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MULTI MEDI A | NTERFACE FI ELD OF THE | NVENTI ON [ 0001]
The invention relates to display devices. Mire
specifically, the invention 5 relates to digital
di splay interface suitable for coupling video sources
to video display j . I NVENTI ON
[0002] Currently, h&mmﬁw&&fﬁ di vi ded
into anal og type display devices (such as cathode ray
tubes) and digital type display devices (such as
liquid 10 crystal display or LCD Iasna screens,
etc.), each of whi chEH E ci fic input
S| [@6@[15 | hQ Eﬂ%ﬁu& réﬂt{% ﬁ)salst/?l %Wegwésol réagbéc{ﬁacgﬁy h%%invention
exanpl'e, a yplca anal og s em 1 ncl udes “an ana
s oelatas t() sigital display mietefaressuitellefot epliblyRidep lsayreés to v1deo display
e%% Z coupled directly to a display device (sonetines
&t¥%d to as a video sink) by way of a

communi cati on | i BacHERGONDOFCATEIRVENTIGNPI cal | y
takes the 15 forﬁT6T_“‘ﬁﬁT@‘T§‘Eﬁ‘ﬁ§*&ﬁ“ﬁﬁ£¥ og VGA

cdBP@2]i n Cnwenths eviddo élsp’@y tothmolagysis divided mem artabogatype display

R N
PidRgstaledispla®f oVDTON plgsndd E@BER efcD), CAEH Wf &Vlﬁél?(ﬁhlfst %e dnven by

Si gnal [0003] One of the advant ages of the VGA DB
c #peafip npesignsilyin cules thaugeassivily displanen om@gg Emeexample a

t Cﬁ% Ezﬁ Jn?L gesggtg]i% 1ﬁ¥ﬁﬁe %S‘P %‘i%égodr&ié géﬂ gsd rsonal computer, DVD

SCri

prpe’omyem aa) eougile® ﬂ&ed:tBj to & tdigpldynd@ndd Eomkimit gefatred 8Vay a video
fro any ot her cableformthanthe VGA DB15., [000 4}
H&@@w Wgsho %e@ﬁlfnlv&apgn linke herRommyRicajioswink pically takes the

fglinfé of a%glﬁte géﬁ%h '&Q%n Vg VAR ¢ @ if? ihedcl, géi Eﬁ fﬁ‘aegllgl'\%se referred

S Su |ta sual ter ace
250 msr\éGAleBBi‘ﬁbhlde) Wellilsiowel o thooewof skiltin BM afts For example the

Aol a5 LR P, et ey o peini

U%i%gl.t he transition mnimzed differential signaling
( protocol, providing a digital signal fromthe
PO r apBhe of Swladysitagnstod thh ¥ G DR1&cablos tHearbiqu®us nature of

ORALT Wt o R ond i Benlig il BosS PRl ps the analog

\T/g%@?m dsscslabcaméwe D@é@@ﬁﬁ@fet tHed %tlssm@g qnﬂﬁﬁw g@%n%ﬂﬁ?e away from
anal an or es (0] 1S

i ARePtshH foaﬁﬁharb@puv( %%&,li'weu as LVDS ?d. gi ?algl

f j it |

2 F0P04T o AR RO R, [ SPRL! GRIAGR g\ (iBRA Btems has

dinsdk alye aanbf @dgitar caplblé¢ &iableE Suchred Digital EWH dsfeth &l @VI) cable
and PC s well as desktop PC consuners, to one

1
d@f@)rf‘ééeséﬁablén é‘tlﬁgﬂfeﬂ e thatdd BF s A digiéa!fatedacerbindard sreged by the
Eal qﬁgﬁlgy gV(SH(Hl%L@ltoug e(B]jWﬁ) 0 rbatmutfrﬁﬁ}nlfﬁéd‘gslng the transition

et In
mlmmlzed 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.

[0005] Today’s display interconnect landscape includes the VGA (analog) and
DVI (digital) for desktop display interconnect applications as well as LVDS (digital)
for internal connectivity applications within laptops and other all-in-one devices.

Graphics IC vendors, display controller IC vendors, monitor manufacturers and PC
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pur chase deci sions. For exanple, if a consumer

purchases a PC with an anal og VGA interface then the
consuner mnust either purchase an anal og nonitor or a

digital 5 nonitor in which the anal og video signa

ProrMdess %lltﬁedéé%p' Pte&;rﬁﬁﬁxeﬁa% A fﬁ&gep%ust factor
way of an inline analog to di gi f converter

anmigoace g]ilqwe inde gheir Hesigmmrodust dﬁﬁnm:m,t manuf[acmﬁﬁg marketing and

Th d_be rabl e to hav

Rt el o apEnlec B Pt 04SP vl g anatos van
I nheffaec efen( SldCébrasmbVinust @ith&OopthaRg anl dgs%tfrﬁt@is or a digital
and video 10 displays. In sone cases, the ital

" rmeRitorde wigth dheatnalosokiden sienar groyisted i BiceV Gt iterface has been

[Or}%%lg?e 39191‘3%0?51 Prgﬁ}%na}é ac g}% lfgelggrrﬁ E@bwﬁm Abe built into

irthepir&cﬂanmohlmies at least a receiver unit arranged

eiv eo dat acke at a link rate, wherein
t HEbiGieo Tharsfiaa oo pae Reso ks @sffi’é{ﬁa dhghtabinfiyfacg hat is more cost
ViR @@&an %ﬁﬁ&ﬁ%@}f BesNRhAV S
Vi deolenhancerrent unlat Sgouplﬂ dBto t %b?@c;g@g?" szﬁnces and video
ardigphiyed In some we& shd digitalduerfaedwoulddibso betdtaakwadkemppatible with
andlatr nsm 1% it arranged to transmt the
proR 88 JEF Y 33 %kets at the link rate, wherein the

link rate is i ndenandesARY obherRANwAENTIGRO cl ock
rate. 20 [0008] | n another e ment, a systemis

dil8@07bs edAt mattineddéd intedacst is| @@Qltlbftdhe The dhteofac g gnclades at least a

RS IR SN SR 6y SRS e
I @b, pagk¢tsl bbiredpehd t¢lh Satity vided dalaGRRdh A MtivkBdioeclock rate; a

interface arranged to _couple the portable nultinedia
s gifleeenhanegmenieingt epiplsd tothe rereivgpyeit piarcdip paprsnthe received

[ ' I
cofish ! pRi%es Al WA Gl SEleE0 08 ep S TR Do video
apackeged tholigaraty, vdlqﬂaﬂ Kied lizle ehterisl indepradent dtiee sdtiveatddeo clock

fromthe mul timedia source to the nultinedia display

af®& |ink rate that is independent of the native

Mpddosedi @ SloRts eﬁlﬂfoﬁlméhthﬁlsfys ﬁilugl (Fﬁclog% ~lh ﬁﬁidd%@% Llleast the
aUX|I|ary channel connecti ng t Ia source

t i&dlovdngpa ayultlhathapmnwaj eﬂamgedcmnpxewtdevw treduché set of multimedia

in.link, d
C S 5 PO R D P A T AE e displeangho
t (009} sl amultRhedid BRSERE drdged R &fuﬁﬁzt heHoREbINERMiHREia source

mul timedi a source and the di spI ay, a connect or
aﬂlﬂfhﬂﬂgéiﬁﬂﬁy elnrﬂ%@@dﬂb@ﬂ @hb@fhmﬁcfatheyntclfncﬁemcilﬂhﬁa uni-directional

unj = e and the half. duplex

ot B EhsRR end el R o e g el ¥ apnped to camy a
Spwk@ﬁze’dnﬁlmttﬁﬁe(ﬂa etaddtrean Bonf EHIRGIRRediN GbMEETo BE multimedia
| east, a video processing unit arranged to process

viigplay @hedinkorapesthat {scindepesdentiaf the nefivromiulimeria clockmate, a half

I'Q

| p?ﬁ}flﬁi hg. cﬁfegﬁc?fak %ﬁxﬂfa%? enAALR c'é&ecpgg He> RhufmedY s0Tice and the

display 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 to electrically connect the uni-directional main link and the half
duplex, bi-directional auxiliary channel to the multimedia source and the display. The

connector includes, at least, a video processing unit arranged to process video data
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BRI EF DESCRI PTI ON OF THE DRAW NGS [0010] Fig. 1 shows
a generalized representation of a cross platform
display 5 interface in accordance with an enbodi nent
of the invention. [0011] Figs. 2A - 2Cillustrate a
Videgvedren fthe MusitBtBasbUTad andpass @ik Hroc&08Nelbo data to the display
vi deo source and a video display unit in accordance

wi vy efufeerinbnkenbodi ments of  the invention. [0012]

Fig. 3 shows %ﬁ@(ﬂ%ﬁgiﬂidﬁ%lﬁ ﬁiwance
with an enbodi . Fig
4A08HMYws Rigreli shbwak gatesalizad kepresantaionostanassswplatfosn display

enbodi nent of the invent [0014]. Fig., 4B shows a
ndP"ﬁgflP?W ageIkaRceE L e iaocﬁweawfa%@vmqﬁl an
enped) mentigQf ZA hey i ﬁl‘fl?s'&ta{eoz{‘ v1d3:§ nﬂtgl%c'é] Eie thgtb‘ls%ﬂ%\@o onnect a
system arranged to provi de sub-packet enclosure and
miiddopiosrogand etvidael dispiemin docomlenardigine aumbeihofembodiments of
ﬁ‘godl nent of the invention. [0016] Fig. 5B shows

T HEF™ M1 enent ati on of the system shown in Fig. 5A

[ q0di2] Fi Big. 6 sheww¥excnhgindifVigk ritbaRr R00:@hndeN\Gith an embodiment
rrultlplexe main |ink stfeamas an exanple of the

mgm in Fig. 5. 20 [0018] Fig. 7 shows another
t th t
Vent Ieoglglg[ 6%6%?“% r&gg S ovvscorl2 gﬁ%f?vg’éfla%cfm%“%‘?bommem

aolﬁﬂietm@dzrﬁb@ﬁd data streamin accordance with an
enbodi ment. of the invention. réé)OZO] Fig. 9A shows a
r dP¥8d ent Bigi AB sshevisaakewin dinkc paskehncadey tip ageordagee with an

eERRALARM oPiheliflenkiByent i on. [0021] Fig. 9B shows a

representative nmain |'ink data packet in accordance
wi[6015] an EghSdi sterves ofsybtem amateet i tonpro{id 22b-gatket chlosure and

e S ARt s Wt RS
p%dl%! n i Mgass Qﬁm%tﬂgﬁﬁpﬁfhméﬁoﬁ B?ﬂﬂi,' ogl Caf)whhl?Flg. 5A.

i nvention. [0024] Fi g ustrates a
| M7l ng k. € IShOVSWSth@h femelatiagraaofabe wiultiplexed main link stream as

enbadi ttr ventiEn. [0025] Fig. 13 shows an
e%ﬁﬁl’gﬁfioggj&s ﬁ?mc,s Q¥a & £18 fappi ng usi ng 8B/ 10B i n
amlsfancm gWtdhotB ROBREIABAPICOST 4 RGtal ANGAL 4P Qcco?’dance with the
[0026] Fig. 14 shows an exenpl ary Manchester

eHB6Hii9ly scheme in accordance with an enbodi ment of
“ﬁﬁ]lbf‘verﬁk.o% shows yet another cxample of a multiplexed data stream in

accordance with an embodiment of the invention.

[06020] Fig. 9A shows a representative sub-packet in accordance with an
embodiment of the invention. |
[0021] Fig. 9B shows a representative main link data packet in accordance with
an embodiment of the invention.

[0022] Fig. 10 shows an example of a selectively refreshed graphics image.

[0023] Fig. 11 shows an exemplary link training pattern in accordance with an
embodiment of the invention.

[0024] Fig. 12 ilustrates a logical layering of the system in accordance with an
embodiment of the invention,

[0025] Fig. 13 shows an exemplary special character mapping using 8B/10B in

accordance with an embodiment of the invention.




10

15

20

25

30

[0027] Fig. 15 shows a representative auxiliary
channel electrical sub layer in accordance with an
enbodi ment of the invention. 5 [0028] Fig. 16 shows a
representative main link electrical sub layer in

ac nce. w,th an _enbodi.nent, of the invention. .

FofBag s die ' B 80 aF BRPRN PR uaRher G Biig Shem in accordance
aceih dasgbodiient ahthe @iveadbirent of the invention.

[0030] Fig. 18 shows a source state diagramin )
acl08ttanc &g bhshaveatepresaatativefauxilgry i¢hannel elecirisal sub layer in
[ 1Ot I .ate diagramin

ag%gr gﬁ%%ﬁ?%él%ﬁ&@ﬁgggéﬁeggﬁweg‘?&ﬁhe i nventi on.

[ O0828] Fi §sz. 18GhewR4 réprbsentatiat enanatihlo vikctRaiyubasiydd as &etordance
i mplenmentations of the invention. 15 [0033] Fig. 25
s&%%@?ﬁmﬁ?gt&%f%‘ml% a process for determ ning

angoPner aFioNgly gRAR i f N ToYofo) .

vvirlt hmgn enbggdi ment of o‘{ hltgﬁ?%é\/rg%tg{eoﬁs&é[cgb(gszf iii(i%g%g%e with - an
s oo dimént ofgiednverdionai | i ng a process for providing a

r i me.. videp image quality check in accordance .
D00 e i SRV IR St o el I pesBRCRIGE &5 Sphodiment of
2%Be ahvenyien. f |l owchart for a |ink set up process in
accordance, 20 with an enbodi nent of the invention.

[ dB%Bh Fi Gig. 28 sbpwowe dasplayosieth alizgraratiniabeandanse pridc ars smbodiment
f ing a training session in accordance with

ag)rfé lgg‘lg{ﬁght of the invention. [0037] Fig. 29

i I[DOGA r at Bigsa2@ onpaitiBiist2yes Vaioue rgnied based MAbRARAtations of the
the i.nvention. 25 [0038] Fig. 30 illustrates a system
bd%¥HU0Bon the system shown in Fig.1 that is used to

CQpEgt [ j oMr 1Al i, S] (i .
t(li1at [ ncrﬁigsasé%%\l}l eoérl %%%:essi ﬁ{élml}%?ta. pfd(?gl‘isg]fg%:?&gg.ke?%%mng an
s lvpwsitianal am‘desﬁ theaintevides irctmooqdamcee\sf iﬁﬁl ag emtbodinient of the invention.
a ance. W an epbodi nent of the inveption. 30 .
DM“S ED %ésé%el PR @W%@e@q‘@%ﬂ&mﬂm@s Proddiog a real time
RefROSMES: Y Bk ' ' ]

enbodi me%cf‘ %Aflﬂtb{ he Fﬁeéetﬁg% g%?wgﬁ%gfggﬁ%;fég oc?%véﬁ g tlfbgl'

i 10038 r at Bigs.i 37 A h& 7Bcshowpmflywoliprdfoawi Indksset Whipk@sess inezccordance

i nventi o .11 be _described in conjunction with the

par ia&luﬁngl?owgﬂ%é’?%eﬁwﬂt’tmw Il be understood that it

| 0036} | rEigNISAhbWs lal Mo cHaCddtaUBR el PdcR ol Performing a training
described 4 enbodinent. To the contrary, it is

i Ressiondl aecordampe ithl apermbhedimend of thedn¥ensiani ons, and

eQuH | ent. included within the,spi,rit .an
S OSZ? of "iﬁtﬁ.eﬁn\msﬁ%%ﬁ s“Hery ﬁre&yg{em emplo)%d to implement the
invention.

[0038] Fig. 30 illustrates a system based upon the system shown in Fig.1 that is
used to connect multimedia source to multimedia sink (display) that includes a video
processing unit.

[0039] Fig. 31 shows a representative video processing unit in accordance with an
embodiment of the invention.

DETAILED DESCRIPTION OF SELECTED EMBODIMENTS

[0040] Reference will now be made in detail o 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 -
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by the appended clains. [0041] The described interface
is a point-to-point, packet-based, plug & play, 5
serial digital display interface that is both open and
scal able that is suitable for use wth, but not

lim t Lt.ors as . wel | as.proyidin .
comniatbft 76 B AR E i et fghiclions, and
coniiivaenteheby bo irtudd sythay tHayirtesdisbedelist th@inveliion as defined
di spl ays and the like. Unlike conventional display

i neetheapedded slaint.ansnit a  si ngl e video raster plus

tigio@f Si |ax,-4&,jfa . Hsyne |

[ n@gﬂgi veq%% (|§ers1t er a@grgﬁggggegﬁépgjyg@mpgg&t baﬁéﬁ? plug & play,
mudetinl digiteladisplay keterficeathst Brbotiapatl end bedldtde ¢faetis suigble for use

one.., oy nore.packet streans sinmultaneously ip the form .
o_fwubl’i }:;]ftu%t elﬂ'ﬁlzgt ?0, ééF]gBP irg%@rs @ t“fﬁ?lnasap%ifg?% E.!CD connectivity
| i Rithin[{¥babkANLin 8X&PRP € anlli Bnsuln & Mo BRBIR dFR%s including
representation of a cross platform packet baséd

di IthTM digpldppantl thellikse. | Unldkef eowen@mal displaydnigefncss thitt transmit a
ansiﬁq‘g%ddegernstterofl E.S.the [ vengli on¥ The inteqﬁrac 90. i

o oL M tns Phie ' SabAly 5% RovahbeRs iy Uiy Sy Mg nventive
a ipkyfateplovidenk s§fém cBhRN keEk packel RadFerdaPAHIEdF traRferring one
t he descri bed enbodi ment, a nunber of data streans

108 morp] packet sireases sigiltghequily iy thestanmt ek “vigpak piges” pstablished
n r . tizes each into a correspondi ng nunber
o?gﬁgﬁgp&gg%ﬁéﬁlm. These data packets are then

f dooa] i nFor eainipds fogndi shgwdat gensiatiea@pesedatihn yhi @bss platform
are 20 passed hy.way, of an associated virtual pipe 116

- bps ttbasqdffgglﬁaga@%éfrlspi@wm@ﬁacg h o4 ircpcopdanes with e gmbodiment of
t Ak bat i : f.er .

