisdipwg i Fimddi ve card connector

a : . ur.r.ent.
SN a8 50 A b
gfapibics implahaans s sippdadaic thdmemittd daegrathigpiie PSI enYPOR
agﬁshown i.n Fi In the case of notebook
a

g. éés. 13“‘1[ 0098]

PresSETvaREmeps dhropgih g A GR PT SR helofroterigchiyalyd A standalone

OE@Rhifer wI0dHA61 ' ' i '

an | ntlegr at eéﬂr g@%@?ﬁ%&ﬂﬁtﬁlﬁ%ﬂp%ﬁ% Hg?llla gﬁ?#él'&gvare o

psofevardi rectly. For the nobst cost effective

i nt.ation e rgeceiver/T woul d be nounted on

¢ WS8R el eraraede Pt et HibBi OF decrbes BolgiB ot e

WhiBBerld¥ fRwRharkOeRE 8P d DpditiBulardftocdl fA dnaBling M€ invention.

above exanpl es assune integrated transmtters.

Hopwoidagallyi BIGS 25420 describe a number of interrelated processes that when used
singly or in any combination described aspects of the invention.
[0100]  Fig. 25 shows a flowchart detailing a process 2500 for determining an
operational mode of the interface 100 in accordance with an embodiment of the
invention. In this process, the operational mode will only be set to a digital mode if
the video source and the display device are both digital. Otherwise, the operational

mode will be set to analog mode. It should be noted that “analog mode™ in this
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feasible to inplenent as a standal one transmtter
integrating into PCl and PCI Express environnents
t hrough the AGP or SDVO slots, respectively. A

standal one transmtter will enable output streams
W
ST REER (ol AL PO Frll L g moc

demllgxﬁﬂcermtiﬂemabgoﬁda) wmhu Bﬂnhedcbﬂ afiponehtaignal &michi-directional

des ri bin rqcess ing the
?W%n%hls§ﬁﬁa&1 ‘I’%g‘ a %gescﬂg ‘gé"éiﬂvr be a

nUMGI] of 1h Regnsed %tﬁ&%opsrogﬁ%sﬁﬁﬁer}d%ﬁed% @BrcHARd whether the video

singly or in an%’ combi nati on described aspects of the

| NSPEFACi SYPPOTISGEIDE oFdigitapdatehbitke widkh svwrbasuppdes anlly|anglog data,

o RGBSR AL OB PR Y e

oﬁhébﬁmaﬁﬂﬁﬂﬂhﬂ@ﬂqgQmu@hls process, the operationa
mode will only be set to a digital node if the video

so®d ankf the éldGP Spray caegutpe digital gatenthipgraesy continucs to step
B TR GB0F OB Pl D MBSl A8y v

CaRm t:enﬁgucell’toirmdl\wihgbaltdatac dfitherlisptaied evideAuppste; (ﬂﬂy wedldg data,

as, enhanced. an e having differential an
v.thﬁapwwaéwsaﬂa %P“QﬂP% AfgRE wgli B‘ﬁ%ﬁt toypplog (step 2508)g then the

bisrdisechi |
T R E ol o a0 11 e el 08 SERERORine device
s 0& Sfd ¢o digithlr(sep 26 4@ dhbrtemardplbea pnonessnhaah esnttdh ewmb&omthm the
rce,su ort anal.o ital data. If . t vi deo

S SEPRBEIRRIBRS Se G ToaRth S dlah poncrslotE sapelinadfiatee’s
NRARfifired RLM A8 irfle iK1 484 i del onpﬁwﬁ@ﬁ bdtR tl?é"v?lli&gsource and the
(step 2508), then theé process will end (step 2512).

[ (vidsp]sinks arg hpergiinipin aeurasporshing diatt:piunodzh gi tal dat a,

od BT P 2o Pl chebl Puiter B Shabi P viting o ol

ditisgd Aylediivige Quallt? chéckcianicbatdama with soReeAspectslbihkdhvention. In
data. If the display device supports only anal og dat a,

t s exeRple; dhdatermontions of Bigsess 2§00 axvei eadadhyl 4 pigecsser caupled to
08), then the process will end (step
@%%?%ﬂ%f er&%ge t he operational node of the coupling

d¢eilde |15 ssi2600, aliidicd slgnhisik eqrerd Bom &oide xouTpe. eNe}é‘t a signal
processor may contral SWI tches within the _couplin

EUAIEE WbPas fREOYgeLbY Qledrlaffq S&Prcelaﬁsog&ﬁ@rwh Hieeceived video
c @fgﬂ!ﬂ' (9@%286(2)0 911 'st%&%%oﬁ Oﬂiéh& i o?ngff ARG Mo rdtB 1%111%1#% lb¥sed

t al de ‘on €0 source an
v Mg@otl‘lslanhtart&t patearat Then, |art1e&rmmaluea pomeadaef whahérahe bit error

orat s o gl G s 1 st iR eieda geermined to
OH&d Bel geBOfln IHR (RESRNIA RS, Mkt Qdét@fﬁ?ma?c&ei% fad@ (sét[?\ﬁ‘ 8614) of

invention. In this exanple, all determ nations
prbebssorxs these aremacte Vb;eoafrqmmsc d6i¢ ov datgyupheldthatahere are more

video frames, then the process retumns to step 2600. Otherwise, the process ends.

