ME']-'H OD OF REAL TI ME OPTI M ZI NG MULTI MEDI A PACKET TRANSM SSI ON RATE
I nvent or: Osanu Kobayashi FIELD OF THE | NVENTI ON [ 0001] The invention
relates to display devices. More specifically, the invention relates to
digital display interface suitable for coupling video sources to video
di splay devices. BACKGROUND OF THE | NVENTI ON 100021 Currently, video
di splay technology is divided into analog type display devices (such as
cat hode 1 AETPROD DF REATATIVEE OPSINN AING MUBTHNVEDIAI d
crystal display, or k) gERégiﬁsgi §i Do eaigio i ch nust be
driven by specific i ke R SR fully display an
i mge. For exanple, a typical anal og systemincludes an anal og source
(such as a personal conputer, DVDInjehayer, etc.) coupled directly to a
di spl ay device (sonetinmes referred to as a video sink) by way of a
comuni cation link. The communi cabdapih KdBMsadnipi cally takes the formof a.
cabl e (such as an analog VGA cable in the case of a PC, otherwi se referred
to as VGA DB 15 cable) well known to those of skill in the art. For
exanple, 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 DB15
cable is the ubiquitous nature of the cable, due to the |arge and
ever-expanding installed base. As |long as the anal og systens descri bed
above predomi nate, there is little incentive to mgrate away from any
ot her cable formthan the VGA DB 15.

FIELD OF THE INVENTION

[0001] The invention relates to display devices. More specifically, the invention
relates to digital display interface suitabie 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 DBI5 cable includes 15 pins, each of which is arranged to carry a specific

signal,



[ 0004] However, in recent years, the exploding growh of digital systens
has made the use of digital capable cables such as Digital Visual
Interface (DVI) cable nore desirable. It is well known that DVI is a
digital interface standard created by the Digital D splay Wrking G oup
(DDW5). Data are transmtted using the trapsition, . m.nimzed ferenti al
si gnal i HPOBTs)of therdyaplagespidhe &Gy DB 1di Pieds the;ubigitops B RE thec 5
graphi cs subsystemto the display. DVI handl es bandw dt hs in excess of 160
MHz and citilasiuwsup for largeldGavemexpaimiivg wstdlled baseagheloggas gie analigs. [ 0005]
Today's display interconnect |andscape includes the VGA (anal og) and DVI
(digit a'sgstérfﬁ debeskéDabove pRddRninae ghaeinkele ieptive at migiste awaydiom as LVDS
(digital) for internal connectivity applications within | aptops and ot her

all-in- o ?Y&éb‘?éfom%ﬁpﬁ{eo\%k@ﬂﬁﬁdor s, display controller IC vendors,
noni t or nufacturers and PC OEMs as well as desktop PC consuners, to one

degree her, nust factor..interf.ace j L Fkgn, product
defi ni tm%%%&w S’&tubf‘?c%t,yeﬁgr f(héetelx {ﬁ)dgl %ﬁ%@gdéélﬁgyé%%éa %Jrhgexanpl e, |
f a consumer purchases a PC with an_anal.o j nterface then the consumer
st o (e g A EPRNIC AL SR D gAY el gy e S VB ARG whi ch ¢ he
anal og video siggnal provided by the VGA interface has been digitized by
way of desifahld deisarell ggawmth@t @ﬁaﬁa@@ﬁ@bﬂteéﬂacq gonjarderegigd Apthdui It into
the particular nonitor. [0006] Therefore, it would be desirable to optim ze
t he tramagits HiglapWothing Grack DBPWGh Ratpackiednshasetusingiheatansitiopl ay i n real
ti me based upon particular operating conditions. SUMVARY OF THE | NVENTI ON
[0007] ﬁﬁﬁi%%d@ff%&ﬁ@f@%@Qrm)qar%c&lbﬁqvim?a ugal & gia oo thef

i medi a da

optim zing transm ssion of a nunmber of nu a packets between a
mul t1 megbas g%'g(')’f{igsesubsystem to the display. DVI handles bandwidths in excess of 160

MHz and thus supports UXGA and HDTV with a single set of links.

