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PACKET BASED VI DEO DI SPLAY | NTERFACE ENUMERATI ON
METHOD FI ELD OF THE | NVENTION 5 [ 0001] The invention
relates to display devices. Mre specifically, the
invention relates to digital display i nterface

dovi ?E?Ammmmm JACE
vi deo displ ay t ecERNUMERAX HONMEIHAQD og type

di splay 10 devices (such as cathode ray tubes) and

digital type display devices (such as liquid crystal ..
di splay, or LCD, pl aEHELBORBRIHE INVENTIOMNch of which

e d [ aRal
@@g o urI'lhé %g,em{ n?eﬁ’a%é Jlo ﬁﬂﬂgﬂlﬂe‘wcseh NMor ? e&e%lff’craﬁg E?rfvention
analan@ t6 yignamlmplay uﬂafaoamuaﬁﬂé GG csoplirfgmd&udarm t@video display
personal conputer, DVD player, etc.) coupled directly
A'GFspl ay device (sonmetines referred to as a video

15 o nk) by vay §fsdk P PREINVENTISN
A gﬂm_igpﬁ Egﬁﬁyr

conmmuni cation |i of a
c dB0e2]( s ucChrastiyvideoalispiayiEshredddyas dividddantwaselogftype display

o o oRen BRdeay Tibep et (YPeSE et (o s iauid
V%@ﬁlﬁspk@b bELEDC bi4dRa sdreel, BR)), &RA R Whidh6d belriven by
arranged to carry a specific signal. 20 [0003] One of

t lepeel vma@tgsalsfn erder W@CMHE ébplawag utnhge ulbirgaamples a
t ur & cabl.e, due t

e eed hton iAo oo S S i Pl oER Pemene sqmpyn VD
S}{ﬂéﬁﬂ&t&ﬁ@cﬁ@ldﬂ&ﬁre@ﬂ?%ﬁa Qfs?l@? [AeViaé esonickifies réfSrréd iot ds& video

incentive to mgrate awa rom any other cable form

t W) b evayeh amsnfgnur{l%m inkip g spmimupicaier ik (aigadly takes the
B0 SEAy0% QYo P UBLA B SHETRS HR By ot

Vits ua V@A DB16 a;a&lei Dl )cno‘ah It@thoﬁé)bﬂsk(iﬂthm thalatte Fof txdnsple, the

\Ae‘léflé known that DVI is a di |nterface standard
cabjeinchydgy { 3pingy a WWPW AEANGES parDoE)ecific

D@i@ affe transmitted using the transition mnimzed

ditfferential signaling (TMDS) protocol, providing a

d i[@ﬁiﬁSdI nga af the radmntms oP@icsVGAIDRI £ safﬂcmissths tleiquiteus nature of

l,.a V| es bandw. dt hs n, excess of 16
O HETL Y fo/BE It s e SRR IRE G7E 1 A3 Iie 5ibe analog
S %S/stéﬁls Hésﬁi‘iﬁed :LEQ)QQ %}ed-gﬁﬁﬁ%e Sth&‘egrspilt@% 115&5&0&6'6'}9%?&6 away from

| andscape i ncl udes the VGA (anal og) and DV 1 gital
f@nyd&@kcab(be fingphaythe@AddBhect applications as wel |

V ital) for inteynal nnectivity. .
ST, | BhEel iesPhyo i he R GBRE Ayt of Hisgsystems has
dewdde €% ust of digital capable cables such as Digital Visual Interface (DVI) cable

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

[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.
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G aphics 1 C vendors, display controller IC vendors,
nmoni tor manufacturers and PC OEMs as well as desktop
PC consuners, to one degree or another, nust factor
interface choice into their design, product

d :(E{ ghltch O v fd?sﬁpew doﬂﬁf)llgﬁtk@ehﬁ&g Iﬂggltorgﬂﬁrﬁﬁms S and PC

I'ons. For éxa a consunet purchases a
wi ©BMaras avedl a glesl@p BCi qohamﬁas,eto bhedegrb@ommﬂwtrenusuf&ttor

ei.t chase nal o or a di
e e e Qi e it Sony ot Bhelfingomapting and
t r}ﬁlr&fé@e HEGR6 AR @ﬁénﬂ%eﬁ?a cHhintdr paEENRYs WBC RAth@R analog VGA
inline analog to digital converter (ADC) or an ADC
b umerfapmthen thelmnpjanm Inuﬂt aitheronirchose arf OROG] mThigyreir ardagital

have a si,nple,e r.ati.on
tpe o iR AR viaRs DY i PRl AR G g een
C | cﬁgﬂlﬁzeﬂwﬁf{?ﬁf &XinlinE ahfi‘lwgw &gl dnderiey $ABD) b vh MA@ built into
l'i nking unit coupling a nultinmedia source device
arth %H@gﬁuﬁbﬁmﬁﬂﬁwlde mul ti medi a source data to a
Y,

P dl Z“h%'atyg ggéé/ Igltﬁstgtdregfg%ﬁrlng{ l?a lé{nglglr:te}{%ﬁgra ton method for

(uakmemmnghmamﬂcmbkﬁ@numhhkcbchethod 15 providing a

mul tinedia clock rate (MVC) corresponding to the

mul ti nedi a source S—HM QEE ‘fé&‘lﬂfﬁbﬂet hod

| N6 Y4988m Having A ik fudi '

R A

c paffidemehinsedihsdurceddta thes mattirhehs sinka dévwsby way of a plurality of
coef.f.i ci,e MVEL, havi nqg . al ue M1, second

C S theapaskelS VRghified & 4 el (R SRR Rg tinking unit, a method
CoRbidiak %‘?ﬁulf(ﬁr%dﬁa:\fd)dkga@ a1t chfrepordiflg & fhe %ﬁlhmcdla source
coefficrent aV|gg a 20 val ue V4, expreSS|ng t he

mdletaj 1ﬁduplas¢ﬂ 681@ methed {nvkiDes alsleast shfolowirlz qﬂq:satwasteeprGSSIng a

| R B ot e BT o MR SRBD G PR et i
c QséﬁﬁlciéhEMFI BraRingl avealde Viddl1 Ug sddond c@efﬁéﬂ‘ehﬂweamaﬁngev\m& MF2,
a val ue and_a coefficient D havi ng a valu

wiadhisd Ppetfﬁ@enftd‘ﬂﬁ% haviag gryalugdYld, aud e fourtly eosfﬁm@et Mg4 having a
t
i A L e T A

( tﬁﬁ)lu@:&y@\_/ﬂzl) hesdig a)ﬁet bidMNMasdoeffid dnegiheniayluddd gt lch@'t fgodficient A

t .of éﬁ(ﬂcoeffl ents that includes at__| east
<Baving aivalve Awa 905 It B Raympen yelue i, %seqfﬁw@me%thavglgavaluec

P&l 90 rRS Having® GARI! Fhetlh e vARYANGIR HRIMRFE: the value

a coefficient having a va ereln
VBI gtheAlaluStME2 \Mthe uaelu&/EtL<thetxrahw\MFB|,eanB thecvdlhe Dvatheevalue MF4;
and. t he

th | C.Sth D.
Cefiiess e i e ‘B‘?ao%/ﬂ ooy e fmﬂu??mﬁ) gy set of
r ER%O%léﬂtQmaf el 164t € chbeFrbRhNA HdveheSElaled AW@O efficient

coefficients and the set of LR coefficients. [0007]
| B hm\m&evalenﬁbdl avefficient €vbartieg a palog Carmda odkftitient D' having a

ex bIeb roces or ovi di | ti

CHGRLEE B ARSI ol R e 8 PHTEE, e
Value C' <the value MF3, and the value D' <the Value MF4; and providing the
multimedia clock rate MMC from the link rate LR using the set of MMC coefficients
and the set of LR coefficients.

[0007] In another embodiment, computer program product executable by a

~ processor for providing a multimedia clock rate (MMC) corresponding to the
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2 multimedi a source data in a system having a |inking
unit coupling a nultinmedia source device arranged to
provide multinmedia source data to a nultinmedia sink
device by way of a plurality of nultinedia data
p

%Eﬁlﬂlgedha{] s?a{ﬁ?c{@scfa}fe ﬁasg/gtg:g! ﬁa%ﬁ]g ?ﬁlﬂ(lﬁ%’&lt 2y lmgtat}ffultlmedla
p r:mdmetdevme larrdegedad pkce.attet mﬁltnmmiwicﬁl[‘ceahﬂetofmmhmedla sink device

I essi uency ( nterns o set

TSy P RraliE o uldietis Pk podelsdtnemaiod 4 afinf efte (LR) over
cagé fihkihg Qhit M:&isa@é/édn IhR cYihpHfer ki@frarﬁ pRR&EEM cludes at least
coefficient M2 having a value , athird
c ceohifpugdr ende VE3xpraviingya sastat frequdRBy (MEnth mrrhoof 4 $et of MF

e BT e oo vl M GRSt R TR aSP05 P, @ second

S Ld@aﬂia@lf[ MFEGha[WﬂSg £valhe poeaeird MerrslentNdrahaahg afvali@ MF3,
MMVC coefficients that includes at | east a coeffrcient

A 3 it ttaceadfigientAVIF4 hewiag i velusiYiF4Bomppitergode {aalenprepying the
ff t D
a ariﬁ/lﬂﬁgrfegﬁ c?/&itk rgtegﬁﬂvl\lgg afla ¥|ﬁ{ Efeof\?g ﬁl%gt T gg(?tﬁanclx E}/Igg uSHag 2 set of

1 MMGheoeffities Bhat idhaley at leest Wiceffichmt Aviadvitgy Ovatud Aea coefficient

val ue MF3, and the value D < _the value M-4; conputer
c dHRaving a valup Be a SpefgicientC having aydue Crynda C%ﬁfﬁeis%téi? haying a
t t ( fs
QB erdih P GG A Lk ViR M B 38 vl B i alye P2, the
haalued” stheatalee F3, anccthefvhiue iDe stthe ﬁlumng)mpwtai adele for

B' a coefficient avi n u nd a .
D SPRraReihe 1Bk T fERY 25 ShsP o s ogihe Rofsney MELpsiae  set of
ALI%cdelf'ﬁcn\!lﬁE Heat M%:lti’des af 1R85t Y @bs@icRnt fk_ﬁ:ﬂf?n%’ leéﬂﬁe M'_' ?a coefﬁc:1ent
the value C < the value M3, and the v
vl bevinvg4 valwe e encfitdens G bavingpouludiGygnd h@onﬁﬂctﬂntr’@dhmng a

5 oD ferpme bt s IS e el KlRaRRle ke, e

ardlue URUhEValne M) hed Rl 0Lthe ShIAE IMIY: tchipe RIS Efor
code. BRI EF DESCRI PTI ON OF THE DRAW NGS [ G008] Fig. |

s Rewddiag Mﬁ@meﬁwlﬁ%wéﬂs@hﬂ%tfﬁoantmmn& retedgsuphmtbeseinal
di i th .
i L A

i bloviaf tied @ngpurérdedei nt erf ace systemthat is used to
connect a V|dpo source and a V|deo d|sola unlt in
accordance wi tHRY DL RIBITION HE{IR A

m@ﬁ] | Ong; E:lg sd é&reraﬁlz fégf’n%gfggw ?f( y cr'f‘;@ﬂtﬂ ftj)rplji(dlsplay

i n ‘accor dances Wt
i mtenfidcied B0 118@cc[o&lhhﬂ:§: withgin efidbosiinoss ofithedhventionk dat a

p with an enbodi nent of th
ﬁ!ﬂ@ﬁ i o:lzlgff %@1‘2?8 ﬁ@strazfga ¥IRgant %lSﬁSthﬁkat;i%Et’;@étto connect a
h ORIIS bokBe ARFRYRIRY Afphy tfhit3 accordance with a number of embodiments of

the invention.

[0010] Fig. 3 shows exemplary main link rates in accordance with an embodiment
of the invention.

[0011]) Fig. 4A shows a main link data packet in accordance with an embodiment
of the invention.

[0012] Fig. 4B shows a main link packet header in accordance with an

' embodiment of the invention.
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enbodi nent of the invention. 3 [0013] Fig. 5A shows a
system arranged to provi de sub-packet encl osure and
mul ti pl e-packet nmultiplexing in accordance with an
enbodi nent of the invention. [0014] Fig. 5B shows

an roi i t : ! '
SRR | LSR5 08 g By LB0 N et nd
muititipleepastietrmiltiplexirlg is taceadarss with srnenebesiipbe offthe ingention.

SR 070 A S S SR RO e
i npeem]i onFid @Qhdws Eihgsh-BvalBMEa @ tienahiplexed iR Bnitream as

a multiplexed data streamin accordance with an
ersodiemplr ofghe strram shospmindig. 590 [ 0018] Fig. 9A shows a

SRR 1 BRI BRI el e

r épresient ati ve main |ink data packet in accordance
with an enpbodi nent of the invention. [Q020] Fig. 10
sH8QK lan Eigadphewsietangleeetample of ¢ arltiened dgiashrspmgn

| RAGar WPl tmbodimertoSAOReRfEX Pl ary 11 nk

trarning pattern i1n accordance wth an enbodi ment of
t Ha018jventimAA $hOGR 2 refrespntatiRe slih-patketinescardhogi veigh an

| ayeri.ng of .the systemin accordance with an
er%ﬁ’(ﬁ’fiﬁg‘?ﬁt ngheﬂﬂ‘éé/qt‘ﬁ{}enti on. [0023] Fig. 13 shows an
%eml ar yFPoBishbws DSB8t VBRI Snt@it a8 th 4Bbridfnce with

accorplance Wt h an enbodi nent of the I nvention.
[ @o2ajboBiment v thehioventian. exenpl ary Manchester |1

j h ' d .n [ 1 of
RO 2Pl 10 B B SE S selishide e ERPEL eiplts Peoee
aysodiar yFph angedwedieseriptay lisk br_air@ﬂgegaﬁe&l P OIdFARCRIth an
with an enbodi nent of the invention. 25 [0026] Fig. 16

ssghedanens pf hednyentione main 1ink el ectrical sub |ayer

[ or dance, -\ e iment ef the inventioen. .

{ QBEA OLORRC §2 ikl 1 RBP T BRAL oPthe It B3 fHice with an
acaodanee oMHelinwsmtiognbodi ment of the invention.

[0028] Fig. 18 shows a source state diagramin ]
ad ancBign 1 phoxys asvaxsepHAsN fpestal chigagtpemppriag ping 8B/10B in

St SR bt = 9 2o
[0024] Fig. 14 shows an exemplary Manchester Il encoding scheme in accordance
with an embodiment of the invention.

[0025] Fig. 15 shows a representative auxiliary channel electrical sub layer in
accordance with an embodiment of the invention.
[0024] Fig. 16 shows a representative main link electrical sub layer in accordance
with an embodiment of the invention.
[0027] Fig. 17 shows a representative connector in accordance with an
embodiment of the invention.
[0028] Fig. 18 shows a source state diagram in accordance with an embodiment of
the invention. |

- [0029] Fig. 19 shows a display state diagram in accordance with an embodiment

of the invention.
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of the invention. 4 [0030] Figs. 20 - 24 illustrate
vari ous conputer based inplenentati ons of the

i nvention. [0031] Fig. 25 shows a flowchart detailing
a process for determning an operational node of the

DESd e R A SRR P AED by Sl ons o i
denhea¢dtiong a process for providing a real tine video

[ qual j. t eck i.n cordance with sone aspects of
OIS enfigons pHsaflope dgipilne 5 PEOCERD (AT ST Bt

f pre?atiohﬁ‘llﬁn§&t ofURe RItEERE $n h&oﬁfb‘ﬁ@é dancs enWoHﬂnéh@ of the invention.
enbodi ment of the invention. [0034] Fig. 28 shows
f 1180&Har t FipLaishowga doprhatdgaiiiop amemcfeser fw prpvading a real time

trainin 10 5855 corda ce wth odi nent
o R e RGPk g8 T e Y3 Tomid fspreiy eEihg tvehton
cqopsgler § tm«emm hoeda H@wbﬁﬁi{ faNnk!sBeup Hro¥eRtin Mtordance
DETAI LED SCRI PTI ON OF SELECTED EMBODI ME [ 0036]
ReFigh amembodimentefihp@mvepiiRn. i n detail to a parti cul ar
e men
: ﬂpgﬂ]r at ié“ (FOES ts{ﬂ(ﬁ)(ve %gg"]g?rﬁ/p%ﬁétg ﬂn%a grtg(c%nsptlor %rf?rrm{l%a tralnmg
i ryessidn mmcmﬂhnde@vﬂemesmMﬂmbm ¢fahg iveiditicn Wi th the

rélﬁ:ular |rrent it will be understood that |t

0 .nF%a%d ysiralep AicempRier pysiesm employed tq meplement the
dqwnlhg d enbodinent. To the contrary, it is intended
to cover alternatives, nodifications, and equivalents
as may MRETAULEDDRESCREPTIONGOE SELIECERD EMBODINIENTS

ion a defi 0 b pended. c] ai ns. ..

