~ 8 APR 2004 USI NG AN AUXI LARY CHANNEL FOR VIDEO MONI TOR TRAI NI NG FI ELD OF

THE | NVENTI ON 100011 The invention relates to display devices. uyg]'af
specifically, the invention relates to digital display interfac i@ 480%
for coupling video sources to video display devices. BACKGROUND OF THE

| NVENTI ON (0002] Currently, video display technology is divided into anal og
type di spl al] SINGCANAUKHSARY CHANNEPEFORWEDER! type di spl ay
devices (such as liquid D@§ﬁ§§3h3&t2@hﬁ¥! , plasna screens, etc.),
each of which nust be dr Pfﬁﬂ' 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 (sonetinmes referred to as a video
sink) by way of a conmunication |ink. 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

whi ch i:ﬁ Erranggd to carry a specific signal. [0003] One of the advantages
of the QN; 5™ t he ubi qui tous nature of the cable, due to the

| arge and ever expanding installed base. As long as the analog 1 - 8 APR
2004 s|0&hdhemyertionrelaesdodisplaydisvicsnt More speeidicplly,|the inventiorcent i ve to

m grate away from any other cable formthan the VGA DB 15.
relates to digital display interface suitable for coupling video sources to video display

devices.

BACKGROUND OF THE INVENTION

[0002] ‘ Currently, video display technology is divided into analog type display
devices (such as cathode ray tubes) and digital type display devices (such as liquid
crystal display, or LCD, plasma screens, etc.), each of which must be driven by
specific input signals in order to successfully display an image. For example, a
typical analog system includes an analog source (such as a personal computer, DVD
player, etc.) coupled directly to a display device (sometimes referred to as a video
sink) by way of a communication link. The communication link typically takes the
form of a cable (such as an analog VGA cable in the case of a PC, otherwise referred
to as VGA DB15 cable) well known to those of skill in the art. For example, the
VGA DB15 cable includes 15 pins, each of which is arranged to carry a specific
signal. |

[0003] One of the advantages of the VGA DBI15 cable is the ubiquitous nature of the

__cable, due to the large and ever-expanding installed base. Aslongastheanalog =~ . = _ _ _



[ 0004] However, in recent years, the exploding growh of digital systens
has made the use of digital capable cables such as Digital Visu8l APR 2004
Interface (DVI) cable nore desirable. It is well known that DVI is a -
digital interface standard created by the Digital D splay Wrking G oup
(DDW5). Data are transmtted using the transition mnimzed differential
si gnal i sgt¢rimsSyripedotbore predpminsice] ithege & 1dilgircativeitg ndfrate omyt fiem PC s

graphi cs subsystemto the display. DVI handl es bandwi dths in excess of 160

MHz andafhsthersdaBRObEE thasthe 3Eh HBEY Wi th a single set of |inks. 100051
Today's display interconnect |andscape includes the VGA (anal og) and DVI

(digita i i j caf | wel,l as LVDS
(ci g 1 2IPoppHoRERE: Btefd By e AR B R BP e b o B R B8 < "and ot her
all -in-gne deyi.ces. aphics 1C vendors, djsplay rol]er IC vendors,
noni t or ﬁ%?é@}gﬁigﬁg&ﬁgﬂ% S“&%ﬁﬁta@ifﬁ“@%%%fﬁﬂbﬁel’ dAQGers, to one
degree or another, nust factor interface choice into their design, product
defi ni t¥esHablgafus well knpwg thatd¥Vdds p digitzhinterface shindard gesstedi tontbe  For exanpl e,
if a consumer purchases a PCwith an analog VGA interface then the
consuneRigitakDisplay Working Grapd DEYW GihaDaty a0 tratshiitted usinglit@ittamkitioAoni tor in
whi ch the anal og video signal provided by the VG interface has been

di gi ti zamhidizediff@éntal si éliﬂgﬁ(mpﬂo&ﬁoﬁ})ﬁi\ﬁtﬁhg G QA Sighal (fAIACInOr an ADC

built into the particular monitor. [0006] Unfortunately, however, Ithe
bili ' . C . . e .

O L OnBRRONAS Bl AN OO AR RS BTl

i ded 8 apa iR aupnorl AR VR s el et gy o T T o e e

[000S] Today’s display interconnect landscape includes the VGA (analog) and DVI

(digital) for desktop display interconnect applications as well as LVDS (digital) for
internal connectivity applications within laptops and other all-in-one devices.
Graphics IC vendors, display controller IC vendors, monitor manufacturers and PC
OEMEs 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] Unfortunately, however, the ability to recognize and train a particular video

monitor is sorely lacking.



unidirectional main link arranged to carry a nunber nultinmedi a data packets
fromthe video source to the video display, a nethod of estab,liéhbgg ﬁm
stable main link. The nethod is carried out by performng a Iin i #‘ig
session carried out over the auxiliary channel to establish the stable
main link, prior to starting transm ssion of nultinedia data packet
streans froma video transmtter to a video receiver over the main

channel . [0008] In another enbodi nent, a video nonitor training systemis

di scl osed that i ncludesUMMARY CGETHIENVENIIONY channel arranged to
transfer informati on between the video source and the video display device

and vice versa, a unidirectional main 1link arranged to carry a nunber

mul ti megl ta ckets fr th | timed a_source vi.ce 10 the

mul 1 o0 ARG Blving 4 Rk bl Boh il g eito o spray  and
a main link trapsmtter unit at the videp source, each coypled to the main
link, aRformation befveer A yifdea sowcs ord 4 Kideo displayand vipersEsaandial i ary channel
wherein both the main 1link receiver unit and the auxiliary channel slave
uni t arunidizectional nagin dhk etranged|to parrylh sumberanultimedia datmpacketsdraamtllsy node and
wherein when a hot plug event has been detected, then the system noves to

a di sphagecsdoato tathadideddisplay dmiethadisf tstablishibhastuble mainditk. et i s turned
on and the main link transmtter unit responds to a receiver link

capabi lhdpiod RGrfdBRBY geﬁ&%iﬁghr}ﬁk@ﬂaﬂﬂng’?&iﬁﬁ RBar¥ili oupbvapged to generate a

training pattern used” by the Transmtter 1n a tralining phase to adjust an

5 AR 20008t B e B RERe dRB DR e B B P b o ot for
establishi.ng a  stable main bi nk i_H a system havi.ng a hi-directional
auxi | | é'?‘;]“@%@ﬂﬁ’&a% chiyeams Bomkd WAet ERISTHite haidse IStV AYeRGi deo source

and a video display and vice versa and a
main channel.

[0008]} In another embodiment, a video monitor training system is disclosed that
includes a bi-directional auxiliary channel arranged to transfer information between
the video source and the video display device and vice versa, a unidirectional main
link arranged to carry a number multimedia data packets from the multimedia source
device to the multimedia sink device, a main link receiver unit at the video display
and a main link transmitter unit at the video source each coupled to the main link, an
auxiliary channel slave unit coupled to the auxiliary channel wherein both the main
link receiver unit and the auxiliary channel slave unit are each in an electrically idle
state in a monitor standby mode and wherein when a hot plug event has been
detected, then the system moves to a display state at which time the auxiliary channel
slave unit is turned on and the main link transmitter unit responds to a receiver link
capability read command, and a training pattern unit arranged to generate a training

pattern used by the transmitter in a training phase to adjust an equalizer which is

updated based upon a result for each training phase.




unidirectional main link arranged to carry a nunber nultinmedi a data packets
fromthe video source to the video display is disclosed. The conputer
program product includes conputer code for using a link training session
carried out over the auxiliary channel to establish the stabl é"%ai‘:\ﬁRl 2804
prior to starting transm ssion of nultinedia data packet streanms from a

vi deo s{08EI yet athether aeteodiment] eommuterpro gremyabduat iamestabliskinga 8 APR 2004
BRI EF DESCRI PTI ON OF THE DRAW NGS Fig. | shows a generalized representation

of a crgasle Bdahi flﬂffﬂdjéﬁ&lnﬁuawﬂ%ﬁbf -a&tiondlQukilane aﬁhﬂa%ﬁngédth an embodi nent
of the invention. Figs illustrates a video interface systemt hat

|s usedyLQ e‘}‘?ﬁ‘fﬂﬁﬁén (;:Y\!vg&ta vilts g(ﬁ.ﬁ%daa M{ié’oe&sﬂbf B.Jl(iiglcg Qlisa Ll gecor dance

with a nu er o e |nven ion hows “exenpl ary nai n
i nk rates, |nacord an enbodi nvent i Fig. 4A
Shows ARSF PRt Tk grekesd (P hasy ¢ graarbe fimedia e Riisat tr © ¢ ho
invention. Fig. 4B shows a main |link packet header in accordance with an
embodi nedeo sapreertpdhe videmdisplay isisclosd. Jhevemputeyprogramprodiigled to provi de
sub- packet enclosure and nultiple-packet multiplexing in accordance with
an enbadelmdest coafputdreodaformsingra linkFraining Bessionwarrdaub everithpiwediayat i on of
the systemshown in Fig. 5A. Fig. 6 shows a high-level diagram of the

mul ti plpsgst] ERéstablish haesgtmamaﬁﬂuﬂa;pn&xamhﬁlgqfangﬁessﬁ;hr&%mﬁﬂem inFig. 5.
Fig. 7 show anot her exanple of ta streamin accordance with the

data packet streams from a video source to the video display over the main channel.




invention. Fig. 8 shows yet another exanple of a nultiplexed data streamin
accordance wth an enbodi nent of the invention. Fig. 9A shows a
representative sub-packet in accordance with an enbodiment -of= 8h&PR 2004
invention. 5 8 APR 2004 Fig. 9B shows a representative main |ink data
packet in accordance with an enbodinent of the invention. Fig. 10 shows an
exanpl e of a sel ecti vBRIEFIDESERIBRTHONOFJHE BRAWINGS. 11 shows an
exenplary link training pattern in accordance with an enbodi ment of the
invention. Fig. 12 illustrates a logical layering of the systemin
accordance with an enbodi ment of the inventi on Fig. 13 shows an exenpl ary

I St B S Rl iR 0 MR

t he i nvention: OWsS an  exenp ary

accord e wth an i Ht of &He? ntlon Fig. 15 shows a

r epr esent'af ALRET ‘i’?”l‘ ra§} E"ﬁ’g’ H’éﬁfmg t‘?‘f Psub layer in accordance with
an enbodi nent of the invention. Fig. 16 shows a representative main |ink

el ectrical dJugs Raye?C ﬂlhlsﬁé@éﬂd@f?@émeﬁﬁ(if’rﬁyatﬁn@h%ﬁilm copngcha i nventi on.

Fig. 17 shows a representative connector in accordance with an enbodi nment
of t he vidvosoticeand kivileo Hispéddyoust ia ascordaree stitit enwhbay ol embodacanty afance wit h
an enbodi nent of

the invention.

Fig. 3 shows exemplary main link rates in accordance with an embodiment of
the mvention.

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

Fig. 4B .shows a main link packet header in accordance with an embodiment
of the invention.

Fig. 5A shows a system arranged to provide sub-packet enclosure and
multiple-packet multiplexing in accordance with an embodiment of the invention.

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

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

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

Fig. 8 shows yet another example of a multiplexed data stream in accordance
with an embodiment of the invention.

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

- -of the inventton.- - — — T T o ’7'



the invention. Fig. 19 shows a display state diagramin accordance with an
enbodi ment of the invention. Figs. 20 - 24 illustrate various corpwtfdr 2004
based i npl enentations of the invention. - Fig.- 25-shows-a:

fl omchart-detailing-a-process-for-determ ning-an-operational - node of the
interface in accordance with an enbodi nent of the invention. 6 8 APB 2004
Fig. 26 showg.dB thomcsharepredattativeimgn dink dememekdt du aqoodande withanr eal ti ne
video i mage quality check in accordance with sonme aspects of the invention.

Fi 0. 27%nstvantent of iAW Hiionf Or @ |ink set up process in accordance with an
enbodi mrent of the invention. Fig. 28 shows a flowhart detailing a process

R

i nvention. I'oy&d to i nplenent the

i nventi on. .- PR 2004 TAI LED DESCRI PTI ON OF SELECTED EMBCODI MENTS
[ 0010] Ref e}églcﬁ \; WSW‘%% tf%mﬂﬁi’ﬁ‘i“fmt‘%a%?oﬁglnf? W‘Fé‘P enmbodi ment of

the invention an exanple of which is illustrated in the acconpanying
dr awi ngmboimang of thgdnventiemt i on wil| be described in conjunction with the
particul ar enmbodinent, it will be understood that it is not intended to

limt the i MgenRilustiatestalegidsidayedring @f tierdysidimnimriccordandeheitlcant rary, it is
intended to cover alternatives, nodifications, and equivalents as nay be
i ncl udeghpiitintinhof A8 iiehtibf. and scope of the invention as defined
Fig. 13 shows an exemplary special character mapping using §B/10B in
accordance with an embodiment of the invention.
Fig. 14 shows an exemplary Manchester II encoding scheme in accordance
with an embodiment of the invention.
Fig. 15 shows a representative auxiliary channel electrical sub layer in
accordance with an embodiment of the invention.
Fig. 16 shows a representative main link electrical sub layer in accordance
with an embodiment of the invention.
Fig. 17 shows a representative connector in accordance with an embodiment
of the invention.
Fig. 18 shows a source state diagram in accordance with an embodiment of
the invention.
Fig. 19 shows a display state diagram in accordance with an embodiment of
the invention.
Figs. 20 — 24 illustrate various computer based implementations of the
invention.