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

[0006] Therefore, it would be desirable to optimize the transmission of data packets
in a packet based digital display in real time based upon particular operating

conditions.



device and a nultinmedia display device is disclosed. In the described
enbodi nent, the nultinmedia source device and the display device are
coupl ed by way of a unidirectional main Iink arranged to carry the

mul ti nmedi a. data packets fromthe nultinedia source device and the

mul timedi a display device and a bi-directional auxiliary channel arranged
to transfer information between the multinedia source device and the

mul ti medi a di splay device, The nethod can be carried out by follow ng at

| east the foll owi ng oper SWMMARYON THE.ENEENIIONattern by the mul timedi a
source device on the main link., determning a transm ssion quality factor
of the main |ink based upon the test pattern, and optim zing the

transm ssion of the nmultinmedia data packets based upon the transni ssion

qual i ty [086] QecolRP lsdnt @msdiRent ¥P R ifPdHtion i maiRa lofbPimiAhg OPt i M zi ng
transm ssion of a nunber of nultinmedia data packets between a nultinedia

source - . : [ : . a
ani i 7 oo SARp RS & it DR i B et e S B ket s
fromthe nultimedi a.source devjce and. the | ti medi i spl device and a
bi —ai r odeTiR and BiFETG e oait Gayated o heiseBred aRbdiiefion berween
the multinmedja source device and the multinmedia display device is

di scl osdle multieedipnspures dryiqermad daedisplay deves ajeeangled gw Wafiadi ng a t est
pattern by the multinmedia source device on the main |ink, means for

det er m mhnlgreationahnsm bk amangedité carrf thetnortimediatdata prekets fionkthebased upon t he
test pattern, and neans for optim zing the transmssion of the multinedia

dat a paekffisetiasedctgovicé il the andtinedia@ispliiaddvict andGtbardirebG@ARY1 | n yet
anot her enbodi ment of the invention, conputer program product for

opt i ni Ziaﬂﬂli&fyaéﬂﬁﬂei%hﬁﬂgéafto%raﬂk{@{l?&oﬁ{aﬁ%'bEEvJ%ﬁigge xﬁﬁftﬂnéﬂ%ﬁ& bet ween a

mul timedi a source device and a nultinedia disp evi ce coupled by way of

2 unt dhERed bl ffielia Mty RRART 1R Al A% (ML JRY,2 data packets
following at least the following operations. Providing a test pattern by the multimedia
source device on the main link, determining a transmission quality factor of the main
link based upon the test pattern, and optimizing the transmission of the multimedia
data packets based upon the transmission quality factor.

[0008] In another embodiment, an apparatus for optimizing transmission of a number
of multimedia data packets between a multimedia source device and a multimedia
display device coupled by way of a unidirectional main link arranged to carry the
multimedia data packets from the multimedia source device and the multimedia
display device and a bi-directional auxiliary channel arranged to transfer information
between the multimedia source device and the multimedia display device is disclosed.
The apparatus includes at least means for providing a test pattern by the multimedia
source device on the main link, means for determining a transmission quality factor of

the main link based upon the test pattern, and means for optimizing the transmission

of the multimedia data packets based upon the transmission quality factor.



mul ti medi a source device and the nultinedia display device and a

bi -directional auxiliary channel arranged to transfer information between
the nultinmedia source device and the multinedia display device is

di scl osed. The conputer program product includes conputer code for
providing a test pattern by the | ti medi a source device on the main |ink,
conput el‘ﬂpghén Y%@nﬂéﬁé?lﬁp?ﬁiﬁ’&nwﬂﬁﬁﬂgﬁ?@%’ SAPRHET prtq)g,rqnégfo(gﬁlct f the main

| i nk based upon the test pattern, conputer code for optimzing the

transmi epfimiving tranymission ¢ bet af muiiprdie datg PIEPIEPBeEMR t r ansni ssi on
quality factor, and conputer readable nmediumfor storing the conputer
code. BRutimEESERIBT bEGhkdndTHRuDRAMANGSp 1Y devite caipbabksbiawgenénal i zed
representation of a. cross platformdisplay interface 100 i n accordance

wi t h anygighediciBnali lidk @rdnB¥ @ 8- thE@%imeda datd Gatldisigbmanes a vi deo
interface systemthat is used to connect a video source and a video