[3%@% ThBEferRAGH B QOWﬁleé?¥d§d%%F@Hé° 5@?%0{65 %@Pﬁlfplent of the
PagkBlioR 88 efample B whidhl i@ lustriiel 'Iﬁlhe%b%rﬁﬁinﬁrmgstﬁh@iﬁgs While
interface that is both open and scal able t
s (et mbewidnovillbeedeseritiet in bonjunaion] with thedattulad eslobdiment, it will

i R L

dicgiboaimdfV T6 @fe donerhtiditNgindéndelly/clict Rk@H SR8 dnbdifications, and
i ke. Unlike conventional display interfaces t hat

t CABHIACRts 4s H@Wr\?@ll@clvdqﬁle@lthlagh@pum anl scopd ofghe inyemtiian as defined
S ync, DE, etc. the inventive
[ B?Ekrwfagab&%éﬁ%%({/ €5 a system of mul ti - stream packet

t (@351 er 'Claqmbéxﬁw@fmfeffam% @rpbhﬂgo-(pﬁﬁn packdlaged) pﬁige& play,
streans .si nul t aneously of "virtual

e 8¢ il b display iemiacy tbﬂy%b@hwppm ﬁlkd S%@b[e(fb%fs]i Sm&ble for use
e’éﬁﬂﬁ%& uolt:'ll te& tS %%&@?ﬁglﬂgfs? '(ﬁegll S (9\;181 grltcg? 68{1v1ty

a cross platform ase
i i ﬂﬂebolﬁfhlﬁ-m-(&rem d,eumde:ommﬂibr&lec&ﬁbmd dizplal deches including

HDTYV displays and the like. Unlike conventional display interfaces that transmit a

single video raster plus timing signals such as Vsynec, Hsync, DE, etc., the inventive
interface provides a system of multi-stream packet transfer capable of transferring one
or more packet streams simultancously in the form of “virtual pipes” established
within a physical link.
[0038] For example, Fig. 1 shows a generalized representation of a cross platform
packet based digital video display interface 100 in accordance with an embodiment of
the invention. The interface 100 connects a transmitter 102 to a receiver 104 by way
of a physical link 106 (also referred to as a pipe). In the described embodiment, a
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the invention. The interface 100 connects a
transmtter 102 to a receiver 104 by way of a
physical link 106 (also referred to as a pipe). In the
descri bed enbodi nent, a 5 nunber of data streans 108 -
112,86 [ h 02
necesggfﬁﬁ&s8&39?9;%%*zgéﬁ%qg$£$&ﬁ%g%%es §ﬁ18ﬁﬁﬁﬁﬁ£

of netassaryp padtetiseslchéh inlh e serrespahding aﬁiﬁbbﬁoﬂfa&l pdtRes 114. These
formed into correspondi ng data streans each of which
ar 4ata packe @dﬁrﬁbﬁﬂ wgfgrﬂﬁfi 13} cqEsmondingdiaia sticams epsbyd vihigh arc

120 st& ﬁ}hﬁa @Pﬁi éé@ cxétgdl v1ﬂu%1 @EQ 4h g _328% fh%trg&l‘gé??bélt R&hould

link rate et transfer rat
eahnotéd thataﬂhe Illlnh kate alna tbe dm]atpackez adndfarratc) éorpach votuablink can

AT ——
I ada {RAGR ath MVl@‘a&%deatgﬁ lifk frit@ (&Rh of WhAM Saldbe cs]lfferent

ot her dependi ng on the particular data strean).
daﬁr@n@de@thgr d@p@n ing worcte paamglaadytarstrm} Bfe data steams 110 —

aphy audi
Ty pi c% It‘r}{ke &N l’bﬁgotlstg)tunrl% %uclhsas a l(ifod%rgglg glﬁ’u%ég *f%he data
st 03975 1I@prcall3l4vhdnmﬁé stlece/iahivadd sehifteOths idgtaatSarh 210 — 114
can have any nunber and type of wel | - known formats,

s uarude varsi gidep sigpplsdbat car hpvg anyi nyimber angypa of wiell-known

di r I d

di fghgziak uBIER cdMipdRe T s il &g fd ayrmieff Rgithl RSB Wi Consumer
saligica videa. Tha Gf[dﬂ:d egnsbdm lfeQmmnafo glazﬁﬂ@r@rﬁg%)mwdﬁd the source 102
sourc such r ex an anal og 15 tel evision,

coPipdes afa orm, %@na?mlﬁm%%%h as fof eRampkey an prales

di , t

Sy e 4R ORLUP O, U e 1
altemerj Mtapdmxe(umﬂlgateﬂite DS8ge cablarsigral wod thedilfeoThe source 102

C AHE LS 546k B b e e Rl i aslvigion (OTV),
it SEIE EarA®E, dndRBe [iRE. TR Jhgkﬁlq}@ﬁbods!@ia'l 8in E@idﬂu?nber and type
suc% SMPTE 274M 1995 (1920 x 1080 resol ution,

- p rod g\feélsl@pwg digital fereralsesiet as, Ay TE SVAHVIEL 25619209 1 Oﬁqmoiunon

20

25

30

Ry USSR R (330 Spion

c @‘ﬁ@gr@d@ﬁie%cﬁlbeas&%l[ £&5tHRRBr DIV hrdefes e fRAANEROL MRgE
gnal an _anal oghﬁtro di gital converter (AlID) converts

U041 ogIntbe casgevhsre bgspeke 167 gmudqmn@ndog @nm wgnal, an

S5 BEEl h FOBTCH TTE UAUE GT e
wdisdreseiscrizb bdigiallyergiotied npnbae 65 ) foﬂﬂm,g(iﬁ tht p‘ifoéas an
vari ety of AlID converters can be used. By way

ei‘BWBP’éate gigiet imaes datpiyedsuptable f"r‘fcqlgllé?é PfffC@ﬁsnw( aﬁw of a wide |
t P
An@gﬁ%g@%%ﬁﬁwr% e ngbch | Eg wa?@f%ﬁaﬂlﬁ%o i!ﬂ%%%g}r converters

Devi ces rooktree an her's
exahplegforiekarhple thiatansifzared b Mg Taxs! Ingninyge, Analog

si.gna an a aI 30 to digital converter (not
:?%Mfé’ﬁﬁe niQtheIs. coupled to the transmitter 102

W'[dd41] For example, if the data stream 110 is an analog type signal, the an analog
to digital converter (not shown) included in or coupled to the transmitter 102 will
digitize the analog data which is then packetize by a packetizer that converts the
digitized data stream 110 into a number of data packets 114 each of which will be
transmitted to the receiver 104 by way of the virtual link 116. The receiver 104 will
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digitize the anal og data which is then packetize by a
packetizer that converts the digitized data stream

110 into a nunber of data packets 114 each of which

will be transmtted to the receiver 104 by way of the

Vi e

Y b Rooiic b b EER) Pty Loctirbliie e dota packers
r ebl@lnbtorthelg otifiaalffaimatp dckmiunkl beldoted thiaothe hiak rato g gﬂq&indent of

fo It should enoted that the link r

ﬁ!ﬂ% Phgstieaprates. n Eheanly yequdrepen s that dac hnﬂﬁa‘éanémnyh of the

I eSS RIMRIAL 106D cHhiger 1S the Q@r@%&?@ﬁ\ﬁr@mdtﬁ%f he stream(s) to be
physical |i1nk 106 be hi gher n the aggregate
batreghaingtted. df tlttaieacrﬁtqdeaﬂ:(osljmem the ircotimmdara {duebl as pixel data in

t descr, ta as

o1 i PR £ iRER o e v ik st oy e e ity o cata
t hﬁaﬂpﬁﬁgo@éﬂrht\/@ Vinfthid May! ilRHhDASAAinKAOB (G A3 thd'@RRIifent
definition. In this way, the physical |'ink 106 &Hr any
of virthal ligkssioes betnes dagsiconvantiphaliateregpeestswich ag B Voeasty one

Iolﬁxefﬁlaé{a%%g mknﬁ{!a%‘%gﬂﬂaq(ts such as DVI, carry one

c
p acter clock. 10 [00421 In this

‘w9042 he Imﬂlﬁr&@f; eheliderfico Y00 prvices a abaledbl emedidintifor tiar

the transport, of not only vi deo and %ﬁfhl cs data,
l}fanam%ofm PBlyafdeaAndeFrarippl datn bubsiso 1 and othgy anydication

r ey efsggat ﬂenregﬁ}igé . réddﬁﬁﬁ ﬂh@\ﬁ?\fé h@IPSLﬁD?BHgﬁBIS%IHgTGV&it W8tection

event Yect| autonﬁtl cal ly set
I iank a(lmmapcqiilgb sets:the physiq iinds fort pipe)soriits sptmmwﬁtaewms'ﬁhm rate.

SIENER AT N T
m&ﬁp‘leﬁ)s %uﬂb@é R 'iﬁ'(ﬁh?lglﬁﬂﬁo?lln@t diRh 'ﬂ’atfo?&% g, ARkt &)Qilseplay,

display, laptop/all-in-one as as HDTV and oth
c dapsopreli-iebae oy well es HRIH amhoﬂlmnsurpaoad@jtrohics apiplications.

t dj d d dat i spl tim.

A8k lsrRalioag e o R it B leking
pfi@f%hﬂat&m ®aTRrhiRbbM Raré G@Ita@ﬁ‘éaml prstidide e@éeﬁﬁbﬂ;‘/perfect and
aI ignment, obviating the need for features |ik

" ptant Adsjphisfta“hgamntt plevigiing thr acedrios fessorelike; a%@g-m@uﬁ end the
gg%%g?}aé 5%03({3% f)z}/s?d n&a?eg(];f?té 1 a'rgﬁt}:‘xlfedl%%seéf%cal r%?fl(iﬁ é(alablhty to support
Muhultiple ediyit4l Ql@.iagdtﬁ@ﬂhls sechsdsiaaipleandboagthlics StcapREd hodio
mul ti rredl a applications. In addition, a universal

s shreans T sltimeria appligatipes t Infagdditionr 3 wrxersal sarialhus (HSB)

f or %Jé) gﬂjt | nrgﬁﬁl%Elri *ta&)ﬂ{bng g“‘%‘ggfﬁ? g%t’}'(]&e%grgﬁ%glt Qﬁdgﬁlg@ %131 tthe

tlneed ﬁwadﬂmmealdalﬂm@y interface will be discussed
Iow [O 2 illustrates stem 00 based.
%@446 he ‘3%{ @ﬂiﬂ%@legﬁmq lﬁvmt@’qdlspi( ceiwallbe glscussed
ct a video source 202 and a video dlsplay unit
204. In the illustrated enbodi nent, the video source
20@045hn i gl Udbiseatehe sysdem 366 basddipgn thed system 100 shown in Fig.1

that is used to connect a video source 202 and a video display unit 204, In the
illustrated embodiment, the video source 202 can include either or both a digital
image (or digital video source) 206 and an analog image (or analog video source) 208.
In the case of the digital image source 206, a digital data stream 210 is provided to the

transmitter 102 whereas in the case of the analog video source 208, an A/D converter

~ unit 212 coupled thereto, converts an analog data stream 213 to a corresponding

7
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30 image (or digital video source) 206 and an anal og

i mge (or analog video source) 208. In the case of
the digital inmge source 206, a digital data stream
210 is provided to the transmtter 102 whereas in the

u o ?{t%fds{a%egxﬂaidgrg T\ﬁ'e %?%ta? qih gﬁ“ea?'xg § 14 i%n[héf é}é)&%g%:gfntrﬁﬁch the

coupl ed 't her conver anan
st sraﬁm”méh'hf&r totha digital dstp etetinn @ 10 byl tl*@l ttamkmiledrd 03t Thadisplay unit
214 Th |taI dat trea h n processed in
mrd ehbe a& SPARY 9Tk lav 8 JigRlEn UL ¥y ORI a3 can

bYprb&&s Eﬁl?é?‘%ﬁhl%% oF dl%@[g} sighifs ﬁlogﬂleéﬂle'ﬂ&bt In %%/gca%@ Qh@@lsglay unit

an anal og type [fay or a digital type d
s ively a:casplapm@s 2¢6 thee intenfizdes gxeo-scaivegu 104 Iw1th a display 218

si gnal rovi ded t In a t

o B e LI fu ool Ot SRS wb9 isblafad the described
| Ndneddates, theeidedGeineen0d 0dn ke BnPnethbé cﬁDfo:%i@(su@H‘éi @ersonal
DA converter unit 220 in the case of an anal og

d| desktap computenaligitad of msdeiz T¥ndsd e ctop réhoygad dles 3/1?160 display
Gh
o SHECRRIR A R, AR BT a5 S0Py, crr ome
tahqb@%cuﬁﬁc ) whereas the video display unit 104 can

t ak he f f deo di h LCD t

dla[g&é © &%arpfll)%ﬁ%gf til}lg t)&%é}ﬁ |V§{j):o sgyr((gg ;Jnc': V][dg% grlg}ré howeve%/ I%he various

R%ﬁf éﬂeﬁﬁ‘@ aftf dlgﬁ]ﬁe& KPE Esa}‘ da%@ aQhiG&d othb d88s drﬁl(sﬁhn over the
however, the variou treans are gltlze

nqmgssdrlmk &6 avipeic i«netudzeai uplmlmafctlbmaltmaam $ink 282 for isackronous data

by 5 € Bndirechinal A herSesn o2 dor Rt et and.qiie data traffic

SHERAMS vaAsLAiMK m&lﬁarg%ﬁfehaﬁﬁimaﬁefﬁ I ets R84 Sus €SB Qdta, etc.)
I|nk setup and other data traffic 15 (such as vari ous

| ibekwerntbeyeiden soured 202hard the viden ﬁwelrae/eﬂms erial bus

( dat etc. n.the vide uree 2 and.. .