—+——

[0105] However, if the bit error rate is determined to be greater than the threshold
value in step 2606, a determination is made (step 2608) as to whether the bit rate is
greater than a minimum bit rate. If the bit rate is greater than a minimum bit rate, then

_the bit rate is lowered (step 2610) and the process returns to step 2606, If the bit rate
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20 the display interface. [01041 In step 2600, a video
signal is received froma video source. Next, a signal
qual ity test pattern is provided by the video source
associ ated with the received video signal (step
26 t : ' r

ap bt gleleEliaR ot BEEVIANO BB iEtbledibiafliop mode
Th@@%lﬁb&rﬂ'tﬁbpﬂcﬁ%nﬁs rrade of whet her the bit error

G AR CR AT R NG T
t Neth &R %mbhalﬁféﬁ%ﬂthlé %}éﬁuoﬁ heR Rodst 2708 Hb%%ds%@ 2*7? Wﬂ’l%

(step 2614) of whether or not ‘there are re vi
f rezpeigingloff ajhot plugdeteetion exzdt ndtificatiomer At 7@ aowam link ideairy is

fra t hen.the pr.ocess .r.etu 2600

o RETEh b Prin B 8ET BnlEY Ui & SopRuer mpimpmata rate, a
bi furdr OF tifdthasd ﬁac@ﬁr? ﬁﬁ"tsﬂi%@luﬁ@d hea @8t hind AailablR®uffer size.
threshold 30 value in step 2606, a determ nation is

mekiext( 1246, 1Be gy xuaurn dinkikatarate iy werifisidtbyr witeof straining session and
9"&%%% at(%a stfball] A?;‘LLP&é'R Ebtﬁﬁédatf%he %1(%[ éﬁ]ﬁ‘ge%b ?&ﬁd The.

reater na mninmm rate s

| awpalsititi¢ssdfehe display (wivsk EDED plopeasspledrt ﬂ&%nin(ﬁe@ b? Way of the
2606, If the bit rate 24 is npot greater than the

mi HHaRY ghapnelang the display Fesporsisdo ﬂze iapgirged 37d 2ariuslo dn turn,
mlgﬁllts (asclo E&(%) oﬂﬁgnfahfl xﬁ{(@'glﬁ]. % s@&% at[29 31'19 6] Fi g. 21
art I Nk set

shows a for a up process 2700 in
adétbYan c Nexwat 7 1snthershrogdin meurce sénds bigednm ueributedto tRde:ceiver by

proce 2700Q,.be the 5 receivin a
hotSpthe FRRiE Corie) el P gt P S8 SOoREes Ao tified
| vkt Ghd fadini 1k Iﬁaﬂﬁbﬁyof"yﬁﬂpcﬁfmgﬂle% {eBtn@fhber of dat% streams

auxiliary channel to determne a maxi mum data rate
N8 é20. oht 2127 thsassonedaty packetsraird ®rinad by ddding aswmciated packet

el ver nd abl e buffer

¢ PSR R Pl of a A S ofSpfieatibey afhele e 272¢. A
t IOk AGteHRfRLON isaAsde WhetBA QB nofihd #nR sBisSg K OWHeS theSlink
notified of the hot plug event. At 2710, the 10
c Afsiusi i nei QK. teen theesogresfy) age gatified of Eﬁ)mbfarltuc e@emtapR'é%S

r

£ oL AL AR ot B Sl Byl o8 Y 29590 igepascd upon
i Ahd vHrivus pﬁcﬂ@uhéﬁeﬁ a@QH(Bszf 211329ﬂ1e%cdnl§@udf&i ﬁati\ief&ﬁta streams are
trai ning sessign at 2714. [0107] Next, at 2716, the
sthenpssed e tie deplasd %‘F?‘f'eam attributes to the receiver

y t ' ,

s%(r edéﬁ% sgﬁl b%%s@:&eggf urt er no }ﬁl#% %El%fgés\/% 6? ?%rrﬁ e{ljﬁmmng a
nmirainihg seksios ircagahlaacowith appmbbdingnt bEthe éaueagbedlt should be
nunbgr of, dat.a. streans at 2720, At 2722, the vari ous

d2pted that the Caining sprsiqRgyossys 280 gng dmplementayop &£ theroperation
heagenscand ﬁlrﬁ% MY A B NGsQbn & SS#E%% 2862 Herng g a trammg

streans is scheduied at 2724, At a det m na
i patberdeverttbe heun bmk atct set hek rateto the atcabrer. SA@kpicMimk ttalftﬂng

BT BT F1 st s Sberpint of the invention. As

illustrated, during the training session, a phase 1 represents the shortest run length

while phase 2 is the longest. The receiver is to use these two phases to optimize the

equalizer. In phase 3, both bit lock and character lock are achieved as long as the link

quality is reasonable. At 2804, the receiver checks an associated training status and

based upon the training status check, the receiver sets a pass/fail bit for each of three
25
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20 otherwise, the Iink data streans are reconstructed

into the native streans based upon the various packet
headers at 2730. At 2732, the reconstructed native

data streans are then passed to the dlsplay devi ce.

[ g%%gés drd%he %ﬁl&lﬁ&&ﬁa‘: 3gdé. O)Q‘F&%fltphgs%t fle! rkz&gve? will ? Cff‘:‘c%ec'd to the

2 or performng a training session in accordance

Wi fiext pimase mip ol deteu:ttonaff passeonly nehati28n0 ahd itthetdeeivbedoed ot detect

not ed the trai on pr.oces 800, i s one
AR 40 GRS e e 0 O PUOREEE TP oRey The
25maif nkak fuaag aBRESl M YaleSat SHH £6hsls FB et z%@;@dl ng a
trai ni ng ern over the main 1ink at a set link

r e{ﬂéOQ]o t ﬂ?@ 28cksirates agomppter aystér BROQ employedyto ipmli¢raent the
is_shown i Fig. 11 i cordance w t.h n e
o PR Cmineger sTekeh BoPf OEERE xatilE oFR sFRBIE pEAD gy which
s &ﬁﬁﬁﬁa@em amrelﬁasle cdn BeEMRanaitad. idwn rskygtefn 2900 ihdidik Rentral
ile phase 2 is the |ongest. The receiver is to

USEO¢aEBY ur%%ﬂbé%@ randem dchess enankry (B4dA) 19268y reagd gnly memory

DARERP bl B o s 830 5l iR RS EY s
t hhvroes:wzmeandcﬂ%omdahgm Soplagtumit 2970 rAmg vsdllatnmsmaﬁdhe art,
based upon the_training status check he recei

sét@Mpadhlodyapsfer dgfp pnd Bystraghions gpi- tilﬁ?@@nalﬁsst%h%@ys&ﬁéo while
t h@ml@%&i tgbﬁauﬁ o EARRr adla aﬁa%tﬁge&{g in b dfr@&ﬁi “Ehanner.

