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METHOD AND APPARATUS FOR EFFI CI ENT TRANSM SSI ON OF MULTI MEDI A DATA PACKETS
FI ELD OF THE | NVENTI ON [ 00011 The invention relates to display devices.
More specifically, the invention relates to digital display interface
suitable for coupling video sources to video display devices. BACKGROUND
OF THE | NVENTI ON [ 0002] Currently, video display technology is divided into
anal og type di eyices (such_a de ray_tubes) and digital type
di spl ay devi g@ﬂﬁ@ﬂéﬁ&ﬁﬁi’fg%ﬁﬁgiéﬂlaﬁFﬂ& ) 15' asma screens,
etc.), earRANSVIIBSION OFMUL TIMEEA IPATAUP KCHEFS n order to
successfully display an 1 mage. For exanple, a typical analog system
i ncl udes an anal og source (such as a personal conputer, DVD p aver, etc.)
coupled directly to a display device (sonetines referred to as a video
sink) by way of a. communication |link. The comunication link typically
takes the formof a cable (such as an anal og VGA cable in the case of a
PC, otherwise referred to as VGA DB15 cable) well known to those of
ski || iXIELIOF aHE INVEOTTIGN«anpl e, the VGA DB 15 cabl e includes 15 pins, each
of which is arranged to cant' a specific signal. [0003] One of the

advant aj@e61]0Thd ineentoh BB t6 akphyideviche Mbi'ec%iebi(ﬁld&llﬁalﬁ&fn@eﬂfoﬂ he cable,
due to the large and ever-expanding installed base. As |long as the anal og

syst emsreflesah s 3RPME iRESIQTNMIE forl 8P Bnd Sidkd tdur&ess %fd&)i&r 1&© mMgrate
away frgm any%(;t herﬁl\égllol e form?%anothef)vcgb\ DB15. rf‘eosog4 However, in
recent years, the exploding growh of digital systens has made the use of
digital capable cables such as Digital Visual Interface (DVl1l) cable nore

BACKGROUND OF THE INVENTION

[0002]) Currently, video display technology is divided into analog type display
devices (such as cathode ray tubes) and digital type display devices (such as liquid
crystal display, or LCD, plasma screens, etc.), each of which must be driven by
specific input signals in order to successfully display an image. For example, a
typical analog system includes an analog source (such as a personal computer, DVD
player, etc.) coupled directly to a display device (sometimes referred to as a video
sink) by way of a communication link. The communication link typically takes the
form of a cable (such as an analog VGA cable in the case of a PC, otherwise referred
to as VGA DB135 cable) well known to those of skill in the art. For example, the
VGA DBI1S5 cable includes 15 pins, each of which is arranged to carry a specific
signal.

[0003] One of the advantages of the VGA DBI15 cable is the ubiquitous nature of the
cable, due to the large and ever-expanding installed base. As long as the analog
systems described above predominate, there is little incentive to migrate away from

any other cable form than the VGA DB15.



desirable. It is well known that DVI is a digital interface standard
created by the Digital D splay Wrking Goup (DDW5 . Data are transnitted
using the transition mnimzed differential signaling (TMDS) protocol,
providing a digital signal fromthe PC s graphics subsystemto t he

ﬂixég\' fo%eﬁOfﬁl%Hﬁ?af‘"hPZn fs’é.%ﬁﬁ‘ﬁ%q éfﬁm pfofirE Fo %bﬁ@ sl e e 1
i gner ol sl fmlincbiR R b ielvirice ;f“%?@%‘ﬁﬁcﬁéaﬁqréiﬁf’ﬁi o)
with a color depth of 24-bits pi xel at 6011z. QSXGA (2560 x 2048).
[0006] VRdradteribis well Wféﬂﬂl@@g' 3 digital intgrigee abm@r@ erepicdpydee a cost

effective display interface that can efficiently accombdate a w de range
of di spDugital®xsdlay Woorking (BoM/EPYWIF). Thia hVENEGNd Wi/ the Arahsidos i ssi on
efficient packet based display interface arranged to couple a Miltinedia

source @guingiged @fRrditihl digRding (T d)Ciﬁ‘é(tbG@I poviligEh aﬁgﬂdl sigih? floh@en ssi on
efficient interface includes a bi -directional auxil |ary channel arranged to

”anfsfe @Lﬁsﬁv%taﬁ& Nidohs. BT LR s%aﬁ&W }ébé‘s@oﬁﬁ‘ gy t he

rrultlrre Ice n e versa, erelnt eln onnation transferred
over th uxi ar a.set. attributes. The
interfa&ﬁﬁf"% hluﬁ ?W&gtgq’?kgﬁla&awgﬁg} W‘Bglr‘f gﬁaﬁ’tﬁ}{h‘ﬁ‘rranged to carry a
nunber nul tinedi a data packets fromthe transmtter unit to the receiver

uni t ea&‘?p%bﬁqf‘gm&laﬁﬁ}%th"mﬁaltdéﬂﬁﬁi}ﬁb%@tCoﬁﬁhﬂ?s‘ionﬂgﬁfﬁtlﬁwBé-“seér| bed

enbodi nent, each of the headers is substantially reduced in size over what
woul d  otenfrogs sesupporidiges masylusipm ssterhesysh ek Y QAKGA HR08x 2{M8 comuni cat ed
via the auxiliary channel prior to the transm ssion of the main |ink

packet s imy@ resaition)iwikh 4 beloedyptivbM4rbizs pg pited apeietor QINBGARAYSENE provi di ng
a very high main link efficiency. [0008] In still another enbodi nent of the
inventigpggya nethod for efficient]

[0006] Therefore, it would be desirable to be able to provide a cost effective display
interface that can efficiently accommodate a wide range of display resolutions,
SUMMARY OF THE INVENTION
[0007] A transmission efficient packet based display interface arranged to couple a
multimedia source device to a multimedia sink device is disclosed. The transmission
efficient interface includes a bi-directional auxiliary channel arranged to transfer
information between the multimedia source device and the multimedia sink device
and vice versa, wherein the information transferred over the auxiliary channel
includes a set of packet attributes. The interface also includes a unidirectional main
link arranged to carry a number multimedia data packets from the transmitter unit to
the receiver unit each having a multimedia data packet header. In the described
embodiment, each of the headers is substantially reduced in size over what would

otherwise be necessary since the packet attributes are communicated via the auxiliary



transmtting packet data between a nultinedia source device and a

mul timedia sink device is disclosed. The nethod can he carried out by the
foll owi ng operations. Transferring information between the multinedia
source device and the nmultinedia sink device and vice versa by way of a

- di re i.ary chann wher.ein th nf or. ransferred over
the " aux aRPrict i i P REST e B habRs ok P Rek ettty g e
nunber multinedia dafa packets fromthe transmitter unit to the receiver
uni t eaBWIRRGPAPePAcehqvRRERG AR E@VW&WW&%H&G HelsB®F by a
unidirectional min |ink, wherein each. of the headers is substantially
r educed[0008k frvssil bansthanisambodineank df e hesrentise dopethed fgsdfigicslince the packet
attributes are communi cated via the auxiliary channel prior to the
t ransm ashsorittivi fableetaiarbebwedn Ppackieclisoarcerdtivivelandls miilkiatedlysini ni m zi ng
t he packet overhead and providing a very high main link efficiency. [0049]

In yet angthguigmred Tﬁ@ﬁletkﬁQWB@EarﬁE@gﬁﬂ? ﬁé?@iﬁﬁ&m&%eﬁ%h&' ently
transmtting packet data between a nulti ia source device and a

ul U megl ks o ASHl:G6n LRl AIHERE AIOBLATRLAIURS il sy comput er

code for rring orma gourde device and
the nul t.i dla sr K, devrc and _vic vers b of a h| di.recti onal

auxi | i at* F\‘Qﬁ?r%‘? VIGHEFET RY iR Oit‘ﬁbbﬁﬁﬁ‘ft}c’&ﬁ %ﬂ%ﬁf‘-’&ﬂnsh“é\? D{e auxiliary
channel includes a set of packet attributes, conputer code for carrying a
nunber ivmmakenitansfared pritee anxiliasychannel ingludes 2 sesiof pagket eigribiies. recei ver
unit each having a nultinmedia size reduced data packet header by a

uni di r eChirpingla mmiber hiuftknedih date ipacletcionfthd ranshatelanst toshsrdosivant i al | y
reduced in size over what woul d otherw se he necessary since the packet

attri byﬁ;ﬁ_se@mlacm hiededth 2 cArellitRd Adtel facRétShebd2 BYQ| undikfiohal t he
transm ssr on of t mai n |ink packets over main |ink thereby mnimzing the

packet g hg@%@&% R c%f &%aaerr%%bbr]agrarggre&uéemﬁ sizBbbbCkgRcY, and
r ea

conmput er abl e rre or storin

would otherwise be necessary since the packet attributes are communicated via the
auxiliary channel prior to the transmission of the main link packets over main link
thereby minimizing the packet overhead and providing a very high main link
efficiency.

[0009] In yet another embodiment, computer program product for efficiently
transmitting packet data between a multimedia source device and a multimedia sink
device. The computer program product includes computer code for transferring
information between the multimedia source device and the multimedia sink device
and vice versa by way of a bi-directional auxiliary channel, wherein the information
transferred over the auxiliary channel includes a set of packet attributes, computer
code for carrying a number multimedia data packets from the transmitter unit to the
receiver unit each having a multimedia size reduced data packet header by a
unidirectional main link, wherein each of the headers is substantially reduced in size

over what would otherwise be necessary since the packet attributes are communicated



BRI EF DESCRI PTI ON OF THE DRAW NGS Fig. | shows a generalized representation
of a cross platformdisplay interface 100 in accordance wth an enbodi nent
of the invention. Figs. 2A - 2Cillustrates a video interface systemt hat
is used to connect a video source and a video display unit in accordance

With 2 OHTReL.Of . STEROMATEALS e ki1 LANER O Mraif ik patiShRWR: SgPI ary main

link rates | ance"w nventl1on. Fig. 4A

shows a_.mai,n |.i nk. data packet in accaordance .w th an enbodi.nent of the
vent | B tereyy g b g Srckeh Sy d vtk oty ReRCR Gakco wi th an
enbodi ment of the invention. 5A shows a system arranged to provide

sub- pacRidicicagy| and seapatea readeblemnasiya dpettoring the §pdsi ng i n accordance with an
enbodi ment of the invention. Fig. 5B shows another inplenentation of the
system shown i n Fi g BRIEF BE§SCRAPIIONOF THEDPRAVEINGSagr am of t he

mul tiplexed main Iink streamas an exanple of the streamshown in Fig. 5.

Fig. 7 show a0t hRswe % 26mdr&liRl réprdanttidh beakrosk Pladfoeadkplsnrfabe t he
i nvention. shows yet another exanple of a nultiplexed data streamin

accor dange;Wcbig egxglg@gftl UEBbdRient B8Rk B¥RALLEN. P10 9A shows a

representative su I'n accordance with an enbodi ment of the
| nvention.  FLa. 9B SOUR 8. ePLEsS Tkl S, Mk kil s 2oRAGKST 1
video source and a video display unit in accordance with a number of embodiments of
the invention.
Fig. 3 shows exemplary main link rates in accordance with an embodiment of
the invention.
Fig. 4A shows a main link data packet in accordance with an embodiment of
the invention.
Fig. 4B shows a main link packet header in accordance with an embodiment of
the invention.
Fig. 5A shows a system arranged to provide sub-packet enclosure and
multiple-packet multiplexing in accordance with an embodiment of the invention.
Fig. 5B shows another implementation of the system shown in Fig, 5A.
Fig. 6 shows a high-level diagram of the multiplexed main link stream as an
example of the stream shown in Fig. 5.
Fig. 7 show another example of a data stream in accordance with the
invention.
Fig. 8 shows yet another example of a multiplexed data stream in accordance

with an embodiment of the invention.



enbodi nent of the invention. 10 shows an exanple of a selectively refreshed
graphics image. ig. 11 shows an exenplary link training pattern in
accordance with an enbodi nent of the invention. Fig. 12 illustrates a

| ogi cal Iayeri ng of the systemin accordance with an enbodinment of the

aceor dance b RANOSNACT RRRt oF TRESIE B EhREE R R URGIR Corpl oy

l\/!anches%)ﬁil It encoding schene in accordance wth an enbodi nent of the

i nvent Pb%e M¥NEARWs a representative auxiliary channel electrical sub |ayer
in accordance with an enbodi nent of the invention. Fig. 16 shows a

r epr esent at Fige IBeshawp R tigpredeatative owin Bulpdatapacket m ancersdademeh ani t h an

enbodi ment of the invention. Fig. 17 shows a representative connector in
accor damnbediniehhofathe anvieodoment of the invention. Fig. 1 g shows a source
state diagramin accordance with an enbodi rent of the invention. Fig. 19

shows a di spigayo§ﬁ@xx@mﬂé@9{pwbwsa@&ﬁe@afeﬁ@sh\eufgthpﬁ{bs%ﬁg@' ment of the
I nvention. Figs. 20 - I'l ustrate various conputer based inpl enentations

of the !”VF%'lPQhko: %eéﬁp?%%&k?@r{]ﬁ%ﬁ{&ﬁe{% rlffccg}dahgeqwﬁ ocess for

determ ni ng opera I Oha ace 1 n accordance with an

enbodi ne of the invention. Fig. 26 shows a flowhart detailing a process
f or prﬁ'yp fipign Oﬁgﬁfnvfapw vi deo

Fig. 12 illustrates a logical layering of the system in accordance with an
embodiment of the invention.

Fig. 13 shows an exemplary special character mapping using 8B/10B in
accordance with an embodiment of the invention.

Fig. 14 shows an exemplary Manchester II encoding scheme in accordance
with an embodiment of the invention.

Fig. 15 shows a representative auxiliary channel electrical sub layer in
accordance with an embodiment of the invention.

Fig. 16 shows a representative main link electrical sub layer in accordance
with an embodiment of the invention.

Fig. 17 shows a representative connector in accordance with an embodiment
of the invention.

Fig. 18 shows a source state diagram in accordance with an embodiment of the
invention.

Fig. 19 shows a display state diagram in accordance with an embodiment of
the invention.

Figs. 20 — 24 illustrate various computer based implementations of the

invention,



imge quality check in accordance with. sone aspects of the invention. 27
shows a flowhart for a link set up process in accordance with an

enbodi ment of the invention. Fig. 28 shows a flowhart detailing a process
for performng a training session in accordance with an enbodi nent of the

invention. FLg. ~29 i llustrate .comput er. syst.em enpl oyed tq.inplenent the
i nventi on. %&?E@%@&W@l@n@ﬁ% réﬁ)@@ﬂﬁ?@l\%@pef%@g? Ref er ence
will now he de in detail to a particular enbodinment of the invention an
exanpl emegeaﬁﬁ%eﬂntﬁgfaw ipggeardanss With 3 HemBRUEBEPLOR NHEVERER- ngs. Wiile the
invention will be described in conjunction with the particular enbodi nent,
it will be bigdedshawsa flowchdrt détailinga proveemie dravadihg mireal tie videent i on t o

t he described enbodinent. To the contrary, it is intended to cover

al t er naimagesjaliydihbilcatdcondlanandith aghié ¥pleetdbs tiRsinv@yiohe i ncl uded within the
spirit and scope of the invention as defined by the appended chai ns.