{ R oo T Siilniot? ¥ Fstepn et REr AR s har fidfiing
t heuiep lmaﬂﬁbﬁs O4ta SirdAthd @NG@OAEShIt rea)a@éa/gﬁplﬁas streams and multi-
mul tiple isochronous data streans (such as nulti

VAL NGB i daraogTbocisahes malink B ncludes a
2%1951% %f %éfgregpgl&ﬂgﬁcﬁpoahggg feggp ab e% ’tran ?mgllagllsnoclhi‘onous data

c haeaed @uclﬁmhlcﬁﬁ@&b;bﬁ gtﬁpml‘:s’iﬁﬁé@ﬁﬂd iﬁghcb aaehatanduple gigabits per
data streans (such as unconpressed graph|CSIV|deo and

alﬁﬁﬁoé} d45bry- Arommallegiptleigyrmp thergiese. thearain link @Bp appears as a
e%ﬂygi% e Xﬁ(f“%ﬁfnﬁhls shldE [g{}%{ecgla%ﬂhg’\?\?ﬂﬁkn ‘%"ﬁ{}%i p%?e% can be

app ars-as

s Iestglblmhpdhyh‘l thal wii, [b@lcaiﬂhﬂalsﬁrleﬁny aretnoa bssizingé so pl@rsldaléchannels

25

30

blis I.n, this wa | ogi cal data reans are
@ﬁ@fn%%m%gl yalacsiiearys fergied imifs owp aﬁeg@rﬁ Po‘gﬂf@a] Channel

dgggmﬁgggaﬂ%)s carrled inits own Iog|cal pi pe (i.
virtual channel described above). [0048] In the

d 48] be dlndht)dchcrrbed ﬁ:mbtbthmspe &, speed, br trasfferratead £the afain link
k, 222 is. a Gormensal te for

| PR Pt Lot S ik Sondiigh, 0T BRple in o

implementation, the speed of the main link 222 can be adjusted in a range
approximated by a slowest speed of about 1.0 Gbps to about 2.5 Gbps per channel in
approximately 0.4Gbps increments (see Fig. 3). At 2.5 Gbps per channel, the main
link 222 can support SXGA 60Hz with a color depth of 18 bits per pixel over a single
channel. It should be noted that a reduction in the number of channels reduces not
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i npl enentation, the speed of the main |ink 222 can be
adjusted in a range 30 approxi mated by a sl owest speed
of about 1.0 CGbps to about 2.5 Gops per channel in

apprOX|nater 0. 4Gbps i ncrenents (see Fig. 3). At 2.5

ori Bftos S IRRconhdf WP bo ol & BoRRE ARGy Wt an

Si mg:loetannimamﬂeﬂatm]h (arﬁhﬁmlrdblé)éoﬂpd\ﬁ& sehdtivapptidatidnis @ich as

in er of channels reduces not 8 only the cost
oqurﬁg@rdc%éﬂ?ﬁ%é‘? d thg dike o Foyveveig by sxcreasmgshguawiber of channels to four,
COfe hgﬁ@gﬁ‘baﬁ{b O@W%SM Eﬁﬂb SR8 e %ealrekﬁﬁtug@%ﬂl a color

desira senSitive app ficati ons suc
pdidpﬁb(bnfgﬁldb‘tﬁcm@)@ﬁdt GhEe. blf‘ QSX(HD(@SVSQD{, 203158|) mml](:raamﬂ;or@pth of 18-
t he. nunber. o an o our mai n_lin
:}HE&FI PRREERER ﬂ%s&%ﬁ EM@@W@@H Y6P at 1§ Acywvﬁt fife g 10 Gops
3569 Eh%ﬁm@? th'j/ oo chdndild §fe Q&Iun@ﬂ)ﬁ@ku}ﬁ%rt%'ﬁcoﬁf)m%@ﬂ)TV (.e.,
60 x 2048) with a col or depth of 18- bits per pixel
at“B@kﬁfWMmiﬁ@aﬁﬁ@ama conpreSS|on Even at the | owest

r f 1.0 hanne onl channel s ar

" S0 e Rt BY emb AR 8 ik R Ehked g
orbafd@alh ehadeadsSthe @4, ?Pegz[t@ 84}wilith dfhke e@Bifueldrtual links. Data sent
enbodi nent, a main nk data rate i s chosen whose 10

b d iaterfoex aelas at the trapanBgrat als AR vaagh. hA Ge brse recovery
t f
S TBE G264 e 0P E0Y hd ol DA e rc

t isinghasestiepowabydde( TiBRe miaih (ink A6tawiatkdts) if ﬁtﬁeisﬁf;&l Iv shiould be
104 re enera%gﬂﬂghe streani s original native

o3P B B Sl e Jiinteydgices 232 shown in
%%@ tinld bREFEDS Xs uﬂrfec?ﬁ A’Q?ISS %@a is %@‘Q%Ytqf) the display
i gar e |ta

for appropriately con di spla
d Wweeéeaﬁmlczsmbm link chraeteg clo2Brate,i therebpgeeatl g oemhaemg thesnumber

L Efay et e SR eaS Ryt redieiin ArcamiPebia cost for the
¢ |d%ﬁ<ayr Fbleexahﬁﬂ»‘é @bg/ Qq«f ifiaktkates Eﬁldéil&hffﬂ%r? hem MBZ &fnﬁgured in

channel s required a commensur at e reductlon in
C @n@ @WﬂY jhaand tmtfshasc tﬂCOWTE sing¢ disbhuy.dafedis esseamallyepipelined to the

coffrGirelimt V@R B a5 SERLH shomrmiB i, Ae e 326 to drive

snsaeae&iaﬁpla@eldil@ér@ X3 1ﬁ&§@mayad4oy pi pelined to the 20
various colum drivers 234 that are used in

c d980hat | Shepembodiggnigrdegeibs axpmpieenymerasion seqthard g the link rate

R ST 38 1 B Lf l EOBOR poci
t laly iafka subiset ofahe folloeviny m&itélaﬁiéijlﬁn@ Qe 6IGHE. Ifddcordance with

stand g pi xel /audi o cl ock frequencies that exist
t B sLadiment ot ihe dnvegtion.flais mgstes ficagener {2276 GHzg Gambg exprossed

2§sZﬁ1g%gnofﬁnﬁgg&hgﬁgggfqugﬁggD?gsenbodlnent of the

i nvention I s“mast er 76 GHz) can be
expressed as a i f.eur.cpa ters A B, C
and D as: 23. 76G%§%H£PK X 3§3x XSSC {limﬁ rhﬁ&e vvhere

A=10, B=3, C=7, D=1,

(23.76GHz=2"x 3*x 5" x 11" Hz).
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A=10, B=3, C=7, D=1, (23.76GHz = 21 x 33 x 57 x 111
Hz). 9 This neans that a pixel (or audio) clock rate
can be expressed as a subset of the master frequency
with these four paranmeters, A B, C, and D (where A

B o GoGrdng!tor ko ok T ep S Bl 7 g of e
5anstér1&equh1ﬁc3&lmlmﬂﬁsé)ﬁ)un pﬁlﬁdletdi‘ﬂitA SB,I@;and\D (vHeesA €Ml <3, C

igg to 10, A can be expressed in 4 bits, and
srﬁ B1$5] ess than or equal to 3, B can be expressed

~using as 2 bits, ﬁxa%lo"tk%{es-faﬂ@BQS@% fythit. [0051]

Even for a link whose |1 nk rate (which is the serial

link bit rate / ;iqégc%%dl Qg tehgmil,r §®,}$$’

character such a aracters) erent

r X l.ock,r.a there i ene

adf FiguEos RSF el e e min 86 Gaded ' ‘Efr Siteuprgressed in 4 bits,
A'and @mce@ isa&d thin or Bh@alREBEBichn b ekpi@ssed MFihk @b © ¥ith,IT as 3 bits
regeneratlng plxel/audlo clocks from a link clock.

b, let's say the link rate is set as A =
80?1]61(: q E%/ rg foé%p%g'%oﬁ hgk {'A[te ﬁ‘ﬁhl tﬁ the %Q—i% gﬁg&;{t r%té / )iO fora
Hdmvrba[t ussuppbi ehztrhﬁem;wm las BBUOB ahataetars) B8t beodi fBreat Bom the
B=3 C=6and D=0 (i.e., PC =28 x 33 x 56 x 110
P(lxe? clal rithehEs it %?Eﬂﬁiﬁ& rm@efml%rheérn@c,r&ter‘@f ps¢ four parameters,
1 0 i ok
LS 01 Kb S0, B ks o
= a(l[nkrﬂioaiatF@)r exar(rﬁl& ]At‘s, sa&EhﬂmlSmte::isa;adas]ﬂ' £6,8'=FK&'=7, and D'
t he ] e {Pi xe] clock
(350 DR ~cA R 5) £ ) Dbt The R ondthg ik e s 5hn T
C'I—Rﬁ){fev%ﬁtsﬁjipos@ H&%ﬁﬁxél%ﬁ&l( rite(( gt %4 3&)95@5B]=)3((C]4)5 and 1B Al (i.e., PC

rate_x Referring back to those systens
r eqar K|3n§ rcrivé bésencrté;@ ovaesponding piyelrelock &é@lsr]é)@b’ﬂél)ythen the

2 di
o Pt SR R o2 gpleRe T ARB AR lady b B wate 8tionne
tine stpagm clo%ksate&e(ﬂnk fat&)rre(;a@afclsétf‘ bEbdad WP Eh B tRbabove
described in nore detail below, is a 20-bit val ue. For

a e§#wels, stream four of 20 bits are stored in each
header successively (TS3-0, TS7 4 TS 11 §15 12, o
TS19- 16€Pixel dackm@e/bmkean)#r&me?ncw GFtEY. f?aml/e:)S ixs11%) or
obtained fromlink character clock frequency

TS TR S g rﬁ%%i)%&“?@é? Rl

g T(?O?Z?t esRéfg{’r?ng liargﬁ toS &%g@syt%%/en?sorlégﬁiinﬁg time ars]fliI Ha?:g\rrer?/,f the time-
base recovery unit 226 may be implemented as a digital clock synthesizer. For an
uncompressed video stream, the time stamp is stored in the packet header which as
described in more detail below, is a 20-bit value. For a given stream, four of 20 bits
are stored in each header successively (TS3-0, TS7-4, TS11-8, TS15-12, TS19-16).
Native stream frequency (Freq_native) is obtained from link character clock

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

[0053] 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
10
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native stream clocks in 220 cycles of the link

character clock frequency period. The 10 counter

updat es the val ue every 220 cycles of the |ink

character clock. Since these two clocks are

as [ .

i T e 85y 20 RSeigh PR IR SR AHR: B Since these
t r oavscibtitsare é@ﬂc:lwohd)usr\e]}ﬂeedchdiﬂyersmﬁ cﬁrrtdmarﬁ@n’ﬂué inile change by 1

sta |n the header of the given t str
S RIFE #@@G% updaess thefranymifisr 502, 5ﬁ@lﬂf%9ﬁﬁé?® the gime time
1 qamp tlﬂ tHERba RS off ﬂ{eeg’lpéneﬁa%ﬁettkﬁeﬁlﬂe A §RBEY Blfan gé oftthe time stamp

i ndication of an wunstable condition of the Stream
sovalee(by[8@84han t cambjuhay beintopeted thathe accsdir evadiadicegon of an
values to a sink device over the

ﬁg%ﬁfﬁﬁ%%”@%Fm58%$em§mﬂl$laﬁb cl ock regeneration. The

17ran4) Cl |’It sholyRUsH Naditkht £ sduscetddicekdn TORI 11 AN Shlkesto a
Nwld/hwld f Is M where f and elk is audio cl ock

f rogiidendse over the-rapir link fof aslio endovied elegluragencrationd f | s
cue is link synbol clock frequency. In the described
enbodi ment, t her el &bk F MasdaeFfonaus cl ock node
and an 15 asynchronous clock nDde In the synchronous
cl ock node, both %ﬁaﬁﬁﬁf mai n constant for a
gi ven audi o/ vi deo ronous cl ock

val ue,. of han es over time while the N
vd%@% Eﬁﬂﬁﬁés@ﬁW%ﬂﬁa% UK one enbodi ment, 215 (=
32,726) .. In this way, the Source Device neasures the M
val ue ub@dﬁ?ﬁﬁﬁcﬁﬁ%ﬁﬁHWﬁ@V»%Flaudio (or video)
cl ock cycles per 32,726 LS CLK cycles 20 using a

15-bit counter. [{0055] Jgpg“ﬁgmggﬁgﬁﬁgggthat no

time stanp is COIIIIUIII cate or an au tream

t %%hé:&ss?m?%e au grﬁ gl%f@ &€& bbl'[ﬂf 2 ﬁghr'i)ﬁg sdél&géfrg%de( and an

device 0o 0 safnple Aber

peisyischigloas cByk d&ider Inil the sghchfvmoasidiotk e, Hoals Bland®0values
rate, the dlsplay devi ce

Eq( 2 d the link ch t
3%@%&%3@@& Eréa %Qfeg I%H‘Z‘F’%g‘ﬂf‘g’lr%rf&%tr indthe agmchronaus ¢logdewede, the

£ dakle M °HMF$§% ottt Gl FRTP L Bt Al oprbafl 10 R

4Cﬁhbnkinmmu A REG2, 726).i mdthisdesy, therfiunce Dedcepmedsates the M value

402 F f
o ED SRR DS o sy (o idep) H cysBesing (2 LS_CLK oyeles
(hﬁg%ggﬁggwcgﬁﬁg maxi mum stream count is 16), bit 4 is

the Time Stanp (TS) LSB. Wien bit 4 is equal to 1,

t H0855)ac kﬁtsh‘hldébe notgd ghathe tima stanyi igedhinoated thi srsawlio
stream. In this case, the source device informs the display device of the audio sample
rate and number of bits per sample. By determining the audio rate based upon Eq(2)
and the link character rate, the display device regenerates the original audio stream
rate.

[0056] Eq(2) Audio rate = (audio sample rate) x (# bits per sample) x (#
channels)

[0057] A main link data packet 400 shown in Fig. 4A includes a main link packet
header 402 as shown in Fig. 4B that is formed of 16 bits where bits 3-0 are the Stream
ID (SID) (indicating that maximum stream count is 16), bit 4 is the Time Stamp (TS)

LSB. When bit 4 is equal to 1, this packet header has the least s1g111ﬁcant 4 bits of
11
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11 Tinme Stanp value (used only for unconpressed vi deo
strean). Bit 5is a Video frane sequence bit which
acts as the |least significant bit of the frame counter
which toggles from"0" to "1" or from"1" to "0" at

t he. vi f Ly for conpr essed,.

i ot g R AP b SRR e sy L PR 85 o frame
8 dehuaneg bitkehiel scts & the dedsi 4igiGREAt GROY tHddm e BaBKS which toggles
errors for the preyious eight bits, Bits 15-12 are

Ti 8¢ vl s rfeomin 1 DoV eF S oo traspy kgundary (Bsegtpodp for

u . e |- -
T A AL R B CBYS Zan@dart Rabrugh hheRes B Bhbpugh 10 e
i rvbitiCRC (TR E) flat ehdcks eners ditwi the pyevioms might bjdd. eRits 15-12 are Time

different d strea f .which can be different

f étmgﬁgém@mmg@%%ﬁ’?@ﬁ?ﬁ Rl B RS e are used a
Pallkebiss ¢fOLbiteinte StdmpSfanRf sub packets. For exanple,

[ shows a system 500 arranged to provide

Fig. 5

s ulg%%]c keOnewé endventages afithe inperdiveanteracens e abiilétyite grultiplex
i N;.ACCO nce with.an.e di nt.pf the inventi.pn., |t .
S RIBFERL AN G Feath' e PR EDTBE irRbe e B 10T bt cortan
enhgid ilifk ataqfackieinslgle @ Muder shaibbacketsl Bor eXamiple, Fig. 5 shows a
shoul d t herefore not be construed as limting either

t HEstEEoYIE aprangest tleprodde syhepacke) englosuiecwd nrHBpleypacksh

5 i. ] r i .2 | RC

AR IR alkoRd e MU bbb Qb 5, Bdifibe noted
S upgtlteaeysteal Seibisa mmtticdanenbbdishdnn of the systama@08tshewmi? Fy. 2 and
tofolrma | ti pl exed data stream 506. The nul ti pl exed
daheuldihargiore By eicentirien af Hripaieticr Beacone i ipigytpt the

My} $dnBbEX She SReert BAG ineRIERE REReAD ¥OLR{DG ﬁuﬂ@%@ 5 0%&189.@:&‘ in the

streans to forma rruftlplexe mai n ['1nk m
f dranmeditief 192 nsadiie combin2® stizbtm Ipapkletrental 2ats streano 504 with the

ich may . | ude any, of a ,nunber of acket s 4
e fafouBh i i b Hlerd ok Seamaod DEREfnised dita sream
S Bk i$theA GordtdedRb %Ak 152F tuif18amsod it bothBinkd Sny of a number
constituent data streans based on the stream|

( Sf Betp shipamawsoun aredtiplyed pankatk sisancrld fotmddeofa number of
stoream.si.n e-multiplexer .518. further split ff e

S R EIRRY S St WA KR ALY A5 miec T o aglsetS 514

s ehclpaeiiésin. 201ih0058] d&hiltifle&h 816 slith H@"im!llﬁgﬁked data stream
di agram of the multiplexed nain |link stream 600 as an

exdfpre i ronsigicst data sremes basedan the siiegm [Bs (hiE)s) eid associated
Ll . B neld 22T
AR PRGNy ULl BB B e s

( Stsuppiembmatbdal) strebnBEontANEl ni tHesut(-Fickemm | D = 2), and
audio (Stream|ID = 3). T smal | ti%acket header_ sjz

h
of 0438 n 1 Figwo ﬂw&hi)&béw# Aiagrageel the @ylaplpead s rlmkgérﬁam 600
23 SDLSIES Sk SR8 ALY s ORI ALY pllena
paedkeahe atatrr lidk229s The ¢hreostmanisda thasl exsngple bee: BIRGA igeaphics

channel 22 rior. to.the transm ssion of t ackets

o@pe%][ﬁ=ﬁi),n]%8@2?0p video (StreamSIB] = 3), and audio ?gtre%m ID =3). The
small packet header size of main link packet 400 minimizes the packet overhead,
which results in the very high link efficiency. The reason the packet header can be so
small is that the packet attributes are communicated via the auxiliary channel 224

prior to the transmission of the packets over main link 222.