procee next phase upon detection of pass
0 rﬂfRU it Oana)QMreﬁﬂlydmlﬁdet ey mueder v € prodessersn (Botld p]tlmaty storage

duces, the link r
" BEERn sh Ry it B o5 Homphor roneile Hedin, A
alseddm@hryl skdtigd AbSinal 88@"‘ Whithas BRR&illy rﬁ%%&rﬁ&y%@v@@ Tdalso
5 [0109 Flg 29 illusfrates a computer system 2

erplply@ bi- dmeqtmalén@r{ﬁﬂﬁh@m andemovides ac@mqmat @ta stymge mipacﬂy

e mBs BtptorR Ja R & aboniRaPulebie Bt ety b hed o

S ¥l & Prog Lk inblukivgesnpRtth E@dle dQﬁaoﬁﬁﬁtﬁb Mife. U"Fyﬁlcﬁlgph‘)ass memory

1510, random access nenor read onl

meRBiEy 83 RAVorReeBICcdiyAESUS aﬁg rherqo@ﬁlf plh%t’dap gthnerally slower

ST ST 250, 50T RS A0
welld fokm@fa magnthieoBpdper tapMadeit & sofetotidsfdickidatradeanad. It will

i nstructions unji-directionally to the CPUs 2910, while
RRfPPRIetigted thaf theinforipation Feiaipgd withtndhe mgsgmemory device S50,

I
oy Wb Ritald Lo Hleb AL B slRARCshiof b Barf dRAM 2020 as
pwvirtoat snestogy.age devi ces 2940 and 2950 may include any
l e re dabl nedi a. A 15 .secondary .
SME r@gﬂgﬁ{’%ﬁe cowied "w:ﬁ EINPrg inp g@uF%%ﬁ? 890 that
Al GieludeS bal 50 nof:l%’lm:@g) Revields'sael horakd }ﬁohﬁorgp ﬂr@ckgc%ilg mice,

and provi des additional data storage capacity.
n’asﬁ)omimmycrqndmnc% 1@8D- seasvavm:dnnnday@ tranghdeidaed madﬂ:ru,nnagnetlc

bRl s, P SR TP TP e

well-known input devices such as, of course, other computers. Finally, CPUs 2910

optionally may be coupled to a computer or telecommunications network, e.g., an
Internet network or an intranet network, using a network connection as shown
generally at 2995. With such a network connection, it is contemplated that the CPUs
2910 might receive information from the network, or might output information to the
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device 880 is a storage nedi um such as a hard di sk or

a tape which generally slower 20 than primry storage

devi ces 2940, 2950. Mass nenory storage device 880 nay

take the formof a magnetic or paper tape reader or

& r a

e B e T o e U o] T B 57 s
demfaremad8n), whinlnis, ofien rgpprentudi saatasequaches of etructions to be executed

i nco n standard fashi on as t of RAM 2920

o O by e oo soonipBablosRensipgek, for example, i

COoMBSith &0 QREpREr JHRS s@gﬂsﬂ] @ﬁ'ﬁ:)é)@i@& L cABY Gove. BAR athB% described

may include, but are not linmted to, devices such

Vi dte/@eﬁmd mtglaIStWIéldie thafliag to thoseof skidkirbiba cosputer hardware and

n1crgp touch-sensitive di spl ays, transducer card
gnetlc or paper tape readers, tablets,

sty uges, Ct@pHies htriRGDED obAd ates 6RA6E AR, dafbrmﬂtar&ﬁrespondmg
wel | - known i nput devices such as, of course, other

c dnfuense signad, ard pipyidepbethio ﬁ.(gl@bdléplﬁy mrzwo rdy apelog image
¢ O&APA Sa% ted %eﬁf,-l%&ﬁpt& %ﬁ%r@\%le bezls&‘f g@%[ @ag}ﬁ t Qﬁfe{l‘%t Wtz&iﬁu 2910 or

usfrmg aﬁ emehm ekcode (e chovo). &Smﬁmn\lﬁbdlmem?ﬂ@ahylogﬁmage data is
2995.. Wth_ such a network connection, it is

c aneue! mx REBfammat @pgd thepeferensg signal igplndesthe MRYNC and HSYNC
' rb}ﬁfaw&lpﬁn(fﬁlpfﬁtﬁ@ %% NELWRLE: 1t(§f101%rﬁ ole tun@éfEtBH(tl hat the present

or mati on network in e course
penventioh egn bhanplboveied esitranbleg inepd) ddtasindfos ret&mbe signals in

i nf.or t|on which.is often represented as.a sequence .
oot T TGPl amBlog Ee B A G SR i e RidBe SERAL A also with

beado%%@;bdfﬁﬁlgfthﬁ@}e%}@n%ﬁﬁited to the network, for
exa the formof a conputer data signa

ertd ]ed Fm 30 diustrites systare 300heasad open thesysteid@05hown in Fig.1
d d t b liar.to,.tho of

B Tae TR OBl soudipo e il 8% TgGprey) 3004 by
[ Qal df cohpRbt omneaiiéaiioh iak 3806 OBYRDB/HAEEEIs MALOGal MRTE

data and a correspondin ref erence S|g[nal and

previmrsscation Hnk 40¢ hstraducgil dpndwyidiingapabidinpandrpenraensiesyly

e SO B DAL T D e

e )}‘Ioebﬂaﬁiiglﬁnﬂe decdmgict shammication Hille3@0aie dppreptiate i) Ehose
anal og image data i.s provided in ROB format_ and th

r é’l*‘éﬁt’é’ﬁé @’@Tegtﬁ‘éllﬂmeﬁ@l seuess 30AE isepligussddo powvids pagk@trbas@i data
é Lark QQWhé\Hna% g ﬁﬁt’é& nutdBEN EDrm At taﬁ oﬁllélée‘%o@qhat requires

rstood th e present 1 nven
[ n@dnmnﬂr&lnly%% bawdvaikitig Hdmganpkéamaltmdﬁmour@fmoenmﬂ take the

si.gna [ ther formats. For _exapple,  anal og i nage

590*51 %fgﬂapqrw@fw eq,fleydss éprg‘ ¢ DY Ryex, yidzp awpltlmecys player, and
CQ5 bSRANAL G @dﬂ'ﬁdé@f&ﬁ%ﬂ(‘sﬁcﬁ hg%(l,%i 0362 br ’ﬂ)ﬂ)l (St%gt includes
ilTustrates system 3000 based upon Stem 1