T A A S e R L
parfta pytsanal Hak 406 t{aleamefereditd bng pipe)t He thérdsicriabd kenbkdiment, a
106 _carryi ata strea each hayvi ng anp associ ate .
IR i RS WORCR TIguRe oo Bt SARTURTOLh that, if
Otla8s: biiges WA it H'8 BResdnlB mAM R ot datdBketd 184, T
datasgﬁggdn]% il(s) - 215 114 canﬁtakrgr;any nunberaﬂ(;é}: ?%rms hese
syleta packeisoare, them dpimied, indei ¢ouesponding] G0 3jrediypicectl b which are

AGAARY B o SR B 1 B GR R 4 shoui
arby nowdast e dink ¥ae (D¢., heldatadqRrer trdrRfdiRits) fof ath *Stual link can
conposi te video, serial digital, parallel digital, )
Rbg orEmizedrien therpartiiudaridata agttea@or.emﬂh@g in hewhyigrldinkclf)§ carrying
b I ' ' . ] t 102 .
AR M SR P Yo s AEn R R 08 it

f dronexatidther depediing opon thelpawti @il Matasdtidain) C B dAta streams 110 —
anal og VCR, DVD pl ayer, canctorder, |aser disk player,
TV14 ciinieke agppumbgy o dems fueh as wdee,| grapbiggudigr cteabl e

Siigna) ) &%ﬁ%’ Wik 'theT&ﬁlrﬁeol{é FCEded SourE@Mhe ldétgisig??g’f@?o ~ 114

a digital source such as for exangle a
t élobwdesvarioug Do sigdalgithatl cait hidsle arymaombemnnd tipe bf kell-known

of TR Skl Py e v e, B Sy BrElo Rl poginsumer

( idd®8 ol I i '
(U0 54100006 0981V RIRSSGB5 B ELIRATH s 102

includes some form of an analog video source such as for example, an analog
television, still 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
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progressive scan), as well as standard 480 progressive
scan video. [0044] In the case where the source 102
provi des an anal og i nage signal, an 5

anal og-to-digital converter (A/D) converts an anal og

Vo(Lft @&F f“g‘g“é‘% g%t%m'on’?l ;!s;ﬁlcs:h egt%];cﬂr%m%% aﬁﬁi) l(%% resolution,

prpmg&stm orappértyeed ascany)i GMREIE | 206081091 21980 dx 720 resolution,
suitable for digital processing. Any of a w de

v P EICSSI Y SCAPba%UﬁU &f ptandard 480 B@ga@éwe Sggn \«é@p

e E: VgLt c
CHORE b I GRE 0 BR Pl 1RCpM TR o une*%%fge signal, an
Aneaiahxg todligibé \comester BAﬂb)kttcrmertmani anilhg IvsltageOcﬁMcﬁﬂtTeED ignal into a

LS e T, S G A e o
riaﬂ';chl isftedinhdpe Uatd MdRA Sitdtle tf&edlkftﬁn%‘gbésfsﬁrg 2P9 of a wide

|t|ze the anal og data which 1's
pa@klét)fi «z dllBy:oavqm:skean bemsed aByowmv ef esamyple, other A/D converters

di.gisti;zed data stream 110 dat

DAL oy Bl SRR At BREps st Bgtrpent, Analog
t MeeviegeBitRkirdOdhdwthagy of the virtual link 116. The
receiver 104 will then reconstitute the data stream

111@013‘31 apﬁ%?#am%|i§thﬁée@rﬁ§qeﬁmrﬂgl0tihen émdleg paeisigngl, thean analog
%cq é EJEIJOH Jr{eg &l S OWn &édf ﬁlhé)rul:(% ?% %o{h%q:ranlgl%tter 102 will

t he ]tl Rative StT

r aligitize 'ﬁhEEalmﬂltg/ da[te cwhw}e IiEE‘t‘Henl ckdtided thyea baﬂ&enbantﬂm edrverts the

of ..t.he hyS| cal link 106 be higher than the regat e
beligiizen fathtream 4 IQtIPf@awgl}lbtﬂrooigéatwa#fe&mHﬁ ¢acbgot Which will be

t hendasfaith ek &Fﬁg@c@? o}vgag ork i Eal)%rﬁiafl% (e dlt%céﬁer 104 will

pi xel data in i deo I'S pac over
t Heeerr mepastitute ¢hevdats wakanh iR Hyasppdopriatay m@mMmgrﬂnpﬂa‘tg packets

O B0 B S E) el R S Bdns o

CQEB/%BM@O BRdant RAiGE COMREGAS RYGiRerAdht E}M thatcﬁi%rlYnIPB%qdmdth of the
pi xel data per |link character clock. 25 [0046] In this

V\m;lyswaiehnknﬂ@ﬁr bad‘eglmchm thn azgegats ba:hcbnldﬂfmfrédnwhneﬁm(s) to be

BosbBISTR e B e BP0 Bt o i

r ﬁwwsed)f dldboaam)t is gﬁckddh@velr NG Rdsp&dtive UpRed] timkhikeP upéh a data
event _detection aut omat i cal ‘Iyﬁéset s the physi cal

| DpARP gy defindiégn. ¢ én .tlmg v it Bhysieah ks 5¢6o forr amveof thph@nsutuent

el
UL PG 5 Bfs e U, FRUPR B 19 Aoy e
rrpbiei ﬂdmppdlaﬂéﬂraf@ter&mh pl atforms include host to

di s agtop/ all-in-one as well as HDTV and ot her
éff{g'ﬁlrer I8 BHs Yy e dﬁlﬂl‘fa%t]108n§f0V1‘t690@f'FPaIF?P1§dB¢QIP@n for the

t a Y. b
e R
pdm\alad inmgy I%Equmredal Inyaddéidne dte ianehtionrsspports Iahit-phigogvent detection
i gnment iating .t he gj(jfor features |ike
%f? autﬂa}aug Y sl tienhsgicn] (@hBiPsh & gﬁ OpHEH Hapsypigsion rate.

Of['hE e/ehive Pfdlv‘i/(ﬁ:s Iyt E?I'Ofwaﬁi‘ﬁ RAY iRy 3 4 uc}ﬂh} ¥nt&Ronnect for all

port dp gital data stre
ndISplam suititde gmﬁhplcsplstfwmssta:hdplatfm include host to display,

laptop/all-in-one as well as HDTV and other consumer electronics applications.

- [0047] 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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streans for nultinedia applications. In addition, a
uni versal serial bus (USB) transport for peripheral
attachment and di splay control can be provided w thout
the 5 need for additional cabling. [0048] O her

SRR B bl 15 L P PR Sl sopon
208ulsiphe diigipd rath etr&dnsd ©i0h1 89 nsliopR Viled?b@phids stBahs iafd audio

used to connect a video source 202 and a v]deo display
uriitieamg Aor jmultimedia) gpnlicatiensy athe crddiisgdiamuniversah genial des (USB)
< . . S . _
s 8 Y LBt Uik aRph e Ao Byl o
anekd fornaddeonsaubliey). 208. I n the case of the digital

[ source 206G, .a digital] data stream 210 js )
pﬁﬁﬁfﬁied Offer W@QDO@F%%%O% s meBtivin 8By Tniprige vl discussed
ofpeldde anal og vi deo source 208, an A/D converter unit

212 coupl ed thereto, converts an anal og data stream

218049 a Eigr 2abysratisragsysBnd 29 baded dpbm tlst systm 2004 shobhein Fig.1
digi.tal data stream 214 is th pracessed i.n .nuch. the

S RS BhAE T e ol Boca B iy gt 2. n e
t ipiiitddt @hbddident] ke SHdRB! @Yirden2(2 c£Dd@re 8heRbr both a digital
anal og type display or a digital type display or in

s dvrage s digitehridepsares 206 iand en angleg baegsiotiamilagayideo source) 208.
Si ' t . —.the displ.a .

ot B S0k ARl 1R Guot J08 R D Bate PR3 i Hrovided to the

| ntaasthitee $02 Whcteechi e caskQst tié hibldg tidsd baurced@R, 28 AMOconverter
a D/A converter unit 220 in the case of an anal og type )
diVEP1 2. cqupledniherria cranyerds ag rasglngnee streds 243gkpa corresponding

SQAHiGE d%tg%ggélrﬁgﬁk eriEy; e?’l § s@banh 99 s g}géﬁggg}o%sﬁsi& much the

persona op conpu I gital or "an
t opmb mannert 45. the viigtak dsta tstreant i2d 6 bydhs plasymitteni 92. 108e display unit

gaﬁ%ctag %e&%ﬁ-% %%?yp\é: tggﬁg}? i’o%gt aisé)tgls%g [cﬁsgganorL %Ds})r%gecases can
ReeRESH @er Aaldd s diyha s%naléi HEQdSP R0 Ofn é(ﬂ)d@ag%st%)? Flisplay unit

however, the various data streans are digitize
nétéswhrdgy a disglayantkdedez2id thati interfhoesttharesaiversi (witly e display 218

t he sical lin 6 ich includes a . .
i A PRS2 e S35 'Fah 4 s dimayadthe described
S bmbadiEnedl) theétvideo ShUreSDODBA taRe%hY hah¥erCdTABARY (s6éK af Q'personal
link setup and other data traffic (such as various

| dekiopaerapjutiern digitak o snala RV, eatitor benl ete pmihgreap the video display

Pl Sy s 6 AT A5 R 55 A0 o

t beplbyeteppabl e of sinultaneously transmitting
mul ti ple i sochrongus data streans (such as nultiple )
vIW988) gr dinsardess of Bieypaatividee seurce pryider siakidiavever, the various

< ; . ‘ ) .
585280 b2 6 SR SIRE AT o bR, O P over e
epicysicabpalbll @ ohichrindsdera unigliicsiedal amduBnkda2Afor isochronous data
st reans &s ch,.as . un,:onp(,ess d ger aghi cs/vyi deo and audjo

deffeamsAnd fidsPRong] Bamiieny L &2 Srrdimkaspy)andrythsn data traffic

;@gglg?ésvééiso%‘g@ﬁk ManabAGER T iRfofmatiie UM &sdl s85a132¢ (USB) data, etc.)
etween the video source 202 and the video display 204.

- [0051]  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

number of different virtual channels, each capable of transferring isochronous data
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singl e physical pipe and within this single physica
pi pe, multiple virtual pipes can be established. In
this way, logical data streans are not assigned to
physi cal channels 5 rather, each | ogical data stream

'S rried, in its own ical pjpe (i.e., virtual, .
RS (Xt phicb e 845 RoBiep Spi i calfd ot Piltpte sisabis per
e rdeoshd EFtps). t Ffons REB8icalovich&ins ftBdrefodd, She Rfaid N8k DBY Bppears as a
link 222 is adjustable to conpensate for |ink
cowegle pbyrical pie aadariphie this pinglserhypissd| nips mualtiplervirtuahpipes can be
S t [ | 2 J

SRSENOI 06 B (b 0B S0 AT § GHE8 ot
t arathog eac?ldgidabista patam Haoareked imits afpANeNtATgied §i.c., virtual channel
0. 49%@? %Ecr%nents (see Fig. 3). At 2.5 Chps per

¥ain |ink 222 can support SXGA 60Hz with

a 005" depif d?:fscri’&—:dk\%ntlﬁ)d EntPing g& t@nstePHEE of the main link
channel I't should be not t hat uction 1 n’the
nu?Beis @fdjustv&tm dbsccumplmseis fiot link anndlﬂ[mlsc OSForofexample in one

i nterconn ut al duces th

Wi taony B¢ spBed dift oo et itk BOA qaande quubsie ey e range
f GppRAMRItes B ddWdt 3P FALRNSO SHph t@%ou@QrSt @B‘}!)seper channel in
devices and the |ike. However, by increasing t

niRpExiBatelyHh#AbPss inctenenty (see Fige 3bna|At 2 $ Kibp2 2)21’ claannel the main

Cofbﬁ%r &gg%%{t(%ggh @Sﬁ A eir%h 6' Hf d ﬂé b?tg?pe{%g&%&)ver a single

( 2hmthek ZtOS‘h%)ﬂdl\bé Roted aBAtQ rede@idn ﬂfthé- Sumbkt 8 BRhnBls¥8duces not
at 60Hz, w thout data conpression. Even at the | owest
r é’fléf e’ epspoBliarcomes bug plsareduces ihs pever ednawmetien avhich is an

SAPLASH LRsTURRGH AR UIEATDY SRS EDTYlive Caoplich B such o

elﬂoﬂablﬁdm‘lpesairﬂahmhkﬁ: nKodatea, yainerdasing flesembidn OS €hannels to four,
b ndw dt.h exceeds the ﬁ&%re(%éte bandw dt h of th
SR 227 A PP (3205 2043 mageaesalition st a color

ard@f)tl’l‘%ﬁ 2a88bids R8r pikang BoiLedr GExEi 5(%9@(5 kﬁgllg)%ﬁha Lolor depth of 18-

ti ne- base recCovery 25 (TBR) "unit 226 wthi'n
r dtte porepixdGl 60Hgewithatt elstatdmmpmssmam&fem it therewest aste wé 1.0 Gbps
rate . usi,n S enbedded in the main Iink )
D B gl B B e e do sUpPoRGrL e oBNYe ADTV Gie.
t hegoifop 72@PRIaPteaine | y configured digital display
devi ces 2 shown in Fig. 2B, tine base recovery is

uHMS3Es s diny thei deseribids pmbgdisent 4 sndie lidndataorathes chosen whose

38, B A B0 BB1py osn

C hﬂﬂ[behﬁerfaeq Lalnﬁﬁsi M ﬂhB tERnSRAITTEE S Uisak8ive G8eCt AORmielbase recovery
IeX|t and cost for the display. For exanple,

SR penit P26 3t dis wReluRie Y Begnaraes Prriteandeoriginal native rate

C | S er

S ieviirab o e T

vamnedx,dﬁ)vmbn,l tit fori appropriddly tdnfiigumdeligicd disbiay dlev1ces 232 shown in
sel ec

c? |§at|o wth rowdrivers 236 to drive

df EpP 31%%0‘@3'3 i3 wpnegessapy shipe sligplayglatpisde) seat wethe display

emld@%ﬂ%ﬁl S SSEHE AR chardkEPhBSIE RIS, y

the link rafe g’tﬁé preF?%ugﬁd Sﬁgﬁﬁgha eﬂ%ﬂgﬁﬁ&grmmmer

bekchanpele aeqined \allﬁld alwdenatsonmtt tedatticaml in ¢dmeplexity 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

- various column drivers 234 that are used in combination with row drivers 236 to drive -

selected display elements 238 in the array 240.
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standard pi xel /audi o cl ock frequenci es that exi st
today are a subset of the follow ng master frequency:
5 23.76GHz=21x33x5'x 11' Hz This nmeans that a pi xel
(or audio) clock rate can be expressed with four

DHRER' 1 ey BB RS T8 o s

D and1thbipixel/h0dip0A6& rdw ent hay beéenl ﬂeﬁ%ﬁr&ﬂ&ﬂsﬁd uridérsk@tidethat all the
(which js the serial link bit rate 10 for a  link
t iandacderixqiudiq clopl figgpencies fhat oxast scglayc%e arfabsst é thy following

g Egrent fromthe pixel clock rate, there is
gqﬁenefltqlnygeflnlngtheIlnk rate with these four

par ametgr fo AL QmEg(Ss x?f“de . The benefit is the
si mpl i ci ty I'n regenera§| ng pixel/audio clocks from a

i nk cl ck he link,rate is

set as For g%?anglxeb_(l)gtaucgﬂfj a%cf( fate_can he d:xPIﬁ:ésed with four

cqfaf@wagdAng ¢Ciadmad.e is 135Mz. However, suppose
the pixel clock rateis set as A=8, B=3, C= 6,

and D 'P19eIQﬁ)ci{Q§tME|ZiA*Emﬁﬁc%hﬁ[’p' xel clock can be

generated fromlink clock as pixel clock rate is equal
tothe link rate * 22 / 5 1. [0056] Referring back to
t hose dystidnts, Benibits, §5=Bibite, dndd2 =rldwibvery, the ti me-
base recovery unit 226 may be inplenmented as a digital
cl[0835] sy nEvesfor earlinkaho%rhnka@tel{wdmdprsezhs eehal ilﬂkcbﬂ rate / 10 for a

O L o8 AT b Ao AFRSE m
Ve 010%9 Fat@ 9GS a DEAGRT dEf?I‘ﬁg% He l%ﬁ( ﬁ'té §/1th @’ie%e %lﬁrp%pameters

i n each d’er successi vel Yy
TR, aiT@Dg -Ti@)benefcs thﬁeslmph@armfrcm@muug plxel/ audlo clocks from

