8 APR 2004 PACKET BASED VI DEO DI SPLAY | NTERFACE AND METHODS OF USE THEREOF

FI ELD OF THE | NVENTI ON [ 0001] The invention relates to display gq¥p§3§2004

More specifically, the invention relates to digital display inte

suitable for coupling video sources to video display devices. BACKGROUND

OF THE | NVENTI ON [ 0002] Currently, video display technology is divided into

Snal Fg téM@Kﬁ(FBA@EDA%IKE@IHSREIAWdB\I@RMLGC%AN!l Ddigital type

i spl ay devices (suc or pl asma screens,

etc.), each of whi chmﬁm@ﬁéﬁ Cﬁf@ﬁ gﬂ%ﬁﬁﬁbf‘nput signals in order to

successfully display an inmage. For exanple, a typical analog system

i ncl udes an anal og source (such as a personal conputer, DVD player, etc.)

coupled directly to a display device (sonetines referred to as a video

sink) by way of a conmunication link. The communication link typically

takes the formof a cable (such as an anal og VGA cable in the case of a

PC, otherwse referred to as VGA DB15 cable) well known to those of skil

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 advantages
FigEp o SEABION | s t he ubi quitous nature of the cable, due to the

| ar ge and ever-expandlng installed base. As long as the analog 1 . 8 APR

2004 sjodpEps ddednidntdn adlareetondissioayisades. Mdie kgecificallyf the ihv'eﬁﬁ&’ﬂt' ve to
m grate away from any other cable formthan the VGA DB 1

relates to digital display interface suitable for coupling video sources to video dlsplay

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. Fof 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 2 cable (such as an analog VGA cable in the case of a PC, otherwise referred
to as VGA DBI15 cable) well known to those of skill in the art. For example, the
VGA DBI5 cable includes 15 pins, each of which is arranged to carry a specific

signal.

{0003] One of the advantages of the VGA DB15 cable is the ubiquitous nature of

the cable due to the large and ever~expand1ng 1nstalled base As long as the analog




[ 0004] However, in recent years, the exploding growh of digital systens
has made the use of digital capable cables such as D gital V:Dajal APR 2004
Interface (DVI) cable nore desirable. It is well known that is a
digital interface standard created by the Digital D splay Wrking G oup
(DDW5). Data are transmtted using the transition mnimzed differential
si gnal i sgteniiaSyritmdaboeopredpminate] itivge & litil@incaltiveitg Afigrafe wayifism PC s
graphi cs subsystemto the display. DVI handl es bandw dths in excess of 160

MHz andadshwtBerSdaBROGES tha e §eth PRIY With a single set of |inks. [0005)
Today's display interconnect |andscape includes the VGA (anal og) and DVI

(digita for skt op .di spl ay interconnect applications as well as LVDS
(di gi ta“’;"““forqf%}’f‘é?ﬁé?f g‘ﬁ‘r% S &Vﬁpgaﬂgi$%%§1${}aﬁ) RYStESEASops and ot her
all-in-one devices. ~Gaphics |IC vendors, display controller |IC vendors,
noni t ormadmilic ase of digitalpapabibccabbEnuciags Digital Yisuddsterfape @VBeableners, to one
degree or another, nust factor interface choice into their design, product

def i ni tinore, desivablé.al el gnowi fae DIVIGs A BiEitaPintcefios SaflRed sieaied byfigy exanpl e,
i f a consunmer purchases a PCwith an analog VGA interface then the

CONSUIE; o8] a i tarl: Mol " nitor in
Wi oh TR DB PG GRRp DD B D88 P Ak v Bl ) 0
digitized.b of an .inline L,og to digital cqnverter (ADC) or an ADC
bui | t ifH‘[“BnyzFﬁ@le"é?‘Fa sieatingd TR I%PES’GB’gP%T’ Pe.p gratal %1811%13{%2}\% desirabl e
to have a digital interface that is nore cost effective that current

i nt er f Fese@phishsubsysrm o therdispdayp| PV haridirsbandwidthssn gneess e di spl ays. In
sone cases, the digital interface would al so be backward conpatible with
anal og MHdeand tiai ehpmats WG AZand HIDPRVAOH 2 SRR fMmiks HE | NVENTI ON

=

[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.
Graphicls 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 have a digital interface that is more cost
effective that current interfaces (such as DVI) for coupling video sources and video

displays. In some cases, the digital interface would also be backward compatible with

analog video, such as VGA.



[ 00071 A packet based display interface arranged to couple a nultinedia
source device to a nultinedia sink device is disclosed that Erﬂcm’c&egn@,
transmitter unit coupled to the source device arranged to receive a source
packet data streamin accordance with a native streamrate, a receiver
unit coupled to the sink device, and a I|inking unit coupling the
transmitter unit and t hBUMBMAREORTHE EXYENGJdON o transfer a nultinedia
dat a packet stream formed of a number of nultinmedia data packets based

upon the source packet data streamin accordance with a link rate between
the transmtter unit and the receiver unit. It should be noted that in the

q ; tbadi ) .o _ ;
fare | [EASHT " A LRER asld BabiaP lhulrBlo8 alrind ddSBROAE Rinilimbdle sPibe 10, ©1 O™
multinedia source device to, a.nmultinmedia,sink device,is djsclosed. The
met hod qeyiaede a snlimedig sikadevisr ds dsclpsedhatiingudes adranemitiesunite having a

transmtter unit coupled thereto, providing sink device having a receiver
uni t cowppled ta thersetiwe dedceawanggd & soeive @ sdatapacket deastreanaimcor dance with a
native streamrate by the transmtter unit, coupling the transmtter unit

and t hecE QAR FithRthativeYstrémH rE, Prebdiie ik ddipled té MeBdkdiedidlbdd f°di a data
packet stream formed of a number of nultinedia data packet based upon the

sour ce St.r . t I he multinmedi a data, packet streamin
accor da@g%‘ uvn\nlttﬁ%ﬁgh??@g trra;a"g‘gﬁ%g’fm\/\%%gi ﬁhﬁéecte%véeﬁggﬁ?ﬁaél}gegk? Frg%s%gat he receiver
unit. 100Q9] .In stil] another enbodi nent of the invention, a packet based
vi deo WHtiwediadatanscket strpam deymedof gmumbgeof multimadiadata paakets bagsd ce i s
descri bed. The interface includes, on the source device side, a source
appl i capowothelsayree packehdafe dtream pr avepxflance wishiadipk date hetteer g a data stream
format, a nunber of data streamattributes, and a streamidentification

23 gizer trafsrHiRteF @t hndike ré@gBler G Pl 8Bo1Q bE hBted it Gethaesdribali on 3 - 8 APR
embodiment, the link rate is independent of the native stream rate.
[0008] In another embodiment, a packet based method of coupling a multimedia
source device to a multimedia sink device is disclosed. The method includes the
operations of providing a source device having a transmitter unit coupled thereto,
providing sink device having a receiver unit coupled thereto, receiving a source data
stream in accordance with a native stream rate by the transmitter unit, coupling the
transmitter unit and the receiver unit by way of a linking unit, forming a muitimedia
data packet stream formed of a number of multimedia data packet based upon the
source data stream, aﬁd transferring the multimedia data packet stream in accordance
with a link rate between the transmitter unit and the receiver unit.
[0009] In still another embodiment of the invention, a packet based video

interface for coupling a source device and a display device is described. The interface

includes, on the source device side, a source application layer arranged to provide a

source data stream, a data stream format, a number of data stream attributes, and a

stream identification number, a source link layer coupled to the source application



| ayer arranged to provide link initialization and video interface
managenent functions, a source physical |ayer coupled to the |Iink |ayer
that includes a source |ogical |ayer arranged to at | east = § APR 2004
packeti ze/ depacketi ze data, scranble/unscranble data, generate |ink
training patterns, encode and decode data, and a source electrical |ayer
t hat i fayandasngzidne piavide link initializativni sndtvideo, infeffaed mahagemeaeri al and seri al
to parallel conversions, and spread spectrum capable PLLs. The interface

al so 1 HEHUYIAS AouRlePhySedl1ARRE I o't M RFENRA (OB Nutde source device
RGP o L N g

physical layer and |spl e y5|c ayer arranged to transmt
si,cal and t di spl ay

i nformati.on,between ource.devi ayer

devi cm}‘bﬂflag 1YAT Aapgs t%ﬁt Rt Bg@ﬁ;eécgepaﬂpqﬁf: gﬁtﬁe%f‘?‘%ﬁﬁ/luns H]%I i nk coupling
the coupling the source device physical |ayer and the display device

physi calital ggperatelinkatrgining pattemarenepde andidacoda data apdseuree elestrisalir ce devi ce
physi cal |ayer and the display device physical layer. [0010] In yet another

enbodi @yt thatiabRdeLsirduitogfor i aldatich, facillepacdetinl Ariseelal to@apilleng of a source
device and a display device is disclosed. The conputer program product

| nCl UdgS BN id GROR el il mrlﬁ@ﬁg@éaséfnm@; a data stream

for mat, strea attrl ut es streami1dentification
number ut or rov Ilnk initi I|z d,video interface
mnageh@ﬁ&er@%ﬁwl 1% chittnsbeipline Bheoptse dstiek abysia I Bt BBkt | 21 ng
data, conputer code for scr anbl ing and/ or unscranbling data. conputer code
for geAeres phygical layerarmangadig trapsmit enfasmatiosrhstivesn tho surewdeviercodi ng and

decodi ng data, conputer code for initialization of the coupling, conputer

code f physjuablaiyétiang thadigplay Hetice pigkical lagdithnd &dealersal A pidikdtRInalconver si ons,
conputer code for transmttin information between the source device

DPYS' Cahirl m@aouamg HRRofpIRDY BY sslrvd &@al&fmgma' lay %R 1 Mls ﬁl?fe versa by way

an auxiliary channel,” conputer code for transmtting I'nfformati on between
the s O8Li& p%yswal layer arranged to transmit information between the source device

physical layer and the display device physical layer.

[0010] In yet another embodiment, computer program product for packet based
coupling of a source device and a display device is disclosed. The computer program
product includes computer code for providing a source data stream, a data stream
format, a number of data stream atfributes, and a stream identification number
computer code for providing link initialization and video interface management
functions, computer code for packetizing and/or depacketizing data, computer code
for scrambling and/or unscrambling data. computer code for generating link training
paiterns, computer code for encoding and decoding data, computer code for
initialization of the coupling, computer code for providing parallel to serial and serial
to parallel conversions, computer code for transmittin information between the source

device physmal layer and the display device physical layer and vice versa by way of

an auxiliary channel, computer code for transmitting information between the source



,- 8 APR 2094 devi ce physical layer and the display device physical |ayer,
and conputer readable nmediumfor storing the conputer code. BRI¢EFP

DESCRI PTI ON OF THE DRAW NGS Fig. | shows a generalized represen d‘%i‘%rﬂzﬁg‘f a
cross platformdisplay interface 100 in accordance with an enbodi nent of
the invention. Figs. 2A - 2Cillustrates a video interface systemthat is

used t odeviesplotsical layérdmd tisodissiay dsvicesphysidaidaghr S phdorbipitér deBdadfe Or dance with
a nunber of enbodinments of the invention. Fig. 3 shows exenplary main |ink

rates !ﬁleaﬁlﬁpfOQQf%?@g\t@lééb Cé%?gggi ment of the invention. Fig. 4A shows a

main |ink data pac In ance with an enbodi nent of the invention.
Fig. 413 shows a nmain |ink packet header in accordance with an enbodi nent
of the invention'. Fig. 5A shows a system arranged to provi de sub-packet
enclosure and nultiple-packet multiplexing in accordance with an

enbodi ment of the i BREEFIESCREPTHON ¥ JRHVDRAWINGS i npl ement ati on of the
system shown in Fig. 5A. Fig. 6 shows a high-level diagramof the

mul ti pl exed main Iink streamas an exanple of the streamshown in Fig. 5.
Fig. 7 show another exanple of a data streamin accordance with the

nvention. g B E ORISR Bl b BB il S cem
100 in accordance with an embodiment of the invention.

Figs. 2A — 2C illustrates a video interface system that is used to connect a
video source and a video display unit in accordance with a number of embodiments of
the invention.

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.

Flg 5B shows another implementation of the system shown in Fig, 5A.

Fig. 6 shows a high-level diagram of the multiplexed main link stream as an
example of the stream shown in Fig. 5.

Fig. 7 show another example of a data stream in accordance with the

invention.

Fig. 8 shows yet another example of a multiplexed data stream in accordance

with an embodiment of the invention.



Z.8 APR 2004 Fig. 9A shows a representative sub-packet in accordance with

an enbodi nent of the invention. Fig. 9B shows a representati VQ_EB pR B!?[ﬁ
data packet in accordance with an enbodi nent of the invention= é 1

shows an exanple of a selectively refreshed graphics imge. Fig. 11 shows
an exenplary link training pattern in accordance with an enbodi nent of the

i nvention. FFg 9A2howk usépredentatioe subgpaeheét ih ay@irdage ofitht dncenstyriirsnti n

accordance with an enbodi nent of the invention. Fig. 13 shows an exenpl ary
speci al 5£fgiRehfbn.MPPI Ng using 8B/10B in accor dance WI th an enbodi nent of
the invention. Fg. 14 shows an exenplary Manchester encodi ng schene in

accordance enbodi nent .of t.h nt| 15 shows a
representat i %/M’@‘ g%)?ﬁ?‘f’%ﬁ Vpéﬁffﬁﬁﬁ@fe @P’Egi"h‘ E%Wavg?ﬂrdwe“& rdance with
an enbodi rent of the invention. Fig. 16 shovvs a representative main |ink

el ect r i eabodimpnt| ofyikg inventiomcor dance  with an enbodi nent of the invention.
Fig. 17 shows a representative connector in accordance with an enbodi nent

of the i nvenFigor0 sHowg.ankRaBpRWT adeROtivelEreficaticd ghif¢sdimags, accordance with
an enbodi rent of the invention. Fig. 19 shows a display state diagramin

Var Lous compuper” BeREIR BBt ok tRcb iR oo 24 1118t

embodiment of the invention.

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

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

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

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

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

Fig. 17 shows a representative connector in accordance with an emboediment
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 1nvent10n

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

invention.




invention. 6 J APR 2004 Fig. 25 shows a flowhart detailing a process for
determ ning an operational node of the interface in accor dan@ EWIAPIR 2004
enbodi ment of the invention. Fig. 26 shows a flowhart detailing a process
for providing a real tine video inage quality check in accordance with
sone aspects of the invention. Fig. 27 shows a flowhart for a link set up
process in aEigo2fishoses aflowckant detaitingla prwessdor ddi@minivg ahioperatibhg. 28 shows a
flowchart detailing a process for performng a training session in

acCOr daeg bt 4B AR RIS, ARnce it i lustrates a
conput er syst em enpl oyed to 1 npl érrenté@r?gﬂlut‘ér{@gﬁ% Fc%gve"%‘%g APR 2004 DETAI LED

DESCRI PTI ON S 0011 Ref er.ence w be made in
detail to a §T%§1E%1ﬂw§r qz:%l\@%ﬁgﬁfmqgfi?rﬂge (?f\PéﬂYl Bﬁgaa'i‘?a]letyﬁ Oof which is
illustrated in the acconpanying drawings. Wile the inventi on will be
descr i bEWEF ARIBY pheskdn aeFoFgange with sgmespastsaf teaivyentiamt . it will  be
understood that it is not intended to limt the |nvent|on to the described
enmbodi ment . Fig. 2thshoosntfteavchartifér 4 Bnk set ep gadedsdn atotedark veihnat | ves,

nodi fications, and equivalents as nay be included within the spirit and

scope %Hohﬁnérﬁy,?ﬂ{ellﬁpeﬁgndefl ned by the appended claims. [0012] The
inventive interface 1s a point-to-point, packet based, plug & play, serial

di gi tal i SR g0gl B SE L% R rain 3 o QBB 3k A Stoy S 301 ©

in accordance with an embodiment of the invention.