sBdmae YCbEi (@4Ibbp), A820 k  03Qiea dﬂd{z,(andl 6d:tpcrﬁﬂ?B I(Iﬂ';‘blp}a 1680 x
SOYsF @6%%—?2 (\’Vng&JA)S eg:% fa WHQié:I{]léan(l;jeI zic’c%om%}odateg bya smgle channel or
lane since each lane has an associated link rate of up to 2.7 Gbps and an associated

bandwidth of 270 Mbytes/sec. In this way, uni-directional main link 3010 included

in communication link 3006 used to carry video data stream 3008 can be fabricated
using a single pair of twisted conductors forming a single communication channel
(shown in Fig. 32 for example). In this way, communication link 3006 can be
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way of conpact conmunication |ink 3006. By conpact it
is meant that comunication |ink 3006 has reduced
bandw dt h capability and comrensurably 20 reduced
formfactor over conmunication |link 106 described in
ConErERL e PIE Mo HIEOIM B0 koie by Blon RRPRAS hopticasions
si dlerdticadlysontkete toudhtltimediaaoseu 3062 3DEsplsy 300 bygwagdf

| SoPIOH! FRGir LY et i hroRWR AEIEr DHRIES FOgtRLs more

C R NSs R BhyY shRmsinigpdiy dth. For exanpl e, nultinedi a
source 3002 can take the 25 formof a portable video

de01Ed ( pEomabinicabyplipk 386 canvilsieimchndt fialf daplies, titdiseetional

155y S0l 4R BRP O B0 R B B gt et 400
( 2dbdtang a 1OR610¥kHOBR i @A Qbdded upstiMAnsiRGteRIB k! coding, for
bpp), 1680 x 1050 @0 Hz (WBX®&A)) each of which can

bexawplsmpsendtiag apyprHosl AGi e compaithés dagn link.aRbersion én those cases
' i f 7
cai B3RaD38028 S kA RIS Ao Fe oo,

| mukitiasy ctayinel 30il 4 dart mt/idemHUS]ngmphﬂib‘lk C&Qﬁlﬁdﬁeﬁﬂ%dﬁdﬁﬁitimedia
in communj cation |ink 3006 used to carry video data '

s SPWSF P Ao andediop e 00, In dhis 360s 4% g nhor §F B SBaelatesk

v . . n . :
cHERSEHORARUCINS naRiEg e ceh BN nRRNTBIPLE Ridodid display 3004
c eambe boaningetlatddn Kn 3@di6on,dwt plig2iztdealhiPdptlmdnel SiOh§ peovides a
thin, .flexibl abl |, suited fqr, such portable .
SR s HEay SentiED 1 b e wteddor WL bR altathe described
S @HIbBRInRO 2h@ekikirs RhabheBRA%ePYH the¥orf of r@ARRALA source 3002
connectors 3012 each having a reduced nunber of pins
ddsteetshettpiug and het-urpdugevenbdhiopermditallin dnmingroringasugidg) positive

ae? it SIS o RlniG hinel PGPy Tl 58728302 pigvico n

OfintétfReGrdnm RbltiaEdHa bE1BES aﬁ@@ig@gy irAdrBsl powvet Qupblich 8833 and 3028
480 Mos using a sel f-clocke ata signal (based upon

VEgsEediyeltthat cag e mped toqwancn g dongle (repsaierp intgrigse soireiries, etc.). In

an, opt.J I . Mol Lj; I e in .
0TI o8 SSTL0 Epcs pove
( bn éhe ord@radfudE® anlanet hodpproxihBtepos t- 1301 8)abol500 mA maximum

auxi liary channel 3014 can provide a USB conpati bl e
cBWERMYt between nultimedia source 3002 and displ ay

o D Al SO S AL i
noithiemadiimed mutace3 (Bathaboah oh dtheaynd@Ddr digizal) penerated by and

CFEREY S35 875 PP oS Sl Q0L I DR PRl gisah video un

- 308% ¢dRFhonada Bfitdd S mbeF omaeosmp,@és fcalch'r?g 48 0 e4zr;T0HpSi 720, and

described 15 enbodi nent, the auxiliary chann
i hO&Onefof examé) thatl requiredirdy spuucle baddihdsicer be accommodated by

?@%mgﬁ%%ﬂ@?rﬁ%a) 3‘%8’??6: &gth?svs?&taﬁorexfmﬁgrrnie i%iSS@cL¥ogi éiééls nga
master device and display 3004 as the slave device in that it is multimedia source
3002 that initiates any transaction for which display 3004 provides an appropriate

| response. Once data packets in the form of video stream 3008 are received at receiver
3038 connected to display side connector 3012, de-packetizer 3040 converts the data
packets to video stream 3042 corresponding to native video stream 3034 using any
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and negative signals of auxiliary channel 3014. Power

pi ns 3022 and 3024 provide an interface from

mul ti medi a source and di splay internal power supplies

3026 and 3028 respectively that can be used to power

a Rnak of (el | (GO KB, 34

t he descri begﬁg&(nﬁgﬁhhn@kg;sﬁﬁ erﬁg@&@%’r‘“@ﬂ%&?f“ésp%‘%&n’me’
anscd 02 S 08 8 narpinolridd e tipowease revovelys TBRJemitdhotishOww) that

| ar ger at r.oxi nat .5 - 12 Vat, about 500 mA .
e PGFAEsCOF P it rhgoilie iy G e pe SBmER e psdded in data
303Qkét86f vdesisttdant GRS M $HoRld RORADRGKBdrZ@at fod @ppréBriately
mul ti nmedi a data 3034 (that can be either anal og or

di epnfigurpd degitel displdy Byviaerd sbevn, derixaapld, inHig. £6), time base

e v ni t. 3036, 1 he. de [ . e i ment .
Ay s SRS, n 03l B0 85l R S o
f aneradls! ioskiphyecon#B80ér, 3048Qpthe 12@, chafdter 31080t ate, ftBdreby %reatly
exanpl e) that req¥ui re only as nmuch bandw dth as can be

adeSrtrsothe Bymber of hipprglerdauined With asommaeswetegedyghiop iR s

Si .00, i L & rce 3002 acts as a nmaster
deé\?#@)}eéxgtﬂgng}dé%lfg@tﬂ%ggﬁﬁ S the slave device in that it

i JOMA]t i nbdihe caeurlcec!30diS50R 300 USH (or attes siamijar technology)
transaction for which display 3004 provides an i
aﬁﬁgéﬁiisait@n 88 5 %?or@f@ée%%ﬁe@%b%@k@% 1§ 1oTqrrRd tp gF pymulti-
Ofmakted @R dR lih GAMHIDAB: ALRIMERLINEE 0207 ARpKS 3008338 take on the
connected to display side connector 3012,

declsad kesicy/slavd 0@ axomply; irsthe hsudmnallugtatdddn §7ig. ¢ 1yU8Benabled

o ST EMeity 5w R BRIZROE s ErortibhE it Sstinian Rub e R, ora
t oA 2YigRAPhbRI [ihry304thochert SRR, or exhRGR) YRudes memory