F bt d i nk t
{ PUTREY (2 siimPREhaTY the B miels AL Bl fs 30€re 7, ana Dy
Fﬁe@_ahﬂ rﬂllfe_&fi'%sponcﬁﬂ_gshﬂi@ /1239511085 7ﬂlo@5&rt £®$§§E ih"e%ﬁxel clock

102 generates this tinme stanp by counting th
ofrate gatet ¢ AST BeBm 31 Gk and, D2’2@ (E©ylédBdEDE theh éhet plmzl clock can be

¢ RS Fofl B LSRRG @l cq e BRIPK R 2275
cllasis] SiReferrinpeinek thWhow! 9stemsarcquiaiay nahe GAQURcH Y, the time-

3ch other, the time stanp value wll change by 1 30
85¢ ferpisTy B@{t@@éﬁn@baﬁﬂ@lenm@dt asgh digital elock gynthpsiger. For an

r ﬁﬁ&ﬁ'ﬁ gés)éd eiEmS ﬁ{éetlrké eﬂ ) ttl%:?p{l%@@?éad&f which as

he gr'ven pac et stréeam an e
Sﬂeﬁmbeélmmbttede(thlj/ batowe ig mamﬁr wmhleIF))r m@;{vdnestream four of 20 bits

i nterprete the receiver an indication
SR T el braser SRccetely T EsiDs b1 de 151 b Brl2, TS19-16).
stauld fRamotRAuiiat (FI@ 448 ¢ a&ﬂ%alh d CROTU Mk bR acter clock

for an audio stream thi s’ case, e source device

i frequemsy (Freq dirdptlzay) ajsew ce of the aud| o sanple 5 rate

and nunber of bits per sanple. By determ ning the

audi o Eg€l¢ IhegattiuperFrég(idk char * (TS19-0)/220
[0057]  The transmitter 102 generates this time stamp by counting the number of
native 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

over time. Between updates, the transmitter 102 will repeatedly send the same time

stamp in the header of the given packet stream. A sudden change of the time stamp
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and the link character rate, the display device
regenerates the original audio stream rate. [0059]
Egq(2) Audio rate = (audio sanple rate) x (# bits per
sanple) x (# channel s) 10 [0060] A main link data
paceﬁl% (b%/qgo E&mzj I%H%ﬁélﬂt%};_quaet?ydr% {Tgcl:e?ver a nr%lécéltlon of an
ofurilsﬁabﬂnd:mdwkm(ﬂ“tlhn dtscaihr Duaree the Stream 1D (SI D)

@ﬂﬁlat ! %?glpﬂjjt 4 ](% %? r)l(clyt @:ﬁf}‘,\;}g?f%g ?sltjaggp gss gélgg]unsclg%eﬂdffolr San audio
t hitSaRA Gk afis Eﬁ@dtﬁé sOitee H&elcé $Sth@ s 1 %(/wé Z'tﬁesau(aﬁo sample

Time Stanmp val ue (used only for unconpfe sed Vi

stlta@aar)d muBnher ©f ibgts @el\/ﬁseuhqﬂe fBadetefrbingeqihe modiobite hakédtpon Eq(2)
%g dt |‘§]§F %Fef 6?‘1'16 If({@ﬁ%&d@%};@ ?éggﬁ%:qrgtfg rt]?qjorig)mglaqu(ﬂo stream

th@te\_/l deo franme boundary (used only for unconpressed

vi deo streag. Bits 7 and 6 are reserved whereas bits

8 WOAPYPugh Eu(ar Audig mihit (RO c@ROE tawit x d¥ebits per sample) x (#

fogh %)pr evious eight bits. Bits 15-12 are Tine

St anp ream | D I nversion. (TSP/SIDn) which for

urf0060]r es gethain littkodatd padkse4BshowdlinfRagr4 Didctnde a 2@ ®iihk packet

Time Stanp val ue, [0061] One of the advantages of the

i Mpadari4pe as shewn meldisi 4B ﬂrﬂé isaformed 9f Hobitwherg bes 3-0 are the Stream
d'Iﬁ &Y ngﬁﬁ E@ﬁ%ﬂﬁﬂ? Bri Wi B f!f)?%ﬁ.’ 9 &gpgf"ﬁﬁl%rgtamp (TS)

for mats ave certaln nalin
pdditet éNhﬂmdbltJ das aquuhmdnér thid padkiot hemdeehas the deasexignificent 4 bits of
rovi de

Fbﬂﬁlﬁ%&%ﬂﬁ%ﬁ% (g ng%gggﬁﬂ%érgqgg gg%g é{geazlg) Bit 5 is a Video frame
MybbidRke¥it Rehitads Qsoﬂhg AYsPsi ﬁ"&at?crln Sfdélg ﬁ'ﬁﬁﬁtcoﬁﬁtgf Qr?uch toggles

invention. It should be not system
a fmnt“loii Ltb afrl ”efvl‘oﬁdmrrﬁlﬁ’( tCof‘ ’f Iate ﬂwstdemfﬁmﬁ)e bbawiary |ﬁused only for

| d t b t d
oo et RaD Sriatl CBRE Y ire AteeB Rl iisreas h5 g higheh 10 are

Traez; B SR GRO) MRS erfo §tf6r€% RS Rige bitd PBRX€5-12 are Ti
502 i ncl uded |)n t he tr%nsrm ttgfrblOZ uslegglwto conbi ne aare e

stytaapSrcarndp byversion (B%W&I@,m)rwhwha‘gmumqmrtssed Stledara used as

S t I.pl exed data stream 506. The
tf{ﬁ?r?’dﬁsél(’gg bgtflg{er%t%n 506 is then forwarded to a

| i[o06 1|] ay eOn&vf thepldexathgdQF thd BiveRPADIntRR caRYthe hbidity to multiplex
nu%%er of data streans to forma rmultiplexed nain

reqtdamstrepmstesehe whichocan hedificrnt formels gsaeebeshave certain
]1%1(1'? ik g%% p‘ﬁ’@ke"’f{I ikt a%%@?of"%}ﬁl 1921 E&F nFQPSIan%le %‘1‘5’ 5 shows a

ets enc therein
deysrmht i50Dexemngdlo toplprowidé heubypddkiepl éﬂdﬂi‘uﬂfﬁt a&;dstmﬁlame-packet
[ dat a stre ns based on th

t%?”iéﬁf”i‘i% ?‘E g;%g;agg;g,;l ok badagenteqiih HHVRBEON el hpwd be noted
Walgh EhePsyRiehES0D Rial %ﬂﬂﬁl%ﬂo@*ﬁﬁg of teSsybidhd TR shofvn! %%@ 2 and

off the stream 1 supplenenta ta stream contai ne
i shaudd therofgraaioethe. cpBOER] o8I Gmitthgs keohw thehsogpe | @vaitent of the

A 5 PSS R L R i
t Hﬁﬁ@m&bﬂ' SRS © EBMHBihPhe%REm 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
of data streams to form a multiplexed main link stream 510 formed of a number of
data packets 512 some of which may include any of a number of sub packets 514

enclosed therein. A link layer de-multiplexer 516 splits the multiplexed data stream

10
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over the main |ink 222. The three streans in this
exanpl e are: UXGA graphics (StreamID = 1), 1280x720p
video (StreamID = 2), and audio (StreamID = 3). The
snall packet header size of main |link packet 400

ch.res
ver ydqwl&(?ﬁs oD w.ﬁ%ﬁaeﬁ%ﬁaﬁ%‘% é({eig{shéa nsu{eﬁlélulpa‘?c(i?g?s) an% associated
hesaﬂbqrack:ﬂ Ihehibrsswhﬂ@a Sﬂfféﬂnll sink dehadltipleger Bk ither splits off the stream
r e conmuni cated via the auxiliary channel

tes
P;I)’hj “Eﬁ“t"% Jatasirepmpgruinediip hegubinekeiacket s over
"al‘k()}ﬂﬁi]' NK F22 % shbROG 3 @lr(ﬁ% Xmsmﬁé(hﬂﬁc )&8 main h{dﬁ stream 600
- packet ‘encl osure %s an effective sc é)
medsranpexekple of the atredns 540 shovew ipFies Sedheni thee Strbmsaalal’nlultlplexed

unco essed .vid stream has data id] e per] .
ok g@ﬁ%m hd %S%dﬁ%ﬁ thegs sireamy iy ths quBIES‘p{eTFFE'r ih‘gﬂdié graphics
15smehm 1D ak), tinahfio fv@dé@ﬁ@t&ﬁmﬂ@ Aaay%eraﬁaﬁe(étrxmqg 3). The
streamw || include series of Null Special character

pé@l’@é]t Badkat heagler mizs qdampindinkBpadkepHb@inminimiges thet pasket overhead,

Ltiplex. varigus data, strea

" Uhich Yesh s 1 e Vo) ik Rk RS i 15 e 3SR Bl cam be s0
mﬁmﬁs thet thenpekaaiteibues it icbamantesed tihvwae dukiligryTehdhnel 224
link rate and the pixel data rate when the source
stHrs &9 the tengmiggign egtb& pecketnayermepin ipkadle, as 20
il 64 at [
Gb[})s S?gﬁérglh E&alqéﬁ H%%uﬂ gl{:et %g{;lgsqrgﬂse%ﬂr éffec%iv%- fs'::h(jame when
evthe ynaﬁ‘l packet streahi & aﬁ)qﬁ'rcfpm@restéabwﬁém Kint@he uhemniresed video data

such t a bit of pixel data js

1.25
ts %@Fﬁéﬁqw é&tﬂ% Sgg@dﬁ §°“Pg1°€gmlgrt8rf§?nvidteér blangang period. Therefore,
| Hh4h SRR Hekc f&ﬁ%& logthn %H@(ﬁﬁﬁt‘é?&reﬁ \}?@Jo"ﬁ%gm%fﬂeihclqaé Serf3 of Null

illustrated in Fig. 8 Two special characters are
disppsle chevedteve packatst dudng this pdriogi x By ctapIthmg ancdha ability to

sec bi t .of data P2. .The 25 speci characters,,
ARQPIeB itk Bab St et P R Ri b Ui PRTORbnvention use
dakdeous MRHRES BE CoMPenshitefos REGERhcE NRHREIEHS zﬁﬁh\q@&nrate and the
bits of pixel data also creates a steady stream of

d@ekel tdasn rate Iwﬂwg thﬁe?qur@ksttf@mmi At wideo skatacstreani. ZBari orample, as

I eC| cters e N

c e P VIR o il PRt Qe ST Wi izt dat i
Omaﬁsﬂtﬁﬂaiféry Bl ﬂ'EOIn 311 a;th‘h@lé RBe lihlkaté Bdshees sct to 1.25 Gb/sec, such
suff|C| ently fast. However, relativel more 30 Io iC
i § hat gefif P aixsh dethds frapsmited gaeh @ens. oHewse GraBmitier 19 éntersperses

a1 Sh@Rlers pHiGedn gél"c?a&a a@ﬁﬁgﬁa&(g 11{ F%Ogmﬁo we%nal characters

specl a charact 4] 'An
ahteehsmi‘sedlbettveert infrst bit@lf ppcel 8atn @1 el bedednd bitwf pixel data P2. The
alternate consecTt ive bits of pixel data w.th speci al

cRfcid  ghasactarscpllons egpiven di0dedd dsingwshmspeh by of pixel dafa.
t el siRg the ﬁjal Q:‘ﬁalfagféré Ntfeéh bitd %If_'rgﬂfei %5 'eﬂ&J %@%s a steady

in the transmtte 4. then one or
v siirepass of dath dhab eallbwd thenlmk tohmaintdif eyna]mﬁm:katmr dn p)lmx ekample the
ava nt at ons r

- i R e L AFEreteaddo TRePUE § ATERdJer s $ighgmethods,

NBARAtnAEEIF0, B@&u@@ﬂ’l\é 6hnklrﬁ‘te @Mﬁéﬂéﬁﬁ‘y faﬁpl ﬁ@%@&@t I‘eﬁi@i%ely more
the tine re uired to fill th I'ine buffer wll ‘exce

t lgiq isnrequ rr g negelmgn;glﬁ 1lO tebensttattatha fvidao sugrall |Tr1ne receiver
gfgéeedg to Fedogm ghilze W iied the %Eecm(i chgr%ct%%l baetg%nvaenldy nHI gh Iink
[0064] An alternative to the interspersing method is to alternate consecutive bits
of pixel data with special characters, such as null values. For example, P1 through P4

could be fed into a line buffer included in the transmitter 104, then one or more null

11
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[0065] As discussed with reference to Fig. 5A, one of
t he advantages of the inventive interface is the
ability to not only multiplex various data strearns,
but also the enclosing of any of a nunber of sub

p%ﬁ M}& tﬂ)' ntgﬁ ) ttflé; l’blu%{ %'tlp ng&re a%lg 866 kaevtallable Such

representati ve su
a(lmpl&ﬂMMmM tﬂaqﬂl’e X0 relatiedd niarder dfuffeh espaby &H&ﬂ Qﬁe ihfegspersing
sub- packet 90Q | ncludes a sup- acket header 902 that
i gt E%‘fs&gé@?heéého%b@dﬁﬁ?é/rﬁuch gmplepieptations, g time reqmred to fill the

aqaRMRAfRF S41 t?:y(c%asthé % feﬁﬁﬁ'gg to il tl'%I itd Wﬁher the hne buffer is

character. If t ta pac
sdbﬂphwkeﬂmﬁﬁmnvdyhg@dhﬂg@datonta|ns a packet payload

[ itiQn .o th cket e end

sﬂgg%gcke?‘ Susnid, S HaT tByfg igpEA 6. ¢ha @ﬁeﬂtdev%;ﬁs of the
S Rf¢dnBle SRBTALLIS the Qb'ﬁh@ tlaeﬂdﬁ"oﬁﬁl m‘iltﬂi)lé{‘%rﬂfus (g §f§a‘aﬂls but also
packet (as indicated by ensuing COM character in

exborprdosing whann Oﬁaglungs)r ofrank packets witliinod phiichlat m_am link data

K)QFIPSZSEI%V\B Vse(r)ws re rrreasI plt ac k§ é)gclﬁe%oQOﬁjh:glgg{;clzor%%e with an

Wietthodioiint \oh e ianntﬁj’mC masi lsﬁ@-pﬁbl«teﬂ 9p@ Gikided ASsubpacket header 902
| pad. Fi g _9B shows an exenpl ary . sub-packet format

\F/)vlt it the drapribad; embqgimratis ﬂrb%@aﬁdaﬁ@@nmapwd&y SPS (Sub-Packet
|
AR Pl Ak A0 Yl B SR A0 o005

p&yd:lomd ccmtaliﬁpzepaiﬂmt poioddhm ﬂid&innf toGtha pi- p@d&t 900 the end of the
f| I r}% t uses .the sub- E’acket 90%)a 45%006 ]
esleh ) 8t e @eaHE) Y0P PSRRI i) owgrel character

u I f
%ﬂm PSR R O R B GRR M chcscie b e

aexamplatsbewn ofi Figh Q]?éntlanke the emeofll BOA th&i:-lsmb pmkba902 and the main

Vertical Tqtal, .|l mage W dth/ Hei

v arehsf o Stch, 1t ERdSsndl o ub R O Soi Bt kbt nas 2ed B gnd with
akPE WHdefs Sh¥sif® Bfli PhclRP had A9 Padlad. hq?l OBCHBws an exemplary
remai ns valid. In selective refres F;&e}ralon only a

p 8yl- pmketlﬁ)mawﬂnnﬁenamé@& pado in sccapiacedithen ewibgdionent of the

]; é@{gﬁtﬁ% Tgft s,h%#fd Be not%%ih g (S[H ahgﬁnﬁfﬁ%t&xf %}&@aa%%re geld and sub-packet

t payload istdepierﬁ‘éﬁdh thé gpeRifd ippﬁc&tm prafilaBat u@és th8 Sub-packet 902.
rect angl e coordi nat es changes romfranme to frane.

br exampicalaly ysstul samplenahsubspasketognclasiy usage is selective
! Pe%%ﬁfl' Bf 51‘1"9{1&)11{\,6%3%3 F%gﬁ% E)rlﬁ{iger A if1 afte%rmﬁg P! ﬁ{e attributes

her e xel ata 1 s entr
t of ﬂ]he:nﬁﬁﬁﬂ&mé I%Mzﬁﬂﬂ%ﬂlcﬁmt&hhm@écﬂ Widith/HIi g, etc ) will be

must be, dynani cal | updat e 0067] The singl e
FOTBWPE’&Fﬁy A} t%aay!qﬂiwgv %éﬁ%ﬁlm E?@rl Sz]zf@ thpgsy ¢ f&%@:ﬂ%ﬁ stay constant as
%% thd @reh@re ﬁi% LK 18 4PRO e r@:ﬂgﬁ'lt dd)%fh%oﬂsﬁ‘flg foﬂfa:)f 1004 of
I n eration S 2

set up an supportlng mai n
V\/é'lel umge ﬂ@OQ:mrupylatad et videy fiapyel 1 Thafoufn r}(-d’a«*,cmréua:ﬂas afthe updated

Bt oot Tt W i B irwaited svea Mt gl he values
e¥LiHeSreStifidlc *BordMANG dhARSes FERPPESE RAGKEES Afhd&ample is the

results of traini n% sessions (described bel ow). For
ett@tﬁpus;swn of aolp!aquo oupl tablet GthhT)n@at@ dorstegnirédafdrs2 56t dodor graphic

BBR St st nBOLYRb T M Rr el e iR L B s gomtentof

t heiQTIUD nflesisd dmamlidhlly updated.
[0067] The single bi-directional auxiliary channel 224 provides a conduit to for

various support functions useful for link set up and supporting main link operations as
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this way, the closed | oop created by conbining an

adj ustabl e, high speed main link wth a relatively
slow and very reliable auxiliary channel allows for
robust operation over a variety of link conditions.