Fig. 29 illustrates a computer system employed to implement the invention.




with, but not limted to, desktop nonitors as well as providing LCD
connectivity wthin notebook/all-in-one PC s, and consuner eLeg'%Q?i@

di spl ay devices including HDTV displays and the like. Unlike c eht ﬁal
di splay interfaces that transmt a single video raster plus timng signals
such as Vsync, Hsync, DE, etc., the inventive interface provides a system
of multi-str PRTAILES DESERIPTIONOESELOCTEDIEMBODIMENTS or nore packet
streans sinultaneously in the formof "virtual pipes" established wthin a
physical |ink. [0013] For exanple, Fig. 1 shows a generalized
representation of a cross platform packet based digital video display

I nterf 00 i,n.accordance wth.an aodi nent of he inveption. The

|t or 08100 REfEERID Rombihe BRI n petlionfat erbefime b Penay of a
physical link 106 (also referred to as a pipe). In the described

embodi riBvention an eyapple aftwhieh is iBusirateddn thggiccompanyingadrawings.v Behilet t he
transmtter 102 that, if necessary, packetizes each into a correspondi ng
nunber thé indaktiorp@ilKied desdribled iflkonj@nclRInAwitiatheghfticale einbodinicdt, Tewill nt o
correspondi ng data streans each of which are 8 8 APR 2004 passed by way of
an assqgi Hh - R : Y 104. 1t should be
not ed ?)%51?1 Ht&%té%fiiﬂ?]d[f%rlgp gﬁ?lte]qél@d fotlﬁgl‘?g{aeﬁg%%glg Z‘:}ﬂiterdg%csr?ogré rate) for each
virtual |ink can e optimzed.for, the particular data.streamresulting in
! he. pyattedingioti Birerk, fifg intcied K e Bh B R AGR R Ao at ed I | nk
rate (each of which could be different fromeach other dependi ng upon the
parti cgaudivalgats as saydeipclududevidain shesspintand seame of the ipventiontasidefined) nunber of
forms such as video, graphic, audio, etc. 10014] Typically, when the source
i s a vibgele gponded cliifg, data streanms 110 - 114 include various video
signals that can have any nunber and type of well-known formats, such as

CONMPOSi§@2y! dephe mFEtRe ifefhdeAs a pBfHi3b-p6int, Pabltdt Based g L playONSUTEr
serial 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
HDTYV 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.

[0013] 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

data packets are then formed into corresponding data streams each of which are



digital video. The video signal can be an anal og video signal provided the
source 102 includes sone formof an anal og vi deo source such_zﬂs N‘P(Rr 2004
exanpl e, an analog television, still camera, anal og VCR, DVD pl ayer,
cancorder, |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

| MBge SEHsE@ELSWSNofm dseuciAEdbvipugl ppéll 15 + @20 toahevdcsiven1 MY houldli gital still
canera, and the like. The digital video signal can be any nunber and type

of wel |y, knouwnmdi @L vk {0 MR he b Badds u%¥%t@%%%§% iggg . 720

resolution, progressive-or 1nterfaced scan),
resol ution,.

progressive scan), as well  as standard 480 ogr essi ve scan
vi deo. QeoRptigyize Ofﬁ’@f@gé‘é‘?ﬁﬁé%aét@ﬁ@ rgwh}}rtgem rl'tyls’&g]l Wﬁ%l%a&ﬁ’a}%g i mage
signal, an analog-to-digital converter (A/D) converts an anal og vol tage or
cur r entdagd sjreainsiea¢hohayvinglinsassastiated bnk mte shchdoigihich bguld be diffetentunber s
(signal) formng in the process an appropriate digital inmge data word

sui t ablforh @ichlitBért RperiRE @soni tRE parflidylaPdat@stydadlf. The dhRlsireths Alg-converters
can be used. By way of exanple, other A/D converters include, for exanple

t hose f r : id | . . al og Devi ces,

Br ookt ﬁgg?’a‘gﬁ‘g@ﬁgﬁ?eﬁﬁ@%@@%@%ﬁ%@@a@% e, if the data stream
110 is an anal og type signal, the an analog to digital canverter (not
shown) Iﬂmludeamlﬁalg'p whe, hesquics 13 HEidee se1aes, thedata greams) 110 4l g t i ze the
anal og data which is then packetize by a packetizer that converts the

di gi ti 2edudtatagioss videorsighdls that carnhavermby numberdad dypeaafketl blaidwn each of whi ch
will be transmitted to the receiver 104 by way of the virtual |ink 116.

The r eginyd, sddifasWohlpositdified, 86041 Hiditalltpardl IBEdigRAIARGH, 68 BdrkhihePy
appropriately reconbining the data packets 114 into their original format.

It s homﬁtap‘%d%{t Pf $1383 sibﬁ'ﬁ chh BE af Qﬁzﬁbé Sidkd gﬁﬂ:ﬁ'}ﬁ’@ﬂ&ecpﬂhe source 102

includes some form of an analog video source such as for example, an analog
television, still camera, analog VCR, DVD player, camcorder, laser disk player, TV
tuner, set top box (with satellite DSS or cable signal) and the like. The source 102
can also include a digital image source such as for example a digital television (DTV),
digital still camera, and the like. The digital video signal can be any number and type
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.

[0015] 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 example those manufactured by: Philips, Texas Instrument, Analog

Devices, Brooktree, and others.



the native streamrates. The only requirenent is that the |ink bandw dth of
the physical |ink 106 be higher than the aggregate bandw dth ﬁdgﬁn 20!
strean(s) to be transmtted. In the described enbodi nent, the'i ' 8 !
data (such as pixel data in the case of video data) is packed over the
respective virtual |ink based upon a data mapping definition. In this way,
the phymioee] | iRok eddiiplé,ar therdatandtrebinel 10dn & bfialentype vignhdlythe aniankley does not,
as does conventional Interconnects such as DVI, carry one pixel data per

link char Eag!'coﬁ'\l ?l‘oé}f(noﬁ%ﬁ) ihdludddiif of'Bdu &Jlé(ﬂ.% thé‘ﬁ'ﬁﬁsilﬁﬁ@r f3Qyipr ovi des a

scal eabl e um t ansport of n only video and graphics data,

but aI audi o cati at a UI red. In addition,
the in HF%ZBFP%B%&‘# %‘Pag%tb ?/%ﬁ? %@f%ﬁc?‘8‘i1?e¥gwgc BtﬁﬁlE Scally sets the
physical |ink (or pipe) to its optinumtransnission rate. The invention
provi dedigitided dath sieast hl @ intme nuphercofidat prickets 114 eashf whighewdbbthect for al |

di splays suitable for nmultiple platforns. Such platforns include host to

di spl aytranshitpddap/ied tecéiverotd byswayedfl th@sirfualiflarid. oiHeatceiwsr04wvillel ect roni cs
applications. 10018] In addition to providing video and graphics data,

A1 Spl aynld Ok Y (B dRBmCAD %&gﬁf@?ﬂ%ﬁﬂr&&ﬂ) }i‘lﬁlgqgg'dﬁﬁl agkdieam pr ovi ding

essentially per ect an | gnment viatin ng t e need for
features |l.ike "Auto- ust and i k et sed n re of the

i nvent |136 intQ;theif 3’3@“@1’ hgfedt %183(‘3{? tff‘ﬁthf‘totﬂg 1}8%5"&? 15116 d"ﬂgﬂ?ZOM
multiple, digital data streams such as nultiple vi deo/gra hics streans and

audi o tmnﬁmﬁﬁ@nrﬁmtThﬁEinﬁf%pypmmlﬁmthellmké@édmdého euni versal seri al
bus (USB) transport for peripheral attachnent and display control can be

provi detysicdl hiaktl 06 be higheethah dlie Agesgatedratiwitibbf daga sir&mi(8) to@eher enbodi ment s
of the inventive display interface will be discussed

transmitted . 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.

[0017] 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.
[0018] In addition to providing video and graphics data, display timing

information can be embedded in the digital stream prowdmg essentlally perfect and

instant display alignment, obviating the need for features like “Auto-Adjust” and the

like. The packet based nature of the inventive interface provides scalability to support
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bel ow. [0020] Fig. 2 illustrates a system 200 based upon the S)ési\?jﬁ é&qu
shown in Fig.l that is used to connect a video source 202 andva d
display unit 204. In the illustrated enbodi nent, the video source 202 can
include either or both a digital 1inmage (or digital video source) 206 and
an anal og i mage (or anal og video source) 208. In the case of the digital

i mage soultipk, #igfial datditgamalsuctpdsansltipland@igaplicypsteeindend audiche transnitter
102 whereas in the case of the anal og video source 208, an A/D converter

uni t ZJsaeégﬁyi;Ur%g_}ifiE@&Ftaggli&ﬂﬂﬂé? INhSdaficANfhf%erda sBriflbus ausBI3 to a

correspondin gita ta stream 214. The digital data stream 214 is then

[ ane i s pesiaiere) LR AN Csogu a8 aePaRarl s HRE <ol o) o

digital t gg display or in sone cases can process either analog or digital
si gnal er&/ pdditionslepbling. | n any case, the display unit 204 includes a
display interface 216 that interfaces the receiver 104 with a display 218

and a [pheh 9§ 0NVeTHee embodiinedaB M itie inhentivesispldy iaerfaceawilpbd dipaussidspl ay. In the
descri bed enbodinment, the video source 202 can take any nunber of forns

(such %Elo@v personal desktop conputer, digital or analog TV, set top box,
etc.) ereas the video display wunit 104 can take the formof a video

di spl a ch as LCD type di , JCRT type  displ etg. ). [0021]
Regar d?@@rof Ifalﬁef ﬁ%gatﬁ? XQY%‘?&E@E#Q ugpn b%&@%e@ilm,ﬁﬁwgﬂg?l t he various
data streans are digitized (if necessarg{% and packetized prior to

t r ans nihes isored teegonnkes 21vid® saprre20Qang gyadesisplaynit . Vathe i ncl udes a

uni -directional main link 222 for isochronous data streans and a

bi - di r gisirged kembudimdngrtie cidamsRirce220D daarindtidekeithet opbaahd digitabr data traffic

(such as various |link managenent information, Universal serial bus (USB)

dat a, ﬁﬁgge)(or digital video source) 206 and an analog image (or analog video source) 208.
In the case of the digital image source 206, a digital data stream 210 is provided to the
transmitter 102 whereas in the case of the analog video source 208, an A/D converter
unit 212 coupled thereto, converts an analog data stream 213 to a corresponding
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.).

[0021] Regardless of the type of video source or video sink, however, the various

data streams are digitized (if necessary) and packetized prior to transmission over the
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bet ween the video source 202 and the video display 204. [00221 The main
link 222 is thereby capable of sinultaneously transmtting nultiple

i sochronous data streans (such as multiple video/graphics sb*&ahﬂﬁdﬁﬂ#

mul ti-channel audio streans). In the described enbodi nent, the main |ink
222 includes a nunber of different virtual channels, each capabl e of

t r ansf eghysiesl linkSWehwidoip g udas 2usitdigwiend] suath link 220 origrohsseds dataphi cs/ vi deo

and audi 0 data) at multiple gigabits per second (Gops). From a | ogi cal

! . ‘ : , : oal b
Vi €Wpol .eam% i Efg?ﬁg?cgtogﬁ ;ﬂxg?féig{y ¢Halle1 294 fﬁrﬁ?'gf%ﬁx\?iaa?ld%tﬁér%{aﬁrﬂﬁb’ sical pipe

and within pl pe, nu tual pipes can be

established. In this way, |ogi.cal data_streans are n igned to

physi cduciasyaapes kink KagagemeRM{ormaan, @qugg?%ﬂiﬁuf &E'%%f&ﬁ%gﬂ‘fﬂ its own

| ogical pipe (i.e., virtual channel descri bed above). [00231 In the

descr i tetwemtheviden squre202sqndalic video display284. rate, of the main link 222 is
adj ustabl e to conpensate for link conditions. For exanple, in one

i mpl engpY)i onThi hRiSREEEbE thdiéby Bapible bhkintikanevaslyhensadjtiag ed i n a range
approximat éd by a sl owest speed of about 1.0 Gohps to about 2.5 Gohps per

ChanneimuBREA RSB fk sty tiiied NP R Rg R ettt - G DR o 1

bits per pixel over a single _channgl. | hou be nat hat a reduction
in the m audiq sieams), bythe described e Pé"”t%‘kz%&%@f‘m&& er connect, but

al so reduces the power consunption which is an inportant consideration
(and désdludeslaauniber ofdifferent eintuat ¢hasnels shclceapable of trassfermepor t abl e devi ces
and the |ike. However, by increasing the nunber of channels to four, the

mei N | ij@lshAdus ddla SERRR (fucA@EXEorhPREReras/videvomdraediol datd)an) with a
color 12 2: depth of 24-bits per pixel at 60Hz. or QSXGA (2560 x 2048) with
a colo rrmﬁﬁﬁ)lte %ié%li)its 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).

[0023] 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 méin 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 and the like. However, by increasing the number of channels to four,

the main link 222 can support WQSXGA (3200 x 2048 image resolution) with a color
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1 8-bits per pixel at 60Hz, wi thout data conpression. Even at_the | owest
rate of 1.0 Cbps per channel only two channels are requi ned tfdlsupmbrt an
unconpressed HDTV (i.e., 1080i or 720p) data stream [0024] In the

descri bed enbodi ment, a main link data rate is chosen whose bandw dth
exceeds the aggregate bandw dth of the constituent virtual |inks. Data sent

to the ddptiesf BEBiItSIer i@ aP60HA 6r QEGATA5601x 2048) Withrablorelepited. A time- base
recovery (TBR) unit 226 W|th| n the receiver 104 regenerates the streams

ori gi najg ?ﬁé%&?u{eﬂteﬁo %otn‘?}{m mﬂ%ﬁiﬂie%\;f?ﬁa%@fo?ll ol nk data

packet s, essar however or appropriately
configured digital dlsplay dev es 232 shown in . ase

recover R@eﬁﬁli‘?é’éélsgﬁlﬁﬁwglché‘@elﬁ Epfeqyr toasupgo%gngg mEfSSSFhﬁﬁIQm ay

driver electronics at the link character clock rate, thereby greatly

reduci riget hé80ronB20p) defa stkamnel s required with a commensurate reduction in
conpl exity and cost for the display. For exanple, Fig. 2Cillustrates an

exenpl g0p24]CD RAMRE det3iBed eMbbdiicRE ainfhin HHE Gafd riYs élvRbn Whodd Me base
recovery since display data is essentlally pi pelined to the various colum

Sel oot AR HreB Tk ARG SN %?f%aéﬁnﬁlﬂaéﬂ%%ﬁ@ RISl i o <

descri be a si r’rfpl e enuneration nethod for the || rate and the pixel/audio
cl ock rafhe interfaspariyesst thetasmitaat ﬁﬁ Batixegates tz’bealeth?é% regPYeryhe st andard
pi xel /audi o cl ock frequencies that exist today are a subset of the
f ol | owi(ABR) nwit 226 withathe negive B4 Gkterate2(hd sire88’ soriginal fidtiveltate13 APR 2fi f) 4
This means that a pixel (or audio) clock rate can be expressed with four
par anetfng time’Starfps émbe¥aed A A8 main link data packets, if necessary. It should be

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

Fig. 2B, time base recovery is unnecessary since display data is be sent to the display

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.