3038 can include a tine-base recovery (TBR) unit (not
s REth younted to mdgmediesourcepieceswer B)48 amangedto xaceige and respond to

* pAREAP A g 0 BRSO B s AER Aoy Th pon recciptof

20

25

30

hdwe\request 3080, protes3ap3 RA8regoallybpg&Rhftingwha doh agdihgdh memory
di spl ay devices (shown, for exanple, in Fig. tinme

20,
b&gad coppanddip4 te mgRivey: 34yt repnemds By épwaydiaar%qupsje%éata
t ) : . ! .
G050 b BrétenPl W4 CARY o nfl 36N efucd QEE S Dok o

r dtsplayt3064 b yayrod di-directicedlmixiighry bieannunitlA. Sfincitdaaiettonal
| o '%@?ch%{eﬁ‘gﬁgfgi g{‘dglﬁfe?c&g g 8] O @”@eggé”gélﬁéhhsy on bi-
WaRE& RS LAY clgﬂnggl 303 4UBitkeBion SbARESI u@it@dS@qno itors pus

technol ogy) €ha , sSystem 3000 can be considere
openmidhds gancialeal byi displey procesiot $0aisand muititriediansastoemprocessor

T el S BT, seukes 00z, o TSRl
eX@stAR, gii'rfgﬁ)ﬁcﬁﬁy% biadd nftinkdid S50t 8001 & disfay 3304. URRhe

enabl ed timedi a source 3002 (such as a portable
dilesicribed ernbastimentrhdwevesdinaltipiedyeesourasr3 082 isgdperdilangivep priority

' dio%rtd?sga%%ﬁ &g@gi%@&gﬂgﬁ 8(54 ?e%%s‘@s@(ugingf R example, time

examnp
stretching techniques available in I12C bus architectures) until such time as bi-

directional auxiliary bus 3014 is available.

[0116] Once requested data 3056 (in the form of serial bus (USB) data, for
~example) has been received by receiver 3038, requested data 3056 is forwarded to

display processor 3060 where it can be further processed (such as image
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3046 coupled to nultinedia source processor 3048

arranged to receive and respond to data (or file)

request 3050 generated by USB enabl ed di splay 3004.

Upon receipt of data request 3050, processor 3048

re

ConmaRamBL SAPIPEINTCr AR RN @ FETHE ot i Hn

f ofomatded}g) andgpered ﬂﬂmdmbw iﬂm2365ﬁ1bbecpient «hspﬂay)oe gésplayer 3064,
3048 that, in turn, forwards requested data 3056 back

t o Gy 3004 by way of bi-directional auxiliary
chpnrgl 3@ 32§h6‘ﬁ§re$kes@ﬁt5ﬁ’§é &18makal sﬁw&i)]ef@ 200982 Pact
3014 i's hal | ex in nature, in order "to prevent

C &mmﬁ@w@dm& 3006 iin eesordanet wathﬁnlenﬂmghmmmﬁéie ig@ntion. As
arbitra contro ors. bus nds.
ol SRl b 398 BB s i R ey Bictivers
S QRysftBrel2hd @1& s@aﬁ%&ed'lfy ARHiaePENanHEIOID 1@ are terminated to
potentjal collision is detected, then arbitration

c o) Via AP ohngeggination isistorpat eweh egd piauxiliane ghannel 3014. In the

0 |
R AR R AR o o Bl (rendigy par o
[ sthg Brle caldityorgiavié ranges Homtapproxnantelli SipAay agfodintely 24mA
¢ T P ahciol Vvt qu e R DA (Y SEERgagRmately 1.2V.
ar&ﬁhﬁa%?&'dfnelﬁik ‘Hﬂt()' ihcla4&h, sﬁﬂlggF tv%%&e@ ait Of Wnreg @it 9Bhown by

auxi |'1ary bus I's aval l Once request ed
ddhese305k611(in mhet etre t‘fvmtemh moir @bleiiah t)hlibS)f (chlSB)ha:ﬂ abwsists of two

exa e recej ved,b cei ver, 3038, r.equest .
cAaPpssslY SR B b Boupf By Bt Lhie vogics e signal
WREHiR thé ohePwie if sobh®id RHASSABES ghal li‘l@t@rf@l%néé@ﬁlew@lﬂn the cable,
enhancenment, superposition of graphical or textual

d Aeetwigted pyir srindividvay shinlded wheraisodsns fos +ARH power eatl ground

prov{détlj 3@9@7&%@%@1 [:g o ur%gfltgg 311% %}ba‘}'\gctgﬁs%e 1m¥e(iance of each

r dpffe@s il phir Vea@ue th0 blaad +5 2b%d Mdans cR2eRableks AHadHed
5 communication |link 3006 in accordance with an

e RBYAL 3B Ate shieleand apy indivdual sbieldsisborted @uke permegtor shells on
B8Nk, Py S ST AR AR 000
aﬂ}h‘e Imadet Jinlc Buarmslter&ﬁﬂzteamebbtareﬁdmmcaﬁndﬁhe g'faﬂul’ﬂﬁk wm is AC

' _&ﬁ term nation reS|stoLs at each end of auxil ary
cﬁ%

ﬂ@ﬂotfzmnﬁﬂoq Veltagg car be puavhery pemser QY (ground) toyf3.6V.
gﬁ ﬁgt i nr 3@6@% Inqiléq%%%@q'l Jifl OB@E'(SW Flgvmg a

k con tlon) and ranges from prOX|na
8 protipthatip ideaticslt beitly fo? 4inconnestort dm ﬂ'ng sbwrcadedng al(bind that on the