It - I .

s RN, Wi PRGBS RIR R S, i o

auwpuixiliaay yha;hd][ﬁi‘élha ﬁ%@laﬁ]&i&;hﬁ cﬁ.t?hﬁ'ﬁh&ﬁieisﬁhhféd dEﬁigg gf évents such as
ortion 5 of t andwi dth of the main ]in 2 to

P ihe R, Gapard B4oEes Ao ThedomLS AfdpRRs sions (4 taselow). For

d %kiaﬁl?le?% ﬁdﬁﬁc@aﬂ{{‘ﬂiﬁiﬁg K8GIdna0A, RACksEHRLN®: adgéfb the main link
fromthe sink device 204 to the source éeV|ce 202. In
sane tased bpent prsrsslectedeoradeteries! fesuiscal] thbifaibkidr eaibingrsabsion. In

auyxi | iary. chan ma e re desirable than usin .
oo R0 B P B B RR SaGui PRB ik S main rink
SAvithl b ré1QadY sIBw £1d vy Sélabld AGiliRe chi&RREMIGSd R rébust operation
actual packet data streanms the transmtter 102

estVEht Vairdy oflink egnditiqnsn it shrpldihstnoted thatiintspaierseseg (an example of
S LOF kS s 0 - LN CO t to the link .
SSTELPT Y DS TR RERTRERh By e 520 can v

| iestablisted sving tagrorfl®@? 5 22 ofithe dapderddedf the thdis Hh02DY to transfer data
pattern so that the receiver 104 can determ ne

die sopreeglevice g e the wr devies 204w aptiefirqcyienal bagk channel
t 594 dR%¢ gtk dli BB Sourkl AENRLS ?%%egﬁ%ﬁ?% applications, use of

handshaki ng between the transmtter
r deieilogeal bddirestional auxdlihrg chidvel mayitei moy debizabie thanAzing a half-

example.qf a.li trainin atter is showmn in Fig.
1§MHEX§E§5?%5W€Q§WPWﬂd&ﬁ”@ﬁ@Hﬂ et of the invention

AJ0048] | ustikt el statihg NHe tfski@idd BY a%ﬁﬁﬂ“ﬁ%@ketad%aﬁf‘eams the
1 represents the shortest run length whil'e phase 2 1s

t Bansmaige d02t enablighes assieblpylinkhérroegleiavlink ttoriipgi svsgden that is

a |i.zer. 1n 2 hase 3 th bjt lock an . . .
oAl R eSS oL B, i i rinime, e main
quiak ittayisthiiter 1 OASERL gre-dEfiREL Bhinthg pdiRrd S it Bk REEVQII04 can

is about 10 ns, in which tinme, approximately 107 bits
ofietgupine gyheliandt cpr aghieveed esolidr bitthardetes lagk. b Hthedescribed

sl i.dq: Kool f ng i r..102 via.th
b e Cyrabing RGOl BT B ey oS gmd e
t heeelvenk04 Atoarriddnr th eatifatyvBainchi AhRGaSpRSifAink3@aining pattern
[0069] In dition to providing a training session

cEn AL 18 HE8adki i AFcpreanss et apoombodiment of Jhe (jgegption.  As

{ ARGy, o9 fhe i RAg elsi L %gﬁg?ggz&kfee?%tg A% LRSS length

ar eat Cl ng the over ransm ssi ons
owhill ghasgi 2nis|thslon2@@ thaFard dsed btk recbieer @Loptinias yn equalizer. In

channel . 224 can be cqonfigureqd to carry, Extended . L
CPEIE 3, bP i Mtk Gttt 60k HByashier st o5 e 5 fhe link quality is
r eRkGHabRI T 1yS PIRY tiafdi %@mel- (@Qg{ ch i
monitors 1 %%%fD#?shgﬁ@%§ st andar d atgp%%%ng? ?ﬁg? tme,
capraximatdbnd 0¢ bitsfodrdate isrseabdiithearecever 104 daexdnott achieve solid
C bilities, includin endqr infor i on X1 mym )
CRREDI EhbifiS el fhis el o e e ity Bharft 2P LU transemiter

t 100 RP6ces ilieRtieRtYandaBaRitd thethingdedsishar act er
strings for the nonitor nane and serial nunber. The

i 06Phhat ilepdiigion e mseviflingtabaining sepliery comthit, $heigwdliary channel
g%{fgﬁf- §&%tko Vﬂs&&] td Qgrr)? Yodi€ 'iri}ﬂ(r})ragll(Jeq hstrteg]nel c{%%)(%ﬁ@oin% I%hereby greatly
reducing the overhead of packet transmissions on the main link 222. Furthermore, the
auxiliary channel 224 can be configured to carry Extended Display Identification Data
(EDID}) information replacing the Display Data Channel (DDC) found on all monitors
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10

15

between the nonitor and the PC graphics adapter. The
systemuses this information for configuration
pur poses, so the nonitor and system can work
together) In what is referred to as an extended
t a ne arr
B ERRls PoES A B el R o R, R YagRpilion about o
Sup(pmtctr addits icapeblilitita) andyides Veﬂdbrsmﬁd}rrﬂﬁcnk,embﬁﬁ{tﬁln image size,
f %pd nlcrophone [OO?O% .12 illustrates a
¥ gherastesisticyy fadery pre-seh H%&Ss Sieapensy| iange ListiaAed character
Ws&ﬂﬁlﬁr‘foﬁ@mﬁ‘lotﬁﬁﬂf ohe 8 s'eﬂéfl ﬁ\.flhﬂé? the ﬁn&lﬁlla%ogeis stored in the
not ed t hat whi | e exact enment ati on nmay
defephdi agl tsposed dp ploingaitriicate V»géln’dmaiybm ﬁlrmghrthe ]?QBOahhlch sites

oTRFLH T, e S0 305 T ranbicyiebies THmSIAT s ths information
hapAy@ifRuradion PefiRed, 56 khd AYSifor WA 4ydthatcah Wl @R ther). In what is

nul tipl exi ng hardware and state nachine (or
f irpiemad &y, asapl axtanded ps@tpedmngd@;r&e m@I&rsudiana@ can carry both

Al d.
lﬁg*nvcé%éél%ﬂ alrlnga:’lgo?cpronogs 2 S Eﬁe}s %:g{} re?:dz 0 is?‘l%’qoatd%(gdltéonal data types

phyﬂiﬂﬂhwb@ﬁﬁhn&&ﬁ&mﬁmﬂ&h@ﬂmﬁg vari ous receiver
hardware),. a sink link layer 1210 that includes

éﬂ%'ﬂt i pF’éxil?ﬂ &lqﬁﬁﬁmde@aﬂdamﬁémﬁ@ﬁ theesysigm 200 in accordance
omiH et 20 ! E‘R’gﬁ dk i %ﬁgulag?et {)tréﬁl tlﬁ?te%hlle the exact
er opti ona

dlsp ay/timng control ardware an

f impleareatatidn soay Uayaimbmdlﬁ zpon ppidatien,| @ﬂefallgzZﬂ.lkource (such as
the fornat vvlth h the source conmuni

fine
it Vidve seusge POgeis | 35T geaPPYPical 18731k 202 that Includes
a i
i e S g
| end stalgemathing. (@5 firowvatd), Tad aadatusteay essurvé | 12060wuch  as

* onty FRa OrohlicSBGR B ised GRIC ot Sisipa durlay dovice

20

25

exanp

30

| Rehues pﬁﬂ*s@élqg)‘e"r'm@g (lﬁélﬁdlhg)(lﬁﬁoﬂszrgga@eﬁﬁydﬁarle Qg'sﬁ&l link layer

sub layer 1202-2. The electrical sub |ayer
i ﬁ%l(hﬂ@é inglydeg ideguultiplexingrhardware fand estate machme (or ﬁrmware) and a

B PR, SRR o R BBRHR an optons

r 6ighehel 8, squdsadprticatich POfifkehval 18ardeined SrePRb@Abd With which the
conver si ons,. and s rea -s ectrum capabl e PLL's. The

| W%‘Fom@%w@tﬁwﬁ 112@12919 ayercl A9d esd simidasly, pyinkapplication profile
chglen%%lﬁn%lgiggg g(%?fabgggl%q \ﬁ%ﬂ g%hé ha sink 1212 (%ommm{ucatesr tﬁl the sink

ern gereration
t ligk hiyexgl210i ne- base recovery circuits, and data

e i ng/ decodi ng. such as 8B/ 10B (as speC|f|ed i n ANSI
xﬂ’%ggt Tgwaﬂev%d%%m Pl npwhe qaycyised da mpsedetaihk dat a

C[D%‘? terlﬁ ﬂi@dde%s@ﬁﬂ)éﬂe B0 Cﬁl%r %%r@eg ﬁevﬂ:ﬁ e{‘lﬁglcal layer 1202

shown as
inndeESZQEI a]ﬁdl‘lWrmlbdsyee r1202- lfand a lngea]aslﬂm lbyeﬁthOE-IQahﬁEd electrical

sefblléﬁ dabadiinghossbitottn for ledheanatahson angaign dich as ho
| flubluplul aﬁ@t@éﬁ(ﬁ‘“ Rt 4 &%rsﬂ%@ewém&ﬁlﬂaﬁoﬁ e E‘éasmors parallel-to-

I ncor por at ed 5 reference. As known by those of
swl/squral-tqﬁpara ¢l conversigmy, 0B sprsad spestrambéapekleddes.t Ahe logical

~sub  layer 1202-2 includes circuitry for, packetizing/de-packetizing, data
scrambling/de-scrambling, pattern generation for link training, time-base recovery
circuits, and data encoding/decoding such as 8B/10B (as specified in ANSI X3.230-

1994, clause 11) that provides 256 link data characters and twelve control characters
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encodes 8-bit data blocks into 10-bit code words for
serial transm ssion. In addition, the 8B/ 10B

transm ssion code converts a byte wi de data stream of
randon1|s and Gs into a DC bal anced stream of is and

h, .of Such,.c vi.de
O o TN 0 OB P R R o
raheuemym@ymamﬁﬁae4@e&FuﬁQ4;uch as transceiver 110.
ver, Ianced data stream proves to
i e

}ageébgloﬂl@r ¢ npisd 1Byt the 8§4b01%|eée<t%%ra@eéfhn§ igessribed, for
CoRARGId oS U S, \ﬁ?%ﬁﬁber”ﬁéiﬁ@%@f u';lﬁ g }%eﬂlf ifdd€porated by

serial Streamis e mai nt ai ned at ‘eq ua or nea

eqefrencee vial isiowTity B&eldBkill mhﬁaﬂ,suhe BBélddecwlers h bhaicksode that

the dis it tyween t .nunper of . is .and Cs.to be »

' DGR BRE e AR B AR ok oA GssBussiopgin addition,

CQﬂé 88/ HH@IRmidstorAéRiR dofPEBE R widd Hﬁﬂa%ﬂéﬁmmﬁﬁioﬁpﬁs and Os
ignaling, called command codes. [0074] It should be

ndﬂt@oﬁ Pfahalinged plekam 06! andi O witlea megéniumirve lasigth of 5. Such codes

P300S, S RRERR S LS R B0 rctver

I isnkh 2@ 2triusscéiverstl 16.Cr M@ dr,bef DCebABiced Ot NEREMNProves to be

Al'l. data except_training packets and speci al

crdvantagsoys {p1 fibgle oG ARt clestromagnelter wirs| omgestionst i Bie average
t Feqdh f [

(PR SPR SR g the, Borl VA 6 O ASuait dn JORRL % RGPty equal

v déweds. oF heaSB/IlEEF&‘aﬂaﬂﬂsmﬁ codpenpieains die dspadinChatpterdthe number of

k set. If it scranbli.ng W thout encr ptlo
18 anflidhita beyy foo lw’? RFTOBRO NG &t ?@e&@?u@aﬁ% ¢ goding scheme
sta[s%qmp@énsédtsbmlﬁr Sode ?d?%[@ntaﬁﬁg A &fc o aftteddes.ary

channel 224, the main |n pac S serve as
stP€HHh | dBrshodlil banbed thatrib erder tdmmecbﬂlegemmvy b1t2>5tterns exhibited

duci h
RSP e natis (e b RereobrENER et tiagsmiisd over main
NORk 20 i3 ikitl seknbldd Riford2dB/M08 ReRBAALAN @lhﬁ@f{cﬁitgfh%mg packets
lines. In this way, the receivers on main |

aﬁdd absdiali chayactarn il be sseampiled. ¢ Abe datmbling fumttomas tlmplemented

e A

r gigthlv edluelof GhrLESR se¢disl @pRhddn$ dnip éﬁ@]%tl(ﬁpke}s kAICE it is data
the 30 auxiliary channel 224 is half-

bRCrambliBE FEMAN: AREYPLRG the fradalivehegtilbediierar £ o
C@ﬂﬁgfs f
auxi I'tar yg@ﬁé}aﬁ%{ék%‘?a@ggﬁ?@;ﬁég} géfrgnérﬁ‘?teg%erﬁﬂgé 111aryé:%1 annel 224,
1éhedmbim fie padst hMEfS?set‘\fe ﬁshhstrefafrﬁmlleﬂm(icauﬂ;i numbfefsr m:reby greatly
sig transitions of Manchester M |
e?s%ﬂng/x?vqrhwé ey maingizig, link, Bangyridthy atlteslwl%ﬁlsa bq pgied that
2 [
cﬁﬁlﬁﬁn% (REG3 RCIR2R BR oy ARE2 PR QT S lncs. In
t thas maggthep'acﬂ{wrs oamméllnk 230 eandtaueilizgy tink 224 s2dpleathe data and

Lhe. b st | ink d. S r fail
BT PRS00t ERVTE g tng daTHepier FasbPhiedoqkiae for any phase

albekl by YPIangRashit Z2the rleéen@?%le@tﬁd’aﬁbﬁﬂ RYed R lniortﬂﬁ'fﬂr since the

link speed iS reduced and training i s réepeated unt
saeobaryf eann¢ln224 ki balfdyplex fre-dseciiamel phy she dire¢tay1eof the traffic

: 1lg)anges frréggeently rﬁccro%%ngl rﬁ ]t:’BL Co%b%he arl)lxﬁbl enﬁannefjrecewer phase

locks in as few as 16 data periods thanks to the frequent and uniform signal transitions

of Manchester II (MII) code
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therefore nore suitable for external host to nonitor
applications. However, unlike conventional display
interfaces, the main channel |link data rate is
decoupl ed fromthe pixel clock rate. Alink data rate

IS SO S l.ne regal.e .
S8, A M BB G0 ST 200 P i
s dwndﬂlalke kel aysdliarg 20dnivh 2d4 e Dirvgy thiifsrolces] kﬂiWrZ aétb @ training
nagenent. For exanple, upon receiving. a

and

o S P e B A6 i MRSt GPK PSR Sugrgsscpr ailur i
c ligo

Conaes oo bl 5y OSSP 02 TS U6y Y Bl 2. 1
1204niag éhllsatram tile speag abrddutedeandotraining is espeated unttl successful. In

ercha over .15 t tary, channel, 224 t
o BT DR o ooty i s Pt Shis R ke meeblems and
bythérefdrd inkird GuSaIs fNextén8l RATRE m&Hitol LPRiAASS, However, unlike
recovery units on the receiver, available buffer size

OWOBE?WOGMSPI@(/HIWF&BW, ithe/mein dbemnel tinksrdstaonts iaddeauplad from the

L R N e ——

sa;anamdllzeﬁthehhﬁsrﬁmdc@emsnk | ayer 1204 reads the
dis&%fy Caﬁabl|lt (EDID 20 or _equivalent). Durlng a
ndPHHEID" opéhasquaee %@Y@fo@ﬁéélapﬁlﬁkthedyﬂfrmlilzb&at@@rﬂ@ Wiﬁ@gemeﬂt

r t r
SR A S5y Y LUEE, A0, Sl o ponitor pover
12@43rwbamdm(abn pfithemaomitor icalde Zid#n theSoare l.pg};!swe&?om[’ (IEOI aliec source
h?@dJiT@%the §%ue ted data stheans notifies_ the

UgmTk eyt 1290 svpates qapphilifies ok b recerysg fyiguterchange over
SYRE @By @AshrRY D3 £10 QHERIhOWm AN SRR MR LA R WRermined
submtted by the stream 25 source 1204 to the recelver
viby @ Heainingi dession, ’dhammberZﬁﬂ tinAd-base orenontiry atiitonen  the receiver,

o U er 32 o oty e el 1 g and then notiis the
apRkirk abired 1p00bE Lue absd¥Rfcdltot Hlud BRA8] T Qdcﬁﬁ&? ﬁfplon rbéﬂ&st from
Application Profile Layer defines formats wt

stthfe‘ﬁma@oﬂww 1266, the seyreedink laym é?%mdwht ldlsplaer capablhty (EDID

a I| e for. 30 _def.in by,

ARESLSRRRY LPArhP% bl SgpBUAR, Pl B firer 208 Sends e

f @irémvangbmast Roa¢ r@swez‘\p@ct viaahé @mhm@%@mﬁe Db4 fitifRs the stream
Li nk Message for Link Status inquiry)