[0025] 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=210x33x57x 111 Hz
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Pixel clock rate = 2A * 3B x 5C x 11D A = 4 bits, B =2 bits, C= 3 bits,
and D =1 bit. [0026] Even for a link whose |ink rate (whi Cgucﬁ’%{.&e rlal
link bit rate / 10 for a Ilink that uses 10-bit character

characters) may be different fromthe pixel clock rate, there is a beneflt
in defining the link rate with these four paraneters, A, B, C and D:

The benghistmdais €a ﬁiﬁptdr‘&h&}ﬂ) t1dck Fa@éa&%rtféte'xﬁfbsﬁdwlﬂ{ o eraﬁie&‘fé‘ S f rom a

i nk clock For exanple, let's say the link rate is set as =6, B =3
C= 7, and elﬁ and the corresponding link rate is 135M—Iz However,
suppose ﬁe pi“}? 1 ock rate is set as A=8 B=3, C=6, and D=0 (=
108MHz), then the pixel clock can be generated fromlink clock as pixel

cl ock rBJP(él‘FlQCke@tﬁeffZAo e SO nklPate * 22 / 5 1 [0027] Referring back to
those systens requiring tine base recovery, the tine- base recovery unit
226 mayAbe4 bing) BeaeniedC &3 Bitshgd Dat 1 Bitock synt hesi zer. For an unconpressed
video stream the tine stanp is stored in the packet header which as
described in nore 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, TS 11-8,

T L e o B R e BB gl ) oo

Freg_link_char * (TS 19-0)/220 14 8 APR 2004 100281 The transmtter 102
gener atlik thifiuses 1 Grbit sharagfenspch as BB/108 chcterstveny befdiffergnt fremdhe eam cl ocks
in 220 cycles of the link character clock frequency period. The counter
updat epitdlelockirate, thereriya Beefic ycd«fhingy the hiak rate kvithBésadber paedéekrs, Si nce t hese
two cl ocks are asynchronous with each other, the tinme stanp value wll

522235 égy?-lsen &0 Tl benbRl ALt PAAy 3 regoEralif @PREV S cibO% Mk
a link clock. For example, let's say the link rate is setas A'=6,B'=3,C'=7, and D'
={) and the corresponding link rate is 135MHz. However, suppose the pixel clock
rate is set as A=8, B =3, C=6, and D = 0 (= 108MHz), then the pixel clock can be
generated from linic clock as pixel clock rate is equal to the link rate * 22 /51 .
[0027] Referring i)ack 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(1) Freq native = Freq link char * (TS19-0)/220
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stanp in the header of the given packet stream A sudden change of the tine
stanp value (by nore than 1 count) may be interpreted by theg rgpg %ﬁﬁ as
an indication of an unstable condition of the stream source. 10029

shoul d be noted that, no tine stanp is comruni cated for an audio stream
In this case, the source device inforns the display device of the audio

sanpl e UDQBE antheaiB@itte® 1 0P bbiferAsy thisaiid famPbydehids the ASmbéeofaudi o rate
based upon Eq(2) and the link character rate, "the display device

S AR O O o e B, 5

| i nk data acket 40 0 shown in A includes a nain |link packet header
402 as WBEH updates the valye exery 2?9 cyq%?%fdh%hnlwwﬁw%r clprkr Sipserthess 0 are the
Stream |ID (SID) (indicating that maxi num streamcount is 16), bit 4 is the

Ti ne Sttsrycl¢ckSare dsgichrifirarn wWitht eadh btheg datime stainp tadweswilbciange hyehder has t he
| east significant 4 bits of Tinme Stanp value (used only for unconpressed

vi deo sdvepaimh. Hitweed ipdaRs %@&&sﬁﬁﬁéﬁoz&ﬁﬂ%ﬁ%&dw denMthCHinRCime @S the | east

signi ficant b| t of the frame counter which toggles from"0Q" to "1" or from
"1" to Q" frane ar 0 ressed video
st r eany e fns Beadet 8P G g REDO it 108 i blec BRI S5 Ul i
CRC (CRC) that checks errors for the previous eight bits. Bits 15-12 are
Time 152cAPRIpED than goynimaydie internrefod by therrecqiwesps ap prdication of an or
unconpressed video are used as four bits of 20-bit Tinme Stanp val ue.
(0032] ubstablefcohdidiond¥ tretstrgaa sofirce.he i nventive interface is the ability to
mul tiplex different data streans each of which can be different formats as
vel | agoéye CRIsh&lA be noted that, no time stamp is communicated for an audio

stream. In this case, the source device informs the display device of the audio sample

rate and number of bits per sample. By determining the audio rate based upon Eq(2)

and the link character rate, the display device regenerates the original audio stream

rate.

[0030] Eq(2) Audio rate = (audio sample rate) x (# bits per sample) x (#

channels)

[0031] A main link data packet 400 shown in Fig. 4A includes a main link packet

header 402 as shown in Fig. 4B that is formed of 16 bits where bits 3-0 are the Stream

ID (SID) (indicating that maximum stream count is 16), bit 4 is the Time Stamp (TS)

LSB. When bit 4 is equal to 1, this packet header has the least 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
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mai n |ink data packets include a nunber of sub packets. For exanple, Fig. 5
shows a system 500 arranged to provi de sub-packet encl osure'magldAP 004

mul ti pl e- packet multiplexing in accordance with an enbodi nent of tiiue2

i nvention. It should be noted that the system500 is a particular

enbodi mrent of the system 200 shown in Fig. 2 and should therefore not be

const r RS treadlIIDi [AGersioh {@SPISIENY AvA 1o uricbinfissef villbearenwehis on. The
system 500 i ncludes a stream source nultiplexer 502 included in the

transmtﬁﬁﬁgts]o(ﬁoﬁteﬂxﬁegsltgﬁpgaﬂﬁ a stream 1 suppl enental data stream 504

w th the ata“stream orma mnmultiplexed data stream 506. The

mul tiplexed data stream 506 is_then forwarded.t Jink layer multiplexer
508 t hdP03dnbi QB obths adyardages B}em‘fﬁmtﬂ%&néergﬁ? ‘ﬁegb@tﬂ?rwaﬁlpkm tipl exed

main |ink stream 510 fornmed of a nunber of data packets 512 sonme of which
may i ndifiictentaiata stfeams eanhbefiwluéh sanbepdiffemtisfobiats aewellas dave ¢eatagi n. A |i nk
| ayer de-nultiplexer 516 splits the nultiplexed data stream 510 into its

const i tentine aﬁt\%ﬁﬁéﬁdﬁﬁﬁ&uﬁéﬁ e6mesr dfiab §&d1@ﬁ;meD§x:{n§!il§SHfiFasl showsoci ated  sub

packet headers ile a stream sink de-nul tipl exer u-ther splits off
th t I . ' " b- kets. 10033
g, o LHaNs00 SRR e phiar Dhbask s BRI GREMA mEfiotdpdct SU7) PRE ST Sam 600

as an example of the stream 510 shown in Fig. 5 when thr streans are
mul ti prasidrlexipg 8y aqcpdaneg with Pﬂﬁmm@me?h‘éf‘Fﬁ%‘%’éng?r}-e@ﬁ%oqlﬁig? RP€dexanpl e are:

UXGA graphics (StreamID = 1), 1280x720p video (StreamID = 2), and audio
( St r eathat thesy&m 500ds s patticulanekbodimentidithssysteno20thstiown indligamidet 400
m nim zes the packet overhead, which results in the very high link

ef fi ci eiYd thERore @REBAcRBuaPEKRhitAG JEREr tR@stope of ihtdift of\ B8 2004 snal | is
that the packet attributes are comuni cated via the auxiliary channel 224

prior }nqleltlljl](ﬁl tfl%%?@e&%dﬁ']n&ﬁdés@%b@%‘%ﬁ%e Mﬁplgﬂrgowiﬂ&u&%%n the
transmitter 102 used to combine a stream 1 supplemental data stream 504 with the
data stream 210 to form a multiplexed data stream 506. The multiplexed data stream
506 is then forwarded to a link layer multiplexer 508 that combines any of a number
of data streams to form a multiplexed main link stream 510 formed of a number of
data packets 512 some of which may include any of a number of sub packets 514
enclosed therein. A link layer de-multiplexer 516 splits the multiplexed data stream
510 into its constituent data streams based on the stream IDs (SIDs) and associated
sub packet headers while a stream sink de-multiplexer 518 further splits off the
stream 1 supplemental data stream contained in the sub-packets.
[0033]  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

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
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[ 00341 Ceneral ly speaking, the sub-packet enclosure is an effective schene
when the main packet streamis an unconpressed video since angu&pﬁ)%ﬁgssed
video data stream has data idle periods corresponding to the -

vi deo- bl anki ng period. Therefore, main link traffic formed of an
unconpressed video streamw || include series of Null special character

packet st fet theipacies hit@buteBte eaRudidaiidVia B8 atibitiapidhahhsl 229 nul ti pl ex
various data streans, certain inplenentations of the present invention use

vari ous . ' between the main link rate
and th%nggw@gﬁﬁﬁgggﬁgpﬁéﬁcgeﬁ%‘é&%ﬁ@ﬁ@f@ém Is a video data stream For
exanple, as illustrated.in Fig., 7, the pixel datg rate.is .5 Gb/sec, such
that al8f¥of Genesallspesking the f%ﬁ%f@aﬁéveﬁs/mzef?@m fchemeawiShnpl e, the
link rate has been set to 1.25 Gb/sec, such that a bit of pixel datais

t r ans mithet mgingacket sBeans is dlamepmpreasesimideossinctG@ vinnompspsadsideo dgpeci al

characters between pixel data as illustrated in Fig. 8 Two speci al
char ack@gsn hﬁ@atéiidiészéﬁ@s bstra¥pefdiag fd theiddblblatkin petloddThéreforé, and a second
bit of pixel data PZ. The spéggi al %har acters al I]f)gwﬁ@;iecei ver 104 to

di stingui sh .eac It of nixel . 0t Y e Sheci characters
pet weoft ak Bfttsne oy G iBiefied A SHRE Y WA REHREBE U O
allows the Ilink to nmaintain synchrqonization, .In this exanple, the special
char ac$Rectal ghazagign packeis durngthts pergd) Bysapilglizing onthg abililyt or such net hods,
only a small FIFO because the link rate is sufficiently fast. However,

r el at i maltiplerovariouk dgfactreans, equidin énplsmentationeckthe pregengiivheentionuez onst r uct t he
video signal. The receiver needs to recognize when the special characters

begi n 3gtbus Rsbthdd0s 2dmpéhsaletfer didfcicyiCes Rtw i thOhRISI Stdéhdehod is to
alternate consecutive bits of pixel data with special characters, such as

nul | \é}glggfcf]at% %gé’ \{Vﬁéﬂm !Sﬁrcr st%ﬁf%]fst U&l@ed:) tfﬁt&&ﬂslam ?‘Sr gfaﬁirllﬂl%gag 8a | ine buffer

i nclu ransmtte en one or nore nu APR 2004

illustrated in Fig. 7, the pixel data rate is .5 Gb/sec, such that a bit of pixel data is

transmitted every 2 ns. In this example, the link rate has been set to 1.25 Gb/sec, such
that a bit of pixel data is transmitted each .8 ns. Here, transmitter 102 intersperses
special characters between pixel data as illustrated in Fig. 8. Two special characters
are disposed between a first bit of pixel data P1 and a second bit of pixel data P2.
The special characters allow receiver 104 to distinguish each bit of pixel data.
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 Nﬁll 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.

[0035]  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
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val ues could be fed into the buffer until nore pixel data are avail able.
Such inplenentations require a relatively |arger buffer spap? Apﬁgnge

i nterspersing nethods described above. In many such inplenmentations, th
time required to fill the line buffer will exceed the tinme required to
transmt the data after the line buffer is full, due to the relatively

hi gh | ivakies pesdd de EDDBGThe Amffdi stil o piniel tata efecavertabde.t Budhi g. 5A, one of the
advantages of the inventive interface is the ability to not only nultiplex

vari 0U%mﬂ%fénﬁt?oﬁ@f@i]u_ir@‘dltrelﬁﬁ% 12518 bafte @%&@Qaﬂfheqﬁbérs?:fersﬁ'lgu”ber of sub

packets within a particular nmain Tink data packet. Fig. 9A shows a

representatjve sub-packet, 900 in .accqrd W kh ' of the

| nvent PO s s BRSYE, nguavisHel fiRknENET, b8 8P iR ogI0he ot T (he
descri bed enbodinent is 2 bytes and is acconpani ed by SPS (Sub-Packet
Start) liagbeffan wihexcged the time regpizedqfg;transiit thedatnaties theking iith the

sub- packet 900 is enclosed contains a packet payload in addition to the

sub- padidétdud d®thetrbiatie¢ld high linkespeadsb- packet 900 nust be marked by SPE
(Sub- Packet End) special character. Oherw se, the end of the main packet

(as i ng ed LG Ve er5 A ey in Fig. 9B)
mar ks ??g?%gend %%’d%g\?sﬁé{‘ﬁg subfegg%:%g:lgbs&z’rbgﬁIg?tthﬁ?&?giﬁ?\gespacket into which it

i s encl osed. ver, ., a sub-packet, do ot need,to.end with. SPE when its
enct oot HEasEE b o A8 Bl Poy R B e SRS Rl lte, sube packer
format wthin a main [ink packet in accordance with an enbodi nent of the
i nvent ﬂ@mnclosmgmﬁamomenmgwftswapaqkﬁt@ within gipartishlapmajminladaiger fiel d and
sub- packet payload is dependent on the specific application profile that

uses t packstlFigaik shovedPreprdseftdinte shbgmcket@00 an hgcordnatevithraanpl e of
sub- packet enclosure usage is selective refresh of an unconpressed

gr aphi ggbbdBRAr HIO idvehtis. fI;?aE@ﬁb-}Fﬁbk%{ 900 Hdddesit-pdckBitaderafort he entire
frame 1002 (Horizontal/Vertical Total, |Image Wdth/Height, etc.) will be

comm 2%%?@396 Ui BribOEeRbSdildoRl ¥ 2HRANEH iPhtombAGE bI'SBS (Ql-phdyf €S stay
Start) special character. If the main link data packet in which the sub-packet 900 is
enclosed contains a packet payload in addition to the sub-packet 900, the end of the
sub-packet 900 must be marked by SPE (Sub-Packet End) special character.
Otherwise, the end of the main packet (as indicated by ensuing COM character in the
example shown in Fig. 9B) marks the end of both the sub-packet 902 and the main
packet into which it is 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.