Vi nt. al f mat el onV to mat el y
T i %66‘:‘?‘5 B, ThaAERP A So 10 e RgaLw Gherld beofoathat
{054 @6hiBiRisa Fhndihd BinbbiaH fR TATYORTBYaINS Gn BbtiH o khe

inthe art, twsted pair cable is a type of
co%sp&ﬁsomﬁmkmé30@ndependentIy i nsul at ed mnres tw sted

di‘iBf’ orﬁg af&fo Ia%rs a an wchartrd%tacl?nrgrzi Er%céslg %586 %n&?c!cordance with an
embodiment of the invention. Process 3500 can be used when either or both a
multimedia source or sink can be interchangeably used as a master device. In this
way, process 3500 can be referred to as a multi-master mode of operation.
Accordingly, process 3500 begins at 3502 by determining if multimedia source is
connected a display using, for example, hot plug detect (HPD). Once it has been
30
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15 while the other wwre is grounded and absorbs signa
interference and within the cable, the twisted pair
is individually shielded where two pins for +12V power
and ground are provided. In the described

| Porhas
d??%erentla?gggﬁﬁgfgqggﬁutd?%tﬁéﬁﬁghQQﬁgggégzﬁfn?ﬁg§b4a
enddtermindiohds insdaivbethehthe Ilrdénhnedha\somrge amd displey aschipetating in
an ny i.ndi Vi dual shi el or o t he connect or
s h‘gﬁ% Y iseIg 1Bt A TS afmg!F W i3 Haster BRge-ieder e display
9r URCmiuRtirh &8 Hiréd éﬁ%‘&bﬁa%ﬁﬁ@r SRYdGR 119 mas-{é}%e%b n

link 3010 is term nated on both ends and since the
nedrigingtesnadarsleywe A@nnmd/pstwst thiidstin rtlnnnmptmdefi/tﬂ bage

C . round

AR AR YGRS nth (RIS P e SRt and

ondsplomarb avi hhgnﬂltl-lﬁhsﬂéruhodeh etenia$ 3 §@RME nGMimBaih Bolireé waits until a
the connector on the source device end and that on the
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| rthe display iseayUS Brenalds disphQicvinn steh asef EVrand ifithe amiltimedia source
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a camess Mheirequestef dide dhenyretrigyedrions fdae@mn% dediee am%@mwarded
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mhetmlniamedlasmurcceecamslt mhldsm dlyplay eequestiruf it is ddfermimddethat there

no t.hen det ation i s nmade,i.f as
DRAIT ot e eghision SRkt P e fia safie it and i didtutiguest are
| ExdcBiteTBAMqueiord @AHSSI8 SRS AL QflefMsd AR cﬁ'ép‘iﬁ} RYudst & held until
is sent to the multimedia source from whi

r epartmellia sborce meanestrig cxdeutedek AHPS éterlwhlclt ﬂne ddaprI reguest is
'é %m%§8t§ | e di splay device such as a TV and if the
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[0121] Although only a few embodiments of the present invention have been

described, it should be understood that the present invention may be embodied in
many other specific forms without departing from the spirit or the scope of the present
invention. The present examples are to be considered as illustrative and not
restrictive, and the invention is not to be limited to the details given herein, but may
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is a digital camera, then the display request can take
the formof a file (such as a 15 digital photo)

request for photo(s) stored in a nenory device | ocated

in the digital canera. The requested file is then

r e inBYRd fwiDiR TR QoMY ' f DENRS RS theirl

di splay for display on §M%%§%P2§g?ﬁgﬁf?5incorggyg?%g&%WOf
t hesfaevarenty. 0120] If at 3510 it had been determ ned that

th is di spl.ay r.eques t hen., control i.s se
0521, o BT AR Vel B YT beor' S hinefiah s of 7 B8RS

I efhiRslimest, GefedrahestationrdOpdrinut e el eqhivalead 124 within the
determ ned at 3510 that a display request has been

getrepapilis inyraont It3hovldglsedreatotsdthel therciase maapealigmative ways

t Wiﬁpi&ll@lﬁﬁ%ﬁ?éﬁftﬁ@@toc%laﬂlh qggérgtﬁ 8P{h%% sreStOiHSéntti'on.l fIt is
there’is no ti medi a source request, {Hen any
ditherlefore imtepded that shedxeattivade interpséidd aoinbRiiwigSdl sudk alterations,
3516 a determnatiqn is de if there will be a

c AITPUiaEANS, avdeBRvalerp as gt wighin the tees e and gerpsrof dpgipresent
thev&Gi®R!l ay request. |If it is determned that there 25
will not be a collision, then the nultinmedi a source
request and the display request are executed in
request order at 3508 and 3514, otherw se, the display
request is held until the nmultinmedia source request
is executed at 3508 after which - the display request is
executed at 3514. [0121] Although only a few

enbodi nents of the present invention have been 30
described, it should be understood that the present

i nvention may be enbodied in many other specific
forms without departing fromthe spirit or the scope
of the present invention. The present exanples are to
be considered as illustrative and not restrictive,
and the invention is not to be limted to the details
given herein, but may 31 be nodified within the scope
of the appended clains along with their full scope of
equi val ents. [01221 Wi le this invention has been
described in terns of a preferred enbodinent, there
are alterations, pernutations, and equival ents that
fall within the 5 scope of this invention. It should
al so be noted that there are many alternative ways of

i mpl enenting both the process and apparatus of the
present invention. It is therefore intended that the
invention be interpreted as including all such
alterations, pernutations, and equivalents as fal
within the true spirit and scope of the present
invention. 32 W claim 1. A conpact packet based
mul ti media interface arranged to couple a portable
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mul ti medi a source arranged to provide a reduced set of

mul timedia formats each at a native multinedia clock
rate and a nultinedia display; conprising: 5 a

uni -directional main |ink having no nore than a single

| ape £ompl ing the multinmedia source to the nultinedia
sink arranged to carry a packetized nultinedia data

st k.eam A compadipaiet based dndtimediagetetfoce dreanged to evmplean portable

di nk ra epepdent of. the

it el sofrosaPing Bl Pk TR RE R Bl ot cach aa
bi natiive @il tireedh cRdK rdié a6id a ehidinedia aRPROCEInNEHiL

mul ti media, 10 source and the display t hat provi des in

concer t2 Wit girgojena) gpaig link beyigg ap masf thapjarfingle lane coupling the

