TECHNI QUES FOR REDUCI NG MULTI MEDI A DATA PACKET OVERHEAD | nventor: Osamu
Kobayashi FI ELD OF THE | NVENTI ON 10001] 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 rrentl vi deo_di spl echnol ogy is
v ded HES BN EQIUE o 0 By RE DG NG MR 1SV DE DA TAbes) “and
digital type display devi Jul iy stal display, or LCD,

pl asma screens, etc.), eég 0 |J?ﬁﬁgggfgguﬁ¥¥ven by specific input
signals in order to successfully gééglay an i mage. For exanple, a typica
anal og systemincl udes an anal og 3 (such as a personal conputer, DVD
pl ayer, etc.) coupled directly to a display device (sonetines referred to
as a video sink) by way of a coffstin&atiap#shl i nk. The conmunication |ink
typically takes the formof a cable (such as an analog VGA cable in the
case of a PC, otherwise referred to as VGA DB15 cable) well known to those
of skill in the art. For exanple, the VGA DB 15 cable includes 15 pins,
each of which is arranged to carry a specific signal. [0003] One of the
advant ages of the VGA DB15 cable is the ubiquitous nature of the cable,
due to the large and ever-expanding installed base. As |long as the anal og
systens descri bed above predom nate, there is little incentive to mgrate

away fr§n1 anv oiher cable formthan the VGA DB15.
IELD OF THE INVENTIO

[0001] The invention reiates to display devices. More specifically, the invention
relates to digital display interface suitable for coupling video sources to video display

devices.

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 DB15 cable) well known to those of skill in the art. For example, the

VGA DBI15 cable includes 15 pins, each of which is arranged to carry a specific

signal.



[ 0004] However, in recent years, the exploding growh of digital systens
has made the use of digital capable cables such as Digital Visual
Interface (DVI) cable nore desirable. It is well known that DVI is a
digital interface standard created by the Digital D splay Wrking G oup

( DDWG) . are transmtted i t r i.tpon,..mnimzed differential

si gnal i @%%5#&153)01"6}% é’&ﬁﬂ,gesd%ﬁ? ?f?%ﬁiléicéﬂ% {}?ilﬁ’ﬁﬁ’lm’f‘? B?H“Earfgj tf’?ac S

graphi cs subsystemto the display. DVI handles bandw dths in excess of 1 60
M - | z ageble s te thepaige andxes-epandind nsiglied bases j yloag g thegmalognks. [ 0005]
Today's display interconnect |andscape includes the VGA (anal og) and DVI

(di gi t akystéms ddeskddgbode ppddayninat,eharo nniéttit iaeptive @t mipnste asaydiom as LVDS
(digital) for internal connectivity applications within | aptops and ot her

al I -i n- gieotievibestorm GhaPie 6sGAPendors, display controller |C vendors,
nonitor manufacturers and PC OEMs as well as desktop PC consuners to one

degree 003{" ?ltogi%?gré }:eﬁt%{arlg; t&le IR %H%%%?O\gﬁﬂigﬁg%igﬂ ggstérﬁg his d&& 9n. product

definitfon,” manu uring, et cisions. For exanpl e,

i f a consuner .putchas a PCwth .0 in ace then the
consureleHIE O B AP RF ErtISe Sish 3 0eG st 0P e TP §ahon or i n
whi ch the anal og video signal provided by the VGA interface has been

di gi ti zdepinghlendiis grelldenoma tilmteDﬁihm o sttd inferfrecattandard eicated by Ale) or an ADC
built into the particular nonitor. [0006] Therefore, it would be desirable
t 0 mi ni Diginl Pasphat Woviang Exdup (DIOWYFY dDatal aedtaaymitiadt usifgabe ira@iidARY OF THE

| NVENTI ON 10007] According to sone enbodi nent,-, of the invention, a nethod
of r edugjiighizddditbreRE3 RRGKET TIAVE) %K’(ﬁa@bl, providimes digitabaged fisw fhemedi a

system having a nmultimedia source device coupled to a multinedi a display

devi ce p@'s%hfgs sﬁbgjsfem to the display. DVI handles bandwidths in excess of 160
MHz and thus supports UXGA and HDTV with a single set of links.
[0005] Today’s display interconnect landscape includes the VGA (analog) and DVI
(digital) for desktop display interconnect applications as well as LVDS (digital) for
internal connectivity applications within laptops and other all-in-one devices.
Graphics IC vendors, display controller IC vendors, monitor manufacturers and PC
OEMs as well as desktop PC consumers, to one degree or another, must factor
interface choice into their design, product definition, manufacturing, marketing and
purchase decisions. For example, if a consumer purchases a PC with an analog VGA
interface then the consumer must either purchase an analog monitor or a digital
monitor in which the analog video signal provided by the VGA interface has been
digitized by way of an inline analog to digital converter (ADC) or an ADC built into
the particular monitor.

[0006] Therefore, it would be desirable to minimize packet overhead in digital display

interface.



directional auxiliary channel arranged to transfer information bet-ween the
di splay device and the source device and vice versa and a unidirectional
main link arranged to carry nultinmedia data packets fromthe nultinmedia
source device to the nultinedia display device is disclosed. The net hod

can be carried out by follow at_ | east e rations of communi cating
via the auxiliary channesm%%eTﬁgtWW%T@\?t o the display device
prior to commencenent of transm ssion of the data packets fromthe source
devi ce (07hcdpxinigip somei axebodiments pbthaaventipmle methed of raguaingeduced si ze
data packet header for each of the data packets wherein the reduced size

i s commenstimadie pavkd bvérhead] at apprikekiedsedhriultirhedie syssdm dadiyigaonuni cat ed vi a
the auxiliary channel, associating the reduced size data packet header

with a eoifias@aRdiRs iens: upidiaodahatinRatkiplay @Vdcd By@RaPbrhbng the data
packet and associ ated reduced size data packet” headéer fromthe source

devi ce 0ol 16l SHLAY AR ErOUER f A Rlfokhlon BEWRETul by ) her

enbodi ment’;,” an app ucl ng nmulti ia pa ove in a
packet hased | tinmedig system.havin mul t.i medi a sour.ce device coupled to
DM ¢ A 3 i 5Pge eV byionEySOMaA BRISHFTREe] BAR NKATABH P channel
arranged to transfer information between the display device and the source
devi ce aaey mulienediedata paekess Bomrihelinudanednsgurendeyics taghemuliipedat o carry
mul ti medi a data packets fromthe nultinmedia source device to the

mul t i medisplagtidepicays dieslosed. iThe ccloddosnde citreed appgfallavsing ntleastdbe at | east
means for conmunicating via the auxiliary channel data packet attributes

to the Qlifaemli@a\é oFedneBulitatfig x?igttféqmmﬁ)eamhemat%ﬁ@kémtﬁrﬁium 19thd he data
packets fromthe source dev ice to the display .device over the main |ink,

means f 8%1%? éi?i;}i@? pilof @%&ﬁﬁﬂgﬁ%@n@cﬁ‘%&n&%&% of e, }{)aﬁﬁc{aﬁgfdg% fle the data

packet s uced srze I's comrensurate W ta packet
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packet header for each of the data packets wherein the reduced size is commensurate
with the data packet attributes already communicated via the auxiliary channel,
associating the reduced size data packet header with a corresponding one of the data
packets, and transmitting the data packet and associated reduced size data packet
header from the source device to the display device over the main link.
[0008] In another embodiment, an apparatus for reducing multimedia packet overhead
in a packet based multimedia system having a multimedia source device coupled to a
multimedia display device by way of a bi-directional auxiliary channel arranged to
transfer information between the display device and the source device and vice versa
and a unidirectional main link arranged to carry multimedia data packets from the
multimedia source device to the multimedia display device is disclosed. The
apparatus includes at least means for communicating via the auxiliary channel data
packet attributes to the display device prior to commencement of transmission of the

data packets from the source device to the display device over the main link, means



Wi th a correspondi ng one of the data packets, and nmeans for transmtting
the data packet and associ ated reduced size data packet header fromthe
source device to the display device over the main link. [0009] In still
anot her enbodi nent, conputer program product for reducing nmultinedia

packet aqverhead in.a packet based .multiedi stem hayi a _.myltinedia
Dour ce. dioRated el v e s (A Gishay (o Baakptilulpra e 1
directional auxiliary channel arranged to transfer information betw een
(1ie di spdusgd sideid eanmenryraiewithdhg dala pecketattriidesglicady eomugicgted
unidirectional main link arranged to carry multinedia data packets fi-orn
t he mul tvianbdiaaxidiony dendeyimeanst for d3eciamng thaeelueed size ghtayaclet hesler The

conput er program pro duct includes conputer code for conmunicating via the

auxi | i argicdanf@bostih@ondekal datiphtl, 65d hRahdior dafithitingleider prior to
conu- nencernent of transm ssion of the data packets fromthe Source device

to the_dj al : i J %ﬁ‘l’trhr : mng a
reducedpgl&lgegh%g%%g&%%gggﬁﬁgglggP%grgc%éég dgf t he gg?‘grgggg{gg%g&%herel Ti the
reduceddsi fe&] s.conmensur at? with the data packet attributes already
conmmunifERAFeYiE VReNEMAR Ky channel, computer code for associating the
reduced size data packet header with a correspondi hg gne of the data
packet s [008Ipusel aeeiher qnahodimantseamputerpregramarduy ferdsducipgd associ at ed
reduced size data packet header fromthe source device to the display

devi ce awdtimedie paeken olvérhkadninch mrokgibasrd mekidaddiesystedi bamfiga st oring t he
conputer code. BRI EF DESCRI PTI ON OF THE DRAW NGS Fig. I shows a

gener al izgEmeSRLEHeH Hatite todiledtotrmsifinidal digslay dévied By wapb€abace 100 in

accordance with an enbodi ment of the invention.
directional auxiliary channel arranged to transfer information between the display
device and the source device and vice versa and a unidirectional main link arranged to
carry multimedia data packets from the multimedia source device to the multimedia
display device. The computer program product includes computer code for
communicating via the auxiliary channel data packet attributes to the display device
prior to commencement of transmission of the data packets from the source device to
the display device over the main link, computer code for forming a reduced size data
packet header for each of the data packets wherein the reduced size is commensurate
with the data packet attributes already communicated via the auxiliary channel,
computer code for associating the reduced size data packet header with a
corresponding one of the data packets, computer code for transmitting the data packet
and associated reduced size data packet header from the source device to the display

device over the main link and computer readable medium for storing the computer

code.



Figs. 2A - 2Cillustrates a video interface systemthat is used to connect
a video source and a video display unit in accordance with a nunber of
enbodi ments of the invention. w, 3 shows exenplary main link rates in
accordance with an enbodi nent of the Invention. A shows a main |ink data
packet in accordance wi.th an enbodi nent of the invention. 413 shows a nmain

| i nk packet header |HRJEE@%§€&PHQNOEEWW ®f the invention. A

shows a s stem arranged to provi de sub-packet enclosure and vy

niul tipl e-packet multiplexing in accordance with an enbodi nent of the

i nvention. 5B shows another inplenentation of the systemshown in Fig. 5A

ig. 6 shows &FiBi pkhdvavetendtaigedirapedschtagomnod 4 epobeplatformmdizplalyriktesth¢ecam as ai i
C "l exanple of the streamshow in Fig. 5 L- - | 7 show anot her exanple

of a dat1*'1‘)0%%@&ﬂ&&ﬁe%ﬁ%ﬂﬁﬂ%ﬂ%ﬁ%ﬁtﬁ@m&&%ﬁﬁt' on. Fig. 8 shows yet another
exanple of a nultiplcxed. data streamin accordance with an enbodi nent of

the 1 nvent | OfkigELk - 9iINRes3 VBl SREELE Loty P ARSHRS chrdopor dance i th

an enbodi ment hé~inven represen rve main |ink

data pac in accqrdance W|th n
P kgeo source ang a v?deo display UI%t 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 vet another example of a multiplexed data stream in accordance
with an embodiment of the invention.

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

of the invention.



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

Fig. 13 shows_ an_exenpl ary specj al cter p| ng usi ng 1 OBin
accor dance wifith 9 ﬁﬁ@ﬁﬁ@d‘?%?ﬁntfm‘vet%n?ﬁgé‘ﬂﬁalpéﬁk P‘F@mo‘i‘f?n%l}\?\g 4Wn exenpl ary

Manchester 11 encoding schene in accordance wth an enbodi nent of the
i nvent i embodingent ebthshavestianr epr esent ati ve auxiliary channel electrical sub
| ayer in accordance with an enbodin.li.ent of the invention. Fig. 16 shows

a represent atFig/e 03hbWs ki Bkangple of & seladtivelibrefiaytend grapldediaragance Wth an
enbodi ment of the invention. 17 shows a representative connector in

accordance Wwigth 13RS P O EREBN a9 lidkEaitiBY PRitdrAn a&aogdanéévﬁdw{s a source

state diagramin accordance wth an enbodi rent of the invention. Fig. 19

shows a d te di ramin accordance with an enbodi nent of the
i nventi SW % e¥1tof2 ﬂvmfgustrate vari ous comput er based i npl enent ati ons of

t he nventi on. 25 fl I f
det erlm \r/" ngl ghg 65@&%@%8 %Ealaiayen%\g%qahe sycsi%na{n z{ccr:]grdan&rv%gtﬁ aslns or

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.