AE?}FF% a0t nwhethen thenmajm lipkt 323 rhap reriongik ra%quacmﬁcprp hpglling the
ol ér‘{]EleQ@(? ﬂ%tﬁ :&tgﬁéﬁg Yof AT e%@re%ﬁ'losroufcgei o0& %? lh}ﬂﬁ rfalhﬁ'g %wf-nts such as

capa étreama t'e nessages SUb-

f syrrcalt)ss andf bufﬁn pivedhbl, @hd sdids MOOS @mt;mmﬁs%ubmn&@l by the stream
S%ﬁ orts the follow ng color formats 24-hit 16
roq § 2B tto rho seesiveravinthe rasihany hamneReas. 288 egm@pnications

REE LR HE B8k 1 [15(54 dBSsteam s n%l.ﬁ‘cgél.ﬁ]ﬁ X%%é?ﬁl}ats defined

and 24-bit YCbCr444. 007 For- exa
davihe epplpplion ptofidnlagerf21be | ayer (APL) 1214 is

e ially an [ i jon ace (APl)
GBEER] b el S nitort PECHIE v dr B oRaets with which a
CoramDs&ate ot QMR willentBEARE Withkheé 2dsdchild 1ifEIHLES The formats
presentation format for data sent to or received from

t thefirjedt byt thec appligatiorsprafde dayes arc divided into the following categories,
Application independent formats (Link Message for Link Status inquiry) and

Application dependent formats (main link data mapping, time-base recovery equation
for the receiver, and sink capability/stream attribute messages sub-packet formats, if

applicable). The Application Profile Layer supports the following color formats 24-bit
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aspects of the APL 1214 (such as the power managenent
command format) are baseline nonitor functions, they

are common to all uses of the interface 100. Wereas

ot her non-basel i ne nonitor functions, such as such as

dat GRMRRRL NG RISTRE bjrcORé%d SRICRER 56 B8t REBIERUT based), 16-
are uhique to an’application or a ty soc onous
stbieﬁlbﬂrm 20@&3@0&5@4@25&1@@4@5@&'{%%@@: dl ess of the

SO | BRe prapnS e A AdR e AhlicaRot RIS MY CREARL) 1214 is
| 'éﬂé‘enﬁgl%s a8 SRR %fg grafahidl! Meerfbe RPPAUBG BRI the format for

strea pri‘or to the start —any acket stream
trsetregm Soute/Sinln  ¢drempeicatidn nWeQZtEe w5in 0EB0R2Mhdnt i includes a

ed at .t he in abl e .

L B EhEhim Aliat P aa Reg B br et Som By PR g 1B, yince some

i &8 P0G wnLdaszm (RRM At thel gy SmhgbMentS 8othf@nd format) are
I|n | ayer 1214 that is then transmtted to the
r deaslipgr megitdr funstians. thewraye cioammel tozll ussheEdhe interface 100.
at t 49 V.
: (ﬁéﬁ%@#’s (%P P pace,%afﬁg]ltll?ﬁﬂ& %(?lﬁ ﬁ.nc? a ts[l@h LE S%E\ﬁgppgn% format
r and\se'eam heetribnicgfonabt, diaé anfqmeﬁbtahea@hbﬁﬁm aﬂﬁj tise of isochronous
format it bagéto 20the str native data rate.

THECHR that ke de tepsmitiedq degard %a hs agpligstipp.dhe sepm source 1204
deReRdent sodr Q08 M 12l & {j’i@%@ aSRAED WIS tﬁ‘{@n@q%@t is é:apable of

bandw dth 1s not available on the main

s ﬂlamﬂmgsthej pemdid® datarsirgarh ) @riootor the tsiavieargopacket dhyeamf toansmission
exa . n%g)%%ng the image refresh rate or color

d &Pt em%l I¥ 1 The display device physical |ayer

1246801 SO! Whes it B ActirpRicadnaaNé fRid 1iRK223 &Y&hatid b2 safithrting the
the di splay device APL 1216 from the signaling

t eending papkelsirsdm(®y the|siredm dourae 1 2¢nsenils sireany attrtwiesito he source

TEgk ?%e%&ifﬂglgf 1<§?L11 vtgrfrgﬁ r# a gv%g 6?%3L%§u}gllary Wnnel 224.
| ngiéadttrﬁnutbsbw e iafimatio® |u§é”dt By ﬁ@recéiv)é? th a¥eify Bt packets of a
i ncl udes the connector specification. For exanple, the

hapficalapstesem, i revover the erigisakdatatiam the siycash aphi) fopmat it back to
ha Bollhd dfid0SHHA LAE a*ﬁq%%tt;}g&tgg rtlh@tda‘?:?a%{}ﬁa‘%ﬂ 9 application

as shown i n
t depeadeddtt er 1502 is provided with Ilnk characters by
sub layer 1208-1 that are then serial

| ed
alﬁq%il | 2da they copvsaWasRethe depitrdbragpidia FoAE ﬁﬁlﬂable on the main
ayxk bh Bt dihdikh {REQ! \Qﬁﬁ né:%ptl ?(EJ}Eecﬁ@g gét}{)%rb;l ?&Aéﬁafnﬁle reducing

turn, recelves serla I ze racter f
atlmﬂnagegeﬁfeshiat@@ﬂooémmﬂe@ﬂ} serializes 17 the data at a

har, rclock ra It should be noted fhat the
U2 1 e Sl ek PHS i Yol alPolels hiybifigey Ve ink
i Ih@/laﬂ"ﬂﬁ (}Szirﬂntﬁla IRPERURhe RPCHOS HoRDihedBEALAL '%@:‘EHJ)I' used for
(for EM reduction and training pattern generatio :

f brk data ttrmms&ﬂmﬂrecenblont Thi\widie hnk0222t :InEI thecaamvlmry channel 224

ppr t.he nction l.ogi cal sub .
ggilvgrth?lﬁ Vg é)'ggswaél lfg){e&h glac (éO&gl&F ogbcgi %ﬁ’fﬂn@lds an electrical

daibalasiﬁrtﬁ@trlﬁabhésrmc calmiactdrrgped@ﬂ@@ioﬁe%v @ié&n;l)lfe O@8 Bh1ThBlex, bi-

mej orfunctions of auxiliary channel |ogica sub | ayer

i figectignal pagcdiary channel 224 has both a transmitter and a receiver at each end of
the link as shown in Fig 15. An auxiliary link transmitter 1502 is provided with link
characters by a logical sub layer 1208-1 that are then serialized serialized and
transmitted to a corresponding auxiliary link receiver 1504. The receiver 1504, in

turn, receives serialized link character from the auxiliary link 224 and de-serializes
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encodi ng and decodi ng, fram ng/de-fram ng of data and
there are two options in auxiliary channel protocol:
st andal one protocol (linmted to Iink setup/managenent
functions in a point-to-point topology) is a
L1 @B iRl AR HaPeflr ddRafedNy %di@ﬂé‘%%d e H&for functions of
Li nk Layer state-machi ne or firmvare and extend
prtbt: couice tlbgital supplaydrs 1n<dudﬁemgddt®1codapg,3p&keﬂnzm§ cldﬁBscrambhng
j an(? bo&ol |es .such_as -C ai ed Si Whil
Udh BEIHRE EFtER &Fn‘?rﬁ oy %F&Bﬂ?‘ﬁfﬁf B Yhile

d%ﬂ@h&ﬂ:c&@&eﬁ@‘tl el 8Bt fifRtiond SﬂﬁfeqleSeﬁ%rolfo?chPsub layer includes
pr ot ocol wher eas frani ng of data differs between
t vignabdeqorlingedepackiezing, dutyde-y@ambling, and fitricalrage neh:avmel
el i ca 15trans tt

o8] Ing b Bl R E PR cheagt 1DBTS Y Fver e dat

pramuodiﬁg antit decbdinls, framid@ldd-Eamidpy of detal & aake SHPtwo options in
er, vvh| ch jt serializes and transmts out. The

ed)é/]é} Lipgy chamsh proteqqly siandadenes pojecg] |(Inm<te<é fiaurlinks Eturymgpagement

t |

B 4 SN LT e

sd?g'n'énlesLmk layxi siater-maciihaondirm2de ané ekmnded ataecol ahat supports

un |a 50- ohm t ermi_nat j.on sistor.s at ,each end. of
?‘E 34 fPees W tr@ff% a%@ donalesies spthe A sty chained sink
t hﬁvi&éé VR shinlkiast ndtéd tHat e BT BRO8in %rlﬂe'c@&ng @cﬁéﬁﬁa is identical

link condition and ranges from approxi mately
agpgaéddﬁmféhq/plzmm wheghs frargingrof dataaliffers between the two

Vi, & erent | f r oxi,mat e .
atpgpt)lfruom Frat %%23 ’%ﬁgé"'luéléﬁy Sh%mle]d Iege%é‘g@b BYSE regpntains the
t henpakict i ugez a6d thd'eeceeOab04/ ertel @it BO2V8 ProMi&N with link
starting transm ssion fromthe electrical idle state,

t isbaracters\nyche degieal subnlaser, yehieh #i5senislizee an@tranmms uytnkhe receiver
r q?tﬁlé ?g&éé’iél%g&ntahget# nﬁk dc%ﬁlcarc{ep eigogr& itﬁb (i é]ik aé’ﬁ ﬁlﬁée]lsut?sequenﬂy de-

d istatizenitianlink pladracted (Qdit&d ﬁteatTh&‘—J 6kive ahé néghtive ¥BSals of auxiliary
£ wg? y four. I1's in Manchester |1 code. The
%lﬁéﬁﬁé}latﬁ%q gioupdh viap0-alyy tereuprtigngesisferseat each end of

h@ﬁe Hhﬂkg a8Nch Rt - .U'HPl ﬁgs%?ﬁ)%d Mplggéﬂtgt% aﬂ dnve furrent is

driving or neasuring t positive negati ve signal's
ofpraamxninabledep8Giinghan lﬂeallitﬂdcor{cﬁlﬁﬁﬂs}ndl mgdssefrdﬁaxpprdmdately 8mA

nbodi li.nk, 222 di screte,
o I PaRPE etk AR Bl i6h Aot B OKen B8 o6 eppHqgimately
| 2g@hvCib Y Pﬁimﬂqﬁtﬁﬂuﬁﬂvy 1658&tfda0 ide hde@ neither f"l;le gosmve nor the

representative set” of rates consonant Wt
| oegative signalds dfivem L}Eh@ystmftmgzlr-aMﬂ@ssmn I®mpthesharmical indle state, the

RN Sl o rRtpRfd Al U SSianREed, ol e desoibed
devibe@niif the Sy NC Eﬁﬁ&th%tht@Qﬂ' tag 1inipea Qu;ﬁﬁb@yc}ﬂﬁﬂél Bfferential
[ 0085] As shown, e cable 1604 takes the form

- | Relr ggasls at skock ofatetZ& timesifotlaived by fows 1’sonéVipshessecH aide. The

LE@%F%%S&@]H%%%%P g_nG}h s%&?%%e e%@e@g@j@?yﬁ%@% @)g ugR}ug events

(B}d@bn&ﬁcﬂ&dﬁaagd)ﬂﬂ{eﬁ)dﬁhgmﬁé posiSve IRV d@i&lfetsl@ﬁfé &f auxiliary
sk|II in the art, twisted pair cable is a type of
ngek24t consists of two i ndependent |y insul at ed

2’!({}0@51 W R R AR ABR! B8 maiPREK Whb SufiR: sl @t Sariable
link rates that are integer multiples of the local crystal frequency (see Fig 3 for a

representative set of link rates consonant with a local crystal frequency of 24-MHz).
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while the other wire is grounded and absorbs signa
interference. It should be noted that in sone other
systens, the S|gnals coul d al so be conponent based
signals (Pb, Pr, used for NTSC V|deo TV systens.

\S/\H&% %vﬁh%@bllgh@%%{lntl%yﬁd%% anlg a\al &u %htlzly has only a
p reesisighetthr limbat thh gaacd cﬂﬁw&taHGS)nl}fmﬁidalﬂe&l@ﬂ @ 8ehdisplay device.
differenti al is 100 ohns +/- 20% The entire

cdBV®li s é|8§80§fﬁf thegealtle 194 taes dre fommeinglugag a set of twisted pair
| | 1 t

Rty ShElorllif f1he Reft (RNLERCH hrlt Muc @ VRS Binals prqvides in a
t dy;gc:dLR:faBmolca tmead cided Systtaw (eh ad Pednbased AV iﬁé@@nsas As known

.1 a 3 ns i one r ow
oitRoes< ki i feih R Bt FRHETS  RPSCO L B epsists of two
t hﬁde‘?@hﬂ&ﬁy‘i’l@éﬁﬂﬁ&i #es AAsted Bt%hn&’ Bné Bothd We&%réj@a‘{hgﬁthe signal
end. The source device supplies power. [0086] The
maviilel the ptiep 2Vlresls t%@lmdﬁétaeg ahﬁwﬂhﬁomﬁnaé niafsrfansdcesi I o‘bonlﬁ éc noted

ggfﬁ?ﬂ k1)1(11e S(gnne vﬁl sgs &%Cth%%%%e?s dg}l&(ﬁ ﬁ g?r cg&nrl]lg%lleﬁgbaée):ll s (Pb, Pr,

t hg dﬁcfdrbﬂfr SOTPldeaETV adyisteins. ”W‘ltﬂlhl #R €4bld, eftich i tvisted pair is
pr.ogr anmabl e dependi ng on the |ink condi tion and
mfg@éwflbbﬁhlabﬁﬁﬁoxwatmw fanhl2¥ posyssrand eved yiro prgvided. The
r \Y o
aggz%{]gétllmﬁ%ldg rfm@enz%lg%vf g%cha&ji'gfre%:%flglg}% llas—gsz@{msrﬂ 20%. The entire
mcainlarumaﬂml ﬂagide@.vﬂ“fng ouger hicdd taad 1ﬁmmcmab bhielde rune shéread to the
An electrical jdle state is

[ ern.

%@f?@&@a 8 és ek SOERRSHY S fﬁ}%ﬁe@e S]P‘?ftf‘é'i tggroynddn a source
| nel
a?‘é":"“’%r?véé’ﬁﬁ&v“é%‘;ﬁ’ 0838 Showfir i, |0 HFork {BAing a pinout
eltet tis |1M1ca1db@hsﬁ)atﬂm cotmector amsﬂmetstoarcendﬂs/uce crahdnt thay on the

tralpi sess |n orﬂer re-establish the link with
tﬂbsp ¥ yige sod e soyros Aevien RIPORC MO now be

gﬁm’ﬁ bedm&mhﬁrlfiﬁ{ b §t@hfnfeRGh 868 e?lﬁﬁ’\éﬁd kice fHeQRain link 222
1 d 19 described below. Accordingly, Fig. 18 shows
t BeASotrupdeds tthe éermu@@mamoltaee ¢en dei dotvhiord betwegn 0¥n(ground) to
of at off Su t hat _the. sou

£ 68 2 gR Fgeshifedd KpRIRCh &g, o vk Birrorliog priekfpmable
tﬁé}iéﬁdmlgom tthe alisk aﬂﬂﬂl’tl(ﬁlt aetna I304s St aﬁip’?mﬁﬂfately 8mA to

power saV|ng and recelver det ecti on. In order to
déme%mwﬁréy ey regefing He a rrapgg wér Vilidtepandisbpp ¢ff approximately

o ?an{f ug/ @J )zlma{epgril ul l'['h@ﬁﬁm%ﬂ%&?&ltaﬁg s%t%?sd Ee‘i@été for cach

sed S ever asure o

acmmlett&gﬁusing)ra Rdhmgpattom. t emrrelaahczﬁndlelﬁatbas ippévade&l for power
during the driving is, nmeasured. it . is determ ned

¢ MApAmeBEBOYES Inglestricabidie, nﬁl&hﬁ'éahmﬁwenwr Hheasgrrs signals are
V@it @9 VAL O Rarti ?ecptréﬁb?m%\f@ﬁ E'glnt Sikd 19@3%1@,( ﬁlg transmitter must

detected receiVer state 180 catln
r egeinvter tréiamglsemsivndetoeddr eekestablish tbc Tkt wnhml@p eveanér. has

QP82 oo Thenienng LW bt dSHbrGLR s OF Sl PRamEg shown in

UPigk | lssﬂﬁﬂdddi&bddfbeﬁ)ﬂ(ﬁr Ac@oraﬁg@l ¥ES 18 $hoWRUBE sRRcOsa diagram
ti meout has elapsed. It shoul d be nhoted that in some

cdesegbadnbelowur dé adendf §@t¢rd§02;hﬂlgsﬁefsiﬁm 9300ff csuch @RRE"the source is
2@1?%)2%4. g]gr{flé/wgou%ge fgioengb e& r{Een %téaﬁ/l t]gaent 1ons s f0'a Standby state 1804

suitable for power saving and receiver detection. In order to detect whether or not the

receiver is present (i.e., hot plug/play), the auxiliary channel is periodically pulsed