— Fig- 25-shows a flowchart detailing-a process for determining-an-operational—— —  — — — —

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




by the appended clains. [0011) The inventive interface is a point-to-point,
packet - based, plug & play, serial digital display interface that is both
open and scal able that is suitable for use with, but not Iin1;egj§pﬁ 2004
desktop nonitors as well as providing LCD connectivity within

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

i ncl udi ng HOAY. 2@ shsmsaayBowaciehrtt detai ingkeprotcleds iféaeproeiduwayd reahtatne didepl ay
interfaces that transmt a single video raster plus timng signals such as

Vsync, #isagB qualid.chédkn acédiarlcBWEiH doMR: ashett L6 tAE vieh@or. des a syst em of
mul ti-stream packet transfer capable of transferring one or nore packet

streans si : Qusl.y, 4 Y . R . ablished within a
physi cal | %@a{% T Q{S aliql)(;rlﬂéeﬂégtnf%’l%e, |eg5 ui‘ ?Eic}légém%l %g&g@%‘le"r%;’f"lﬂ{z)%
representation of. a .cross platform packet based digital video display

i nt er f FRPOHBERRf BV wi th an embodi nent of the invention. The
interface 100 connects a transmtter 102 tqo a recejver 104 by way of a
physi cal | i rfiig12%chows adlovahert dewiling aagroeesp fraerfonmingiadraipiag spssion

enbodi nent, a nunber of data streanms 108 - 112 are received at the

t r ansmihtecord:dize whthtan dnibodireadof dreyinvgntioket i zes- each-i nt o-a correspondi ng
nunber - of dat a- packets 114.. -These- - data packets are then fornmed into
cor r espondi rigg O8tifusit@H G sQétemttingloyidao SnfleMR #ePdvepassed by way of
an associated virtual pipe 116 - 120 to the receiver 104. It should be
noted that the link rate (i.e., the data packet transfer rate) for each
virtual link can be optim zed for the particular data streamresulting in
t he physical link 106 carrying data streans each having an associated |ink
rate (each of which could be different from each other dependi ng upon the
particul ar data streamj. The data streans 110 - 114 can take any nunber of
forms such as video, graphic, audio, etc.

\J



[ 00131 Typically, when the source is a video source, the data streans 110
--114 include various video signals that can have any nunber -arfd APROEI®DS
wel | -known formats, such as conposite video, serial digital, parallel
digital, RG, or consunmer digital video. The video signal can be an anal og
vi deo signal provided the source 102 includes sonme formof an anal og video
sour ce such aBPEMAILETRDESERIPTIONOFSELECTEEMBOBDIMENTSEr a, anal og
VCR, DVD pl ayer, cantorder, |aser disk player, TV tuner, set top box (with
satellite DSS or cable signal) and the |like. The source 102 can also
include a digital imge source such as for exanple a digital television

(DTV), Qi i . ra, ol ; 1@l t.al _video signal can be
any nunﬂjeorqmt gh%ﬁ%‘%lé“@?‘%%lm%g%ﬁ& %‘% % g?m;@?‘n%‘@""fé%‘gﬁt %@lﬁe SMPTE 274M 1995
(1920 x. 1080 resolution, .progressive or interlaced, scan), SMPTE 296M 1997
(1280 xmﬁ@lonraélsféﬁwieoqfwlaﬁbw@%%ﬁa@ g éherprcongpanying drawingss While 480
progressive scan video. 100141 In the case where the source 102 provi des an
anal og thesapsntiomwill be descrbed ingonjuoctiingitha thequmicalar embodinntciomikkr t s an

anal og voltage or current signal into a discrete series of digitally
encodetauidessichd(tbatgniainpt indended @ limit tEinPEMDAIS tiedesgibedpr i ate  di gi t al

i mge data word suitable for digital processing. Any of a wde variety of

AID  CORIdiRER. T8MthOontmes! it iBnted % cHeR AREBatiRk NAbdIcRiGRINET € €r S
i ncl ude, for -exanple-those-nmanufactured-by: Philips-Texas |nstrunment,

ANl 00-ENER: as pE AR L e BT i oo BAFEREY i hADIS] oS RlrrarDl €, 1

the data stream I's an ana igital
conver;bs(r %not ah{g ) _included in or coupled to the transmtter 102 wl|
di gi ti 2¥ thharngnde gn a which is then packetize by a packetizer that
converts the digitized data stream 110 into a nunber of data packets 114
each ofl0OH] cheypygntiye interface is a point-to-point, packet-based, plug & play, 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 HDTV
displays and the like. Unlike conventional display interfaces that transmit a single
video raster plus timing signals such as Vsync, Hsync, DE, etc., the inventive
interface provides a system of multi-stream packet transfer capable of transferring
one or more packet streams simultaneously in the form of “virtual pipes” established
within a physical link.

[0012] For example, Fig. 1 shows a generalized representation of a cross platform
packet based digital video display interface 100 in accordance with an embodiment of
the invention. The interface 100 connects a transmitter 102 to a receiver 104 by way
of a physical link 106 (also referred to as a pipe). In the described embodiment, a
number of data streams 108 — 112 are received at the transmitter 102 that, if

" — ~necessary, packetizes each into a corresponding number of data packets 114. These ~— -

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




transmtted to the receiver 104 by way of the virtual link 116. The
receiver 104 will then reconstitute the data stream 110 by appropri at el
reconbi ning the data packets 114 into their original format. |+ BsHHR dﬂﬂvﬁe
noted that the link rate is independent of the native streamrates. The
only requirenent is that the |link bandwi dth of the physical |ink 106 be
hi gher pised bheangfuegabeatednithiatlpipe 4l 6 daRe ts tHeaaseiser 100, MDsshobddansmi tted .
In the described enbodi ment, the incom ng data (such as pixel data in the

case of by héie@ At lR)linkTaRIEE e QYR DAL aBSTBSGEE) Y6t c4bh Vithlal linPkaPased upon a
data mapping definition. In this way, the phySical link 106 (or any of the

such asPERimiEed b e by TSR i BB PG IR B e BB T61 11 T
way, the interface 10Q provides g_scal eable medium for the transport of

not onl At FERAGIS Fah éﬁ“ﬁ pr assaciptgd ligk rate (eagh gt whish.conldha@ffergh) i cati on dat a
as may be required. In addition, the invention supports hot-plug event

det ect i Bemazach ethendrpending hporsthe particulapgtgistredm). | The data stysiapws)110e- i ts opti mum
transm ssion rate. The invention provides for a |ow pin count, purely

di gi t al 11cl @pltake angtoarbenafoims suchak vided) gplay saudiv, eftbl € for nultiple
platforns. Such platfornms include host to display, |aptop/all-in-one as

wel | aS[OUB-']'\'TﬁJMI { WhEn HRRSHLE s ﬁigﬁédﬁ%egﬁxeaﬁpi dtfedbls 998 11400171 I n

addition to providing video and gr Ics data, display timng information
can be . L0.fhe. di gidtal ream proyidin ntiglly perfect and

I nst antlg&B&ésjg a)lll S gﬁeaﬁ}é‘ﬁg ; o%&@%ﬂ?g@ﬁ?%ggguﬂﬁgfs)ggfﬂ%gg%f’i ke

"Aut o- Adj ust" and the |jke . The .packet ba npat ure of the inventive

i nterf 8%”15%’&9? %%C"&Pas%ﬂdr??’ﬁe{l@%g@ fﬁ%gdlﬂltaf SIGANFHAE| pl e, digital
data streans_such as multiple vi dco/graphi cs streans and audio streans for

nul t i meldgitel disiepi dhe visiee signal catl e eh gnalog videp wigngkprotided the source(102B)

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.
[0014] In the case where the source 102 provides an analog image signal, an analog-
to-digital converter (A/D) converts an analog voltage or current signal into a discrete
series of digitally encoded numbers (signal) forming in the process an appropriate
digital image data word suitable for digital processing. Any of a wide variety of A/D
converters can be used. By way of example, other A/D converters include, for

- = examplethose manufactured by: Philips; Texas Instrument, Analog Devices, —— ~—

Brooktree, and others,




transport for peripheral attachnment and di splay control can be provided

wi thout the need for additional cabling. [00181 O her enbodi ng SAZFP}{' Ztﬂﬁf
i nventive display interface will be discussed below. [00191 Fi gﬁ AL
illustrates a system 2 00 based upon the system 100 shown in Fig. 1 that
IS used to connect a video source 202 and a video display unit 204. In the
i | [ ust r piodd] Fendxadipie if the thta sitear @ 18 ancamaldg 2ymesignahahe de awdlogier or both a
digital image (or digital video source) 206 and an anal og i mage (or anal og

vi deo SgiditeFdongiter (hét shbfn) ﬁl@ﬁlﬁe@fn dridusiedid Mk tlalBifiRtes 002 G411 206, a digital
data stréam 2 10 |s provided to the transmtter 102 whereas in the case of

the analageXifiempanioenai ai@m&eﬁ%ﬂ bflieslihar 24 saURL e ther et o,

convert ream 0 a -cofrespon data stream
214. The djgital data_stream 214 is_then c sanme manner
2o the SiegiPafiia sirerad i o pombg Sideit PSRRTLE ERehi ety %Fgm 2y i ¢
204 can be an analog type display or a digital type displa I n sone

cases claansmittesctodhe miceiver 104t way @fthdiv linls | Yfnalke reeeiver Wlﬂereto I n
any case, the display unit 204 includes a display interface 216 that

i nt er f aexs rchestitgte ehe/data dtOhmM Kthbyeapprairlately redbfibiting theldath maoketer t er uni t
220 in the case of an analog type display. In the described enbodi nent,

the vi deQ ARMUAES oﬁg;%ap@ﬂnhaﬁ@smlﬁ BUMEIGT thef the q&hﬁsaté Mheﬁé%déht dper sonal
deskt op corrputer ital or analog TV, set top box, etc.) whereas the

Lo oyt B eé#?“?@%é‘nlﬁ%@ﬂ*%n{ Rt tlq 1@8&“‘%@3%@%2?? B Lof “the type

of Vi deq 32 gniaﬁfé e S the EMISHAE! a3 18 Strearn(s) o be
(|fnecessary) an acketi zed- r| or-to-transm ssi on-over-the-- - - physical
| i nk 106ngmitee i Lﬁéﬁ%é@ﬁfﬂhﬂdjﬁn offimert; theirgomyng datei(shehas pixehdata dbchr onous

data 11 8 APR 2004
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 nof, as does conventional interconnects such as DVI, carry one
pixel data per link character clock.
[0016] In this way, the interface 100 provides a scaleable medium for the transport of
not only video and graphics data, but also audio and other application data as may be
required. In addition, the invention supports hot-plug event detection and
automatically sets the physical link (or pipe) to its optimum transmission rate. The
invention provides for a low pin count, purely digital display interconnect for all
displays suitable for multiple platforms. Such platforms include host to display,
laptop/all-in-one as well as HDTV and other consumer electronics applications.
[0017] In addition to providing video and graphics data, display timing information
can be embedded in the digital stream providing essentially perfect and instant

—— -display alignment, obviating the need for features like “Auto-Adjust” and the like. -~ - — -

The packet based nature of the inventive interface provides scalability to support

10




streans and a bi-directional auxiliary channel 224 for |ink setup and ot her
data traffic (such as various |ink nanagenent information, Unl..ygrga 004
serial bus (USB) data, etc.) between the video source 202 and the vi d%

di splay 204. [0021] The main link 222 is thereby capable of sinultaneously
transmtting nmultiple isochronous data streans (such as multiple

vi deo/ gnalpplec digithk daarsireand soch 4s mulhialenedeo/gaphics gteamamd audio t he descri bed
enbodi nent, the main link 222 includes a nunber of different virtual

channel eaRafdt nraRRRhR Bhlidiidns  Brddiieni $REPECNQESaldAEUSB)eans (such  as
unconpr essed graphics/vi deo and audi o data) at mul tiple gigabits per second

(0rs) ok By bEhaks HhRAk o gL SLALR cal HERIDIAAAillou?dR 2ppears as a

single pe an & o1 pipe, nultiple

virtual pjpes, can establlshed In thls way, |ogical data streans are
not asé’iegf%gﬂafl‘g‘tlﬁﬂéscﬁ‘@é‘?g channels rather, each logical data streamis

carried in its own | ogical pe (i.e., virtual channel described above).
[ 0022] [0Gi8] @h@mquna@menﬁ%gam@mwe dinplay pberdace ovill e sliscpesed bglow. of t he
main link 222 is adjustable to conpensate for |ink conditions. For

exanpl ¢0019h Fin @ illogitateseadyatetro200 bastibummeathel systenh h0 stedwn ini Fig. 1282& can be
adjusted in a range approxi mated by a sl owest speed of about 1.0 CGops to

about %ée@l&péorﬁ%ét @hﬁé@ﬁim&@@%ﬂ%ﬂ%tcﬁéﬂa s InitheTIRRBALS (see Fig.
3). At 5 Gops per channel, the main |ink 22 can support SXGA 60Hz with

a col o &’ihﬂ-n? %filﬂgé E&r@ee'{lozpda}i IO it Ry 5 lﬂg}l fggtgf‘ﬂﬁi e (bf should be

noted f onin € nu uce not only the cost

of |nterc ect redyces th nsu h is an

| mpor t Sfit3 P@ﬁ%?%@ﬁ?oﬁﬁn %Wﬂ%&ﬁ%ﬁ%ﬁ@“@% B P LBt cat i ons
such as portable devices and the |ike. er,. by increasing the nunber
of chapasglod thegligigal imagegourcediona digirl mst&aﬁl 21fis pravidaddrdhe

(3200- x-204-8-i mage resol ution)-with-a-color- depth of 24-bits per pixel at

60Hz. tans@EXGA 02280cas i Bd)asevf the analog vided epirbe 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 %malog type display. Inthe
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.).
[0020] Regardless of the type of video source or video sink, however, the various

-~ ————-datastreams-are digitized (if necessary)-and packetized prior totransmission-over the-—— ——— ——- -

physical link 106 which includes a uni-directional main link 222 for isochronous data
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12 - 8 APR 2004 18-bits per pixel at 60Hz, w thout data conpression. Even
at the lowest rate of 1.0 Cbps per channel, only two channels q_rﬁ]f\ﬁgu' ed
to support an unconpressed HDTV (i.e., 1080i or 720p) data strea Ojbz@%
In the described enbodinent, a main link data rate is chosen whose

bandw dt h exceeds the aggregate bandwi dth of the constituent virtual |inks.
Dat a sestiteamt and b i-ditéeichalcmxdiary stesanelt2 24l for limkasetup dridesthatdatd teaffiat i ve rate.
A tinme-base recovery (TBR) unit 226 within the receiver 104 regenerates

the st readh 4 vafibd M mBAddeRnf AFRmatish, WhilérSA seriAbRS (@shyédﬂsolew? the main
link data packets, if necessary. It should be noted, however hat for

appr 0P &l 9L bg&frgéjzgizﬂidttﬂévf&egﬂsg}'ag%gl ces 232 shown in Fig. 28 tine

base recovery 1S unhnecessary sl nce ata is be sent to the display

reduct A0 QTR IRk 22 G ARbY € %ﬁﬁéaﬁﬂ;é’nﬁﬁusifﬁgﬁéﬁﬁ{s?b Becauct i on i n

conplexity and cost for the display. For exanple, g 2C illustrates an
exenpl dsoghroppupdate strersss (@Wasguulénlelwﬁmmacmamhan maltiichannghse recovery
si nce dlsplay data is essentially pipelined to the various colum drivers
234 t hauderseeangd Ih thecdestiiibedtenthodivhém, themainllink/ 225in2Rides #andmbemeofsel ect ed
display elenents 238 in the array 240. 100241 O her enbodi nents describe a

si mpl e gerfdsBRAth 2 RhaRIeROfhchQapdieot &ﬁi@fdxﬁﬁgzsoa&ansdwam sthfmdslich cl ock

rate. It has been researched and understood that all the standard

P B LGNSO e B e g RMRBO2T 11° o
2004 (Gbps). From a logical viewpoint, therefore, the main link 222 appears as a single
physical pipe and within this single physical pipe, multiple virtual pipes can be
established. In this way, logical data streams are not assigned to physical channels
rather, each logical data stream is carried in its own logical pipe (i.e., virtual channel
described above).