Fig. 25 shows a flowchart detailing a process for determining an operational

mode of the interface in accordance with an embodiment of the invention.



node of the interface in accordance with an enbodi mrent of the invention.
Fig. 26 shows a flowhart detailing a process for providing a real tine
video inmage quality check in accordance with sone aspects of the
invention. 27 shows a flowhart for a |ink set up process in accordance
wi th an enbodi nent of the invention. Fig. 2? shows, a. flowchart detailing a
process f' or Fiferf shownglavekar dstading agsecsss for proyadise adreldingg v'dean

enbodi ment of the invention. 29 illustrates a conputer system enployed to
i mpl ememhagehpalinvabeck braccOETA Fith BESCRIpRTI ONtheRnSetRGTED EVBODI MENTS

[ 0010] Reference will now be nade in detail to a particul ar enbodi nent of
the inventi Big. anskxenplewohariorahinksei iy piotesstin dedorddnke wathcmnpanyi ng
drawings. Wiile the invention will be described in conjunction with the

parti culap, fARACBEtnvehtiond | | be understood that it is not intended to
limt the 1nvention to the described enbodinent. To the contrary, it is

i ntended to ¢ov | terpative dificatio . LVa . as may be
et uded vi t Fien28 SRSt APYeREA<dBRG = ooy podininf eatfag Midie® ™Y e
appended cl ains. [0011] The invgﬁkive interface is a point-to-point,

packet - Beaseerdapge itz aprmpodiment of the FiVeAHAR- di splay interface that is both
open and scal able that is suitable for use with, but not limted to,

deskt op noni Figr 89 dbistweles a gempuisy pyiitang empivyed tveplewicnithoinvenion.

not ebook/ al | -i n-one PC s, and consuner el ectronics display devices

i ncluding HDTV displays 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 system of

mul ti-stream packet transfer capable of transferring one or nore packet
streans sinultaneously in the forth of "virtual pipes" established




wi thin a physical link. [0012] For exanple, Fig. 1 shows a generalized
representation ol'a cross platform packet based digital video display
interface 100 in accordance with an enbodi nent of the invention. The
interface 100 connects a transmitter 102 to a receiver 104 by way of a
physical link 106 (also referred to as a pipe). In the described

enbodi nent, a nunber of data streans 108 - 112 are received at the
transmtter 102 that, if necessary, packetizes each into a correspondi ng
nunber of dat PET2XHEAB DESERIPTEON O SELECREDEMBOPIMENLS med i nto
correspondi ng data streans each of which are passed by way of an

associ ated 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 virtua

i nk Ca[bﬁlllﬁﬁgg%% L2868 nb@f b gdéji%rcfela(izﬂl)%rpaﬂ?élﬁ?{%ﬂ%afﬁl&ﬁ%ymei ng in the

physi ca carrying ata streans "‘each having an associated |ink
rate (each of which could, be.different .from each. other. dep i.ng upon the
parti cul™FneeR & @&Wi%?wﬁ*ﬁg lslj'e\]flﬁtrast?(rglatﬁﬁ aqehgRany d(g%ﬁmgg'kgﬂgiﬁy nunber of
forms such as video, %éaphicL audi o, etc. 001.3& Txg%c&h%%t.mhqg t he

sour ce the inventigeevil bedstcribed & erqyunciion &4 sthe particilar cinke #aV¥1'bus vi deo
signal s that can have any nunber and type of well-known formats, such as
conposi beundeteood that it & natiigfenddd, to piaribtheenventign tathe dreBibedr consumer digital

vi deo. The video signal can be an anal og vi deo signal provided the source

102 i nckieeSnmBANETd MePofrad it dmtedded iclewes sitdragivesahodificitims eaminpl e, an
analog television, still camera, anal og VCR, DVD player, canctorder, |aser

di sk pl 9(?4.}?{236161;{%{%5 H08E incSled VAP B oNitd S8R dfithSinPSRicH ascifingd si gnal )

and the e source 102 <can also include a digital imge source such

as for gexanple igi.tal television (DTV), digital still canera and the
like. Tﬁ%ﬁ—@iaap?rgqeg\? § si gnal can be any nunber and type of well known

digital formats, such as MPTE 274M 1995 (1920, x 1080 resol uti.on,
. g .. [0011] The mventiyeainferf%ce is a.p_ointfto—po?nt, _éac c:t-_bgse&, pﬁug_& play, sena

digital display interface that is both open and scalable that is suitable for use with, but
not limited to, desktop monitors as well as providing LCD connectivity within
notebook/all-in-one PC’s, and consumer electronics display devices including HDTV
displays and the like. Unlike conventional display interfaces that transmit a single
video raster plus timing signals such as Vsync, Hsync, DE, etc., the inventive
interface provides a system of multi-stream packet transfer capable of transferring one
or more packet streams simultaneously in the form of “virtual pipes” established
within a physical link.

[0012] For example, Fig. 1 shows a generalized representation of a cross platform
packet based digital video display interface 100 in accordance with an embodiment of
the invention. The interface 100 connects a transmitter 102 to a receiver 104 by way
of a physical link 106 (also referred to as a pipe). In the described embodiment, a
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



progressive or interlaced scan), SMPTE 296M 1997 (1280 x 720 resol ution,

progressive scan), as well as standard 480 progressive scan video. [0014]
In the case where the source 102 provi des an anal og i mage signal, an

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

signal into a discrete  series of digjtally encoded, n ers (signal)

f or m ng A1 ReRketh RS BRLORRC P ST TSRPELiBE g atremwh&ig*gﬂm% suitabl e for
digital processing. Any of a wide variety of A D converters can be used. By
way of @sssepbg wayten apjopiatwshvighalaipe 11dct Lfeto thereceivampde Itishewd

manuf actured by: Philips, Texas Instrument, Anal og Devices, |3rooktree,

and ot hée sioted QR thd litdorateefi nheedata padkhieraafea rat)y foaerdildrtusl latk @anal og type
signal, the an analog to digital converter (not shown) included in or

coupl ed bt @ofifi,ch T8 B bhicRllah dita irkdm r&filif end BB RARKSO1Glpdarypi Ch. S L hen
packeti ze gy a packetizer that converts the digitized data stream 110 into

a nupb eﬁat%%gQ%ﬁ?e&%%?&% a}lja'sélocfaq&flirﬁz ra}i@ﬂfﬁ% X\fﬁkﬂlicﬁ%ou]}irb%rzﬁ%rkkfa d to the
receiver y way o he virtua In : € recelrver will then
reconstitute the data stream 110 by riately. reconmbinin he data
backet s Mo ch 35" LR ig Aoy 137 PP AR dad P Al oG A RAEBHSTAR t he |1 nk
rate is i ndependent of the native streamrates. The only requirenent is
that thél4 raktabepeiwnbered femms sughpsyidae, gramiie, Bodiopeichi gher than t he
aggregate bandwi dth of data stream(s) to be transmitted . In the described

enbodi nf#NB8] Typeallyyodrenrhe statree i§ sucdecapupmiextke ddatstreams 180e 1ddse of vi deo
data) is packed over the respective virtual |ink based upon a data napping

def i ni t iRMidevaribd Sid¥@¥ignilh thap ButShaalany nihbdOfhd(19pe afwediknbk@ consti t uent
virtual |inks) does not, as does conventional interconnects such as DVI

o L, Al K 28001 VAP SRR B AR o Loty L
digital video. The video signal can be an analog video signal provided the source 102
includes some form Qf an analog video source such as for example, an analog
television, still camera, analog VCR, DVD player, camcorder, laser disk player, TV
tuner, set top box (with satellite DSS or cable signal) and the like. The source 102
can also include a digital image source such as for example a digital television (DTV),
digital still camera, and the like. The digital video signal can be any number and type
of well known digital formats such as, SMPTE 274M-1995 (1920 x 1080 resolution,
progressive or interlaced scan), SMPTE 296M-1997 (1280 x 720 resolution,
progressive scan), as well as standard 480 progressive scan video.

[0014] In the case where the source 102 provides an analog image signal, an analog-
to-digital converter (A/D) converts an analog voltage or current signal into a discrete
series of digitally encoded numbers (signal) forming in the process an appropriate

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



not only video and graphics data, but also audio and other application data
as may he required. In addition, the invention supports hot-plug event
detection and automatically sets the physical lint- (or pipe) toits
optimumtransm ssion rate, The invention provides for a |ow pin count,
urely digital display.interconnect for all displays suitable for multiple
BI at f or rﬁi‘%mgﬁ'ctll?oiﬂ 7 ?‘ﬁ'ﬁreﬁr?é’f Bg'i‘pﬁo’éfi"aﬁ SHP@EW‘%@:“E‘P‘I’BQ?("WF&I | -in-one as
wel | as HDTV and ot her consuner el ectronics applications. [00171 In
addi t i orBroekigeeoeiidipthgrsvi deo and graphics data, display timng information
can be enbedded in the digital stream providing essentially perfect and
i nst ant [00B§]| Bor exfinple] gnha\@nd streadb Vi GisianGinklog tyeederdatthé eatmulestd | ke
"Aut o- Adjust” and tile |like. The packet based nature of the inventive

lint er ' fgieal RbAE@Efot SHdvADI thtlhded 1A o? YBRNE tIME tlaRéitter BDhAIRl data streans
such as nmultiple video, "gaphics streans and audlo streans for nultinedia

appl i catj: I i . Q. Un] . I tr ort for

peri pherdégﬂg %hggﬁ?r@gtdragﬁgmfﬁ %Séﬂ%%séc%ﬁ{mreg@ %:g%‘:kg{ef%eﬁ&%é\? i%é%‘ﬂa vsviq%Sl out the need
for addj.t.i.on cablin 0018 her. ernbodirrients of .the_inventive

di spl ay lgﬁlé?cfl %S%ﬁam 91)93{"6‘? %EE%‘ "ercPfrlﬁiéTadW.cgetf ébﬁ%‘ﬁlliifd‘.’h@lwiﬂll fistrates a
system 200 based upon the system 100 shown in Fllg% that is used to
connect tEngntied te Hiprreecivad 04hy veaxoidhe vidiushlinly 1 ifmi Thepgdeivernt Odtweill | | ust r at ed
enbodi nent, the video source 202) can include either or both a digital

Unal ge (tloen miomstitige theiddaostisamr 1d €)by-appfopaiactlprecambinggy therdatmickes vi deo
source) 208. In the case of (lie digital inmge source 206, a digital data

st ream 314 6ntb$hdi¥ @¥diEdofRat! Meshohldaesibidd Bt th AnleRE efindégentilg gase of the
anal og video source 208, an A/D converter unit 212) coupled thereto,

( ' e i kqi.tal dat
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physical link 106 be higher than the aggregate bandwidth of data stream(s) to be

transmmtted . In the described embodiment, the incoming data (such as pixel data in
the case of video data) is packed over the respective virtual link based upon a data
mapping definition. In this way, the physical link 106 (or any of the constituent
virtual links) does not, as does conventional interconnects such as DVI, carry one
pixel data per link character clock.

[0016] In this way, the interface 100 provides a scaleable medium for the transport of
not only video and graphics data, but also audio and other application data as may be
required. In addition, the invention supports hot-plug event detection and
automatically sets the physical link (or pipe) to its optimum transmission rate. The
invention provides for a low pin count, purely digital display interconnect for all
displays suitable for multiple platforms. Such platforms include host to display,
laptop/all-in-one as well as HDTV and other consumer electronics applications.
[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
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same manner as the di -ital data stream 210 by the transmtter 10-2. The
display unit 204 can be ail analog type display or a digital type display
or in sorne cases can process either analo- or digital signals provided
thereto. In -,y case, the display unit 204 includes a display interface

216 that interfaces.[lie receiver 104 with isplay .2 .18 nd a DA
conver t éHSRIAFEL oippating tijﬁée@agé\t[‘iﬁuraﬁ Illke\gln“é}t%%“g%’ga‘bg glﬁlléﬁ. Tﬁﬁ t he descri bed
enbodi ment, the video source 202 can take any nunber of forns (such as a
per sonabpackgtbised pasiwerplihe inventiv ginterface prayivdes sealatylitystetsuppgst pwkiple.et c. )
whereas the video display P wunit 104 call take the formof a video display

(such adigial ddt&CRréamsesudh aphagtiplERMed/ gpphicdisspdray andeduelig strdams fpH020]
Regar dl ess of the type of video source or video sink, however, the various

data  SifeaHEdidhspliabibhd, ZBAdlitlones 68isakN)seANINRICKEY kraBépobl fopr O
transmi ssion over the physical 1ink 106 which inclddes a uni-directional

channel PosferBbehp AT AbEIRYRy SBhdo B RERRR, ARl M B T 2 Tk

nanagene&¥.infor tion, Universal serial bus (USB) data., e between the
vi deo s8UE@E2OHZ t he video display 204. 100211 The main link 222 is

t hereby capabl e of sinultaneously transmtting nultiple isochronous data
st r eans [QOI 8L Pthes cblodimends of the snvgniyhdisslay tiierdaes vaHderdisoupsedibglovel  audi o
streans). In the described enbodi nent, the main |link 222 includes a nunber
of di f {e&hFigy 2rillusdtatesharystetrs200emséd qaonathé eysdém tl O nbdven i1 Fig. i thatchr onous
data streans (such as unconpressed graphics/video and audi o data) at

LD & OB hesentLomal  Faarumoniabe LA T
physic alem%cﬂﬁienﬂ‘t‘ljlet ViBbSsothdd HR caRliRESdEMhePEr both a di gital image (or
_ digital video source) ZOﬁ_and_ an analog image (or analog video source) 208. In the
case of the digital image source 206, a digital data stream 210 is provided to the
transmitter 102 whereas in the case of the analog video source 208, an A/D converter
unit 212 coupled thereto, converts an analog data stream 213 to a corresponding
digital data stream 214. The digital data stream 214 is then processed in much the
same manner as the digital data stream 210 by the transmitter 102. The display unit
204 can be an analog type display or a digital type display or in some 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 with a display 218
and a D/A converter unit 220 in the case of an analog type display. In the described
embodiment, the video source 202 can take any number of forms (such as a personal
desktop computer, digital or analog TV, set top box, etc.) whereas the video display

unit 104 can take the form of a video display (such as an LCD type display, CRT type

display, etc.).
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established. In this way, |ogical data streans are not assigned to physical
channels rather, each logical data streamis carried in its own |ogica
pipe (i.e., virtual channel described above). [0022] In the described
enbodi ment, the speed, or transfer rate, of the main link 222 is

adj usta conpensate for link conditiops. For exanple, i.n one

i npl ene {)@@I Freardoss 028@%1’%?11 YileD 18FSS OO A BaN R, hgvaEPedath a range
approxi mated by a slowest speed of about 1.0 CGbps to about 2.5 Gops per
channel sirearapie digittzade(iinegessanp end packebrrdmrior (¢ ransmaigsioBpverdhe 2. 5 Gops per
channel, the main link 222 can support SXGA 60Hz with a color depth of 18
bi ts pephpdicallinkM66 whidh inghdechaminditectibiial s litk 2D2 fordk@tirdrivat datar educt i on
in the nunber of channels reduces not only the cost of interconnect, but

al SO 1 edHERSs i) ORISR ALRMHhawhd] 204 ifsr 18k defRAdd@ther GRRAEET ati on
(and desirable) for power sensitive applications such as portable devices

12 and LiLke. vV, by 1 i S four, the
rai n 11 e 35 oS e el GRG0 e TREN ol (SORTBR D) T &
color depth of 24- bits ixel at @0Hz. aor (QSXGA (2560 x 2048) with a
col or dggtt“ﬁeﬁfhel‘gd‘fﬂ iqé’r‘ﬁ?peforz Zg'fjﬁﬁff V@f"" g’@%?’z&ﬂt hout data conpression. Even
at the lowest rate of 1.0 Gops per channel, only two channels are required
t o suppdi21hdhemesnlinedset therebyrvanepleof simulpgepusdy trapgyftinganaltipter eam
[00231 In the described enbodinment, a main link data rate is chosen whose
bandwi disochrexaesathsa stteanadgrehgamailbple dvdedtgrapdfics dueame mad ntulidchanriet t ual

links. Data sent to the interface arrives at the transmtter at its native

rate. AafidigBrbass. TetRUREMHed BRbodithdnt, (B atd itk 727 HiRludes 8 GRMBET 0f104
regenerates the streams original native rate using tine stanps enbedded

in the gRfdledt vitkiafehAnPRC&RH Sapdble HEFARRATYg isbihrS AR dhtLGrdats $ehch

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
established. In this way, logical data streams are not assigned to physical channels
rather, each logical data stream is carried in its own logical pipe (i.e., virtual channel
described above).