[0011] The i pyent EySvCPNENOMEARE & 1IHRRBERS Bbodselin 5QURHBIwahWhdeo source
with a video display is described that 'includes a processor for nmaking a

first a%gmeﬁtoﬁgé ﬁ{v% -&}i on of whether the video source is an anal og
video source or a digital video source and for making a second automatic

determ natiop. o et her, the videq displa i s an anal og. vi deo display or a
digital vi deﬁlgd{’-?é%é’iﬁ.af&?‘”&@%‘iet%} Bed ‘{CE%’/F ﬁOBPer??}HHFgé I'™HRe $958°Boupl i ng
devi ce under control of the processor according to the first determ nation
and t hellsseordancgsvigham embodimentgidhe dpenidPri at el y configured, the inventive
connector provides a point-to-point, packet-based, plug & play, serial

di gi tal di spFigy29 iilmirhias e colpptter systemt bmplogad enthdeatrtitheinvbation.s sui t abl e
for use with, but not Ilimted to, desktop nonitors as well as providing

LCD connect i VHEY AMLED DESTRIPIION OH SENECTEIPEMBODIMENTSUTEr el ectronics

di spl ay devi ces includi ng HOTV
[0010] Reference will now be made in detail to a particular embodiment of the
invention an example of which is illustrated in the accompanying drawings. While
the invention will be described in conjunction with the particular embodiment, it will
be understood that it is not intended to limit the invention to the described
embodiment. To the contrary, it is intended to cover alternatives, modifications, and
equivalents as may be included within the spirit and scope of the invention as defined
by the appended claims.
[0011] The inventive configurable connector for coupling a video source with a video
display is described that includes a processor for making a first automatic
determination of whether the video source is an analog video source or a digital video
source and for making a second automatic determination of whether the video display
is an analog video display or a digital video display. At least one switch for
configuring the coupling device under control of the processor according to the first

determination and the second determination. When appropriately configured, the

inventive connector provides a point-to-point, packet-based, plug & play, serial digital



di splays and the like. Unlike conventional display interfaces that transmt
a single video raster plus timng signals such as Vsync, Hsync, DE, etc.,
the inventive interface provides a systemof nulti-stream packet transfer
capabl e of transferring one or nore packet streans sinultaneously in the

formof ,"vjrtual. pi.pes”. established ithin a ical |.Lnk. 012] For
excanpl e dispiey e Ss bR Ben afd Eceianll il B ot ForGRe wir Bugion 2t f or m
packet hased digital video display interface 100 iin accordance with an
enbodi miRuted {0, dEstdoR mpBHeTseR Wellis Protiding &4 eomestivibewttBing transmitter 102
to a receiver 104 by way of a physical link 106 (also referred to as a.

pi pe) . heicbonk/alkaeondRQ’scansoupinswner, electronigridisplayfdeyes insludiagndEDINB - 112 are
received at the transmtter 102 that, if necessary, packetizes each into a
cor r espanigiapgarmiiib ¢ike 0Untihé aopaakeaiad dkphy idledaes thiat@anpailaaisglar e t hen
formed into corresponding data streans each of which are passed by way of

an assgigab h i ithing sl ic 1P OHLR, DECEICY B Buld shoul 0 be

noted that the .e., the data packef transfer rate) for each

oted that” the Il e _ each
he. phy Eielbe ARG SREHTL AR Bl BePA LG Bhoo R BHARRRA AR 0§ ik

rate (each of ich could be different. frqom each other endi ng upon the
particuP%?mﬁﬁﬁﬁﬂgﬁP3§H§$ fancpysly 18ihefopn Yﬁnmpwfﬁgéﬁﬁgﬁgwgany nurmber of
forns such as video, graphic, audio, etc. [0013] Typically, when the source
is a vivébinsoplstal ille data streams 110 - 114 include various video
signal s that can have any, nunber and type of well-known formats, such as
conposi {012] Hecxagpld, &ig. di showala,gepanhtddatpreseayitdtoin, ofRE@Byssqriatfons uner

digital video. The video signal can be an anal og video signal provided the

sour ce Bibkel Bistddigsabad® digplay iterfiteaDolif decordifoe SO BenIdimas Jror
exanpl e, an analog television, still canera, analog VCR, DVD pl ayer,

cantor dﬁlre’in+<§’1ﬁ8ﬁ. ﬁlhﬁ leﬂlt%f%qbq_ chlec{sWe{nfg;ﬁér 109R0 BXcef Wi 1 B4 %9Tvvea|y| ite DSS or

cable signal) and t he source
of a physical link 106 (also referred to as a pipe). In the described embodiment, a

number of data streams 108 — 112 are received at the transmitter 102 that, if
necessary, packetizes each into a corresponding number of data packets 114. These
data packets are then formed into corresponding data streams each of which are
passed by way of an associated virtual pipe 116 — 120 to the receiver 104. It should
be noted that the link rate (i.e., the data packet transfer rate) for each virtual link can
be optimized for the particular data stream resulting in the physical link 106 carrying
data streams each having an associated link rate (each of which could be different
from each other depending upon the particular data stream), The data streams 110 —
114 can take any number of forms such as video, graphic, audio, etc.

[0013] Typically, when the source is a video source, the data streams 110 - 114
include various video signals that can have any number and type of well-known
formats, such as composite video, serial digital, parallel digital, RGB, or consumer

digital video. The video signal can be an analog video signal provided the source 102



can also include a digital imge source such as for exanple a digital
television (DT V) digital still canmera, and the |like. The digital. video
signal can be any nunmber and type of well known digital formats such as,
SMPTE 274M 1995 (1920 x 1080 resolution, progressive or interlaced scan),

T AN AO A B0 B AL DL ERRYE, S0Allg o5 1ol | o

q
st andar progressi ve Ssca case (§re t he source

102 pro i des an.. naI 0 n anal o di co rter (A/D)
conver ¢ HSran 3G neh scey Ll IR e terh R Siies hectsk Plaver TEr | oo o
digitally encoded numpers ﬁ nal) form ngi in the process an appropriate
di gi t al tingage! teRPax itk sael lt'fa]g$§0f eableisignalhpandythgdikssThe sowey 184 a wi de
variety of AAD converters can be used. By way of exanple, other A/D
conver t earsalsoninkcbnde a digital imxgengolectshds s fvraxdmapie tarda‘zgitdbyele\ﬁkibh (P¥V).Texas

I nstrument, Anal og Devices, Brooktree, and others. [0015] For exanple, if

t he dat alg&hrmmaiﬁb@a iafid @ik mfealm di¥iRe viled Rithal dddebeyanaibefandtypdi gi t al
converter (not shovvn) included in or coupled to the transmtter 102 w ||

di gi ti ZSf&El‘Fkﬁé\f?ﬁB &idp I(‘-})%-g Is6éh bsS SMIER @?4}‘591@9331 21 SiiLG&S, that

converts t di gl tl ze ata stréam 110 | nt er o ata pdckets 114
each. of whi

oo af brotieSa Bt tnterfieq WD SV B Dot 1947 A R8Tk 130 (Bl T "t ' st r eam

110 by appropriately re onbi ni.ng the data, packets 114 into their original
f or mat . PIOBrESHYR FHRIheS TR lefﬁSﬁailéﬁ%t%@nr?msslﬂaq%mé’lqeﬂdependent of the native
streamrates. The only requirenent is that the |ink bandw dth of the

physi cal00l#hk the 6adsewdrg Hersottear O provadggrangaploghmagesignal, aif arddega st reany( s)
to be transmtted. In the described embodi nen.t, the incom ng data (such
as pi xeto-digital covértee (8A3Econiend dlemattal wltabs opanied siguslrinfohedisa@spect i ve
virtual |ink based upon a data mapping definition. In this way, the

oot kT ot B RESIPTh cd bl pkphadoes o,
digital image data word suitable for digital processing. Any of a wide variety of A/D
converters can be used. By way of example, other A/D converters include, for
example those manufactured by: Philips, Texas Instrument, Analog Devices,
Brooktree, and others.

[0015] 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
then reconstitute the data stream 110 by appropriately recombining the data packets
114 into their original format. It should be noted that the link rate is independent of
the native stream rates. The only requirement is that the link bandwidth of the

physical link 106 be higher than the aggregate bandwidth of data stream(s) to be

transmitted . In the described embodiment, the incoming data (such as pixel data in



pi xel data per link character clock. [0016] In this way, the interface 100
provi des a scal eable nmediumfor the transport of not only video and
graphi cs data, but al so audio and other application data as nay be
required. In addition, the invention supports hot - pl ug event detection and

autonat ca ets al n .ol timumtransm ssion
Cater THE Yard R SR B gt g Feobe R PRIl R b aBBp R BT "G s
|nterconnect for. all _displays sujtab mul tipl platforns Such

pl at f or FEPPIRGIdGHRILIRBS In T wﬁiéﬁh%thSlqaLﬁ%b% (o apy 55 e cags et s HOTV and
ot her consuner el ectronics applications. [0017] In addition to providing
vi deo amdtugh lups) deesdmt.cas does pirargntional mdercoringeisavsloss D¥arcaney omgbedded in the
digital stream providing essentially perfect and instant displa,

al i gnmepixel ddwy patlimkghintaetenerdkf or features |ike "Auto--Adjust” and the

| i ke. The packet based nature of the inventive interface provides

scal abi {Oﬁlﬁkhpthw{?@rtﬁe fdrtaceh 89 prdﬂr&&'sta%l:algﬁﬂ@nﬁﬁﬁﬁ@fﬂi {Rieinpsrtmyl tiple
vi deo/ ' graphics str'eans and audi 0 streans fo mul ti medi a applications. In

addi t | OH cﬁﬂ;'?@fdgg %r ﬁﬁlﬁk abt? gl%/{ﬁ é‘eéjsdﬁhph 5@?}%}%‘3‘ g.{)%lflc%élo? ggtra aBEl%{ at tachment

and dlsp ay contr t1onal

cabl i ng nbodlnents of nvent i y interface wll
be di scEF@L b%ﬂ agﬁl‘qmnf 18YenE0y Su}ipoir'isthﬁgf’ teéfﬁna&/gefg 00 based upon the
system 100 shown in Fig. | that 1is used to connect a video source 202 and
a vi deoa'étp@ﬂtl%}lmﬁtstthﬁzghb@lqahlltﬂh@Tlpﬂpfﬁ§Q Happiimuarsanission ratehd hgi deo sour ce
202 can include either or both a digital imge (or digital video source)
206 andimantangprogidesrfige 1¢wpimoainggpuilgdeimbdisply idtéRonhert fdraall case of the
digital image source 206, a digital data stream 210 is provided to the

t ransni fisplays QdtavlRabemaltiple pRATFoHAS Suet plaBriddkRde hbstas dspuiyce 208, an AID
converter unit 212 coupled thereto, converts an anal og data stream 213 to

a corr e%@%@%ﬂ‘& orfyag'vﬁé‘ll ehsqﬁﬁ?vsa&lﬁ%ﬁgr%ﬂrr‘}suﬂé?%le‘éirﬂh&é‘hpﬁﬁ%ﬁox%st ream 214 is

t hen processed i n muc
[0017] In addition to providing video and graphics data, display timing information

can be embedded in the digital stream providing essentially perfect and instant display
alignment, obviating the need for features like “Auto-Adjust” and the like. The
packet based nature of the inventive interface provides scalability to support multiple,
digital data streams such as multiple video/graphics streams and audio streams for
multimedia applications. In addition, a universal serial bus (USB) transport for
peripheral attachment and display control can be provided without the need for
additional cabling.

[0018] Other embodiments of the inventive display interface will be discussed below.
[0019] Fig. 2 illustrates a system 200 based upon the 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



same manner as the digital data stream 210 by the transmtter 102. The
display unit 204 can be an anal og type display or a digital type display
or in sone cases can process either analog or digital signals provided
thereto. In any case, the display unit 204 includes a display interface

216 that_interfaces the.receiver. 104 wth. .a displ 21 and a D/ A

conver st BE5Per il Bl Lrchdinatbl g SoBB: A APV BHE descr bed
enbodi ment .  the video source 202 c%n take any_nunber of fornms (such as a
per sonaifmit %@sqglﬁf?dc%%r& EQNVERS g fap O%iiat%ﬁté?%zﬁ/t,o %%{HQSB%“C[}B&, etc.)
whereas the video display wunit 104 can take the farmo f a video display
(such adigital daGDBieype? 1di diealgitabratasiream 244 sythey progessed in hodetie Regar dl ess
of the type of video source or video sink, however, the various data

st r eanssagfeamdingt b thediditdl direcessary) baric: ipaskeftdr160. The display unitansm ssi on
over the physical link 106 which includes a uni-directional main |ink 222

for i sogjwr QRBKESnARhR: t9id BBy &NEdidithl tygk 8i3slay 8Pl sortbddsbsddayy charmel 224
for link setup and ogher datd traffic such as various |ink managenent

i nfor i Y I .J_al. , vi deo
sour co IS S BORr SRS o R SB3h: 4R e b RBDNIBR L her ey
capabl e, of. si nul taneously tr itting nultiple isqgchronqus. d streans
(stich 20%ipeile e fras s Bana i Eme SHeroryer [DAANBASPINAIS o r oans).
In the described enbodinent, the main |ink 222 includes a nunber of

di f f er esid adiA eenveshane?2) indhe pase op am prealeg type disptayr dn g desedbadonous dat a
streans (such as unconpressed graphics/video and audio data) at nultiple
gi gabi tanipelimedcthedidégbpslce 2P can takk agy oaben diponanisnc fea péresrm] t he nain
i nk 222 appears as a single physical pipe and wthin this single physical
pi pe, nadskioRlcBmpuitet,UBkitRbPB%alE@TVDEt 1) BSE 3k ) wheehs théivideb JispRy, | ogi cal
data streans are not assigned to physical channels rather,, each | ogical

data st6@] 0 cahal&Aht Gt bk Villdo @flal PR AL aR LD fybe Bisplay! ERGRpEhannel

display, etc.).

[0020] Regardless of the type of video source or video sink, however, the various data
streams are digitized (if necessary) and packetized prior to transmission over the
physical link 106 which includes a uni-directional main link 222 for isochronous data
streams and a bi-directional auxiliary channel 224 for link setup and other data traffic
(such as various link management information, Universal serial bus (USB) data, etc.)
between the video source 202 and the video display 204,

[0021] The main link 222 is thereby capable of simultaneously transmitting multiple
isochronous data streams (such as multiple video/graphics streams and multi-channel
audio streams). In the described embodiment, the main link 222 includes a number of
different virtual channels, each capable of transferring isochronous data streams (such
as uncompressed graphics/video and audio data) at multiple gigabits per second
(Gbps). From a logical viewpoint, therefore, the main link 222 appears as a single

physical pipe and within this single physical pipe, multiple virtual pipes can be



descri bed above). [0022] In the described enbodinient., the speed., or
transfer rate., of the main lillk 222 is adjustable to conpensate for |ink
conditions. For exaniple, in one inplenentation, the speed of the nain
firik 222 call be adjusted in a range approxinated by a slowest speed of

about 1 t .. 1nN I ly QAGbps
increrren‘d‘ttgu ]%?ee IlttﬁhﬁQ‘%g’ 10 gdggg%agﬁ%%rgﬁ rsl1 Fd{%%@ggﬁgﬁjﬂ%lgk 2.221 can
support SXGA 6 col.or depth of S. per pixel ogver a single
channel Tatfér; ?ﬁ%&&ﬂc%@wﬁ%% 1% FALF R THERAGR F%@H:aﬁ IDE K- YiFBk R nannel s
reduces not only the cost of intercorinect, but also reduces the power
consunpég¢seribeshibeiel.s al | inportant consideration (and desirable) for power
sensitive applications such as portable devices and the |ike. However, by
i ncr eas[0632] hethadodeeibed Embbdinreat, shé pebdyur tranéfeeramglofithel mainkink222 can
support WXSXGA (3200 x -1048 finage resolution) with a color depth of 24-

bits pefs aRjusiblerto coipénsady foldBXefonHROS. X102 @4hpId thibne idplcenti®PhN Of |

S-bits per pixel at 60Hz, W|thout dat a corrpre55| on. Even at the | owest

rate of r cgﬂpgg? g I SLI PPOTt
h ﬁﬁ%w ]

al | unco%ppesseg ? éﬁ?’ $§gﬂfﬁ ?@g&s ngﬁP&FgggfﬁﬂP%%
descri bed di n_| dat a rat i s chasen 0, bandmﬁdth
excoedsTERL CLgEPE At ORGPt @P%aer&&ﬁ@%q it RS Data sent
tol | the interface arrives at the transmtter at _its natlve rate. A
titric-marements(scelipg. TR 2.4 fibps pe chagnelj ihpmain ek 222 eansupporto4 r egener at es
the strcarn~s ori inal native rat int' t~ 9 e us gg inme, stanps enbedded
in the S¥GA 60Hkwithat colpaddpeh of 18 bitsysr esshover al stingdnohdmiebe[t slotuddl, however,
that for appropriately configured digital display devices 232 shown in Fig.
M ti nebd@sed HREOVRIYtion in the number of channels reduces not only the cost of

interconnect, but also reduces the power consumption which is an important

consideration (and desirable) for power sensitive applications such as portable devices

and the like. However, by increasing the number of channels to four, the main link

222 can support WQSXGA (3200 x 2048 image resolution) with a color depth of 24-

bits per pixel at 60Hz. or QSXGA (2560 x 2048) with a color depth of 18-bits per

pixel at 60Hz, without data compression. Even at the lowest rate of 1.0 Gbps per

channel, only two channels are required to support an uncompressed HDTV (i.e.,

10801 or 720p) data stream.