[0022] In the described embodiment, the speed, or transfer rate, of the main link 222
is adjustable to compensate for link conditions. For example, in one implementation,
the speed of the main link 222 can be adjusted in a range approximated by a slowest
speed of about 1.0 Gbps to about 2.5 Gbps per channel in approximately 0.4Gbps
increments (seé 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

— -~~~ —mainlink 222 -can support WQSXGA (3200x2048 image resolution) with-acolor- — -

depth of 24-bits per pixel at 60Hz. or QSXGA (2560 x 2048) with a color depth of

12




This means that a pixel (or audio) clock rate can be expressed with four
parameters, A, B, C and D as: Pixel clock rate = 2A * 3B x 5c=x81A0D A& 4
bits, B=2 bits, C= 3 bits, and D=1 bit. [0025] Even for a |link whose
link rate (which is the serial link bit rate / 10 for a link that uses
10-bit character such as 8B/ 10B characters) maybe different fromthe pixel
cl ock riB-kits geheixel htSG(Hizbeximhbﬁﬁda'tanccﬁhqfréssidmg Hviea at thelowest eatevof h.0t hese four
paranmeters, A, B, C, and D: The benefit is the sinplicity in

r egenerausi: Mlakab, %‘l‘j’/'t@ro%hﬁ’:ﬁi@s afré Ffufted id éﬂﬁp&ﬁ@ﬁ'ﬁncfrﬂﬁre@s’éém?v let's say

the link rate Is sét as A = 0 and the

corres d 5#? 35N+E Fbmever suppose the pi xel clock rate
is setQPQ Kﬂglé} i%éﬁ E§¥%B and D=0 ( =108MHz), then the pixel clock
can be e cl ock as pix clock rate is equal to the link
rate * [%%%ﬁ%%f ‘gs é‘?@}*ﬂ W@‘%M#%W%‘é%oﬁs”fhé’ﬁ% requiring time
base recovery, the tlne base recovery unit 226 may be inplenmented as a

di gi t albandwigih eyeedsdhe aggregaobandwidth of Siemoastituent wirtusd lipks. cRatp serte ti ne
stanp is stored in the packet header which as described in nore detai

bel ow, to theant2ffade drrived ai¢he tratsnmttayiav o nsiveaai®) A tme-bate R%oWdrys are stored
in each header successively (TS3-0, TS7-4, TS 11-8, TS 15-12, TS 19-16).

Nat i ve (BBRE&4#T if!@ﬂi%ﬁiﬁq}ie fdceRar 16y ﬂe§@aer¢t§s #BLALARY ofn hm% ghar acter cl ock

frequency (Freq_link_char) as: Freg_native req I'i nk_char *

TS19- r e stanp-b
((:ountl ﬁgﬁﬁéﬁ{e}wﬁuﬁ%@qeﬁa&htﬁ ?{\%&ﬁ rean?gﬁ of:ér<ﬂ'?mé%;S WS% 'téfé‘,'r{"%f th(rarpl %k
character ,cl ock fre he APR 2004 u ter updates the
Tai e B3t i L gbrprateR sqphehus digial depgmewsrm hsae

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.

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

master frequency:

23.76GHz=2"x3*x5"x 11! Hz
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two cl ocks are asynchronous wth each other, the time stanp value wl|
change by 1 over tine. Between updates, the transmitter 102 wild g APR 2004
repeatedly send the sane tine stanp in the header of the given packet
stream A sudden change of the time stanp value (by nore than 1 count) may
be interpreted by the receiver as an indication of an unstable condition
of the stream source. [0028] It should be noted that, no tine stanp is
comuni cated for an audio stream In this case, the source device informns
the di sphidynedfYinGea el (0F adHE) QoSN En'tRlekpAIEd VIHIREF pRhnfitds Per sanple.
By determ ning the audi o rate based upon Eq?Z) and the “Iink character

rate, tRegpdhspl evice regenerates the original audio streamrate. Eq(2)
Audi o r‘gt%gg’ %‘gﬁ%f’% sanple rate) x (# bits per sanple) x (# channels)

[0029] A main link data_packet 400 sho i N Fi 4A includes a main |ink
packet header 402 as sﬁ&%ﬁcl%kﬁtﬁfﬁgmghﬁhgc?‘é formed of 16 bits where bits
3-0 are the Stream ID (SID). (indicating that maxi mnum stream count is 16),
bit 4 is the Tinme StAm#birsB =L2&Bs, Wrebilsi andDi=sl biqual to 1, this packet
header has the least significant 4 bits of Tinme Stanp value (used only for
unconpressed video stream. Bit 5is a Video frame sequence bit which acts
as the least significant bit of the frame counter which toggles from"0"

to "1" [9625] "FVh Tr a fik wHoseAink! AR (Whit9Qs HeARR DRk AfYe mggggmgy or

unconpressed video stream. Bits 7 and 6 are reserved its 8
t hr oug %Lﬁ)‘ - bj gﬁq t h erf. r_the previous eight
bits. E?‘J[[gls - 1??31?%?%%90 %{ arrp)) gtcﬁ%}él ﬁ%fsggf(aﬁvbg r‘fs‘ﬁ%r%P{ %%ﬁ%?%ﬁf whi ch for
unconpressed vjdeq are ysed . fqur. bits af 20-bit Tinme Stanp val ue.
00T Clatk Toip. hite e bt g e Sigping 8 ok reit vrih e lats BATETPIS e ani |1ty to
nultiplex -different- data streans-each-of )
whi ch- Ear{beand; P't Thebenefib isthe simplicityin regenaseting piveliayiip clogksdram ak dat a
packets include a nunber of sub packets. For exanple, Fig. 5 shows a 15

link clock. For example, let's say the link rate is setas A'=6,B'=3,C'=7,and D' =

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

issetas A=8,B=3,C =6, and D = 0 (= 108 MHz), then the pixel clock can be

generated from link clock as pixel clock rate is equal to the link rate * 22 /5 1 .

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

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

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

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

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

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

frequency (Freq_link char) as:
Eq(1) Freq_native = Freq link char * (TS19-0)/220
- — - [0027] The transmitter 102 generates this time stamp by counting the numberof ——~ — ~~ - ~——

native stream clocks in 220 cycles of the link character clock frequency period. The
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—— — — - -different data streams-each-of which-can-be-differ ent formats-as well as have certain ——

,- 8 APR 2004 system 500 arranged to provide sub-packet enclosure and

mul tipl e-packet nmnultiplexing in accordance with an enbodi nent of the

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

enbodi nent of the system 200 shown in Fig. 2 and shoul d ther & 8r 8PRoZ00ée
construed as limting. either the scope or intent of the invention. The
syst em &fdtdrmptiatdethe ¥abierceamn 220 wycles afiht ilink ekaacteOdocin chivcetheid t he
transmtter 102 used to conbine a stream| supplenental data stream 504

Wi th t hgvo €laia@ 288 &SAMArndid with ELRRButer b tile! sexgslvalad frp Eﬁﬁgé B}/5106- The
nul tipl exed data stream 506 is then forwarded to a |ink [ayer multiplexer

508 th orma.nultiplexed
mai n I?gr’t EHé eam%\gg%up? %te%etgéj ?‘S?%mﬁglfn%&%%féﬁ écil %@%‘%@Qﬁ? §m%ﬁtém§ one of which
may include.any.of. a nber of ub ack ts encI ed therein. Alink

| ayer of4THR i Wiphesdsr o E %‘fﬂnlﬁag a&&?% FF%"“BHO into its
constituent data streans based on the stream I Ds (SIDs) and associated sub
packet Vidigby sarpihas lcosnt)seay b interpretedhbytthreesizer 5@ indicatinrofspl i ts of f
the stream | supplenental data stream contained in the sub-packets. [00311
Fi g. 6 whiabk canditigh of theskreasihaguear of the nul tipl exed main |ink stream 600
as an ex anple of the stream5 10 shown in Fig. 5 when three streans are

nul ti plieazs) It h6ald bd¥eoté@ihat, b Mmeldamp I\ @nthiseatsd t&%ﬁ%uaﬂa stBhp fxanpl e are:
UXGA graphics (Stream ED = 1) 128&720p vi deo (Stream D'="2), and audio

(Stream;k Rz - 30@39 devif®n orﬁﬁctﬁ% sEﬁ?%@&w fﬁw%ﬁt C raﬁ clket]k400_

m ni m zes thé packet over resu

efficien e reason .t cket. header .can t hat the

packet THEPP s pen gt i i C R bip R %at%%r%ﬁﬁeeﬁapg}n EB éaﬁet? %4 prior to

the transm ssion of the packets over main link 222. 10032] Cenerally

speaki Mgk chractenmte theditrlahdavirsueeenesterihe prigie] yulicermemeraithen the ~main

packet streamis an unconpressed video since an unconpressed video data
Eq(2) Audio rate = (audio sample rate) x (# bits per sample) x (# channels)

[0029] A main link data packet 400 shown in Fig, 4A includes a main link packet
header 402 as shown in Fig. 4B that is formed of 16 bits where bits 3-0 are the Stream
ID (SID) (indicating 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
Stamp/Stream ID Inversion. (TSP/SIDn) which for uncompressed video are used as
four bits of 20-bit Time Stamp value.

[0030] One of the advantages of the inventive interface is the ability to multiplex

main link data packets include a number of sub packets. For example, Fig. 5 shows a
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stream has data idle periods corresponding to the video-bl anking peri od.
Therefore, 16 - 8 APR 2004 main link traffic fornmed of an unconnr&zﬁ}gﬁ 0
video streamwi |l include series of Null special character packe d ra %
this period. By capitalizing on the ability to nultiplex various data
streans, certain inplenmentations of the present invention use various

met hodssjstent S0thamsgee td provifiefshipeckee endiestuvesmd mhiikiphepatkei nk rate and t he

pi xel data rate when the source streamis a video data stream For exanpl e,

as i || maltiphéx@th inhodr@ancé witdh ShBRmeRiF théPehtfon. It HMREGe nsttteh that a
bit of pixel data is transmtted every 2 ns. In this exanple, the link

rate h : : . | f pi.xel datg is

trans mal?l? @ﬁ@g%‘s(?; Sg@hsia @%@Aﬁ%ﬁbﬁ%@&ﬂ% gﬁlﬁ%ﬁt%m%qoesﬁggﬁﬁg&g. g&é‘ i al
characters t ween pi.xel datag as. i.l.lustrated in Fig. 8. Two speci al

char act% ld?fﬁ"er\é\ﬁ’ﬁ %J’&FOB & limiting eitheg the sgepeoriptentiafthepr and a second
bit of pixel data P2. The special characters allow receiver 104 to

di st i ngbvetioadhe pysters $09 ingdudes g stream poitres wiplindéney 50h inchpled imthechar act er s
between bits of pixel data also creates a steady stream of data that

al | ows ttanemittenk02 usedetb combinesystrendniuppleiental Hatatstresn 504 antblthe t he speci al
characters are Null characters. No line buffer is needed for such nethods,

only a dafBtleam| i Oto RAfPLARIHPMKIdat strdhi 508, B fbiRipfXeli Yiafadikam HoVever,

relatively nore logic is required on the receiving side to reconstruct the
vi deo sjpgha f‘)[m%% ' | n ci.al characters
begi n and enE:il.l 0 %?qihyﬁtlﬁgﬁg@tﬁe{eggﬁﬁ{eiiafz'ﬁ?ﬁé?@f)sesrl&e nfzaorﬁié? od is to

al terna consecutive bits.of i xel,. data wi speci characters, such as
nul | v ?ﬁ%t%?gi%?s ‘8{8%%}“%%&F"?"2‘Pa‘adﬁ'iﬁ§e éﬁBéOIE%edrcng“}% 9% i ne buffer
included in the transmtter 104, then one or nore null values could be fed

into t Hefapaskety S ignome qfpyhiclmey inciydeany of appmberef wib pBokets bl enent at i ons

require a relat i.VeI y larger buffer space than the interspersing
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.