[0022] In the described embodiment, the speed, or transfer rate, of the main link 222
is adjustable to compensate for link conditions. For example, in one implementation,
the speed of the main link 222 can be adjusted in a range approximated by a slowest
speed of about 1.0 Gbps to about 2.5 Gbps per channel in approximately 0.4Gbps
increments (see Fig. 3). At 2.5 Gbps per channel, the main link 222 can support
SXGA 60Hz with a color depth of 18 bits per pixel over a single channel. It should
be noted that a reduction in the number of channels reduces not 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
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however, that for appropriately configured di vital display devices 232
shown in Fin. 2B, tine base recovery is unnecessary since display data is
be sent to the display driver electronics at the |link character clock
rate, thereby greatly reducing the nunber of chancels required with a
commensur ate reduction in conplexity and cost !'hr the display. For

exanpl e,anficrb@.hk?cfiqwqy@farbatlg%re%mgesb@ﬁlﬁm&rsyoff%@wﬁm ft&?ééh%’@ﬁﬂ ed in such
a way that no time base recovery since display data is essentially

pi pel i n822 tan support WISKESA (HI00m2MHS image rezgtiohhwith aesolps dapthref@dmbi nat i on
with rowdrivers 2 36 to drive selected display elements 238 in the array
240. [ 06adperQPikeirat 60H2DrIPSKSAJRSE0 k R648) witlrpeloedepte vl 8-bits pat hod for the
link rate and the pixel/audio clock rate. It has been researched and

under Stg%l A Withbhedatst §siorDi Rl A 18wekiQsts o RAUBPCH@S that exi st

today afe a subset of the followng nmaster frequency: 23.76GHz = 2110 :Xx

3" x 5 11 1 S t. I xe r_audi rate can be
expr ess& I]vl\llfelt’ ﬁlﬁ%'otuwfé C-[glg?naerlrg%gggqm%,att%?u@r?ﬁJﬂlgngf’mg&ggﬁ%)@m Fite = = 4
hits, B = bi& . C= 3 bits, and D=1 b [0025] Even for a |link whose |link
rate (whP¥Hord §méwt¥eam-|ink hit rate / 10 for a link that uses 10-bit
character such as 8B./1 OB characters) maybe different fromthe pixel clock
rate, tH¥R3] Isthg dsemridfeilenibedimednit.rd maintlink dataate igchossnvrhose bard widthy
paraneters, A° C. and D : The benefit is the sinplicity in regenerating

pi xel / aextieedctho akgrefate madwidtikoftthe constifent extanilirks. [Detd snstythehe 1ink rate
is set as A =6, B =3, C=7, and D and the corresponding link rate is

135MHZ . iR Y Qfrivet UPRRIRNEMBLP hiRd n&lveGlte! A @mbDase 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 1s unnecessary since display data is be sent to the display
driver electronics at the link character clock rate, thereby greatly reducing the number
of channels required with a commensurate reduction in complexity and cost for the
display. For example, Fig. 2C illustrates an exemplary LCD panel 232 configured in
such a way that no time base recovery since display data is essentially pipelined to the
various column drivers 234 that are used in combination with row drivers 236 to drive
selected display elements 238 in the array 240.

[0024] Other embodiments describe a simple enumeration method for the link rate
and the pixel/audio clock rate. It has been researched and understood that all the
standard pixel/audio clock frequencies that exist today are a subset of the following

master frequency:

23.76GHz=2"%x3*x5"x 11' Hz
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set as A=8, B=3, C=6, and D=0 (= 108MLlz), then the pixel clock can
he generated fromlink clock as pixel clock rate is equal to the link rate
[ 0026] Referring back to those systens requiring tine base recovery, the

ti me-base recovery unit 226 may be inplenented as a digital clock

synt hesi zer. For an unconpressed video stream the tine stanp is stored in
t he packet header which as described in nore detail below, is a20-bit

val ue. For a given stream four of 20 hits are stored in each header
successi Va$ mepnsshatn pixgdonandieyclogk ratpseg bezxpressed-wigh four pammeterst r eam
frequency (Freq_native) is obtained fromlink character clock frequency
(Freg_| iAkB,dhanil Inss: Eq(1) Freq_native = Frecl _link char * (TS19-0)/2
[0027] The transmitter 102 generates this tine stanp by counting the nunber
of native stream cl ocks ipike?2dckYsteoof 3R hgCkinR character cl ock frequency
period. The 14 counter updates the val ue every 220 cycles of the link

character clock. Sin ﬁ_t{ﬁﬁ;ﬁané bt?'?“%‘sbli’sr g?daﬁy,ni: fLonous wi th each ot her,

the time stanp val ue wil ovef et ween updates, the
transmtter 102 will repeatedly send the sane tinme stanp i.n the header of
t he given packet stream A sudden change of the time stanp value (by nore
than 1 count) nmay be . interpreted by the receiver as an indication of an

unst abl 40 Q?éﬁn(ﬁvﬂl&’f aplink Who@tllfné‘éﬁﬁ%%@#@@ theggrighlink bisrased 0 8 adisked t hat, no

time stanp is conmunicated for an audio stream In this case, the source
devi ce ittt osessl Othibcldiragérapcl es/$B/d 0Bfchateteas) diay adifferent fom thmgixehunber of
bits per sanple. By determ ning the audio rate based upon Eq(2) and the

l'i nk chaloak tate, thereés a bhefidiis féfningeiling raiegdnematehul paameiesd, PalBraudi o
streamrate. Eq(2) Audio rate = (audio sanple rate) x (# bits per sanple) x
(# changelafi 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' =0

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

setas A=8,B=3,C =06, and D =0 (= 108MHz), then the pixel clock can be

generated from link clock as pixel clock rate is equal to the link rate ¥ 22 /51 .

[0026] Referring back to those systems requiring time base recovery, the time-base

recovery unit 226 may be implemented as a digital clock synthesizer. For an

uncompressed video stream, the time stamp is stored in the packet header which as

described in more detail below, is a 20-bit value. For a given stream, four of 20 bits

are stored in each header successively (TS3-0, TS7-4, TS11-8, TS15-12, TS19-16).

Native stream frequency (Freq native) is obtained from link character clock

frequency (Freq link_char) as:
Eq(l1) Freq native = Freq_link_char * (TS19-0)/2%
[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

14



[00291 A main |link data packet 400 shown in Fig. 4A includes a main |ink
packet header 402 as shown in. Fig. 4B that is fornmed of 16 bits where
bits 3-0 are the Stream ID (SID) (indicating that nmaxi mnum stream count is
16), hit 4 is the Tine Stanp (TS) LSB. Wen bit 4 is equal to 1, this
packet header has the | east significant, 4 bits of i t anp val ue (used
only forcoﬁ?féb\*ﬁﬂaﬁélé‘ﬂvﬁ}wﬂ%‘@%?g%é}ﬁl‘?s qijthe Bk %haéaqwrd'l?ﬁq‘?riﬂ%emﬁ%uencg bi t
which acts as the least significant bit of the frame counter which toggles
from " 0'twp@locks argrasymabmoniols with ¢ach other, theetime deopf vawewibeheage by lused only
for unconpressed video stream). Bits 7 and 6 are reserved whereas bits 8
t hr ough od6r tixhe. Batwhehiupd SRC temsniiliat1 02 heitikspeataddy sentialie §dnee fnevi ous ei ght
bits. Bits 15-12 are Tinme Stanp/Stream |ID Inversion. (TSP/SLDn) which for

unconpr %ﬁaﬁﬁﬂi{x‘{hﬂﬁ&d@f 81 48 gﬁreagacﬁe@ Wrodth.t A sQidealetihbe Jf M8 timicAdRny al ue.

[ 0030] One 'of the advantages Of the inventive interface is the ability to
mul tipl ex ifferent data streans eac I . -dj, e formats as
wol | s Al by appE i Taktnd b RTaaERT e by el S i G’ 210
packets. For exanple, .Fig. 5 shows a 15 system 500 arranged to provide
sub- pacIk‘@?ta'élﬁéP%@ng?%"g%%WﬁWiS%‘Fré‘?'packet mul tiplexing in accordance with
an enbodi nent of the invention. It should be noted that the system 500 is
a parti (00281 Teshoolfi beanniedothat, he tisyesttamp Ro@yAwWeateh foriag audiogigam; Fyent i on.
The system 500 includes a stream source multiplexer 502 included in the

t ransm thigtastOibe yswde Hevicoinfirme the displgetics ufheandnt atnplatate &td eam 504
with the data stream 210 to forma naultiplexed data strcarti 506. The

nul ti pl ex@BedstitsHef SaMple IPddiermtiARE thohvds efe bhkdapbh My(2)amarhdrul ti pl exer

508 that conbines any of a nunber of data streans to forma multiplexed

a0 1 BlSRERLE R B 9P ARl ARG aBlyigftl figasEt e 122 Some of

whi ch may inc nunber pac
Eq(2) Audio rate = (audio sample rate) x (# bits per sample) x (# channels)

[0029] A main link data packet 400 shown in Fig. 4A includes a main link packet
header 402 as shown in Fig. 4B that is formed of 16 bits where bits 3-0 are the Stream
ID (SID) (indicating fhat maximum stream count is 16), bit 4 is the Time Stamp (TS)
LSB. When bit 4 is equal to 1, this packet header has the least significant 4 bits of
Time Stamp value (used only for uncompressed video stream). Bit 5 is a Video frame
sequence bit which acts as the least significant bit of the frame counter which toggles
from “0” to “1” or from “1” to “0” at the video frame boundary (used only for
uncompressed video stream). Bits 7 and 6 are reserved whereas bits 8 through 10 are
a 4-bit CRC (CRC) that checks errors for the previous eight bits. Bits 15-12 are Time
Stamp/Stream ID Inversion. {TSP/SIDn) which for uncompressed video are used as
four bits of 20-bit Time Stamp value.

[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 inciude a number of sub packets. For example, Fig. 5 shows a
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encl osed therein. Alink layer de-nultiplexer 516 splits the multipl exed
data stream 510 into its constituctit data streans based on the stream | Ds
(SIDs) and associ ated sub packet headers while a stream sink

de-nul tiplexcr 518 ftir-ther splits off the stream | supplenental data
stream contai ned in the sub-packets. [0031] Fig. 6 shows a high-I|evel

di agr amsy¥ter 380 g{pRgqd) ta pERyidasub-nackk! celosweiand TgdEplgPackst exanpl e of the
stream 510 shown in Fig. 5 when three streans are nmultiplexed over the

mai n | i mal@pgxing hreadcordaacs witb ansnibadinkdng oésterpyentigne It shixdd bgmopdd cs St ream
ID=1), I 2~ 8x720p vidco (,Stream 1D = 5 nd audio (StreamID = 3 )). The
smal | packaie dyseaeI0sk apatticuliiembbditdenpatihe syt 200Rhowa asFighe apdcket
overhead, which results in the very high link efficiency. The reason the

packet Brafe fhe?&'@reqﬁ)t $0 oMk ad ﬁﬁitﬁgeﬁiﬁlggthg%ggfctoﬁﬁ&ﬁf Huhes are

com nunctated. via the auxiliary cha 4 prior to the transm ssion of

h K : in | ink 222 | i ng., b- k
encl oou 8 TUSkn U Betet o8 bt WeR! B RlonloGERRE R Reed R S 007

unconpr essed vi deo si.nce an unconpressed. vid dat a eam has data idle
per i ods rapRIEEHHIdss @ 6@%@@@8@5@6&&3&%@8&@?&%@.Strq%?é‘f Hﬂ%‘,tﬂi_ 9 16 main
link: traffic formed of an unconpressed video streamw || include series of

Nul | spateistibans BA9 tfoem pavlipiexed datastrcarnis§6 pBrd wultipByred dpfatseiei®i ng on t he
ability to nultiplex various data streans, certain inplenmentations of the
pr esent siGisahér fotwiisled toatinb semaihipdscct 608 drpenabines oy ofth Mimbeences

between the main link rate and the pixel data rate when the source stream

is a vi degsdat@nstth 96 a BAIS¥AMLSin 1% 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
510 into its constituent data streams based on the stream IDs (SIDs) and associated
sub packet headers while a stream sink de-multiplexer 5 18 further splits off the stream
1 supplemental data stream contained in the sub-packets.
[0031] Fig. 6 shows a high-level diagram of the multiplexed main link stream 600 as
an example of the stream 510 shown in Fig. 5 when three streams are multiplexed
over the main link 222. The three streams in this example are: UXGA graphics
(Stream ID = 1), 1280x720p video (Stream ID = 2), and audio (Stream ID = 3). The
small packet header size of main link packet 400 minimizes the packet overhead,
which results in the very high link efficiency. The reason the packet header can be so
small is that the packet attributes are communicated via the auxiliary channel 224
prior to the transmission of the packets over main link 222.
[0032] Generally speaking, the sub-packet enclosure is an effective scheme when the

main packet stream is an uncompressed video since an uncompressed video data

stream has data idle periods corresponding to the video-blanking period. Therefore,
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illustrated in Fig. 7, the pixel data rate is .5 G./sec, such that a bit
of pixel data is transmtted every 2 ns. In. this exanple, the link rate
has been set to 1.25 CGbisee, such that a bit of pixel data is transmtted
each .8 ns. Here, transmtter 102 intersperses speci al characters between
pi xel data as illustrated in Fig Two speci al ,. characters di sposed
bet ween g% pk fraffjc fognedyphan unceatpaesmi YHep Hresaryiymglude é?ﬂf‘@%fé*fﬁh at appz.
The special characters allow receiver 1 04 to distinguish each bit of

pi xel dapexialichtracteppacketsgluting thippeial. Bheapielizing ohhembalitypt s of pi xel data
al so creates a steady streamof data that allows the link to nmaintain
synchr oniZ@pledRaridud dabi stre@a/qei@in ifplemaniingof tRaragheinsemtion el |
characters. No line buffer is needed for such nethods, only a small FIFQ

because yhhgd ﬂj&lﬂo&satb%ohﬁeﬁéﬁé fof Hﬁ”fgr‘l:ﬂée;. B&lveeRNENAR link $ABkhyeleyy more logic
is required on the rece|V|ng side to reconstruct the V|deo signal . The

recei ver, g%e[g%ata%hen A e 8 Neiaapasi Al Lhakasi el n and en. d.