[0023] In the described embodiment, a main link data rate is chosen whose bandwidth

exceeds the aggregate bandwidth of the constituent virtual links. Data sent to the

interface arrives at the transmitter at its native rate. A time-base recovery (TBR) unit

226 within the receiver 104 regenerates the stream’s original native rate using time

stamps embedded in the main link data packets, if necessary. It should be noted,

however, that for appropriately configured digital display devices 232 shown in Fig.

2B, time base recovery is unnecessary since display data is be sent to the display
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| S unnecessary since display data is be sent to the display | | driver
electronics at the link character clock rate, thereby greatly reducing the
nunber of channels required with a cotnrnernsurate reduction. i.n
conplexity and cost for the display. For exanple Fig ZC illustrates an

exenpl a t .no..tinme .base
recover{l/%é%%ézg‘ Plgﬁf'zégclfggﬁfl?‘rgc &5 gg?ﬁ ok ?Vr%l?yp%rf?%}‘?’e@ﬁ %}ngﬁkgn%t}eirous col umm
drlversaiz 4t at are_us in conbination with row drivers 236 to drive

sel ecte agﬁq@}rsﬁlr% sa%gn?wuf%reéww ip gompfeyety #1d epider Wabodi ment s
descri be a S|nple enuneration nmethod for the link rate and the pixcl/audio
cl ock rdisplay.|Horlgaampleehigr @€ dlwstlates anrsdemplier ECBoune 22 ednlfigtted inst andar d

pi xel /audi o cl ock frequencies that exist today are a subset of the

f ol | ow sugh anmest that dio BaedasyrecARry S disPlaPdAASEseritiallyblgelihbi o fReans that a
pi xel (or audio) clock rate can be expressed with four paranmeters, A B, C

and D a@ano'ﬁ‘s ¥6hunf @%lerd 2 Lthadare ué‘%d 1&‘1 coﬁlbl(nanoﬂ Wit dw Biver?2 W borive = 3 bi t S,

and 1 bit. 0025 Even for a whose link rate (which is the serial

i nk b| §e1 %(Fdlg}ﬁ%}é |2|3§ 1n¥lﬁaa5‘r S&% 10-bit character such as 8B/l OB

char act ers Perant frome he pi xel clock rate, there is a benefit

panet i { 0% Qe fh{%r?ef{?ﬁ st il Bt meiies BrdheERe™ om a1 i nk

cl ock. For exanmpl e, et say the link rate is set as A =6, B 3, C -

7, and @d the pixe ﬁ‘édlﬂﬁ@clééifﬂ?e\éﬁkﬂﬁhpweﬁﬁweﬂaﬂ@m@er%gﬂMﬂtallﬂm/\ever, suppose
the pi xel clock rate is 1 set asA=8,B= 3,C=6, and D O (= 108MHz), then the

pi xel cétaclardcpimebadio clock frequencies that exist today are a subset of the following

master frequency:
23.76GHz=2""x3’x 5" x 11' Hz

This means that a pixel (or audio) clock rate can be expressed with four parameters,
A, B,C,and D as:
Pixel clock rate =2* * 38 x 5 x 11P

A =4 bits, B = 2 bits, C = 3 bits, and D =1 bit.

[0025] Even for a link whose link rate (which is the serial link bit rate / 10 for a link
that uses 10-bit character such as 8B/10B characters) may be different from the pixel
clock rate, there is a benefit in defining the link rate with these four parameters, A', B',
C', and D': The benefit is the simplicity in regenerating pixel/audio clocks from a link
clock. For example, let's say the link rate issetas A'=6,B'=3,C'=7,and D' =

and the corresponding link rate is 135MHz. However, suppose the pixel clock rate is

12



generated fromlink clock as pixel clock rate is equal to the link rate *
22 /| 5 1 [0026] Referring back to those systens requiring tine base
recovery, the tinme-base recovery unit 226 nay be inplenented as a digital
cl ock synthesizer. For an unconpressed video stream the time stanp is

ooy bR Ao R3S deathiy 61 Reloe i tgghl Bpeedetel belo T @

20-bi t or d’dgi veh Stfea n each
header successjvely (TS3-0, TS7-4, TS . 11-8, T$S15-12, TS19-16). Native

st r eam $FEHY W(léﬂkélﬂ%.aétPWg‘)CI?‘é‘r&lﬁ?t%?%‘é’&“f&@iﬁ"ﬂl(irﬁ'i?*cq'?a/r%ét-er cl ock
frequency gFreq_I_i nkchar) as: Eq(1l) Freq_native. = Freqg_link _char *

( TS19- 0j0020] Befeminghaskte theserbystesns EQRIrige Aaredhase rechiveryt thedinge-bags by counti ng
t he nunber of native streamclocks in 220 cycles of the |link character

cl ock freegueenoyit @26 mag.beThglencamtud ara digitd chek tshthedifere Fevany 220 cycl es of
the link character clock. Since these two clocks are asynchronous wth

each ot {ibmpidtSed VitdBo Sthah tiAtiMe sibp is SRARIA tBY pdckeOY@Hel WHRL aBet ween
updates, the transmitter 102 will repeatedly send the same tinme stanp in

d
the he?%e?/&il?éd ih?xﬁ%{% id%([ﬁﬁ B ,% a §5—ﬁ9ﬁ%L%eAFOIS¥€ig§H %tg %urocgf iOhoqtst | e stanp

val ue nor e count may be 1 nterpre e recelver as an

b not etierinate Mgk PeerErEsre Rt g AR A G Fsapdim 10 “hi's

case, the source device infonirs_the display device of the. audio sanple
rate andativeustsam ferqupnays(Fpeg_natiys) isobtaped Eoar inkghagpctsielesldi o rate based
upon Eq(2) and the 1link character rate, the display device regenerates the
ori gi nafrequgnéo(Fseq diain ehar)eas: Eq(2) Audio rate = (audio sanple rate) x (#
hits per .sanple.) x (# channels) |13 100291 A nmain |link data packet 400
shown in Fig. 4A includes a main |link packet header 402 as shown in Fig.

4B that is formedgyf1)l FRedidativeler@qPiihR_3m? *aT8 1910528t r eam
[0027] The transmitter 102 generates this time stamp by counting the number of
native stream clocks in 220 cycles of the link character clock frequency period. The
counter updates the value every 220 cycles of the link character clock. Since these
two clocks are asynchronous with each other, the time stamp value will change by 1
over time. Between updates, the transmitter 102 will repeatedly send the same time
stamp in the header of the given packet stream. A sudden change of the time stamp
value (by more than 1 count) may be interpreted by the receiver as an indication of an
unstable condition of the stream source.
[0028] It should be noted that, no time stamp is communicated for an audio 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.

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

13



ID (SID) (indicating that maxi num streamcount is 16), bit 4 is the Tine
Stamp (TS) LSB. Wien bit 4 is equal to 1, this packet header has the | east
significant 4 bits of Tine Stanp val ue (used only for unconpressed video
strean). Bit 5 is a Video franme sequence bit which acts as the |east

signifi it .of. f . WAl ch, t. s _fr "Q"'. to "1" or from
" o toﬁﬁgél ‘gtrﬁ%lﬁémgl(i teaol; a?g%ﬁ@ﬂg%\ﬁ%énr ylg( %‘éé%qg‘?]?%f IP}(;JIP qmllf %glr(re%r essed vi deo
stream), Bits 7 and 6 .are reserved wher bits 8 through 10 are a 4-bit
CRC. ( CHESParR A2 2B 1o B RN fepon it BS MBI S (37 SGeAms 15 ar o
Time Stanp/Stream|D Inversion. (TSP/ SfDn) which for unconpressed video
are uselP )imdicatng hapmazgnigh stramreowdtt o)y kit dés thediweStane (BY) t he

advant ages of the inventive interface is the ability to nultiplex

di f f er eb§BdaVlzendiit € ansjuebioH , diis pdukehheader Hae tht ehs spnifidaat 4bitsofis wel | as
have certain main |link data packets include a nunber of sub packets. For

exanpl eTink Stamd VARG s ordy SraMcofreadcddan@@dtie@mpr Bitisde asubed aaket
encl osure and nul tipl e-packet multiplexing in accordance with an

embodt Mgl RNEDL! H1edd BRAULA BEAR Blbne LDBeL EAIGLAR 500 1o 2

particul ar enbodi ment o e SysS own I'n n oul d

t herefore nat, be ,construed as.limtin ither the scope .or. intent of the
inventi% 0 Ph &0 sk/s?rgtﬁqrgog foniq ﬁg‘?véd%kﬁﬂﬁﬁsgmﬁ%(sﬁﬁf?wﬁlfg&er 502 i ncl uded
inthe transmtter 102 used to conbine a stream 1 supplenental data

st r eam WELMENYsEed vdeo gagam)s i gmnd Xoare sesebicth vehaRgas bitp |8éﬁ@@g1@| aParest r eam 506.
The multiplexed data stream 506 is then forwarded to a |ink |ayer

mul ti pl %bit GRE (CRAYD tlad whéake srrarsyfonthe praviodsaaight biits dBita 15t 12eme®itho form a
mul tiplexed main Iink stream 510 formed of a nunber of data packets 512

some  of StahiptSirsaBYID Nivktiie. ENYP/AID:E) Whibh &5 WitomphesfAGK@cSard Lided £NCI 0sed
therein. Alink layer de-nnultiplexer 51.6 splits the nmultiplexed data

St ream g Bil00f 7-6it Thie SARY Vet data streans based on the stream | Ds
d

(SIDs) and associ ate

[0030] One of the advantages of the inventive interface is the ability to multiplex
different data streams each of which can be different formats as well as have certain
main link data packets include a number of sub packets. For example, Fig. 5 shows a
system 500 arranged to provide sub-packet enclosure and multiple-packet
multiplexing in accordance with an embodiment of the invention. It should be noted
that the system 500 is a particular embodiment of the system 200 shown in Fig. 2 and
should therefore not be construed as limiting either the scope or intent of the
invention. The system 500 includes a stream source multiplexer 502 included in the
transmitter 102 used to combine a stream 1 supplemental data stream 504 with the
data stream 210 to form a multiplexed data stream 506. The multiplexed data stream
506 1s then forwarded to a link layer multiplexer 508 that combines any of a number
of data streams to form a multiplexed main link stream 510 formed of a number of
data packets 512 some of which may include any of a number of sub packets 514

enclosed therein. A link layer de-multiplexer 516 splits the multiplexed data stream
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sub packet headers while a stream sink de-multiplexer 518 further splits of
f the stream 1 supplenental data stream contained in the sub-packets.

[ 00311 Fig. 6 shows a high-level diagramof the nultiplexed main |ink
stream 600 as an exarrpl e of the stream 510 shown in Fig. 5 when three
streans e | tipl.exe over t |nI| 2 e three str amsinthis
exanpl esgé gltgqlﬁ(@})bf ?%%Stre(ag'{s é’ @%%bﬁ“‘{/ﬁﬁ%‘a t(3 t ream FD =
2), and audio (Stream ID = srrall packet header size of main |ink
packet at&m%kﬁ.h?ﬁé%g Whplg aﬁg&%tﬂn&\ﬂérrﬁ\él&alexem&@ﬂh@%ﬁﬂlﬁ%oﬁf thas¥aer y hi gh
l'ink efficiency. The reason the packet header can be so small is that the
packet atsupplemensal deatastrranmeontainadeid th subtpeasketaxi | i ary charnel 224 prior to
the transm ssion of the packets over nmain |link 222. [0032] Generally
speaki n{f031 hBigs 6 Bhepas & aighelaedl @it am o tkmmeltipR&td xairsillesEanhe00 4she  mai n
packet streamis an unconpressed video since an unconpressed video data

stream méxa%ﬂ@of%%trpﬁﬁlsmhm{rpﬁ@%%@ﬂtﬁr@e §Remdi HeR; élﬁ Jﬂﬂiggng peri od.

Ther ef or e, amsun |n traffic formed of an unconpresse streamw | |

i ncl ude ovet ] lllee al . Fﬁ?ﬁﬁ%eas!.tre%tum? ﬁitlseéxa%%%(g}es An pthhI s_period. By

capi talrzi ng on ex var ous reams certain

i npl eme S rese i.nventjon_use us n t.ho

compens di $’f1é5§’ﬁ va gﬁaqllt‘;b Tk ﬁnqi‘ (ﬁﬁaé’ 3t)’ng-iepl xel data
rate when the source streamis a video data stream For er.anple, as

i 11 ust r smallipackerhegdermize ofangiptiak peeleel 4pQminimizesgheyyicketoveshesd, t hat a bit of
pi xel data is transmtted every 2 us. In this exanple, the lint: rate has
been setvhich résuds iifdhesery highdihk effia¢nca. Thd reagonpha phckdbhendescdntaseni tt ed each
.8 ns. Here, transmitter 102 intersperses special characters between pixel

data asshill 1ishitah@packst drirbuted arc¥nmiR@ehtel viahas aetiRaS chafugel dbgposed bet ween
a first bit of pixel data P1 and a second bit of pixél data P2. The

sheci al oAb ¥ SArRnfd A IREFANELs obelifahndidk £2! NOUI sh each bit of pixel

[0032] Generally speaking, the sub-packet enclosure is an effective scheme when the
main packet stream 1s an uncompressed video since an uncompressed video data
stream has data idle periods corresponding to the video-blanking period. Therefore,
main link traffic formed of an uncompressed video stream will include series of Null
special character packets during this period. By capitalizing on the ability to
multiplex various data streams, certain implementations of the present invention use
various methods to compensate for differences between the main link rate and the
pixel data rate when the source stream is a video data stream. For example, as
illustrated in Fig. 7, the pixel data rate is .5 Gb/sec, such that a bit of pixel data is
transmitted every 2 ns. In this example, the link rate has been set to 1.25 Gb/sec, such
that a bit of pixel data is transmitted each .8 ns. Here, transmitter 102 intersperses
special characters between pixel data as illustrated in Fig. 8. Two special characters
are disposed between a first bit of pixel data P1 and a second bit of pixel data P2. The

special characters allow receiver 104 to distinguish each bit of pixel data.
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I nterspersing the special characters between bits of pixel data al so
creates a steady streamof data that allows the link to maintain
synchroni zation. In this exanple, the special characters are Nul
characters. No line buffer is needed for such nethods, only a small FIFQ

becauseh‘}té} él’élH 1'[3 gcﬂa?ch%HIcftérg &%gﬁ/blftsagil i ? 4] cre g;. Et%g(:l for e ! Ogl ¢
he I VI ng h % Fuc %% dy

IS reqU|re to reco Vi deo St gnal . The
recei ver, nee n en the special characters begin and end.
[0033] #FeH) ?‘g&fﬁﬁ“ﬂbgﬁt"% t@*ﬁ@fﬂq Bpuyiin SPIRGTORAASE: 1 TN SRR o
consecutive bits of pixel data with special characters, such as nul

val ues. siesial ehesagiers araiutl KhasagiprsPNo linsiudfepis reeded for such methedsuf f er

included in the transmtter 104, then one or nore null values could be fed
i nt o t henlpufshreat] KIRO;, beemnsethpilinklratd & sufficientdy fuisi. ddweeveBuehtivelyneorent at i ons
require a relatively larger buffer space than the interspersing nethods

descri bfyéloalb%tﬁureh@nﬂﬁé\técéﬂﬁfg siddtb @b @RGdt AESvideddghd 1M hE estdiveed to fill
the line buffer will exceed the tinme required to transmt the data after

t he |IHEJB kjﬁg Ze&*%ﬁﬂwqﬂg’h%h?%smoné%%iﬁﬁhe hdhi gh l'ink speeds. [0034] As

di scusse erence to advantages of the inventive

interfa to_not onl ri ous streans but

al so t h@%%ﬁ ?FW& 18? %1%?rs%erﬂaﬁ%1§W¥o&1s Eﬁglxﬁgﬁ%ﬁé?’éseﬁ? tSé{’fpart i cul ar
main |ink data packet. _Fig hows _a representative sub packet 900 in
accor dapiel dita Wlthﬁp%cﬁﬁ&&f“ﬁ‘é‘ﬁfs é#Ch as pallivialpenit Ferrexampde, Slgbisyek 8¢ 900

i ncl udes a sub-packet header 902 that in the described enbodinment is 2

byt es aemild be feddptopalmechiffoy 8PSl Su theRpakmitt<Bt1QA then epear mbrechdl act er . | f
the main |link data packet in which the sub-packet 900 is enclosed contains

a packetalpayoahichd fad astdithd BuTfdrantih@ofdiixglakedre 904Q1abldeSigAd of the
sub- packet 900 nust be marked by SPE (Sub-Packet End) special character.