[0037] 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

18



18 8 APR 2004 long as the streamremains valid. In selective refresh
operation, only a portion 1004 of the inmage 1000 is updated per v‘hﬁl?o
frame. The four X-Y coordinates of the updated rectangle(s) (I g hell04
portion 1004) nust be transmtted every franme since the values of the
rectangl e coordi nates changes fromfranme to franme. Another exanple is the

transm $erigan thé steahOfenlatgkralig. ThableetiveGeftsh dpaiatioh nly & bitioad (0l f 256- col or
graphic data where the 8-bit pixel data is an entry to the 256-entry CLUT

and e uraHag0% o6 is ublfedbiflvidlPhahe THEIBI LY boorRGRL Bimel PR The single

bi -direction auxilrary n 4 provides a con vari ous
supporting in |ink

support functiqQns useful.for |link set up an

oper at i 6‘?‘?@"’“&&6(8 $-4 tﬁﬁ?"’ft’(?n(,lgpflynﬁﬂ |tﬁaa$191tfégﬁv?f¥ igceithe ¥plues as USB
traffic. For exanple, with the auxiliary channel 224, a display device can
i nf or m ehthe sentangle ehovdingensthaggesfrom diaote ta dranwy dookhes sxampleptied packet s and
the results of training sessions (described below. For exanple, if a

parti cutrafsniisstéoM@lSra66K-0 tabdl (CLUT)hRtd forRfiired £ 258 20ffigddphsc t he main
link rate based upon pre-selected or determned results of the failed

210 SRR 58P oo 095 hAPPLETSRAHL BGRT 1 1, 21

adj ust a mal n rvely sl'ow ry reliable
auxilia nel al]ows fqor robust operation over a variety of link

condititj}\ﬁlgi‘wmé‘ﬁtd{ﬁ B’é“%ﬁi’é‘ﬂgf’ctﬂit in some cases (an exanmple of which is
shown in Fig. 5B), a logical bi-directional auxiliary channel 520 can be

est abl i [9A3%] usiThg simgledritditeptiGRb awfiliarychiraetRriovides & hendwiti to for nk 222 to
transfer data fromthe source device 202 to the sink device 204 and a

uni - di nelouonppohdeictioRaisdil foblrk éot apahd ﬁlp%bﬂﬁlg%aih(}i‘ﬂk%éraftigmi fe source
|

device 202. In some applications, use of this logical bi-directional

) RSl 0 O b A
auxiliary channel 224, a display device can inform the source device of events such as
sync loss, dropped packets and the results of training sessions (described below). For
example, if a particular training session fails, the transmitter 102 adjusts the main link
rate based upon pre-selected or determined results of the failed training session. In
this way, the closed loop created by combining an adjustable, high speed main link
with a relatively slow and very reliable auxiliary channel allows for robust operation
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 device 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. SA.

[0039]  Prior to starting the transmission of actual packet data streams the

transmitter 102 establishes a stable link through a link training session that is
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100391 Prior to starting the transm ssion of actual packet data streans the
transmtter 102 establishes a stable link through a link training session
that is 19 - 3 APR 2004 anal ogous in concept to the |ink setapiddPR R4
nodem During link training, the main link transmtter 102 sends a
pre-defined training pattern so that the receiver 104 can determ ne

whet her andlogoanirpedncepteo eheditki sdtupi df tlgdvaoderh EDurimClink trainingethd@saini bed
enbodi ment, training rel ated handshaki ng between the transmtter 102 and

the regal ¥e&femi4 103 sE%W—ﬁ@%d‘@zriﬂ#ﬁ!pﬁﬁ%%o 'i‘lﬁ'laexleceitﬁ%}' 43R e of a link

training pattern 1s s I'n accordance W an enbodi nent of
t he inventi an. i)l ustrated, J t he training session, a phase 1
represe‘ﬁ%@ﬂ%‘”@sﬁbﬁl&%@ VFéﬁ@ﬁ‘ﬁglwﬁlﬂ?IP@eﬁﬁﬁ]%én@q desenhed ongest that are
used by the receiver to optimze an equalizer. In phase 3, both bit |ock
and chagraladsmentogiininggelatedihandahaking bevwgen the transimitter 1§2andthe i s  reasonabl e.
Typically, the training period is about 10 ns, in which tineg,

appr oxiraediedryl 03 @ cdrtiédowthedakitiadyf chafiddll Anl dxatpfe s/ @iinihgdpatia@s not
achieve solid lock, it informs the transmtter 102 via the auxiliary

channel;g gl%om%ghﬁlo%zfgﬁ&%%%m #Oﬁnﬁmgﬁ%fﬁlg@*@r 3te and repeats the

traini ng session: o) 0 provi ai ni ng session

conduit,.. the ayxiliary channel, 224 can be also used to carry main |ink
packet ipsd tirins P TeGiE FRPRiAPIgROL T esePE BTGt ES [elthead of packet
transm ssions on the main |ink 222. Furthernore, the auxiliary channel 224
can be vdilfnhgse 2 thelapgest jhatareaisdd Hy Biesptaver|tel eptimidecatequalizent m  ( EDI D)

i nformation replacing the D splay Data Channel (DDC) found on all nonitors

(EDI D iphase 3/boh kit okl aidicldeicterllodknat atiiadedem nérgl 4hdHEk qualith & mat i on about
a nonitor and its capabilities, including vendor information, maxi num

| Mage $bA4Bnabl& GyBlcal) AL Tetibd is RGF 1Y Yos PSRN tifeM NS, frequency

range limts, and character
approximately 107 bits of data are sent. If the receiver 104 does not achieve solid
lock, it informs the transmitter 102 via the auxiliary channel 224 and the transmitter
102 reduces the link rate and repeats the training session.
[0040]) In addition to providing a training session conduit, the auxiliary channel
224 can be also used to carry main link packet stream descriptions thereby greatly
reducing the overhead of packet transmissions on the main link 222. Furthermore, the
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

20




strings for the nonitor nanme and serial nunber. The information is stored
in the display and is used to conmunicate with the systemthro

whi ch sites between the nonitor and the PC graphics adapter. T'Flgggyptsqthggrﬁm
uses this information for configuration purposes, so the nonitor and system
can work together). In what is 20 8 APR 2004 referred to as an extended

pr ot 0C qlfepRd fo ad difexdéhded bAstdcot RfaB he eAliSFchyndedtdn caaspbvenr onous and
i sochronous packets as required to support additional data types such as

keyboar d use_angd. m,cronhaon . Fi ' ogi cal

| ayer i r?ﬁyrf%olﬁ a?‘ﬂ@%@%‘?@# ﬂglﬁtﬁ[%}g c%arﬁégﬁ%p;[%rﬂvédtd#ﬁ}gl%?ﬁé%%g@#rmnt of the

i nvention. It should be noted that while the exact inplenentation may vary
dependistigh afesnbagss meuseiad migorbong. |y, a source (such as the video source
202) is formed of a source physical |ayer 1202 that includes transmtter

har dwar[e041d soPBigc 2 illusktateay bgical Betitgnt 200ndlthesstamu2Q jpl asgondgndear dwar e and
state nmachine (or firmvare), and a data stream source 1206 such as

Audi of \&igfe@{ i RIRRESSf B IR0R. HGhoaRNRGIdEHaSWhlldRERxack M larly, a

di spl ay I ce 1 ncludes a physical layer 1208 (including various receiver

har dwar, e a si.nk link layer..1210 that. incl udes - Lpl £X] har dwar e
and st &P@leﬁﬁeﬁflﬂg mayvagy ‘?%W&‘P&% “g%apé)thg P &7 %elr?‘ilbgﬁf [IT@J"E h%gﬁ)é”% ﬁ%l udes

di splay/timng controller hardware and_optional firmwvare. A source

appl i c¥ideasowice20?)ds farned of 2 saurge phyrieal layer Y202 st ingludesirangmttiehe sour ce
communi cates wth the link |ayer 1204 and simlarly, a sink application
prof i | dafdswaed, ak@diGe diak layes1204hthatfinclodds multiplewingdardware sndktate212

comuni cates with the sink link layer 1210. [0042] The various |layers wll

oW be i35t irBP b 84 leanSOHREE Al aP HYB el fBFEO0431 1t he

descri enbodi nent,” the source device physical |ayer 1202
hardware and associated software. Similarly, a display device includes a physical
layer 1208 (including various receiver hardware), a sink link layer 1210 that includes
de-multiplexing hardware and state machine (or firmware) and a stream sink 1212
that includes display/timing controller hardware and optional firmware. A source
application profile layer 1214 defines the format with which the source communicates
with the link layer 1204 and similarly, a sink application profile layer 1216 defines
the format with which the sink 1212 communicates with the sink link layer 1210.

[0042] The various layers will now be discussed in more detail.

SOURCE DEVICE PHYSICAL LAYER

[0043]  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
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i ncludes an electrical sub layer 1202-1 and a | ogical sub layer 1202-2. The
electrical sub layer 1202-1 includes all circuitry for interface
initialization/operation such as hot pluglunplug detection ciic8i APR 2004
drivers/receivers/termnnation resistors, parallel-to
serial/serial-to-parallel conversions, and spread-spectrum capable PLL's .

The | ogiigaidts, 28 Bath @4EJdid?@Roding RGIHUIEB/ LB (dsispecifiédin, ANSI X3.230-
packeti zi ng/’de- packetizing, data scranbling/de-scranbling, pattern

gener at;i fior  hi L NS YelcontrobclPRi904 circuits,
and datlggg’ncé%gfarl\% gfcé)rg?@gpgsu%% as t%@ﬁa&&ﬁ@%{ﬁ%’epﬁe&o | gdcrlﬁﬁ ANSI X3. 230-
1994, clause 11) that .provides,_ 256 Li dat a. r.acters and twel ve control
char act(&t @%‘F\OQWBW%P%SW%&& lggfgr a]é’g‘r&i 2@§§‘4W?‘e§?f in link 222
and Manchester H for the auxiliary channel 224 (see Fig. 14). [00441 It
shoul d thxeauxdtizad chdvae! 234(s@&1Rig1140B encodi ng al gorithmis described, for
exanple, in U S. Patent Nunber 4,486,739, which is hereby incorporated by

ref er enggaq) AS BRI BY nble@ it e SBY10B ehdbdidtealgdrithmtibdestBbdd)Bocode is a
bl ock code that encodes 8-bit data blocks into 10-bit code words for

serial transm ssi LU QR ~aat DE: ; L.SSl.on code converts a
byte weaEH 3t%ﬁ'§?g§%ht§'ﬁﬂgéﬁébﬁal7g Qaﬂglc&% ﬂ?r%@oﬁlg%%%éﬁced streamof Is
and Gs with a maxi mumrun |length. of 5. Su des, .provide sufficient

si gnal reipigRes. tADRROWIHbY:HET of &HF%D&EP @ngﬁséﬁnﬁ)&m@aﬁ Clgc? fyer, such
as transceiver 110. Moreover, a DC bal anced data stream proves to be

advant aneodas 8-bitrdatd tlecksdptoi 19-Fhcbdelvewrtls Soraepiad tiapsmissionc Inadsitiorons. The
average nunber of Is and Os in the serial streamis be naintained at equal

or neare)sEr R krandrBiéabs codBRnGHs LWté adisdit S Sicamh Gadedi s iddns t he
di sparity between the nunber of 1 s and Gs to be -2, 0, or 2 across 6 and

4 bit Blt(?ﬁ:bn(,gﬂéiggﬁ%P'esgéamzP?s @%s%ﬂ?ﬁ%mﬂ&&x?lehﬁﬂﬁ@ﬁh%gﬁ@st lonal codes

for signa comrand codes.

provide sufficient signal transitions to enable reliable clock recovery by a receiver,
such as transceiver 110. Moreover, a DC balanced data stream proves to be
advantageous for fiber optic and electromagnetic wire connections. The average
number of 1s and Os in the serial stream is be maintained at equal or nearly equal
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.

[0045] 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.
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[00451 It should be noted that in order to avoid the repetitive bit
patterns exhibited by unconpressed display data (and hence, to re&uge
EM), data transmitted over main link 222 is first scranbl ed befoPeABR/ 2004
OB encoding. Al data except training packets and special characters wl|
be scranbl ed. The scranmbling function is inplemented wth Linear Feedback
Shift Re@ielt er Sintd EsRSreanyiiindad Ao GAGMYIRED OVerithe ADARAredharineE224,ni ti al

val ue of an LFSR seed is dependent on an encryption key set. If it is data
scranbld ng i ' t [ R Ll I ] fi . ] 22 [0046]
Si nce dat %agltlingcgf’%k%%?l F%Elrlcgu% éeeg%aarsesg‘? ?%rl\%eﬁnﬁl?i ¢ aéﬁéoq]oé/{g?wtr %e%& i %&g y channel

224, the main |link packet heade serv s st m jdentification nunbers
therebyecb&c@@tqurhea%m&mﬁyn%@sﬂéﬁ%ﬁﬂdﬁaﬁ% ?hozlifésq fRotsdHiahi dth. 1t shoul d
al so be noted that neither the main link 222 nor the auxiliary |ink 224
has sepaitler ¢herhaioRinki 232 alor therspsiliatynlink 28 4shasayparsthelacksgnaklireson mai n | i nk
222 and auxiliary link 224 sanple the data and extract the clock fromthe

i nconi pg dal,anétdcidBis dnafkin HARDS2 RS kiilarl Wik 22% sBpRShe 4§ knd 0Op (PLLS)
circuit 1n the receiver electrical sub layer is inportant for since the

auxi | i ar anmne 24 4 s hal f - I I 3dl.r | | rection of

t he tr5*%‘%Eec@%%ﬁogﬁeéaﬁ%%wgg&ﬁ%%@dF%&Ip%%etlﬁglaﬁifggn t é]g %uxi liary
channel receiver phase .  locks .in as few as 16 ,data periods thanks to the

f r equetckdonp @hLeheirausip tha repsiyerslacinsabsubrlayeris mapqrisnt for s ecode [0047]
At link set up tine, the data rate of main link 222 is negotiated using the
hands haldlizryeharaek224 miplfaivalexdii-dd2«iondlamidthe diredtioprafdbsgaffiknown sets of
training packets are sent over the main |ink 222 at the highest |ink
speed. cRMEELHSuehtly. AALr@inkS, the PIILH ke hedlikgThafuiel tdtgiver piEpi tter 102 via
the auxiliary channel 224. 't the training fails, main link speed is

reducegh A0Q & L 76 dhfi p%ﬁg&aﬂ'lgtﬂ(s'w tHe ﬁ'élldgﬁ%ﬁflﬂl!ifor& Yignal

transitions of Manchester II (MII) code
[0047] At link set up time, the data rate of main link 222 is negotiated using the
handshake over auxiliary channel 224. During this process, known sets of training
packets are sent over the main link 222 at the highest link speed. Success or failure is
communicated back to the transmitter 102 via the auxiliary channel 224. If the |
training fails, main link speed is reduced and training is repeated until successful. In
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

[0048]  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
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this way, the source physical layer 1102 is nade nore resistant to cable
probl ems and therefore nore suitable for external host to nonit®rAfR 2004
applications. However, unlike conventional display interfaces, the nmain
channel link data rate is decoupled fromthe pixel clock rate. A link data
rate is set so that |ink bandw dth exceeds the aggregate bandw dth of the

t r ans nigetigsllisk @04 SOIREEs BiR\Gapibilitiesof tAvEeeiy @048 ntdtiangeuvere | i nk | ayer
1204 handles the link initialization and managenent. For exanpl e, upon

handles and 5
recel viyg, 21008 BlHG G AteRH Rk HENRIA RSN R M B UcRBNRed UD O

connec romthe source physical |ayer 1202, the
source 23 APR 2004 deyi ce bi n 'Jt“zl"i%gr 1204 eval uatﬁi the capabilities of the
r ecei vBY afiaining sessiondhe BUmherot thpsbass Kooy ey MR QR K TC99%° 6 det ernine a
maxi mum nmain link data rate as determned by a_ training session, the
nunber avdilablerhmfonsiee om botheans, anailabilis of RSBy exdenisioas andthenmgifies buf fer si ze
on both ends, availability of USB extensions and then notifies the stream

sour cemb2@@afisomtde A3666f @i Seodistbd Rbtyguesent. . Inladdiibd] ipavrequgsbn request
fromthe stream source 1206, the source link |ayer 1204 reads the display

capabl ii;tg%'thigtg%ktgseon %eeﬂ%q?gﬂeQB@ce ik 'id;y?glﬂm%ﬁﬁﬁhﬁgﬁﬁfggtchﬁ%ili he source

link I stream att utes to t ei'ver 104 via the
auxi liary channel 224, notifies the stream source,120 ether the main
ik DEHAGT a0, RNl sty e hice 1BE IORT SV DERAE ¢ arm.
notifies the streamsource 1204 of link failure events such as sync |oss
and buftiestremu ettfibates tothd receives 1 0M0as theoawriliage champel 224e Botifjesthe st ream

source 1204 to the receiver via the auxiliary channel 224. All
COMUNifedl sce 1204 WERFhek iR gt lme 220 his érmgh résdtrtedochanibngtheeam

source/sink use the formats defined in the application profile |layer 1214.
requested data streams, notifies the stream source 1204 of link failure events such as
sync loss and buffer overflow, and sends MCCS commands submitted by the stream
source 1204 to the receiver via the auxiliary channel 224. All communications

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

in the application profile layer 1214.