(such as for lus every 10ms) and a measure of a voltage drop across the termination
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[0088] If at the state 1806 a display hot unplug event
is detected, then the system transitions back to the
standby state 1804. O herwi se the source drives the
aUX|I|ary 10 channel mnth a positive and negative
d iver' ..
glg{c?uge %{H@éﬂée ?plgfeneg E%EUI%& If @ﬁse égt&gﬁﬁé% tl}%h% fFeceiver 1s present
noba”sed; pEos ehe enmsmgd vcﬂﬂagm dhlspa théleQEEt ¥edterh a:sari@m‘onmk@ndetected

up and sourc % renpins ipn the state 1806. |If, howe
a @F‘aﬁ%ﬂ state 4 896 ansfiabie thasi xoneven hasi begn detreteds he a ot plug event
di pR| Reenhagedakent, ul?ovaa@r t ﬁ?res fRULE erebe?vére@éiiicteJ ecﬁgl YRE receiver

receiver link capabilitiés (such as max
buddtentioniiy eontinudd notibseich diime] 5 ¢venes frxasieer xsaiatﬂeteyl of a titmeout has

Rk DB SR ST S0 S the syt 45Nt e chooge to g0 to
t redFITgate Fidhd whith inb i fedlidr AspRRARLectibl R8Menfed hi S

point, a training session is Started by sending a
t ri3088Ing phattthe praisyi806 ardieplamhet uriphie G{enblssbtectadnﬂlen the system

{ at
0SSP, RSt AR L gV e e
phﬁs&mel awith b h@sitivansdidepgivensiphal @6 0ggeduy geckiver BRK the2feceiver’s

ée upon detectlon of pass onIy such that when a
sqagenfageaRonge if apy gckedn kIfjthere ig agyregnonge geeiviegkthen the

r %@elYe%thag ﬂthW&%nqut anh%%&%%é%glﬁ % fHe3R5d i%(ﬂin Sf, n}%v@ev?r a signal

nor mal operation ate erWI SE,
i gs redived dramdhe dieplhy,athen fig: dieslay dns mkén‘:‘ pgané dhe source is ready

Dur i th I t tate 18 e_source
o] theaBSau i GG (R B inki ok PSS ee, and number of
| REEXbasthesdiely uligdh bid 1R sl}%npt@ﬁisﬁg)ng\f@ﬁ dﬁLﬁ hgﬁtlﬁﬁgl?éjdtmn state

and the system 25 ?ran3|t|ons to the stan
18@!’18 andliswgadystofcomnzenho b trpining stet aoﬁlﬁcahloa\pham | f

ﬁﬁ@%ﬁt i o%g %%P@P%?iraﬁﬁggﬁ%gl&l zsd n}[ s%egi ing’a tralnlng pattern over

I @hé fiairl Bl S QY SRk 1atb QA Chedkis &njagso%mi’%ﬁtr&lﬁ% C&'ta‘?t@ arl?'he receiver

state di a%g am 1900 descri bed below. At a st at e

nGeH ¢l nagy il bit f9e pechy efdhroe pbasgs opd the tppemittes vall p@rqéed to the next

S tat 1904, .bgt h [ T
o bl BB ER AP TR, iR R Loy S5 e e i ik i

elraaltyrat ahdt lirdd @te. aAY ¢llié paiat,dhe Fihtéﬁﬁdé&ﬁaﬂsﬁﬁm& & BiddahhOdperation

resistors of auxiliary channel slave port are

motete &2 Kl Gft]i‘)‘?rfwé?epﬂ@d]@tkef%‘ﬁ’ retrdperd alcyb e| Wramwe Spetiem dfe repeated.

I ?)lﬁil%g%é E&Tn(?ﬁ at‘i&}le St& )ig d’ QHg SOU? tﬁ égn&ﬁ%éﬂr})] rﬁonltor a

turned on in plug even t syste

mbivk sst4tos dandedti qudhdy 1iS faﬂls;e achﬁGunpjﬁgl @vmtss dété@edliafid|thy system
he st ndby 904. At the 20 state

1@6@5' nﬁ%ﬁ' % | erﬂtaq Y 58§ .iéﬁfi .aa% Wishey 2 it plugideigrtign peent. If,
dﬁb@@@&da s§'1h:elﬁs§ Q1] 1R Yhe SYsBYE ¢ 1{10ﬂssto fadid Ys08 for a main

turned on,” and the transmtter Tesponds to a receive
Ihnkn@apwandmﬂmwn read conmand and the display state

AP0 ¢, R oo e Parlyy Sl pietom [0S acsSibelow. At a stte

- pregetRy viIngd iPa&bQsd, Ahe WisERyt ARY to Bnidier gk | Aaaxétandby mode

30

channel sl'ave port is put info the to standby state
18gte 1%060@]!5]1 ik Jink recetvienamd auxikiarychannet sleveareiinrlectrical idle, a

p res ds to . the raj.nin

R, DO BySRBY. ERBARGT abtu)Ceh nbfliRy Bpanel save port are

effioaltbRArfors iphg@lcteiBined NG 1tRE. t HTtAS voltage is detected, then the auxiliary
channel slave port is tumed on indicating a hot plug event and the system moves to a

display state 1906, otherwise, the display remains in the standby state 1904. At the
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updating the result for each phase. If the training

fails, then wait for another training session and if

the training passes, then go to normal operation state

1910. If there is 10 no activity on the auxiliary

c

¢ nane 3008 e B Qo s 4 SR 35 derp it TG he aunitory
awtave prtyis fhlamwﬁedsd:@md oy trarisfit@tredpontid® a flcaiveolmk capability
stat 1904. [OO%l s. 20 - 24 show Partlcul ar . )

i e & sampsnd nd B di aseﬁ@gestrﬁmsateqr@r% Wiss pthgywise, if there is no
[

2056 et ne Ay hahidl foCHor B Lo ST PRRof tme then
i tborwdliatyebarnel slansport tsqrut 200 e tn sandh@r siamdéow th the

[ ion, |t sh uld be noted that .the

 BO1, A Dl 4 Ghiting, S AR cohars, {bf ey gemponds to the
s heuiing lifltiftich bylthe tfankRted 83?' %ﬂju@ﬁﬁg ﬁ@@@ﬁ’dlfi@f‘ﬁsné%f}%nmg patterns,
transmtter 2004 is coupled to an ~ connector

( &Pdﬁ@ng the rpsulicler edchiiase o}fﬁb@ traning7Rd3, thouweie doromottee training

which,in turn is.connected. t .
rERa RG-SR iihSopeR bl Aol SHOBERD UG B 1t heres
2 QibOactiolp be sheamilsdpy aladRY beén ﬂ@l‘rﬁam [1RR4r tASniliBORYA nhdRe than a
the art, PC Express (devel oped b% I ntel Corporation

ofPresigirmined) %1#0318 don) G’Faénld%ltgfh weitiony ehapnel| goyeopert is set to the

CQURAlLY S§f @4, | Nt erconnect technol ogy that also
ma?a%t nsesoptvvare conpatibility with existing PC

| 1§00924t r uEigar 80 -4 124t bhow Farticaddri gaplatenmtiodshef W@ cross platform
E@gﬁ’? ﬁ%ﬁ{a is augnented to beconme conpliant with the

€of the cross platforminterface which can
dippessy! v il Y@ skl SPEWoHEY¥LSE 2061 h%ﬁg Flgbﬂ—%ogrd graphics engine

not her boar d nount ed connector as s 095]
si2002thad ircoypoeates & transniftet Z(pj]ﬂaiotdcccaﬂance withuthie it¥amtion. It should

OB S B B e b Beigr 102 shown
ned IEg.boar th anddbycavahtenttediniét barkir@isnlite PSo4$d @Qulﬂed to an

passi ve card connector as shown in Fi g. 21. As is the
c garnegior R0Pf éalelag tl@ritneg off dhcacanoectof lm:mmm@adasphﬂmnotherboard

n. a n.su
anr Cglrlgp cés %nglﬁ g cﬁ%av\ﬂ’ ?%Vlffi g@d@gy Wa[y(fgé% wisted pair
I ﬁaBiBQOHﬂ&ﬁlpﬂ?fs aiéptboddvicmuiocat i ons, the transm‘ tter
on the notherboard.  graphics engine woul d driv

t dhn i A kravg incthe AtnlCT Brpresst(develaned by datsl GemoTion of Santa
Zélé’l\@ ?géct : llgglpﬁér}\ﬂ%vlaﬂﬂe 1(?)9%% c@nnrt e§e‘i1|ay 1an Pcrow&ogy that

cost e Ve | ement recei

 walsb dmbitaimu Isbﬁ\danancdrhpatﬂﬁlﬁtgl withe&ditihg @Al cinfigsttitture. In this

nunb r of int onnect wires to 8 or 10 as shown jin
FPRf %ﬁ%ﬂr ?’Fﬁ FXBH P UK aTr3HEuened a?ré)ewm@g-‘pmp@ant with the

t f&]lﬂﬁ‘@nteﬁt@ b$ the'@&@ﬁgﬁtfoﬂr?m'térfa‘ay Whfch Ginf@RSIPHRVE 2 d1s|}])%aa[ device

ement as a sta one transmtter integrating
Pejltheatm@n@@lmot&mboadsnc&m%&mnnmwtsastshowngh t he AGP or

STBSEL U BBRBET VL 5 RRERLETS bR e on
IhBtekiscurd) ahe YR 8ls Qfan be routed through the SDVO slot of the PCI Express
motherboard and brought to the back of the PC using a passive card connector as
shown in Fig. 21. As is the case with the current generation of add-in graphics cards,
an add-in graphics card can supplant the onboard graphics engine as shown in Fig. 23.
- [0096] In the case of notebook applications, the transmitter on the motherboard

graphics engine would drive through internal cabling, an integrated receiver/TCON
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software. [0097] The net hodol ogy of the invention wll

now be described in terns of a 10 nunber of

fl omcharts each describing a particular process for

enabl i ng the invention. Specifically, FIGS 25 - 29

dest: [

u;e"z%&h& nfq (ﬂwgocﬁé Hc%{el dﬂg&%%@%ﬁ%ﬁeg ecg)gtfe%ﬁe%gg I\Q@Sﬁ]tatlon the
ofretdmedmmt WOtlﬂd E@&Q&hteﬁl on RS paidVaergby |r6dm:|iliy’ the number of
detailing a _pr ocgss 2500 for. determning an

op BIEIOMBTRAViteS 48 oF 19 Aeshanneinag 4100 i n accor dance

Wi AR FLERRYE TR Rﬁg JsFﬁ’n (Jig’te ?éﬁn rf%ﬁntb terd, tﬁb@ever is it quite
process, the operational no e set

difgzilslildb toouheplethenthas wi stendadmier trensanitlert h&egtmmg axyco PCI and PCI

devi ce are. both d t t he erat
R gt (gouhag dE e SHYO SR BTsEi T o standalone
t Rdnsmanrahag dRBR ol tt flieims GAHRX bin§ 3Ra dg@‘ih et Hardware or

convent| onal VGA no as well as enhanced anal og node
haeftwgredi f f er ent i al anal og video with enbedded

nt nd b| irectional O id ba . Th's
rﬂ%anﬂed gﬁ%?‘bghoﬁ‘g’ CHEVELOE e n%(%ﬁ]] etms of a

| mugibepolBORchadts\cacte deﬁﬁbfn@fa pﬂtmlﬂir%rbﬁ@ﬁf(ﬁdedabhng the invention.
det erm ne whet her the video source supports anal og or

disgeeidralbafiGS 2p +Hedeserifsn synbeef wa@@a&eé pmeweaﬁarf Bgen used
d 100
day @%oﬁlﬁsmy e&m&aﬁg}ghfi@g@ %@8‘%}9“*"5’% ﬁmeﬂ ﬁ ce

e set"to ana e process
wi[0098¢nd Figt @p shb®R)a ﬂﬁﬁc{uﬁﬂ.ﬂ@t}aﬂﬂn@ 4 bﬁ)dfbﬂ;sdﬁiﬂ()s ﬁlﬂdﬁermmlng an

can outpyt djgital dat e process continues to

25pEral %Pﬁ?hed 04 HeAcqordance ot @a gPodimeRt of the
d%x%ﬁﬂbﬁ‘eh‘l’\ﬁﬁ’st P%Eests h@leq} ﬁltlﬁﬂalqﬁéfdecﬁﬂl brﬁy%@r&i Y4 Qfélttapmode if
receive digital data. di spl ay device support

othey videakogcel andthe dlmlay) |dev1a¢ aenzith digital. oOtlmwmle; thg: operanonal

devi be set .to a 2508 t hen t

ppbogésxglwﬁ: Settoqd aéctgebuog 8 ﬂlﬁ&ﬂv\ﬁ](g c] tle analog mode in this
OR6HitBk ARhcITBSIBothcoh AhtoANPV GAIMEARY be &eB Qs 'e%hﬁﬁ:fed tafalog mode
di gi t al tsttep 2510). For exanple, a processor may

cbayipg|di t&h@galwgmdw with endmdflﬁd pldenaeani @@abalylabbdrrectmnal-
t e e ing device
Eﬁeﬁ%ﬁf |13]83ree (Pe 2 b{‘e dlteF%/nbdg § %]ltog”i grmde only

W{m9pot Hntshep MOQ e@vﬁe@ Eﬁ&c@ﬁdn{ehﬁ gat¥d Bedet&iniiKe @hether the video
operating in a correspondl ng digital node. 22 [0101]

Fﬁ@lrcwlp@%mméog podieHal daty e Hihe vidgo sowee senpports oly anglog data,
PERVY rp%hﬁﬂm@i hf of E(I)LHEI Eect%%eoffﬁaqﬁ ll%éaéét tt%( aﬁ£18§ lfst%f? 2508), then

ance W th sone“as I nven
t thegpreccanpilbendstep@Sti2y. m nat i ons of process 2600 are

de by processor coupled to  the display interface.
gﬁ[@ﬂbz] T AesYigRo Sewee can prtpb digiighdata; the rR!@‘é?S% SISt Step
a
PTISRAN 00BN 2 gl 4Bl GBLABER Ry dovics

r sceinfigared ital e@elvgu:'ggladl dast d tiRedig)lay Hevied ampﬁﬁ@@nlyaanalog data,
d t erm nati.on

er s nade, sed
g Pedt of cpinling debiesr oo Se &b anaiag e 2508 Then the
nﬁ%@eﬁfwﬂ’l’fbﬁﬁ hgep bHE)bIGthefWi Y the operational mode of the coupling device

is set to digital (step 2510). For example, a processor may control switches within the
coupling device to set the mode to digital. In general, the coupling device is
-configured to operate in a fully digital mode only when both the video source and the

video sink are operating in a corresponding digital mode.
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rate is greater than a threshold value (step 2606). If
the bit error rate is determned to 10 not be greater
than the threshold value, then a determ nation is nade
(step 2614) of whether or not there are nore video

fremh. | Fid 26 shodrt £TBWeRL: Hgﬁhm%gfgfoecggsg%ﬁc@r for pfoHRg a real

frames, then the process returns
Ottiree widse imagrequnlivy desk émdscorddnod 03th ddoweaspects of thehevention. In

bit.error,ra s _de ern1 ed to reater, than the
HbsEBRRe 9@%3@?%&@?%0 BHECsS Pl oy 6Pt g geupied to
( shepispRYHtedacel 0 Whether the bit rate is 15 greater
than a mninumbit rate. If the bit rate is greater
t HAROZ ni Fn stem2 R, arvides sigrabis regdieediiram aatideoj soutcondiest] a Slgnal

turns to st 0 I f .
(SR8 DA G LGRS L OB QSRR AR v vdeo
r a;t@,al (dﬂ@l%ﬂm madeep 360haniedmimtion AfegbilRASr rdté i€Made, based
process ends. [0104] Fig. 27 shows a

12 d
“&ﬂ%ﬁ%? i 16¥ teét PRtfD-s dheny yeuaaionpmadg of sthsthes fisebit error
29at‘é"1§ Breafdr AR gﬂ%%%ﬂ%ld‘?/fah{qute% Sf&t 1Phhe b-fp&ﬁ(ﬂ-r@&?? Jetermined to

00 beégins at
demébt igovaterthart thedhre&hcddtwahm thah aZ(Yf@éminatﬁmns Imaﬂe (step 2614) of

i nqui,ry is de by way ass Jatdauleary

st of SoulRES mequom Yids Fimeuatal sadgemaie i erppre more
tividReoTRisiRos! SR YR prodddl keturhS & éié’;?ﬁ’ﬁ()d‘ GhESASL, VIR profi€ ends.
avai |l abl e buffer size. Next, at 2706, the naximum

| i[O3 at aHpr:%er; i theebit ﬁnr@dratqns vetgrroined tct bagreateg than the threshold

?ﬁlf? 5%8 pd ﬁlg‘tz Zig%aag%%:%?des f&%e%g% 9% ﬁ(g wih%ther the bit rate is
c @mbdr lthani a'€1$11rﬂﬁ11ﬂﬂ1ﬁt £hites Pif @ Hithkd @ oFdabdPithdrof m&%ANR! 8 rate, then
are det er m ned )ééof the auxiliary channel and

s it se &leWQ@édﬁFéB P)rand th%altani:SSé‘StumS to Btep 2690 c it the bit rate

| r I Qr,
| B B3 5l BRHGEUR0 8 o0 5k gt o
s(stqzalﬁlézx)amtmeqﬁmbm sﬂdseam attributes to the receiver

b¥ ﬂ]v\% é g auxi | iary channel and at 2718, the
194 £c & shows aflavrbartder arlinkdsel wieproeess 13780 iajagcordance
| bbb cfiftRhé Off BUPROLA|SAY 2”[%'3 proBAUEPHBILIMIDE! 2962 by the

data streans e vari ous
packeing off @hbbplmgcﬂetﬂptlalﬂ divery msﬁomoat edt p2@Ketmain link inquiry is

hea s and the nulti i.n n er .of source
ﬂsﬁx @ﬂé’&iﬂ%ﬂfﬁ Cﬁ 2 @%ergma%@ EFPHIRYD, dgfp rate, a
i ﬁurﬂﬁﬁeoﬂ’ﬂ}ﬁé B&de REoVRR} uﬁ1|?seln|clu@5d ﬁlétré&n‘e? av\m&ﬁe blfter size.

link 23 status is not OK, th € source
antBKtt a'e%VOéf the thaxitaufdlink dage mttemtveaﬁe@ B ®ay onftartfmmng gession and

ata streans are r ct dlntothe
22000 & MRl e, ARl e At bl R acthy 2710, the
abapaﬁﬁlﬁes Of the/@dplay (i LEDID! fd#cekﬁﬁpfé?také/ 8etfRhifed by way of the
streams are then passed to the display device.