12
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12 [0060] Generally speaking, the sub-packet enclosure
is an effective schenme when the nmain packet streamis
an unconpressed vi deo since an unconpressed vi deo data
st ream has data idle periods correspondi ng to the
bl a
@89{5 @é%h&%ﬁg o%ﬁa%ﬂ[&&%%{lﬁ gtglge‘é telrlcggéu?(\aM lalgl%ffecﬁ{«; dcheme when
S ethe ﬁﬁmﬁlf)acklbﬂ dtreaid is pe oh@imebaedeides sinee ke tiscodpresgd video data
h t al th bility t
:m‘sitrtsép@?@ﬁ ?igtg llqﬁ% @gggtlg (gml'ggll? ﬁ&nto é]éq?‘(zgp%bllanﬁing%eﬁod Therefore,
' rfﬁﬁlﬁmttﬁtfﬁ@fbﬁngﬁ 0?5&? %gﬁ?s%ed e85 ki %?l?mc 5 SQHéS of Null
hods to corrpensate erences tween t
[ spkclalatharaated ptdkets cpmngl th]d peaod.aBg cayhtahzmlge)nsthej ahuhty to

str is a video data styeam .For exanpl
1Pl oV (i yr R, S PO b @Ssagt invention use
/2886 methels t@mpenbité f@diférshles @@itvﬂ:eh $he]19a1n link rate and the
transmtted everl3l/ 2 ns. Inthis exanple, the link rate
hadxddetq rgf@twltea the s@r@hytecam is g video dtat?eﬂtreameor efample @b
d t.r ted

O i R0 S a0 S QOB e YR bl

| lthansittatesety® fd. dn s eXaBplep@e liak ra(tb anaedersst todl B Gb/sec, such
di sposed between a first bit_ of pixel data Pl and a
séb%ir@d)lbfi’ftp%ffl datayis frappmuitiedoachth as. Hewe framsmifiay HE injegsperses

gl kQ&Qﬁlr gﬁﬁ%@é?ﬂ'be}\géent xg' JQQHhﬁﬂlte%EiﬁIEgSt 'qufo gﬁ@éﬁill characters

ntersper5| e speci cters
biarsdispospil ketwedat dirstllﬁn)fqnmuieﬁ P aﬂaaséyondslilt e@im(éifdata P2. The
dat a th%t allo the link to nalnt nch Qnization.
| $Pediple ARGITH Blow Jreetvep itgd lsélﬁgﬁu 19
chﬁfe 1%{@ thé\g;éciam ehdudel S %eivﬁeeﬁ%ﬁggg?&gfdéé'&lt}o e&a&e%teady
onl y O because the link 'S

s lstréatm |0é datb yhat aows tisvinkdo maimhiatsynairgnimion. lhelgs exdamsple, the

A SRR ets Son SEE a0 U5 HiQh TR R B o,
t RRIBPGRAIBFIFN Meafifs itfe [RAGaf idBerieRd 1y FRP SlibwéVer, relatively more

alternative to the interspersing nethod is to
allege arequitadmeibe reogiying side toofeccpisirect tugwewlghals d&mratrelver
char c[hers

¢ ARRIh Hshuni2l ShaR Bnd Wetial Hetieles blin BEFFRL 1 16 e

O moadw t r ARseibeve thAke nﬁa@pbrﬂﬁgn@ﬂmaqg ® dltddate ¥@lsb@Sive bits
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could be fed into the buffer until nore pixel data are
avhpixghilata wahepeas chagscisrs Aedtasowd valgsi Fer example, P1 through P4

r %%nﬂh i(lj’)\é % 1nlt(?£ Eﬁé bQ@&ﬁS&a@&ﬁ%‘%& G%rrhﬁgr fql fent %ﬁ% Icﬁ re null
nmet hods descri bed "above. 'ITn many such T npl énentati ons,

t aluts comld Beidriatd the bifféd uritih enord pixel dutd freravuildble. eSuwded

the tinme required to transmt gbgfgpdata after the |ine

bupplsmen@howeﬂulr%ée T nierges Hhe ipisspersing

di C
o ne of Stdﬁgglgg% g]ﬁtﬁlaeg élz ij@?t% ﬁ%ﬁ/\f@ ?I{ﬁglgﬁt{i(lﬁ{/ge&ﬁeﬁi@é rllfe mréﬁo full the
t hiee bbffén wijl dxoeqothe tinleyrequitddi tplt@xsmiathoodssa akidrahe lme buffer is

S ut als ncI 0 |ng of any of a nunber of
E‘H?%&Eﬁ‘b&rﬂﬂ‘ Y]h]&?‘g Sar main |ink data
FAleS%S&:h@Hﬁ r@fefeﬁ@é’ R8P 108 oTHR: RREKGELesHOhe

| n accordance w t
inventive interface is the ablhty to not only multiplex various data streams, but also

the enclosing of any of a number of sub packets within a particular main link data

packet. Fig. 9A shows a representative sub-packet 900 in accordance with an

embodiment of the invention. The sub-packet 900 includes a sub-packet header 902
13
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enbodi nent of the invention. The sub-packet 900

i ncl udes a sub-packet header 902 13 that in the

descri bed enbodinent is 2 bytes and is acconpani ed by

SPS (Sub- Packet Start) special character. If the main

li t e acket 900 1 S

er B S HAISARER oD alfds 2 BT AR R So LR 9B (Sp-Packet
s Lﬂla@mﬁeahl GdBactérhi ten@lai@df lidkniita Sd¢Redia GReth @utsrpsékebgoo is
mar ked SPE ( Sub- Packet End%-s peci al character
a%@hﬁﬁ%@m@%a BRfkebpayiend iparditipn e sphrpacked PQ%tﬂé‘?Jlve the

OB HATke DR B8 B bty PR TR0 sl el

e thervose; idet eridrdfehevmiatipacketi(ss mdmla‘mdéxd enkidng CEM character in the

o P BTN T AR D A che SPepaBES R Rad sy main
eXRABRG ¥itY wiisPr RAGHcRIsed OHBREVAM § i pRkBBIdRs hbiYeeR 36 KET with

in accordance with an enbodi ment of the 10 i nventi on.
| tSPémhqardltsa@lqlmxmnamaackdﬁ dagled payleddo Fig PBtshewh emdegmplary

sy PO S BRI a4 SEETER b ! oot of e

9Q12vent1bﬁ)0ft?shouﬁd PRmotedtth@rthy dafigfiot ofakeBdder GE1d and sub-packet
sub acket encl osure usﬁge is selective refresh of an

d @s@@@lf&pa% thespeeihig applowtion profide that esgs the hgpacket 902.
t - -
a0, A RS by B8 ATE R g spictive

vmréﬁresh@fhﬁ uacympteised igegphitis amhfee 1 GOO§ITLstated RITEANE. Thehttributes

ce those attributes sta constant as long as the .
.rfl 1&%&%@ 1093 {Igorizont { betal, é@ﬁé%Wléﬁ%@ilﬁgmoﬁF') will be
O'Ebl"fmﬁl ROt AR ﬂ‘?e%ﬁllf% clji el' %?ncxl: PORe] &nﬁﬁ’@&tﬁ? c&%&ant as
rame. four coor |nates OP at e
r é@tmgheﬁtﬁ)an( feneins talhd. Inosetectve ﬂaﬁ@dl) opargtion) enly a portion 1004 of
transmt every frane ,sipce t of .th
R e 500 et oer HEn BeGer PPt 458 cordialiio the updated

A@é&z{]@le(@@gpﬂﬁ: &oﬁlérhﬁ)@f@ s ERSIRARHIR QlerFRAAE since the values
| ook-up table data for required for 256-col or

goépigirectangde aowvﬂma@s thangs bom frimeto Gaha Asother exsmple is the

R T T T RN N,

bidatdiwtRed ihersabit gkl ddiis)anAaR Aethe234-Q\EINES aAd the content of
conduit to for various support functions useful for

| thaCldT myst hadyeumpissht vrgiadai n | i nk operati ons as

s t@.C V. Li ata . uch a
UBYoaf 5 ol oo BEP R R i o for
22dho stpspt Anctens weful &t linkfser wp mhﬁs@gmg niei lifle opdrations as
events such as __ sync | oss, dropped packets and the

r @sllas & W}t Rasilir grRiicstipnaa ea"és@rlﬂ%% &rafied- vy . exfgple, with the
FHRIOAS e 98 M e A AR Al ol sch

psﬁkcsied;seditopﬂecbpadietsemdﬂﬁaésulaaﬂ tttamning sdskiend @lekeibed below) For
traini.ng.sessio INn.30 this Wa the cl osed | gop

c P’éaé?léaglﬁi'/ P&@ﬁﬂfﬂﬁ fraging Sestion, & a&h%ﬁamﬁr@ﬁegﬁg&ﬂjw the main link
| fadkhagil hi?on?l feeée?éc{e\ﬂ%rﬂef%*lﬁiﬂeﬁ?&uﬁ?ﬁf’th@%ﬂ(ﬂk}hﬁmng session. In

auxi |1 ary channel for robust operati on
this way, the closed loop created by combining an adjustable, high speed main link

- with a relatively slow and very reliable auxiliary channel allows for robust operation

over a variety of link conditions. It should be noted that in some cases (an example of
which is shown in Fig. 5B), a logical bi-directional auxiliary channel 520 can be
14
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over a variety of link conditions. It should be noted
that in sonme cases (an exanple of which is shown in
Fig. 5B), a logical bi-directional auxiliary channe

520 can be 14 established using a portlon 522 of the

b th ' i 22. 1 sfer from

e RN Ringl B 524 e G0 R LB, 2 Wbt e
unfrortl ithieeuk @thlvide 208 t€ gl deviod4 (iraamatuhe dibdttondiEdtck @hannel
204 to the source device 202. In sonme _applications,

us‘i_24off0mtt nk i ed040p .t Joeec doiiae 280 i sms apmigatirgts, use of

o 0 A S0 BB bl Sy«

Prduptexth) diteatidniah ghdninel desantsadiis Figp3Aof actual packet
treans th tr sn1tter 102 est ablj shes a stahle
h@ﬁ hr oligAT ¥ § fartine { &mﬁlﬁgswé AeiRaL Rsket;data sireams the
ar’cﬁﬂn@ﬂﬁ%‘f 109 eSIOBIEHEBE 2 §t9bl%|1'i‘ﬁkltllnmﬁ%l§ UM tﬁfmﬁ s8I is
During link training, the main In transn1tter 102
s emdlogauspineodedoit fredie finkisetip gf p‘i@tm@dam slbarmgdtnktttaemng, the main
whet her it

R G 1P 20l AR iR gl b R0 e H0L NS B4 can

enfediniRWhethdrai sinnghieot atel hidoelahekd 106k, I8 thieRRcritd
transmtter 102 and the receiver 104 is carried on

t ieEnbadiment rainispaelatedl hamjshakingrbriavesn the trangmittor 07 angthe
pq %g\:fe?ré th‘r s ?1? eorll Ql\f/: gh%ilaé}chﬂsﬂneqcﬁ q&%ﬂl@f ec}’f a l almng pattern

t hesHormai mlﬁig Hein sbadate s dniRphesettise f(nhanmn As
shortest run length 15 while phase 2 is the | ongest
t H lestréléeé damng the eping SeEUP R Gy PIAE bptrrescpls thgshortest run length

Gle 2 |slthe R}'&%@s‘%t aRUs8d Bktthe% RESvand o ??@le%gatneerquahzer. In

re achieve ong as the qual
r @hmrﬁa bbth blfry)pk aad blya,radtdsrelod:kr arlerachnqusmersl long assthabiokitjudl@y is

r ox bits of data are
s é?ﬁsonﬁb?fm fﬁ'@lﬁﬂ@&éﬁ% AP éS ?‘%?t“t 2@ Hiselpewiigh fige,
| aﬁfﬁoxhﬁatagﬁ@rr Whts b @ath hANRHI. Tt BE rée%eym ihe Iﬁ%éﬂlév%rsﬁhd

channel and the transmtter 20 102 reduces the
| lovk, ttamfenaﬁdlert@psatt@r il 62 viarthé mixibjary ebaireh224 @66} trhnsmitter

viding a tr I ng session conduit, the
38# F‘?dgl tgﬁ @Hﬁé?te m%glfpggﬁ ﬁﬁgraé’l%% S¢8EH- to carry main
| je6epac kﬁtadﬂitfoﬁaﬁbﬁﬁﬁ(ﬁﬁg Bttﬂaﬁﬁﬁg $RGbR BYndiE Ble! dixiliary channel
reduci ng the overhead of packet transni ssi ons on t he

a2 can bkalsp psedtp cane mant ok pasket Sélt@ﬁml demqpt@naﬂw@byﬂwﬂy

d
O R S LB el B S RuBh s e, e
t Bexi P hayndDag4 chhieneudifi g(FdA@) chey Edteﬁﬂe(ﬁbispmﬂd&rﬁffﬁ:auon Data
(EDLD is_a VESA standard data format that conta

bQ%lPHD)l ipfosmation ew aézm&rbe Risphphiata Chaneeli(PHC) found on all monitors
i 1 A VRSA étz{h RoRh éo%a%#@ats{c%forﬁgé&[mut a
actory pre-se

ge sl ze, arac er|s I CS,
t mmnglsandfltsecmpdnhyesr artelihg veridsr infiithatioAf :@atiatum image size,
strln s for.the nmonitor nape and serial nunber. The

i fRler 406?11%%8 Jaciory pre-retiiaings teausicyyrangsdimits, gad ghargeter
gi&?igg@fo‘f A EmBhitdt dabfe DUSESNubbRH IPhd RforREoMN Gbhed in the

display and is used to communicate with the system through the DDC which sites

between the monitor and the PC graphics adapter. The system uses this information
~for configuration purposes, so the monitor and system can work together). In what is
referred to as an extended protocol mode, the auxiliary channel can carry both

15
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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
protocal node,.the auxiliary channel can carry. .bo

D EfPandR 2 e froBi nkBE o HERERL PR it gt ypes
SUfiieR b keytdatd, alvabe slal @idryfiR®e. such as keyboard, nouse
and m crophone. [0067] Fi 12 illustrates a |l ogica

| alf86Ting Frod 2élflt[1&1t1_ﬁtes §;lggig#11mimgri 280 ebheapietem ZH0tip aggprdance
i R AT
u piatplapaitattat menyargeopsmlidg/upon application( ganetullgsa sdubee (such as

vi deo. source 202). i.s farnmed of a squrce physical. |ayer

1239 V%‘f?atsovrﬁe ?%)ég fowéﬁg%swr@f: Ph%Y st l%b%geﬁle%luges

[ hatidde. t ' ' ' p‘f’é’iﬁﬁ
aﬁghg%g%ghﬁachi%én%Ekaﬁ%gggféggugﬁghgﬁﬁgggmgfreaﬁ?mﬁdwwﬁ

s candcstatd f@ehisel (v famwatejdand A/data atréaEn aphie 52 (oaudinas e

an SSQCi d.software. Siml ar]y, di spl a evi.ce )
AR Gl RS SRR S ait MsoBhist o Ruftss Bing iy ¥ Bty device

I GRENEY a PIRSRARIaSdr 1203 %in@hdiﬂg%doay%ceivéﬂﬂ&d&ﬁ@ ,.a sink link layer
i ncl udes de-multipl exi ng hardware and state nachine

( o2 1ithahiraledes daandtiplexingdardyyank andgtatetrrphine{er fieware) and a
di vt g entrol | er . hardware pt i onal .
il R QR bR o PP R g optional
defirinivefie.t A godros amilicilidrhprofilClaydrne 14 defificehe fodivitAtxisch the
with the link |ayer 1204 and simlarly, a sink o
aFpIiCE APTEHIE G With ths link yaster 12%andetiingany.ariénk anphigation profile
W P .
{1k 1216 8efi g gy GATILAL SBL 5217 bodbuliienéy Wit the sink
dilakusged2i® nore detail. SOURCE DEVI CE PHYSI CAL

enbodi ment, the source

LA 0069] In t d i b , _ .
de{b{&&![ phygil Eﬁoqsgséa@rseﬁgéog e diersiat e maredetdh i cal
sub layer 1202- lgafheér AN FfEE %#?Emli 5152@@- 2. The

el ectrical sub cuitry
f 406Nt er Inthe destribed Einbadinent, dipesoatdeatevee physisal hayter 1202

l.ug/ unpl u etection circuit, . .
it S sl S BFer R o adopicplm layss1293-3 Ths slectica
SQ(b alyes £5028] idcArdRARRLIr8litrG FViRIfa8O fitMation/operation such as hot
spread- spectrum capabl e PLL's. The | ogical sub |ayer

1 phay/enplvg deteoneincaiy drivgrsfigeeivers/termination resistors, parallel-to-
ket i zing/ de- ketizi d 25 , _
© Sfliseinigp rerl i Sotbetofe® Ypd PSP Sehsrumapapalle Ry ¥ The logical

encodi ng/ decodi ng such as 8B/ 10B (as specified in ANSI
x3crappling/goscragbiingcatiesn gangratipn o likstranipg) time-basprgeovery

CORIFL 58 ARl e Bl 5108 60 R AR 20
andodaitaies ethat grotides 23aenledath thaioters had hedlve 2shtfod eRaracters
Fl(agri ex]éfrlzﬁle of which is shown as Fig. 13) for the main link 222 and Manchester II for
the auxﬂiary channel 224 (see Fig. 14).