Q her Wi §&lethBfta®id reahret DRIRER, 1aagekaaffa%gaaclhaaﬁﬁqnt%g : ing COM

character in the exanple shown’in~ Fig mar ks t he f both the

sub- pacllﬁglthogsp &es@xqgecf gb%vg?ahpmgﬁﬁg gdacth ﬂn'ﬂie(?néme{tfolﬁs, the hﬁle required to fill the
line buffer will exceed the time required to transmit the data after the line buffer is
full, due to the relatively high link speeds.
[0034] As discussed with reference to Fig. 5A, one of the advantages of the inventive
interface is the ability 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 that in the
described embodiment is 2 bytes and is accompanied by SPS (Sub-Packet Start)
special character. If the main link data packet in which the sub-packet 900 is enclosed
contains a packet payload in addition to the sub-packet 900, the end of the sub-packet
900 must be marked by SPE (Sub-Packet End) special character. Otherwise, the end
of the main packet (as indicated by ensuing COM character in the example shown in

Fig. 9B) marks the end of both the sub-packet 902 and the main packet into which it is



16 encl osed. However, a sub-packet does not need to end with SPE when its
encl osing nmain packet has no payload. Fig 9B shows an exenpl ary sub-packet
format within a main |link packet in accordance with an enbodi ment of the
invention. It should be noted that the definition of the header field and

sub- packe yl.oad is dependent on . the spegifli pplicatio rofile that
uses theélctoﬁ%f‘lpggwg‘fergfb?J%Qﬁ%fggts%eﬂnﬁtaﬁeﬁé%Flé‘fm}hﬁg gf‘g+c a?PﬁP"éP“&f sub- packet
encl osure usage_ is selectjve refresh of an unconpressed qra hi cs i nmage
1000 i I'NH&PRgkchas o ppjoady g IPnows epickemplary Bio-Ragketdprmetevithinge 1002
(Horizontal fVertical Total, Inage Wdth[Height, etc.) will be communicated
vi a t hemainlinkipaeket ¢ih asnoedangewityiancmbiodosent af theiibvandions lisghosidrist ant as | ong
as the streamrenains valid. In selective refresh operation, only a portion
1004 ofnotédihal thiedefidifion of theljedddreitlpaid subdeokétpan®ad Tdepeadsnt Sn Y

coordi nates of the updated rectangle(s) (i.e., the portion 1004) nust be

transmi gt gokcAveipplibidiEpre ikGRatiss Malsiepacket odd1e rectangl e coor di nat es
changes fromfrane to frane. Another exanple is the transm ssion of color

| ook- I d for i - ¢QJ ic. d wh

70 I b e R TR R s 10
t G.ur t 1 at ed. 61 T I i -di ti

(e, LU DL e o Ledated SRS Binherkl dhpeetonel

useful for link set up and supporting main link operations as_ well as to
carry afbthe endiry frapvllio@at(H@ﬁZ@mléV@tl@ég TetalUsmeeWidth/Heighpreteokafpbe, with the
auxi liary channel 224, a display device can informthe source device of
event s @uohurdsatedyidithealxibsay charopep22d gackihbse atributdsetayeouktast a3f trai ni ng
sessions (described below). For exanple, if a particular training session

fails, lbﬁ'%aé th8 R Barh t@haihZalafl v §d18ctivl Scfi@sh dpkiafikn, dndy & phARAA Copen _
pre-selected or determned results of the failed training session. In this

way. e GhAREIhIb A0 Bpd AR iddh AT ALl vacliovshatl by aphugllaspeed main

rectangle(s) (i.e., the portion 1004) must be transmiited every frame since the values
of the rectangle coordinates changes from frame to frame. Another example is the
transmission of color look-up table (CLUT) data for required for 256-color graphic
data where the 8-bit pixel data is an entry to the 256-entry CLUT and the content of
the CLUT must be dynamically updated.

[0036] The single bi-directional auxiliary channel 224 provides a conduit to for
various support functions useful for link set up and supporting main link operations as
well as to carry auxiliary application data such as USB traffic. For example, with the
auxiliary channel 224, a display device can inform the source device of events such as
sync loss, dropped packets and the results of training sessions (described below). For
example, if a particular training session fails, the transmitter 102 adjusts the main link
rate based upon pre-selected or determined results of the failed training session. In
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
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with a relatively slow and very reliable auxiliary channel allows for
robust operation 17 over a variety of link conditions. It should be noted
that in sone cases an exanple of which is shown in Fig. SB), a |ogical

hi -direetiona]. auxiliary channel 520 can be established using a. portion
522 of the_bandw 2.to0. transfer data m.t he source
dovi ce 905 aXaRENe itk RopalRRE T Bhe e 556 i RE e ChRambRner o4
fromthe, sink device.204 to theﬂgource devi ce. 202. In saonme applications,

use of WhKPds ShogmIFiemB)ep fagaqal Bhdirecionil auxripre Fhanel S206/m 58 nor e

desirable than using a hal f- duplex bi-directional channel described in
Fi g. ShAestibdiglzd using oportion $23of thedandwidih afithningain bink 322 sctransiferplataket  dat a
streans the transmitter 102 establishes a stable lint- through a link

trai ni nfomabs saitcd daticd 202a03hogokideice 2@0aiepinitdirebtiénal badk drhtg) of the
nmodern. During link training, the main link transmtter 102 sends a

pr e- def Silﬁﬁoﬁlrtﬁé fhRdeRnd b4 fb 8O sdled ddvie Fec %\ésfne %Pﬁh&aﬁﬂnéj ek&him ne
whet her it can achieve a solid bit/character h the descri bed

embodi MBI 1o glc&ld%' (ﬂe@)goﬁa? aﬂlgm%ﬁﬂrg auylh%l ntfgrte\%ﬁ Pabtlé]ﬁﬁaltl ,Rn gg'htaife r 102 and

t he recelve carrie ary channe xanpl e of a

l'i nk. |ng ttern I own i n_accordance with an enbodi nent of
t he |nv ? Pi-di tIP?EPIGEi“TIﬁfE‘?fc“Bﬁf’in#dgt% training session, a phase 1
represents the shortest run length while phase 2 is the Iongest that are
used byl0PRE Prerdpstartingthe pransmissionaf acfudlinaglat datarstispiasg thegrangwitierhi t | ock
and character |ock are achieved as long as the link quality is reasonable.

Typi cal 102 estdbdishasai statihgliple thiraughi sslidbiaihingGession that islahabgdisie, approxi mately
107 bits of data are sent. lithe receiver 104 does not achi eve solid | ock,

it i nf ogdieepthe tHe 1aHkSI¥Mp: Sthe AHddetl Butif@linlichinid, YheGhANNRK thdémand t he
transmtter 102 reduces the link rate and repeats the training session.

10038] O}Z%HHQ § ROt fiflicth §J AhiihBYeciRRs 1 04 4Pl hiine t he auxiliary

channel

whether it can achieve a solid bit/character lock. In the described embodiment,
training related handshaking between the transmitter 102 and the receiver 104 is
carried on the auxiliary channel. An example of a link training pattern is shown in
Fig. 11 in accordance with an embodiment of the invention. As illustrated, during the
training session, a phase 1 represents the shortest run length while phase 2 is the
longest that are used by the receiver to optimize an equalizer. In phase 3, both bit
lock and character lock are achieved as long as the link quality is reasonable.
Typically, the training period is about 10 ms, in which time, approximately 107 bits of
data are sent. If the receiver 104 does not achieve solid lock, it informs the transmitter
102 via the auxiliary channel 224 and the transmitter 102 reduces the link rate and
repeats the training session.

[0038] In addition to providing a training sesston conduit, the auxiliary channel 224
can be also used to carry main link packet stream descriptions thereby greatly

reducing the overhead of packet transmissions on the main link 222, Furthermore, the
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can be also used to carry main |ink packet stream descriptions thereby
greatly reducing the overhead of packet transm ssions on the main |ink
222. Furthernore, the 18 uxi 1 -y charuiel 224 can be configured to carry
Extended Display ldentification Data a iliai Z:' (ED D) inforniation

repl aci £ | t i el n . af | it Ors DDis a
VESA st g‘%‘dgﬁ C%a]?{é%h o% %{@et%?l g@%ﬁtté% Eg% Pged?[glfspicﬁly &g%)r}r?%'{%aé%]}%%a noni t or
and its -apilities, including vendor_inforniafion, maxinmuminiage size,
1-D L_ RISty inommption wPlastigche blﬁ%é?éﬁs‘?t? C&@@lﬁ‘iéﬁlﬁ@m al moBHeiéncy range
limts, and character stflngs for the nonitor nanie and serial nunber. The
i nf or mafBI3W ise ¥EDAsthndardidaga foamsighatcoatains hasigdaiprmatieroshawtiai cate with the
system t hrough the DDC which sites bctween the nonitor and the PC graphics
adapt er mofiher sylStseapatsBSes, ichidingg wentlor mforaratiboymaxdnfunginiaeisiye, pur poses, so
the nonitor and system can work together). In what is referred to as an

ext endeghioy HabseRristiBe] Cactd I Pravetitinhiafy fichadR9 rangedMmBALAY cRRhller
as' ~ii chronoas and i sochronous packets as required to support additiorill

dat a tyﬁﬁﬁgs oy rﬁsni}fo%*aﬁ@aﬂd b URmBE ﬂ@'ﬁrfog}q{eagna bsoit&%?&th%i g. 12

illustrates a l[ogical layering e sy I'n accordance with
In 1 12). 1, an enbodi ment oft.he invention, |t shoul oted that while the
exact  VisplpE e ERrO R S Rirge gtioRe A pntele B SE R Gisher ol |y, o
source (such as the video source 22 022) is forned of a source physi cal

| ayer 1b@Peshie mondoraed theti(agraphics adaptasy Hhsystem vses dus sdormatien) ayer 1204

that includes nultiplexing hardware and state nmachine (or finiiware.), and
a dat a Hrcesfiguainngpirp@es seubdhmasitoriundisyMemicah Mark pigeterhdndveat & Li nd
associ ated soffivare. Simlarly, a display device

referred to as an extended protocol mode, the auxiliary channel can carry both

asynchronous and isochronous packets as required to support additional data types

such as keyboard, mouse and microphone,

[0039] Fig. 12 illustrates a logical layering 1200 of the system 200 in accordance with

an embodiment of the invention. It should be noted that while the exact

implementation may vary depending upon application, generally, a source (such as

the video source 202) is formed of a source physical layer 1202 that includes

transmitter hardware, a source link layer 1204 that includes multiplexing hardware

and state machine (or firmware), and a data stream source 1206 such as

Audio/Visual/Graphics hardware and associated software. Similarly, a display device

includes a physical layer 1208 (including various receiver hardware), a sink link layer

1210 that includes de-multiplexing hardware and state machine (or firmware) and a

stream sink 1212 that includes display/timing controller hardware and optional

firmware. A source application profile layer 1214 defines the format with which the

source communicates with the link layer 1204 and similarly, a sink application profile



i ncludes a physical layer 1208 (inclading ~ani ous receiver hardware', a
sirik link- layer 1210 that includes de-iiaultiplexing hardware and state
machine (or firmvare) and a streamsink 12 12 that includes display/timng
control |l er hardware and optional fj. Trn@ware A source application profile

| ayer 1 fines the orlna th whi sour.c nlc tes with the
link |a é’?r@ zfpg tE‘ ﬁ?%altvg}t ‘%‘i‘H’t?Sé %tl?actomn& s a % | aver 1216
defi nes the format with which the sink 1212 communi cates with the sink

link | alj®f12ye11230. [ 0040] The various layers will now be discussed in nore
detail. SOURCE DEVI CE PHYSI CAL LAYER 100411 In the described enbodi nent,
the soufd9d0HEE vaipisyayersivill ngre be dpodssedhinl marssdetaah el ectrical sub | ayer
1202-1 and a logical sub layer 1202-2. The electrical sub layer 1202-1
includes all circuitry fsoukrok DElVacePiIveiCABLiAX@RI on/ oper ation such as hot

pl ugs unplug detection circuit, drivers/receivers/termnation resistors,

par al | ejoolsp] BEHE ﬁb&%‘bb@bmb@dlﬁ%ﬁltﬁ@éou%r&éefc%'pggﬁcal%%r 1202 includes
spread spect nun- capa e PLL's . The oglca | ayer 1202-2 includes

ci reui tMel@&hc 1%?[8 ﬁ(Q{?ral rﬁ‘f&tl &t}ﬂg%r gfi‘baz fﬁé&é@lﬁkéﬂﬂb@fy fcra”ﬁ' I ng,

pattern genera |on Se’'recovery cIrc
data en ecodj suc as, 8B/ 10B. (as_.specified i X3.230- 1994,
cl ause ﬁ‘% Pﬂﬁf udgs 6@?&% g 1 C%I‘é‘ﬂté?(h@ﬁté‘? %Heé?téonagﬁlﬂglaé\g Ye control
characters in exanple of which is shown as Fig. 13) for the main |ink 222
and Manpligsnplugdeterden cirguit, duxerbirenevesiarmantiopmsisiss pRralel-to) . [ 0042] As
known by those of skill in the art, the 8B/ 10B code is a block code that
encodesseBalfsdriatiat-parblle clos vérsibns, hod bibmad}qntetmnrc@ablerﬂs[ési dhetlogicgm ssi on.
In addition, the 8B1/1 OB transm ssion code converts a byte w de data

st r eam i 1L RA002 DSinclndesRircuith Br daBethHARCORKBZRAMaEf 15 and Os with a

maxi mumnin | ength of 5. Such codes
scrambling/de-scrambling, pattern generation for link training, time-base recovery

circuits, and data encoding/decoding such as 8B/10B (as specified in ANSI X3.230-
1994, clause 11) that provides 256 link data characters and twelve control characters
(an example of which is shown as Fig. 13) for the main link 222 and Manchester 11 for
the auxiliary channel 224 (see Fig. 14).