[0031] Fig. 6 shows a high-level diagram of the multiplexed main link stream 600 as
an example of the stream 510 shown in Fig. 5 when three streams are multiplexed
over the main link 222. The three streams in this example are: UXGA graphics
(Stream ID = 1), 1280x720p video (Stream ID = 2), and audio (Stream ID = 3). The
small packet header size of main link packet 400 minimizes the packet overhead,
which results in the very high link efficiency. The reason the packet header can be so
small is that the packet attributes are communicated via the auxiliary channel] 224
prior to the transmission of the packets over main link 222,

i

[0032] Generally speaking, the sub-packet enclosure is an effective scheme when the

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

stream has data idle periods corresponding to the video-blanking period. Therefore,
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met hods descri bed above. In many such inplenentations, the tinme required to
fill the line buffer will exceed the time required to transm’t_t@eﬁggtfﬂ
after the line buffer is full, due to the relatively high link s eé . %
8 APR 2004 [0034] As discussed with reference to Fig. 5A, one of the
advantages of the inventive interface is the ability to not only multiplex

var i ousmédit linksttdffie farmel W af Liiconigiessed Midke Sirétgn 0/l atYudefsedesoipdlr of sub
packets within a particular main |ink data packet. Fig. 9A shows a

represe, ' B DAGHKE ,,rg%q ' AM j\;ment of the
inventi%‘&f.ef(all'(\'rllﬂglmsﬁ?%-pgacke‘ii 9 0@%@%2@935@%%%@ 2{?‘3%@ er0 902 that in the
descri bed,. embadi.nent .is 2 bytes.and.i s acconpani ed by SPS (Sub- Packet
Start) PORIRNHERE g Secamd b et m i P TS oRRL VRO ¢ e

sub- packet 900 is enclosed contains a packet payload in addition to the
sub- pac¥aErruymgthods to compeysate far dijierences petween thy magdinkgateand die by SPE

(Sub- Packet End) special character. O herwi se, the end of the main packet
(as i ndiixeltdata ratg vereauhaspub@tchmriae vigleoidatatsrearexBorpdxamphoas in - Fig. 9B)
mar ks the end of both the sub-packet 902 and the main packet into which it

i s enclille@fhtedHa Wy & thedifd) dafaaatees . ST Sec) QichiBRd BitoBsifel\datais SPE when its
encl osi ng mai n packet has no payload. Fig 9B shows an exenpl ary sub-packet

for mat t%‘l&tﬂit&d%\srﬁ%{ﬁhcﬁ iIH‘ﬂﬁQ@)gégﬁélﬁ,itHe ﬁﬁlgﬁagg i e%éthog&tsﬁ(g@/géé ment of the

invention. |t be not at t tron o edder field and
sest RGBT LR RER Bt BRSSP el Sal il B Wiudflier EBhipl e of - sub- packet
1000 | IHGEPTRERRErA GATTRPeOYHen B KBSt R ork | FEO PR 1005
(Horizontal /Vertical Total, Inage Wdth/Height, etc.) will be comrunicated
vi a t heharastpisiagg dispasadh hetwegn a fisst biteo fipiwed datathtl rand atseeorsk hitofwngt ant as
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 Null characters. No line buffer is needed for such
methods, only a smali FIFO, because the link rate is sufficiently fast. However,
relatively more logic is required on the receiving side to reconstruct the video signal.
The receiver needs to recognize when the special characters begin and end.
[0033] An alternative to the interspersing method is to alternate consecutive bits of
pixel data with special characters, such as null values. For example, P1 through P4
could be fed into a line buffer included in the transmitter 104, then one or more null
values could be fed into the buffer until more pixel data are available. Such
implementations require a relatively larger buffer space than the interspersing
methods described above. In many such implementations, the time required to fill the
- - ~line buffer will exceed the time required to transmit the data after the line bufferis— —  —

full, due to the relatively high link speeds.
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|l ong as the streamremains valid. In selective refresh operation, only a
portion 1004 of the inage 1000 is updated per video frame. The o% XZY
coordi nates of the updated rectangle(s) (i.e., the portion 1004 B G4
transmtted every frane since the val ues

---ofthe-rectangl e-coordi nat es-changes-from frane-to frane. Anot her

exanpl ef0034] Ae discuisaad withseforenod toclip OF A topelof thie ddahmiegds@ftHe intaditivel or
required for 256-col or graphic 18 8 APR 2004 data where the 8-bit pixel

dat a i SinpRBId e h@ilibht% 11%5@1‘11?%&1%4 lge%&miﬁa&%eﬁﬁgttﬁﬂhlsefthe the CLUT nust be

dynam cal | y updat ed. he single bi-directional auxiliary channel 224

QLSVLSS%% S?n?f#&%ﬁﬁ*?fl ber 35D BHeERRY g ﬁr?ﬁ&e%ﬁvﬁdéawﬁ{ea' e

applic a such as USB traf . For exanple, with t aUX|I|ary
channel Figy EOW%WW@@W b lf“?tﬁpg%i“tcﬁ 28 vith apembedmasntehent s Such
as sync Ioss dr opped packets and the results of training sessions

(descr |tbemv@em®w§1'he Balr-packet 9] mcluidés asybepacketicadert¥03ithdtmy theessi on fail s,
the transmtter 102 adjusts the main link rate based upon pre-selected or

det er mdesctibed 2ultodingdnt i Ebjtas s bé@npanizd YeSASSublPackdtiStat)vay, the cl osed
| oop created by conbining an adjustable, high speed main link wth a

relati \sﬁwalsdhgwc&?ctfﬁﬁwmﬁ%ka%ﬁaa@w i} vk thd@bOsdck ey déi@"i@ eh@bseobust
operation over a variety of link conditions. It shou be noted that in

sorre c o , a |l nagi gal

-di rg§ﬁl On%’baglé‘g%%l%a&’ ie %}o&%%&% %ét'bo @38? sﬁthg S §'%ﬁ§?5 portion
522 of of 222, to transfer data m t he source
devi ce9§§?1‘{35 q@ﬁr‘i’k’ %ﬁkﬁeﬁmtﬁ@ charadte bﬁﬁé\”‘sﬁa@ﬁeﬁ annel 524
fromthe sink device 204 to the source deV| ce 202. In sonme applications,
use of of theimmain packes (aspndigatedby praviis GUM ¢hasgofer dn therpxamplssheenrinr e desirabl e

than using a hal f- duplex bi-directional channel described in Fig. 5A
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.

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

rectangle(s) (i.e., the portion 1004) must be transmitted every frame since the values

********** —ofthe rectangle coordinates changes from frame to-frame.—Another example is the

transmission of color look-up table (CLUT) data for required for 256-color graphic
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[0037] Prior to starting the transm ssion of actual packet data streans the
transmitter 102 establishes a stable link through a link trai m‘@ﬁﬁﬁfﬁi Ep
that is anal ogous in concept to the Iink setup of the modem During' ilq
training, the main link transmtter 102 sends a pre-defined training
pattern so that the receiver 104 can determ ne whether it can achieve a

sol i d bd4th eihererbié 8+bif fi%d.datalis bh entéeothé RS6leMFPOLUTEHd the content of
--traini ng-rel at ed- handshaki ng between the-transmtter 1-02-anti-the

recei veg, | ' wxi | iary channel. An exanple of a link
traini nge%ﬁﬁsﬁ@g#ﬁcaﬂ%u&@&;&% APR 2004 Fig. 11 in accordance with an

enbodi the .invention.. As..illustrated, during the. training session,
a phas gﬁ@&ﬂgtl?eésé’éﬂf’ El-ﬁﬁ%ct@%lra[u&l{aq ﬁ?‘?ﬂr‘%&gg Wr%f’ﬁi?seag ?ﬂ{'gk}ﬂi t‘?% s the |ongest
that are used by the receiver to optim ze an equalizer. In phase 3, both
bit | ot¥kioNHSRPRE fHRqtions periil faF link sqiup wad supportinggmais linkcoperatiengigsal ity i s
reasonable. Typically, the training period is about 10 ns, in which tineg,
appr oxiwell & tp cafry abxiliary apblication datassuskas USBftraffie Fercedaumpie, 1th tHees not
achieve solid lock, it informs the transmtter 102 via the auxiliary

channelazAhrpétthnh 81224 285plalidevicd Oz nGHHCERS séili€e ddvile of efitsalch sepeat s the
training session. [00381 In addition to providing a training session

condui t |l S SR : in [ink
packet ngtlé {ebg%ﬁg@ggy?%% ons ?ﬁ%?‘%ﬁ@s%r eatlpgs'%rg% %@%@%@e&g‘{/@}q@%d of packet
transm ssions..on the iLn.link .222. Furthermpre, ~the ayxili.ary. channel 224
can be HaP Lol PG oo Rteinn Bitscite sayraE 3 tsf ot (20
i nformati on replacing the D s?l ay Data_ Channel (DDQ found on all nonitors
(EDI D rate BaspROB P ST oGS armA AR TeSoNE O HG fRlAdEBRBISESSiON. dAmat i on | about
a nonitor and its capabilities, including vendor inforination, maxinmm
i mage thif »ay, the chlsed:ﬁap ausatedi byt dombinifig an adjystpble, ligh spéedimags linkr equency
range limts, and

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 chémnel may be more desirable than using a half-
duplex bi-directional channel described in Fig. 5A.
[0037] Prior to starting the transmission of actual packet data streams the transmitter
102 establishes. a stable link through a link training session that is analogous in
concept to the link setup of the modem. During link training, the main link transmitter
102 sends a pre-defined training pattern so that the receiver 104 can determine
whether it can achieve a solid bit/character lock. In the described embodiment,

— ~training related handshaking between the transmitter 102 and the receiver 10435~

carried on the auxiliary channel. An example of a link training pattern is shown in
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character strings for the nonitor nane and serial nunber. The information
Is stored in the display and is used to communicate with the s_yﬁtggh

t hrough the DDC which sites between the nonitor and the PC grapHi 2004
adapter. The systemuses this information for configuration purposes, so
the nonitor and systemcan work together). In what is referred to as an
ext endefigpr binakedrdamdayith icembodienr of thdmwasion. Qenillastratyd, batihg tieynchr onous
and i sochronous packets as required to support additional data types such

as key ttﬂﬁﬁiﬁ% sER163Ca phsbe T ISP e shHb3Phunftidbi @ hilk brsserak e @ | ogi cal

| ayaring 1200 of the system 200 in accordance wth an enbodi ment of the

I nvent i,on. houl d n a ' .exa 04

i mpl er‘réﬂ?%ﬁsi %‘ﬁéﬁysﬁﬂaﬁthag%%ﬁ'g% &g‘gp&%@# g.tb%ﬂ%gg‘%i’l g}rll?ﬁ%g%érﬁ\g |b§€ a source
(such as  the video source 202) is forned, of a,source sical layer 1202

t hat ide¢1ﬁ@@scha{qcmqﬁ%tas%achweﬂa Qg ag iR rf—aég)@f%zozx that includes
mul ti pl exi ng hardware and state machine (or firmmvare), and a data stream
sour ce Typiwally the tramingypetiod/is/alyand [1 0 Grsapphwhish Haedsppreximatelnd 99 bitait ed

software. Simlarly, a display device includes a physical |ayer 1208

(1 ncl udif dgta\ade st If theaederesr 104d0swoe kchievesdolill lodkni¢ ihfayras thel210 t hat
I ncl udes de-nultiplexing hardware and state machine (or firmvare) and a

str eam@h&#ﬁté? 162 Vhahe hibGhiaH) %ﬁarﬂiie?@i@é{{dtth@&%nﬁ&&t 102 de@licel My € and

opti ona Irmvare. A source application profile layer 1214 defines the
format with.which . conmmuni cates with the link |ayer 1204 and
siml aﬁf/fm%re%)f?%ﬁt%gg?w?:lg#sgﬁnprofi le layer 1216 defines the format with

var | oul0F8) of dediied i gameiben connbatep Spnttdes sy SRk A 2

PrvS Cf:\!a?n It;? z\l(llszg)Q 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 referred to as an extended protocol mode, the auxiliary channel
can carry both asynchronous and isochronous packets as required to support
additional data types such as keyboard, mouse and microphone.

T *[0039]*Fi’g:"1'2*i’1lustrates*a*IO'gi'cal*layering*lQOO'of’the’system*ZOO’in*accordance* S

with an embodiment of the invention. It should be noted that while the exact
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[00411 In the described enbodi nent, the source device physical |ayer 1202
I ncl udes an electrical sub layer 1202-1 and a | ogical sub |ayer 1202-2.
The electrical sub layer 1202-1 includes all circuitry for irter fidée 2004
initialization/operation such as hot plug/unplug detection circuit,
drivers/receivers/term nation resistors, parallel-to-

seri al /isgléméntitionpaspalirgldepanug woanpplicatidn sgeneatly speakde@uctogabl e PLL' s
The |ogical sub layer 1202-2 includes circuitry for,

packet itgi 091’e9§oﬂ@&§@2)' i€ ¥dthed &k 3oure & pRYERIal mgéﬂm%ﬁmlﬁ&a pattern
generation for link training, tine-base recovery circuits, and data

oo RS, D e oA Ml 125 € 2

f h -1-3)-f i nk
(232 S)r(fim e £ &2 qu'- rnware. ﬂ%&fﬁﬁarmgqur%v Bﬁa %ﬂn 2'22 (see Fig. 14).

21 ~, - 8 APR 2004 [0042] It should be noted that the 813/1 OB encoding
al gor i tAndie/YismeEGrapbias hatdyrare andaassoaiated softyvae. Similarly, alispley davidg6, 739,
which is hereby incorporated by reference. As known by those of skill in

t he ar tinclades agBysicallByesdd08 (inclading eakowsadesivdrdiardveire)) 8 etk dinkilayelat a bl ocks
into 1 Obit code words for serial transmssion. In addition, the 8B/ | OB

transmigssp giat ﬁféﬁﬁe@Bélﬁﬁﬂﬁlﬂeﬂn€M&ﬁﬁﬁ&%d‘i%t@nﬁ&&ﬁ@fﬂrﬁnﬂv@ﬂéﬁ%ﬂ'as and Gs
into a DC bal anced st-ream of s and a maxi mumrun length of 5.

Such coles, oBq 9} 8hap chidel G gIAL cbdiR) h%ag«greta,%g%gﬁg' rg' abl e cf ock

recovery by a recelver, anscel ver over,
data s rean1 roves to adv eo r fi optic .an ectronagnetlc
wire cORREEY érﬁemﬂﬁepﬁ%waaéo ﬁiﬂﬁﬁéﬁb‘{ dtives i TRt N BRCB RS oty oam | <
be mai ntained at equal or nearly e | evel s. The 8B/ 10B transn155|on

code coMEes camauRigateswith Ahg knk loken ﬂ aﬂﬁémnlﬂwea sigk applicatigngrafe t o be - 2,

0, or 2 across 6 and 4 bit bl ock boundaries. The codi ng schene
layer 1216 defines the format with which the sink 1212 communicates with the sink

link layer 1210.
[0040]} The various layers will now be discussed in more detail.

SOURCE DEVICE PHYSICAL LAYER

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

for the auxiliary channel 224 (see Fig. 14).
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al so inpl enents additional codes for signaling, called command codes.

[0043] It should be noted that in order to avoid the repetiti\gegbh\pR 004
patterns exhibited by unconpressed display data (and hence, to reduc%
EM), data transmtted over main link 222 is first scranbled before 8B/ 10B
encodi ng. Al data except training packets and special characters will be
scr anbl f942]Thehadd benbied ghdt tinc? B/60B ieacading €penithedis descrided,ifoear Feedback
Shift Registers (LFSRs). Wen data encryption is enabled, the initial

val ue ofxaaipld iSB.S Patknt NusRREDPILH 3R RIAEh i%ﬂﬁfe‘ﬁﬁ)tiﬁ&?ﬁ)dfﬁﬁéd% t. If it is data
scranbling wthout encryption, the initial value will be fixed. [00441

S noe, dtRaRlr SRARLTIEDALA hIALAIAL 891 B¥S0aL S Ab! Litpchanne!