[0070] It should be noted that the 8B/10B encoding algorithm is described, for
example, in U.S. Patent Number 4,486,739, which is hereby incorporated by
reference. As known by those of skill in the art, the 8B/10B code is a block code that
encodes 8-bit data blocks into 10-bit code words for serial transmission. In addition,
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30 [0070] It should be noted that the 8B/I OB encodi ng
algorithmis described, for exanple, in US. Patent
Nunber 4,486, 739, which is hereby incorporated by
reference. As known by those of skill in the art, the

8 %&8 ],?)%q?anf%l sglo lc%ﬁg 0&9\%% tal?)srie Wﬁi@%gg]esﬁegm l2)1‘" tran%%h'lals and Os

bl oc into code wor Oor seri al” tTransm Sssi on.

I nnad:dDCﬁﬁlhncékﬁsttdaﬂx &8/ 100 0k rathsninasitim agden@hvy 6 Sach codes
a byte w data stream of randomijs and Os into a DC
aﬂrﬁ'ﬁ‘é% gu P‘FE transgtighydo @é’al%F felialleraogkgerviepnby a receiver,

| engi Bs RinseeivaudD. cm%év iPA P C@Hiﬁétﬁ's&@atm gfcg)y@go be

transitions to enable re recover
r ecleantegeous Sudibensptia Ealds&ie:ltmmagﬂlm wive cameetionsa TDE average

PR P50 B PR PSRl R BT SR L s

aveyéd eThd BHTPER tﬁﬁsrﬁlsﬁoﬂ Bgdec&)rﬂsﬂalh@ﬁle%@{p'aﬁ{y ﬁ&@@é}ﬁmb $umber of
be mai ntai ned at equal or nearly equal °'levels.

88/s 108 0 fabrs1d, s oA a@@@ﬁeﬁ awhd brt &laek bonedagies pah¢ @qdmg scheme
bet ween:the,n

D ISR ERu M Rna et £ TR shled o Band solh fore
al[e071]np| RRBOIE baddictithnah ofdel@saviold theirgitditivabit palérheBxhibited
connand codes. 10 [00711 It should be noted that in

é}nC?@P%WSﬁddil%Hl@’ daé@@pﬂthev@, b tedpen M), data grangipitied over main
b
Emn;{rﬁg g%){;l‘l%? §£‘ﬁn§le§ g’ﬁh@B(&dilFlg.n kl‘f Eat% %lxée%? Iﬂ'rﬁxgxtmg packets

ransm OV er maln
s andspdodd chataen v&B/be;Braﬁ[hIﬁﬁl Tig: scﬁdrﬂlbldxgtfantﬂm&ptmplemented

trainj ng packet speci al__characters will be
s C¥ihbingy Fopplac @éh&?rBPglﬁ 1y GhSRsbVhen dapensmanitoads enabled, the

Balv &2 Anagfe

alll%laaencr ypftalﬁon | s%ﬁ?ﬂ?% Eﬁﬁgﬁtfg | nl&]f7 é& eﬁweiﬁg %ar;[a

L s8Rrbéeg w1modteqmrmmnn tha uanale.mhrqnpﬂh hmrﬁ)tedy set. If it
ut enc t|on

VI0ERI | SRRETR sl R SR el el ougriisppitiry channel 224,

attltler Rt A%k @E@et%@ﬁib?ﬁew@ﬂ; OB HARIRENS] haherS RRAM greatly
the main |ink packet headers serve as stream

i d@,ciwm awathicoh ambmseinsZngdinsbyndwiddt | i shcrtéd;l aﬂ@o hg noted that

e

aib Wag the kdcbivedZh Main 15RI20ANE atkiliek [HkAITA sakipiehe dbfd and
this way, the receivers on main link 222 and auxiliary

| ieacs the deghpfirem threingemingedat st@;%tnr chatst Rhyee lockisg for gny phase
E&k‘ IQ&ﬂ;PLE% &‘?&Rt( gttﬁeefézgvréiﬁé%tﬁbﬁiﬁ?] ia‘}rS};fsg I,Rént FWsince the

e hemmﬂyctﬂahnw R24 aytelf-dupléxnipaditetibnd and mermﬁ:cﬁdneofthe traffic
aUX|I|ary channel 224 is half-duplex bi-directjona

aﬁ’ﬂa"tgﬁ%e frgqyestlyi &ﬁ%ﬂiﬂgﬁé tihg B} om ﬂzﬁsaLEiH% ghannel receiver phase
4 fw £396Uafll U s folih I transiti
Eanng‘F r e‘(}:veaﬁver “oHase P{aﬁgs in gg 4%@3@;&&?1—@%%{%]3 ansttions
pefhhd@umhaﬂk$ﬂﬂpmkhe frequent and uniform signa
tio Manchegt 0731
A3k eo RiniCien U5 i heclat micto gpdinink 377 naegopated using the
nﬁ&ﬁshﬁie@ﬂzeﬂ&dﬁﬂar& RBannel 224. During this process, known sets of training
packets are sent over the main link 222 at the highest link speed. Success or failure is
communicated back to the transmitter 102 via the auxiliary channel 224. If the
training fails, main link speed is reduced and training is repeated until successful. In

this way, the source physical layer 1102 is made more resistant to cable problems and
17 |
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handshake over auxiliary channel 224. During this
process, known sets of training 30 packets are sent
over the main |ink 222 at the highest |ink speed.
Success or failure is connunicated back to the

L ERRG hfs dt r LF R L D AR, eVl

t r@nnéMnhlsdis@pertathebd) &hd mSﬁinheﬁfefl Uhk dhta rate i GecoByled from the
the source physical layer 1102 is nade nore resistant

t Preslslasck patsp Ak %ﬁﬁﬁratw sehwrthpidink hepdwidshy pregsdsthe gegregate
e plications. However, unlike
cgﬁggﬁ?wéﬁpﬁké&ﬂmﬂgghﬁﬁ%éﬁfaces the main channel |ink
data rate i s decouSCARCEDEVEEE IDMNMELAMERK rat e. A

H@@Q o oSt 0 el s T e BhACER Sad hanggement.
@R e kY] L%nl-rlem;h SRt lg@zléﬂect-@fén BoMEREed Liaﬁ%ﬂlﬂ%iﬁarr power-

1204 handl es t he initializati on and man
Fop ancangsiciion gbthﬁ m@u@r vabig franhtbe smmgphba@étayew&ﬂz the source

t f
o ieB A LR T TRl Rl BBt P BRSPS e Bt over
S ahé ailideh&mel 2Kiol RY@Mmide?Dthagiiiny Aa@sliti@ata rate as determined
capabilities of the receiver via interchange over 10
t iRy alipining sespioahdememberal e daseiendvesy uniteod fhansaiicn
! 'a@gﬁa%g‘tgb@uf?e?%&e D1 bfa@{ gﬂéﬂ} %@g\a}belpy & 6$§'eﬂeﬂ§ﬂf? z—.tsnsdI A%k notifies the

r atredm eburca V204 afineaskbadifted hatipltes éhﬂsnb Olntud@ids, upon request from
avai l ability of USB extensions and then notlfle

sthesirrrugigutss 1296¢he pougre Hak et rewts the digplay emabﬂ}tﬁ (EDID
f

O 94 5 SHESEMERYE PR

c apedm hittijut¢Holthe fseiver Bilviv dhatmc)harjauha'nngl W4naotifids the stream

w204 whifieale T e 2 B rbe o gras osgandiing the
alr'édde?st@dl Yot RRENRRY ndéfles t'ﬁ@tsirédn? SourBe1 04T AR BME CFents such as

1204 whether the main |i has enough resource for
hayai lpﬁﬁgandimlffer eyréswe a!ndalmnds MG@;& mmamla .‘mleBttetdﬂw the stream

strea 204 of. link failure ev ch as. ..

SSPERT ARG e SR arvia Yl Sy Hiing ERications

S Bbekh Gk d@ﬁrde hekhyeeann2 S e sG8art mﬁcé/gnk RSe MR FSIY:RE defined
via the auxil |a&ﬁ channel 224. Al conmmuni cati ons

bt the appligagion prm équPthII“ayer 1204 and the stream
source/S|Rf 1S L 0B _
appl i cation= : CATHE REF

LPOGER] ( SQJ@@EerMDleSkﬁiﬂ)catlb@ PFcﬁile Lﬁy@@Bﬂﬁ@l forxhﬁt@ with which a
Application Profile Layer defines formats with which a

25@@1} Wssen Fiak) val 1r§¢rfﬁey Wighy the aw@@affeéé@kmqn The formats

Aol ke L‘%&%F‘ tictt o glégr%%’fragé Feqftor DE Soifihd Categories,

f alpphmitmg hoddpedant ﬁmnats/{p.pm Maﬁsagmfdr r]ﬁﬂpsmdarihqlﬁqr) ad s
ssage for Link Stat n ry.
prcatlon degendent fonlnats (ma;% lyri( ciataqtlﬂlappmg, time-base recovery equation

for the receiver, and sink .capablhty/stream attribute messages sub-packet formats, if
applicable). The Application Profile Layer supports the following color formats 24-bit
RGB, 16-bit RG2565, 18-bit RGB, 30-bit RGB, 256-color RGB (CLUT based), 16-
bit, CbCr422, 20-bit YCbCr422, and 24-bit YCbCr444.
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Application dependent formats (main |ink data mapping,
ti me- base recovery equation for the receiver, and
sink capability/streamattri bute nmessages sub-packet
formats, if 30 applicable). The Application Profile

L su ol.L aw -col ar. for mt 4- bi
ral7elg - DRRE il heU A BREC ey R Gapr 214 i
R@sdnGhlUf ath ageithtionl froghirhiminglifieffd e (A0H bbsicnﬁiﬂg@iélﬁ&mat for
and 24-bit Ytbcr444 18 [ 0076]  For  exa

di SRy Syec ek spprmuitafion opeidhe main %@&322( thﬁiu}lclyéqw is
dé% | t??lﬁ%*%’ﬂ%t O RalaRh! 0% R TR BRI AR, (hidsome
c aspeats afathe Lol (Suvh asdhapdvarkmaagerhdatcomneand desna) are

presentation format for data sent to or receive f

t ST R AT0s FAsonssiRy e ppmen é%ﬁ‘gEff‘é og i lﬁ@ffgﬁ 60"
12@ﬂe&§é&§theﬁ§)ntﬁﬁelﬁ}%5mf@ TRASIRE kuQPATRRA af Qﬁtmabpﬁfgqormat
baseline nonitor functions, they are common to al
used stream hribyie dorfreat,erd OGique Wﬂ;ﬂr%bcﬁtm@r artgpe @asmhrm@us
) i tor, functi pi ng f or mat
an ey Iﬂéaéﬁ% tgtlieqra&ﬁlpé Olf%g?r% B 8 B@cap&;ﬁ th gtream source 1204
apjkli€sthe 6ureé ligk taypel Xk tb %Qﬁéﬁﬁi‘ﬁr\@h@her&ﬁé @@ [idkat221i§ capable of
to be transmtted. Regardl ess of the application, the

sthaadlingsthe perding data socagu(s) prigy te Hhe sarty m@epaqkﬁu@tneawransmlsswn
n whether the main link 222 is capable

%$4h%%ﬁﬁ§$§¥%%%é pendi ng data strean(s) prior to the
st[aln‘7] anyWieakeit deferreinn thadtmhsiailoR 2201s ¢dpablewi supponing the
222. [0077] When it is determned that the main link
2 Pndine pagkabitecagisls GWHP{“P ﬁ@ur@ﬁ &20¢,esnds ﬁf@e%@%&utes to the source
St
SRR Lo B, Rihen 0MaRo ER-aeeh et i gy st 24
t Adwasd atribmidstaredhe tinfotrhaicnased bg lthmee”ivt;rhe idemKiEy ihalpyckets ofa

channej 224. These athrlbute th i nf or ma |%n use%}
by 2R ar SIEeam, dp T3 VEIfan PrigYa 4%3 %3 ¢ stregm apd to format it back to
Pakd dtfeim?d nattve @@ rafe ThE GAMBhte Qrethe b sBRhm e ﬂ)ﬂhﬁ&’t‘fﬁn

the streamand to format it back to the streamni
ndepandentat a rate. The attributes of the data stream

o PBF P bRt AR drife Sy R R e main

MR 2221 {AK stebén sdui& BAHHGRLY QRS EGrfeclivd 4ctiTbyt, dt@xample, reducing
corrective action by, for exanple, reducing the imge

r deriggge eftesh ate @bpﬁpr@@m h DI SPLAY DEVI CE PHYSI CAL
LAYER [0079] The,dipih, o L ANAYgT 1216
i sol ates the di spray—
t [E079] spl Ehe (ﬁ@lhﬁ&&%-phb@ibﬁl Ihy@mzubesomtm&b dd@lay device link
technol ogy used for |I|ink data transm ssign/reception.

Theerbd 1V 4ndike gisplay devien AP& b0 .f&nyﬂ@wmaéng feghnolpgy ased for
t ik Ela %H?ﬁﬁ'oﬁ/%c £ The ]@f b fh%gtugha?y channel 224

Ioglca ayer a an el ectrica
have thelr own physical layers, each consisting of a logical sub layer and an electrical

sub layer that includes the connector specification. For example, the half-duplex, bi-
directional auxiliary 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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sub layer that includes the connector specification.

For exanple, the hal f-duplex, bi- directiona

auxi l'iary channel 224 has both a transmitter and a
receiver at each end of 30 the link as shown in Fig

1 .