[0042] 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,
the 8B/10B transmission code converts a byte wide data stream of random 1s and 0s
into a DC balanced stream of 1s and Os with 2 maximum run length of 5. Such codes
provide sufficient signal transitions to enable reliable clock recovery by a receiver,
such as transceiver 110. Moreover, a DC balanced data stream proves to be
advantageous for fiber optic and electromagnetic wire connections. The average
number of 1s and 0s in the senal stream is be maintained at equal or nearly equal

levels. The 8B/10B transmission code constrains the disparity between the number of
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provi de sufficient signal transitions to enable reliable clock recovery by
a receiver, such as transceiver 11 0. Mreover, a DC bal anced data stream
proves to be advantageous for fiber optic and el ectromagnetic wire
connections. The average nunber of 1 s and Os in the serial streamis be

Code. conctri g Biardas st G et s ofbeigohd shbRB: " o be - 2,

0, or 2 across 6 and _4 bit block boundaries. The codi ng schenme also

i npl enedlse aRGMENS Rafitiorlcedesfor sigpMEIS frfled cammandOffand codes. [0043] It
should be noted that in order to avoid the repetitive bit patterns

exhi bi t E4BY It shewld o meteddliatdi spleato shmiditheaepttition bl pattens eghibdeddy ) | dat a
transmtted over main link 222 is first scranbl ed before SB/ 10B encodi ng.
Al | dat ancexgegised dRpRy datagaekedinge, tanclwp EMB) dathBamaiigedoverlthaihe scranbl ed.
The scranbling function is inplenented wth Linear Feedback Shift

Regi st efigk o3 RRRYt sl HBdBre S VB hQUiAS AQNEHRA 8fbept MiningPakka@s val ue of
an LFSR seed i s dependent on an encryption key set. If it i's data

|
scrambl |, ncpsp\éc\:”fi%{]&luagac %}S (V\ﬁﬁ)!)!?, ambl. Tk ts&r?bigglﬁ% lPlSlCYYIOh (Iias 12[?}))(1%11{'15%9(21 [0044]

Since datarstredm attriputes are tiansm ver t rary channe

224, the, inlin acket_ header rVe. .as ream l.dentificatjon nunmbers
her ebyihdaresy Ferdalt S RetRBAbrSRD Surkh oBA SEPtiR Sesmblgtele 1 shou d
al so be noted that neither the main link- 222 nor the auxiliary |link 224
has sepiitial @aleed kn SF§Raeed isiegendent emam engayptiondeysele & W rdatdn main i nk
222 and auxiliary link 224 sanple the data and extract the clock fromthe
i ncom ngeratabbngwithaurhen&yptiomghlasmitiab vklungvifl be fxeg. phase | ock | oop (PLLS)
circuit in the receiver electrical sub layer is inportant far since the

auxi li a{ﬂOﬁﬂPSﬂﬁ@Hatﬁ%ﬂ-eélﬁ afidbitedlaltRxshitted ok ecCthi @ialiag thahig 2di4 @et i on of
the trarfic changes frequently. Accordingly, the PLL on the auxiliary

channel B Rl A RGers Q0K fs diftalidbRlfi Aot BufiBlA tREESPERafPanks to the

frequen ormsignal transitions

reducing overhead and maximizing link bandwidth. It should also be noted that
neither the main link 222 nor the auxiliary link 224 has separate clock signal lines. In
this way, the receivers on main link 222 and auxiliary link 224 sample the data and
extract the clock from the incoming data stream. Fast phase locking for any phase
lock loop (PLLs) circuit in the receiver electrical sub layer is important for since the
auxiliary channel 224 is half-duplex bi-directional and the direction of the traffic
changes frequently. Accordingly, the PLL on the auxiliary channel receiver phase
locks in as few as 16 data periods thanks to the frequent and uniform signal transitions
of Manchester I (MII) code

[0045] At link set up time, the data rate of main link 222 is negotiated using the
handshake over auxiliary channel 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
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of Manchester Il (M1) code [0045] At link set up tine, the data rate of
main link 222 is negotiated using the handshake over auxiliary channel

224. During this process, known sets of training packets are sent over the
main |ink: 222 at the highest |link speed. Success or failure is

communt 45 6y MEAS ST BB SndBPr A dB AL et IR 224, I

the traini speed 1S reduce ralnl eat ed
until suyc ssful In 21 this t he source p sic | aver 01is

[ nade nBEE 9r§§i1%r?amabﬁ%foagmegl%%|t%wgng%appélﬁ oPlovisgFo ualikg abTe 1 or
external host to nonitor applications. However, unllke conventi onal

di spl aycanvewtiqnat display fiseifaees the i channeli link dsa mteriadecqupledefeonhed front
the pixel clock rate. Alink data Tate is set so that 1.1rik bandw dth

exceedspikbleclaggaegad dnk datadave dd et of tHahBnk banisvidthtexdecsis tiepagpreda@IRCE DENTI CF
LI NK LAYER [0046] The Source, link |ayer 1204 handl es the |ink-

i nitial haaaidh ok RRAGEIRRMeams FOr exanpl e, upon receiving a hot plug
detect event generated upon nonitor power- tip or connection of the nonitor

cable fromthe Source PhySiCa | |aver 1102, the source device |link- |ayer
1204 eval uates the Capab‘ég;ﬁk@ﬁﬁﬁw&%{ﬁ&m% via i nterchange over the
auxi liary channel 224 t ain link data rate as
deterinined bv a training session, the nunber of tine-base recovery units
on the 0846l Res soussedlinialpyer 180¢ handles the link ibibekzasindsnd manpgeninti t y of USB
extensions and then notifies the stream source 1206 of an associ ated hot
pl ug evEntexampleadpdr feoaiyingpoivt hRgRsdct Evaitgeddisted ip@amoaor @avet206, the
source link |aver 1204 reads the display capability (EDI D or equivalent).
Dur i ng g SidoRBéctRAGITAd @BnitdAbRTHLE the dottke dhw@m 1&?&42@@ riﬁ'@s&ﬂ@e - stream

attributes to the receiver 104 via the auxiliary channel 224. notifics the

Stream geyice link layer 1204 evaluates the capabilities of the receiver via interchange over
the auxiliary channel 224 to determine a maximum main link data rate as determined
by a training session, the number of time-base recovery units on the receiver,
available buffer size on both ends, availability of USB extensions and then notifies the
stream source 1206 of an associated hot plug event. In addition, upon request from
the stream source 1206, the source link layer 1204 reads the display capability (EDID
or equivalent). During a normal operation, the source link layer 1204 sends the
stream attributes to the receiver 104 via the auxiliary channel 224, notifies the stream
source 1204 whether the main link 222 has enough resource for handling the
requested data streams, notifies the stream source 1204 of link failure events such as
sync loss and buffer overflow, and sends MCCS commands submitted by the stream
source 1204 to the receiver via the auxiliary channel 224, All communications

between the source link layer 1204 and the stream source/sink use the formats defined

in the application profile layer 1214.

APPLICATION PROFILE LLAYER (SOURCE AND SINK)
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source 1204 whether the main link 222 has enou2h resource for handling the
requested data streans, notifies the streamsource 1 204 o F link fal |
ure events such as sync |loss and bufl'er overflow, and sends MCCS
coi nni ands submtted by the strearn source 11-04 to the receiver via the

auxilia nnel 1 AL L. ¢ i.cati etween. t he.source Erik- |aver
1904 an90AFE e Pet 86 Appltaioh PR P A Bes AT M e
application profile.laver 12 14, APPL|I CATI ON PROEI LE_ LAYER ( SOURCE AND

Sl NK) 2@%@1@7 sinkhwibhidsiace withthagssoriatediliok layess The farmpes dedwed 8%s f or mat s
wi th which a stream source (or sink) will interface wth the associ ated

| i nk | atherapplitasion profile daysedicniedded/inta the felhpying saiegerigs; dpplieatioayer are
divided into the foll owi ng categories, Application independent fornats

(Li nk Medlsp@deiitdbrrhatn KLibk dMessaderfarlink)Stans indpirly) sat Applicadependent fornmat s
(rmain link data mapping, tine-base recovery equation for the receiver, and

si nk capaRhlidr: Yé:iak 1A 1ihk B BapPRfS AR SaSE RcBAGY fhudtRin Bl fhe | f
applicabl'e). The Appli éatli on Profil e Layer sugpgfr?sh%ﬁenf ol | gvvi ng col or

o Eﬁféfe‘%i?% 5%5 @Ekd. f@%@i&ﬁﬁﬁ%ﬁ Sﬁlﬁ%ft? h%”é%ﬁé%‘%f%%@%ﬁfﬂ???ﬁ%@?ﬁ% Z[ 048]
cosent | HIGALIRY. ToE ATRLER P b R HpPpTe BelalavinRsplbr Goiats SRS the
format for Stream Source/ Sink conmuni cation over the main link 222 that

i ncl udeBGB, ppoiidiiaiGeASbiraB, $&bit REIB, 256rmolarR @B (CAEH] kased)k 16m t he

interface 100. Since sone aspects of the APL 1214 (such as the power
manage neintChonPd rid-bioV ChCr423, end DabalYCCdd4hi t or functions, they are common
to all uses of the interface 100. Whereas other non-baseline nonitor

funct i opB48 P& exampkl) et BsplSplleiOPpplioidnqirohle lay%ﬂ_@APL?] eam@ttribute

format, are unique to an application or a type of isochronous
essentially an application-programming interface (API) describing the format for
Stream Source/Sink communication over the main link 222 that includes a
presentation format for data sent to or received from the interface 100. Since some
aspects of the APL 1214 (such as the power management command format) are
baseline monitor functions, they are common to all uses of the interface 100.
Whereas other non-baseline monitor functions, such as such as data mapping format
and stream atiribute format, are unique to an application or a type of isochronous
stream that is to be transmitted, Regardless of the application, the stream source 1204
queries the sourée link layer 1214 to ascertain whether the main link 222 is capable of
handling the pending data stream(s) prior to the start any packet stream transmission
on the main link 222,
[0049] When it is determined that the main link 222 is capable of supporting the
pending packet stream(s), the stream source 1206 sends stream attributes to the source

link layer 1214 that is then transmitted to the receiver over the auxiliary channel 224.

These attributes are the information used by the receiver to identify the packets of a
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streamthat is to he transmtted. Regardl ess of the application, the stream
source 1204 queries the source link |aver 1214 to ascertain whether the
main link 222 is capable of handling the pending data streamn(s) prior to
the start any packet streamtransm ssion on the main |ink 222. [0049] Wen

it is det 1 ned_t hat in i S C | e S nting the

pendi ngp aﬁtchr: %{}'%g?’%é%n? é?&r%eor}lsgtléagg%%goﬁ? @%—‘? S%%l% aélgg%igo S a?gabr%dé ributes to
the source link layer 1214 that.is then %ransnitted tﬁ the receiver over
the auxfif Siagam e Rativiedatatate. Theairibuigsiqlilhydala sGiyam pls@PPHEdlioRat i on used by
the receiver to identify the packets of a particular stream to recover the
ori gi nalepgedeat.from the streamand to format it back to the stream s native
data rate. The attributes of the data stream are application dependent.

[ 0050] [0D50]NmsRoseasss wikee thetdreiratbisinkiaddth asnlvi atthitabls om tte asiailinkbl e on t he
main link 222, the streamsource 1.214 may take corrective action by, for

exanpl e222r gugeRd sbiiRe IQW%Bﬁﬁierc%ﬁ*&ctﬁ@é £ti0h b§OfoR bxABPEredddnPtnePLAY
DLLvl cJs PIlYslc.1L LAYER [0051.] The display device physical |ayer 1216

i sol at ' ink layer 1210 and the display device APL
1216 fﬁ%ﬁ%gﬁgﬂ%ﬁgﬁgﬁfggg%e tllrliology used for link data

transm ssion/reception. The main |link 222 and the auxiliary channel 224
have their own physical |ayers, each consisting of a |ogical sub |ayer and
an electrical sub Ilayer that includes the connector specification. For
exanpl e, the hal f-duplex, bi- directional auxiliary channel 224 has both a
transmtter and a receiver at each end of the link as shown in rig 15. An
auxiliary link transmtter 1502 is provided with link characters by a

| ogi cal sub layer 1208-1 that are then serialized serialized and
transmtted to a corresponding auxiliary |ink receiver 1504. The receiver
1504, in
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turn, receives serialized link character fromthe auxiliary link 224 and
de-serializes the data at a link character clock rate. It should be noted
that the major functions of the source |ogical sub |ayers include signal
encodi ng, packetizing, data scranbling (for EM reduction), and training
pattern generation for the transmtter port. Wiile for the receiver port,

the major functions of the receiver Logical sub |ayer includes signal
decodi ng, de-packetizin 21 I A ti me-base recovery.
AUXI LI ARY CHANNEL [ 0052] " The maj or functi ons of auxili ary channel | ogi cal

sub layer include data encodi ngﬂwnd decodi ng, fram ng/de-fram ng of data
and t hel0®54}F The displepdivine physicadlayer 1 2lGyisalhten el digplay doote link lapdal one
protocol (limted to |link setup/ mnagenent functions in a point-to-point

t opol 0gy210i sdahé¢ dighlaydiegibe APTOI G orh et sigrlinp eecislage dsedofpr tille Li nk Layer
state-machine or firmvare and extended protocol that supports other data

types sggh traﬁssmméceﬁﬁdlp TRE @haru?ﬁﬁlk o8 & B GhixiBiary i @afiNe Pa é{él@@' sink 25

devi ces. It shoul d be nhoted that the data encodi ng and decodi ng schene is
i dentic ;gag{ I f dat iffers

bet ween ﬁo ygi[cg](s)l&% §taElF?° s?ﬁ]gr%?%éoqlgalgﬁ’ﬁlayigarﬂcf%eq ?P)EIF S%?y channel
el ectri |.ayer contains the., transmtter 1502 the recei ver 1504.
The t 1 afirs Dldpeigdgssns SOBICEIT SR RGAHAD Foctagiko 208 b L et | ogi cal sub
layer, which it serializes and transmts out. The receiver 1504 receives

seri al i giEstipnglaustigraehaanpeli22dhas heth 4 tmnsmwmnéﬂaem@qwhtqngl ofie-
serializes it at link character clock rate. The positive and negative

si gnal stheflinkax shavar in FigHann&h a228agrlmk teansmitedrdd02 is groeidod wiihdink50- ol un
term nation resistors at each end of the link as shown. In the described

i pl emeghapdck@by b LI €HI ISP 1454F TRI8L] tiat aRtREH RYEBRdscHeRAadingg on the [ink
condi tion and ranges from approxi mately 8nLk to approximately 24mm A

resul ti fighshiind oaN@ereQfontittd LRIBR ifk RivRE 1 ARPTRE LR Y504, in
turn, receives serialized link character from the auxiliary link 224 and de-serializes
the data at a link character clock rate. It should be noted that the major functions of
the source logical sub layers include signal encoding, packetizing, data scrambling
(for EMI reduction), and training pattern generation for the transmitter port. While
for the receiver port, the major functions of the receiver logical sub layer includes

signal decoding, de-packetizing, data de-scrambling, and time-base recovery.