di splay thedid SAGE Hgﬁgézﬁl&%f: \@tirﬂéﬁmﬂfs o (ﬁmggh@g%ﬁ-ﬁirgﬁioﬂahe I nvention.
Fi.g. 3'shows exenplary nmain link rates PR”accordance wi th an embodi ment of
t he i nventj.on. 4A shows inJink dat.a packet .in cordance with an
enbodi n%‘?‘ﬁdl%ﬁ?' chm ﬁV@‘?ﬁead?l. aﬁ‘ffjﬁr mg)émé‘h?ﬂ’nge SFR e I}lf?lﬁiwegbacﬁ?gfceheader in
accordance with an enbodi nent of _the invention. Fig. 5A shows a system
ar r angedeties addbe suildmpdip sisplay device osdiselosgdd ThasompYicE PIRERSBt nul ti pl exi ng
in accordance with an enbodi nent of the invention. Fig. SB shows anot her
i npl emepiodtiétdnclodestdoenmysrtoode Sirguwviding Eitest pSernfbiyghe udtiroedia somcgh- | evel
di agram of the nultiplexed main |ink stream as an

device on the main link, computer code for determining a transmission quality factor

of the main link based upon the test pattern, computer code for optimizing the
transmission of the multimedia data packets based upon the transmission quality

factor, and computer readable medium for storing the computer code.



exanpl e of the streamshown. in Fig. 7 show another exanple of a data
streamin accordance with the invention. Fig. 8 shows yet another exanple
of a multiplexed data streamin accordance w th an enbodi nent of the
invention. Fig. 9A shows a representative sub-packet in accordance with an

enbodi nent of the i ows a representative main |link data
packet in accordanceﬁéiﬁhlﬁﬂsgh@ggaﬁgﬁg aﬂfﬁﬁglgﬂv@ﬁ3$on. Fig. 1() shows an
exanple of a selectively refreshed graphics inage. ig. 11 shows an
exenplary link training pattern in accordance with an enbodinment o f the..
invention. is. 12 illustrates a |logical |layering of the systemin

accor dance wilip bshosvsbogtinemhizedfeptdsentatiorent 4 @oss plgtforh3 dBphwsnieffaexenpl ary
speci al . character mapping using 8B/ 10B in accordance with an enbodi nent of

t he i nvermoiigBecodhce dthshsbRAImENITMAhYedRChest er |1 encoding scheme in
accordance with an enbodi ment of the invention. 15 shows a representative

auxiliary chaq bAeI tlﬂ es%‘{}?déo‘a%%?f Iy ﬁ?e%?ﬁﬂ?ﬂs th an enbodl ment of
a0 At

t he i nvention. WS a representative naln i rlcal sub
ayer | BESd MLA  en o i gt o 47 0
the invention.
Fig. 3 shows exemplary main link rates in accordance with an embodiment of
the invention.
Fig. 4A shows a main link data packet in accordance with an embodiment of
the invention. |
Fig. 4B shows a main link packet header in accordance with an embodiment of
the invention.
Fig. 5A shows a system arranged to provide sub-packet enclosure and
multiple-packet multiplexing in accordance with an embodiment of the invention.
Fig. 5B shows another implementation of the system shown in Fig. SA.
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 invention.



of the invention. Fig. 18 shows a source state diagramin accordance with
an enbodi nent of the invention. Fig. 19 shows a display state diagramin
accordance with an enbodi nent of the invention. s, 20 - 24 illustrate
vari ous conputer based inplenentations of the invention. Fig. 25 shows a
flowchart detailing a process for determ ning an operational node of the
interface i nFa&-@@rsg@ﬁ@@ TRPREpETAHI VeI iRk datagrckel én psppetice WithAlg. 26 shows
a flowhart detailing a process for providing a real time video inmage
gual i t y emdbedimdnnofitheandmnor. Wi t h sonme aspects of the invention. Fig. 27
shows a flowhart for a link set up process in accordance with an

enbodi ment ofgid @ showe Bl kLdmplEoda sddctblROVEfidsHddptadiacd inthgbai | i ng a process
for performng a training session in accordance with an enbodi nent of the

i nvention. Fi j . ; : t.o i npl enent the
i nvention. DE%%HE%E#%E%@ﬁ%@#@%ﬂﬁ%%qg%%E%?E%*Eb%%%ﬁ%%ﬁ@% %ﬁﬁb] Ref er ence
wll now be.made Ln detai.l to a particular enbodi nent of the 1invention an
exanpl e® oqﬁwaﬁof@mﬂ?VﬂéP?ated in the acconpanying drawi ngs. Wiile the
invention will be described in conjunction with the particul ar enbodi nent,
it will be FiadPddeoatoesidesicel lnxermgioliths witsaninascordange W anvention to
the described enbodinment. To the contrary, it is intended to cover
al t er natmbedimembdf the¢ratenbos, and equival ents as nmay he included within the
spirit and scope of the invention as defined by the appended cl ai ns.