S & QIRdRYa Cf%ﬂ{?%"f@ b ﬁlﬁ edi g@t { &%y@nffgckgﬁ%d%nulhmedla

source an d ISP ay ans errl ng -l ormnma

b eiawmreamffeomlﬂ]hd mtmﬂmhasmmﬂo aincmuhiencdii Sdikslyy adnierate that is
connect ér angement _ arran ed to electrically connect

¢ HEdGpepden fig mulmeia PRk 8% ¢ he hal f dupl ex,

bi-dir p(nff,ll ”g%lt W’l‘lr’edl'n :
sour ce%gxr% th eexg}d?;%écﬁﬁ)ial.cﬁﬁﬁ%g}t Haﬂn%)l ase dl?lgp ay%}hﬂéedm1

i rsparck ane theglispdagi thefdbrovides mi cmnctert wﬁhrthfi tmitdilectional main link, a
mul tinedi a dat.a stre has ted ad ale

A PSSR PRk eip condhe maplipBer sur e Anc g display for
naiahyf@nﬁigrlﬁﬁmnﬁ@&@bet&eemelxﬁulﬁm%aﬁ%oa%e%ﬁ&ﬂk&ﬂsﬁlﬁy and
claim1l, wherein the nultimedia data streamis an 20

i sochr @rv@u@ecamrmwm aﬂhlequrtf) slastridabn comsﬁhe junj-gdirectional

2?%2{}1% !ﬁ&l? O&J ehalf dA fjexfl? cl? geﬁ 101aa %g?l 161|-y 31 &%é{)@&l{ngfha

u@bﬁrcaaﬁ@ﬂ@el@bpﬂ@ aut onatically determ ne vvhen an
actlve sink device is connected to the |inking unit.

5 A didspackst haseddisplar inferfacscs tecitef in elpm i whetgindhe pyltimedia
: n%a sgjg% T3l o ?%gé&ﬁ{eﬁ ?%u@%?le%ﬂta{ %&aﬁl’l rla% 1? %@S&ndent of

S sync roppe pac
||ﬂiaxtamt:|smmmﬂe the results of training SESSI on
interface as recited in

for [ 6. Adis
ai mn%n W?é‘?aé‘? #s Iieﬁ‘ée‘f imgh, avhegein Hieqaylipiediagata stepam is an
ah&eﬁmao&s ﬁaaﬁae@a ﬂi’é&nﬁﬁﬁﬁﬁbﬂ a0 dWrth B, 270

Moyt es/ sec. ay Interface as recited in claim
18, mhér@spiay hﬁerﬁawlaeeecaie&nméamnl diartker cfeﬁnmismgdl spl ay

devi ce t.he auxiliar hannel qf

ol R st oEaRp e aﬁﬂ%%f:?go BupmafizpBlictimite when an
C &R SRANEVIG 1§ BorrldBre@ HHHR 1kt t. 33 8. A display
interface as recited in claim V\herel n the auxiliary

c hanneA dlsn]pjpm&trmd at eecitedinsetiigs | cwiher'anelse mfﬁortrmuan carried by

aesatum 1ary Mjann néigdeas ssj’/gtl: Ioss m%gxlfr?a 101, &ropped &cl%ets information and

the results of training session information.

6. A display interface as recited in claim 1, wherein the link rate is adjustable up
to about 2.7 Gbps and an associated bandwidth of 270 Mbytes/sec.

7. A display interface as recited in claim 15, wherein the source device informs
the display device by way of the auxiliary channel of an audio sample rate and a

number of bits per sample corresponding to the audio stream.
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9. Adisplay interface as recited in claim8, wherein
when the interface is placed 5 in a nmulti-master
node, either the multinedia source or the display can
be a naster device, and wherein serial data in
r esponsg displAantedcd 4:00Red iBTRARAL RAeRiPMR ML iaRPchahRel
a requesting master device over the auxiliary channel.
1 CSUpPPOTE dad lynsirisséor rites vado plokst 480 Mbsalsiign $]f-¢lackedelata
co hsing: an arbitration unit arranged to nonitor

1 . .
au i'ary channel requests and provide 10 for a

pro.ori tA diplagninteefad dd retitedtn CREMSBS Wherelnlwhén B¢ ShteFhce is placed
conprising: a portable nultinmedia source arranged to

priBditdtiznasicryeeds. igter dre multimedigioarcefas thedisplar edn kg a master

nat. [ L i.a:Gl . T : ' [ i.spkay: .
AOVE, ARl AR Bl 8B Bkt FBE! A1 Shapfivave device
arto anggpesting @autel devideavpothe abkdiarynobathdiedi a source and

t di spl.a Co ising:. a.unj-directional main |ink

havi ng dlﬁghgﬂ%tg})éweasag%}m%ﬂﬁ@iapﬁé’: ef SORBRHEN & our ce

to the A | @niBl i ' .
mul 1 e A Bl OB o A AR YRS provide
t Her aptitrityediony corglitting @myuestd. i nk rate that is 20
igqependeng of the native nmultinmedia clock rate, a a

hal'f duabis%;xffm’tﬁogﬂ’lnf”é"&i onal auxiliary channel
connectigagtableenuliitletiiaodicd af@k80 @ﬁﬂndé@ré&}l&é& RY of Adttimedia

provides in concert with the uni-directional main

| ifemnatseash abn dative wolmadicdedkonts; i nk bet ween t he

mul ti ”%%\ﬂtiﬁmo%ﬁ{accﬁs qu a}lge di splay for transferring
et ween

i nfornmat1 on e mul ti medi a source and the

di spl ay,compactanadka basyinaclkiaiedas ihRARIENBRingad tABE Rk the portable
el ectrically connect_the uni- directional main |ink
afepltimedia spirce gyl ke displaye coepHETiBgial auxiliary channel

to the nulti i . | S

System as . Sch e P ik hiiinf) SRE@and el e,
datdtimtdieaowhas tha midfmadis simkairadgatiouairghl packiaizad multimedia
stream | i nk r%te that js i ndep&gder}t_ of the native ,
spaaHrar g f3nuliimediasaiicg &0 theanylipefiy disphpsnat piink rate that is
VBiRleBuichl 6T IV hAMVEGHRnTlAlAISH ARM T S an T sochronous

and wherein the information transfer is an

“asynchr onous haffluplex, W-drespdmay aixntienfchamd sonmctih@thei n

claim1 further.c ising: a,hat plug event . .. .

otihdda soitee K] cof JolayIhad et b sProFR ORIt e yni-igpgipnal

athain link, a secondary communication link between the multimedia source and the
display for transferring information between the multimedia source and the display,
and

a connector arrangement arranged to electrically connect the uni-

~ . directional main link and the half duplex, bi-directional auxiliary channel to the

multimedia source and the display.