AUXILIARY CHANNEL

[0052] The major functions of auxiliary channel logical sub layer include data
encoding and decoding, framing/de-framing of data and there are two options in
auxiliary channel protocol: standalone protocol (limited to link setup/management
functions in a point-to-point topology) is a lightweight protocol that can be managed
by the Link Layer state-machine or firmware and extended protocol that supports

other data types such as USB traffic and topologies such as daisy-chained sink
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400nV to approximately 1.2V. In electrical idle nodes, neither the positive
nor the negative signal is driven. Wien starting transm ssion fromthe
electrical idle state, the SYNC pattern nust be transmtted and the |ink
reestablished. In the described enbodinent, the SYNC pattern consists of

togglin UxXd b LEfer I I r.Si | s at..clock rate 28
s 1 arestedt Do fthe it ARG BRI P keI FinfdH) Channel
master in the squrce device detects hqt-pl and hot-unplug events by

por | odi ERFKYFSEPT (e aPtBro RS g DR RIS Ao b M EBATPve of gnal s of

auxi liary channel 224, MAIN LINK [00541 In the described enbodi nent, the
mai n | i WRS3LSY igdpingdo diss d P the auxidipiyadhiannel lelagkricabsubslaydraontsins thet eger

mul tiples of the Iocal crystal frequency (see Fig 3 for a representative
set of tramhknittat S92 aod deneodiven 1504 aTheocalsndttersitSal if pregidedewitholidk 24- MHz)  As
shown in .Fig. 16, the main link 22"2 (being an unidirectional channel) has

only a cHabaf&8bY RS 1odRA%uBlaydh owsion itGerifers G8d BRtknaf ot aTHEelivar 1604 at
t he di splay device. 100551 shown, the cable 1604 takes the formincludes

a set Ofsdatesdiof @ablizcli1Ir Shara8RP (bR nEBHR 18fer LlIPnBRUNRy o eEN( G, and

Bl ue(B) video signals provides in a typica vi deo system
(such as PAL based . TY syste . As. known.by those. of skill in.the art,
ot o epa FesdLik Yagpt R e et REPT I mdieei e et s flismhendent | y
insulated wires tw sted around one another. One wire carries the signal

whi | e tHenpelF3f agg teemingted e gryed vilel-abademynaioprasisiort depelr enseef. 1t shoul d
be noted that in sonme other systens, the signals could al so be conponent
based sihghakss §iRbyn. Pn, the ¥scubetinimempifisidry itikedrivecusseat 8. Wt hin the
cable, each twisted pair is individually shielded. Two pins for +12V power
and gr oprogragireatils Gdtictl@ihg ohliBe liflhasralitic Arfl rafifesi {RE dBFERINtel9BHA

differential pair is 100 owns +/- 20% The entire cable is also shielded.

Thi's oubehpRRiRhE3Gh A RUMInGUR &Y rdatiBERNANCHS §FagRodifBitely
400mV to approximately 1.2V. In electrical idle modes, neither the positive nor the
negative stgnal is driven. When starting transmission from the electrical idle state, the
SYNC pattern must be transmitted and the link reestablished. In the described
embodiment, the SYNC pattern consists of toggling a auxiliary channel differential
pair signals at clock rate 28 times followed by four 1’s in Manchester II code. The
auxiliary channel master in the source device detects hot-plug and hot-unplug events
by pertodically driving or measuring the positive and negative signals of auxiliary
channel 224,

MAIN LINK

[0054] In the described embodiment, the main link 222 supports discrete, variable
link rates that are integer multiples of the local crystal frequency (see Fig 3 for a
representative set of link rates consonant with a local crystal frequency of 24-MHz).

As shown in Fig. 16, the main link 222 (being an unidirectional channel) has only a

transmitter 1602 at the source device and only a receiver 1604 at the display device.
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connector shells on both ends. The connector shells are shorted to ground
in a source device. A connector 1700 as shown in Fig. 17 has 13 pins in
one row having a pinout that is identical both for the connector on the
source device end and that on the display device end. The source device

i d. both end d
Si'mee ¢ WESEAROHFhg, OSRICoNERE By ki Spfitens st RERVORAGERDUES. can b
d he d bed I
The. or! o CaFBe %“%ﬁgr O s b sl fvedP R GRS PrRCsBRAVEEEN and

ranges front apprOX|nater 8mA to approximately 241nA resulting in a.

range oRGWtaidrdraset video pystash (wpbaaRAEdIaed:q/TH(s@wnsb Apbnoxn hathelsy 1. 2V. The
m ni nrum vol tage swing is selected for each connection using a training

pat t er nof shill &l the tartj tvdbted ghie cailaisea iype pf cablditdt dosispaidivoranagenent nodes.

In electrical idle, neither the positive nor the negative signals are

driven. 1n¥i\@;§‘éﬁd§ﬁtﬁfﬁﬂsﬁ19teé\ﬁlf&%ﬁteﬂsdr%dfdrﬁ@nﬁﬂﬁﬁOh@%re'dah?esstﬁﬁf 1t he .
transmtter nust” conduct a training session in ord re esta |s“}1 the |ink

wi th th@ gﬁl%'o\{}?errvvl d%'d %m 91?1?11&? nce:nItent {lﬁl W' | Id now be
g sfguld

descrlbe inte dlagrans $ descrlbed
bel ow, Accordin I sho ource state_ diagra scri bed
bel ow. Aft lgﬁoﬁlfeg’ﬂéré ng%dge EPF\QB E?}Qgéfﬁ)%g CBWOE%EFE‘?@%&?E@MEOEH’ ceis
disabled, If the source is enabled, then the systemtransitions to a

st andbyYsseddonNBAC idga By sustersp. Hétkan theapablsgeash dwistadenayis det ection. In
order to detect whether or not the receiver is present (i.e., hot

pl ug, / pindiwjduatlpehialded! TaoypiohionrélVipwee andgionad bhse pprovided ThHesuch as for 1
us every | Oros) and a nmeasure of a voltage drop across the termination
resi st ogharatdiistigs ifjRASde\Uf REcH & IFRAGHIREE is 100 bhmk S/.0B1%8r Theegikhat a

receiver is present based upon the neasured voltage drop, then the system

transi t 1, 8nsis bRo hidffeBCT1KS outer shield and individual shields are shorted to the
connector shells on both ends. The connector shells are shorted to ground in a source
device. A connector 1700 as shown in Fig. 17 has 13 pins in one row having a pinout
that is identical both for the connector on the source device end and that on the
display device end. The source device supplies the power.
[0056] The main link 222 is terminated on both ends and since the main link 222 is
AC coupled, the termination voltage can be anywhere between 0V (ground) to +3.6V.
In the described implementation, the drive current is programmable depending on the
link condition and ranges from approximately 8mA to approximately 24mA resulting
in a range of Vdifferential pp of approximately 400mV to approximately 1.2V. The
minimum voltage swing is selected for each connection using a training pattern. An
elecirical idle state is provided for power management modes. In electrical idle,
neither the positive nor the negative signals are 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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recei ver state 1806 indicating that a receiver has been detected, i.e, a

hot plug event has been detected. li; however, there is no receiver
detected, then the receiver detection is continued witi 1 such tinme, i f
ever, a receiver is detected or a tirncout has elapsed. It should be noted
that in sone cases the source devi hoose to go to "OFF" state from
whi ch no further display deteé§¥%ﬂfﬁgﬂﬁﬁﬁﬁ¥pted. [0058] If at the state

1806 a display hot unplug event is_detected, then. the system _transitions
back t ol00f %%/%HHEW%R wilbnovs be desorihedt 1 tsEns plestalp diageangs shoaa plEsSauxi | i ary
channel with a positive and negative signal to wake up receiver and the

r ecei vet8 gnd Huesegbahbelows penewingly, ffapyd showsthe skurde stafe disgrem i s no
response received, then the receiver has not woken up and source renains

in the gdsatibedliidéw. Alanloofveaten 803 tid GBtin isicsf sueh ehat etk douegmik he di spl ay,
t hen the display has woken up and the source is ready read the receiver

link cagahiibd tirese dosGhs @8abIaX thentKe §Rtdn rtdifics t8a%Bind8y Staftliigogr  of

ti me-base recovery units) and the systemtransitions to a main |ink

I L T e

'S poirnt, a session s started

by sending a training pattern over the, . n3ajn |jnk at a set |link- rate and
checks HOHSLSEraPRdT v APRINGPEY b thratialinsy Phamoel i petedicalipysed) f o | b

for each of three phases arid the transmtter will proceed to the next
pliase (spenasifor dus evany dPmpland aoneasuefin taliage drepraceosp Hisstefmingdeect ed, t he
main link is ready at that link rate. At this point, the interface

t ransi t tesis®rs duringhe drisingdpercaturah If stiatletedhih6d that hesosiveejs prisent i Nk rate is
reduced and the training session is repeated. Durina the normal operation

state 1§sd®upblithe HHERA VONAdIUIES, théh (e Atk GRkYioiPlotd d@écted | 1 nk status
i ndex, which if fails, a hot Linpluc, event is detected and the svsten

T ansi t Qi ef fatb 1806 hfaNtiRNg BlaPh Fock RRFnAY bt AelcBicli e, 3 H3PpruBl¥EmAet ect i on

has been detected. If, however, there is no receiver detected, then the receiver -
detection is continued until such time, if ever, a receiver is detected or a timeout has
elapsed. It should be noted that in some cases the source device may choose to go to
“OFF” state from which no further display detection is attempted.

[0058] If at the state 1806 a display hot unplug event is detected, then the system
transitions back to the standby state 1804. Otherwise the source drives the auxiliary
channel with a positive and negative signal to wake up receiver and the receiver’s
subsequent response, if any, is checked. If there is no response received, then the
receiver has not woken up and source remains in the state 1806. If, however, a signal
is received from the display, then the display has woken up and the source is ready
read the receiver link capabilities (such as max link rate, buffer size, and number of
time-base recovery units) and the system transitions to a main link initialization state

1808 and is ready to commence a training start notification phase.
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however, a sync loss is detected, then the systemtransitions to state 1808
for a niain link re-initiation event. [0060] Fig 19 shows the display
state dia | gram 1900 described below. At a state 1902, no voltaoe is
detected, the display goes to an OFF state. At a standby node state 1904,
bot h i i Rk~ .recei ver.and auxiliar |.iam.el sl ave are in electrical

ol e, o0 R SGE § SauPBEa R s Binteoal PR el B Bhlh i L

channel s]ave port are nonitored for a predeterm ned voltage. |If the

vol t agempig linstab aseldink %&ﬁlﬁﬁi\e%ﬁnﬂw&ayﬂc{ EHARSSANY: alhe I6BHTCNiSSISt ur ned on

i ndicating a hot plug event and the systemnoves to a display state 1906,
ot her wi spassifaibbid faypagly of thes phas¢srentiiiee wansmitisr willprecepddd theatext he state
1906 (main lirik- initialization phase). if a display is detected, then the
auxi | i aghase sp@avdetgioh of padsidnly suchrihe dvien,a pasgistdeectadathemdih éink iesponds to a
receiver link- capability read corninand and the display state transitions

t0 1908,c,8f HiahMIRR ratel (AREDolrS, tAO int@Eick ahitiOfs folEndsl bpRitorchannel for
niore than a predeterm ned period of tinme then the auxiliary channel sl ave

port 1S_put <int t 0] j raining start
i i ot i fiséga{?ilgmp?ﬁ%etsrg’?set ﬁ‘%ﬁﬁﬂigp %Sﬁ?@é%&%@?ﬁﬁ %Llﬂh?‘gjsle?%ﬁsﬁ ‘%E%d' L- 1 1)
initiatjon by the transmtter adjusting the equalizer using training

ot t er i nstheagtmtt drgainn s B MOt Ropiaes ® Por el oG 't ai 1 <
then wait for another training session and if the training passes, then go
t o nor ik Bpes mdiewhlphp“efad@@gmt peplyg eyent issdeterdedaand the SYS¥A t he auxiliary
channel or on the train link (for training) for nore than a predeterm ned
(10ns, tromitexsnpthe)stantbe siatexi80d ang waita forel has plugalepatibniegerself,t o t he

standby state 1904. [0062] Figs. 20 - 24 show particular inplenentations of

t he cr ogswdvkAtafs9héods SUleBdtted, then the system transitions to state 1808 for a main

link re-initiation event.

[6060] Fig 19 shows the display state diagram 1900 described below. At a state 1902,
no voltage is detected, the display goes to an OFF state. At a standby mode state
1904, both main link receiver and auxiliary channel slave are in electrical idle, a
voltage drop across the termination resistors of auxiliary channel slave port are
monitored for a predetermined voltage. If the voltage is detected, then the auxiliary
channel slave port is turned on indicating a hot plug event and the system moves to a
display state 1906, otherwise, the display remains in the standby state 1904. At the
state 1906 (main link initialization phase), if a display is detected, then the auxiliary
slave port is fully turned on, and the transmitter responds to a receiver link capability
read command and the display state transitions to 1908, otherwise, if there is no
activity on the auxiliary channel for more than a predetermined period of time then
the auxiliary channel slave port is put into the to standby state 1904.

[0061] During a training start notification phase, the display responds to the training

initiation by the transmitter by adjusting the equalizer using training patterns,
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interface. [0063] Fig. 20 shows a PC not herboard 2000 havi ng an on-board
graphi cs engine 2002 that incorporates a transmtter 2004 in accordance
with the invention. It should be noted that the transmtter 2004 is a
particul ar exanple of the transmtter 102 shown in Fig. 1. In the

descri bed, enbodi ne the transmiter. 2004..1 S, cou d to.an __.connector 2000
(o ong ERUESEL SR for cheh pAAET B hé Sigfmeliilh uGWR R @R B8 4 2000
which in turn is_connected to a display device 2008 b ma¥ of a tw sted
pair  c8@sFien2nd of 186 HAInERs Rastiss e o de BPesl 2peigtion ietsald14s Thiketsin the art,
PCl Express (devel oped by Intel Corporation of Santa Cara, CA) is a

hi gh- bandwgtiitity, onl theapkitiagyombannel oe ph dhe mpintlakdbrisining)efonnorotyntahat  al so
mai nt ai ns software conpatibility with existing PCl infrastructure. In this
conf i gupaidetemmincd €1 02hd, fhxguarpie) pbe hukibiasudarnd 8live poheceit thenpl i ant with
the requirenents of the cross platforminterface which can directly drive a

di spl ay sidgmiyCRate @bbhrer using a notherboard nounted connector as shown.
[0065] In situations where it is not practical to nount the connector on

PG Expl et a0 28 BV R B REel BliEh: AR URR: PRBOBRURMNC 2 pacsive

card conne%tor as shown in Fig_ 21. As is the case with the current
generatpﬁﬁwﬁ?'add-in graphics cards, a add-in graphics card can suppl ant
t he onboard %raghics engi ne as shown in Fig. 2y. 30 10066] In the case of
not ebook00#3bFig 2P iskeres a Pranetheibenid 200P hevingiaa ofdoaed &rophigs grgiphi cs engi ne
woul d drive through internal cabling, an integrated receiver/ TCON which
woul d dE290Zthathiec@ansitesdi transmityer 2004 it ireondaste wib theeihi ediony dt shpldenent at i on,
the rcceiver/ TCON woul d he nmounted on the panel thereby reducing the
nunmber Bé noted tifi GRNABEIIWr 2064 ist FarBéuldCexafmpi@Vifie trandnhigter 280 shown

in Fig. 1. In the described embodiment, the transmitter 2004 is coupled to an

connector 2006 (along the lines of the connector 1700) mounted on the motherboard

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

cable 2010 couples a display device 2010.

[0064] 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

configuration, the PCI Express port is augmented to become compliant with the

requirements of the cross platform interface which can directly drive a display device

either using a motherboard mounted connector as shown.

[0065] In situations where it is not practical to mount the connector on the

motherboard, the signals can be routed through the SDVO slot of the PCI Express

motherboard and brought to the back of the PC using a passive card connector as

shown in Fig. 21. As is the case with the current generation of add-in graphics cards, a

add-in graphics card can supplant the onboard graphics engine as shown in Fig. 23.
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[0067] Al of the above exanples assune integrated transmtters. However,
isit quite feasible to inplenment as a standalone transmtter integrating
into PCIl and PCI Express environnents through the AGP or SDVO sl ots,
respectively. A standalone transmitter will enabl e output streans w thout

any cha r r I tware. Q/\EHA | MENTS [ 0068]
Thg met Wg, (%@C%B g%(f?]fan?%\?gir%’t% a\E/%Aoﬁ ﬂhe tvx?lﬁgm&eé F{ETeﬁ ¥ s of a nunber
of flowcha ts each de |b| parti cul praocess for enabling the

Cnvent | EHPLICSERERF PERN GFivertsyep sntemabeabling ranategrateaservar TOMRer r ol at ed
processes that when used singly or in any combination described aspects of
t he i nvaidhorould dosethemagel digcliolier the mashetsheffedieanplonentationobess 2500
for determ ning an operational node of the interface 100 in accordance

W t h anreesivedTCON wofildibeemoumseod thepandinhérbbpraduciagsiss nitiserefer at i onal node
will only be set to a digital node if the video source and the display

devi ce afi&chaicbt Wired fod or ggg@hmvﬁqmméﬂyoperati onal node wll be set to
anal og node. It should be noted that ™anal og node" in this context can

i ncl ude o pal mpde  havi ng
differ eL@ZFAgl;H;?{gg%l %kal\}/\{ﬁ%ﬁg&gﬁl 3@ %“.%@Fﬁ@%ﬁqg. %ﬁa & gqb?“-lgﬁ rectional
si deban I.S.en anc m)de WL be describ [0070] In step
2502, ge\?FIBEB&Oér&B e §S?Rt?]écfa? %?@FHP%E‘ Qﬁg’{ﬁ%‘*f;&ﬁe video source
supports anal og or digital data If t he vi deo source supports only anal og
data, 3EXPIRE SEPEFRRAroRRhdedtGR oupPMYslatsyreseectivelywid btahdalenst to anal og
(step 2508), then the process will end (step 2512). [0071] If the video
source tratsm:itltrpmﬂl ahiabietaaltpud atregms Wethqrt aop skanpe it grapbis hardstappo2506. The

di splay device is then interrogated to determ ne whether the display device
I'sS software.