5thﬁﬁ€t %Eé'h gfrl%i’g%tglpésioéﬂ ﬁfalas :’%EII{OEIE ﬂ'ggagt ({ia‘lap{h%%éaggxdffnchons of
t hiae sauree loganl sdr lhadrs mﬁ;deetgnal em:edmgnphckétuzaﬂg rtatatsechmbling

to_a correspon |n auxiliary link receiver 1504. The
- &N eﬁgleﬁon% FmRS PRUHR gacratiol fos he EoTitige poTt. While
ChRf ﬁﬁ:tr@éelvér%i‘tt 18 ! fuh@ohs o'fﬁke r6édvé@8ical sub lager includes

de-serializes 19 the data at a |'i nk character cl
r atignal fecoding Hdpb@(ehmlgmatmm-sctrhmbhmg and tioreehdso nEowdry.

t he source | ogi cal SUbi£§ﬁ§Q§B¥2§ﬁ3§@E5Lgnal encodi ng,
packetizing, data scr eduction), and

t r@p0goINg AL hekd FHLARNSbF ﬁlﬁ(lﬁé}?f chidthel To3REMAH 18YerRRhde data
VWhile for the receiver port he maj or functions of

t rraceding pbredodiice Brmugile- igming afghinzad therg iAgprigo options in

S0 A5 RESED S T RERTIL  Bffrasemen

nEﬂJﬁxEtmfnu 4 peins-tapoiatispdlogy)is ahghnedightqgotoad] thatlzah 8y fanaged
i nclude data encodi ng and, decodi

|
f 1O g;r&feL%Yreaﬁﬁwgm%qltha&r&iW@ H‘@? extepdedprgjoe that gepports
(R idtly AR BO08 (YL P lopo bR SRR ARY sink
paienices ok ploouid bt opied dog fhei cta.taacﬂcoging\mﬂd @lad:odmgxohemh is identical

t hat manage b Lay a chine
oS R ISR el wheer BrBrSe E e b e Bither
d qtlﬁlt] yPe§un WabrAg thPR. 52kt 'aﬁxﬁﬁlq/ cth‘aﬂﬁgl %E:'cﬁ'&aﬁéﬁ%ha?e? contains

dai sy-chai ned sink devVi ces. houl d be noted th
t Wee dartsmidercldd ngd dmecmwdlb'ﬂ@ E’Cﬂ’mml@rl Id@hts praV1ded with link

re ardl ess of the coI eas fram

P pareRTSe B e tn B S 1 PG ST e WhaPis PG Thgreceiver
Fl 1@?4 i&ew‘é%‘ ﬁerﬁi;liééd lu@{ ttz/l%a?ztb@éliggizm ﬁie?ﬁ{l{}l'aj?&'an& 'dﬂﬂe@{%glz de-
cont ai ns e transm tter an e receiver
Therializgn gt Hink phargger deckgeisy @e@owﬁwh and peeatiyé sigadls ef suxiliary
b r seriali zes nd
i )ré%}h‘g’%l %féger%% agec!r 12>y o%&ﬁﬁa %@ d)m ma(ggn gesm?ogf Fltzeeaah end of

| itiddirknasrshotval Iii dRmckdibell imlslchyietioa) We JHbE equaintd vy
de- serializes it at link character clock rate. The

p@éqarm@a‘a}?dieﬁe@amg orethsilighgoadigen aog rangss fomapereximerly SmA
224,

- Sty P8 pthen il A {Yhals B PUTRRAE R P BbiRimarcly

d Gﬁﬁmi\/ktedtppmxirﬂatem 1aZV oin eledieicalridieenmies rresfither the positive nor the

progrannable dependj ng on the |ink condition and
BRET ’éﬂﬁ‘?’@k%‘f@t?’ﬂgﬂﬂmﬁmﬁﬁ% thgelaciricakigle state, the

r SW ¢ Pﬂ%rh PRt hERYRnRfeddld hE gk Hc@‘!abﬂﬁle@f In the described
appr oxi nmat el 400nV to approximately 1.2

e embodineal, th@lS‘éNl@bpmsm oveisistsart td)gglng@saumlmey dmnelhhff%ntlal

¢ P sieticl af S0 ra:Ca eneE Rutosed Dy L RRMap IS T dede, The

gﬁu}hhﬁ@fﬁﬂé'ihﬁﬁ& %a@fé@l irf A8 sbihrBkK déﬁ@@&é‘l@dté Biteslug bt hdiQinplug events
escrib
by periodically driving or measuring the positive and negative signals of auxiliary

channel 224,
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enbodi ment, the SYNC pattern consists of toggling a
auxiliary channel differential pair signals at clock
rate 28 times followed by four |'s in Manchester |
code. The auxiliary channel nmaster in the source

devi ce detects hot-plug an%&ﬂﬂﬁ[%ﬂ@#“g events 30 by

periodically driving or ne e positive and
nediB2ie dhgradescrifedamtiodiraent, the heaimihk 222 suppOrtd/isbiete, variable

LI N 008 In the described enbodi ment, the main_|ink
gﬁ%{i‘ﬁ%ﬁ tareiniggepmy inles qf A ggah qrmzal rEeauenayi{sge Hjgg fora
' N{BARENt AN dePbEidnOhatds REndoRaAY with ?ﬁ{ r%t%%@qﬁh@ﬂcy( ofSR-MHz).

Fig 3 for a representative set o rates
c oAs sliawnt infighl Ga thegoaih link\?2P dbeihg e umduvctmmaﬂaﬁ}ahhﬁ) hasSonly a

link 2 ' . .
A PRer 2P SRirst VST B & s ah R4 fabe display device.
at[00B3] SOWCRoAAVihE alsldd6ON akedthe 61k Hﬁrudéﬁgéet%tft&ﬁ%d pair
di spl ay devi ce. 0083] As shown, the cable 1604 takes

t h&ires PRE faereliek! aR§é1(RbfGrm(§ir)e@d;ﬁlu¢(B) wideesignalsgrovides in a

;
AR89 D D ST, P Epdh o
sVist thosd eflskill msthAtl, thz@cﬂﬁﬁpéﬁ/caﬁﬂéis%@ﬁre ofbﬁbkel’tﬁmd;ﬂstbbf two

thoae of skill in the art, twsted pair cable is a
t yigdensndently) insulated witsh visted agrund\gae anothety Edrpctitce garries the signal

i r\ﬁﬁ’i!l@tﬁ‘l@@ P W it Efo%lh éq eﬂfdoaﬁjg&bg qu{epl%fencgﬁ S dfkg be noted

carries t e signa e ot W re I's grounde
arttatab somb stier gysé&dms, reesi great secvmidd alkdi bs batipehebebased signals (Pb, Pr,

cOnpBRAT RLSOaHEPgRL R emh, WHin hdpabiE aiok risk e >

Viid@&Qidh¥ils ¥istREE - TWb ittt REr ¢ ablver Buﬁd"ér%@?@@é@ The

is 15 individually shielded. Two plns or +12 ower
anﬁia@pt@uﬁhﬂsamemv pleath differenigdl pabds €00 elirne s/ 20% The entire

di ff t I ir i 0 h / -
TREAADSE, i BAE 0L LS8 SOSATh DB d AOR SISt v
s Rdogthébt@ndelly6H btHUAds. THE bilfecdr ShaRQkd &brik® td BRund in a source

connector shells on both ends. The connector shells _
ardevisho it @anedot 190rd Stha irsligr b’éhasdlévpln%m omegowrhaingra pinout

o (A€ R B U ol i Ry dobi 05l B

0 I’dhipﬂt@/ &eviteend dF wareidvits dupflis ﬂwpdvkbe di spl ay
devi ce end. The squrce device supﬁgles t he powe

[ OO Théhermri linkde2ds ze%nqt@r% b éndsAmdsgnas thmain link 222
angA@ &c&?leﬁ e ?&hﬂlﬂtloﬂ K/oﬁége &@lb%%veegy% (ground) to

termnation vol tag can et ween
( g3adndin the desbﬁb&iﬁmﬂl&nbﬂit&tuﬁiﬁslw dh’ﬁ)\&aCbulrﬂmi 8 pesrahimable

drive curre ogrammabl| e 25 dependi ng on the
Gﬁw ﬁ%s .lﬂng ﬁan(fl é‘%‘I A EYP rBRiorHRaely SaMate o
SRS Mot PR kiR aam ?VRiff f 1
Bl?f er ent ? er'fl ' %pr ox%%gtoe 'y ' %8%%\/3{1) of approximately
aﬂﬁﬂmﬁf tlmipptoyumatély 1.2We The miimumny ebltaegewivg ingeliested for each
selectgd far e%gh. e . .
connection using a training pattern. An electrical idle state is provided for power
management modes. In electrical idle, neither the positive nor the negative signals arc

driven. When starting a transmission from electrical idle state, the transmitter must

conduct a training session in order re-establish the link with the receiver.
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connection using a training pattern. An electrica

idle state is provided for power nmanagenent nodes. In

el ectrical idle, neither the positive nor the negative
signals are 30 driven. Wen starting a transm ssion
fromelectrical idle st %tI‘?xT]EIi‘ﬁAﬁ Mg tter nust

conduct a training sess =establish the

| i [R85§ t h Thieénveatien wéll nowbeIEAHbeDirARBANGE §10QFdgrdiieshown in

i nyent.ion I e descrlb d |n ter of state .
d%? alﬁsa“ém?vd?s‘? E &%005 gelygF e Sheswpeg, state diagram
ACEREM D Yow.Fhban & sﬁl@@l"@()f A sz@t@ﬁﬁg BBl fhgrsa'ﬁ?ce is

descri bed bel ow. At an off Staté 1802, the systemi
of disablsh If Hetsottve lscmabtﬁd then Shediystabl teahsitiohs tha smmalh}cseate 1804

bed thenthe m ransitions to st and
TR Aot FEdbE BT BRSO AR TR0; ot Bedt BBFRé or ot he
defeesitéra8 prebéht O &l Sot ?mgﬂ;ﬁhﬂc ihe%ﬁﬂﬁ%r cHhné1 Q4 Eérﬁﬁlically pulsed

receiver 1s present (1.e ot pl ug ay), o
auieh afor busavesi [Qmes) gad |aanﬁaemelof amq a@dgrop serobs g térorination

1 ﬁéﬁstg}/secﬁ%m? ﬂ%@rlwﬁg gs Red il TFi %Fu?n\’lnglléet(ftﬂ%t adli,ecgvggls present

acro resirstors

| shasehspometle mehsuréd vata@e dedpTiieadhé HatendirbBORINé@6 aldstected
present 10 based_ upon the neasured voltage drop, then

t Hecedya siats 1309 adicatingsthain reeiuerdias bgen deteded, de, asheltndug event

1 t

L3080l R UG OB o

t I”(Eteetiblsisruontlmmeell ungil sutdit tent, éflever herecdihe is detected br a timeout has
[ such tlne i.f _.ever

ectio ntin unti |
it o B e T Msame st hf g leyieay FRoose to goto
Sh@FFd shfe ROhaAhitnab fﬁr’fhe? 9{§Ela Fe%u#nb% RRHpEE, devi ce

may choose to go to romwht ch no
f UPOSRdr dlfsptiwstated &Qﬁ a dlsp]as hat trgpiyy ecknt {sGle86ied) ﬂwalthe system

L e i R F4naR Rl o KRt BRe e S B Siitiny

1&@4nneOviBraiosRive RAd ﬁ@gﬁ‘:ﬁ/@ st hMB SwakB @p 3bbeiver @hd the receiver’s
channel with a positive and negative signal to wake up

r selsegesnt sgspondseifany.db okecked. Hiihere iprentesparspowsiyed; then the

there is no r.e
s BEDRS S8Rer bl phf SaSit e R AR SR B v, asigna
I éqRceised fofhBe 8isplag, th8dthe didplayIeNdien up afill BtAourdeSss ready
recei ved from the displ aé}‘ t hen the display has woken

,5%1&56 FOvelv e @ppailiiss tich ASmE lifk rate def Wepize, and number of
ASE éc%\?e %&{ £ HB s én[P Baﬁ s tg ldf g llﬁf( ot 1a1%ﬁon state
n u ARd T % em

Se rec e SYS
td 3&85 aﬂd 8 m@adty(lo aommiencd & trklnllrrg itmrahd)ti‘taiatl@ﬂ pbisaf e 1808

a(g&gig:]a to.conmence a traini start _notification
E %{‘f@ﬂmw- RIS §585i0R 1S Sy sending a gindng paftern over
S Wl hed lﬁ)ﬂ( ab £ 9&t! rétetaﬁa 'cﬂé s h B %&srogfafbdq}’a%m{; Isﬁﬁlgnq"h@ receiver

link at a set |n rate an S an assoctate
t seth nipagy/isil bitder eathef tlnreeephmes arglghes tramsnaﬁer/ Wil probéed to the next

f h qf th h t he, t ] g
L SR e N T
S HGlly bkt NIEAtR ARES dodntdflk tbatbe ddnSitih f 4 AdHnal Speration

state 1510, otherwise, the link rate is reduced and the training session is repeated.

During the normal operation state 1810, the source continues to periodically monitor a
- link status index, which if fails, a hot unplug event is detected and the system
transitions to the standby state 1804 and waits for a hot plug detection event. If,

22



10

15

20

25

30

ready at that link rate. At this point, the interface
transitions to a nornal operation 30 state 1510,

otherwise, the link rate is reduced and the training
session i s repeat ed. During t he normal operation

st C

PR D s SRR AR I R BRI Al ig08 for a main
unpikug-ieiietion eeentlet ect ed and the system tranS| t| ons

bR, St R R e B30 B (0D BBt At s
defopot Relvolt8 s AdG1&Y HAMSIERRSs!b AR DHFSE A 2 %t%%by mode

for a main link re-initiation event. [0088] Fig 1l
s hitate 19%b bathstpafa;lméttrateevqmaa@ paxiliayGhantes slavb et ib elegtmcal idle, a

Af)veozta é&tlo 81_0%9 a'tet gnln%t%o ax%glfztg?]s q%f}itugﬁ%&ﬁfd@ag{@t g”f@@ are

b(ﬁlhnﬁmedlfdr laPifedet R voltage. ad voliaye GREld, Hen\0&: auxﬂlary
are in_electrical idle, a vol tlg%e drop across the

t ehanneh elayapersss tumsdondndigating 4 hetplugreyeneandsha gestgmpoves to a
ar

cﬁspl ﬁét%qggt? é)fél?% ep he %%ﬁ)ﬁ{gr%ﬁlx IYlg rh)t?asgaiﬁb% Etafehlgog.v éﬁt the
pcstette 1906 (muaie Hnlo mltlad[haﬂam phegen ifwodisglhv 3 devendd, drd tlﬁdmlxﬂlary

em rrov to a, dis state 1906, otherw se,
Siﬂdﬁ RYTi Y HRmeq Oph@%st?% Habynilesespordp o @ mcewﬁfelua!@capabﬂlty
Str@é@co%%ﬁﬁmcﬂﬂﬂ“ tHe hisﬁﬁw?r sBitd trﬁisit?(ﬁts 't fod ﬂﬂ%?wmé fif ﬂlere is no

display is detected hen t he aUXI lary ave port 1Is
f wctiyityt e ﬁm@@ummmadmwﬂe?ot mamsthun 8 predeespined petiod af time then

| bi | i d the, displ
& T o g RORVE porbpnt GPRRIP Sandyy SitgdDa ' “ho ™
aqtmsa]t y Dﬁnﬁ suauﬁﬁ ét&&ﬁoﬁﬁ@dﬁ@ﬁ'phﬁ&r tHERH 14y \REpdAds to the

predeterm ned period of time then the auxiliary
c Hepfeg indtiatips byche trmssnpttpr mebufttm thmecsﬁhmwmgttameng pattems,

1%&&51‘[11&3};1& Qegsl% }S‘?r cac absg n#tﬁ{e g‘la{ll%%gs%aﬁ? aﬂ[‘l%]ﬂo“‘:}iilalft If(g:raatnoﬁ‘ter training

| Bedstomtandnif by ntatreng paR&IHeh Qo thYioRsk| Wpkiatign kAR 1910. If there is
equal i.zer using tralning patter ns, updating the
r 88drtvitoen BigeHxpRasanngl of pa the mpiai L (foritrasning)hepmore than a
4
parkicl i RITIOGL f B, uS 520 At b e iR e
tlsanébyﬁaterléozact ivity on the auxi | | ary channel or on
t trainin for nore tha
E ntlaﬁéoa 10V B%m@%wpéﬁmemwna@? the; ca?sﬁ platform
cla;asggl mt%tfﬁé’ee port is set to the standby state 1904.
? gs. 20 - 24 show particular inplenentations
01[009ﬂ]3 c rElgsZ(bdi}mvtfso?rFﬁ: nutitisgpbaayd ROQEhdvareean {)106961‘}1 gFap(j;ucs engine

Sggﬁﬁl\@ﬁmgﬂggwge%t agt%{lgg)gt%e(%@ﬁgg % %‘%\8/ ?eaw'gg nlg: 1nvent10n It should

t hansiH i thedBRA Iﬂlt'ﬂf:f@@@@ iAPRGEohl kol dMME BRI tted 102 shown
should be noted that the transmtter 2004 is a

p ar Figc Ul hrthe ﬁambed @ﬁlbt)ﬂnmmt, dlmsiminsmatter Q024 SShcmmledl tp an
> B%H'Jectgr g@%ﬁ%{' zodlgﬁﬁc Hes 0 tﬁggoon%ecr:rtgp i 700t) I?r?an tet11r1(:"0rt116:rboard

2000 which in turn is connected to a display device 2008 by way of a twisted pair

cable 2010 couples a display device 2010.