224, the nmaln héaders Sserve as stream I den i'cation nunbers

t hereby greatly. .reducing. o heaq and xi mzing link ndw dth. It should
bl S0 beerotRd-Yingis okt g Y Con o Fris TakcomsbtrRismiasin. S Attany || k- 904
has separate clock-signal-lines.-In this way, the receivers on main |ink
222 andhe8R{10B4rapsmissionzede sanisrte abiyte wide datarstrean of randopRispedsext r act t he
clock fromthe incom ng data stream Fast phase |ocking for any phase | ock
| oop ( Rhtos) D€ibatanctd streatvhef Isend i0v svithed matimuastundedipth af&r Sich ¢odeer t ant f or
since the auxiliary channel 224 is half-duplex bi-directional and the

di r ect iggviaé siffiGicht siffdl Granfihaiias endvlefekablel YockAGEove ) 1Y04 YecelvBE PLL on the
auxi | iary channel receiver phase locks in as few as 16 data periods thanks

to the freguent. and 115! MGIRNAL oaldrRlbll A0mOboVBIRl)gSt er H (M1) code

[ 0045] set up tine, ata rate of maln 2 1s negoti ated
using the handshake over auxiliary channel 224..Duri this process, known
ot & orarmRPIR o fheRitle B Slechitgil Ahtoditiionnibdsterage Phe' i ghest

|l ink speed. Success or failure is_ 6 communicated back to tile transmtter
102 vi Humber of hsiand Hs yn the serial|stroam is bg majstained 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.

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

[0044] Since data stream attributes are transmitted over the auxiliary channel 224, the
main link packet headers serve as stream identification numbers thereby greatly

reducing overhead and maximizing link bandwidth. It should also be noted that

— — —— -neither the main link 222 nor the auxiliary link 224 has separate clock signal lines. In- —

this way, the receivers on main link 222 and auxiliary link 224 sample the data and
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training fails, main link speed is reduced and training is repeated until
successful. In this way, the source physical |ayer 1102 is nmade nore
resistant to cable problens and therefore nore suitable for extBrApR Jypst
to nmonitor applications. However, unlike conventional display interfaces,
the main channel |link data rate is decoupled fromthe pixel clock rate. A

i nk dakgadtaheclbék f6in th@iricBming ddiksthand \Fadi Rc%laeamﬁﬁl@ forenpghisegat e
bandwi dth of the transmtted streans. SCU DEVI CE LI NK LAYER 10046] The

SOUfcelJaaﬂB Oé}msg%&%t fﬁqﬂg%@w{wae&(}h@h s{lﬂlé{;’h@ﬂs'l #bitail fNgndBnagenent . For

exanpl e recel vin tect event generated upon nonitor

power - onn I, O | f €..50 physi cal | ayer
1202, ¢H m?ééee@@?féﬁewﬁ% S 200 e RERT BEBE B Y e of e
recei ver via interchange over _the aUX|I|ary channe] 224 tqQ determ ne a
maxi mugh#nges fiequatlya dgcordingln shaRk ke prithroapxillayy shanngl repeiyer on, the
nunber of tine-base recovery units on the receiver, available buffer.size
on bot hockmitsas fawads! 1&lilata geyiods thafks bﬂheﬁsﬂmkammlifdnmmigmii fies the stream
source 1206 of an associated hot plug event. In addition, upon request 23 8

APR 20@4ndifien¥ dfi\arfchet@ T AW ¢6del 206, the source link layer 1204 reads the
di splay capability (ED D or equivalent). During a normal operation, the

sour ce dgs AL R @etﬁ%gjﬁ@&ata o BaBAMALLI RS Gsklgans ecei ver 104 via

the au ry c notirtres t e streamsource 1204 whet her the
mai n | ] 2 has e h re for handli t he sted data streans,
ot 11 bhRAe A R aRe Fhaémf%iffﬁ?uﬁ% APl dndn B R Lo e | ooc
and buffer overflow, and sends. MCCS caommands subm it ed t he stream

sour cePacKets af%smhevqrélaf‘emwlm 22 theyighast BWSRPﬁ%n%'é‘fce?z%

communi cations between the source link layer 1204 and the stream
sour ce¢amminigated back todhermansndtér 103via 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 tl_w transmitted streams.

SOURCE DEVICE LINK LAYER

[0046] The source link layer 1204 handles the link initialization and management.
For example, upon receiving a hot plug detect event generated upon monitor power-
up or connection of the monitor cable from the source physical léyer 1202, the source
device link layer 1204 evaluates the capabilities of the receiver via interchange over
the auxiliary channel 224 to determine a maximum main link data rate as determined

by a training session, the number of time-base recovery units on the receiver,

available buffer size on both ends, availability of USB extensions and then notifies

the stream source 1206 of an associated hot plug event. In addition, upon request
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in the application profile layer 1214. APPLI CATI ON PROFI LE LAYER ( SOURCE
AND SINK) [0047] In general, the Application Profile Layer defines_formats
w th which a stream source (or sink) will interface with the as’so%léaé%cﬁem
link layer. The formats defined by the application profile |layer are
divided into the foll ow ng categories, Application independent formats

(Li nk Méssde stiream kounke B0t the sbmgeiink JayantR0¥ehdscthé Hisplaydepubilitont f or nat s
(main link data nmapping, tine-base recovery equation for the receiver, and

si nk capEbiD o ufal@AN Biiridg mrﬁlamﬁagﬁﬁth%%a&e%ﬁqajePﬁM&ns

applicable). The Application Profile Layer supports the follow ng col or

f t 56- col RGB
(aLUT peEdksth i t’o%%teﬁca@%zﬁ%%gﬁfe %&L@%ﬁémﬁﬁs o444,
100481 E t I t file,l APL) 1214
o asSURETAORFeda04 SEIeL ot Gk L onit besPce CARPSIREger | bi ng ¢ he

format for Stream Source/ Si nk comrunl cation over the main |ink 222 that
i ncl udegquestedrdatnesireams oretifiss thetstream sewnce 1284 of linkofagnrereventis sach 4sr om t he
interface 1-00. Since sone aspects of the APL 1214 (such as the power
managenomt lase amdbufféraverfiow, ané séils 31CER cadiithndasitinitted b thetshieadunct i ons,
they are conmmon to all uses of the interface 100. \Wereas other

non- bashiceq 209 R theredeRs ViatnS ansisY cAfmeH e, amx@aﬁ]ﬁlmdaabﬁ@ format and
streamattribute format, are unique to an application or a type of

i sochr QAkSn tﬁéhéo%%g ﬁxﬁ?ltagérsmbg aﬁgg{f " bheds Plﬁlg%g(g Eh(rj Ligﬁﬁatg getflrée?er 1214 to

appl I cat1on, e streamsource queri es

ascert aij r the 222 |s capabl e of handling the pending
dat a st‘?ﬂ’frf"(pgglc PP@FO‘?‘B *E)ﬁé g{] rt any packet streamtransmi ssion on the

main |ink 222.

APPLICATION PROFILE LAYER (SOURCE AND SINK)

[0047] In general, the Application Profile Layer defines formats with which a stream
source (or sink) will interface with the associated link layer. The formats defined by
the application profile layer are divided into the following categories, Application
independent formats (Link Message for Link Status inquiry) and Application
dependent formats (main link data mapping, time-base recovery equation for the
receiver, and sink capability/stream attribute messages sub-packet formats, if
applicable). The Application Profile Layer supports the following color formats 24-
bit RGB, 16-bit RG2565, 18-bit RGB, 30-bit RGB, 256-color RGB (CLUT based),
16-bit, CbCr422, 20-bit YCbCrd22, and 24-bit YCbCr444,
[0048] For example, fhe display device application profile layer (APL) 1214 is
essentially an application-programming interface (API) describing the format for
Stream Source/Sink communication over the main link 222 that includes a

- presentation format-for data sent to or received from the interface 100. Since some

aspects of the APL 1214 (such as the power management command format) are
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[0049] When it is determined that the main link 222 is capabl e of
supporting the pending packet strean(s), the stream source 1206&2&}?5
stream attributes to the source link layer 1214 that is then tF R 12804
to the receiver over the auxiliary channel 224. These attributes are the

I nformati on used by the receiver to identify the packets of a particular

st r eam bdselificoniesr fulkeions, théyat comhnfto allhusdsefilhd mesifaaad00.o0o format it back
to the stream s native data rate. The attributes of the data streamare

appl | cayitadGRRAHGTbasel AORBhid TyhARAE, a8 AEsuth3l Ratu iy oftlubandwi dth i s

not available on the main Iink 222, t'he stream source 4 may take

corrective. action, by . for exanpl educi the i h rate or

col or B ERpRY folit  Bof o kTP b2 P RE B devi ce

physi cal |ayer 1216 isol ates the display device link layer 1210 and the

di spl ayStFaw that ifs bertansmiticsh Regar 5§ RhiegPcatinAdhe §ear éw%le% nk data
transm ssion/recepti on. The main link 222 and the auxiliary channel 224
have tdusries thesoyrig bk tyer Eidrte asesaioin whetkérshé mgindinks2220gicapablesefb | ayer and
an electrical sub

- | ayer tHaatlingdnbk peading Heta cREMRE) PriorIP €I dtare aiy putket sheamaxagplisidnhe- hal f - dupl
ex,--bi directional auxiliary channel 224 has both a transmtter and a
recei Vedy @it ndfimenth of 25 - 8 APR 2004 the link as shown in Fig 15. An
auxiliary link transmtter 1502 is provided with [ink characters by a

tr anemilPP2 WS i Eunid e B8 ol ok 521 R EEBRIHBETE T0C 1 ccei ver
L hagh st 5 ek G SRS A T 207 0L
be noted that the major functions of the source |ogical sub |ayers include
si gnal seweedinkipyephlidethatys Hign trpasmitied teyths|irpeiver over the auxiliary

channel 224. These attributes are the information used by the receiver to identify the

packets of a particular stream, to recover the original data from the stream and to

format it back to the stream’s native data rate. The attributes of the data stream are

application dependent.

[0050] In those cases where the desired bandwidth is not available on the main link

222, the stream source 1214 may take corrective action by, for example, reducing the

image refresh rate or color depth.

DIsPLAY DEVICE PHYSICAL LAYER

[0051] The display device physical layer 1216 isolates the display device link layer

1210 and the display device APL 1216 from the signaling technology used for link

data transmission/reception. The main link 222 and the auxiliary channel 224 have

their own physical layers, each consisting of a logical sub layer and an electrical sub

-~~~ layer that includes the connector specification. For example, the half-duplex, b=

directional auxiliary channel 224 has both a transmitter and a receiver at each end of
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(for EM reduction), and training pattern generation for the transmtter
port. Wiile for the receiver port, the major functions of the receiver

| ogi cal sub layer includes signal decoding, de-packetizing, datdl APR 2004
de-scranbling, and tine-base recovery. AUXI LI ARY CHANNEL [ 00521 The nmmj or
functions of auxiliary channel |ogical sub |ayer include data encoding and
decodi nie link asshgyderFigd i ngn edxilat dinkidnsthittee 1 $026i1s tpvevidgat with dink n

auxi liary channel protocol: standal one protocol (limted to |ink

set up/ NERAREFEHY a 14gi6tE 5P RFer 1208- 1P@ht Yre HRNREHAzel RMIREI nd S a | i ght wei ght
protocol that can be managed by the Link Layer state-machine or firmare

and extge) 0 USB traffic
and toptgc&ggﬁéésﬁ'tgba&%ﬂjg%ﬁoggfn@ﬁ gﬂ%@% %%%Eér lg’g%?lcﬂzﬁe%%g 4 érlsﬁt?&f be noted that
t he data encodi ng and odi ng. sche i s jdentic regardl ess of the

br ot oc JRTRAREPEES Sar e o R APk P o Bl A4 oo fomas ot 11
referring to Fig. 15, the auxiliary channel electrical sub |ayer contains
the t Hhndwn et ohik Sumacisrcledkatce doihould besmied thnethe rajasinetions 9602 | 5
provided with Iink characters by the |ogical sub layer, which it

seri al ithesowmedlogicalnsuibilagromtludd kignaleneodiag, patldhidingedath waanbdingal i zed | i nk
character fromthe |ink |ayer and subsequently de

- - - ser i(RlriEMPrellhctn),| dnfiraflifg fRteeR pélePfion! (B e transmitter port. While
- The-posi tive-and- negati ve-signal s-of auxiliary- - channel 224 are

t ' ' - ' | | t. d of 26
CEm g R REPAOE I R ORISR0 LGRLELB I iRl o
cu o s A IR, S SEP SRR, S S WD SRR g o apocs Trom

Vdifferential _pp of approximately 400nV to approximately 1.2V. In
electrical idle nodes, neither the positive nor the negative signal is

driven. Wien starting transm ssion fromthe electrical idle state, the
AUXILIARY CHANNEL

[06052] 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-maching or firmware and extended protocol that supports
other data types such as USB traffic and topologies such as daisy-chained sink
devices. It should be noted f.hat the data encoding and decoding scheme is identical
regardless of the protocol whereas framing of data differs between the two.