APPLICATION PROFILE LAYER (SOURCE AND SINK)

[0049] In general, the Application Profile Layer defines formats with which a
stream source (or sink) will interfac.e 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 YCbCr444.
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APPLI CATI ON PRCFI LE LAYER (SOURCE AND SINK) 100491 In. general, the
Application Profile Layer defines formats with which a stream r ﬁor
sink) will interface with the associated |link |layer. The forrra'f'zéjwf

by the application profile |ayer are divided into the foll ow ng categori es,
Application independent formats (Link Message for Link Status inquiry) and
Appl i cd0DPS depenciemplé,dhevdisplay deviee dpphkatibatpeofiledayen (APL) i2l4base recovery
equation for the receiver, and sink capability/streamattribute nessages

sub- pacdsgintihy sk hchlfion—ﬁib@i‘dnﬁﬁ Gnterfdc A@g}&ds&a& ih® theHoghid fr Layer supports
thefollovmnwcol%pr formats 24- g‘rbt &E( bi t RG%SGS 18-bit RGEB, 30-bit

t. YCbCr422, and
24 bi t%%ﬁ%ﬂk %Mggﬂ Pﬁ%&l&)‘%ﬁ]&m I%%Z%p%‘ﬁat ‘@HQ‘%‘“‘&‘ | spl ay devi ce
application profile layer (APL) 1214 is essentially an
appl | c PFFSSHARPD QrBFhIR Jatarselp S€ EceiNed frometbe Mierdrg 1109e SIgERBef or St ream
Sour ce/ Si nk comruni cation over the main |ink 222 that includes a
pr esentspactsrofithe ARL 12d4 (oheh as therpoweomanageeest ewomand fortiag aret er f ace 100.
Since sone aspects of the APL 1214 (such as the power nanagenent conmand

for mat hagdlifle nivafter funetiom)tHe ard donEhoPdSall dsBeYf Rk ntegAdEoot 0 al | uses of the
interface 100. Whereas ot her non-baseline nonitor functions, such as such

25 dat Gy fBOR! i, B TALer el BATNAAS LLRUL Sul LIl mdBSint P 10, 20

application or a I 'sochronous ream hsmtted.
Regar dl ess of the a |'i cation, the stream source 1204 queries the source
link | &Ydftrensm attrby tarerrl%ettﬂ@rameaﬂar ﬁrrWE0§m°h@n6%abr e of

handl i ng the pending data stream(s) prior to the start any packet stream
t r ansnetssanothat srio bhéransmitted.i Regazdlzss oS dgplivitten, ihe steagiesparcaildéd t hat t he
mai n-1ink 222 is capable of supporting the

queries the source link layer 1214 to ascertain whether the main link 222 is capabie of

handling the pending data stream(s) prior to the start any packet stream transmission

on the main link 222.

[0051] When it is determined that the main-link 222 is capable of supporting the

pending packet stream(s), the stream source 1206 sends stream attributes to the source

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

These attributes are the information used by the receiver to identify the packets of a

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.

[0052] 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
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pendi ng packet strean(s), the stream source 1206 sends streamattributes to
the source |ink |ayer 1214 that is then transmtted to the reQergppo%@ré
the auxiliary channel 224. These attributes are the information used Yy
the receiver to identify the packets of a particular stream to recover
the original data fromthe streamand to format it back to the streans

native [§083 I aifBe difpRydtiice Physas] River 1296 dalaesthe daplayrdevizppinkcat i on
dependent. [0052] In those cases ere the desired bandwi dth is not

avail a i i nk. tegke corrective
acti onq%&r ??%é g}gdxtggrrﬁlﬁggag’rdg S%I?A%é][’ hpﬁeﬁ%‘ﬁ rraﬂ%(raEl él gyé%%ﬁ@??nﬁédﬁ or depth.

Dl SPLAY. DEVI CE PHYS] CAL LAYER 25 '- 8 531 The di spl devi ce

physi Ce{4nk|da$petfm§msglq11g5¢c§§1gg. Wﬂpé%?ﬁ%&@ﬁ@é‘lﬂ W&P@g@r 2 10 and the
di splay device APL 1216 fromthe signaling technology used for |ink data

t r ans mhawe theirosaeyitysical lajidrs eash consishing oD2logivdl subdagenantlianelectivahnel 224
have their own physical |ayers, each consisting of a |logical sub |ayer and

an el eghk 14584 thaSiHblul@RE chlibtor Bsdcifitagon. NEorGRaMBL, tie HaRAIpleG di-i on.  For
exanpl e, the hal f-duplex, bi- directional auxiliary channel 224 has both a

auei 1 SPETorR B TRl 22y 3plh FMhefeer o sy SRR, 11D 12

| ogi cal, sub layer 1208-1 that are then seriali .serialized and
t r ansmithe ok %Scf%aWEé‘P Figsloo nAnfyxiigny ]I“ﬁ‘a'if%}"SWW léﬁgéﬁ RFBV‘%?.%(’SVA& l‘ﬂ%e recei ver

1504, in turn, receives serialized link character fromthe auxiliary link
224 andhatestembyallogiesl sub hayer h208- hthahateithdn sehiakizedtserializeddiadr ate. |1t shoul d
be noted that the nmajor functions of the source |ogical sub |ayers include

si gnal pengeitedth a BerFdspénding Buxilkal dink escaivet 1 5. ThE esceFMr 15@4Juct i on) , and

training pattern generation for the transmtter port. Wile
turn, receives serialized link character from the auxiliary link 224 and de-serializes
the data at a link character clock rate. It should be noted that the major functions of
the source logical sub layers include signal encoding, packetizing, data scrambling
(for EMI reduction)}, and training pattern generation for the transmitter port. While
for the receiver port, the major functions of the receiver logical sub layer includes
signal decoding, de-packetizing, data de-scrambling, and time-base recovery.

AUXTLIARY CHANNEL

[0054] 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 firnware 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.
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for the receiver port, the major functions of the receiver |ogical sub
| ayer includes signal decoding, de-packetizing, data de-scranblbgg and
ti me- base recovery. AUXILIARY CHANNEL [ 00541 The nmjor functi ofisd oAPR 2004
auxi liary channel |ogical sub |ayer include data encoding and decodi ng,

fram ng/ de-fram ng of data and there are two options in auxiliary channel

pr ot ocolgps§t aNQgFORHALFS .'1s£ih%rah{(ﬁw&laiuwmeéﬁfcapdumaﬁ%ﬁafns functi ons

in a point-to-point topology) Is a |i1ghtwel ght protocol at can be managed
by the Link Layer. state-machi.ne qr firmwvare.an t ended protqcol that
ot ppor t16e oLt g shErectiag: 1304 i YR AR 1S ISREReg ML IR, e
dai sy-chai ned sink devices. It should be noted that the data encodi ng and

decodi rjametersy the logieah sulr layery whiohdt sesigliens anf frapypitoes| Thhesceiser fr ami ng of
data differs between the two. 26 '- 8 APR 2004 [00551 Still referring to

Fig. 15504 hecebie séridtizyd lihlackedcte! et tieditlk laydh ahdywbiseqeantigides t he
transmtter 1502 and the receiver 1504. The transmtter 1502 is provided

wi th '!s%anz%gar#ﬁﬁfEﬁmweﬁ&&efg%g%k ggsﬁhvé %eﬁega% geagmplg gﬁﬁfcﬁgarrgzes and

transmts ou € receiver recelrves seriall cter from
the link |la and subseguently, de.serializes.it at. link character clock
e et e SR derdnnL o G sRahe terhaen reators MafhandShy are
termnated to ground via 50-ohm termnation resistors at each end of the

| i nk agheslidoas. shpwnt fetheadosqribed dmplepieatatinndhe drive euseentits ve current is
progr ammabl e depending on the |ink condition and ranges from approxi mately

8MA  t erappanoblerlepéndindddi the disk lcbhdigon Bndrangergfor hppoxihaclergmal , _pp of

approximately 400nV to approximately 1.2V. In electrical idle nodes,

nei t he Lt e, | 1 ol | : starting
fo %ﬂbg%ﬂ@r%gég YoinAQesiiff in G Nﬁv&fﬂféﬁhalh_gp Of bptBximMap

transm ssi _ I'dle state, 't SYNC pattern nust be
tr ansm4661%g, t8 ggp}ogﬁngtélgli.i\?eﬁlte gcltllicsa le(ﬂé mloﬁeé[, rlllgitﬁje(% Cer}gobs?tgve nor the

negative signal is driven. When starting transmission from the electrical idle state, the

SYNC pattern must be transmitted and the link reestablished. In the described
embodiment, the SYNC pattern consists of toggling a auxiliary channel differential
pair signals at clock r_ate 28 times followed by four 1’s in Manchester Il code. The
auxiliary channel master in the source device detects hot-plug and hot-unplug events
by periodically driving or measuring the positive and negative signals of auxiliary
channel 224.

MAIN LINK
[0056] 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. -

[0057] 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
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enbodi nent, the SYNC pattern consists of toggling a auxiliary channel
differential pair signals at clock rate 28 tinmes foll owed bynjg epk ﬁm%n
Manchester H code. The auxiliary channel nmaster in the sourcg evi ce
detects hot-plug and hot-unplug events by periodically driving or
measuring the positive and negative signals of auxiliary channel224. Al WN

LI NK [ O9piedl RGBicbRr basdrviddyssinqsuohestPALL based@iVisykienis). 2R2 kaoopor t s
discrete, variable Ilink rates that are integer nmultiples of the |ocal

Cr YSU Al b HEQUEREHN HIBPaT!bichd s b IERTABEITCAIL By 860l ob itk [t oS

consona oca crysta requenc shown in Fig. 16,
the mai.n.lin an_u i rectional .channel). has .o transmtter
1602 acindenendsly duiato] s hmiNanpiptad et iogr: CRS Mism crrie Y sl dovi ce.
[00571 As shown, the cable 1604 takes the formincludes a set of tw sted
pair \Wiilssthe other wire isgronndsd and absesbs gigyal interéeremce) It shosldhenrgts] vi deo
signals provides in a 27 ~- 8 APR 2004 typical RGB col or based video system

(such abatifkorhe6®er sy¥temss the RipnalsAsuldrabisibe doynpohesitbasdd sSgndld (BbpPt,he art,
tw sted pair cable is a type of cable that consists of two independently

I nsul at‘ﬁq‘sgﬁﬁe?ﬁvﬁgfd?gg% O'Wltlgﬂ sor %t’@él{t@dgﬁfki es the signal

whi | e tHe ot ed an sl gna terference. It should
be noted ot her the.s | s could so be conponent
based Sigrdral y(ﬁbaeﬁ?imﬁvwma S Pauresano B e BHUBATEGY (i n 1 P
cabl e, each pmqsted(gg i ndi vidual | y shielded. Two pins for +12V power
and gr ehardctarigicp irpédanes ofmeh diffezendiel paif istl00 ohmspéddiee Tor catiteh
differential pair is 100 ohns +/- 20% The entire cable is also shielded.
Thi s ouhisle issdiscedhieldat] Thisdiuvérdhizld £fd iadidkival shicdoaresHort@l folthe connect or
shells on both ends. The connector shells are shorted to ground in a source

connector shells on both ends. The connector shells are shorted to ground in a source

device. A connector 1700 as shown in Fig. 17 has 13 pins in one row having a pinout

that is identical both for the connector on the source device end and that on the

display device end. The source device supplies the power.

[0058] The main link 222 is terminated on both ends and since the main link 222

is AC coupled, the termination voltage can be anywhere between 0V (ground) to

+3.6V. In the described implementation, the drive current is programmable

depending on the link condition and ranges from approximately 8mA to

approximately 24mA resulting in a range of Vdifferential pp of approximately

400mV to approximately 1.2V. The minimum voltage swing is selected for each

connection using a training pattern. An 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 tralnmg session in order re-estabhsh the link w1th the receiver.

STATE DIAGRAMS
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device. A connector 1700 as shown in Fig. 17 has 13 pins in one _row having
a pinout that is identical both for the connector on the sourt8 ABRi 2i)éend
and that on the display device end. The source device supplies the power.
10058] The main link 222 is term nated on both ends and since the main |ink
222 is AC coupled, the termi nation voltage can be anywhere between OV

(gr OUH@)OSDP +Bhbivedtivntwitt mdester ddseribddrip teens pf athteatiagrade sibwvvim current i s
programuabl e depending on the Iink condition and ranges from approxi mately

8mA tOF;éltogf g&a %gﬁ:ﬂbm&eﬁﬁé&rhﬂgy, Pigdld 2004 119 soMeticfstR¢ APt PP Of

appr oxi to approxi mate he m ni mum voltage swing is
sel ected f.or ch .conn 1.0 I.ng a trainin att,ern. An electrical idle
state ESCBB?)Q/?%%‘H' ﬁ.}ranﬁ(gﬁéqte qﬁr@ i lﬁﬁgtlesélgh ﬁ'ﬁl& gﬁe QUFFEAl idle, neither
the positive nor the negative signals are driven. Wen starting a

t r ansnilisebleds Hithmsauresds enabded, thendhessystem transitions ima shandlyr stafgd804 conduct a
training session in order re-establish the link with the receiver. STATE

DI AGRANBtaRf 181 phrer2d0ihg 208 bkivEhdetbdtionn Th orderid detevo whbthedeasiotithed i n terns
of state diagrans shown in Figs. 18 and 19 descri bed bel ow. Accordingly,

Fi g. %}:éiQQI\’EIp}é}SmS(EHI g& ﬁﬁﬁﬁ@%%ﬁﬂlmﬂﬁ%ﬁéﬁ?ﬂeﬁﬂi&ﬂy ise@n of f state

1802, € system s of e source I's disabled. If the source is
enabl ed, the he system.trgnsitions to standby state 1804. suitable for
power &"1‘91? f‘ﬁgﬁ]’éaﬂs? ﬁ@'@?) 3&3?&8?%5‘&?_01“ B Dﬁ?%f:e op 8&88{? @8?6%%?#}? r or not the
receiver is present (i.e., hot pl ug( play), the auxiliary channel is
per i odiesiatorydyringsthe driyingdhmagasugesk I itis detgmyinedithaka regeiyeris pESEHr e of a
vol tage drop across the termnation resistors during the driving is
measur ggded Lipor theinseaghred voltapedird) aliencthe eystiny eansitsorprte adetectedased upon the
measured vol tage drop, then the systemtransitions to a detected

receiver state 1806 indicating that a receiver has been detected, i.e, a hot plug event

has been detected. If, however, there is no receiver detected, then the receiver

detection is continued until such time, if ever, a receiver is detected or a timeout has

elapsed. It should be noted that in some cases the source device may choose to go to

“QFF” state from which no further display detection is attempted.

[0060] If at the state 1806 a display hot unplug event is detected, then the system

transitions back to the standby state 1804. Otherwise the source drives the auxiliary

channel with a positive and negative signal to wake up receiver and the receiver’s

subsequent response, if any, is checked. If there is no response received, then the

receiver has not woken up and source remains in the state 1806. If, however, a signal

is received from the display, then the display has woken up and the source is ready

read the receiver link capabilities (such as max link rate, buffer size, and number of

time-base recovery units) and the system transitions to a main link initialization state

1808 and is ready to commence a training start notification phase.