[0092] As known in the art, PCI Express (developed by Intel Corporation of Santa
Clara, CA) is a high-bandwidth, low pin count, serial, interconnect technology that

also maintains software compatibility with existing PCI infrastructure. In this
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connector 2006 (along the lines of the connector 1700)
nmount ed on the notherboard 2000 which in turnis
connected to a display device 2008 by way of a tw sted
pair 30 cabl e 2010 couples a display device 2010.
; [/ e
| epifick MR GI RxbieGs i is difinolttiGHS o HE AR WM the
hi ghuibanehts of ﬂhﬁ: cfassvpka'ﬂbnn antatfaceseliichkban dindody agivaadisplay device

technol a 0 maj ntains soft re conpatibility
o CITET Y p s Sl PRl FEP el o g 93
Cofpbygur ath Qx'ﬂuatl'bﬁ§wﬁge 1EP§ 916?1?1%0@&'1 to fn%uﬁL{H getok On the

become conpliant wth requi renents of the cross
pl mptherberidy ther figrads leb@hou.tatrh thadpugdcthe )‘SD}J(D vt af ﬂtueé’@I @xpress

deV| eith usi,n not.he unt ed. connect o
e B ap St o e B BRI B T bRt B SohRetor as
préetvinGalFid. 0 1 NBY R thé BReGAMBE tokeehiBtidh m&a%kg@@h@os cards,
the sjgnals can be routed through the SDVO sl ot of the
pan addpp @gaphiosverieamsapplantibie brlsgherapbics egibgesshofn in Fig. 23.
t us I nect.o ha

Fig0H, e ol oo MRS ¥ ol R B0 B tgoare

acgiapmcsga’r@pm wasuld drisls throwth iatheindl Balgfr@phh iscgaed reaiver/TCON
sgﬁflant &Ff onboar d raphlcs engi ne as shown in Fig

vhich pegle driv the paneh disedly. For QWRst&Bﬁ|qf@a@Yedﬁwlan%atlon the
tr
e RN it FRLE oBFREDE) HERRY rEcfiithE fumber of
r éub'rowech@GNs tovBioc hO mmslimkfrdmll?ug X4he panel d| r ectly.
F st effective inpl enent at.ion,

" dhedale, RS thefe sEahpign e ﬁmﬁﬁ’@te&éﬁ@ﬁm{tﬁ& digwever, is it
I QRUUE AP H'lfﬂ'é?ﬁént Q§ a sﬂaﬂ&zﬁéﬂ@@ﬁ%ﬁﬁtté’fﬂlﬁt‘éérahﬁ Q@ E’Cl— Qnd PCI
as shown in Fig. 24 [0095] Al of the above exanpl es
aigmn@s mYletgnmn@ajthrmh ¢l AGErar. SDW/@h)és, respsctiviely. 14 standalone
yite f aS| nent a sta dal one

Bl R B Rl o P o 5o it i ardware or
e@uﬂw@@nents t hrough the AGP or SDVO slots,
respectively. A standal one transm tter w I | enabl e
out put streans w t HEQW, 22l IMENKS cs har dwar e

or, ft 0096

iR 85 e R ST E R TR 9 R38hrrs

t aumbelo(ﬁf fRow ¢hart eﬁc}ﬂfeséﬁtﬁn\@ hatitiduRASRCERTEF élabliflg the invention.
rt| ﬁqr Fg(gocess for enabling the invention

Spesifie S Bp c39sscribpa ppamlsriop élt%rr%iﬁé grocgyses that when used

ALy i B B BASAGE ek lifly KHER BEEE in el Y OF 01"
[ @®7] FiBig. Zﬁslxivm/xsﬂméﬂaa\/tketmhﬁg ajpltoaedslzsgo fortetg b sing an

2500 for . determ.ni.n 5 oper tlonal node of t he
BT RaL TS oF KR et ML AL MR oCEth STEPRAIBEn ofghe

| IMRAG AL M thid ptr&’:e§s RO %féfﬁlonﬁflﬁ?@@%fl%ﬁl9%§|seﬂ8‘A%lﬁi’h{l knode if

only be set to a di'git
the video source and the display device are both digital. Otherwise, the operational

‘mode will be set to analog mode. It should be noted that “analog mode” in this
context can include both conventional VGA mode as well as enhanced analog mode
having differential analog video with embedded alignment signal and bi-directional
sideband. This enhanced analog mode will be described below.

. [0098} In step 2502, a video source is interrogated to determine whether the video
source supports analog or digital data. If the video source supports only analog data,
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the video source and the display device are both

digital. O herwi se, the operational node will be set

to anal og node. It should be noted that "anal og node"

in this context can include both conventional VGA

i PF SP e e SRR IR 160 Wil e 3Y AMIDR Gtep 2508), then
si‘@n@rocamjwmemﬂl(step%b?ial si deband. This enhanced

g8, oy S5 S Bl (50T L0 e
whedose VTHe'?ﬁsdeyQﬁaQweﬁﬂHeﬁ %t@r‘t'@é%@é& £ RO Whetlbbr@hd @kplay device

data. |If the video source supports only anal og data,
241810ﬁeﬁ@bed ot tieemieg digiveledagd: Iédwghspi@/ dl@wa*ﬁelpm@t@s aily kndeg data,

e BB eS8 Podbpinoev P 5 ok o B BHER R i em e

dl Ig'bt:@ls wiktad (stdp2anp C@ﬂﬁr\ﬁ@&tth@tjﬁé‘raﬁ@aﬁh@ﬂe 0P Gouplhf device
display device is then interrogated to determ ne

vmlétSﬁéP digiia! ($tepp)>dl)- désriexampls, f gracesior uay eanire) spitehes ithin the
0

an‘g)llugﬁh%g%& to sét ﬁ(}g glroglth I%(?) g%?/tald q}é g%ﬁcf*rﬁy R {ohﬁhr?%&é(nce is

Wi dolnﬁgm'ed @b operaiammh g1y dipeg rﬁ(ﬁib&)nly tvhen bbﬂh&:he pidee s@Bce and the

Wi |1 %6%7 p 2512). O her t he operational node
Vi ﬁlOiPFﬂa“H% ieorresgonding igital godal (step 2510).

F anp

IO PR, 26 SROREE RSBt EReiFRAE b o el A005r ol il a real

gdinee wideo ithageapuaptyi abgeldimvdccerdascelwitle sohé gapeetd of the invention. In

o3\ o8 il e B A SRS coumia
COhé @sprapditadacdi gi tal node. [0100] Fig. 26 shows a

flomchart detailing a process 2600 for providing a
r 81011t i nin skeRieD0, pravisiso gigal xsyewmdlﬁqm aatdsorsdaicee Next, a signal

alqtulalé%?[ naelcl;st Srog)flf E? (t)llénv Q(tbl%cg%]c éoc:ﬁ%h ¥ tgx)ﬁien}écel’ved video

prsebE D zﬁogpl I(ﬁd;tdeQ6015a ddrerntih&idn3of 4 it &FragR is idd&) bhased
In step 2600, a video signal is received froma vi deo

s aaere éhe quekty tey psfigmalThery fed atergninasion ipmade phwhether the bit error
PrARL; é%al@’ LR tlYtjegﬁ)? &?H{- [‘és‘ﬁm%i ﬂ{tﬁéjbl\f\”eltrgr ga 415 determined to

receiv I'n" step
dabebeargreatei than d’ﬁe thrd@hdild&fﬁhﬁ[ theat detepmimaten 1sbﬁ.§®C(step ReM) of

e
a videb §ailsdnk dﬁ Hé%r&c?s? OB ste eﬂ (L(h%m r il ré?ég? ends.

is determ ne not e gr eat an t
vioig] t thwave;d,eﬂf d'reﬂ]ma’ror(mteusdctmimnécstodm Qﬁdtéa) themﬁ the threshold
ere.are nore v

AT el 2B e RRsPiRh e (P Re b Fnadicthen e Higate i

PERGES $hanb Mﬂ‘ﬁuﬁpolﬁltaﬁao I?ﬁ%lt 18 oPda88 thdnEmPliRGRSHit rate, then
ends. [0102] However, he bit error rate 1s

déheél‘lhliatﬁeld lowerpé (Wléﬂ allichﬁilﬁ prowess retwshol sep?H00all{ithe bit rate
PN ﬁc’ 56 elr%}awé:ﬁ%det &L Q%t 8 rlhen thgangoede(lg Eﬁaglggc? %SEInaﬁ)Sg mode

(step 2612) and the process ends.
[0103]  Fig. 27 shows a flowchart for a link set up process 2700 in accordance
with an embodiment of the invention. The process 2700 begins at 2702 by the

. receiving of a hot plug detection event notification. At 2704 a main link inquiry is

made by way of an associated auxiliary channel to determine a maximum data rate, a
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greater than a mninmnumbit rate. If the bit rate is
greater than a mninumbit rate, then the bit rate is
| onered (step 2610) and the process returns to step
2606. If the bit rate is not greater than the m ni num

bi . is. | .
R N L
shNest, at ZA06yuhh atdxirfromn k| datkrateit verpfigl Be@sg 024 G8ining session and
SO S 5 SRS P St B8 e

Pl 4BEtiecsH BB ggﬁ%gt(l\;\gﬂé gffjlﬁ,aFdr @Ram: te% %‘é%@teﬁnﬁﬁﬂ "Byl\ixef%f the

inquiry is m an assocl a auxiliary
c hauxiledry chardel andrthe displagasipends @ahainqairies an2 712 wibinldn turn,

of ti b recov uni t.s, 1 ncluded .in cei ver,

arioulien FERPeBORYERY st i | @ 9@ Fhe. ! mum

| i pHogipt a Next, @it D316/ @id dtich PYrcda¥nddfstBarha@tiBlLRY 1o the receiver by
session and at 2768, a data streamsource is notified

of wenel thepupliay digeral and\at 274 Bpthetstrears sapunsed dre fthes potified

X . : :
) R oA P e s
r e 2GR0OS At 0722 ¢hd Visifious d&s patkels/drd foiriediby addingWissociated packet

| t | I 'ahor at | f the main |ink traini
s asenezn and theymipienrgef anstber g soToRSIToRRE ItchediiRd ot 2724. Al

S i j t ' :

o Phe SRR ST WL vk G SREELIAL Wt link
souzrtues mat OK, thenhbe sountd(§)i arel notidiest dfer litkhfailomienehtiat R 728

capabl e of supporting the requested.nunber of data

o o Biisey tre R SRt s S Ao SO RCIGE LD A s keesed upon
arife LA AR Pabivet BRIt 2TIOC Wabeh, RRCHBInst16RE BASy Al streams are
the mul tiplexing of a nunber of source streans is

schenpaseet! tetthedizplay devic@726 a determination i s nade

r oL.n he | i,hk st S...is OK. W the li.nk.
CHBI0E" | OFien 25 shoWy e AP EdtRing SR oAU Pl g,
| i thlinih@isésdion iR Meddirdke JTtAGin enfioABHWtDE theliiPedtionK d@bald be
streans are reconstructed into the native streans

bawéesl thpiohe trginingesession ppseys 2R TS onsdtplamentatpnd .theﬁ@peration
27. : . nat i.ve : -
238 IR PERL A SRR R L LT O B S AR

f lpawedmarvier thetn@dih 1iAQ aba §ut OBk $stc 28H2 rkiveape A ©piFhINghkatraining
trai ning sessjon in accordance with an enbodi nent of |
t atternie shqvahin big Khgdceordancensifiesn embedimget afithe mvagion. As

: : . ol .
o AL AR bREDs Baihnd 0f 4 e TR Moo run length
segslegphases? sithe temgestt TR8OR ebyer Bandbathese twogphasesgo optimize the
it th in lipk at t.1jnk I t h .
f%&aﬁ%’f%‘%ﬁ%@gﬁ pi Hsﬂtapg chitager 195 B heged foAE A the link
Fi alitgy_]is i‘é&s%%ﬁféif ??%94%5 ReclVef Ef?é%g% ﬁig Nso@htell lﬁ%ining status and

i nventi on. ustrated, during tralning
s dmsédarpondhptiasing|stategrhesk ths rechivesdety 4 pass/failibit Fergthof three

millgges ga@ ﬁ%ﬁ]ﬁg%lglit%eg %b%@%%%étgéafﬂgﬁasg,e the iré/c%{vei' \S)Viﬁ 8r0%§eed to the
next phase upon detection of pass only and at 2810 and if the receiver does not detect
a pass then the receiver reduces the link rate and repeats the training session. The
main link is ready at that link rate at which a pass is detected at 2812.
[0106] Fig. 29 illustrates a computer system 2900 employed to implement the
invention. Computer system 2900 is only an example of a graphics system in which
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25 equalizer. In phase 3, both bit | ock and character

| ock are achieved as long as the link quality is
reasonabl e. At 2804, the receiver checks an associ ated
training status and based upon the training status

C Y

g Bresll Bl BREA Kl SR ReRAs drer g8 TR TR contra
phaeesssinp enit €CRUY &51 Omrzlridopr @cesmndmoty {RAMEXI20pttad @nly memory

- SRENER 5, p8F wmofieaiehinls 30 eotiesprfRiior 96D, Grpary sorage

I egbusRs 2041Padd Z%Orﬁ‘fdedl ASPRAIS 1978, tA&IsMdIBknown in the art,
session. The main is ready at that link rate at

WHR QM actpladeansier defa @nd eutractie 1@i-direteehliFioghe 2 Us 2910, while

| SRS BB R R BB B et egrer

anCEYaPlemsy géhe@lBAREIGEe SyShieAbdrdf PRicefors? Bdth @rimary storage
present invention can be inplenmented. Conputer system

29@@1%%?4%51 ?&éﬂmaaq mclede@@swﬁa@lelfﬁmutmgdahlemedm

épz‘%&%gne or m)ré eri ﬁgnc @aaglag%ldm{r{g |e§glsce’ is also
(W p g

c alouplet Ibedlré’(ﬂﬁ)ﬁalljpfd ORUyY ZSIOJamlgﬁovﬂaladdaSonaEdﬁa atoehge capacity.

29 0, and digital display unit 2970. As is well known
Hasy P%emcgy ﬂ@w’%\@@glst%%%%fffé‘? dahlegedipg that may be used to

' r!;%ré Bﬁ;greﬁﬂsgmefﬂl'dlr%: doBfH@RB4d ¥ {a a dcheﬁ @E%%Tgl%:gﬁy,%ﬁsg themory

MisS uUsed typic to trans
i rtktm:e @80 mrsstomganbdumm swhtas cariatd dislo nea tape Glikh S@etrlly slower

ol ks Sexir 2000 2848 Slree 26BOR g seh drvces ey take
SU4hd ﬁﬂn@)f‘ﬁ(}ﬂ%%ﬁé of SARARIE réRE} Gr sofe HRGINIRKYo W 6AGE Tt will

medi um 880 ich is typically a mass nmenory devi ce,
i deapprcinddbatpheinformation egeingh mlﬂhyl the H@mmez@md@ngb 880,

rovi des addl i onal ,data storage
e O Bt L 08, OB BuRi ATy GRARE ki af By PRRAM 29205
naynm@nuﬁﬁﬁyto store prograns including conputer
code, data, and the |like. Typically, nass nenor
dd@l% 886P Vs 291G argraksgeconplgi torpreemers iapUHALEDY dswceﬁr890 that

R A AT .
t &kegbohbdst hﬂcrf)ﬂ’(dﬁegftommmﬁlatfe displayapasdicaperd eaders, Magnetic

some ot her we &ﬁv\m vice. It will  be appreciat ed
t I9RP2RSK EADEAF Fﬁafeb 55 8 laﬁeﬁéfel%qrﬂiaﬁdwf@lmegr}%w other

d%yéllgﬁlO%Qn utrﬂ@hceé 51163‘;'[5948 (?FB; H&Eeotﬁé‘sc%ﬁl u ? E}&R}Il)ﬁ 9C2P0Us 2910

i ncorporated in stan Ion as part
asaptimhalltyunﬂy bmmmpyed tf @b@ﬁﬂpu@?bbtemﬁﬁlmmcaabﬁmetwum eq., an

one. or e i nput / out put. devi ces 890 t hat
e R R PRt 0 ATy
”%@ﬁér@l[ysat 206 8CKyiRphlch o dBWEK colifdHBBARTIfR comeﬁ{p@ﬁg@ﬂﬁfsthe CPUs

touch-sensitive displays, transducer card readers,
g hetmight rmel‘zpapﬁmnamrefromethe netwotlglor etight ostpyit mfesnatlon to the

voice or handwr it eco

! Reirhin e covt o PdEr R s Bhud-aSented Bompltiops. et

FiinfethationCbieh 39dfen represented as a sequence of instructions to be executed
using CPUs 2910, may be received from and outputted to the network, for example, in

the form of a computer data signal embodied in a carrier wave. The above-described

. devices and materials will be familiar to those of skill in the computer hardware and

software arts.