[0053] Still referring to Fig. 15, the auxiliary channel electrical sub layer contains the
transmitter 1502 and the receiver 1504. The transmitter 1502 is provided with link
characters by the logical sub layer, which it serializes and transmits out. The receiver

1504 receives serialized link character from the link layer and subsequently de-

———————serializesit-at link character clock rate:~The positive-and negative signals-of auxiliary

channel 224 are terminated to ground via 50-ohm termination resistors at each end of
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———noted that insome other systems; the signals could-also be component based signals —

SYNC pattern nmust be transmtted and the link reestablished. In the

descri bed enbodinent, the SYNC pattern consists of toggling a auxiliary
channel differential pair signals at clock rate 28 tines follogeg Ry &ﬁyr
1's in Manchester |l code. The auxiliary channel nmaster in tieVYs 8 cé

devi ce detects hot-plug and hot-unplug events by periodically driving or
measur ithglitlhes shosint il éheadederibegdmplementatina) the dfivacnrdnt &y  channel 224. MAIN
LI NK 100541 I n the described enbodinent, the main |ink 222 supports

di scr etpRogriinfiadlel @ eﬂdh’i‘%(:oﬁ %ﬂ?%cﬁchg&itiaﬁ 8nd ﬂhg&eﬁorﬁtﬁbﬁo&hﬁaelpfsﬁﬁe | ocal

crystal frequency (see Fig 3 representative set of link rates

conson 1.1 I A A . in Fig. 16,
t he na?ﬁsﬁ)%}&lg?@ ?%rgﬁnlsgéglgﬁﬁglﬁll %{arﬁg%fﬁ%lg?;eg ﬁgrnﬁg% %‘a é’éﬁgfﬂ?@y\g transmtter
1602 at, .t he, source. devj ce..an nly a.receiver 1604 at the display device.
00551 “AbmYHB aiprovinastebic a7 1 Buslercled i FRRAES beither St et ¢ i st od
pair wres, one for each of the Red (R), Green(G%, and Bl ue(gznvi deo

si gnal 8egatiyeisigaal ip driven. (WhencdartipgRansiistionendhe elgetsicalidlestat¢.sheh as PAL
based TV systens). As known by those of skill in the art, twi sted pair

cabl e BYNC patteen nfusicetransinlitedd axxdrihe Bhlsreestatilished.i mdthpdesteibeéd y i nsul at ed
wires twi sted around one another. One wire carries the signal while the

ot her Wnb6dihiend HRASPIRC RRSMARRSER DS Beghad a hili&iﬁﬁrfyedhﬁﬁfe@ diffdretfapul d be

-not ed-t hat -i n-sonme- ot her-systens the-signals

coul d- gl:s@= 082 t ' - ¢ Ph, f NTSC video TV
ayst entit (S STRANER 28 ARG kHbRRFLY Toyir tfiopestls HRGH, e

i ndi vi dual. | hi el ded. .T ins for +12V po an ound are provided. The
char ac?“é‘tla#aﬁ Fﬁ@’lﬁem&g%\éﬁ%go“éﬁc%vlﬁeﬁ%é% R’Pﬁﬁ{“gﬁ‘&aﬂ’%ﬁ@@% ¥ +1- 20%

The entire, cable is also shielded. This outer shield and_indi vi dual

shi el d2y periedigally daying®ripgasuring the positive and negative signals of auxiliary

channel 224.

MAIN LINK

[0054] In the described embodiment, the main link 222 supports discrete, variable
link rates that are integer multipies of the local crystal frequency (see Fig 3 fora
representative set of link rates consonant with a local crystal frequency of 24-MHz).
As shown in Fig. 16, the main link 222 (being an unidirectional channel) has only a
transmitter 1602 at the source device and only a receiver 1604 at the display device.
[0055] As shown, the cable 1604 takes the form includes a set of twisted pair wires,
one for each of the Red (R), Green(G), and Blue(B) video signals provides in a
typical RGB color based video system (such as PAL based TV systems). As known
by those of skill in the art, twisted pair cable is a type of cable that consists of two
independently insulated wires twisted around one another. One wire carries the

signal while the other wire is grounded and absorbs signal interference. It should be

(Pb, Pr, Y) used for NTSC video TV systems. Within the cable, each twisted pair is
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connector shells on both ends. The connector shells are shorted to ground
in a source device. A connector 1700 as shown in Fig. 17 has 13 Bi ABRI J04
one row having a pinout that is identical both for the connector on the
source device end and that on the display device end. The source device
supplies the power. [0056] The main link 222 is term nated on both ends and
si nce tindividhiaily lshielde2.2 TwiopinsAor ¢ d2iPlpeder drdegrveridiars prdvaded:@htage can be
anywhere between OV (ground) to +3.6V. 1In the described inplenentation

the dridmrdettiis@8d inipsditice OF AehBl BreAAPAR I BOPShh#/- 20bNKTIEOAE | on and

ranges from approximately 8mA to approximtely 24mA resulting in a range
of Vvdif ' . f e . oxi 1.2V. The

m ni nuné:a%ﬁ?gfgsgls?%ﬁﬁg' ?@Pgﬁetﬁﬁe%ch?%g%%lrnﬁea@%l %@ﬁ@gc el%’ﬁggé?%éea trai ni ng
pattern. An electrical idle state is provided for power managenment nodes.
o ol ecprnetigr shaion iah ends TheSbeir LS s soried I BRing in S PORE < ar o
driven. Wien starting a transm ssion fromelectrical idle state, the

t r ansmidevise. Avesnnedordl /o0 ag shoven ki g Ekasi 13pinninonggewhavingskpibditsh t he |i nk
with the receiver. STATE DI AGRAMS [ 00571 The invention will now be

descri ltlead i3 identéralrbothfforstha tenmdtctog ba ke soneosdevice ehd and thhBomttd 19 descri bed
bel ow. Accordingly, Fig. 18 shows the source state diagram described

bel ow. df¥playteRick efld. k1R sbithd delibe sippticeeipowef.f such that the source is
di sabled. I'f the source is enabled, then'the systemtransitions to a

st a”dbgo&gi‘%e 41inl§§ﬂ %QE&]E[I&%%BI?% enfY hPsiRNAnE ‘ﬁfa%{; i{@E 29gfection. In
order to detect et her or not € ‘recelrver 1§ presen €]
- hot - plyg/ pl - the-. il -ch | - i s- i odi cal | I R h
ast o ACeE) ire ool He S e Y S B B Ghe 1
termnation 28 resistors during the driving is neasured. If it is

det er nithidg desraibed implemieniation, dhe drvegirentis preprapanbleadepsrding padhey ol t age

drop, then the systemtransitions to a detected
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 pattem. An
electrical idle state is provided for power management modes. In electrical idle,
neither the positive nor the negative signals are driven. When starting 2 transmission
from electrical idle state, the transmitter must conduct a training session in order re-
establish the link with the receiver.

STATE DIAGRAMS
[0057] The invention will now be described in terms of state diagrams shown in Figs.
18 and 19 described below. Accordingly, Fig.18 shows the source state diagram
described below. At an off state 1802, the system is off such that the source is
disabled. If the source is enabled, then the system transitions to a standby state 1804

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

—————-receiver-is present (i.e;; hot plug/play), the-auxiliary channelis periodically pulsed — — ——

(such as for lus every 10ms) and a measure of a voltage drop across the termination
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receiver state 1806 indicating that a receiver has been detected, j.e., a
hot plug event has been detected. |If, however, there is no receTVBEAPR 2004
detected, then the receiver detection is continued until such tine, if
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 nesibiord hieingdhs drieiyig demessui«n It it isddi@rmihelthal DR8] ver ik padseithe state
1806 a display hot unplug event is detected, then the system transitions

back t opdshieusdnihe Rkasiirad Gtk Arof iumriid ﬁge}nbtﬁ%xﬁv\g’(ﬁrﬁ% didedégfeqt e auxiliary

channel with a positive and negative si e up recelver and the

receiver. . nse, i.f an Is.checked. Lf there i s no

res pongl{eecerﬁ%%§%€%Wﬁélﬁatﬁé&a¢ae%ﬁwgr %g§e$%¥e%{é‘ﬁ"ﬁﬁ‘oéﬂ@g§3mtce renai ns
in the state 1806. 1f, however, a signal is received fromthe display,

t hen tH@SEF%“p‘FI%QPt%sIﬂWH%@%H norreced i detected, them e reeqlv@ t he recei ver
l'i nk cggabi_lijties_(such as max link rate, buffer size, and nunber of

ti me- balstectieisweontynuedi ungi] suchdimééf evestagnedivans detected ot otimepatibas| i nk
initialization state 1808 and is ready to commence a training start

noti fi ekipsah Ipktamed bé A6t hafin doihescapey the souded devidy M8y Slesusk &gd fo St arted by
sending a training pattern over the main link at a set link rate and

checks « a ' : b R e ' sets a pass/fail bit
BFFasaRCHah ehilH A {ﬁfgﬁlia?ﬂeteafi& S aREhKRY P

for each of three phases an ansmitter proceed to the next
i 1 A0y 8P 538 1306 RAPBIB ot pIEE bl (Ul BB R et race
F educelioanionhalk REfReingABEuai dR0f s OLAUIP S outsirrrygs Ervambial oper at | on
state 1810, the source continues to periodically nonitor
a- | i nkchangeljxith a gesitivegndregative signal tawalse upiraskivgr avdkthe récsivee’sect ed- and- t he
system transitions to the standby state 1804 and waits for a hot plug
det ect subseq@westitespdnke, iP8ny, isSchaPlRd2 0D 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 &isplay, then the display has woken up and the source is ready
read the receiver link capabilities (such as max link rate, buffer size, and number of
time-base recovery units) and the system transitions to a main link initialization state
1808 and is ready to commence a training start notification phase,
[0059] At this point, a training session is started by sending a training pattern over the
main link at a set link rate and checks an associated training status. The receiver sets
a pass/fail bit for each of three phases and the transmitter will proceed to the next
phase upon detection of pass only such that when a pass is detected, the main link is
ready at that link rate. At this point, the interface transitions to a normal operation
state 1510, otherwise, the link rate is reduced and the training session is repeated.
During the normal operation state 1810, the source continues to periodically monitor

T '"*'”a"link’statuS’index; Whi'ch*iffai'lsia”hot’unplu'g*evcnt’i's*detected’and*the"sy’ste*m”’ e e

transitions to the standby state 1804 and waits for a hot plug detection event. If,
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however, a sync loss is detected, then the systemtransitions to state 1808
for amain link re-initiation event. [0060] Fig 19 shows the i dﬁm@te
di agram 1900 described below. At a state 1902, no voltage is de ecte the
di splay goes to an OFF state. At a standby rmde state 1904, both main link
receiver and auxiliary channel slave are in electrical idle, a voltage

dr op acdroyeyet, heyheloss isakicoteds then fiteqrysten tramsitiohs fr state A808 fIr agh@iue port are
nonitored for a predeterm ned voltage. If the voltage is detected, then the
auxi | i aink reGRAERAG] e@tve port is turned on indicating a hot plug event and
the systemnoves to a display state 1906, otherw se, the display remains

[ Lhe (50113560 %ol sekbBiaglhR] oo RGBS etbvt'ﬁtratta je ialization

phase), e auxi ary ave port is fully

turned and the onds t [ece ver capability read
corrrrand‘gﬁ?t’dmt'ﬁgtaﬂ? eéeg‘f'teg éteé{ %Hl%t’ngqef‘ F‘b"f‘fé8f E 8“L‘t it %@Olf there is
activity on the auxiliary channel for nore than a predeterm ned period
of 1 metatertH04, peid Teain fink asopivén amh i ia Pbenpet slavedr in cleetriealifle, 2 0 st andby
state 1904. [0061] During a training start notification phase, the display
r espondasltage drbp atross the bgyminatiohiresistom olf yutiharytchamsehslhveporbyreadj ust i ng t he
equal i zer using training patterns, wupdating the result for each phase. If

t he tr aidwitogedlfel ﬁ?mdét@ﬁﬂm\é@krbltigér IfdhetvBRAge ik dbtabted, theemhe agRiliand i1 f the
training passes, then go to normal operation state 1910. If tHere is no

activi hﬂarﬁ’i@l 4% e;gﬁ%'s b ALY 81? F@g&ﬁhgg oPﬂlug RGe ﬁ' esS(Eteﬁlfrﬁ vds't§lani ng) for

nore t eterm ne rns aUXI lary channel

sl ave to.the d stat.e 19 06 24 show
Sactt By fﬁﬁ e e U BeRy G laﬁﬁt t%% e 1900 Affe; (2o
-[ 0063 --F| 85 20- shows- a_ PC- not her boar d
2000- h#fetenlgla fmsi-lpddpitializatiominbasadngp display.is deggsted.then thaewxilsiat es a
transmtter 2004 in accordance with the invention. It should

slave port is fully turned on, and the transmitter responds to a receiver link capability

read command and the display state transitions to 1908, otherwise, if there is no
activity on the auxiliary channel for more than a predetermined period of time then
the auxiliary channel slave port is put into the to standby state 1904.

[0061] During a training start notification phase, the display responds to the training
initiation by the transmitter by adjusting the equalizer using training patterns,
updating the result for each phase. If the training fails, then wait for another training
session and if the training passes, then go to normal operation state 1910. If there is |
no activity on the auxiliary channel or on the main link (for training) for more than a
predetermined (10ms, for example), the auxiliary channel slave port is set to the
standby state 1904,

[0062] Figs. 20 — 24 show particular implementations of the cross platform display
interface.
~——--——[0063}-Fig-20-shows-a PC motherboard-2000-having-an-on-board-graphics-engine— - -~

2002 that incorporates a transmitter 2004 in accordance with the invention. It should
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30 APR 2004 be noted that the transmtter 2004 is a particul ar exanple of
the transmtter 102 shown in Fig. 1. In the described enbodi me%, t he
transmitter 2004 is coupled to an connector 2006 (along the |Tnediitt e
connector 1700) nounted on the notherboard 2000 which in turn is connected
to a display device 2008 by way of a twisted pair cable 2010 couples a

di spl aybelsoted thag Gk0ranpidiites PO islapaviicular ekivaplarof theRGinsmxierd 92 (devel oped by
Intel Corporation of Santa Cara, CA) is a high-bandw dth, |ow pin count,

serial , shoWrEinTIENEe Th thedbAbIBMBdiRhent2dhe GrafiBhiNeAL 0G4 i§ biped b gonpatibility
with existing PCl infrastructure. In this configuration, the PCl Express

. _ . : . H
port I Sﬁﬂ@&g%@&é@ﬁ?%@@ﬁgm@doﬁﬁ%,ct%i‘rlfﬁoi Hggrlnrg% pg;(/ﬁeee fifhoRfq L he cross

platforminter I'rec ve a vice €lther using
a not he ard nount ed connector as.shown. 5] In situatjons where it is
not pra c‘&‘P"‘BBlW%ﬁt""%?eg‘&ﬂﬁ@@%"ry%Hl%%b%ﬁ%{‘wwﬁ;}m}e B si gnal s can
be routed through the SDVO slot of the PCl Express notherboard and brought
to the thlacUP conpleprdisplapgericpd@il.ve card connector as shown in Fig. 21.
As is the case with the current generation of add-in graphics cards, a
add- i n [§Peihhcknaver th thaart, REIEXmess t(evetupbd &y dntgl GpiporsiorpgSattaas shown i n
Fig. 23. [0066] In the case of notebook applications, the transmtter on

the nottierap QAN 6 a BighMALEwide JbWin\dtinel seridlVRitdrédestitedibRighahatcabl i ng, an
i ntegrated receiver/ TCON which would drive the panel direcCtly. For the

nmost cogdo BhihealssUBwh WPE@%%S%Qg?gpefmy£HmMLd be nmounted on

t he panel thereby reducl I'nterconnect wires to 8 or 10 as

shown in Eiqg.. .24 A Al of .the abov xampl es symne,,i nt egr at ed
trans m"PF@'%f‘“%é\@gﬂ?‘, }].?prgesistpond&Ptggn@igﬁﬁo%eg&%gc?% “B’:fré‘ﬂg‘ tﬁg a standal one
transmtter integrating into PCl 1_fand PCl . i ) )

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

either using a motherboard mounted connector as shown.