[ 0033] R ernative rsper5| ng er ernate
consecutlve bi.ts_of xel ata wi.th eci al , charact such as nul

val ues. ftsiraigdanpice 7> zpfwg%faﬁaw @ﬁmwhf%am Paqu. B 1Buf f er
included in the transmtter 1.04, then one or nore null values could be

fed i nt andmeitthd byesy 2ust iln thimc)eanpnl%éhe link rtahas hegmisttapll &5 Gefs¢r, such

i npl enentations require a relatively larger buffer space than the

i Nt er speash b of peichdals idessmildeeaah B/es. Heremaansnstuat 02 iplesspersesat i ons, the
time required to fill the line buffer will exceed the time required to

transm §pdehe cHah@edfbeBiech xél R BuldsBhtelsn FiB! Twbietial tRadt@kat i vel y
hi gh I|nk speeds. 17 [003 As discussed with reference to Fig. 5A one of

the advgt %§e<ﬂ;et‘§9§1 ? Bl lo¥ ﬁlxgl @&tg F’fl %ﬁ? A gécotnﬁ% ta(H‘pnkell ¥1]@ttaq’2n Of’l} only

mul tiplex v rlous reans encl osing of any of a nunber
) Of S Ub ?p%%ﬁi E:l?ar_g\étgrrs] Ianow rQ(?erl\Eér(iH4 ?0 dm':1 gulshI erlliéh %ﬁto% p_Px;:f Ea_ta.

Interspersing the special characters between bits of pixel data also creates a steady
stream of data that allows the link to maintain synchronization. In this example, the
special characters are Null characters. No line buffer is needed for such methods,
only a small FIFO, because the link rate is sufficiently fast. However, relatively more
logic is required on the receiving side to reconstruct the video signal. The receiver
needs to recognize when the special characters begin and end.

[0033] An alternative to the interspersing method is to alternate consecutive bits of
pixel data with special characters, such as null values. For example, P1 through P4
could be fed into a line buffer included in the transmitter 104, then one or more null
values could be fed into the buffer until more pixel data are available. Such
implementations require a relatively larger buffer space than the interspersing
methods described above. In many such implementations, the time 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.
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Fig. 9A shows a representative sub-packet 900 in accordance with an

enbodi nent of the invention. The sub-packet 900 includes a sub-packet
header 902 that in the described enbodinment is 2 bytes and is acconpani ed
by SPS (Sub-Packet Start) special character. If the main |ink data packet
in which the sub-packet. 900 is enclosed contains a packet payload in

addi t i off034] Asdliscyprcd Jrifielesense te Hig. 8¢ 08 of the adyantagss REthe IBUWLVESt be

mar ked by SPE (Sub- Packet End) special character. Oherwi se, the end of

t he mai mtgdskes theabilitnth vaettoady nyltphsuvanyuChite strearas bet alsmthiehe exanpl e shown
in B) marks the end of both the sub-packet 902 and the mai n packet into

whi ch i endlgsienef asast.a MovRY of sulPpRkés Pathikel paoeslanshineadddtdpaikdt. Wi t h SPE
when its enclosing main packet has no payload. Fig 9B shows an exenpl ary

sub- pacig% 9%@1?%% a ré/ljéééﬁtﬂive m-ﬂa Hep?%@@giégérdhﬁbﬁlﬁ}géﬁ t@[ﬁg&ggehpoiap

enbodi ne ention. It shou not e inition of the

header field and .sub-packet | gad i s dependent. o he.specific

appl i cahedﬂv 8t fl}:e %“Iﬁﬁacg%te‘)@ﬂﬁlﬁcgmgeﬁﬁ-s g’éj@glfqulﬁ et FB%&??IW%SMH cularly
useful exanple of sub-packet encl osure usa is selective refresh of an
uncorrprg%‘;% eerabefipsnt isgdwterdos is fcha%w@t:ggﬁsﬁ’srﬁggb-l’wet PHEDat tri butes of
the entire frame 1002 (Horizontal/Vertical Total, |nmage Wdth-'Height,

et c.) wspeciabeharacderniirihe atagdlink data hackstin whigh shectubrmacket 999 isénvdesed hose
attributes stay constant as long as the streamremains valid. In selective

r ef r eshcapdingi pavket paollyadinpdditioano HeG4bglackdt 1960, thaged 00O suls-pagkdat ed per
video franme. The |our X-Y coordinates of the updated rectangle(s) (i.e.,

the por@ému&%_‘}ﬁaﬁ:@%y EPEt(Sﬁ‘EI?HEHeE Eﬁd)eéﬁ%éiﬁl EHaAdPRerSONfeBwisBanyahdies  of the
rectangl e coordi nates thanges fromfrane to frane. Another exanple is the

v anem SR g e RS2l BBl B S e 3h 220, oo
_ C.L.UT ahﬁgf 5§) mar ts%rl]é cn%f of both the sub-packet 902 and the main packet into which it is
enclosed. However, a sub-packet does not need to end with SPE when its enclosing
main packet has no payload. Fig 9B shows an exemplary sub-packet format within a
main link packet in accordance with an embodiment of the invention. It should be
noted that the definition of the header field and sub-packet payload is dependent on
the specific application profile that uses the sub-packet 902.

[0035] A particularly useful example of sub-packet enclosure usage is selective
refresh of an uncompressed graphics image 1000 illustrated in Fig. 10. The attributes
of the entire frame 1002 (Horizontal/Vertical Total, Image Width/Height, etc.) will be
communicated via the auxiliary channel 224 since those attributes stay constant as
long as the stream remains valid. In selective refresh operation, only a portion 1004 of
the image 1000 is updated per video frame. The four X-Y coordinates of the updated
rectangle(s) (i.e., the portion 1004) must be transmitted every frame since the values

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
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the CLUT nust be dynami cally 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 exanple, with the
auxi I i ary channel i spl ay device %%n inf@L t he source device of

224,  a
events &atnvigse ﬂ?ygﬁélt P%k;'dlatar%b@&maéh@e% Sy 8¢ g oIt Of 5 i ng
sessions (described below). For exanple, if a particular training session
fails, theCLUanswitbedynaoralyljpdtel.the main link rate based upon
pre-sel ected or determned results of the failed training session. In this
way, th¢oa3edShd singtbicdiratiethl yxitiarvdhanig 224 peeljidistaadohedyit ko fpa speed nmai n
link with arelatively slow and very reliable auxiliary channel allows for

robust gpesatdupfort BYRlioRs YRAI TN set i knd QpPb#IN@NBain ik Dpekatignd® not ed
that in sone cases (an exanple of which is shown in Fig. 513), a |ogica

hi - di rect i;onal auxj|j. i i portion
522 of 150 Banci e ri B aReR ARk R TEr D 085 EEAE LAV Be PO
source devi.ce 202 he.sink device 204 and a uni-directional ,back channel
524 11 oS ARa) 827 CeiBRy (51t @B Eah s EEless ol oy ol &
applications, use of this |ogical bi-directional auxiliary channel may be
nore desyncdpssedropapd padkaty aad iag fesulthps] tesnipg sespioag (desereheddis Folescri bed
in Fig. 5A. [00371 Prior to starting the transm ssion of actual packet data
st r eansetdmeplt rifin pattictikar traiii® estiab Failshths transhigot €02 adylsts theongh liakl i nk
training session that is analogous in concept to the link setup of the

nodem  [3g bax@d up ik plet Rilddtdditbr deft@mpRi Redullts bf theahised trdifing sdéddorsgRds a
pre-defined training pattern so that the receiver 104 can determ ne

whet her tﬂi% wﬁ{?‘,’lhé‘&l%@s&l"l%o@ F%g%g%@ﬁh@ﬁgﬁé %E@ﬁst%’l@,khiﬁﬁ gpéeﬂ%&lﬁ $igk! bed

enbodi ment, “trarning rels ng between transmtter 102 and
T eSS bRet Sof B ol o) Ui SRIGH oo SRR ©f 2 i

traini ng*
over a variety of link conditions. It should be noted that in some cases (an example of
which is shown in Fig. 5B), a logical bi-directional auxiliary channel 520 can be
established using a portion 522 of the bandwidth of the main link 222 to transfer data
from the source device 202 to the sink device 204 and a uni-directional back channel
524 from the sink de\.fice 204 to the source device 202. In some applications, use of
this logical bi-directional auxiliary channel may be more desirable than using a half-
duplex bi-directional channel described in Fig. 5A.
[0037] Prior to starting the transmission of actual packet data streams the transmitter
102 establishes a stable link through a link training session that is analogous in
concept to the link setup of the modem. During link training, the main link transmitter
102 sends a pre-defined training pattern so that the receiver 104 can determine
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
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19 Fig, | | in accordance with an enbodi nent of the invention. As
illustrated, during the training session, a phase | represents the
shortest run length while phase 2) is the |longest that are used by the
receiver to optimze an equalizer. In phase 3, both bit |ock and character
| ock are achieved as long as the fink quality is reasonable. . Typically,
the traifignyd paecydance Vﬁgb%ﬁ embodimsnt qftheyvention. s Hlypisatedi EingItRE 107 bits
ol data are sent. If the receiver 104 does not achieve solid lock, it

i nf or ns ttameng seaieN 4 pease 1To@resdnss thhehertest undengtls Wl pha 211 thend t he
transinitter 102 reduces the link rate and repeats the training session.
100381 l1png@ddnhi 48 ubed 1By B¢ iréieR@r & dpitithine BY eRSSE0 T HAAHE, botH bie auxi | iary
channel .1 24 can be also used to carry main |link- packet stream

descri pt, d dRGFRRY H%%@%é%ﬁe‘feaqgEdg%'astﬂgliﬁgﬁmg_@ésoﬂﬁﬂg.et trail sill]

ss] ons on the main . Furt nor e, auxi I'rary channel 21-4 can

be configured t arry Extended Di.splay ldentification t DI D)

i nfor natjs'g?‘?aﬂg’ptﬁﬁgriaﬁﬂﬁ Pt '%E‘i’%&léﬂsa},wgﬁﬁ&me(’ 5%0?{ ygiop(bgrf IOPm)ni tors
(EDID is a VESA standard data format fhat contains, basic information about
a noni 18t are sent 1 thegsegiyen 10p slecs nofachigy s spliddpglort inferarshe FaRsmIEEs i mum

i mage size, color characteristics., factory pre-set timngs., frequency
range | ilA2v& thelauxidibgrdenesl 224 and thgdranemiiten é OXweduces tha dimk raieiadd ser i al
JIUM)CT, The information is stored in the display and is used to

comuni egieatswhé frainhgy stysérem t hr ough the DDC which sites between the
nonitor arid the PC graphics adapter, The systemuses this information for
confi gun6v3 %Q&Hiﬁ@ﬁﬁ?pro%ﬁiﬂé@trﬂiﬁﬁi ts@£si&ﬂ%rﬂﬁﬁ}tﬁ€‘aﬁﬁﬂaﬁ%h‘épﬁﬂ@@ﬁher) - In
what is referred to as an extendeg protocol node, theauxiliary channel
can carry

cuppor t cHuY He R 2REY P REHE o LEURLILRAMRREES Eelly P hone.

- reducing the overhead of packet transmissions on the main link 222. Furthermore, the

auxiliary channel 224 can be configured to carry Extended Display Identification Data
(EDID) information replacing the Display Data Channel (DDC) found on all monitors
(EDID is a VESA standard data format that contains basic information about a
monitor and its capabilities, including vendor information, maximum image size,
color characteristics, factory pre-set timings, frequency range limits, and character
strings for the monitor name and serial number. The information is stored in the
display and is used to communicate with the system through the DDC which sites
between the monitor and the PC graphics adapter. The system uses this information
for configuration purposes, so the monitor and system can work together). In what is
referred to as an extended protocol mode, the auxiliary channel can carry both
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
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[0039] Fig. 12 illustrates a logical layering 1200 of the system 200 in
accordance wth an enbodi nent of the invention. It should be noted that
while the exact -)0 inplenentation nmay vary dependi ng upon application,
generally, a source (such as the video source 202) is fornmed of a source
physi cal |ayer 1202 that includes transmtter hardware, a source |link

| ayer 12owlempentationdnaiesy dapendingsiongraheaings genceahly, & sotiree (fehene (or
firmvare), and a data stream source 1206 such as Audio;' N isual/ G aphics
har dwar ehandeassoct 2028ds Safriedaf e soSicephgmiday Jayar R(Rphatyincledéce i ncl udes a
physi cal l[ayer 1208 (including various receiver hardware), a sink link

layer IghOmithahatdiekd)desurtedimklliycph 204 ihat Mendepmaltpleckisd RirgwaRchi ne (or
firmvare) and a streamsink 1212 that includes display/tinning controller

har dv & ANl ORLIAREor Lk £1a ALRQUEEEn QRRLI PRI n REOF 1 e Tayer 1214

defines t or ma source comunicates wth the link |ayer

1204 and, sj.m J.ar .si,nk. applicatiaon profile .layer 1216.defines the
formar ENiREH i S B8 an BisniinieR Sty Sy, SRIRISRRE oy or

1210. [Q040] The various layers will now be discussed in nore detail.
SOURCE Desjndss amhyseadayar AZER(pobding vaponheceyechargiares isdel Wealayet he sour ce
devi ce physical layer 1202 includes an electrical sub layer 1202-1 and a

| ogi cal 12U thaayetude? 0enultifleging heciwarc aind Satb manhme (ol fiG@ware) and aides al |
circuitry for interface initialization/operation such as hot plug/unplug

det ect i Qftedth kiailkti 122 ehialt ilisdes AiplayRirsing oRird1Ri heriwes il @tfonapar al | el -t o-
serial/serial-to-parallel conversions, and spread-spectrum capable PLL's .

The | ogigz@lwars sapsduweearppilig&}%n%dbﬂfel 19)%?512@{: ks e fo?ﬁlr%with which the

paeketi zin,,, de-packetizing, data scranbling%lc-scranpbling, pattern
generat 'sglﬂ‘cé %mrlnlurrllllf:alteg @it (RO rint ﬁar}%f memﬁ%?rgﬂael'ﬁ% a sink application profile

layer 1216 defines the format with which the sink 1212 communicates with the sink
link layer 1210.
[0040] The various layers will now be discussed in more detail.