[ Sdleary hannep gnd Hhovslisalagyl @emmds tio dlet ighirivg 2 Qﬁﬂéoelgsh in turn,
2R B R s 5 GO T

e |nve ul d be

n[lllﬁﬂ] t haext,he 201 6 thé BifcaB® SRIr€NsdAl G 2BPUteStoQRE receiver by
ntation of the operation 2506 described in

FW@Y ghe Auxitiannrippneloand ah27L3, shesirem aouxgs 2rg further notified
SERGhA9NE nidiRhifk %capable of supporting the requested number of data streams

at 2720. At 2722, the various data packets are formed by adding associated packet
headers and the multiplexing of a number of source streams is scheduled at 2724. At

2726 a determination is made whether or not the link status is OK. When the link
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pattern over the main link at a set link rate to the
receiver. Atypical link training 10 pattern is shown

in Fig. 11 in accordance with an enbodi nent of the
invention. As illustrated, during the training

S [, OE S t he: Stt

T B a2, OIS e (PRAERARE Sl HRNAICEE Boinil BALLPRILR ot 2728,
t heberwisen thehladedatd stranpis are ze@cohbtenct@bingd thearativé streanasiesed upon

3,.both bi I k d | k hi d
R CINANEY SO CE AT S—

rqg&i&ygge@tlaqgg&sﬂgya%g&i ated training status and 15
based upon the training status check, the receiver

sdP¥0d pafig 28 shdws af dewdmcthdethilingr @ @roqeha 2860 dod peiferming a

transmtter at 2806, At each phas t he.r.eceiver wll

o OBk P hie &iaenfs 188 T BRBSE el PEHRCR Vs ofipowid be
an@tal thaBhe @ising fsedsin pR6&,s\B00d908e MAbleARhRGbN of the operation
pass then_the receiver reduces the Iink rate and

r o84 dssarived it Hign2hg Astaigingressipiels staried at i2R2 by sensingya training
t t i . i . i .ect . ..
2e o e A oA 0 RS o i, REHOE, R Bhisfiohfk maining

empattaydd shewn ip Fayrdhtin tabeordarve avith amn emGodipieheof gigShesmtion. As
29@0 IS OHL% an exanple of a graphics systemin which
t Alustiatede during, She raigmecsessio 4 RpAsenk FipEEseniedh shertest run length

SYHiRPIAA0S id el 1bsRs: Y fe@%iﬁrﬁ’};s % gg%ﬂ{érgeeg@ glﬁ{sgﬂd) optimize the

1510, 'random accesS nenory
mequalizer. (JRQMrs2Y deth bin ockrandoharagier lopk ercadchic28@ s long as the link

graphi cs controll Q, priyrary, storage 25 devi.ces

TS 8 et &1 A dhy Feap B Sl of dorgoted AgE status and
WhdedkiWine Ratnlify @bths chddPMhaGt&ide? stis %gﬁgﬁfailcﬁif fr336h of three
instructions uni-directionally to the Us 2910, while

RAkeses and dle troprimitied 3t 2896t rahedcbrphdae, shewrateiver will proceed to the

instruyctions in bi -.di recti onal ner ..., CPUs. 2910

i caties Aty deeeiol 8 Bask R HEEre RORRY b brgivepdges not detoct
P B¢ Yhentthe 2gRivet @dduess thiMdk e a@@%eﬂ@%hé RalnutesRf¥n. The
sui t abl e conput er -readabl e nedia. A 30 secondary

3?@%@@( et S50 ,linlwriat@ At Which g miagsai |d9telateﬁrats%8 Ienory
ST BP0 ot BB by P en e

massnti@roCympeter exsidB Q06 istontp ap ek efpleaddagrhphi e eistem in which
that may he used to, store procgrarrs i ncludin

c BifePToRfal AnvenHan R bej iwlemsptid: £ramputerasystemt 38‘5@) iheludes centra
devi ro. p . . .
aﬁ%ﬂgﬁ%l%%@gqﬂsl 596 al%ﬁd(f[ﬁ \‘%g(lf'é@ g'%ﬁ'{bﬁgmm Hodo degK o Znemory

ererally slo ri'mary ‘stora
dROHL92946ne 2 Dfe pitiygerale PRy gedphicagonteielar 86® §Pinmay storage

s Bivioest D80 1030 SR iy pREBFT0." bRS L Enavdn the art
t Reiv bR th MaQEEPEAR And BisBLARS Wnﬁ-ﬁir@ctfdﬂﬁléfefﬁﬁﬁlemsr ¥910, while

device 880, may, in appropriate cases,
i RédM po usece tipicallytiarithasigr daghimdninagugmns infa FRANRO@M] manner.

CBERF 21Dt e TR et g bRt HiSoeee a6 ey storaee

NByidd3CRoMde and W95 Ray GhclhddNah CsuitabledQMhHRS-BHddblAnedia. A
video nonitors, track balls, mce, keyboards,

nfespeda iosage Biediins RAi which igitepiFalissa Teasa mener deviged is also
r 8&%%&1-&1&9&3&&119 to CPUs 2910 and provides additional data storage capacity.
The mass memory device 880 is a computer-readable medium that may be used to

store programs including computer code, data, and the like. Typically, mass memory

device 880 is a storage medium such as a hard disk or a tape which generally slower
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or paper tape readers, tablets, styluses, voice or
handwiting recogni zers, or other 10 well-known i nput

devi ces such as, of course, other conputers. Finally,

CPUs 2910 optionally may be coupled to a conputer or

t ehQCPHMUA GahpOAS/iRR10A6 K1956: Blass AbmdrL@FNRIIRE WD knay take
or an intranet network, using a network’ connection as

s Hbaprnyeinemagiapicar paRgSapaicaderog sbme other weHiknown device. It will
cqnnect i it .18 contenpl ated that.the CPUs 2910 .

i B char, e SRRERTRT fSfintd, Sl st oS pfogy cloviee 850,
ouhPytin bfropricat tabs, be ifddepokbteded YWatidard Mshidd a6 pakt SERAMM 2920 as
perform ng the above-descri bed nethod steps. Such

i AERHERSBNY- which is often represented as a sequence

Of g &t I Ughi '

pd 0108 VERURD1 AR ERAMIEE oMottty dBREes 590 that

exampineluderbut tabeendt dimmitealf toad dege whielr adatieo miogitads, track balls, mice,

eg%pgieg in a carrier wave, . The above-descri be .

d ey bads, fcrophanssafauchzsesithye qisplpYs fansdycereed regders, magnetic
r! paper 't e ) ts or tingreeogttizers, or other

fgd1| 9]pl31ré_§paer SRIDULREs e ANaL & Andor BehdnritngefBodits

aphi cs qontro1|er 2960 generates anal og” | mage
darvel-kmvminpot dedessrichgs, ofedoarsen othes compitersanidnally, CPUs 2910

rovi d both to digital displa it 297Q. The anal

P DRt R e Cpblelihat souRlter br scamipitonils fepRoRD e, an
PiRfRinetaletwéRCEI YR Uintrai AdtWorO TRy a hdtRBHakoide@bmals shown
encode (not shown). In one enbodi ment, the anal og

i eaealnan29%. JXithseeh daewonk REBeridrnmat is gaatemplated that the CPUs
r i Lncl. VSY : i |

e e
umdavark omd tHeh adurbd & f picefoeming ity @Bdveodeseedogethod steps.  Such

i npl enented wi.th anal og i mage, data and/ or reference
silgfieEnatiqn, whighisrofteg trpreseniqdos @ gewsnes ofmalresgionsrig ke executed
q . h e . _
o RaTamabiiay b fom b anal afBh syl o by r ot i
i lthefrmatfesconystada80ighd asbdddiep dm a tcheies pavenThe @bove-described

shown in Fig.l . that i sed to connegt. [tinmedia
sgswe%s anstdiealnrilhecEmaiasty &hqsaiog ﬁ%%é@nsw Ppfgware and
ok gRmypscation |ink 3006 by way of connectors

(source side connector 3008 and/or display side
cOHO¢t or GBPhEY controlieh 896k gencrdfelanaidgnidiage data aode cpoesponding

bot t 3008 010 . .includ ' .

o P4iEten R A% gioyndss, S 8 Peip AbliSs SR b nplog imeee
I g6l 48 el geRBafid! firREInples BiedOnINRE diid Riceived BBHNAGPU 2910 or
passed by ﬁgxﬁgggbconnunlcatlon I'ink 3006 to

mifom AR gkig dnot showsholl ehehembrstiment, Hewnalog image data is
that .. Vi r Si nit 3012 can_al e

| Aot BB A Sl Mo b i Qa8 B vavc and s
adighils Giell @n®&n i K age Abwea feshildebs andeabed 120 khe present
5 [0111] Although the foll ow ng di scussion describes a )
s dlieators cagk be iigplemeaiidawib msatoguimage. fata SRAigr defgeence signals in

_28{1%'9 Edgﬁ‘gf- IS:{?F ﬂhﬂ)'géjé %ﬁilS%i dafté’te{n%}%luﬁé 3ed B&}qglecﬁ%&e Aso with

e Video processing unit as we
desorredpeddiagiad refendnce gigdelo processing unit 3012

DEBSET =it 56 RuSaids dyatemn ¥660 based upon the System 108 Shown in Fig.I
that is used to connect multimedia source 3002 to multimedia sink (display) 3004 by
way of communication link 3006 by way of connectors (source side connector 3008
and/or display side connector 3010). In the described embodiment, one (or both)

connectors 3008 or 3010 can include video processor unit 3012 arranged to process
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prior to being passed by way of comunication |ink
3006 to display 3004. 10 Multinmedia source 3002 can
take the formof a video device (DVD player, video
mul ti-media player, and so on) that can support vi deo
f OHHBY Gatd $EQiRA AHA hulhn 1?@9%
rrrrun?%atr&orr ‘%930%6 ceg%aza s%a I ncl élj(]:] E%lsg@‘by way of
bi Gorrdnmrecatloudmlk J0%itd imaltymedianing|3080.1 & sd:rapldkﬁemoméd however that
supportin ata.t sm s rates to at |eas
DB PR sing ofte 18 R aRa e Eorgoualed ipfRsssites ik connestor 3008
Nﬁﬁ@h@rﬁbﬁ fo bl inPNRBBEEkS G068 LAechPB0R)ANDI €)
provi ding an optional USB conpatible data |ink.

TH8 EKlor e Althpugh Hbgefqih@esg whiseussigh s gseyib@00al $ogirggSBide video

ona ort .
OPBpcedish s okiaie iy B BRIt BELoBRRS atso applcs o2
caligpddy bide Wosdpidcegigvanid asmbili Nadihe SRR S0BJdiaRdt, video
di splay 3004._ In this way giy of a nunber of USB
r diresceting vt sHHe; Hﬁgese%wﬂe& afq Jeseived fme rr%t)ltla@timwce 3002

kiR MR, 00 S LA OTRE SRR iy 200

chwhtlﬁiedﬁlOﬂcﬁlrcepB@ﬁﬂ daes take chadoin of @ cides yleHPD (BV@]I player, video

02Q ..t h n sed for hot svva jn. 0112].In the
@P Bﬁmr ol on)ttﬁ@t PP} %é@r%@r w]aétaéﬂf%p), 720p,

t h@S@(@?)"naﬁ(ﬁ solBil. t U@%ﬁhﬂ’ué&féh%ﬂ@@% dat QEB Snf8le Bh#Huplex, bi-

and hot-unplug events by periodically driving (or
w@asmqmbaumlwytchwehﬁr@ﬂ ‘h@pablrewé seplgmnhgdm traustnissian yates up to

PR Yoo e el dap e b o Mep sl chamme

pQ\ﬁ@rElg StaP kA8l P28 iding ad GpBohf RIS LbMBitbls Bah HeRN MRrefore, in
used to power a dongle (repeater, interface

c dhpsercpgss, Whare djsplayn3@0deisdé rdopwdtibletfbeli mohedes an optional USB
% Wgtrﬂﬂ%) gﬁlty Fll %ﬁoéls ‘%Eng?r%n 30?@%?&)%&&31’6 EShduit between

r”on’t he order

amﬂﬁmedﬁatse{]Me&O{)Z Ja%d\ﬂlgilaﬁbom 5@%1@%&3@&hﬁ16ﬂa number of USB
current. During operation, packetizer 3030

. Feptd é&rnﬁrptlprl%urgqﬁht wefilatransipal betwera smuliisqdia source 3002 and
t
AL IAIog ctte NG 1530086 kil A B0 apne 01

v pd:e/mders Ricon@i86 daayHirDnsigack¥R0zked cun Heoscddbahstswapping.

3 InthSS|t mul ti dla source 3002 acts
géslalzlrastlért adeveeh % garhgmnw swehmarsch% grlastﬁé in the form of

deMilGRedid dobale 3602 Hetdbit hdtE ﬁ.ﬁnﬁg\%gpf iy 3 ﬁenodlcally

initiates any 26 transacti
pruvinge®r anezppngp positiec rapd pmgsuve Vigrielrs @lfz‘aawuhanyr elamnel 3014.

?ggsrl B %5 §275 E‘ﬁ@@% ?yog%%no m o %E}P’aﬁigg §?1H’§e and display

Fﬁ{telﬁéﬂaﬁfﬁlv& suppHes 3826 Hﬁ&\@OQS rr@@'e@ﬁ?éﬂf 3hdtV&n be used to power a
i npl enentation of video processing unit 3100 in

ad@l@ﬁl@ &repeatoy, tlmteéweemértme retc. bf In Wee deseahed @mboalrrme internal

[ S 3100 in udes a recejver
Sh05S QERRE S hol obataR Proiie BETR: Gy o8 P Y LR of Joreer at
vaﬂﬁ@mﬁﬂt@y pacikev st ﬁHoQHBWﬁiﬁﬁﬁllaiﬁﬂmY betegntdat a stream
3038. The recei ved vi deo data gackets are, in turn,

f BIAE de Purieneptionepacketizaid0s0 inplsled ip sranymaifien 893 pagketizes

| Lﬁﬁ%\{gqnégl?ﬁg‘reﬁiad@ﬁa 4834 (t‘ﬁgtr ERE Qﬁjﬁf{l] %n%l%g r@tdlgfal)v };Q‘ﬁe?ated by and

received from, for example, video unit 3036 to form packetized video data stream
3038. In this situation, multimedia source 3002 acts as a master device and display

3004 as the slave device in that it is multimedia source 3002 that initiates any
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data 3034 as input to processor 3108. Processor 3108,

in turn, processes the native 10 video data according

to pre-selected set of instructions provided by, for
exanpl e, external nenory devices. Processor 3108, in

t UfasacBibh @Bt SvHREHO aﬁ,ﬁmdsoouqﬁ@vﬂeg antH rdphﬁﬁsfgsﬁérﬁé Video data
unit 3110 where etizer 3112 ackeglzes t he

p rsEea8 Se38 i hew Pdﬁﬂe@\ biy i¥tay ofm@é@st!ﬁé d0phtkeidee prpogssigpunit 3012

%élaﬁ&%‘f’iﬁm %%ilf%ogﬁ(%] fﬂ&?ge?trf‘? th ltbsglgﬁvr fégr%ﬁegérﬁ%tbv% LS'rﬁalfémentatlon

profcaddestovisting aiit £EM ﬁllécéoﬂ(ﬁncfeeﬁr&h\aﬁchrﬂlﬁodlﬂhe@ted)ﬂ/ﬁé invention.
3038 connected to dis& y.sj de connector 3012
delhsaddearnroesssing #pit SoHY é}cltseies £ Keeetyst RotHan RPS haying pryingput node
Staf c

o Pputie SOHERRIN RS 4 FaRERURSR ok EERIRS data stream
k3038, (lhe lrmemﬁdswdso datp phackeds eies pl ayn, foomarded tcede—@ﬁxd@nzer unit

F rec ver 3038 ¢ i nclude,.a ti

" 05 B R e Sha it itk Bl tsesboring lo e aideg multimedia
t |?1§ta”3¥13|4va§ i dﬂiﬁo‘ifmé@sﬁﬁ@lﬁg I 8850e30348 198 MGubd, Pocesses the native
stanps enbedded in data packets of vi deo stream 3008.