27



10

15

20

optionally may be coupled to a conputer or
t el ecommuni cati ons network, e.g., an 25 |nternet
network or an intranet network, using a network
connection as shown generally at 2995 Wth such a
ek ¢ | t
20008k g PR Rl 200 A D G b AR s fp o responding
m Igfq:terma signtl, amd provates bothtto dtgntal disgihyvanit 2D70.tThe aoslog smage

f.perfqormn e.above- des bed. hod steps. S
e e el o PR EP e doe L B falg sehval SiogL R L2910 or
Offrdrﬂ% ekelaPBfcode (RR sBXRRM1E6he dRbIEMBS, HRUENAIED 1Bage data is

may be received fromand outputted to the network, for
e)mfmﬂ@d iny HqGBtfhEnét@mdtthﬁf reﬁcr@mtgnelr indlatles thie GiFINC and HSYNC

enbod A cary e-desc

rg? ¢ essw%%in et & | a s Wi I IeV%r HfS g?ﬁlﬂ?% Pnﬁ ttnggheat g}e present
S Kh{fénttbﬁ chiBe BOpIBHIEREd h&[l‘lcﬁcﬁafog image, daffindRir @efdfense sigals in
[0108]. Graphics control]er 29 gener at es anal og i nage
d ither dprenads. EoF examIadnAlyS Imégeéeﬁ &en ¥ichdg videg signal data also with
pr.Qo splay unit 2970. The anal og
Ina%@%ﬁgn@gﬁggﬁg %%%%%%%%%%d for exanple, based on
pi {ﬂla(l9] dat Althewg ol affe\n rMGBn2Aiofahe plfeB‘@mmrl'&Qlﬁ Ravedieen

e ¢ C o %&ét Igsh@li@b# %(g{' t%ﬁtetg%%ge;sgtﬁ%yenégg n? 4 3)3 Snbodied in
r %fﬁfy‘?ﬁﬁ& spe@R@kortRGHHRGE m}n@%}&ﬂﬁ%{h ﬁgﬁ\e sipd BRI present

wel |l "known I n the art. ,
u nntefmsbmoﬁh@ prasertt lemampples emgtto be nomwsaddrethascilnstiative and not

nted th anal oq | . da [or, reference
L TBRER fia b ireeRhdh Rehor BB fI3L B AR deGiis BT hiiE but may
d¥eandified RRhidRe WP Of Hieppbndialchib atannvtlth th&ir full scope of
corresponding tine reference signal.

Aleghgaightsonl y a few enbodi ments of the present

A oW kRS iR PERE N Ronbrd e 8wt

| RmbFaYenBithee asdd trdtions fperiBtaribhd) and eglepaedtt feit FalloMthin the
t he splrlt or the scope of the Fresent i nvention. The

peanentl this dmsnten. okt éh‘tllid Blso be feted dlhat ghase afel mapst gligrajize ways

a b

8 B I hfipoR0d AL BUPOH il S Bl °F
melekiréfosdintentl&d ﬂnat the isveapien bé irtérpreapparideddiak atlmaclablesgions,
with the|r full pe of ival ents. [01 0] Wil e

¢ RPE YRR 3 PR Fab S0 AL i SPaR & ARd gfopg of the present
prefpfised enbodi ment, there are alterations,

per mut ati ons, and equivalents that fall mﬁthin t he

scope of this invention. It should al so be noted that
there are many alternative ways 20 of inplenenting

both the process and apparatus of the present

invention. It is therefore intended that the

invention be interpreted as including all such
alterations, pernutations, and equivalents as fal

within the true spirit and scope of the present
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invention. 28 WE CLAIM 1. In a system having a
linking unit coupling a nmultinmedia source device
arranged to provide nmultinedia source data to a
mul ti medi a sink device by way of a plurality of

] /@ data packets transmtted at a link rate
(LR) over the linking 5 unit, a nmethod providing a
mul.t i meldiassystenchavirg elifkifgmit crupdisgandiltimetia soheee device

mul tinme rce. dat I.Sin SS,

nefltange {oéaﬁgﬁg yutltmg?(? fi ﬁoqrg%) a ggmitgﬁ (ﬁg swg%ewce by way of a
CQfhali6) Ghltideata datd\$eckéts raddmik8d st a Bok i'z{t@(LR) over the linking
coefficient MFlI having a value MF1l, a second

cowits p slethnd privAdingaamplinzedicetloek MM @) feprrgsponding to the

t ME3, _hayin value MF3, and a fourth 10
coeﬂllhlgflgaﬁcuﬁ\%—% mfﬁgﬂ "Sal ue MF4; expressing the
mul ti rresstpﬂasﬁh@@kndswr Ereqidcy (BIF) an dias 6f a 8dt of INGF BRSTi€iEnts that

frequency (MF) _us % a set_of MMC coefficients that
i fa¢ludrsat éﬂasq ae’fé@f ¢ RgeniNE] bavinga vAkeiMBL. 2 speprdecosfficient

c Q\ﬁf:% h§v1 g@ﬂ:i] G ¢ H @J)éfﬁm% t %IF@ %%(f{n c?l' ‘%FU 1\9’551 ae}ﬂdrllgfourth

a va a coe |C|ent aving a va
vaeﬁicmnth@AAaivugaAvﬁumMFAal ue MF1; the vaI ue 15 B

< the value .MF2, the valu th | ue NF3, d the

val ue [BXBIRENg eaa&mg fi@&%ﬁé@s@ﬁ\ﬁ A2 Fibsgt qf?tﬁ%meﬁtﬁs

A% QuekRIT) Qfsn‘fgfhesef@ﬁwcch&ﬁEl%ﬁf‘s%h&t'Y@luﬂ’e%‘a@ fkag a Sefticient A
of LR coeff| cients that 1 ncludes at | east

c deving@ivehte 4 a ¢treflinientd hadinga walpe B, a coéﬁf:xeut @huaviBg a value C,

£ 2 BBt B tvings ARG D1 i Sl B W S e WAL the vetue
VEH etheAalve ViFe, thaviRie N <lhe vallteM¥al MRl Be vaLE® “alcURi2OMF4:
MF2, the value C < the value MF3, and the value D

< the \ﬁ:apn@ésma:ﬂ:re linkdate SEBY ekt spsetief themestaetiequentndUF) using a
r t.h I|n at LR using.the,set. of .
S RO SRS, e £l o

%béfﬁdxeﬁSBflﬁmﬂgeﬂvalﬁb B| aicﬁéfﬁmeﬂberl@ivmg 1eali@6! &d a coefficient D'
frequency ME i s_expr essed as aMFl Ity'll\/FZ X YME3 X

shevingp vabig I¥, whergisy the yalye Ay sthe %uq‘f N ;ghervalue Rhaths vplue
Z'R?F/g nlg%%@é e LRl v%lfegﬁlf?% Sa'?)]ﬁ%@x?%ﬁ@D &thﬁ%lﬁﬁﬁﬁgnﬁ

as recit
mul ti mpebvadiag dtdqnnmtn&:dM\AIocthrateeMM@ SivadthedinkAxte PR Xsinlhe set

i MV S TP SHOE LROoGt ik -at od 1o the | [ nkc
r Qt eMFL]R ﬁ% Mgsgs Feecgtll:(?}en (ﬁfﬂ%?f‘ vg?erﬁ:lg%e\%hmgrsxgr ﬁe%l\ﬁg%/ ?ﬁelg)expressed
rrasuer * FEGuelCx M i
3. A method as recited in claim 2, wherein the link rate LR is expressed as a* x
B% x v“ x 8° Hz.
4, A method as recited in claim 3, wherein the multimedia clock rate MMC is
expressed as o*x B® x v© x 6° Hz.
5. A method as recited in claim 4, wherein the multimedia clock rate MMC is
related to the link rate LR as MMC = (LR) x (¢™*, 8%, y°C, and §°).
6. A method as recited in claim 5, wherein when the master frequency MF is
23.76 GHz, thena =2, =3,y =5, and 6 = 11 and wherein MF1 = 10, MF2 = 3,
MF3 =7, and MF4 = 1.
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23.76 GHz, then a =2, R=3, vy 5, and 6 = 11 and
wherein MFl = 10, M2 = 3, M3 7, and MF4 = 1. 29

7. A nmethod as recited in claim6, wherein the link

rate LR is expressed as 2A' x 3B x 5¢' x 11DY Hz,

wher ei nA@neth&ila%’ re@ted'iR Blairfy 6, héreiihe lﬁ rat8 TRs %ﬁﬁﬁ%@é@d as 2% x

as fecj, ted |n claim7, wheréin the nultinmedia clock
r at'ex 518 Hawﬁteegsédfal@ BA_Q @3£§Z Be<k. 11D Hz,

rein .
et o Dl Bk TR S e R S i
Mésptdsed B128tetP £ 6¢ khe° HzDwheRbeALRI BB MY =< IRkIX
(2A-A, 33-B', 5c-c' and 11 D-D). 10. A net hod as
réti t ecAinetiadagsirpaitedvin elagn ¥, whererutbe nndtingdia ichisk rataMMC is
[ [ I 0 ArAat,6-B d.c wtogr
p?S%Fegr%égﬂ%eodﬂ%tq {eg)i(%gg{\ﬂ%ﬁ BL%%Q octesssofg f or rﬂ) D%
prigvi di Agnethodldd regitediinreim 1¢ivbeleid @t en(fifiedia clock rate is a pixel
corr spondl ng tﬁ the nmultinmedi a source data in a
syo@ran gytingloskmitiki ng unit coupling a mul tinedia

sqyr ce

daa & bR RO RGRILR REHRPy TSP R,
ofmultiuiedlamé@bkaraweﬂvﬁ\/lﬁa cdned:&pondlag mﬁhbhmdtlmbdm sbunck datatie a

(LR), over.the.linkin uter

e R g Ry Sl ¢ SRTBGLACH eR A P to provide
ofm@uﬁﬁﬂla%m% da@q6 hnhAliReER shﬁadevic,réoal’\,#%ﬁofaatp1hﬁﬁ§£ ofd

first coefficient MF1 having a val ue a secon

c sedlfiingfligrdatayrek ¢ta wimgnitted al alénivegs ( LR )tdvier the linking unit

coeffi CJ ent M3 having a value MF3, and a fourth
cSEFPIeent MF4 havi ng a val ue MF4; conputer code for

expr essbgputed Coddtot bxpRedstetd ﬁ@éﬁef ﬁé@eﬁM@IFﬁﬁl tamsTset of MF

of 20 the master frequency ( usi nlg set of MVC
c seefficintsthat ltlﬂa@esmﬁ&qaaope’érswoqf asnt MF1 baeng poplastMIRL, a second

C
CBS AL n P ROk 8 EoRRGRRAR, KRSy P,
haud agbmWa-iﬁ&@n Mhehmﬂghhaiuualme A <the val ue I\/FI
the value B < Feﬁf@val ue MF2, the value C < the

I\/F3 af@mPHIST Gade fer expressingshe multimegtia clogk rafe ﬁMMQ)ras a subset of
f
t i rrgég%rei‘?éﬁ%%ﬁc;sﬁw ﬁsh‘%w%e? ég %@a&ée@a&% tﬁﬁslﬂplﬁﬁés Hleast a
c oeéﬂ'mmnemlravingatVai!um,Lmle:sefﬁhemtﬁhavmg g odliyé Be e eot¢ffidient C
f t B [ I -
o BEE p el e aisaBRmbD VN e s atos e e il Sthe
Vallﬂ@‘MF‘Q tRe VAUL'B Lhe vifIE wm tﬁ@€a1M@bu&théva1ﬁem Vil ¥R value

value B' Sthe val'ue M2, the val ue
<D1 Eéla/@lhwd\/lﬂts and the value D <_the val ue 30 VF4;

computer code for expressing the link rate (LR) as a subset of the master

frequency (MF) using a set of LR coefficients that includes at least a coefficient A"
having a value A', a coefficient B' having a value B', a coefficient C' having a value C,
and a coefficient D' having a value D', wherein the value A' <the value MF1 ; the
value B' <the value MF2, the value C' <the value MF3, and the value D' <the value
MF4;

computer code for providing the multimedia clock rate MMC from the link
rate LR using the set of MMC coefficients and the set of LR coefficients; and

computer readable medium for storing the computer code.
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conmput er code for providing the nultinmedia clock rate
MMC fromthe link rate LR using the set of MMC
coefficients and the set of LR coefficients; and
conput er readabl e nedium for storing the conputer

coge. 3@0141?111;69%‘6@%&? prodh s 3B RUGH Ualm 3%, fufthibd @hprding:
claim1l, further conprising: conputer code for

expr essémputéreore firexpfessigg dreayaddr fregueanI MK apht 2 3B~ x v
7NF§MF4§_I6NF4 Hz. 13. Conputer program product as
retPted™n claim12, further conprising: 5 conputer

copg f OCoﬁEEt%ﬁﬁr%Ef% plogubt Rlrediftion bRAINMI2 firthé dRprising:

7¢c' x 8D . 14. Conputer program produgt as recited

in cl ai ¢AvaBterfagde FECXBIeRTIRg ﬁledgt.?( ratedrb et @r xFodey T 50 Hz.

expf essy A4 ' I I : )
70 S el AR £ RGN, And Yrlihe

i n cl ai eoniphterfaodt Rerexprsging tengultiddaigiktrete Mt ad otx p° x v©
exprgssing the relati onship between the nultinedia
clbekFzate MMC to the link rate LR as MVC = (LR) x

(a A , - - . . R

L A
masigruterfoode) e prebding the28afiénsBhighetewbartha nult2nedis clocB rate

y = apnd .S = 11 _an rein MElax 4P, M2 =.8p. MF3

= Mﬁ%ﬁ%&‘ﬁ#@kf@iﬁgﬁ‘fwgﬁmf‘éw;rggr’aﬁ pPBd ot Jas

r ey, t edChhip@tbAprobrhth g&aﬁéﬂa@ reRURY EISIMT5, wikPERWHRA the master
code for expressing the link rate LR as 2° x 3B x 5c'

x TrequencyHF is @hdp &ilie, thenw 1@, BB 3, YB3 ,andd = DI, arg whergin MF1 =
18, ut ogra duct as recited in claim17,
f r(lt’ﬁglf??:ow&i_%g?ﬁa@fg%ﬁu ‘er code for expressing the
mul 7 i MeCérBpek a8 SrolME 28 8ec2tbd ¥n SBinK 16GurtRé csmblisiag:
Hz, vvherei% Alolgrllg%lr Bﬁ~, C <7, D<1 19, CoE‘puEé%l Dg
pr ogr arfopmuiRI cedetpr cxpressirg the liokaptmiRsas 3’ Uk BherS” x 11° Hz,
COPRL LS D%t go;&;’ubeg-/cgdglfor expressing the

p’be

relationshi ween"the multinmedia clock rate MMC to
t M. | | nBompiter prlgam pidviict af kddited i AAinAl7, fGithds' copriging:
and 11 D-D) 20. nmput er program product as recited dn g -
cl ai m PPMRRFE Cinior REpTReitg the arultimedia claskgate MMG a5 3 x 37 x5

PiIXEI> ARAREcAA 24618 £ eclrrpte. 31

19. Computer program product as recited in claim 18, further comprising:

computer code for expressing the relationship between the multimedia clock
rate MMC to the link rate LR as MMC = (LR) x (2*™*, 3% 5% and 11 PP).
20. Computer program product as recited in claim 11, wherein the multimedia

clock rate is a pixel and/or an audio clock rate.
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