SOURCE DEVICE PHYSICAL LAYER

[0041] In the described embodiment, the source device physical layer 1202 includes
an electrical sub layer 1202-1 and a logical sub layer 1202-2. The electrical sub layer
1202-1 includes all circuitry for interface initialization/operation such as hot
plug/unplug detection circuit, drivers/receivers/termination resistors, parallel-to-
serial/serial-to-parallel conversions, and spread-spectrum-capable PLL’s . The logical
sub layer 1202-2 includes circuitry for, packetizing/de-packetizing, data
scrambling/de-scrambling, pattern generation for link training, time-base recovery
circuits, and data encoding/decoding such as 8B/10B (as specified in ANSI X3.230-
1994, clause 11} that provides 256 link data characters and twelve control characters
(an example of which is shown as Fig. 13) for the main link 222 and Manchester II for

the auxiliary channel 224 (see Fig. 14).



circuits, and data encodi ngi decodi ng such as 8B/ 10B as specified in ANSI
X3.230- 1994, clause 11) that provides 256 |ink data characters and twel ve
control characters an exanple of which is shown as Fig. 13) for the nain
link 722 and Manchester Il for the auxil i ary channel 224 (see Fig. 1.4).

21 1004 ou be n S en odi thmis

descri bﬁgoJ‘#l ﬁhh (gh%?%t &)El}?g@e@/%%“to ﬁnh glg vé??ch i s hereby
i ncorporated by _reference own by those of skill in the art, the

8B/ | 0B c¥d@Pies Upi- é’ét@n&HH@b?%f‘% &b Sthich 1§ histaby drgospURSEIDY i nto 10- hi t
code words for serial transm ssion. In addition, the SB:'10B transn ssion
code coneiranse.aAbknewnibyéhabgtod sisilrie fm arf, theadidld ABicodaisth Kdeck cotecthat DC

bal anced streamof] s and Gs with a maxinumrun |l ength of 5. Such codes

provi de enubdes Gigndats bpaRrs intd aNsiticb@nsotdd BNakabIrhimMishibe Bl MAkidnecovery by
a receiver, such as transceiver 110. Myreover, a DC bal anced data stream

proves tge be/ 10@4%@1&1?5@%9%%& e nvfehpﬁ'by%%fd d%&%tz%hﬁ%f"rﬂ{mﬁ oy re

connections. The average in the seria st ream is be

mai nt ai | near | evel.s. The .SB/ tra SI on code
Conet raris f‘%c BBl 0 Ao g O SRR oL o 6%
2 across 6 él b|t bl ock boundarl %’h codi ng schene aI o) |rrpl errents
addi ti orli’éflWI ﬂ’éc CLFBW‘%‘FSH&WI‘%@PS te gnabler k(,rS%fé@thbéA@ﬂﬂVlef, shoul d be
noted that in order to avoid the repetitive bit patterns exhibited by
unconpr 68 NS¢ vy 1d8t dqraonerreRCdalanced datasieedmnpiovesitalee transni tted over
main |ink 222 is first scranbled before 8B/ 10B encoding. Al data except

t rai ni ngdypatdgedss foafitesqeii sl cttadmagedti wiré torectiaisambkeaderaghe scranbl i ng
function is inplemented with Linear Feedback Shift Registers (LFSRs). Wen

dat a enﬁw@bﬂmslaad@@@bhﬁqenmgremhns Bé ﬁtﬂam\fﬁhé@a&fquﬂrbrln%% 8ged is dependent
on an encryption key set. |If

levels. The 8B/10B transmission code constrains the disparity between the number of

1s and Os to be -2, 0, or 2 across 6 and 4 bit block boundaries. The coding scheme
also implements additional codes for signaling, called command codes.

[0043] It should be noted that in order to avoid the repetitive bit patterns exhibited by
uncompressed display data (and hence, to reduce EMI), data transmitted over main
link 222 is first scrambled before 8B/10B encoding. All data except training packets
and special characters will be scrambled. The scrambling function is implemented
with Linear Feedback Shift Registers (LFSRs). When data encryption is enabled, the
initial value of an LFSR seed is dependent on an encryption key set. If it is data
scrambling without encryption, the initial value will be fixed.

[0044] Since data stream attributes are transmitted over the auxiliary channel 224, the
main link packet headers serve as stream identification numbers thereby greatly
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
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scranbling wthout encryption, the initial value will be fixed. [00441
Since data streamattributes are transmtted over the auxiliary channel
224, the main |link packet headers serve as streamidentification nunbers
thereby greatly reducing overhead and maxi m zing |ink bandmﬁdth, It should
al so be noted, t nei t her the r the auxili i nk 224
has sepdt i o g s EPEIAF IePmERs 43 %Stfmkwéypﬁ%srai Gt 9ty B ai n | i nk
222 and auxi li ar Ilnk 224 sanple the data and extract the clock fromthe
i nconi ndoakalpap ﬁﬁ/@dmrcmamthgﬁ@;@@er elekiringl subraygnys iptestant fopsince Bisp (PLLs)
circuit in the receiver electrical sub layer is inportant for since the
auxi | i armyxitiagrdhahnd 224 i3 kalfidihflexdbipdiecctibhaldind eled diesvaion affi chet thedffici r ecti on of
the traffic changes frequently. Accordingly, the PLL on the auxiliary

channel ch@fRk Yiefudiigs AcchRekdy,ithe PELfoﬂWh@%xlﬁ %hwwce%r hagks to the
frequent and uniform signal tran5|t|ons nchest er M T) code

[ 00451 g ckg luﬁ %&ft asUig &a'te{rll?enotdgﬁ'ragﬁg & th ﬂl?%nt gﬁ%ﬁnﬁf?'#( n]gaﬁ%raﬁngugﬁgot i at ed

usi ng, shake ov auxi lrary c hi's process,

known se h ZQQQQ% ckets are sent over the main link 2122 at the
highest C‘?b% E¢&ss or failure is comunicated back to the

transmtter 102 via the auxiliary channel 224. If the training- fails.
mai n | i HI045h&édink setrundirmedhadeta rataphmat link 2226 aceetiaied wsingthecessf ul . hi

this way, the source physical layer 1102 is nade nore resistant to cable
pr obl enbaraishiaketdver ef:ohaycbames 824. ablengd this protessplalovimosidts ¢0raiminigt or
applications. However, urilike conventional display interfaces, the main

channel phdkels aesat badrahé mattelauried the WighéshEnk Bpecdl Stk of AfilRre # | i nk data
rate is set so that |ink bandw dth exceeds the aggregate bandw dth ofthe

transm &&ﬁﬁmﬁfcm%aﬁyﬁck é%%&%%z%%&aﬁ%ﬁ% 9%@1131 I0e sy ce link layer

1204 handles the link- 1nitralization and nanagenent
training fails, main link speed is reduced and training is repeated until successful. In

this way, the source physical layer 1102 is made more resistant to cable problems and
therefore more suitable for external host to monitor applications. However, unlike
conventional display interfaces, the main channel link data rate is decoupled from the
pixel clock rate. A link data rate is set so that link bandwidth exceeds the aggregate

bandwidth of the transmitted streams.

SOURCE DEVICE LINK LAYER

[0046] The source link layer 1204 handles the link initialization and management,
For example, upon receiving a hot plug detect event generated upon monitor power-
up or connection of the monitor cable from the source physical layer 1202, the source
device 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
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For exanpl e, UPOD receiving a hot plug detect event generated upon Mbonitor
power- tip or connection of the nonitor cable fromthe source physical

| ayer 1202, the source device fink. layer 1204 eval uates the capabilities
of the receiver via interchange over the auxiliary channel 224 to
determine a maximumnmain |ink data rate as determined by.a training

sessi ontheisycam sapee 1806, the pruremlink lageo\treqsdsithe digplay ﬁ@’%@é@i@@p avai | abl e
buffer size ori both ends, availability of LISB extensions and then

not i f i esr ¢qavalgtty. edmispancend 20eratibn.dhe smwoclink byerni@04pends-thevent . I n

addi tion, upon request fromthe stream source 1206, the source |link |ayer
1204 r eglsant beritslitsgtoale capiabi 104 wia (Helubiliaky eguinwled 2nhotifiddthé migeaan nor mal
operation, the source link |ayer 1204 sends the streamattributes to the

recei Vegoﬁ%lmil%ﬁaﬁeﬁlié Ilal Pfike 22CHARAEh o1 RdourbOfr hhkdlirghtfie St r €am  source
1204 whether the main I'ink 222 has enough resource for handling the

request ed dat treans, notifies the stre SQUY, . } failure
cvents. EoeieleRyoRAIR: pBTR e R bbE R H hEatuE sle at  onands
submtted hy the stream _source 1204 the receiver vja the auxiliary
channel Sy40ssgng by arday wenmcw@a% @l'it‘?drﬁy 1&’5?@?%204 and the
stream source/sink use the formats defined in the application profile

| ayer 1sowce J0Mtp deniechiveROF thepukAMPRCHaSTEIREE. ANDC@NICRBOF7] | n general ,
the Application Profile Layer defines formats with which a stream source
(or si nkgtween theisptuet fiak éaywt 1204 el ths sweinat@dcd/sink ukathe fornfdiedéfaredat s
defined by the application profile layer are divided into the follow ng
cat egor jafie aplRhiis@pidHle layidenandent formats (Link Message for Link Status
i nquiry) and Application “dependent formats (main |ink data mapping,
tithe-base recovery equation for the receiver, and sink capability/strearn
attribute nessages sub-packet formats, if applicable). The Application

Profile Layer Suppof{I;Pil(E,I]TeIO.IET(iJIJO%WJEnEA%EA ?SrOJR%%WEDSSII%I%i bi t

[0047] In general, the Application Profile Layer defines formats with which a stream
source (or sink) will interface with the associated link layer. The formats defined by
the application profile layer are divided into the following categories, Application
independent formats (Link Message for Link Status inquiry) and Application
dependent formats (main link data mapping, time-base recovery equation for the
receiver, and sink capability/stream attribute messages sub-packet formats, if
applicable). The Application Profile Layer supports the following color formats 24-bit
RGB, 16-bit RG2565, 18-bit RGB, 30-bit RGB, 256-color RGB (CLUT based), 16-
bit, CbCr422, 20-bit YCbCr422, and 24-bit YCbCrd44.

[0048] For example, the display device application profile layer (APL) 1214 is
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
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RGB, 16-bit RG2565, 18-bit RGB, 30-bit RGB, 256-col or RGB (G.UT based), 16-
bit, CbCr427, 20-bit YCbCr422, and 24-bit YCbCr444. [0048] For exanple, the
di spl ay device application profile layer (APL) 1214 is essentially an
application-prograirutiittg interface (APl) describing the format for

St ream Sourcei Si nk comyuni cation over the main _|Link 222 that includes a

pr esent Besehae moniar fungtionsaihgy aegomrgopto glbises pEtheripigHa¢h0- nt er f ace 100.
Since sone aspects of the APL 1214 (such as the power nanagenent conmand
f or mat ) Véhkapedddtliza nehibasclmemdraior functionsp mech astsegh ag datgz orappmgtfonadil uses of
the interface 100. Wereas other non-baseline nonitor functions, such as
such asaftbéieeafPRRivIGe forman are BRGLeSb B APHRdatbL Y b @yfesfi®dchraiio@s uni que to an
application or a type of i sochronous streamthat is to be transnmitted.

Regar dl g8 Pfhat 160 BERahGARENRe %&Hﬁlé&t 61?3%@9%?&1 %ﬂ@ﬁreaﬂi‘&iu&@]bioﬁe source

l'ink layer 1214 to ascertain er t ink 222 1's capabl

handl i ng _t he pendin ri to.the start stream

t ransni 8}163?156 ¥ SRS qu(alﬁ%?rﬁtz ?ﬁ(ﬂ;sfé?g Eﬂ?f t‘W{Bﬁ I{HE( 2.273 %?%Draﬁrned that the
main linpk: 222 is capable of supporti ng the pending packet stream(s), the
st r eam BBIHIEE MG e STEBRM BT f¢ ﬁlﬁtsaagtwnaﬁﬁetssgﬁweéranﬁmﬁﬁwpayer 12 14
that is then transnmtted to the receiver over the auxiliary channel 224.
These avm thebntiedinki2d82t he i nformati on used by the receiver to identify the
packets of a particular stream to recover the original data fromthe

st ream ped9] WHeanntdetermhird khdt ¢he fhi@ 18ikr2221s sapabld ofgupipdrting éiee. The
attributes of the data streamare application dependent. [0050] In those

cases V‘@&f éﬁh%k&%?ﬂeéﬁ?s) b@ap dipda bourse MRJ6 RMA diAtaheatRibuldi®o MR dduldenk 222
t he stream source 1214 fray take corrective action by, for exanple, reducing
the 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

particular stream, to recover the original data from the stream and to format it back to

the stream’s native data rate. The attributes of the data stream are application

dependent.

[0050] In those cases where the desired bandwidth is not available on the main link
222, the stream source 1214 may take corrective action by, for example, reducing the

image refresh rate or color depth.

DISPLAY DEVICE PHYSICAL LAYER

[0051] The display device physical layer 1216 isolates the display device link layer
1210 and the display device APL 1216 from the signaling technology used for link
data transmission/reception. The main link 222 and the auxiliary channel 224 have
their own physical layers, each consisting of a logical sub layer and an electrical sub
layer that includes the connector specification. For example, the half-duplex, bi-

directional auxiliary channel 224 has both a transmitter and a receiver at each end of
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i mge refresh rate or col or depth. DI SPLAY DEVI CE PHYSI CAL LAYER [ 00-511
The di spl ay device physical |ayer 1216 isolates the display device |ink

| ayer 1210 and the display device APL 1216 fromthe signaling technol ogy
used for link data transm ssion/reception. The main |link 222 and the

auxi | i ar hannel 224 hav t heir_ own physical |avers, each consisting of a
| ogi cal tg%ﬁ“ﬁéﬁ/ Ihd 1{3{& 151 et ?‘F’E]a\?rg\’g‘lﬂlg trapgipiier d fdd 1sipweviderbwithdigkconnect or
specification. For exanple, the half-duplex, bi- directional auxiliary
channel chamcigasbipaiagical sulnlagen 120811 thathra thepcerislined serializet andd of 25 t he
link as shown in Fig 15. An auxiliary link transmtter 1502 is provided

wi th |i rkaneitedad arcerrbspoading@ugitiarslink teayieer (DA8THe tedailvel 304 hen seri al i zed
serialized and transmtted to a corresponding auxiliary link receiver 1504.