[0061] 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
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receiver state 1806 indicating that a receiver has been detected, i.e, a
hot plug event has been detected. If, however, there is no recgixgk
detected, then the receiver detection is continued until such ®ife! 2604

ever, a receiver is detected or a tineout has elapsed. It should be noted
that in sone cases the source device may choose to go to "OFF" state from
whi ch netsfaypatsifail bili foptah of direephases asl the tremyptiter willgr60ded|té thetnexhe st at e
1806 a display hot unplug event is detected, then the system transitions

back ! Bbdipdh ABRLNorPEAHals Y tucHBOINISEpdsO R GO IR Thaif ink i auxi |1 ary

channe a positive and hegative signal to wake up receiver and the

receiver's u quent sponse,, I.f L is..checked. | 'S no

res poné@@@ﬁﬁﬁagﬁﬁf s the‘# Point,fhe ilvgﬁg%é?"%l?nﬁf\%kaergorﬂlﬁi %él%ﬁgoour ce remains
in the state 1806. If, however, a signal s received fromthe display,

t hen t istated] ) ethervise, thedink rats larﬁsiup@msldh? raining segsenyis repeatedt he recei ver
link capabilities (such as nmax link rate, buffer size, and nunber of

ti me- bERging Nl oipdirition statel 18 1 tise/suese contimsdis té persodically maritor hi nk
initialization state 1808 and is ready to commence a training start

0t i {1 Gk QR RRASConlAGEHIS Al ndtinsluBQUBiis derkétad MdMiesgisahon I s started by

sendi ng raining pattern over t Ink at a set" link rate and checks
an associ ated traini statys., The receiver 29 8 ARPR 200 ts a pass/fail
bit foffeRsdepsde ﬂferﬁtgglgﬁ ﬁ?&e@gr‘?ﬂgt“fﬁts 9%%%??‘%‘%%%? eﬁ?@'c ztgd to the next
phase upon detection of pass onllg: such that when a pass is defected, the
mai n | howeves, a syoa dgss ig detesied, thenithe siistem mpnsiting toysfatet1808 fer 3 maidy f ace
transitions to a normal operation state 15 10, otherwise, the link rate is

r educ efinlangdinithgiohlesténti Ng session is repeated. During the normal operation
state 18 10, the source continues to periodically nmonitor a |link status

7o, (MBREP, g9k Bl g oo hms ot o

event. lé(IZ’, no voltage is detected, the display goes to an OFF state. At a standby mode
state 1904, both main link receiver and auxiliary channel slave are in electrical idle, a
voltage drop across the termination resistors of auxiliary channel slave port are
monitored for a predetermined voltage. If the voltage is detected, then the auxiliary
channel slave port is turned on indicating a hot plug event and the system moves to a
display state 1906, otherwise, the display remains in the standby state 1904. At the
state 1906 (main link initialization phase), if a display is detected, then the auxiliary
slave port is ful_ly 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 auxilia.ry channel for more than a predetermined pertod of time then
the auxiliary channel slave port is put into the to standby state 1904.
[0063]  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
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however, a sync loss is detected, then the systemtransitions to state 1808
for a main link re-initiation event. 100621 Fig 19 shows the display state
di agram 1900 described bel ow. At a state 1902, no voltage is~det8dt 2804 t he
di splay goes to an OFF state. At a standby node state 1904, both main |ink
recei ver and auxiliary channel slave are in electrical idle, a voltage
drop acRegsgiyihyeon e gixitiatywhanned s owtte rodin dink i(for anining) dnnabreshave port are
nonitored for a predeterm ned voltage. If the voltage is detected, then the

auxi | i aptedetehaingd (10shs ¥t ex@ible),hé hﬁﬂﬁﬁg%ﬁaﬂxﬂﬂél&@éﬂd}gis%emt pl ug event and
the systemnoves to a display state 1906, otherwi'se, the display remains

in the &El?d’bg%\’tétl 1904. At the state 1906 (main link initialization
| dﬁsp?(w

phase), ay is detected, then the auxiliary slave port is fully

turned nd the transmtter responds to a receiver link capability read
comndﬁ)ﬁﬁﬂat he 18 é’ér%} sBpwparticulas dmplegieatatigns ofshe crostplatfore, if there is

no activity on the auxiliary channel for nore than a predetermn ned period
of ti nedispleninterfaseauxiliary channel slave port is put into the to standby
state 1904. [00631 During a training start notification phase, the display

respondgoés] t h&ig LOIheWHS PChéthabbA momaﬁngaﬁeﬁmog{ﬁa% gﬂﬁeﬂ ng the

equal i zer using training patterns, wupdating the re each phase. If
t he tragpi - 3 | anot her trai.ping. sessiaqn and if the
traini %ﬁ %g%stfggd,oﬁ%%%pg% E'I\tﬁoﬂhﬁeé'rr %&4 18 885X ¢416R “@'?‘a{ﬁ%mf@mi@' %F Fh"c“ﬂ%r eis 30
i'- 8 APR 2004 no activity on the auxiliary channel or on the main |ink
(for t Pginefsddhatithe trapymitten04 is a parbigulapexanide of the tlapsmitter 1€k anpl e), t he
auxiliary channel slave port is set to the standby state 1904. [0064]
Fi gs. 2bown MFighbwimpthedescuibed einbpdiereat) iz frasmitddr 2004 isdonpkedpb ak f or m
di splay interface.
connector 2006 (along the lines of the connector 1700) mounted on the motherboard
2000 which in turn is connected to a display device 2008 by way of a twisted pair
cable 2010 couples a display device 2010.
[0066]  As known in the art, PCI Express (developed by Intel Corporation of Santa
Clara, CA) is a high-bandwidth, low pin count, serial, interconnect technology that
also maintains software compatibility with existing PCI infrastructure. In this
configuration, the PCI Express port is augmented to become compliant with the
requirements of the cross platform interface which can directly drive a display device
either using a motherboard mounted connector as shown.
[0067)  Insituations 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.

[0068] In the case of notebook applications, the transmitter on the motherboard

graphics engine would drive through internal cabling, an integrated receiver/TCON
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[ 0065] Fig. 20 shows a PC not herboard 2000 havi ng an on-board graphics
engi ne 2002 that incorporates a transmtter 2004 in accordancegw FR ?@
invention. It should be noted that the transmitter 2004 is a pgrf\ cufar
exanple of the transmtter 102 shown in Fig. 1. In the described

enbodi nent, the transmtter 2004 is coupled to an connector 2006 (al ong
the | i RetcloivotldairbenhepimRl ditty) Fopthetntsht ookt effectivetimpldnatation 200 whi ch in
turn is connected to a display device 2008 by way of a twisted pair cable
2010 c - ' | . ' rt, PCl Express
(devel %%%é“%’ﬂ"ﬁﬁ 2‘%“@'?%@?2‘?‘?%%‘9@% R ag@g&%%fgepg@%é Ilihslﬁﬁab?ﬁ?gh- bandwi dt h,

| ow pin count, serial, ipterconnect.teghnol ogy that also maintains
softvvar“éte@Bﬂ‘be&fWHieFFQ§/°¥/J]¢?F%'9W§’LIPE$'§ | infrastructure. In this
configuration, the PCl Express port is augnented to beconme conpliant wth
the r ¢0069] emeAlloftie abowe examggepisawhio integrated tripsmittersi Floweyar.d$ tect |y drive
a display device either using a notherboard nounted connector as shown.

[ 00671 glifte fdakibRitb MPIeHAEAL & 4 StandaldiRitrapsdfier Gateritthgd o PCL 4 FCINNect or on
the notherboard, the signals can be routed through the SDVO sl ot of the

PCl Ex b ) . _
card c%%ﬁ%g %I{rW}ggﬁf esﬁgﬂ\/\%u%ﬂfiéeyg%% .E@&t %gﬁ%ggélyitmtﬂeﬁgﬁ]@gﬂgrgnfass' ve
s .,card can suppl ant

generation of add-in graphics cards, a add-in graphi
the ongmttawﬁﬂw@&m%ﬁ%n%%ﬁwiaﬁy Ehapee FuErapBisEBATdMATA He case of

not ebook applications, the transmtter on the notherboard graphics engine
woul d eefiwaet hr ough i nternal cabling, an integrated receiver/ TCON 31 8 APR
2004 which would drive the panel directly. For the nobst cost effective

i npl ementation, the rexrOVRCHAICNEMBODIMENTSNt ed on the panel thereby
reduci ng the nunmber of “Tnterconnect wires to 8 or 10 as shown in Fig. 24

[06070] The methodology of the invention will now be described in terms of a

number of flowcharts each describing a particular process for enabling the invention.
Specifically, FIGS 25 — 29 describe a number of interrelated processes that when used
singly or in any combination described aspects of the invention.

[0071]  Fig. 25 shows a flowchart detailing a process 2500 for determining an
operational mode of the interface 100 in accordance with an embodiment of the
invention. In this process, the operational mode will only be set to a digital mode if
the video source and the display device are both digital. Otherwise, the operational
mode will be set to analog mode. It should be noted that “analog mode” in this
context can include both conventional VGA mode as well as enhanced analog mode
having differential analog video with embedded alignment signal and bi-directional
sideband. This- enhanced analog mode will be described below.

[0072)  Instep 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).

32



[0069] Al'l of the above exanples assune integrated transrn'tters However,
Is it quite feasible to inplenent as a standal one transmtter gggratl ng
into PGl and PCl Express environnents through the AGP or SDVO sl
respectively. A standalone transmtter will enable output streans w thout
any change in graphics hardware or software. FLOACHART EMBODI MENTS [ 0070]

The netjbom)| og)f thé vidbe sduivettini cutpunidigitandata, ke presessicbmtiinies td steprs of a
nunber of flowcharts each describing a particular process for enabling the

i nvent ixapg. ﬁ@&%}f kﬂ@%l:é’ is tﬁéﬁf&égated Lddenfiht REeeUBARDIR gevber rel at ed

processes t used sing I n any conbi nation descri bed aspects of

t he |nvent| [0071 wchart d tal process 2500
f or det‘%??ﬂ taﬁecebﬁéila ailéﬁ% ?%QISB{"‘Y ﬁ‘é‘c? PHPRP 58%13’1'."68103613 tcor dance
wi th an enbodi nent of the invention. In this process, the operational node
wi | | onheopseationnl modeoitiogpling deviceavillbe sehio anplogdstep 3508, thea thene di spl ay
device are both digital. Oherw se, the operational node wll be set to

anal og proeedss wilkendl{otep d508. Mhadideh e oparatibed niedaf thecdupling dedes ext can
i ncl ude bot h conventlonal VGA node as wel | as enhanced anal og node having

si debagit LB (o 2505 P bl B R oy o Pt er BB 721 T ot ep
cuppor CRIBHRESEE o Bt éfeeé%‘& et T gt %%%ﬁpé‘é%@%{%? e ideo source
data, the operational node of coupling device 100 will be set to anal og
(step 2oUEured hoperatwing bl digital mpdeerly vdeapotieheyideg zoyprandthe [ 0073] | f
the video source can output digital data, the process continues to step

video sink are operating in a corresponding digital mode.

[0074] Fig. 26 shbws a flowchart detailing a process 2600 for providing a real

time video image quality check in accordance with some aspects of the invention. In

this example, all determinations of process 2600 are made by a processor coupled to

the display interface. |

[0075] In step 2600, a video signal is received from a video source. Next, a signal

quality test pattern is provided by the video source associated with the received video

signal (step 2602). In step 2604, a determination of a bit error rate is made, based

upon the quality test pattern. Then, a determination is made of whether the bit error

rate is greater than a threshold value (step 2606). If the bit error rate is determined to

not be greater than the threshold value, then a determination is made (step 2614) of

whether or not there are more video frames. If it is determined that there are more

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

[0076)  However, if the bit error rate is determined to be greater than the threshold

Value in step 2 2606 a determmatlon is made (step 2608) as to whether the bit rate i is

greater than a minimum bit rate. If the bit rate is greater than a2 minimum bit rate,

then the bit rate is lowered (step 2610) and the process returns to step 2606. If the bit
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2506. The display device is then interrogated to determ ne whether the

di splay device 1is configured to receive digital data. If the display

devi ce supports ‘only anal og data, the operational node of w@lagﬂgzg@vi ce
will be set to analog (step 2508), then the process will end (step t12).
O herwi se, the operational node of the coupling device is set to digital
(step 2&#0ynotlgesated tipipthe miginpmobit satertherejie auxieioéhanged ohamslog t hi n t he
coupling device to set the node to digital. In general, the coupling device

is CO%Jc%‘(%tﬁé’Z&&)%&'ﬂ@ﬁo&é&s@ncfs‘.“ ly digital node only when both the video

source an vi'ldeo si'nk are operating in a correspondi ng digital node.

[ 0074] _Ei 2 .s%afl wchart. detailing a pr s 2600.for providing a

r eal l[‘ﬁ?g]vi (61%5' é"Sq%ﬁW (fﬂlé%ﬁﬁf ?ftﬁggﬁcfcgﬁsﬁg@vﬁltaﬁmg%%easpects of the
invention. In this exanple, all determ nations of process 2600 are nade by
a pr ocesthon epthodinaent of thetineendios pThgproease 27T}t eeginoa 2302 by the ep 2600, a vi deo
signal is received froma video source. Next, a signal quality test

pat t er Fecefviny ¢4 g plupydetdeon eden netficatien.ads A0 adimlinkingniryiecei ved vi deo
signal (step 2602). In step 2604, a determi nation of a bit error rate is

made, H‘ﬁﬁ@ QY %9 QP ah B ol ah¥ilibRSdhaRiHl tEi&terntile  makidGin&laH AL hon 1 s nade

of whether bit error rate I's greater than a threshold value (step
2606). If the bit, error rate.is termned to ot . reater than the

£ e o hBEDYLAT dEhe base oy vt el i B Rt pd Rea PSR foe et her o

not there are nore video frames. If it is determ ned that there are nore

vi deo Neslrek2706hthe maximpmdinksiata rata ip werifiesd by way ofotrainmygsepsipand t he process

ends. [0076) However, if the bit error rate is determned to be greater

t han t 2708y £8419 btteany sdure: is hotfiepof2hOhot mHugletent.NANATIMrthé S nade (step 2608)
as to whether the bit rate is greater than a mnimumbit rate. If the bit

o SAPRLFST LAy T EO b EpL  byorts | over e (5t
auxiliary channel and the display responds to the inquires at 2712 which, in turn,
results a collab;)ration of the main link training session at 2714.
[0078] Next, at 2"7 16, the stream source sends stream attributes to the receiver by
way of the auxiliary channel and at 2718, the stream sources are further notified
whether the main link is capable of supporting the requested number of data streams
at 2720. At 2722, the various data packets are formed by adding associated packet
headers and the multiplexing of a number of source streams is scheduled at 2724. At
2726 a determination is made whether or not the link status is OK. When the link
status is not OK, then the source(s) are notified of a link failure event at 2728,

otherwise, the link data streams are reconstructed into the native streams based upon

the various packet headers at 2730. At 2732, the reconstructed native data streams are
then passed to the display device.