| videhodatal apeordiog e, prseksvied set oh msnmgmomplpnowm drvelfgr example,

g)%g{?ﬁ% ! ee‘%'rhoqr'ﬁ 6%1%13% C;E’Scpctef,sé%qggg Stgr%lo\la)gﬁ@lts %rocessed video data to

URALGRIBEALYt S1 1T &helesikcletizdas Bl 2 SackeriAe fic $10céhed video data into
di splay_ driver electronics included in display

c BFIceEier eackstized widee Hatalsirann Shad thaf &y owPWdR tiaggmitiep gutput node
tRejeby greatly reducing the number of channels

reqU|red with a comensurate reduction in conplexity
apelldpst RefertimebatiksplFag 30( &kb@}ode&eﬂh&l@&ﬁ@mﬂ‘ﬁﬂﬂe fyreceived at
dlspla 004 is USB (or other simlar technol ogy

e FeeBIvel 3038 «nasets @bd’éalﬁy sileconasty ¥t 2 é%rpa%qe Z?rrﬁ 040 converts

r | I

v 5&%‘.%&%3%6‘0§8%%€?°%%o%“°%ﬂ5§3ﬁ‘%ﬁ%y Sih T anr iy of ative
onidehestr80mridBé wingnast mumisdranfevelFenowen denbhisues as tipmt to display

Tt 0l o s oietrER S0 tngBripSn dnth e gpcovery (TBR)

c ﬁﬂi’? (Aot dHeWwh TRAirBodNeAY&N the Hatide r&E JFaVidRE s@t’e%lt 334 using time
photo |ibrary managenent software, for exanple

i slampsl estbpddedriy da@olﬁskqts)gbv@do siocamB@0% el showdd be oeted, however,
p 8sSSor 304 .0..r.ecei.ve.and respon

CE RS brob o RS R B R e S SRR ol Bremple. m Fie
dpepltade BQMrec&Mjﬁ i§ Q6@dcRésaBf sindd didplag daBOLEEd s the dlspiay
processor 3048 responds by generating and forwarding

nir\elecirenigs desivdaddn 3isplas epnireler 30490 ghe Hak Chfggcgtgrn@gck rate,
3%‘2&3‘%& V\g‘regﬂ}p Feduft ﬁ‘# g?wgl?é So? Zégg%g?a déﬁéﬁr d %g@wensurate

tmdudhcﬁnhaysn@wmyhmw f@fthbldrsglajyectl onal aUX| liary
channel 3014. Since bj-directional 5 aUX|I|ary channe

3145l s Haithe gasn whetehy displave3004nis oY 8B (of @thsr esimHar technology)
&L&Jbleﬁ' erf? @0@0 caﬂ'b&ﬁcﬁnﬁlb@%g ogygf&'blé ﬂlr% &h@'}@fﬂ‘re&qgﬁs a multi-

I'tration contro nitors conman
gemsicamede bywhich pithyr mnbmmi&oxouﬁ@ﬁmoarw dmplla:y nedi can take on the
soTrc oro ssor 3048. ﬁ .coII| |on g t%ﬁt'gb bl

e oL Fé'i‘f“l’]?h]é’ﬁ & Vigyation ifusiratedip P 3nPSB enabled

' multimedla source 3002 (such as a portable digital camera, multimedia player, or a

PC having digital photo library management software, for example) includes memory
3046 coupled to multimedia source processor 3048 arranged to receive and respond to

data (or file) request 3050 gencrated by USB enabled display 3004. Upon receipt of
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3058 can give priority to either multinedia source
3002 or display 3004. In the 10 descri bed enbodi nent,
however, nultinmedia source 3002 is generally given
priority over display 3004 by hol di ng any displ ay

3Q04, feggé’s? $bso (1#2% Sor J0AB (EHBAM g_sF %ﬁﬂeﬁlﬁl Jﬂdeé)ﬁpérﬁ&lg a memory

t echni dues "avai e in | 2C bus I tectures) unt
suctd comeaad 354 tdi menbiyodd6 tukirtspands byfo3@itding sequested data

£ oflsb Sk up e St PEBRH AR PPV RHT asdiebied)doffa 2056 back to
begplie el By vmy bEBEAINRFionl HxilBA LRSI R, aS?nQ@Qquﬁectlonal

forwarded to display HProcessor 3060 where it can

f uKiigry ph@@éls%@& I(Ssha hdupdexi imeitpdure einherderivepreyent coIllSlons on bi-

SRR R0 0L, SR SPL R Ao S o

f%nﬁhﬁiﬁgcgéﬁ&fatddl Bﬁhﬁs}bl@nm@béd@blayﬁﬁo 3@ Multihbia source processor
exangle 20 [0117] Although only_ a_few enbodi nents of

\ db i colfisientr puiamikeien icdaiedtvdh dhen rpitegign cgntrol unit
b r n
%Oggl%ggs%l%)%rﬁ)ﬁy Eﬁ}&slgglg adia (ﬁg)ir%r#s §g\/|0%'ﬁ¥ d?s%lay 3004. In the
defesaribied gnfoodimert ehcszpaver tmldtmtehm svoee300P it lgengpaleys given priority
nven nt exanples are to be consi dered
I§\‘/’Pﬁh ﬁwaﬂ%wyaﬁ%ﬁ%t any; ASplay ADPY acdienld @HEE for example, time
' @&@t@hfﬂ@ntebﬁn&ﬁ% EQadﬁglel 3@ %ﬂsoakﬂﬁed#ﬁ% & Lol 'SlYC?ln tl'ﬁ’le as bi-

her ei n, "but 25 be nodified within the 'scope o
a@p@mmlmxailmbaﬁéﬁmwavhlablﬁel r fuII scope of

QAL bocDivs repReh e 302 iy I Tl BhisHen, T g data, for

aleRarBpleP had bedSrecBiObABY Akt 3088 s b‘ét@!@'d@tﬁtﬁ)%hﬁtforwarded to
fall within the scope of this invention. It should

alds‘ipl%'e prescawdTt RGO t Where Hr sammby faurther |1a‘9¢6\$§ed/vd§'@h3@s image
O REATR PRIy ISR e SRR, 5 A

present Inven

| forenkdedntodi gtdred ph edeeibra S 06D ¢huslibegzhl displeh on displayer 3064,
alterations, pernutations, and equivalents as fall

wifenxampke true spirit and scope of the present
CE(Y Ay OnAltl%ﬁlgr\ﬂéorﬁPad B Lrodd[Riddd gf’"ﬁgé" kb {n@&%o&l have been

si ng eceiver unit arranged to“receive Vi
ddEEnpecthetshoﬂti & tndekstoat that \ﬂteepms«nt ihhentioh dagy Batetnbodied in

acket corre nd to.a native videqQ data stream at
h Aty Sty dessiiad RS WPy @Pafa*mg. therRur o8 s connf the present
CaHRh&sh.t oThd ?r@s%ﬁ?'eﬁ% 1481 dre A" ﬁg%ﬂsﬁgreﬂrﬁ’scmtltaﬁ% and not

recei ved video data ets and a transmtter uni
argstringierd, anal the amm:tlon isheotpo e disied toithe detpils ks hatem but may

LFS | Iéi?iﬁ%ﬁ }r)vagmvﬁ\é\gsg{)% g%{llh reaglplél‘r&{éd c?auns aﬁongngv?tﬁ tﬂglre ?itlll scope of
equivalents, .
[0118] While this invention has been described in terms of a preferred
embodiment, there are alterations, permutations, and equivalents that fall within the
scope of this invention. It should also be noted that there are many alternative ways
of implementing both the process and apparatus of the present invention. It is
therefore intended that the invention be interpreted as including all such alterations,
permutations, and equivalents as fall within the true spirit and scope of the present

invention,
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10 2. An interface as recited in claim1, wherein the
receiver unit conprises: a regenerator unit arranged
to convert the received video data packets to video
data suitable for processing by the video enhancenent
UNWe cladn: An interface as recited in claim2, wherein
the video data suitable for processing by the video
enhancehERttinadip ifterfageecoipprisieg:vi deo data. 15 4. An
i nterf 368 4%e Bft Al add oGV %deé"@aﬁ% Sbcﬂ(g{shﬁ a\fi'n?%%e wherein
enhancenent unit —conprises: an I nputnode coupled o
t Hbe vidge data phdretuttirtespondan gadtivovides data atredig anahatise video clock
vi deo data; and a video processor arrange to process
t &t ecei ved native video according to 20 video
Process \fled EiHaheddnPlit coupléd o' th Fe_rctai@&eurﬁtsarfﬁgba Fogprb&ess the
claim3, wherein the transmtter unit conpri ses:
t regesvadtideo datpprckeispendar r anged to receive the
processet? vi deo data; a gceneratgr unit ar

[

d .
conver t* THEMEL #AY Sfapsesid fapsmy thrdgoshss \%ﬁ?‘)gpa‘%%a apthe link

dahe, WhEKRthe BAK FRS RAACHPRAAIND of 1he nhfi S fiasSdlovi ARE
data; and 25 a transmitter output node arranged to

prlovi deht Her{rce aprasiiediat daigol. dein diargeeive wifecomprises:
proces [ t tern circuitry, 6, An .
Pt or £ ARcesEAa it drab o OROB ek Vit B o video
| dptatsuftatsie forproaesing by @ tHoecdenMdhédnapduait.sour ce devi ce

and wher ej nr%ige transm tter output. node is_ connected

td a c £ pbTecltedR. clam % whegein Hheayden datp snitapledyr

[ regd t ' [ [ receiver

[ E)éljctreE no% eﬁﬁlg @%éﬁn%g?%%n%gﬁgﬂncgw %’gtv?%%hﬁtahk and

wHer ei At interfacaasreciteden odaitnpdy twhensin éhe ddeoenhendeaetnt onia
mul ti media sink device. 29 8. An interface as recited

i FOPHPS 7, wherein the communication |ink conprises:

a uni - dh iRk heldtouPRidRo kﬁéﬂé@lﬁiﬁt&%ﬂﬂ%ﬁ&@é@td %Eéﬁe the native
coy(&llng the nultimedia source to the nmul'tinedia sink
aviagnglets; el carry the processed packetized video data
streamfr mthetransm’ttter outﬁ_%t nod%tﬁth% .

mul t | mBdP ORI AAIEHE HrpgrRS igreccred pafjyy yidgo,apeeyding to
bividdb pesdebsdi@ins@totions.ar y channel connecting the

mul timedia source and the display that provides in
céncer Annterfactes rgaiteddin ctaimi 3o mdicrawmihe tfansiaitie unit comprises:

Sour oo AT MoE R riah By BELAFAtRE REpel b B

bet ween geh@ator Uibit begliged 3@ usBRrtahérdebied poRbayd vidleo Afta into
interface as recited in claiml1, wherein the

priee daamgclaizsarersronding toghe progessed ulse dagnand 10. An
interf Q?ﬁnﬁﬁiﬁe?&ﬁtbﬁtqﬁdg aﬁjat?ééa] t prgx}i'(ﬁé MAEVikS rpﬁﬁl&&é_%esponding

to the processed video data to external circuitry.

6. An interface as recited in claim 5, wherein the receiver input node is
connected to a multimedia source device and wherein the transmitter output node is
connected to a communication link.

7. Anintegrated display interface as recited in claim 6, wherein the receiver
input node is connected to a communication link and wherein the transmitter output

node is connected to a multimedia sink device.
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a hot plug event detector unit arranged to
automatically determ ne when an active sink device is
connected to the linking unit. 11. A system
conprising: 15 a nmultinmedia source arranged to provide

ﬁu Ef educed i R&¥acRlas Rbikd fﬁ;&ihﬁ’rll f?%ﬂ%&rﬁ t%efeg(%r?rg%ﬁlcgt}](gﬂgﬁ]y Smprises:

tinmedi a clock rate; mul t1 nedi a
mul t i medira-diretgefaboaimslinialydeg moltpdelphes dobplipihe abllémedia

mul timedi,a saurce, anqd the display, conprising: 20 a
U LR U el SR CED TR RCRIPY PrGaliZPd video data
S Qe fidn tHiranThltder BBGUENSINE (B MBRGRAI AsHY Adkh@link rate;
packetized nmultinedia data streamfromthe nultinedi a

sour ce ahwli duplerubi-dlimestioaaldivg flagy clminnel donmdeting thee mhkimedia

IS D de of ,the native nulti ia.cl.ock rate;
na PR ST B Bl O SR ' Gt P @ o i, o
C Gy niteni 2dioflinkiveeiéen tBOHuGem sl sdure: fHdsné a¥play for
t hat ]f)r ovides in concert with the uni-directional

e

nafaasierig information befrgen e fiegdiasauice ard Bwtdignday. t he

ti ; o _ .
oo BRSNS TR A conrn
dieapdregmentand a connect or arrangenent arranged to

electrically.connect the_uni- 30 directional main |ink
ard: t hehthigfsrtage g ’é*ﬁl,t“{ﬂﬂ-cé?l%btf%mlcoﬂlﬁmﬁmgary channel

to the p=TalRe; T Yo i+aR9n | ]ﬁ']fﬂ'] '
a vi degﬂgygggssi ntg eun#{r%glrtr ang%%q?%h%%a?gag@pﬁé eo %g’%lgnan
r acvessuk dévienis chenestedtté tredirkimpunice and pass t he

processed video data to the display by way of the
mii?n I i‘bhﬁysy% CRPPIRANGystem as recited in ciaimi1l,

wher ei R hil@m¥HatsoiRe aAas@idao pEéea RATcANet 8680RInAIdE formats
adj ustabl e data streamlink rate that is independent

ofeaghhat apativg multimediaeloglatate; 13. A systemas recited in
claimll enei At he [tinedia data streamis an 5
i sochr r%‘ﬁlﬁ%g%@#\ﬁ?aryéfuﬁ@t he information transfer is an

asynchaengdtimedib4nteadh #Ringyd todoR fe&ﬁ@f)@‘ﬁabﬂ@ﬁhhﬁﬂedii‘source and
claim1l, further conprising: a hot plug event
d&rcctisndy, GAMPriginganged to aut omatical |y deterni ne when

o 2o ARG RIS R AR o
wheilirhadit kmkianbogadat icamy apaclictidedynultifedidéata sixédnt 863 the

HERBESiE HPF R PG HVBER ABDRESL 8k e thobfapdgpendent of the
S RSV etultin{eafa @b dkQte;

a half duplex, bi-directional auxiliary channel connecting the
multimedia source and the display 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 to electrically connect the uni-
directional main link and the half duplex, bi-directional auxiliary channel to the
multimedia source and the display comprising:

a video processing unit arranged to process video data received
from the multimedia source and pass the processed video data to the display

by way of the main link.
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16. A display interface as recited in claiml11,
wherein the link rate is adjustable wup to about 2.7
Gops and an associ ated bandw dth of 270 Moyt es/ sec.
17. A display interface as recited in claim 15,

wher ei My Kigers QY f&ﬁe&i ?nvélﬁ SIS n rﬁl?]egrﬁﬁ?'le%as@c’ltz{’%ream has an

devi ce by way of the aux lary c an aud

s aaspiciatedhadiusiatde data stredve Hinbfratb tltas isgedepeadanlt of the native stream
cor esponding to the audio stream 18. A display

[ rface as recited in claim11l, wherein the

aUPS' | oK ¥y RO Rlcite® HPARNE 51, AR cReih E@ﬁﬂl‘hﬁﬁe’d%a&ﬁt?e%rﬂ'ﬁ@ an
to at Ieast 480 Mbs using a self-clocked data signal.

20saphronguglprshwhereinthe rrffamatm trapsfet @dinl aﬁyrmhmnwas
V\ln]]%r ei %W{lgﬂy Irt&grf.i«l&t as'r 9 Fe% 1 éla?meﬁe er cowﬂsgg or the

fi-m mul ti

di spl ay }ﬁ)apldgﬁbvanﬂ’f&ﬁdc&fr unﬂ%‘ﬂaﬁged t%&dtdfﬁh@i’c@lﬂﬁd&@x&ﬂnﬁb when an
data in response is Fassed froma respondi ng sl ave
dFH¥GsIng ée‘acerléqce@%@tc gddo teskmldngierii-ce over the

awsi |1 g( le@ﬁ??fﬂ@tlf%cezdg redite i RlaftX 13%&&2&%@ ?1?01{11%?10}1 %gmed by

inclaim conpri si ng: an ar
urth¢ aweilizay geahnebinoimded ymcdessiitfoanytion) drpped padesshirmation and

aggfﬁ rl%l o%%r@&gé seasa%ﬁ |1r(1) o{'r}l 1;10?1]c any conflicting
A display interface as recited in claim 11, wherein the link rate is adjustable
up to about 2.7 Gbps and an associated bandwidth of 270 Mbytes/sec.
17. 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.

18, A display interface as recited in claim 11, wherein the auxiliary channel
supports data transmission rates up to at least 480 Mbs using a self-clocked data
signal.

19. A display interface as recited in claim 18, wherein when the interface is placed
in a multi-master mode, either the multimedia source or the display can be a master
device, and wherein serial data in response is passed from a responding slave device
to a requesting master device over the auxiliary channel.
20. A display interface as recited in claim 19, further comprising:

an arbitration unit arranged to monitor auxiliary channel requests and provide

for a priority of any conflicting requests.
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