The receinverecdinBdserialized MAchat RERI RS RSk Blakr ¥ Bk bﬁzf‘ﬁﬁ@é&ﬁﬁﬁég from the
auxiliary link 224 and de-serializes the data at a lint: character clock

rate. | t e jor.functigns,of .the source | ogical
sub | aytg}e:&]é%%%ﬁu@@( @%%g?r "E%té‘g I hé@ﬁgic’: be I?Oi?%gl?‘?%lgpéajgrﬁﬁ%qqsr? (for EM
reducti gn and trajni attern generation for the transmtter port. Wile
f or the?l?ﬁ)ef‘z(?élﬁ? Pglﬁ%rsﬂllbq%f‘?gs waiuge s’%ﬂM@Bﬁgg&ackﬂglﬁ%éé‘ia\?ﬁﬁam@@@caI sub

| ayer includes signal decoding, de-packetizing, data de-scranbling, and
ti ne- basr Edloedusiion) axd Lrearne oHmsmnEener g esdpr thedransinister paric Wiolkes  of

auxi liary channel. logical sub layer include data encoding and decodi ng,

f r am ngfatehé rermvagpat, thamajonfighctibes of the eedeiver tygficabBisb Jager iatlidéd ary char nel
protocol : standal one protocol (limted to |ink setup./ nanagenent

funct i ogignalniedodiff,Ne-paRk OO, dhRRRLLRMIbIIAE, And iGRIVASS FRSveY Ot ocol that can
be managed by the Link Layer state-nmachine or firmware and extended
protocol that supports

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
devices. It should be noted that the data encoding and decoding scheme is identical
regardless of the protocol whereas framing of data differs between the two.

[0053] Still referring to Fig. 15, the auxiliary channel electrical sub layer contains the
transmitter 1502 and the receiver 1504. The transmitter 1502 is provided with link
characters by the logical sub layer, which it serializes and transmits out. The receiver
1504 receives serialized link character from the link layer and subsequently de-
serializes it at link character clock rate. The positive and negative signals of auxiliary

channel 224 are terminated to ground via 50-ohm termination resistors at each end of
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ot her data types such as USB traffic and topol ogi es such as dai sy-chai ned
sink devices. It should he noted that the data encodi ng and decodi ng
schenme is identical regardless of the protocol whereas fram ng of data
differs between the two. [0053] Still referring to Fig. 15, the auxiliary
channel electrical sub |ayer contains the transmtter 1502 and the

recei verhelggas shown: g tagdeserabedimpiementaiiony thgslivgictHentiink  characters by
the logical sub layer, which it serializes and transmts out. The receiver
1504 r epedgrammsible deperdidg bi the lodkaroadition ahd oangek ol approxiyatelnBioA
subsequently de- serializes it at |link character clock rate. The positive
and negas bygosingiell 2401A fosliihg & ¥ rangbanvalff2adtialrg dfebpidiahediyt 0 ground via
50-olrrn termnation resistors at each end of '6 the [1nk- as shown. In the

descri bQ@Olin'Vpﬂoeaﬁﬁ‘Efofi’xhh&fy RS IﬁiE-fth?icElL{er%&dés,z?ei@n'épﬂl'é%'Eﬁ‘i?i% fofgendi ng on

the Iink condition and ranges from approximately 8nLA" to approxinmately

24mA res ing.inafan f Vdiffcrential of,. appr oxi nat el 400nV to
appr oxi rlrlgéagh%%%vs (]an‘{ ee‘ﬁé@ ‘%Ftéﬁﬁngﬁwamﬁﬁl%@%geﬁﬁ%}“ﬁ@ES@?’% m?e nor the
negati v ignal is drjven. Wien starting transm ssion fromthe electrical
ldle st SANC Pt SyRebe rtsub e Npdink remishiished 1 e deetiedni
reestablished. In the described enbodinent, the SYNC pattern consists of
t oggl i ngmiodiment.ithe §YSKapattein chrisistr efrtoggling apmixiliasy gheainsl differdnbiek rate 28
times followed by four 1's in Manchester Il code. The auxiliary channel
mast er pair kigaals aticloek ety P& dndefelkiveedtoifopt 109 imMhnbdstainptadg. ahents by
periodically driving or nmeasuring the positive and negative signals of

auxi | i apyxilisRanneie] ARdter NHh%lsbﬁ%dé@@ébltedt@Péthﬁugaﬁ&ﬁéthﬁﬁlﬁM{sﬂent, the

main |ink 222 supports discrete, variable ink Fates that are integer
mul ti pl ﬁ? pQIfiocI‘iaﬁl)J cﬂ‘ﬁﬁlllg && %éﬁsﬁhné Eﬁ%@ﬂ% a(ﬁ ?ngdﬂv% sfo’grll;.ﬁrof%uxiliary
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.
[0055] As shown, the cable 1604 takes the form includes a set of twisted pair wires,
one for each of the Red (R), Green(G), and Blue(B) video signals provides in a typical
RGB color based video system (such as PAL based TV systems). As known by those
of skill in the art, twisted pair cable is a type of cable that consists of two
independently insulated wires twisted around one another. One wire carries the signal
while the other wire is grounded and absorbs signal interference. It should be noted
that in some other systems, the signals could also be component based signals (Pb, Pr,

Y) used for NTSC video TV systems. Within the cable, each twisted pair is
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representative set of link rates consonant wwth a |ocal crystal frequency
of 24-M-1z) As shown in Fig. 16, the main |link 222 (being an

uni directional channel) has only a transmtter 1.602 at the source device
and only a receiver 1604 at the display device. [0055] As shown, the cable
1604 takes the formincludes a set of twisted pair wires, _one for each of
t he Redmdiyidugiheiiigldgd. hya pmsdey B)2 X peer adgmennd s gravadss Thea typical RGB
col or based video system (such as PAL based TV systens). As known by those
of ski | kharactehsticaimpedance oeehchdififerentiil pair &5 H0O ghes bf 20%b| Bretdmdire consi st s of
two independently insulated wires twi sted around one another. One wire
carri es cileissdlgndlieldyh Thes dhé shidld indindBridiil giields deckhaned apsher bs si gnal
interference. It should be noted that in sone other systens, the signals

coul d ak&ﬁlegﬁulr %ﬂ’{fﬁ%ﬁi&h Ql?c%.e@'hﬁﬁcﬂﬁﬁbt%r 65 af¥f shortdd td‘éﬁ;ﬁn& g'll'J a Bfle Vi deo TV

systens. Wt e cable, each twsted pair 1s 27 i'hdividually shiel ded.

Two ping_f.or zf-12V and rou a r.avi.ded. The ,charact.eri stics

| mpedandeist ALRRIHPLDRA Fagwbin e Lt S Hintmane Sy AR R e cabl e
is also shielded. Thjs outer shield and indjvjdual shields are shorted to
the . coRbigrtsARPIth TosiheEHneEinaen SROVESHFHISE RO SRLMALORIE shor ted t o
ground in a source device. A connector 1700 as shown in Fig. 17 has 13

pi ns i ndispley devich and.-ridiesopicadavice synplics heippaeri cal both for the connector
on the source device end and that on the display device end. The source
devi ce pSP| Tes nahelipod’? is t¢ib&ed dhdotheinds hndkin@2the msailt Enk2P2ied on bot h
ends and since the main link 222 is AC coupled, the termnation voltage

can be agyshela, Belvaanatid olthgdbd) bd SytheR\betwbdh GV Ed880 tbRSHBV.

i npl enentation, the drive current is programmabl e depénding on the |Ilink
diti ¢ . . | It
o r ol apecRRR il aRBE RELAT Srtert Whrb BB R heBRh ek B4R CF)

1.2V, TL]E]( 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
electrical 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.

STATE DIAGRAMS

[0057] The invention will now be described in terms of state diagrams shown in Figs.
18 and 19 described below. Accordingly, Fig.18 shows the source state diagram
described below. At an off state 1802, the system is off such that the source is
disabled. If the source is enabled, then the system transitions to a standby state 1804
suitable for power saving and receiver detection. In order to detect whether or not the
receiver is present (i.e., hot plug/play), the auxiliary channel is periodically pulsed

(such as for lus every 10ms) and a measure of a voltage drop across the termination

28 R H e



m ni mrum vol tage swing is selected for each connection using a training
pattern. An electrical idle state is provided for power managenent nodes.
In electrical idle, neither the positive nor the negative signals are
driven. Wien starting a transmssion fromelectrical idle state, the
transmtter nust, condyct, a.training session in order re- establish the link
With t hedeHEeEs t&r&ﬁﬂ“@?%@?@ﬁw@ [d?)%?ﬁ] deperanined, Rt # B5ENET 1S PSR be
described in terms of state di agrams shown in Figs. 18 and 1 9 descri bed
bel ow. Awswt eonghy memsuged goléigowsor, Hensbusysiens travstiohsdgaletecttdscr i bed bel ow.
At an off state 1802, the systemis off such that the source is disabl ed.

| f the getdice stase eswqhéﬂatmmut 4 feecisysliiRibetn dctsetbd,dRs attot pluptavpaby state
1804 suitable for power saving and receiver detection. In order to detect

whet her 15 hBSE ddift®ed. NEARIWEREr, 'tl%r@fseh%er@&el((ér d%tectéaofheﬁ hiO/eRtidyy . the
auxiliary channel is periodically pulsed (such for lus every | oi ns) and

a_measur e, gliofiaAGe (iR dsRse e %&fgw@%'d%a%ﬁ of §¥tnRhof RagCUr 119t he

driving TS nea ‘ermn a recerver is present based
upon the ne , then th stemtransitjons to a detected
recei verelaé’t‘;%‘fg{t méﬁ’b 3@9&%%%%?%&6%@&@?5%? ﬁ\&gegeéﬁha%ieéetgeae i.e., a
hot plug event has been detected. U., however, there is no receiver

ot eot odORMTatats Hom wiich ne furtize displaysietacon Brtiompdall unt | | such 11, i f
ever, a receiver is detected or a tineout has elapsed. It should be noted

t hat i n [6e88} I€aabs stizizel 306 urdisplaevitmephmyeveltdodetettod, ghert the sy$Bik" state from
whi ch no further display detection is attenpted. 10058] If at the state

1806 a @anfltisys bk t@l&@@dndbgmfewoa @RhaWiRthe kHi@Be HAGesIHS h@Mliady’ ansi ti ons
back to the standby state 1804, O herw se the source drives the auxiliary

channel }’1‘4:1&1*%1 RitR AN E aR? Acf iR bighel B viiRlup B Gniithd BE&GI 4SS and the

receiver

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 recetved 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.

[0059] At this point, a training session is started by sending a training pattern over the
main link at a set link rate and checks an associated training status. The receiver sets
a pass/fail bit for each of three phases and the transmitter will proceed to the next
phase upon detection of pass only such that when a pass is detected, the main link is
ready at that link rate. At this point, the interface transitions to a normal operation
state 1510, otherwise, the link rate is reduced and the training session is repeated.
During the normal operation state 1810, the source continues to periodically monitor a
link status index, which if fails, a hot unplug event is detected and the system

transitions to the standby state 1804 and waits for a hot plug detection event. If,
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subsequent response, if any, is checked. If there is no response received,
then the receiver has not woken up and source renmains in the state 1806.

I f, however, a signal is received fromthe display, then the display has
woken up and the source is ready read the receiver |ink capabilities (such
as max link- rate., buffer size, and nunber .of tinpe e.recovery units
ond the ey STars DeRLT SrectEd (B E B IPRRAnseTPi R PO G S0 5 08 and
is ready to commence a training start notification phase. 100591 At this
poi nt, &ankraimiisignsesrti on is started by sending a training pattern over the
main link at a set link rate and checks an associated training status. The
recei ve[0050] Fig B0 giass/thatllsply stateodiagramhl 300 deburibed phlvse SAtmstatehi®02,
transniltter will proceed to the next phase upon detection of pass only

such thab \Bhed 18 dRBSted, the Qﬁ% & totaneormithtel Atk stdby @as stdte t hat 11 nk
rate. At this point, the in ace tran5|t|ons to a nornal operation state

15 10, %&F B}ﬁﬁlsl%alntlﬁﬁ r&@vker aﬁ&%&xﬂl glll}‘e‘fgla@? %’e ig%letcfrﬂc'amd@ aSession is

repeat ed. Rof nral operatron st e source continues
to periodically nonit u if falls, a. hot

unpl ug @%@ﬁ?‘¥é’ﬂ%?%% %HmQHHHPﬁE%E@gﬁ ﬁﬁ§b?¥5 gaY%p? érstandb y state
1804 and waits for a hot plug detection event Z however, a sync

| oss i smgaitersd der, a prsdefermacd yeltags L thaypliagsrs d?t60t§@é @ﬁ@@aﬂlm a main

link re-initiation event. [0060] Fi+g 19 shows the display state di agram
1900 deslemhblesthviegloows tdhediors trdicatii® 6 Dot plng evalt tand)thei sysidset movesdp at he.

di splay goes to an OFF state. At a standby node state 1904, both main Iink

recei vegispag satxi J06abtheftiad) figd display Rondifs inth@kiesdby tat 1004 eAt the Vol t age
drop across’the termnation resistors of auxi liary channel slave port are

moni tor &gteflgfm %nglﬁqg&tlﬁftmlﬂﬁgm\fﬁ%e@ﬁ? ad sfpléyllg dc‘-!t%t%@,gtﬁeﬂ ﬁledcl‘ﬁ;{ﬁﬁ{'fd then the

auxi i

~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,
updating the result for each phase. If the training fails, then wait for another training
session and if the training passes, then go to normal operation state 1910. If there is
no activity on the auxiliary channel or on the main link (for training) for more than a
predetermined (10ms, for example), the auxiliary channel slave port is set to the
standby state 1904.
[0062] Figs. 20 — 24 show particular implementations of the cross platform display
interface.
[0063] Fig. 20 shows a PC motherboard 2000 having an on-board graphics engine

2002 that incorporates a transmitter 2004 in accordance with the invention. It should
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channel slave port is turned on indicating a h.ot plug event and the system
noves to a display state 1906, otherw se, the display renmains 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 transmtter responds to a receiver link capabiljty read comrand
and t hebaingmiéwélﬁea'tr@lszmﬁﬁszqoﬂaﬁ%p%l@@@b@gﬁﬂ%%f%ﬁé@?smﬁtef h&¢ ghqwan o
activity on the auxiliary channel for nore than a predeterm ned period of

ti me themFighé. &usbeldesaribed ranipodimait.dhetrpaamitters2(8dtis conpded foeint 0 st andby st ate
1904. [0061] During a training start notification phase, the display

r espondsgofirectdd @006 cdlovigilic lindd 61 tAt connebior it M@0 tmaused 61 ehie niythatpadt | ng t he
equal i zer using training patterns, updating the result for each phase. If

the trabphd@nfciih furntidE8hnteted 1d £0ispRYUBAE: DOGH BY Ry of8owisRA @nd | f the
trai ni ng passes, then go to normal operation state 1910, 1f there is no

activi txabqubgjra%og% éslgcﬂéﬁe{%};%iyg&eimpgron the main link (for training) for

nor e t hah erm ne, exanpl e), the auxiliary channel slave

port is _set to. the  standb te 1904. [0062] Figs. 2Q - show

par t i culo4] dsikanwndahers bl et ff%%bé?tg‘w bt Chrapiétgn of §1#1 ace. [ 0063]
Fig. 20 shows a PC not herboard 2000 havi ng an on-board graphi cs engi ne
2002 t h&farp el sormgle-bandwiddn v pinaroupp eerial ninteseosnerd iecnejogli thate i nventi on.
It should 30 be noted that the transmitter 2004 is a particular exanple o f
t he tr aakanidiaind 6xtwihewompatibiligy with existinghPCHediastnineuree b dds ment , t he
transmtter 2004 is coupled to an connector 2006 (along the lines of the

connect génfilo(@Rlon e MCIE Phesk RBrt IPLNREOA 16 beddtRO cvhipEdnt Withitgn is connected
to a display device 2008 by way of a twisted pair cable 2010 couples a
di spl ayre@[ﬁﬁgﬁgmtg Q¢8re 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.