FLOWCHART EMBODIMENTS

[0068] The methodology of the invention will now be described in terms of a number
of flowcharts each describing a particular process for enabling the invention.
Specifically, FIGS 25 — 29 describe a number of interrelated processes that when used
singly or in any combination described aspects of the invention.

f0069] Fig. 25 shows a flowchart detailing a process 2500 for determining an
operational mode of the interface 100 in accordance with an embodiment of the
invention. In this process, the operational mode will only be set to a digital mode if
the video source and the display device are both digital. Otherwise, the operational
mode will be set to analog mode. It should be noted that “analog mode” in this
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.

[0070] 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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configured to receive digital data. If the display device supports only
anal og data, the operational node of coupling device will be set to anal og
(step 2508), then the process will end (step 251.2). O herw se, the
operational node of the coupling device is set to digital (step 2510). For

et henBREE AR eo R R Y bR el By Toed 250 BBt gurea o

operate in a fully djgital node only when both the video source and the

vi deo SF}}?IPT%‘ieéS‘t’)’Hé?réf“%W@a%5ﬁ2)a corresponding digital node. [0072] Fig. 26
shows a flowchart detailing a process 2600 for providing a real tine video
i mage qlM7iL} If thereelko seurae e eldpretedigiial dataotie paensectontighes thetdpRdéht i on. I n
this exanple, all determ nations of process 2600 are nade by a processor
coupl edThedisply ddvispisaiten nite@rdgacd. to [doR7ABIne whetiee the2Gfflay devwited®o signal is
received froma video source. Next, a signal quality test pattern is

provi deghrdfiputdiito YetpR: &ﬁél%taaqﬁ el BdpRsl, dide suPfortesifty Yetoy UABOthe ST gnal

(step 2602). In step 26 a determnation of a bit error fate is trade,

based fﬁﬁgicﬁl mBHE bt Lo ﬁi@éheﬁ@é G421 Be sémﬁg%algg ﬁﬁ#gz;ss'r?gmhéf ¢l S made of

whet her error a I's greater 't val'ue (step 2606).
If the hit errqr rate | e mned.to nat Qe eater than the threshold
val ue. PREFSH DendiimastHn achiiRre e opegtond ool (hatREPE gPRDL ¢ hor e
are nore video franes. If it is determned that there are nore video

f r anes, 1stsakte digital pyte a5 Eepxasinle agwessssaomay @fiel swiehes withipiiscess ends.
[0074] However, if the bit. error rate is determned to be greater than the
t hr eshotaiplinglderdce o st te RGO dagithdt br ganesd,i tbecouplimgdlevicsiep 2608) as to
whether the bit rate is greater than a mninmumbit rate. If the hit rate is

gr eat er cddfipiired t&ioBerAty by fully digetal inbae ohlyanidntbottaite vided fdvRicefd (isd ep 2610)
and the process returns to step 2606. If the bit rate is not greater than

L he gihgbi%igiéfgmreﬂ%eggﬁntghﬁ@ bhBsTRER it anged to anal og node (step 2612)
[0072] Fig. 26 shows a flowchart detailing a process 2600 for providing a real time
video image quality check in accordance with some aspects of the invention. In this
example, all determinations of process 2600 are made by a processor coupled to the
display interface.

[0073] In step 2600, a video signal is received from a video source. Next, a signal
quality test pattern is provided by the video source associated with the received video
signal (step 2602). In step 2604, a determination of a bit error rate is made, based
upon the quality test pattern. Then, a determination is made of whether the bit error
rate is greater than a threshold value (step 2606). If the bit error rate is determined to
not be greater than the threshold value, then a determination is made (step 2614) of
whether or not there are more video frames. If it is determined that there are more
video frames, then the process returns to step 2600. Otherwise, the process ends.

[0074] However, if the bit error rate is determined to be greater than the threshold

value in step 26006, a determination is made (step 2608) as to whether the bit rate is
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[0075] Fig. 27 shows a flowchart for a link set up process 2700 in
accordance with an enbodi nent of the invention. The process 2700 begi ns at
2702 by the receiving of a hot plug detection event notification. At 2704
aminlink inquiry is made by way of an associated auxiliary channel to

i uach o R B BHTA B Cor e BUTRCR: Peat! o 2 MREPRSRALY 4] " ° e

maxi mum | ink: data rate i ri fied by way of ni.n sion and at
2708, - athhitaste st logieraGisp 261 PLarghe progessaftuedo ﬁ@P%ﬁpﬁggféf}%E’ct ralgt 2710, the
capabilities of the display (using E. DID, for exanple) are determ ned by
way of ismet srexter than jhecthmimam biheate, Hz-len the merays thaBgshiganalegmiasiei nqui res at
2712 which, in turn, results a collaboration of the namin |ink training
sessi or(s&pzﬁ‘['l)ﬁland[tﬁé)iiﬁ)]ced\dwnﬂs. at 2716, the stream source sends stream
attributes to the receiver by way of the auxiliary channel and at 2718,

the str@emSHE! TEsho¥s flewder foPRlihk s&ApWREERED 700 RGicEBURndei wikh ki Ccapabl e
of supportlng t he requested nunber of data streanms at 2720. At 2722, the

ario 0 t er and
G el S T
2726 t whet he link st K, Wh
21201 2 ot ehi fedfioh e efRCeiionn A0 Blmaig ik Mg S pf b Swr o1 T i
failure event at 2728, ot hervvl se, the link data streans are reconstructed

into t He asseqiated awsibanyshasnedp detominge mpgimgndatagaiekenumbaieftines 2730, At
2732, the reconstructed native data streans are then passed to the display
devi ce.baké)fb?:@]rerliiugits A heledws a aece] venyahd avaithblabufiangiza. PNeat @as37@B00 f or
performng a training session in accordance with an embodi ment of the

I nvent i {88 makim$h Gk daberaitdt @ekifidiBly whinef 4 trainlig@ssies andit 2M08CLEqa 2800 is
one inplenentation of the operation 2506 described in Fib. 25. A traini ng

SRR B T R e L T
(using EDID, for example) are determined by way of the auxiliary channel and the
display responds to the inquires at 2712 which, in turn, results a collaboration of the
main link training session at 2714.

[0076] Next, at 2716, the stream source sends stream attributes to the receiver by way
of the auxiliary channel and at 2718, the stream sources are further notified whether
the main link is capable of supporting the requested number of data streams at 2720.
At 2722, the various data packets are formed by adding associated packet headers and
the multiplexing of a number of source streams is scheduled at 2724. At 2726 a
determination is made whether or not the link status is OK. When the link status is
not OK, then the source(s) are notified of a link failure event at 2728, otherwise, the
link data streams are reconstructed into the native streams based upon the various

packet headers at 2730. At 2732, the reconstructed native data streams are then

passed to the display device.
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pattern is shown in Fig. 1 1 In accordance with an enbodi nent of the
invention. As illustrated, during the training session, a phase 1
represents the shortest run length while phase 2 is the |ongest. The
receiver is to use these two phases to optimze the equalizer. hi phase 3,

bot h bi . a ryl ar ey, |l ong as _the. l.ink- quality
o eas0Rf K28 SO0 A RDREr Tt Df « R AR udiitalint Fhinind g o at us
and based upon the trainin tatus check, the receiver sets a pass,/fai

hit forSEHER HRCCOHIBE® WHH%%@Q?W%@P ﬁ?éﬂ‘é‘?ﬁ“ﬁ”@e# shpulddgaiotedthalach phase,
the receiver will proceed to the next phase upon detection of pass only
and at W@1IGuEAgs¢shionlpeoqeet280Pds odouspleingntaden eicthe opengties 26¢en t he recei ver
reduces the lint: rate and repeats the training session. The min link is
ready atesclibéd inifig. 5t tainindsestion igmtated a5 2802 by tadigf a @fihthg 10078] Fig. 29
illustrates a conputer system 2900 enployed to inplenent the invention.

Conput epatfeys beNtRORMin 1$nlOdtlalscBlniEra® I tBe Rkei@e O ANYICS sk SHaGlhg N Which  the
present invention can be inplenmented. Conputer system 2900 includes central

pr ocessj i : q . read only
menory b%%ﬁ&ﬁsggégﬁygl §%$n%%%gﬂ%%%?%ﬁgigpg%ggé%?ggﬁg%ﬂﬁgéggbn%roIIer 2960,
primary. storage, .devjces 2940 and 2950, and digi.tal displ unit 2970. As
s el | IR GHRT R S RiniiE aesetia b | PRSI tsabariest i Bauct § ons

uni -directionally to the CPUs 2910, while RAMis used typically to

t r ansf ewhdaphasgads thedongsst. i Dresrepsivey ipfa wiertbeseitenahases imeptimizethys 2910 nay
general ly include any nunber of processors. Both prinmary storage devices
2940 aneln@bisd. dmphasadl botb banycls and ciaraztar doghuare nehieadals lengrdhealinid 34
secondary storage nmedi unS80, which is typically a mass nenory device, is

al so  couiteR rbisodalilec At 28, khe rebeiiéhcd@10 akidedihidRe stdad dddonal data
storage capacity. The nmass nenory device 880 is a conputer-readabl e nedi um

that neyhedy &ﬁh%@rairﬁﬁ@&ﬁtu@%ﬂ&:‘k?ﬁﬁ rbAU L9 g pSIRH R fof O of$fic@ and the

i ke, Typically, mass nhenor
phases and the transmiuiter at 2806. At each phase, the receiver will proceed 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,

[0078] 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
the present invention can be implemented. Computer system 2900 includes central
processing unit (CPU) 1510, random access memory (RAM) 2920, read only memory
(ROM) 2925, one or more peripherals 2930, graphics controller 2960, primary storage
devices 2940 and 2950, and digital display unit 2970. As is well known in the art,
ROM acts to transfer data and instructions uni-directionally to the CPUs 2910, while
RAM is used typically to transfer data and instructions in a bi-directional manner.
CPUs 2910 may generally include any number of processors. Both primary storage

devices 2940 and 2950 may include any suitable computer-readable media. A
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device 880 is a storage nedium such as a hard disk or a tape which
generally slower than primary storage devices 2940, 2950. Mass nenory
storage device 880 may take the formof a magnetic or paper tape reader
or sonme other well-known device. It will be appreciated that the

information, retained w.thin.the mss nmepory device 880, nmay, in

appr opr 1P RAR S A SR SRR oV Bie B SRISETAA AR R ToABe of RaNT 2920
as virtual menpry. [0079] CPUs -1910 are -also coupled to one or nore

i nput / otRYMRd Wi=ljicedenagiydo Gl ds 2940 and peqvidss additigpal data steregs rapasiby t o,

devi ces such as video nonitors, track balls., mce, keyboards.,

m cr ophthesass memhrysdaysict§80ds dicappuipsreatiatdn stdoen tleandybeaded ®, magneti c

or paper tape readers, tablets, styluses, voice or handwiting recognizers,

or ot hestorewbgraki ¢dluding ubmeet 6Rte, dtghindshe Bite, CORiGEly; mat@EmesPUt er s.
Finally, CPUs 2910 optionally may be coupled to a conputer or

t el econgayidof0l 1993t ESMREK umSubh as #Rard ldf r'?iecﬁpé]@fﬂeﬁgé?cg‘ﬁléfﬂo@@f ranet

net wor k, using, a network connection as shown ~ gener 2995. Wth such
a netwoy k nnection, Jit. | n%%pl ted that the (iUs 10 mi ght receive
in for I’Y{é.lfull %ﬁmra?}gér%ofaﬁg dﬁ‘sel '\3/\52%9%-81 or rﬁ%ﬁ%tm%?rﬁfﬁior%ef 5T f‘?gtgl% 9% he  net wor k
in the coyrse of perform ng the above-described t hod steps. Such
i nfor ma&‘F P h E’Iarg?%“c&rtpégerrtéﬁfr rég‘g‘i’itoé §O13¢ Otk @ﬁﬂiﬁ@%’néiﬁvwﬁs Wik i ons to be
executed wusing CPUs 21910, may be received fromand outputted to the.
net wor kbe #pprecegtedhihiabtheimpformpiéorf igtamedfwithin dhppmassrmetaory dsviga#BO0enbodied in a
carrier wave. The above-described devices and materials will be famliar
t 0 t hosmawnfin ajgpropriste watdachcinomppodetedhiaktinezrd fashibn sSqfarveRRARY 2920 a35 [ 0080]
Graphics controller 2960 generates anal og i mage data and a correspondi ng

virtual memory.