[0065] In situations where it is not practical to mount the connector on the
motherboard, the signals can be routed through the SDVO siot of the PCI Express
motherboard and brought to the back of the PC using a passive card connector as
shown in Fig. 21. As is the case with the current generation of add-in graphics cards,
a add-in graphics card can supplant the onboard graphics engine as shown in Fig. 23.
[0066] In the case of notebook applications, the transmitter on the motherboard
graphics engine would drive through internal cabling, an integrated receiver/TCON
which would drive the panel directly. For the most cost effective implementation, the
receiver/TCON would be mounted on the panel thereby reducing the number of
interconnect wires to 8 or 10 as shown in Fig. 24

[0067] All of the above examples assume integrated transmitters. However, is it
quite feasible to implement as a standalone transmitter integrating into PCI and PCI

————Express-environments-through-the- AGP-or- SDVO-slots; respectively-—A-standalone — ————— -
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- - Expr ess-envi ronnment s-t hr ough-t he

AGP- or - SDVO-sl ot s, -respectivel y. -- A-standal one--- 31 - 8 APR 2'094APR 2004
transmtter will enable output streanms wi thout any change in graphics

har dwar e or software. FLOACHART EMBODI MENTS [ 00681 The net hodol ogy of the
invention will now be described in terns of a nunber of flowcharts each
descr i brangmatigravitlicoshle pupnbaeamsfwathoenatyl dhangd inezraphiesiardware oBpeci fi cal | y,
FIGS 25 - 29 describe a nunber of interrelated processes that when used

si ngl y soffiwiafe.any conbi nati on descri bed aspects of the invention. [00691
Fig. 25 shows a flowhart detailing a process 2500 for determ ning an

operational node of thgyig¥erEfaA 3@1011&61)% £ ce with an enbodi nent of
the invention. Inthirp‘rores*s*ﬁrﬁe—opera'ﬁom node will only be set to a
di gi tal | f he .vi deo. spurce ang. t he, di.spl.ay device are hoth digital.
a herwlgwm\? 'B?i}é?fﬁ’f‘?%’ |the ygRdiar) WHIWE%@J@BE%WWW%é}Wh%hom d be
noted that "analog node" in this context can include both conventional VGA
node a$fHemchyts cagh descabingfanagiicui psocesnipr enabdingrthe wwention. anal og vi deo with
enbedded al i gnnent signal and bi-directional sideband. This enhanced

anal og Specicallyl, FIGS 28e2rdebaribelzadumber p0 i@ icldtad ptoepss2Sthat whenvigdo source i s
I nterrogated to determ ne whether the video source supports anal og or

di gi t akingBt ¢t in by EQRbMEEQOIEONEsHEIMSr the iehdo@nal og data, the
oper ational node of coupling device 100 will be set to analog (step 2508),

then ?%3??%99331{1%§%ﬂ@@%ﬁ&&ﬂliﬁ%%@oce&s%%%{ {ieegéﬁg@ﬂ%{g%so source can

out put e process C I nues to's The di spl ay
et oo AT B P b WA B M 0
anal Ogin(\j/grtlt?dn. tInh ?his process, the operational mode will only be set to a digital mode if

the video source and the display device are both digital. Otherwise, the operational

mode will be set to analog mode. It should be noted that “analog mode” in this

context can include both conventional VGA mode as well as enhanced analog mode

having differential analog video with embedded alignment signal and bi-directional

sideband. This enhanced analog mode will be described below.

[0070] In step 2502, a video source is interrogated to determine whether the video

source supports analog or digital data. If the video source supports only analog data,

the operational mode of coupling device 100 will be set to analog (step 2508), then

the process will end (step 2512).

[0071] If the video source can output digital data, the process continues to step 2506.

The display de\.rice is then interrogated to determine whether the display device is

configured to receive digital data. If the display device supports only analog data, the

operational mode of coupling device will be set to analog (step 2508), then the

~——— process will end (step 2512).-Otherwise; the operational mode of the coupling device

is set to digital (step 2510). For example, a processor may control switches within the
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T '*”"'”*hot*plug*detection”event*notiﬁcationT*At*Z’f04*a'*main*1ink*inquiqri’s*made*byfwayfof T T

operational node of coupling device will be set to analog (step 2508), then

the -process will end (step 2512-)-.Qherw sei the operational @D of .t he
coupling device is set to digital (step 2 5 10). For exanple, a &ﬂﬁ%é@gbr
may control switches within the 32 8 APR 2004 coupling device to set the
node to digital. In general, the coupling device is configured to operate
in a futdupling devtied torsetithe ardde teidipitab dhlgendial, tedRupbnidstceand the video sink
are operating in a corresponding digital node. [0072] Fig. 26 shows a

f I owchagdnfigleditd bpetatd iR b F618P §igASHodeWniPimh Q(i)tﬂlgihﬁr]ﬁi@@lso&éé%d ffs deo i mage

qual ity check in ‘accordance wth sonme aspects o e Itnvention. In this
exanpl e,; . ] [ .2600, are made by a processor coupl ed
to the%lﬁséﬁ?lg%?’hﬁgpﬁg@gg§Tr8%9§'§(ﬂ'§$ewa%{té§"%0, a video signal is received
froma yj .S e. Next, . a signal quality test pattern is, provided by
thevi dbb7 e A8 Sus aiTvistRn e ina ocss 000 Gr aebidise g et op 2602)° 1 1
step 2604, a determ nation of a bit error rate is nmade, based wupon the
qual i t yidessmage qeality chepkdn aceordpace withisamie@spects ofdbieinyentidnetThdhis t he bi t

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

rate i sxampleyatl detekntinationstof bercedseb0@ ard hade byhepiodeehaupledabes then a
determ nation is nade (step 2614) of whether or not there are nore video

f r ames dispfaylihtetfacglet erm ned that there are nore video franes, then the
process returns to step 2600. O herw se, the process ends. [0074] However,

I f the i J: 1.n t reater th he.t hreshold val ue
I n stegmjgbg §t§;§ gié%?nql%éﬁ? %ﬁi ipsm‘?r?gvaeéﬁ(%ﬁég”‘%@d@)‘“’&s eé*’\m&"ﬁ r the bit
rate is reater, than a.minjmymbjt rate. If the bit rate is _ greater than a
mi ni rruﬂJt“BﬁY ?elsg?aét,ml W%OYIH]%‘P%YW’W‘%‘#@ SpchéwFWg(%%@ezmﬁeddﬂ&q he process
returns tq step 2606. If the bit rate is not greater than the m ninmum bit
rate, BEBH (tpR2087de In step BaPH adletesmingtipa gf 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. Ifit is determined that there are more
video frames, then the process returns to step 2600. Otherwise, the process ends.
[0074] However, if the bit error rate is determined to be greater than the threshold
value in step 2606, a determination is made (step 2608) as to whether the bit rate is
greater than a minimum bit rate. If the bit rate is greater than a minimum bit rate,
then the bit rate is lowered (step 2610) and the process returns to step 2606. If the bit
rate is not greafer than the minimum bit rate, then the mode is changed to maloé
mode (step 2612) and the process ends.

[0075} Fig. 27 shows a flowchart for a link set up process 2700 in accordance with an

embodiment of the invention. The process 2700 begins at 2702 by the receiving of a

an associated auxiliary channel to determine a maximum data rate, a number of time
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node (step 2612) and the process ends. [0075] Fig. 27 shows a flowhart for
a link set up process 2700 in accordance with an enbodi ment of thg APR 2004
i nvention. The process 2700 begins at 2702 by the receiving of a ---hot

pl ug-det ecti on--event-notification.--At 2704-a-main-link-inquiry

| s-made- byway of -- an associated auxiliary channel to determ ne a maxi num
dat a r abasg recomenybmits afcludedn 3 Beoeiver, ARRaRADBlIAS er ize.ONexty at2li06s i ncl uded in
a receiver, and avail able buffer size. Next, at 2706, the maxi mumlink

dat a r aghe niaxindhilinkeRtdmte 8 Yerdiedty WaY Hf 18ainRg Sl #2769 Q&iatA dat a

stream source is notified of the hot plug event. At 2710, the capabilities
of the gi.spl | S t 1.ned way of the

auxi | i aégﬁfﬁ@hsgﬁrﬁgﬁéhgﬁ-ﬁ%@mdﬁogy regéﬁg)tn%gsttggfgpgeaﬁlﬁ’cfap? at 2712 whi ch,
in turn, results oll aboration of the in lipk trai.ning session at 2714.
{00761 Henldy Cistne ES. oratrple) aik Gsrmoiedainey of e aw s PBMs o | he
receiver gﬁl way of the auxiliary channel and at 2718, the stream sources
are f urdnddie ¢isnlay respongdsde Heringuirgs ahR7 12 whigh, indurnayeatltss ofllabogationt i ng t he
request ed nunber of data streans at 2720. At 2722, the various data
packet of theemfiarlmdrdining eetsiog an2?ldici at ed packet headers and the

mul tipl exi ng of a nunber of source streans is scheduled at 2724. At 2726 a

det er m[g@mte] Next, it DR thh @i soflfce R dstsiBarh afilibete B ket e s w% the link
status is not OK, then the source(s) are notified of a lin fa?ll ure event
at 2728 ¢ pft | |4 . Lnto the

nat | ve LRl ranhitandil Mg, HedRhh SR OLE LMNHAHFIBE"Y 5732, e
reconst,ruct.eqd. native, data streans are then ass to the djsplay device.
10077] h]‘—ellaz.‘mg@ﬂ%%%b #W&%é?%ﬂfﬁa"%gﬁr@gw%%a? ZSZ%perfor nng a
traini ession, in accordance with an enpbodi ment of the invention. It
shoul ng87$%)tﬂéﬁij§ data packets are formed by adding associated packet headers and

the multiplexing of a number of source streams is scheduled at 2724. At2726a
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
passgd to the display device.

[0077] Fig. 28 shows a flowchart detailing a process 2800 for performing a training
session in accordance with an embodiment of the invention. It should be noted that
the training session process 2800 is one implementation of the operation 2506
described in Fig. 25. A training session is started at 2802 by sending a training
pattern over the main link at a set link rate to the receiver. A typical link training
pattern is shown in Fig. 11 in accordance with an embodiment of the invention. As
illustrated, during the training session, a phase 1 represents the shortest run length

——while-phase2-is-the longest.—The receiveris-to-use these two-phases to-optimize the - —

equalizer. In phase 3, both bit lock and character lock are achieved as long as the link
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the training session process 2800 is one inplenmentation of the operation
2506 described in Fig. 25. Atraining session is started at 2807 t)w;gs%gq ng
a training pattern over the main link at a set link rate to the receiver.

A typical link training pattern is shown in Fig. I | in accordance with an
enbodi nent of the invention. As illustrated, during the training session,
a phasequalitesremendtde.t Ae2800 theasteivarnhédkngh hssobiated tptiviag s@atusantthe | ongest .
The receiver is to use these two phases to optimze the equalizer. In

phase Bbas@@hgommb thaffile SBEs eﬁ@kamteeéceiv@fske@a a3l B g6 &sh bPiers the 1ink
34 - 8 APR 2004 quality is reasonabl e. At 2804, the receiver checks an

assoct alild LRl AL 30, APBRE RO LB I BB OoCk, (N

receiv sets a pass hree phases transmtter

at 2806. At, each ere oceed to t next phase upon
det ect i B BIF“B&E%‘PE%F%O&?E P&isof‘g)i ‘iﬁf%% a‘?‘{]gtlf‘%@é?‘\‘/@'r&]%éé‘gt dtectdetect a
pass then the receiver reduces the link rate and repeats the training
sessi ork Passthen thg receivenaeduces dwdinkatetand repiepisithe Waipingtsessivrs Hl'ke pass i s
detected at 2812. [0078] Fig. 29 illustrates a conputer system 2900

enpl oy exaih dink ipteadyeaitthattimk rate\ae whichra paSoisplateetedsy 282N 2900 is only an
exanpl e of a graphics systemin which the present invention can be

| NPl eNgOOEY - FiEPV UL RFatesYasdopiPutd Q0stb Dot empfall kdmplBhesaasi ng unit (CPY)
1510, rr;ffan'{tzla(j)mlaccess r?ermry RAM S)52920 reagﬁgﬁ Iy rg]aprmry (ROW) 2925, one or

2040 i gyEh CamgHs e 51?92?";%0%@’%%%%@6%@@ B AR “The’art,
2010, TR TN B PRI L omeRien syt A0 mahdes petialct  ons 1 n a
bi -directional _manner. CPUs 2910 may generally include any nunber of

pr oc es FEICESSOnit (SRS 0, repdom geccaepemesy @bﬁbﬁ&ﬂ&&zrg@boniﬁww ude any

sui tabl e conput er-readabl e nedia. A
(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
store programs including computer code, data, and the like. Typically, mass memory
device 880 is a storage medium such as a hard disk or a tape which generally slower
than primary storage devices 2940, 2950. Mass memory storage device 880 may take
the form of a magnetic or paper tape reader or some other well-known device. It will

T '*be*appreciated*that"the*information*retained*within*thcmasS*memory*device*880';*""'" T
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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 provides additi Eng# dat a
storage capacity. The nass nmenory device 880 is a computer-reata 8 Adi um
that may be used to store prograns including conputer code, data, and the

| i ke. Typically, mass nmenory device 880 is a storage nedi um such as a hard
di sk ormay, imgEpropiatt cages) de ahdoyparhtodunr standaadfaphionas pars bORAM 260201 ces 2940,
2950. Mass nenory storage device 880 may take the formof a magnetic or
paper t3R@tiafaraiorpr sone ot her wel | -known device. It wll