[0066] In the case of notebook applications, the transmitter on the motherboard

graphics engine would drive through internal cabling, an integrated receiver/TCON

which would drive thé panel directly. For the most cost effective implementation, the

receiver/TCON would be mounted on the panel thereby reducing the number of

interconnect wires to 8 or 10 as shown in Fig. 24

[0067] Al of the above examples assume integrated transmitters. However, is it quite

feasible to implement as a standalone {ransmitter integrating into PCI and PCI

Express environments through the AGP or SDVO slots, respectively. A standalone
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[0064] As known in the art, PCl Express (devel oped by Intel Corporation of
Santa Clara, CA) is a high-bandwi dth, I ow pin count, serial, interconnect
technol ogy that also maintains software conpatibility with existing PCl
infrastructure. In this configuration, the PCl Express port is augnented
to become conpliant with the requirenents of the cross platforminterface
whi ch c3RnMKEE Mk epgblg euiguigteams yitheyt @y changaia srephisshasdwgeer boar d
nount ed connector as shown. [0065] In situations where it is not practical
t o nountsofivereconnect or on the notherboard, the signals can be routed

t hrough the SDVO sl ot of the PCl Express notherboard and brought to the
back of the PC using a PATSWUEHART EMBODIMEMTISshown in Fig. 21. As is
the case with the current generation of add-1n graphics cards, a add-in

gr aphi cwmpﬁh@mﬂ%&m f thd v ORRGAN &ﬁ@@@h&ﬁnﬁéwmenﬁs%mérn Fig. 23.

[0066] I'n the case of notebook applications, the transmtter on the

not her board aphi ¢s ;endgine woul-d.drive through.internal..cabling, an

"ot egr abLuerERERTafT SERE AP B st Ry e i Bt 1y For the
nost cost effective ippl ntation, the . receiver/l1 CON woul d be npunted on
t he pangpe"tlh%aﬁ]&blﬂq?%aﬁCizs?gfeﬁﬂg’erﬂﬁ%%‘?erﬁ iniSTRE EiPE GFTEReS WA BB ESE or 10 as
shown in Fig. 24 [0067] Al of the above exanples assune integrated

t ransm smghysor iMgme vanbinaion desqubedeaspeeinsf tednventipnpl enent as a st andal one
transmtter integrating into PCIl and PClI Express environnents through the
AGP or HIMO FigRS showespdotvichat getaling tagnokaksoPF0BHr Hetannimingdar W || enabl e
out put streans w thout any change in graphics hardware or software.

FL ONCHARTer MBEPDIYENG B Q€ 8liccTT ) inBkhad i @avitiPit SabddiveRt 4 W | | now be

described in ternms of a nunber
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,
the operational mode of coupling device 100 will be set to analog (step 2508), then
the process will end (step 2512).

[0071] If the video source can output digital data, the process continues to step 2506.
The display device is then interrogated to determine whether the display device is
configured to receive digital data. If the display device supports only analog data, the
operational mode of coupling device will be set to analog (step 2508), then the
process will end (step 2512). Otherwise, the operational mode of the coupling device

is set to digital (step 2510). For example, a processor may control switches within the
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of flowcharts each describing a particular process for enabling the
invention. Specifically, FIGS 25 - 29 describe a nunber of interrel ated
processes that when used singly or in any conbination described aspects of
the invention. [0069] Fig. 25 shows a flowhart detailing a. process 2500
for determning an operational npde of the interface 100 in accordance

wi th an ceRpEY drie tesetthemodaiedigitaln Inganeral, thesoyplingdeMi¢tdsoper at i onal node
will only be set to a digital node if the video source and the display
devi ce apefifwbhtadmratalin a Qilhedigitd enodermlppbembotbribé video deured and the set to
anal og node. It should be rioted that "anal og node" in this context can

i ncl ude viblikody epéra@i@in Mdrdipolatiasdipithl mége. enhanced anal og node  havi ng
differential anal og video with enbedded alignnent signal and bi-directional

Si deba“%m}iiﬁ oBNaBREY RARAELY d@fﬂaﬁﬁlg\'ﬁ ﬂrbcé%§2g@§ﬁfripp@s9di? laQ41 R0 70] In step

2502, a video source 1s Interrogated to determ ne whethér the video source

supports.analog or .digital. data, |f the video source.support | y anal og
dat e NRE3REs Ry Shoshan 8 Rasmsr i@l S IOH GF ITBESL R 68 22l og
(step 2508), then the process will end (step 2512). [00711 |f_ the video
sour ce EX¥BIGt HLdeterynatigns @f prpcessroOp dpwade &Sﬂtpr%ﬁ%%’; 9@11}11%‘& th&06.  The

di splay device is then interrogated to determ ne whet her the display device
i s confisplayedtetfoce.ecei ve digital data. If the display device supports only
anal og data, the operational node of coupling device will be set to anal og
(step 2P@MBB] Li kep 260 a dacsgiml W lecdivahfionhst @peiwbizge. NEhET sipsed, the
operational node of the coupling device is set to digital (step 2510). For

exanpl e quaitPtQESRRLN iTTYvidedby fle Vi) SeE Wil WR thORRLIVBGyRIBYI Ce to set

the node to digital. i'n general, the coupling device is configured to
OPer at &sloiFsteh 26¥2 1 steB 26T Ea B DAY ertdiGaté i 8Ra8 Bhb&F and the
vi deo si re” operating in & correspondi ng digital node.

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 2606, a determination is made (step 2608) as to whether the bit rate is
greater than a minimum bit rate. If the bit rate is greater than a minimum bit rate, then
the bit rate is lowered (step 2610) and the process returns to step 2606. If the bit rate
is not greater than the minimum bit rate, then the mode is changed to analog mode
(step 2612) and the process ends.

[0075] Fig. 27 shows a flowchart for a link set up process 2700 in accordance with an
embodiment of the invention. The process 2700 begins at 2702 by the receiving of a
hot plug detection event notification. At 2704 a main link inquiry is made by way of

an associated auxiliary channel to determine a maximum data rate, a number of time
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[0072] Fig. 26 shows a flowchart detailing a process 2600 for providing a

real time video inage quality check in accordance with sone aspects of the
invention. In this exanple, all detenninations of process 2600 are nmade by
a processor coupled to the display interface. [0073] In step 2600, a video

signal is received fro i deo source, Next, .a_.signal ual i t est

pat t er n PRge rﬁF%WHEH‘thft“aﬁ‘ylﬂ %@86%’?}'@?’&%3%%@&%{%’63&?1 Ne’?'h@t ép}é%ei ved vi deo
signal (step 2602). In step 2604, a determination of a bit error rate is
nmade, bakeaaxipum tink dajeante is/varidied hyavayeefistraiming sessiptipadeat arp&ta ¢ | s nade
of whether the bit error rate is greater than a threshold value (step

2606) . Isfredrheowt¢ isatotified béthe tos phigtesemi a7 6, the ospabditips edtlerdisflan t he
threshol d value, then a determ nation is nade (step 2614) of whether or

not t heygsidd EDID! Br ¥kARPcS &8 MBfermided by way dIeheiuRiRGd chivadel bhiethe are nore
video franmes, then the process returns to step 2600. O herw se, the process

ends. h%ggag,lere%%}q'gyﬁo&gf; Erfeqlﬁ#a?atbimgvgggg, it ﬁ.glg,tljeﬁllfgeatc%ﬁl%&ﬁﬂoﬁ grfig greater

t han t he S in step ermnation I's nade (step 2608)
as to whether the.bit rate |J greater than a mninumbit rate. If the bit
rate is“ﬁ%ﬁ%?raweﬁslﬂ?ﬁ‘iﬂrﬂ% bit rate, then the bit rate is | owered
(step 2610(??) and the 1process returns to step 2606. If the bit rate is not
gr eat er [9078h Nexb ap Al Gnifta Breemysppiece sersftrepa afpgutes & IKdpefedT 0y WaYal og anode
(step 2612) and the process ends. [0075] Fig. 27 shows a flowchart for a

| i nk sebf the apridiresshadi€midat A2 titastemwiotittesare fartherdiotdiet vdfethehe

i nvention. The process 2700 begins at 2702 by the receiving of a hot plug

det ect i @ B¥ANInkAOtAPablasfisGpporhg théQdquiesiFainanibends datsistidayns 8 2MR0le by way,
of an associated auxiliary channel to determ ne a maxi num data rate, a

Bﬂp?glr’ gx:ct ZZZQ%%?MR)ZJ? %3{?3%?1\’&55 Yre4Bih&l by sddieieisbdiad pEQRY Heldersdid avail abl e
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.

[0077] Fig. 28 shows a flowchart detailing a process 2800 for performing a training
session in accordance with an embodiment of the invention. It should be noted that
the training session process 2800 is one implementation of the operation 2506
described in Fig. 25. A training session is started at 2802 by sending a training
pattern over the main link at a set link rate to the receiver. A typical 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. The receiver is to use these two phases to optimize the

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



the maximumlink data rate is verified by way of a training session and at
2708, a data streamsource is notified of the hot plug event. At 2710, the
capabilities of the display (using EDID, for exanple) are determ ned by
way of the auxiliary channel and the display responds to the inquires at

2712 which, in turn ults col | aboyation of t main | ink training
sessi on Oélﬁhwwaswé#ee] fr\%le%&* s gocsings CﬁtiCﬁféa%ﬁS@% 3 $rmae sehti<nds r eam
attributes to the receiver by way of the auxiliary channel and at 2718,
the st ré@mdslm@ndb%tralnmgfatﬁttlhdrwh,dhé foceyenkess hpass/faihbit der each phthrges capabl e
of supporting the requested nunber of data streans at 2720. At 2722, the

vari ous phaics apé tHeatmsmiteerfao2 8 Ayeash ghing, the saeiat edll paaieced tdhader s and
the nultiplexing of a nunber of source streams is scheduled at 2724. At

2726 a n@ﬂt}’ﬁf .ﬁ';%d &H@edti%n'@ﬂ@ss‘@ﬁ?}t REY 2t2R10Qkd [f1Be tecBikeSdRk Wot dePK. Wien
the lint: status is not OK then the source(s) are notified of a link

Fai | ur e QYN Rine o o SLRRCLR Yy I ant it They SHEBARR B erfconst ruct of

into thé ive streans e various eaders at 2730. At
2732, the r constr cte ve data,streans. are th passed to the display
devi ce. TRDHRF isge Y‘Etéggﬂﬁ’g%atﬁaf &i‘%ﬁé‘ﬁdﬁss I:?é{e&?chdr?éSEl?p)r ocess 2800 for
perform a training session in accordance with an enbodi nento F the

i nventi d?ﬁ%sﬂ tFig RGullestisécsrioromeputdiaystemZO0P empinyied te isplicownbtiecess 2800 s
one inplementation of the operation 2506 described in Fig. 25. A training
sessi oninwntbilr Cenipater 2803n RY0G Brodilngn exampdé of ngrappas twstem avehichhe mai n
link at a set link rate to the receiver. Atypical link: training pattern

i s showhd gredehBinvédtidcaneahiddntdnted. Tonpite® 3R TB00 iiudds@entiiient i on.  As

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

"R P, A A e DEANEBRHEE st oo

lock ar %RBRBI 2%&? don%sorlrr?cprg penphera?ls Ebgﬁf 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
secondary storage medium 880, which is typically a mass memory device, is also
coupled bi-directionally to CPUs 2910 and provides additional data storage capacity.
The mass memory device 880 is a computer-readable medium that may be used to
store programs including computer code, data, and the like. Typically, mass memory
device 880 is a storage medium such as a hard disk or a tape which generally slower
than primary storage devices 2940, 2950. Mass memory storage device 880 may take
the form of a magnetic or paper tape reader or some other well-known device. It will

be appreciated that the information retained within the mass memory device 880,

35 o o



34 quality is reasonable. At 2804, the receiver checks an associ ated
training status and based upon the training status check, the receiver
sets a pass/1'ail bit for each ofthree phases and the transmtter at
21806. At each phase, the receiver will proceed to the next phase upon
detection of pass only and at 28 10 and If the receiver does not detect a
pass théﬁa¥>ﬁ’éaPR—FE%‘i”\‘F%Fasteégqfdé%o@%teﬂllﬁﬁtaﬁ%&f@ faghion as pagief RAM 3928as¢ i ng
session. The main link is readv at that link- rate at which a pass is
det ect edvidbal2@@ory] 00781 Fig. 29 illustrates a conputer system 2900
enployed to inplenent the invention. Conputer system 2900 is only an
exanpl e [007% OPEPPY bars kb eouplsd Whirkhor nidie inpueseput tlevdcmta%nhaﬁaxﬁuybe

i npl enent ed. Conput er system 2900 includes central processing unit (CPU)

15 10-, ih@RGOB:P&E SSEIIMRER S, deION dich 299co ﬁ%ﬁoﬂn{rﬁfcmrﬁﬁme( ROV 2925,
one or nore peripherals 2930, graphi cs control er’ 2960, pr| mar - y st or aae

devi ces k%?é(%{ﬁﬁq%lgl%%gonefs%gc g&ll gf’%fl d(ijé ? ﬁcte gagrégea £IS, (r]nalg%\%t Known in

the art tans ata Fuctrons uni™ S onal ly to
t he, CPUs 9 10. e RANI is use ically to transfer data and
instr uctoirBFl%er t?Peare%aerﬂlt?bé‘Etﬁ’lséﬁﬂﬁﬁesﬁﬁ’ﬁ?Fe‘?r ég‘“ QE@Zﬁfﬁyordﬁh“ér all'y include
any nunmber of processors. Both primary storage devices' 2940 and 2950 may

i ncl ude vestlykrawn inbhiedayénep gualrasy ebrpusssi etheretimputess. EwelidaPys 294} age nedi um
880., which is typically a mass nenory device, is also coupled bi