12. A system as recited in claim 11, wherein the multimedia data stream has an
associated adjustable data stream link rate that is independent of the native stream
rate.

13. A system as recited in claim 11, wherein the multimedia data stream is an
isochronous and wherein the information transfer is an asynchronous.
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active sink device is connected to the linking unit.
15. A display interface as recited in claim 11,
wherein the information carried by 5 the auxiliary
channel includes sync | oss information, dropped

ackets uj {t LAk
DAL SRR A0 0 G511yl 00
r eci t eda hot phgevent detecotheurst mztﬂged ka akomatiellysletermine when an
adj ustable, up.to abou ps and an associ at ed
%’F&\X/Fa’t“:lf dﬁf’lcﬁﬁcmg‘é‘if"s@e Ii l?g UAltgi spl ay interface

3315 eci AQﬁls 14y tedfatd gérecﬁé@ﬁledlaﬁmt ne w‘h@fé'ir? ﬁleqﬁﬁbhﬁﬁlon carried by
i nfornms the display device by way of the auxiliary

chtén rauxlh@lfy chanegl dmcdu@a sphelopsinéoremation, droppedgaclodts ipifarsation and

orres onding to.the audio stream 18. A
du‘i‘ﬁ?egsgﬁ? ﬁfg?lpglcge PR f‘ffF‘@Hm?n claim1l, wherein the

aurd.| i an\dispeinedrfacs bpRefdBindRdim 117 IMSFHiS ek rae §SadiBstable
to at |least 480 Ms using a sel f-clocked data signal.

159p1t abauid- € Sibpy apdpepssaeated dandsidtheef 379 Mbxtesfsers,

m . Iel_ %ﬁh}lﬁ%rfagé & Ifegl‘fe%[ h%la?&lai?re?%lg}egl @18 Source dev1%'fhmforms
di taplimplagalevive by waysifehic autélizirg eharmebofdnerdiosagpld @ke and a
dat a n rglsggnse [ Eet passed from a respondi ng sl ave

 SERRS ORGSRARdingto tha AN FYBM. { he
aum liaky Bekfac2 rebitddi iR R n
i a.ml%‘h@?urt e st LN 1y R e AR el
uniupp@ts datgeahshossianiatas upao Af leasa#$0 Misnsélg o edfidstied data
and ovide for a priority of any conflicting
(ﬁ]@ 21. A nmethod, conprising: coupling a

poler abl & df§?iaty' 1%%@6 SAEFR RClANI8dwhereR QN&iBe "i’nterface is placed
reduced se multinedia formats each at a native

mih g Hiraastdr geddey itler ﬂm\naltlmﬂdta soptier dﬂnts@sﬁgty c@tbe a master

{ k t
s o RGBT Bl R 3R Pim PSP PR i s dovie
i ﬂ@lal#&ﬁﬁ:stﬁlghﬁhstéi deSidel @Bedhe ABkillatyl dhgni@Vi Ng no nore
t han Si ngl e | ane arrakged to carry a packeti zed
|

mA% i rre%lldﬁp fiateefpccasredl mlf:hén fufurthereetimaprising: ce t o

t he nul I

[ ndepenge%%@)rﬁrﬁp na {lléoalr?u Ugﬁgaé]ﬁlel re‘flueStS gnd provide
habﬂaﬂw@ttgmfabyemﬂlaMQﬁqﬁstsaUX| I [ ary channel that 30
provides in concert with the uni-directional min

| iZhk, & BWHOAdERPPESRSuni cation |ink between the
mul ti g, ghﬁlf@%&ﬁb%ﬁl}%@%ﬁ% s%m&y nfaﬁéecf {o 3{1195 G trﬂﬂlced set of

i nf or mat1on tween t tlms our ce and
d Inﬂﬂtlmydlaé'mnhlais ean:hrae 3 hwhiveanuhingadﬁmibcl{amtmgleﬁnﬁﬁlmema display
el ectricall ct the uni-directiona in link an

© HEPR 1P TR RS PUSET gl e k) tpsket
t BescduthdltiiRA]AnRPHESRCRIE 4 RRi-8ir8foRYF main link having no more than

a single lane arranged to carry a packetized multimedia data stream from the
multimedia source to the multimedia display at a link rate that is independent of the
native multimedia clock rate, a half duplex, bi-directional auxiliary channel that
provides in concert with the uni-directional main link, a secondary communication
link between the multimedia source and the display for transferring information

between the multimedia source and the display, and a connector arrangement arranged
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passi ng the packetized nmultinmedia data streamfromthe
mul ti-nmedia source to the nmulti-nedia display at the
link rate. 5 22. A nmethod as recited in claim 21,
wherein the multi-nmedia source device is a portable

otélec’t'f?cqllg cQﬁI?éé?fhe B dlr&tﬁﬁﬁlhﬁgin%kraﬁﬁ iieishif Quptd@bMirectional

1, wherelh the multinmedi a data streami s an
[ swhiranm olrginglntd thdeulimediheured adrthe displayr ansf er over

h xili.ar hr opous.. 36
the au assuallg Yhe pa%ﬁfr:hzed nultifiedia data steam ‘from the multi-media source to

the multi-media display at the link rate.

22. A method as recited in claim 21, wherein the multi-media source device is a
portable multi-media player.

23. A method as recited in claim 21, wherein the multimedia data stream is an
isochronous and wherein the information transfer over the auxiliary channel is

asynchronous.