- be- appr eci at ed-t hat -

t he-1 nir /53 G S0 ORLS Vbl YoldRE WP RS IBIRENp Tk fes B iPmiay 8 APR 2004
may, i appropriate cases, be Incorporated®in s anoar ashi-on *4s part of

RAM 2920 . as.virtual.. ry, 100791 CPUs 29 10 are alsg coupled to one or
ror e 1 ARG BT DO EBELon Y 164H S0 Y Qe HEP RS (Ei5E DARE TRGD | 1 mi Led 1t 0
devi ces such as video nmonitors, track balls, mce, keyboards, m crophones,
t ouch- &eypgardsymigpphansgdouchrsensitive displexs, dranssger card readerss magnetie paper t ape
readers, tablets, styluses, voice or handwiting recognizers, or other

wel | - koopaper tapetreadiess, tibkets siytuses vok oc handwritingt reesgnizeny) vk etter Fi nal |y, CPUs
29 10 optionally may be coupled to a conputer or tel ecomrunications

net Wor kellSa@wn igput deiced fiRh afQINWBile, UthedRomphic) AinA1B), WPk 20481 Ng a net wor k
connection as shown generally at 2995. Wth such a network connection, it

S COﬂE@@Pﬁ%ﬁgﬂfﬁ%uﬁtﬁ t@f?c?m 29 J8efS80 é‘f‘ﬁ%@%ﬁ@eﬂ’nt ggt iagn fromthe

net wor t out nforhation to t @ course of
performng the above-descrjbed t hod steps. Such. infqrmation, which is
of t en PUPEiERY & oran Jitangt pehar poing e netveEk spmecion s oSy ed usi ng CPUs
2910, maybaﬁe rg eived fromand outputted tq the network, for _exanple, in
the foB§HcHlyAt ulVath sih a networls cormestinn, dds rentemplated; that tha ¢BUsThe above-

2910 might receive information from the network, or might output information to the
network in the course of performing the above-described method steps. Such
information, which is often represented as a sequence of instructions to be executed
using CPUs 2910, may be received from and outputted to the network, for example,
in the form of a computer data signal embodied in a carrier wave. The above-
described devices and materials will be familiar to those of skill in the computer
hardware and software arts.

[0080] Graphics controller 2960 generates analog image data and 2 corresponding
reference signal, and provides both to digital display unit 2970. The analog image
data can be generated, for example, based on pixel data received from CPU 2910 or
from an external encode (not shown). In one embodiment, the analog image data is
provided in RGB format and the reference signal includes the VSYNC and HSYNC
signals well known in the art. However, it should be understood that the present

——invention-can-be-implemented-with-analog-image;-data-and/or reference signalsin— - ———-
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descri bed devices and materials wll be- famliar to those of skill in the
conputer hardware and software arts. [0080] G aphics controller 2960
generates anal og i mage data and a corresponding reference sigrhlAPRaRd04
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 29 10 or

f r om anotbgt formats. Borcaamplenataleginvagy datarcan irehelehddionsimtal dataalsaneaitipg | mage
data is provided in RGB formatthe reference signal includes the VSYNC and
HSYNC §b(g-[°@b§nd4@éﬁm@l}@ﬁfbnb@sighﬁ. art. However, it should be understood that
the present i1nvention can be I'nplanted with anal og i nage, data and /or

refer enﬁ,gsf]i ‘gﬂﬂ‘!’%@:d@é”e PR émﬁ"d\ﬁ%gﬁ%gg’}eg}fa Lt i%gélﬁfﬁotnshéwgﬁr?? exanpl e, anal og

i mge data ‘can i Vi deo S|lgn SO W I3espondi ng tinme
reference signal 811 Alth only a.few enbodinments of the present

i nvent i %ﬁcﬂﬁeﬁﬁfé‘é‘hg gﬁ Bg‘é?rftB%‘gﬂ’%Pglei’ﬁ%ﬁmd%"émﬁﬂ guydegmbadied ing he present
invention may be .enbodied in many other specific forns w thout departing

f r om t HBawfRtherspegific flarmswighoubflenarting fierasdkaspititrardhe sappe of e pr esent
exanples are to be considered as illustrative and not restrictive, and the

i nvent ippesenkinmertiono The présenttexdmbptestahetodetcahdidergd ¥eillubRit®ienndliet may be
nodi fied wthin the scope of the appended clains along with their full

scope Qéstrictiie] 2l @8 ifventiOVRhbt Wbd Bmitéd f tho¥anld SlelB&REBR HBpCr i bed in
terms of a preferred enbodinment, there are alterations, permitations, and

equi valififidifithi the WobBboPiBpfiRh Blaths hidhg wfiﬁllflﬁn%f) RliPfkopk be Shoul d al so

be noted that there are ny alternative ways-o ng both the
proces% 1%leea[ﬁpar‘ atus of the present invention. It is therefore intended
that t & T AVention be interpreted as including all such alterations,

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

invention.
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permnut ati ons, and equivalents as fall wthin the true spirit and scope of
the present invention. 37 8 APR 2004 In the clains: 1. In a s%gi%ﬂh??%hpg
a bi-directional auxiliary channel arranged to transfer informeti

bet ween a video source and a video display and vice versa and a
unidirectional main link arranged to carry a nunber nultinmedi a data packets
from t him thechens:source to the video display, a nethod of establishing a
stable main link, conprising: prior to starting transm ssion of nultinedia

~data packet Bt r eafF, {ys@ Raviiglehi-dif@HbAR sb@libA i Arth gyl gy Over the main
channel, using a link training session carried out over The auxiliary

ch I ' 1N,y 2. hod jted i | ai
7 ur t FERRE HBARR bebn Al ool bt Vider e ) e Pt #4472 i

link transm tter; .determ ni whet her or naqt, the vi deo_display can achi eve
L oo | RSk et i B S0 BT SR AG T Hmegiap skt BoRtee, n

substantially all link training related handshaking between the video
sour ce VAgRP sorEcevd dheavideosdibrlgy.iagnethod pEestablishing a sbleithaimdinkchannel . 3. A
method as recited in claim2 wherein if the video display does not achieve
t he solcothphisingchar acter | ock, the video display inforns the video source
via the auxiliary channel. 4. A method as recited in claim3, further
conpri si ng: priRficdtiing BandohiBdion 8F Ruttedid @y pa&ar SRS From a video
source to the video display over the main channel,
using a link training session carried out over the auxiliary channel to establish

the stable main link,

2. A method as recited in claim 1, further comprising

sending a pre-defined training pattern by a main link transmitter;

determining whether or not the video display can achieve a solid bit/character
lock based upon the training pattern, wherein substantially all link training related
handshaking between the video source and the video display is carried on the

auxiliary channel.
3. A method as recited in claim 2 wherein if the video display does not
achieve the solid bit/character lock, the video display informs the video source via the

auxiliary channel,

4. A method as recited in claim 3, further comprising:

—reducing the link rate by the video source;

repeating the training session until the solid bit/character lock is achieved; and
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repeating the training session until the solid bit/character lock is

achi eved; and 38 8 APR 2004 sending a fault nessage based upon the failure
to achieve the solid biticharacter lock. 5. A method as recitet 3 APR 2084 1,
wherein the training pattern includes a nunber of training phases wherein
a phase 1 represents a shortest run |length and wherein a phase 2 are used
by the receiseadinga fadt mebsage biked qpanh thedaiurd tovachi®ierthe soldd phase 3, both a
bit | ock and a character |ock are achieved as long as the link quality is
accept alil/@arfterfodet hod as recited in claim1, wherein the training session
is about 10 nms in duration and wherein approximately 107 bits of data are
transmtted. 7. In a video system having a video source and a video

di spl ay, a packet based video nonitor trainer, conprising: a
bi-directional auxiliary channel arranged to,transfer inforpati on between
Che  video sbur ceh HFads TeRitaan iR iy eretn the raRkRS Pattory Bickides 3

unidirectional main link arranged to carry a nunber multimedi a data packets
from t mambet ef training pbases avherpiy o pbased represents 2 shastestrugilengthiand ce; a nmain
link receiver unit at the video display and a main link transmtter unit

at t he whetstn a phaseQeare asdl inothp lrentivied td Gygtimiae an kqualtize and aibixtein fvay channel
slave unit coupled to the auxiliary channel wherein both the main |ink

recei Vehaddy, bofNthit 38k akk b chathdte£108K0 BRI achlcP¥Pad BhE afftR IR hality 18D
electrically idle state in a nonitor standby node and wherei n"when a hot

plug e s- been detected, -then-the-system noves-to-a di spl ay
state- \éﬁ%ﬁb%ﬁ time-thee--- 39

6. A method as recited in claim 1, wherein the training session is about

10 ms in duration and wherein approximately 107 bits of data are transmitted.

7. In a video system having a video source and a video display, a packet
based video monitor trainer, comprising:

a bi-directional auxiliary channel arranged to transfer information between the
video source and the video display device and vice versa;

a unidirectional main link arranged to carry a number multimedia data packets
from the multimedia source device to the multimedia sink device;

a main iink receiver unit at the video display and a main link transmitter unit
at the video source each coupled to the main link;

an auxiliary channel slave unit coupled to the auxiliary channel wherein both
the main link receiver unit and the auxiliary channel slave unit are each in an
electrically idle state in a monitor standby mode and wherein when a hot plug event

T ’has”been’dete’ctcd;’th'en*the’system*moveS'to*a*di’sp’lay’state"at'whi'ch*time’the' .
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8 APR 2004 auxiliary channel slave unit is turned on and the main |ink
transmtter unit responds to a receiver |link capability read c%rrgggd' and
a training pattern unit arranged to generate a training pattern®u B@ﬂ%’the
transmitter in a training phase to adjust an equalizer which is updated
based upon a result for each training phase. 8. Atrainer as recited in
cl ai m 7auwflaare clannblestaviehmittis airnedion frad ths mdiBnlatradshetterd urai respupds @5Si on i S
commenced. 9. Atrainer as recited in claim8, wherein when the training

sessi o, REGFEIinki ABAbiliAesd Sdth@¥nd;an@or mal Iy operating. 10. A trainer as
recited in claim7, whérein when it is determned that there is no

activity on t iLlLiary.: f term i of time, then
the aui 11 &SR RashAtiaes o @hedi Y SHELE VRARIGBELL BE ™ 1 T
system having a bi-directional, auxiliary channel arr ed to transfer

i nfor nﬂ@@ﬁ‘r%éf%gﬁm%l? sptoAdinst &n saRplzen wiieh ! I’?ﬂeag’ Rld% versa and a
unidirectional main link arranged to carry a nunber nultimedi a data packets
from t wesultvprieashdwainisgphaset he vi deo di spl ay, conputer program product for
establishing a stable main link, conprising: prior to starting

transm ssion of multinedi a data packet streanms froma video source to the
vi deo di splay over the nmain channel, conputer code for using a |ink

training segsion ALahinkesd rotitedad laitewReRSIn Winthe GBRNEhils anest abl i sh the
stable main link. 40 " 8 APR 2004 1 2. Conputer program product as recited

tn clal Rhdr trdith b 36 chATBE HeREkd.

9. A trainer as recited in claim 8, wherein when the training session

passes, then the display is normally operating.

10. A trainer as recited in claim 7, wherein when it is determined that there
is no activity on the auxiliary channel for a predetermined period of time, then the

auxiliary channel slave port is set to the standby state.

11.  Inasystem having a bi-directional auxiliary channel arranged to
transfer information between a video source and a video display and vice versa and a
unidirectional main link arranged to carry a number multimedia data packets from the
video source to the video display, computer program product for establishing a stable
main link, comprising:

prior to starting transmission of multimedia data packet streams from a video
source to the video display over the main channel,

computer code for using a link training session carried out over the auxiliary

chanmnel to establish the stable main link.
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conputer code for sending a pre-defined training pattern by a main |ink
transmtter; and conputer code for determ ning whether or not the video

di spl ay can achieve a solid bit/character |ock based upon thé Aﬁﬁﬂﬂﬁﬁ
pattern, wherein substantially all Iink training related handshaking

bet ween the video source and the video display is carried on the auxiliary
channel . 13. 1ZonpUbmputer prugaah proaiduicds radteddn clagd 1i pfucthar cord@ismizerein i f the
video display does not achieve the solid bit/character |ock, conputer code

for inforn ngnigiRerdode forsendite avﬁradehﬁe@ﬂmhin'ﬁq;aue&f@%hm ke Conputer
program product as recited in claim13, further conprising: conputer code
for re j h ink rate by the video source; conputer code for repeating

the training session until the solid bit/character |ock is achieved; and

conput er code for sending a fault sage based. upgn the failure to achieve
the solid bi%om%&ea%fOf%GWl%W@ﬁﬁﬂgfé}m &g‘i‘%ﬁﬁflw%{a VEdcited in
claim1l, wherein the training pattern includes a nunber of training
phases sahiébifcharactshlosk basadgmoademirainimgpatiemewhereinsubstenially alhlinkavher ei n a
phase 2 are used by the receiver to optimze an equalize and wherein in a
phase 3raifding related hindshakingbetwaer tirervdddoesoutoe Giid dhicevideddieplad isarfi@hg as t he
link-quality is-acceptable- - 41 -8 APR 204 16. Conputer program product as
reci t eGnithe &h:dliafy thanneherein the training session is about 10 ns in
duration and wherein approxi mately 107 bits of data are transmtted.

13.  Computer program product as recited in claim 12 wherein if the video
display does not achieve the solid bit/character lock,

computer code for informing the video source via the auxiliary channel.

14.  Computer program product as recited in claim 13, further comprising:

computer code for reducing the link rate by the video source;

computer code for repeating the training session until the solid bit/character
lock is achieved; and

computer code for sending a fault message based upon the failure to achieve

the solid bit/character lock.

15.  Computer program product as recited in claim 11, wherein the training
pattern includes a number of training phases wherein a phase 1 represents a shortest
run length and wherein a phase 2 are used by the receiver to optimize an equalize and
wherein in a phase 3, both a bit lock and a character lock are achieved as long as the

~~linkquality is-acceptable.
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16.  Computer program product as recited in claim 11, wherein the training
session is about 10 ms in duration and wherein approximately 107 bits of data are

transmitted.
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