_di rect ioptiomdllyymaybetjupdd: tp Aldonainctr pr Glécdagmadelitions netwodiatesg. sdror age
capacity. The mass nenory device 880 is a conputer-readabl e nedi umthat

may be Bsehet RetwdHOSCAnPHAERA RBtWOIR] déthdOntR B Bhe&RMGs siewA: and the |ike.
Typical [y, mass nenory device 880 is a StOFace medi um such as a hard disk

s RSP R oty R TSR TSR o

tape r e39 % mlght Tocove 1nﬁmnatlo ue homqgémetgv%\l(ll( Ge mlght out;l)tlt 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.
[0080] Graphics controller 2960 generates analog image data and a corresponding
reference signal, and provides both to digital display unit 2970. The analog image
data can be generated, for example, based on pixel data received from CPU 2910 or
from an external encode (not shown). In one embodiment, the analog image data is
provided in RGB format and the reference signal includes the VSYNC and HSYNC

signals well known in the art. However, it should be understood that the present

invention can be implemented with analog image, data and/or reference signals in
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be appreciated that the information retained within the mass nenory device
880, 35 inay~ in appropriate cases, be incorporated in standard fashion as
part of RAM. 1920 as virtual nerriorv. [0079] CPUs 29 10 are al so coupl ed
to one or nore iriput/output devices 890 that may i ncl ude, but are not
limted to., devices stlcih as vi,deo nitaors, adck pbal]s-, mce

kevboar @&t Frgiat, Fohe@mle jeplos SRase %Cadlu@%l}lé?/ ep pighatrierise Bl readers,
magnetic or paper tape readers., tablets., styluses, voice or handwiting
recogni z@pgesmndmgh@nerefmmcelsmnh i nput deV| ces Rich as, of course, other
conputers. Finally, CPUS 2910 optionally may be coupl ed to a conputer or
tel econ{[mm] edthbogis omlgtafewlembdimentaof the ptesemahvencionbiake beenan i nt r anet

net' ~vork, using a network connection as shown generally at'2995. Wth

such a asgcmé& ucs@leﬂﬂoae lﬁﬂerstaodltﬁatquﬁl%g%%&@ﬁu&hﬁiaytb@%n%h&d ig9 10 might

receive infornati on |-ornthe network, or mght output |nformat|ontothe
net wor k e Such
infornaplaﬂﬁtoﬁl\%ﬁ #fffcsfog%fen rep sengf%n?ﬁl% &srgg)zg%éc%gg? gﬁrlllg (r?ffjsc{ll ons to be
execut ed may recel ved fr m and outt%u egl. t Q. .the .network usiong

- 15Egr THSRIRBRECKATHIES R 0 Posdistered asaMRIELTS B3 5O gnal enbodi ed

|n a carrier, vvave. The above-described devices and nmaterials w .11 be
fam | i arestristivggod tlaf inyRatiqn is got teded bnipadk te thedatelliegiverpheieing bRttpay e art s.

[ 00801 Graphics controller 2960 generates anal og i mage data and a

cor r espbanoioddicdefidrie fiwescopgofthe appoidpd claindesl ohgwithttheidfiudi dcape df spl ay uni t
2970. The anal og image data can be generated, for exanple, based on pi xel
dat a r egfiivgeht§.r om CPU2910 or

[0082] While this invention has been described in terms of a preferred embodiment,
there are alterations, permutations, and equivalents that fall within the scope of this
invention. It should also be noted that there are many alternative ways of
implementing both the process and apparatus of the present invention. It is therefore
intended that the invention be interpreted as including all such alterations,
permutations, and equivalents as fall within the true spirit and scope of the present

invention.
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froman external encode (not shown). In one enbodi nent, the anal og i mage
data is provided in RG format and the reference signal includes the

VS YWC and HS~' NC signals well known. in the art. However,, it should
be understood that the present invention can be inplenented with anal og
i mge, data and"or reference signals In 36 other formats. For exanple,
anal og i mage data can include video signal data also with a correspondi ng
lime reference signal. [0081] Although only a few enbodi nents of the
present invention have been described, it should he understood that the
present invention may be enbodied in nmany other specific fornms w thout
departing fromthe spirit or the scope of the present invention. The
present exanples are to be considered as illustrative and not restrictive,
and the invention is not to be limted to the details given herein, but my
he nodified within the scope of the appended clains along with their ful
scope of equivalents. 100821 While this invention has been described in
terms of a preferred enbodinment, there are alterations, pernutations, and
equi valents that fall within the scope of this invention. It should al so
be noted that there are many alternative ways of inplenmenting both the
process and apparatus of the present invention. It is therefore intended
that the invention be interpreted as including all such alterations,

permut ations, and equivalents as fall within the true spirit and scope of
the present invention. 1. In a packet based nultinedia system having a
mul timedi a source device coupled to a nultinedia display device by way of
a hi-directional auxiliary

1. In a packet based multimedia system having a multimedia source
device coupled to a multimedia display device by way of a bi-directional auxiliary
channel arranged to transfer information between the display device and the source
device and vice versa and a unidirectional main link arranged to carry multimedia
data packets from the multimedia source device to the multimedia display device, a
method of reducing multimedia packet overhead, comprising:

prior to commencement of transmission of the data packets from the source
device to the display device over the main link, communicating via the auxiliary

channel data packet attributes to the display device;
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channel arranged to transfer information between the display device and the
source device and vice versa and a unidirectional main link arranged to
carry multimedia data packets from the nultinmedia source device to the
mul ti nedi a display device, a nethod of reducing nultinedi a packet

over head, conprising: prior to co cement of transm ssion of the data
packets fromPHBINgGrdred fingidata Ra%ﬁ’éaﬁrg‘b‘l %?yhaé&eég%wketﬁwéwﬁnn i nk,
comuni cating via the auxiliary channel data packet attributes to the

di spl ay therddvecd 88 seommmgsaratectiti e dotazmckiettaiiripaick elredyader for each of

t he data packets wherein the. reduced slze is commensurate with the data
packet abimiitaesl abtleagdkiliapohameat ed via the auxiliary channel;

associ ating the reduced size data packet header with a correspondi ng one of

the data packgicriatingife feddfiRibitd ddpdcRe: Hala: WAk k ebrradpdndng @t 8fed reduced
si ze data packet header fromthe source device to thé display device over

the mai ! ~ A thod as recited in clairn 1 1, wherein the data
packet ?gé%%gp%%egﬁaﬁnber of associated nultinedia data packets that take

together forma myl.tinedja data packet stream, pnethod as recited In claim
2., wherein tHESHHIIRS ﬁ’%&iaﬁi Qf‘éi?eat aﬁ‘aé‘ﬁ%’f’lagetdrrég‘r‘??disézedﬁ? Qﬂ"ieal Kead¥er of
mul ti medi a data packet streams each having an_ associated adjustable data
st r eam Iffonk thegpurce ayice to thedisplaydisniceoventhaandigdinkt reamrate. 4. A net hod
as recited in claim1l, wherein the bi-directional auxiliary channel is
formed of a uni-directional back channel configured to carry information
fromthc sink device to the source device and a uni-directional forward
channel 2. A method as recited in claim 1, wherein the data packet is one of a

number of associated multimedia data packets that take together form a multimedia

data packet stream.

3. A method as recited in claim 2, 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 a native stream rate.

4. A method 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.

5. A method as recited in claim 4, further comprising:
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i ncluded as part of the main channel for carrying information fromthe
source device ZI to the sink device in concert with the back channel. A
met hod as recited in claim4, further conprising: 39 form ng a nunber of
virtual |inks each. being associated with a particular one of the nulti
medi a data packet streans erein each of said.virtual |inks has an

associ at ed vilPHRas 2 ppmbenfaurdmks ferbbeng asgegiated W&‘raaRﬂéTlc Af¥t*hod as
recited in claim5. wherein a main |ink: bandwidth is at |east equal to an
aggr egavéthsimullianedia datapatkehiireamsoviateinsactyof safd wppalk inksdag e r educi ng

mul ti medi a packet overhead in a packet based nultinedia systemhaving a
mul t i medisaciatedrniguad éivik bandvwidi @dl 4 virtaalnlidkdateedi a  di spl ay devi ce by way of
a bi-directional auxiliary channel arranged to transfer information

bet ween the display device and the source device and vice versa and a
unidirectional main link arranged to carry nultinmedi a data packets fromthe

nul i medi a_squr ce dauheg ol e e iHhb SEOha ARLAY LGS g R | ST o

means for coniruni catrng via the auxiliary channe ata pac attributes to
the display device prior ta commencement of transm ssion of the data
packet o AL an 2BeFeEEe gL REPRIEINES “devi e over the main I ink;
nmeans for formng a reduced size data packet header for each of the data
packets wherein the reduced size is conmensurate with the data packet
attributes already communicated via the auxiliary channel; neans for
associ ati ng 7he r ddupedragisder ddtang avitidhedie pddet wwérheal inagrackgtpondi ng one
of the data packets; and
based multimedia system having a multimedia source device coupled to a multimedia
display device by way of a bi-directional auxiliary channel arranged to transfer
information between the display device and the source device and vice versa and a
unidirectional main link arranged to carry multimedia data packets from the
multimedia source device to the multimedia display device, comprising:
means for communicating via the auxiliary channel data packet attributes to
the display device prior to commencement of transmission of the data packets from
the source device to the display device over the main link;
means for forming a reduced size data packet header for each of the data
packets wherein the reduced size is commensurate with the data packet attnbutes
already communicated via the auxiliary channel;
means for associating the reduced size data packet header with a
corresponding one of the data packets; and

means for transmitting the data packet and associated reduced size data packet

header from the source device to the display device over the main link.
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means for transmtting the data packet and associ ated reduced size data
packet header fromthe source device to the display device over the nmain
link. 40 8. An apparatus as recited in claim?7, wherein the data packet is
one of a nunber of associated multinedia data packets that take together

forma multinedia data packet stre n aratus as cited in claim$8
wherein the ful ti #ébqpéa@é‘{sé‘sﬁ%iggtmgﬁ%ﬁnwsg‘%% eﬁ?”é"“ﬁ@%ﬁ%?n%?fl%ul timedia
data packet streans each having an associated adjustable data streamlink
rate thaumber ¢fradensintelbmultishedia date pockettthatdake iggethenormamulbigzadia us as
recited in claim8, wherein the bi-directional auxiliary channel is forned
of a undatdipaeiet soermh. 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 carrying information fromthe
source device to the sink device in concert with the back channel. 11. An

apparat us asgr eci L@?aﬁ%kagraﬂsaaiﬁr{%&@d ilfl lea;rH%rwﬁgrgmwﬁl?hﬂgﬁmg&graﬁtatﬁglﬁ&or mng a

nunber of viftual S eac el'ng associ a partic one of the

multi nedia data cket, strea er.ein h, of i irtual links h
o Sori aEEtiny s onb A TR g SO BrnHOg e e traims Fief g 31 5 A Sppar atus

as recited in claim1l, wherein a main |ink bapndw dth is at |east equal to
an aggr ayatiatedadivkiable dataisream kink wteihol i independeaboinmative sitegpastepr oduct f or
reduci ng nul ti nedi a. packet overhead in a packet based nultinmedia system
having a nultinmedi a source device coupled to a nultinedia display device
by way of a bi-directional auxiliary channel arranged to 41
10. An apparatus as recited in claim 8, 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.

11.  An apparatus as recited in claim 10, further comprising:
means for forming 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.

12.  An apparatus as recited in claim 11, wherein a main link bandwidth is

at least equal to an aggregate of the virtual link bandwidths.
13.  Computer program product for reducing multimedia packet overhead

in a packet based multimedia system having a multimedia source device coupled to a

multimedia display device by way of a bi-directional auxiliary channel arranged to
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transfer informati on between the display device and the source device and
vice versa and a unidirectional main link arranged to carry multinedia
data packets fromthe nultinmedia source device to the multinedia display
devi ce, conprising: conputer code for comunicating via the auxiliary

h | .dat ket. ttribut t he di devi ior t t
of 1 r andiirey BfStion Botyiaen teBamiRy I e mtng Y bty 16 edindies Srfhe. di spl ay
device over the main_link; conputer code for form ng a reduced size data

packet RBaaspidugetienat mayt lighgrangsd fo eraplpulingdes datypackstsrizomel size is
commensurate with the data packet attributes already communi cated via the
auxi | i amyuliimedineburce deyiae wrthe oudtithedia dsplayidavicagronieisiriuced si ze dat a
packet header with a corresponding one of the data packets; conputer code

for transm t tbmguieheodbabicqaskicammvia sixonixdied chagdréda phalet data packet
header fromthe source device to the display device over the main |ink;

and COMpYLiBied %%H@Hisﬁla%@bi@@bfi@fto%ﬁﬁﬁé?ﬁs\%glﬁiecﬁﬁfﬁgﬁgﬁgioﬁ%@%e %ﬁ‘i’% t Conput er

program product as recited in claim13, ata pa is one of

a nunbe i |t | 8 ckets.that. take together forma
mul time ?cg(feﬁglfoggghfi%?e ey }é:gﬁ%?@p%ﬁ%é& Ceerovﬁftcl)lﬁr%arﬁ’gl{‘gduct as recited in
claim 14, wherein the tipedi a data. packet streamis one of a nunber of
mul ti medi a dSPTAPWALRQde flg%éfg%a@%wdwa&ﬁ RATKElSAASTAPR ARG abl e data

streamlink rate that is independent of a native streamrate. 42 16.
Conput eflatp pagketiivherotithe reslycedesize is goinmepbarin i) thehlatacpacketradtribiites

already communicated via the auxiliary channel;

computer code for associating the reduced size data packet header with a
corresponding one of the data packets;

computer code for transmitting the data packet and associated reduced size
data packet header from the source device to the display device over the main link;

and

computer readable medium for storing the computer code.

14.  Computer program product as recited in claim 13, wherein the data
packet is one of a number of associated multimedia data packets that take together

form a multimedia data packet stream.

15,  Computer program product as recited in claim 14, 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 a

native stream rate.
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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 carrying information from the source device to the sink device in

concert with the ck channel . 17, Conputer. pr.agr roduct as recited in
claim 16, furPher STrRgam FrodH ﬁgp lt%mwﬁbﬁ?ﬁﬁﬂﬁﬁlq ¥7ks each bei ng
associated with a particular one of the nmulti nedia data packet streans
wher ei ndizagtonef ausaliaty harmghis foimmeadsofieani lirestiangt bapkedhannal coafigirpdke bandwi dt h
and a virtual link- rate. 18. Conputer program product as recited in claim
17, wheegirniroriedtion| fromk tHeeshanalide tb sSheadouk@adevicequdla und-daractaggt egat e of the
virtual |ink bandw dths. 43
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.

17. Computer program product as recited in claim 16, further comprising:
forming 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.

18.  Computer program product as recited in claim 17, wherein a main link

bandwidth is at least equal to an aggregate of the virtual link bandwidths.
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