0079)

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

34



8 APR 20Ulr rate is not greater than the mninumbit rate, then the node
is changed to anal og node (step 2612) and the process ends. [GOB7APEI 200427
shows a flowhart for a link set up process 2700 in accordance wth an
enbodi nent of the invention. The process 2700 begins at 2702 by the
receiving of a hot plug detection event notification. At 2704 a main link
i nqui ry2508 desmibed lry Figa@5.0AA teainiag sessioatiestaadkit 2862 Yy s¢tralimea traipinget er mi ne a
maxi num data rate, a nunber of tinme base recovery units included in a

recei V?atteﬁml/_eeﬂﬁi hAR 18K S E&Ninkir#® to tH¥G¥deiveRt AAYPiGal lidkard@ngTum | i nk dat a
rate is verified by way of a training session an at 2708, a data stream

source is notified.of. the. hot plug. eyent PP 0] abilities of the
di spl afa?tﬁg’i 1S SRR B?lgl\gbﬂ B QSC%a ﬁ‘%’e‘?‘%‘f%“ﬁé‘é %;ﬁé\;\}glye%?oq][ ﬁie‘J’ auxiliary
channel and the display responds to the inquires at 2712 which, in turn,
resul t gllusteagad, dwm&&péwr@mg sqseiond Phase hrepresants thashorsstirum leggtho714. [ 0078)
Next, at 2716, the stream source sends streamattributes to the receiver by
way of vilik phaxé 2 issthy lozigestn @he serdivat is2d 18 thededwstphasemts optiméze the e f urt her
notified whether the main link is capable of supporting the requested

nurber egfyxaxg%%a Ha€@ hottfthit fokkAnd hardcdterdock AR a¥MEV Qs 1634 3 8GRt s are

f or med I ng associ ated packet headers and the nultipl exing of a

nunber of..squrce stre ' chedul ed at 2724. .A A mnation is
e wiBRHRE sasorble; T 2DR, BE R of hebls ' Giosidbe el dE AL 12 10T o
then the source(szli are notified of a link failure event at 2728,

ot her wibsged upea the wainingstatas sheekntheregeivassti anasy kit for sagh@f thigei ve streans
based upon the various packet headers at 2730. At 2732, the reconstructed

nat i ve ptiadea asd ttearmsmitter at 2806. petsaddphase,ttheredeivpt will provéeddo th079] Fig. 28
shows a flowhart detailing a process 2800 for performng a training
sessi ORekthMASCRIHARER B bpAS ofFNRAEINBRL0 i if IR redereRdodnotldetedhoul d be

a pass then the receiver reduces the link rate and repeats the training session. The

main link is ready at that link rate at which a pass is detected at 2812.

[0080] Fig. 29 illustrates a computer system 2900 employed to implement the

invention. Computer system 2900 is only an example of a graphics system in which

the present invention can be implemented. Computef system 2900 includes central

processing unit (CPU) 1510, random access memory (RAM) 2920, read only memory

(ROM) 2925, one or more peripherals 2930, graphics controller 2960, primary storage

devices 2940 and 2950, and digital display unit 2970. As is well known in the art,

ROM acts to transfer data and instructions uni-directionally to the CPUs 2910, while

RAM is used typically to transfer data and instructions in a bi-directional manner.

CPUs 2910 may generally include any number of processors. Both primary storage

devices 2940 and 2950 may include any suitable computer-readable media. A

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
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noted that the training session process 2800 is one inplenentation of the
operation 34 8 APR 2004 2506 described in Fig. 25. A training Sﬁ?ﬁjﬁ)rﬁ b@
started at 2802 by sending a training pattern over the main Ti g Set
link rate to the receiver. Atypical link training pattern is shown in
Fig. 11 in accordance with an enbodi mrent of the invention. As illustrated,
dur i ng stdre prégransintpdiescinguteraofd dat, dnd thp liks efymcalhe melbomeswty run | engt h
whil e phase 2 is the longest. The receiver is to use these two phases to

opti m 7, 1R&g0 W@tbfﬂ?ﬁ?eldhﬂn RILASR adard@bibobd fapt ABkchandellgkRieer | ock are

achi eved as |l ong as ink quality is reasonable.” At 2804, the receiver

chock. EAOTRRGPurbe R 208 2R Fraf e luP Ao OB AED °2 0 T

transmtter at 2806. At each phase, the receiver. will proceed to the next
phase uthoforaafadnagstiopr papss tapa repdarey samepthey weldknown devigee deVitkr  does not
detect a pass then the receiver reduces the link rate and repeats the

trai ni g appresiated. thathke infrmatibh ndtained withihythesmassmtmbiyndeviczt80at whi ch a pass
Is detected at 2812. 100801 Fig. 29 illustrates a conputer system 2900

enpl Oyzﬂg’]& Hlaﬂpg?:gﬁ[Masééjﬁe iﬂcBWté@ﬁhst&m%ﬂﬁoﬁwmm bopeonly an

exanpl phics systemin whic the present invention can be

i mpl ementﬁ,glFH Conmput er system 2900 includes central processing unit (CPU)
1510, P&N I&E’g‘g@é nenory (RAM) 2920, read only nemory (ROM) 2925, one or
nor e perisgheral s 2930, graphics controller 2960 rimary storage devices
2940 alP81d50, CBHe 281 Gjare alsogioupled o ensi ar maye puileuipyt desicesi@98Whati n t he art,
ROM acts to transfer data and instructions uni-directionally to the CPUs
2910, whyliscludeAbii &e meekimitydios détigestsach aswidécemontindra, teackt bialls,tmiget i ons in a
bi -directional manner. CPUs 2910 may generally include any nunber of

pr ocesgaftdard8thitroPHonBs, YorvhQeAdtve dehyse farkdter 306 re8REs, Magnkii¢! ude any

sui t abl € conput er-readabl e nedia. A
or paper tape readers, tablets, styluses, voice or handwriting recognizers, or other
well-known input devices such as, of course, other computers. Finally, CPUs 2910
optionally may be coupled to a computer or telecommunications network, e.g., an
Internet network or an intranet network, using a network connection as shown
generally at 2995. With such a network connection, it is contemplated that the CPUs
2910 might receive information from the network, or might output information to the
network in the course of performing the above-described method steps. Such
information, which is ofien represented as a sequence of instructions to be executed
using CPUs 2910, méy 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.

[0082] 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
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secondary storage nmedi um 880, which is typically a mass nenory device, is

al so coupled bi-directionally to CPUs 2910 and provi des additi onal fgﬁap .
storage capacity. The mass nenory device 880 is a conputer-readabl e LRT‘I‘
that may be used to 35 - 8 APR 2004 store prograns including conputer code,
data, and the |ike. Typically, mass nenory device 880 is a storage nedi um
such asfremaargtettiad knaade ndt ahewmh icbneagamteydihént, the anslog irhlgendapd ismary st or age
devi ces 2940, 2950. Mass nenory storage device 880 nmay take the formof a

magnet iﬁoﬂﬂe«?ﬁz@@BthHﬁ‘atraﬁ&%zefé&erﬁ@?’%nﬂtiﬁﬁﬁdé’ﬁhé VKRR ofi@rissc !t will  be

appreciated that the information re ned wthin the nmass nenory device
880, nmm in ropriate cases, be jn orated | andard fashi on as
part of" kﬁ%g‘g%"'ﬂ@ ¢ #la owg}zrgrf;_sbcrt@%é%rn%gﬁgoéﬁfgﬁ%péesgptso coupl ed to
one or nore input/output devices 890 that may include, but are not limted
to, devRyeagongahbeinplerenedivithtanplog image; datpand/or ref¢rence signajdivar ds,

m cr ophones, touch-sensitive displays, transducer card readers, nagnetic

or papether dmatse Bdeexmpld hhalbg image/dats e, inMadeeides sigasidiatd dlsargithecogni zers,
or other well-known input devices such as, of course, other conputers.

Fi nal | y,cofeE: n&ﬁ%%m&@?ér&%@lsg@ﬁafmy be coupled to a conputer or

t el ecomruni Ccati ons network, g an Internet network or an intranet
net wor i ng networ k connectj.on as_.ghown generally at 2995. Wth such
a net m@@ionn‘%@?“&h,mﬁ){a ‘%’%v %‘Bﬁ‘f Wﬁ?téf)éawtm%ﬁen?‘ﬂ@e@%s%vigiﬂl ni ght receive
information fromthe network, or might output information to the network
i n t hedesstibed ilgthoplditreoudensipod kleat shrontesant inventimumay bh ombediepin  Such
information, which is often represented as a sequence of instructions to be
execut amny uthengpeCifidfoRAd Vithom\depating femvibe spifio or thedcopd ¢flthé Fﬂsér@ t he
network, for exanple, in the formof a conputer data signal enbodied in a
carri efnvéRidh. THIHréRAVEamples are to be considered as illustrative and not

restrictive, and the invention is not to be limited to the details given herein, but may

be modified within the scope of the appended claims along with their full scope of

equivalents.

[0084] 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 tre spirit and scope of the present

invention.
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descri bed devices and materials will be famliar to those of skill in the
conputer hardware and software arts. [0082] G aphics controller 2960
generates anal og i mage data and a corresponding reference signal § AR® 2004
provi des both to digital display unit 2970. The anal og i mage data can be
generated, for exanple, based on pixel data received from CPU 2910 or 36
from arl @GxABMnal encode (not shown). In one enbodi nent, the anal og i mage
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 ,inyention.can be inplenmented w th anal.oq.i mage, data
and/ or ref e(ralence ’%P%CX‘SP@E‘SF‘EdlsB@Hé‘%erff%r@mgeﬁr“’wgw@m%ﬂ% 0g i mage data
can include video signhal data also with a corresponding tinme reference

si gnal Sowgedsiicedoryauliimedin sink devdce, epmBUASIAZENt s of the present invention
have been described, it should be understood that the present invention

may be enboditmdsmitter mait gowgilénbto thpemirée devicerammngéd toaudeiviepsoukéeng from t he
spirit or the scope of the present invention. The present exanples are to

be conphdRf 8fa 8Fednt it RichAhMEWRINE nBe stfcBRlhieCt i Ve, and the invention is

not to be limted to the details given herein, but may be nodified within
the scope of the a nde | aj n._al.ong with their full scope of

equi val ents?rfcﬁﬁﬁﬁl%&ﬁ?qpie‘ftﬁﬁbe Flﬂgélﬁ‘flg%ﬁnhas been described in ternms of a
preferred enbodinent, there are alterations, pernutations, and equival ents
that fall weriiRkKinguRE couplgipdhefrapsmier ynjband thpreceivesmitinmanged & be not ed t hat
there are many alternative ways of inplenenting both the process and

appar atrarsferfa rbléinpadésdatd packetestitetnarfornhdd ofsa nuniitser of ensdtimediedsted t hat t he
invention be interpreted as including all such alterations, pernutations,
and eqptckal dBdcd vpon i dourdetpabret'daf stk i BédokdanBHith QAR Bfe thdlgs Pr esent

independent of the native stream rate between the transmitter unit and the receiver

unit.

2, A packet based display interface as recited in claim 1, wherein the
multimedia data packet stream is one of a number of multimedia data packet streams
each having an associated adjustable data stream link rate that is independent of the

native stream rate.

3. A display interface as recited in claim 1, wherein the link unit further
comprises:

a unidirectional main link arranged to carry the multimedia data packets from
the transmitter unit to the receiver unit; and

a bi-directional auxiliary channel arranged to transfer information between the

~ transmitter unit and the receiver unit and vice versa.
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invention. 37 - 8 APR 2004 | CLAIM 1. A packet based display interface
arranged to couple a nultinedia source device to a nmultinedia ing devi,ce,
conprising: a transmtter unit coupled to the source device arr 6 8 ﬁﬁh
receive a source packet data streamin accordance with a native stream
rate; a receiver unit coupled to the sink device; and a |inking unit

coupl i ng the4t r anandidplay intenfate @citdiEincREmi Y Mhets thedidas@ashal 0 transfer a
mul ti nmedi a data packet stream formed of a number of nultinmedia data

packet s, ha e wth a link
rate tha{] h%gglplégﬁgﬁawfﬁﬂpﬁe natol (gllzﬁag ?fé{i]?ln@{%adtngig@%tﬁ%gwhe transmtter
unit and the re e|v it. acket .based di,s erface as recited
in cl ai Formatipg fropm Fﬁ’é’ﬂ ﬂontgals Urge feyignadd uniydicg %‘?I}"E @Warhf a nunber
of nmultinmedi a data packet streanms each having an associ ated adj ustable
dat a stghenmalinokidedaas pait lo&theingain cbamehfve narrghg trifermatianifiom ttersearver ate. 3. A
display interface as recited in claiml, wherein the link unit further
conpr i sRsicedo tel sihik @SideGR @bnddhtiwith thelbackt éiag@d to carry the nultinmedi a data
packets from the transmtter unit to the receiver unit; and a

bi -directional auxiliary channel arranged to transfer information between
the transmtter unit and the receiver unit and vice versa. 38

5. A display interface as recited in claim 2, wherein the main link unit
further comprises:

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

virtual link bandwidth and a virtual link rate.

6. A display interface as recited in claim 5, wherein a main link

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

7. A display interface as recited in 1, wherein the source data stream is

packetized over the respective virtual link based upon a mapping definition.

8. A display interface as recited in claim 1, further comprising:
a hot plug event detector unit arranged to automatically determine

when an active sink device is connected to the linking unit,

9. A dlsplay mterface as recited i in cla.lm 2, wherein the information

includes display timing information used by the sink device to provide a displayed

image based upon the received data stream.
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8 APR 2004 4. A display interface as recited in claim3, wherein the

bi -directional auxiliary channel is fornmed of a uni-directional back
channel configured to carry information fromthe sink device;tg.the source
device and a uni-directional forward channel included as part of ‘tH&main
channel for carrying information fromthe source device to the sink device
in concert with the back channel. 5. A display interface as recited in
claim?2, wherein the main link unit further conprises: a nunber of virtual
| i nks each i ng j ' i6lla : lti nmedia data
packet str egfr?rjs m%?%?ﬁygg%ﬁa%% 482 g@%ﬁ\% E:ltaggll’ ﬁhﬁ{%@ ﬁgéﬁfgﬁngﬁoci at ed

virtual. |ink bandw dth and a virtual link rate. 6. A digplay interface as
reci t ed™$Hde sYRGloss mfprmation. dropradipackets dormaion aRd the r&?‘ﬁfg‘égst equal to an
aggregate of the virtual |ink bandw dths. 7. A display interface as recited
in 1, \WhdmiBg pessiens ydommsdiodat a stream i s packetized over the respective
virtual |ink based upon a mapping definition. 8. A display interface as
recited in claiml1, further conprising: a hot plug event detector unit
arranged to automatically determ ne when an active sink device is
connected tqithe 4 ki I L. . ' ' f hted in claim
2, wherein ?ﬁé iﬁ*ggﬁgyggﬁ%?%c §ﬁ§§ﬂ§?§g+§§’?ﬁﬁgﬁﬁﬁ§n g?ﬁ%??gﬁgused by the
sink devi.ce to pr.ovide a displayed i e.based upon,the.received data

ot 1 camPASKGT EERSKEF ah fSRe TGS VBRGNS (ot LA ELEAES & VAR §TALICS AR i n ¢ he
information includes sync |oss information, dropped packets information
and t hetrease and a mutichapngl gndig streans pad whenefrothgdnfounation transfer is an

asynchronous transfer.

12. A display interface as recited in claim 1, wherein the link rate is
adjustable in a range of approximately 1.0 Gigabits per second (Gbps) to

approximately 2.5 Gbps.

13. A display interface as recited in claim 1, wherein the receiver unit
includes a time-base recovery unit arranged to regenerate a particular data stream’s

native rate based upon a time stamp embedded within the main link data packets.

14. A display interface as recited in claim 13, wherein the time stamp is

220

based upon a determination of a number of native stream clocks in 2 cycles of link

cycle clock frequency period.