[0079] CPUs 2910 are also coupled to one or more input/output devices 890 that may

mclude, but are not limited to, devices such as video monitors, track balls, mice,

keyboards, microphones, touch-sensitive displays, transducer card readers, magnetic

or paper tape readers, tablets, styluses, voice or handwriting recognizers, or other

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

optionally may be coupled to a computer or telecommunications network, e.g., an

Internet network or an intranet network, using a network connection as shown

generally at 2995. With such a network connection, it is contemplated that the CPUs

2910 might receive information from the network, or might output information to the

network in the course of performing the above-described method steps. Such

information, which is often 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.
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reference signal, and provides both to digital display obit 2970. The

anal og i ma data can be generated, for exanple, based on pixel data received
fromCPU 2910 or from an external encode (not shown). In one enbodi nent,
the anal og inmage data is provided in RG format and the reference signal

i ncl ude d ' wever, it
shoul d Elghﬁﬁgyaiﬁ\ﬁi\é OQH?%I'[%\E? E% g%éeg%gén%awnllma tg :agﬁ alil:lgn (!ba‘?‘reé‘lgotnlt11 nted with
anal og i , dat d/ or. n r rmats For exanpl e,
anal og reﬁ%g%e&%?&aﬁ pf%vd‘il‘?ﬁgjé’ﬁr/ cfﬁ%‘taj d%ﬁgﬂ rh37§1 flbe 98 MALEor r espondi ng
time reference signal. [0081.] Although only a few enbodr ments of the

pr esent datmgambs gameraieds foreaampiss bascdvadixgl da@nesaiepddeom (s 39HLF t hat t he
present invention nay be enbodied in nany other specific fornms wthout
depar t i frigmfancaxtdrivd egpode (nooshowing Is ©opembbdintent, phesmiig imageaataiion. The
present exanples are to be considered as illustrative and not restrictive,

and t hepioRielin RGB formet addahd eefrefitd £hadl hchiies ded WS VBIC gidv@SYNer ei n, but
may be nodified within the scope of the appended clains along with their

full Scﬁglgqlé){vell ‘Rﬂb’\'&r%{% a3, ﬁ&wéve@ﬂ%ld]{re urﬁef's'i: tﬁﬁé BRes&fif | ci ent packet

based di ay Interface arranged t'o Ia source device to a
mul ti medi a .si nk 1.sin i rec on auxi liar.y channel
arrange’ﬁlvf”btlor“rcérilﬁ3’1‘3é’inpiee eﬁﬁ%‘ﬁ%ﬁ“&%ﬁ% fﬁ%an | eﬁ%eéf’l%% e devi ce and
the nulti medi a sink device and vi ce versa, rern the. jin rrrat

f
t r ansf eptherdfognets: karexamrlie malge wpagsdala qaﬁélr% videqgignada fr@e‘rl ttrl but es;
and a unidirectional main link arranged to carry a nunber multinedi a data
packet sa cdrresponding fetreferstica sigodlr ce devi ce to the mul tinedi a sink device
each having a
[0081] Although only a few embodiments of the present invention have been

described, it should be understood that the present invention may be embodied in
many other specific forms without departing from the spirit or the scope of the present
invention. The present examples are to be considered as illustrative and not
restrictive, and the invention is not to be limited to the details given herein, but may
be modified within the scope of the appended claims along with their full scope of

equivalents.
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mul ti nmedi a data packet header, wherein each of the headers is substantially
reduced in size over what woul d otherw se he necessary since the packet
attributes are comunicated via the auxiliary channel prior to the

transm ssion of the main link packets over main |link thereby m nim zing

t he pactgﬁéﬁMﬁrhead and providing a very high main link efficiency. ?. A
transm fficient packet based display interface as recited in claim
1, further conprising: a transmtter unit coupled to the source device
arranged to receive a source packet data streamin accordance with a
native streamrate; a receiver unit coupled to the sink device; and wherein
the mai n |ink. has Asmansaessiwi effieidnt pagketthaseisdisay iterfage @rmengad tos | ndependent
of the native streamrate. 3. A transmi ssion efficient packet based display
i nt er f aggipdsa ieltirh&dla kdurcEd@iicn th,a mbleiheidin A6I6 deiiad esmprisiagof the nul tinedi a
data packets forma particular nultinmedia data packet stream 4. A

transm ssi Onﬁsf fifrfdtﬁ)%l RAAKRY chaRBCartingBd BYirdmik® ihBARafh BdwbdBdlel N cl ai m

3, wherein t timedia data packet Streamis one of a nunber of
rrultlrredl str havi n | bl e data
St eam Mimés fuff § SRR AR Sbk PrE Al FOE B
transmssmn effici packet b I sSp interface as rected in clalm
1, wher B9Patign yan e by itas 26 Wﬁg L IGHIGE & 5t O gpfleet EROWISS:

uni -directional back channel configured to carry information fromthe sink
device #wd t he source device and a uni-directional forward channel included
as part of the main channel for carrying information fromthe source
devi ce t o thegusidivectiteral arin Inkcarmged tordarty 4 inenbdramdtimediardata paketé
transm ssion efficient packet based display interface as recited in

from the multimedia source device to the multimedia sink device each having a

multimedia data packet header, wherein each of the headers is substantially reduced in

size over what would otherwise be necessary since the packet atiributes are

communicated via the auxiliary channel prior to the transmission of the main link

packets over main link thereby minimizing the packet overhead and providing a very

high main link efficiency.

2. A transmission efficient packet based display interface as recited in
claim 1, further comprising:

a transmitter unit coupled to the source device arranged to receive a source
packet data stream in accordance with a native stream rate;

a receiver unit coupled to the sink device; and wherein the main link has an

associated link transmission rate that is independent of the native stream rate.
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claim5, wherein the main link further conprises: a nunber of virtual |inks
each being associated with a particular one of the nulti nedia data packet
streans wherein each of said virtual |inks has an associated virtual |ink
bandwi dth and a virtual link rate. 7. A transm ssion efficient packet based

di splay inte face s recited_.n n oa.min_|i bandwi dth is
ot “Teast oqui -t oA TRBGHeREOsY Rkt yRc T PR S A
transm ssion eff|C|ent packet based di spl interface as recited in claim
1, furtHam Eorpsreigiastpciaied gies of thy ayldated t!’e‘i/ pasketg{pim appdicyled t o
automatically determ ne when an active sink device is connected to the

| i nki ngmuliimedigdata paduet sfedaon ef fi ci ent packet based display interface as
recited in claiml, wherein the information includes display timng
information used by the sink device to provide a displayed i nage based
upon the received data stream 10 A transm ssion efficient packet based

di splay int e4faceA@ﬁangﬁfsgfoﬁféfﬁaemcaa@ké%&sedm%ﬂal tdrRSe 3@?&&9&% on incl udes
sync | oss information, dropped pac ets information and the results of

traini Nai ;f]rf l%?gm tﬂg %ﬁg@%éd&pdata pa(fket gtre% 1@0?1%' of 2 nfi y o ket based

di splay i ace as re mhereln é dat a
rans i an i,sochronous t. t hat lnclud

ket
v?geg/ g‘i%n? St %’&P‘@S Sprielaringap %?Sﬁ’ﬁj%f?&éq%r i %réﬁ’cﬁtr@a%lt F@éﬁ%eefﬁﬁ ISwherein the

information transfer is an asynchronous transfer. 12. A transm ssion
ef fi ci einfepsadudof Breswtivesiseanaialent erf ace as recited in claim1, wherein
the main link rate is adjustable in a range of approximately 1.0 G gabits
per second (CGbps) to approximately 2.5 CGops. A display interface as recited
in claiml, wherein the receiver unit
5. A transmission efficient packet based display interface as recited in

claim 1, wherein the bi-directional auxiliary channel is formed of a uni-directional

back channel configured to carry information from the sink device to the source

device and a uni-directional forward channel included as part of the main channel for

carrying information from the source device to the sink device in concert with the

back channel.

6. A transmission efficient packet based display interface as recited in
claim 5, wherein the main link further comprises:

a number of virtual links each being associated with a particular one of the
multi media data packet streams wherein each of said virtual links has an associated

virtual link bandwidth and a virtual link rate.

7. A transmission efficient packet based display interface as recited in

claim 6, wherein a main link bandwidth is at least equal to an aggregate of the virtual

link bandwidths.
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includes a time-base recovery unit arranged to regenerate a particul ar data
streamls 39 native rate based upon a tine stanp enbedded within the main
| ink data packets and wherein the tine stanp is based upon a determ nation
of a nunmber of native stream clocks in' -)"" cycles of link cycle clock

frequency pegi od. : 1:SS f .Gl ent i spl ay
interface asé'r eci fxétganls ﬁlsts{éoﬁ%?%l@%p%\?\ﬁgbg%eﬁ @\%&#@ﬁ%ﬁéﬁ ??e%ga‘??dat a stream
is an audio g@&ﬁanl then there is no associated tinme stanp. 15. A

transmi S&mh FIoGO RS #c ket based display interface as recited in claim
14, wherein the source device inforns the display device by way of the

auxi | i ary channel 2 bt plAg gyt detsaipp et paanged helagomahiedly dsterbling per sanpl e
corresponding to the audio stream 16. A transm ssion efficient packet
based dwhgl ayadtiveeinkateeicads cametted to the limkaigmnit5, wherein a native audi o
streamrate is cal cul ated based upon the audio sanple rate, the nunber of
bits per sanple and the corresponding link rate. 17. A display interface as
recited in claiml, wherein some of the nmultinedia data packets include a

nunber of sub packel seRALkNIANIOY ARASIAHALRL infibcpackelchgRder . 18. A

display interface as recited in cl conprising: a selective

refresh unit included.in the sink. device that .updates onl arfion of a
G i sy By e B Sl Fenly P BB S b hERBk: or Prrage
40 coordi nates caorresponding to the updated portion of the displayed i mage
by way #fvicerpprovidgpdisalaned anagsbesriaiponihereesived dp8 §HPHE vi deo data stream

10 A transmission efficient packet based display interface as recited in
claim 1, wherein the information includes sync loss information, dropped packets

information and the results of training sessions information.

11. A transmission efficient packet based display interface as recited in
claim 1, wherein the multimedia data packet transfer is an isochronous type transfer
that includes a video/graphics data stream and a multichannel audio stream and

wherein the information transfer is an asynchronous transfer.
12. A transmission efficient packet based display interface as recited in

claim I, wherein the main link rate is adjustable in a range of approximately 1.0

Gigabits per second (Gbps) to approximately 2.5 Gbps.

13. A display interface as recited in claim 1, wherein the receiver unit

includes a time-base recovery unit arranged to regenerate a particular data stream’s
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19. A method for efficiently transmtting packet data. between a multinedi a
source device and a Multinmedia sink device, conprising,: transferring

i nformation between the multinmedia source device and the nultinedia sink
device and vice versa by way of a bi-directional auxillary channel,

wherein_the j.n i r -t i i |, .yncl udes a
set of %%%%5@eB%%@?&Bﬁ?é%ﬁgﬁﬁﬁgggﬁ%?@%gﬁgﬁﬂE%%%%#”%ﬁg%ﬁﬁgﬁﬁgﬁég§a packet s
from (lje transmtter unit to the, receiver .unit eac aving a. multimedi a
si ze reWOTER %Pgleaaa@wsrﬁé@@&&ﬂﬂu@gﬂ%@ﬂlﬁ?ﬁ‘@ﬁﬂé@@&#&? Oﬂmqweﬁffﬁ%? wher ei n
each of the hegders is substantially reduced in size over what would

ot her wi gecksdn decarskea pf lisk pyade eloek fradwe@cy #eted-but es are communi cated via
the auxiliary channel. prior to the transm ssion of the main |ink- packets
over main ]ink thereby mnimzing the packet overhead and providing a very
high main Iink- efficiency, A nethod as recited in claim19, further

conprising: £UPl AREhnSmiskRATHHidibR pabitdt bak@Uidpsl interfaoe as fidiie@irdevi ce
arranged to receive a source packet data streamin accordance with a

native St . ' ' f ot 0 Lrak devi ce;
and wher B PR i Rhd AL End P Bl Sheddfle om0 fhtalt L e that 1
i ndependent af %he native streamrate. A nethod as recited in claim19,
wher ei NNGESBAPGE HEe ‘of the nultimedia data packets forma particul ar

mul ti medi a data packet stream 41 A nethod as recited in claim2l, wherein
the nultinedia data packet streamis one of a nunber of nultinedia data
packet streans each having an associated adjustable data streamlink rate
that is i ndependeAttrapbmiskionreffidions petirat hasedrdispday interface as recited in

claim 14, wherein the source device informs the display device by way of the
auxiliary channel of an audio sample rate and a number of bits per sample

corresponding to the audio stream.

16. A transmission efficient packet based display interface as recited in
claim 15, wherein a native audio stream rate is calculated based upon the audio

sample rate, the number of bits per sample and the corresponding link rate.

17. A display interface as recited in claim 1, wherein some of the
multimedia data packets include a number of sub-packets each having an associated

sub-packet header..
18. A display interface as recited in claim 17 further comprising:

a selective refresh unit included in the sink device that updates only a portion

of a displayed graphics image for every video frame based upon a number of image
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23. A nmethod as recited in claim19, wherein the bi directional auxiliary
channel is fornmed of a uni-directional back channel configured to carry
information fromthe sink device to the source device and a

uni -directional forward channel included as part of the main channel for

carryin . e in concert
w tn”t 2ol B Bohdi s o GadRN 503?1%13?%%?&#%&3‘5?%%% PREPEne Ly

transm ack ata betwe di a source device and a

i 1 R Bl 3 & comranng M lstE Bode T or transterring

i nformati on between the nmultinedia source device and the multinmedia sink
devi ce and vice versa by way of a bi-directional auxiliary channel,
wherein the information transferred over the auxiliary channel includes a
set of packel9.at method tferssfficienthy trensnaitite faoketclatarbyetwepnoa muitheediarul ti medi a
data packets fromthe transmtter unit to the receiver unit each having a

mul ti meghrede?Re bd U GadtiMadia sRAC®ice, fpasiaindy a unidirectional main |ink,
wherein each of the headers is substantlally reduced in size over what

would ot hefwlmﬁﬁfé?ﬁn SHMIN LRLALR AOBuRAGIES sdld dddapaghe  communi cat ed
via the auxi |ary c prlor to the transm ssion of e naln i nk.
packet s _oyver |nk ereb mnimzi acket ver nd providing
IS S S A G S e S R

storing the code 25. Conput er _program pr.oduct in cIa|n124 further
conpr i syhgeint %Watweér@@sfﬁaﬁ emxgh@ piliary changiel inclidesaset fpaghedd to t he

source device arranged to receive a source packet data streamin accordance
with a atmibutes; mtdr eam rate; conputer code for coupling a receiver unit
coupled to the sink device; and

carrying a number multimedia data packets from the transmitter unit to the

receiver unit each having a multimedia size reduced data packet header by a
unidirectional main link, wherein each of the headers is substantially reduced in size
over what would otherwise be necessary since the packet attributes are communicated
via the auxiliary channel prior to the transmission of the main link packets over main
link thereby minimizing the packet overhead and providing a very high main link

efficiency.

20. A method as recited in claim 19, further comprising:

coupling a transmitter unit coupled to the source device arranged to receive a
source packet data stream in accordance with a native stream rate;

coupling a receiver unit coupled to the sink device; and wherein the main link

has an associated link transmission rate that is independent of the native stream rate.

21. A method as recited in claim 19, wherein associated ones of the

multimedia data packets form a particular multimedia data packet stream.
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wherein the main |ink has an associated |ink transm ssion rate that is

| ndependent of the native streamrate. 26. Conputer program product as
recited in claim24, wherein associated ones of the multinedi a data packets
forma particular nultinmedi a data packet stream Conputer program product
as recited in claim26, wherein the nultinedia data packet streamis one of
a nunber of nultinedia data packet streans each having an associ at ed

adj ust abl e a sire ink rate that..is.independent qf the tive stream
fares 2018 EhputAr i pstie bR AR Mo e g dieak el The b
directional auxiliary channel is formed of a Lin] -directional hack channel
conf i guiteamtis opapk 3 numberahaylimetiasiela nrekelisHrame cachd1av g de sour ce devi ce
and a uni-directional forward channel included as part of the main channel

f or carasyéaiged adjostateile idota streanmlinkiveteshaticimdepeniders of the hativeistrkardevi ce i n
concert with the back channel. 4 5

rate.

23. A method as recited in claim 19, wherein the bi-directional auxiliary
channel is formed of a uni-directional back channel configured to carry information
from the sink device to the source device and a uni-directional forward channel
included as part of the main channel for carrying information from the source device

to the sink device in concert with the back channel.

24. Computer program product for efficiently transmitting packet data
between a multimedia source device and a multimedia sink device, comprising:

computer code for transferring information between the multimedia source
device and the multimedia sink device and vice versa by way of a bi-directional
auxiliary channel, wherein the information transferred over the auxiliary channel
includes a set of packet attributes;

computer code for carrying a number multimedia data packets from the
transmitter unit to the receiver unit each having a multimedia size reduced data packet
header by a unidirectional main link, wherein each of the headers is substantially
reduced in size over what would otherwise be necessary since the packet attributes are
communicated via the auxiliary channel prior to the transmission of the main link
packets over main link thereby minimizing the packet overhead and providing a very

high main link efficiency; and
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computer readable medium for storing the code.

25. Computer program product in claim 24, further comprising:

computer code for coupling a transmitter unit coupled to the source device
arranged to receive a source packet data stream in accordance with a native stream
rate;

computer code for coupling a receiver unit coupled to the sink device; and
wherein the main link has an associated link transmission rate that is independent of

the native stream rate.

26.  Computer program product as recited in claim 24, wherein associated

ones of the multimedia data packets form a particular multimedia data packet stream.

27.  Computer program product as recited in claim 26, wherein the
multimedia data packet stream is one of a number of multimedia data packet streams
each having an associated adjustable data stream link rate that is independent of the

native stream rate.

28. Computer program product as recited in claim 24, wherein the bi-
directional auxiliary channel is formed of a uni-directional back channel configured to
carry information from the sink device to the source device and a uni-directional
forward channel included as part of the main channel for carrying information from

the source device to the sink device in concert with the back channel.
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