15. A display interface as recited in claim 1, wherein when the multimedia

data stream is an audio stream, then there is no associated time stamp.
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11. A display interface as recited in claim?2, wherein the nultinedi a data
packet transfer is an isochronous type transfer that incl udes._? PR

vi deo/ graphics data stream and a nultichannel audio stream an \ﬁnérgp[#’ t he
information transfer is an asynchronous transfer. 12. A display interface
as recited in claiml, wherein the link rate is adjustable in a range of
appr oxi mat elly. 1. QA Gisphliintsrfieras senited dn ¢lamp), wiereia s ssxarceaderiop 2. 5 Gops.

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

| ncl udggrogmd hﬁ%ﬁﬁéﬁdé@%q) S 3 thd avkili AP ERAnbLof AGRARY AhfpldraRar ti cul ar dat a

streanis native rate baséd upon a tine” stanp enbedded within the main |ink
data packets. . 14. A display interface as.recited in claim13, wherein the
time st*d npglbe{)%f‘slggHﬁbgqp;ﬁeagq@pw(ﬁggﬁogl}egp‘ﬁlgsa’a ier of native stream
clocks in 220 cycles of link cycle clock frequency period. 15. A display
interface as recited in claim1l, wherein when the nultinedia data streamis
an audio stream then there is no associated tine stanp. 40 8 APR 2004 16.
A di spl ay ingerf acéisplay iieeificeds ratited bi ¢hihb]6, whezreih a native snlic ce devi ce
informs the display device by way of the auxiliary channel of an audio

sanpl e of, ra}&@%%aﬁ:ume %p&ﬂ ths altfib safplirite (RE hERBESH UM peP  he audio
. i spl I nter

stream ay ace as recited 1n claim16, whérein a native
audio streamrate is calcyl ated based upon the audio sanple rate, the
nunber Sﬁ’flplﬁia{‘néﬂf?éiorre%‘f‘g%q’éﬁd’aﬁehe corresponding link rate. 18. A display
interface as recited in claim2, wherein the nunber of nultinedia data
streans are nultiplexed to forma single data stream suitable for

18. A display interface as recited in claim 2, wherein the number of
multimedia data streams are multiplexed to form a single data stream suitable for

transmission over the linking umit.

19. A display interface as recited in claim 1, wherein some of the

multimedia data packets include a number of sub-packets.

20. A display interface as recited in claim 19 further comprising:

a selective refresh unit included in the sink device that updates only a portion
of a displayed graphics image for every video frame based upon a number of image
coordinates corresponding to the updated portion of the displayed image by way of

sub-packets included in a corresponding video data stream.

21. A packet based method of coupling a multimedia source device to a

multimedia sink device, comprising:

providing a source device having a transmitter unit coupled thereto;

providing sink device having a receiver unit coupled thereto;
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transm ssion over the linking unit. 19. A display interface as recited in
claim1, wherein some of the nultinedia data packets include q_gugPﬁr ﬁf
sub- packets. 20. A display interface as recited in claim19 furth 2004
conprising: a selective refresh unit included in the sink device that
updates only a portion of a displayed graphics inmage for every video frane
based upeviviag auciree dath sirsag én accoriaddéengitie s nativer stepmndierty the t he updat ed
portion of the displayed i mage by way of sub-packets included in a
correspppdinng yhgeo data stream 21. A packet based method of coupling a
mul ti nedi a source€ device to a nultinedia sink device, conprising: providing
a source device.haying a transmtter unit coupl ed ther.et.o; providing sink
devi ce havi "R g&%‘@i“g‘%?m‘&}ﬁf 'tlmgn %EPchg?@ngyWiygpﬁkéu%aﬁft’ recei ving a
source data streamin accordance with a native streamrate by the
transnitter fomiing aganliimedig dataepacked sEedne fasmed of @ namber pamplisrddider unit by
way of a linking unit; forming a nmultinedia data packet streamfornmed of a

nunber dafa paokdtibagdi vpon dled upRaleei stleameahdipon the source data stream and
transferring the nultinedia data packet streamin accordance with a link

rate betwe fgﬁ-;p%' ﬁﬂ 2 W4 : ' WAk a 1idraté et hod as
recited in ?x{ﬁg%m ,tﬁg erﬁé%lﬁﬁ%ﬁeghhﬁ?@?%ﬁ?}aﬁ?ﬁ%&%&et astrltraaam is one of a
nunber of mul tinedi a dat ket streans each having an associ ated

adj ustQBﬁ“@eHéllea“%F’é%‘?ﬁ“P}%ﬁ‘Eg TECEHAt" s i ndependent of the native stream

rate.

22. A method as recited in claim 21, wherein the multimedia data packet
stream is one of a number of multimedia data packet streams each having an
associated adjustable data stream link rate that is independent of the native stream

rate.

23. A method as recited in claim 21, further comprising:

providing a unidirectional main link arranged to carry the multimedia data
packets from the transmitter unit to the receiver unit; and

providing a bi-directional auxiliary channel arranged to transfer information

between the transmitter unit and the receiver unit and vice versa.

24. A method as recited in claim 23, 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 2 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 chammnel.
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23. A nethod as recited in claim?21, further conprising: providing a
unidirectional main link arranged to carry the nmultinedia data acket s
fromthe transmtter unit to the receiver unit; and providing a PR 2004

bi -directional auxiliary channel arranged to transfer information between
the transmtter unit and the receiver unit and vice versa. 24. A nethod as
recited in ckfi m A3nethbeiticitddia ciimi2; ehbleNBé i iihl ahlY furtHeannel is
formed of a uni-directional back channel configured to carry information
fromth n§]F';rl§|‘k;s_devi ce to the source device and a uni-directional forward
channel ncl'uded as part of the mamin channel for carrying infornmation from

the source device tq the sink deyice in concert with the b channel . 42
APR 2004 25.2mumbgriod yirfual ﬁ%’fﬁ gFlﬁgéﬁﬁaFﬁegﬂl%%P‘Ha{‘Pféﬂ % 1ink unit
further conprises: a nunber of virtual |inks each being associated with a

part i cuhualti media dftatpheket stipdatms wigstteia edelt of solcWidtaldinke hasanissoa@ated each of sai d
virtual links has an associated virtual |ink bandwidth and a virtual |ink

rate. Zbrud IRbHARGYRh 4RCA Viedal IthkGh&l M 25, wherein a main |ink bandwidth is
at | east equal to an aggregate of the virtual |ink bandw dths. 27. A nethod

as recited in 21, wherein the source data streamis packetized over the

respective virtual |ink based upon a mappi ng definition. 28. A nethod as

recited in claimp2l, further. conprising:. automatically deferm ning when an

active sink evi c‘in}e@%ﬁ%&eéwFlalmilﬁpewlpqrﬁmaﬁ@ammbsyg‘wdﬂw 3bl ug det ect or

unit. 29. A nethod as recited in claim?22, wherein the information includes
least equal to an aggregate of the virtual link bandwidths.

27. A method as recited in 21, wherein the source data stream is

packetized over the respective virtual link based upon a mapping definition.

28. A method as recited in claim 21, further comprising:
automatically determining when an active sink device is connected to

the linking unit by a hot plug detector unit.

29. A method as recited in claim 22, wherein the information includes
display timing information used by the sink device to provide a displayed image based

upon the received data stream.

30 A method as recited in claim 21, wherein the information includes
sync loss information, dropped packets information and the results of training

sessions information.
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display timng informati on used by the sink device to provide a displayed

i mage based upon the received data stream 30 A nethod as re claim
21, wherein the information includes sync | oss information, ﬁré)dﬁgﬁ Zg%kets
information and the results of training sessions |nforrrat|on 43 "' (r) 8
APR 2004 31. A nethod as recited in claim22, wherein the nultinedia data
packet transfer A fmetiddias eefited oelaint JHevHerdin Seanultibmidia dutd pabkst a

vi deo/ graphics data stream and a nultichannel audio stream and wherein the

i nfor %ants aﬁereﬁfonbﬁ]e@p agm&*mm&a& starv?&%? 5m€s2dat£stp%mm as recited

inclaim In t rate i ad) ustab |narangeo

A et hadniEe ?lta@éing?r%ér%%nﬁWels‘iﬁ%eafbﬁmﬁﬁn@ BRSO PiRLdes &

ti me-base recovery unit arranged to regenerate a partl cular data streanm s
nati vetramgfer. based upon a time stanp enbedded within the main |link data
packets. 34. A nethod as recited in claim33, wherein the tine stanp is
based upon a determ nation of a nunber of native stream clocks in 220
cycles of link cycle clock frequency period. 35. A nethod as recited in

| ai m 21, ' ' . th
Chere 15’ no hecon A0RHo by ool il AEALA, SRRiTHEIRRIE SRUBIAIR T} s "
wh th d t he d b f th

A || 5O CHARRBRITSHE Y b Rt "s&a%?rfoqcen%@@ Bir e Y5/ s por sampl e

corresponding to the audio stream 44

33. A method as recited in claim 21, wherein the receiver unit includes a
time-base recovery unit arranged to regenerate a particular data stream’s native rate

based upon a time stamp embedded within the main link data packets.

34. A method as recited in claim 33, wherein the time stamp is based upon
a determination of a number of native stream clocks in 22° cycles of link cycle clock

frequency period.

35. A method as recited in claim 21, wherein when the multimedia data

stream is an audio stream, then there is no associated time stamp.

36. A method as recited in claim 35, wherein the source device informs the
display device by way of the auxiliary channel of an audio sample rate and a number

of bits per sample corresponding to the audio stream.
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8 APR 2004 37. A nethod as recited in claim36, wherein a native audio
streamrate is calcul ated based upon the audio sanple rate, the nunber of
bits per sanple and the corresponding link rate. 38. A nethod GadPRediled
in claim?22, wherein the nunber of multinedia data streanms are nultipl exed
to forma single data stream suitable for transm ssion over the |inking
unit. 39. A 3fet hotl reshodasiredtddiinm cim38) Ricreintyaiative asdiowtredmtrite isul t i medi a
dat a packets include a nunber of sub-packets. 40. A nethod as recited in

cl ai m ichbhdd e B th hilflo sAnPRIAE!hY BBl Aths el LanidlE biifigd 11 the si nk
devi ce that updates only a port of a displlayed graphics I mage for every
vi deo frane g pon a nunber of imge coordinates corresponding to the
update6088ﬁ¥wgﬁg Pﬂfﬂﬁ di spl ayed i mage by way of sub-packets included in a
correspondi ng video data stream 41. A packet based video interface for
coupling a source device and a display device, conprising: a source
application |layer arranged to provide a source data stream a data stream
format, a nggber Amethadtlas sécitedin elbini 2 uiiesein Andianisdr o€ amltidediai fi cati on
nunber; a source link layer coupled to the source application |ayer

ar r angggy,! stelh Ol duttipiRked ﬂB'fB La'sfn%ié it & &Qﬂmvé Qle' i nﬁ&tfsﬁﬁ?s igfpnagenent

functions; a source physical yer ayer that includes,
45 ' 8 AP &E‘ﬂ urce | ogi cal Iayer arranged to at | east

packet °Z8/ %B %H“?e data, scranbl e/unscranble data, generate |ink

trai ning patterns, encode and decode

39, A method as recited in claim 21, wherein some of the multimedia data

packets include 2 number of sub-packets.

40. A method as recited in claim 39 further comprising:

a selective refresh unit included in the sink device that updates only a portion
of a displayed graphics image for every video frame based upon a number of image
coordinates corresponding to the updated portion of the displayed image by way of

sub-packets included in a corresponding video data stream.

41. A packet based video interface for coupling a source device and a
display device, comprising:

a source application layer arranged to provide a source data stream, a data
stream format, a number of data stream attributes, and a stream identification number;

a source link layer coupled to the source application layer arranged to provide

link initialization and v1deo 1nterface management ﬁmctlons,

a source physical layer coupled to the link layer that includes,

45



data, and a source electrical layer that includes circuitry for
initialization, parallel to serial and serial to parallel conyersihgps nd
spread spectrum capable PLLs; a bidirectional auxiliary channel 6E8|2%§

t he source device physical |ayer and a display device physical |ayer
arranged to transmt information between the source device physical |ayer
and the display dasute lpgysilogr airanged taudeast packetizeddepaekutize dataj di r ect i onal
mai n |ink coupling the coupling the source device physical |layer and the
di spl ay devig : r etween the
Sour co. devi CoIYEERmMUCRS, SHEARIE, CaniE DA, o o er a2, A
packet baseg%V|d interface as recited in claim4l, further conprising: a
di spl ay devi lication | ayer arranged to provide a set of display
attributes to the source device application |ayer; and a_display device
link |ayer coupl iasguicheledirispl layerdgamméu@q@;@u'pwuf@wmtw}léatlmb the display
devi ce physical layer. 43. A packet based video interface as recited in
claim 42, wheffktnotsbial a8l serdidYo Fﬁuilae:oawﬁbﬁ@hh@apraadﬁljebemhayer and the
source devi ce application profile |ayer are each anapplication programm ng
interface tQ%bb$??igbes a format for the source data stream and the

di spl ay devi ’8 APR 2004 44. Conputer program product for packet

comput or - coBBBFiGHLfkfny et o isTaf iR S i BRI f ot o

a display device physical layer arranged to transmit information between the source

device physical layer and the display device physical layer and vice versa; and
a unidirectional main link coupling the coupling the source device physical
layer and the display device physical layer arranged to transmit information between

the source device physical layer and the display device physical layer.

42, A packet based video interface as recited in claim 41, further
comprising:

a display device application layer arranged to provide a set of display
attributes to the soﬁrce device application layer; and

a display device link layer coupling the display device application layer to the

display device physical layer.

43. A packet based video interface as recited in claim 42, wherein the
display device application profile layer and the source device application profile layer
are each anapphcatlon programmmg mterface that descnbes a format for the source

data stream and the display device.
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nunber of data streamattributes, and a streamidentification nunber;
conputer code for providing link initialization and video interfage
managenent functions; conputer code for packetizing and/or débgcgégiﬂmég
data; computer code for scranbling and/or unscranbling data; conputer
code for generating link training patterns; conputer code for encoding and
decodi ng dat44; Campitterprogrdm froduct fortpacket based couplingtdfe sovregl i ng; conput er
code for providing parallel to serial and serial to parallel conversions;

conput &L £R96d § 8fsnial ABiEE tbhiprisiilbor mati on between the source device
physi cgll;BV ?ayer gﬁdyt he di sg{ﬁgy gevi ce physical |ayer and vice versa by way

of an auxiliar cha | ;. copputer co .1 LLL i nf ormation

bet ween thecgﬁ'é}l@éc‘ﬁ%\r}ﬁﬁgmv R ?ae% e&ﬁ’da'tﬁatg‘%gs%lqg?ﬁ ’ea\c/)i ce physi cal

| ayer; and conputer readable nediumfar storing the conputer code. 45.
Conput enmbeoeficaia sreaan attribates, and a srgamideitidicaioUmBeT; her conpri si ng:
conputer code for providing a set of display attributes to the source

devi ce appkbmphteptodedyeprodiiing ligk MRRAl28dvand&idedonteufaee  progr am product as
recited in claim45, further conprising conputer code for describing a

format for %amgn@mt%@s;stream and the display device. 48

computer code for packetizing and/or depacketizing data;

computer code for scrambling and/or unscrambling data;

computer code for generating link training patterns;

computer code for encoding and decoding data;

computer code for initialization of the coupling;

computer code for providing paraliel to serial and serial to parallel

CONVErsions;

computer codé for transmittin information between the source device physical
layer and the display device physical layer and vice versa by way of an auxiliary
channel,

computer code for transmitting information between the source device
physical layer and the display device physical layer; and

computer readable medium for storing the computer code.

45.  Computer program product as recited in claim 44, further comprising:

computer code for providing a set of display attributes to the source device

application layer
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46.  Computer program product as recited in claim 45, further comprising
computer code for describing a format for the source data stream and the display

device.
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