Fig. 13 shows an exemplary special character mapping using 8B/10B in

accordance with an embodiment of the invention.

Fig. 14 shows an exemplary Manchester IT 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.



[ 0011] A nethod and apparatus suitable for optimzing transm ssion of a
nunber of nultinedia data packets between a nultinedia source device and a
mul ti media display device is disclosed. In the described enbodi nent, the
mul ti medi a source device and the display device are coupled by way of a
unidirectional main link- arranged to carry the nultinedia data packets
from the nul tHigetf showsaritasvaertidetailingch propess ded prowditige tiabpinayidtevi ce and a
bi -directional auxiliary channel arranged to transfer information between
t he nul tilnapeq@alsp ulick inevdiotdanaa dvithisempulpeceest the irdiespdbray devi ce. [0012] A
met hod of optim zing transm ssion of a nunber of nultinedi a data packets

bet ween a nulgtij medidws QUlRehER \hicLliahsht ap Pricelmdictordintda! vivh feVi ce i's
di sclosed. In "the described enbodi nent,” the nmultinedi a source device and

the dis j r. pl ed by way of a unidirectional main |link
arrange hﬁﬁdg§¥#§?yﬁgﬁﬂ%ﬁ@ﬁhedia data packets fromthe nultinedia source

device and t | ti nedia display.device and a i -directional auxiliary
channel arr a&eg%gét%owaﬁ@r@aﬁﬂ? 1Rgta Rfﬂ‘"*%%?%é’éﬁ‘boffﬁglg HRPINgSAssP S our ce
device and the nultinedia display device. [0013] As a nethod, the invention
can be émp¢dordiney withyanfestiodignery oathe/isgantionhe fol | owi ng operati ons.
Providing a test pattern by the nmultinmedia source device on the train

| i nk, det er mFig. 2§ iHudtratassndosgiuter sgsterhiempldyditoimplentdnethednvenkionk based upon
the test pattern, and optim zing the transm ssion of the multinedi a data
packets based wupon the transmi ssion quality factor. [0014] For exanple,
Fig. | shows a generalized representation of a cross platform packet based
digital video display interface 100 in accordance with an enbodi nent of

the invention. The interface 100 connects a transmitter 102 to a receiver
104 by way of a physical link 106 (also referred to as a pipe). In the
descri bed enbodi nent, a



nunber of data streans 108 - 112 are received at the transmtter 102 that,
if necessary, packetizes each into a correspondi ng nunber of data packets
114. These data packets are then fornmed into corresponding data streans
each of which are passed by way of an associated virtual pipe 116 - 120 to
t he receiver qé é#t %¢ould he noted that the link rate (i.e., the data
packet transf d/ETAEERBESCRIRTION QX SELECTEINEMBOMMENTS] for t he
particular data streamresulting in the physical link 106 carrying data
streans each having an associated |ink rate (each of which could be
different fromeach other dependi ng upon the particular data strean). The
dat a st r[@@if§ Refd@nee dilUn®abe rale indstaih tdpirtiohlaf @nhbEdigeatofake Vi deo,
graphic, audio, etc. [0015] Typically, when the source is a video source,

t he dat anwdntieRa® e)lérﬂple oﬂw‘iucﬂ 1@?1‘111&%&&% k&%c&rhgﬁ@q%&@@%@ st Rghiigan have any
(053]

nunber and type of well-known formats, such V|deo seria
digital, I RGB The .yi deo

si gnal é%ﬁﬁ%%hgﬁwg@% d%géﬁ)eo coﬁﬁn g%ﬁ%@?gﬁf%é%ﬁﬁéﬂ}gguﬁﬁﬁ 4%3 udes sone
form of ;an _anal oq Vi deo sourc as for exa an analog tel evi sion,
still c&fép rStgﬂglﬂﬁéH\yﬁﬁf’t IWBgﬁftﬁﬁg?lt I@dﬁﬁ%ﬁ’d’é‘gg thedeseribgdsk pl ayer, T
tuner, set top box %}ﬂth satellite DSS or cable signal) and the |like. The
sour ce fmpodimant.che thy eoptrany iug intendgil ¢o cewer altergativsumodificaicinsasnd or exanpl e
a digital television (DTV), digital still canera, and the |ike. The

di gi t al cqiusddentsiagnsly bccaimlb@edani;thimﬂ]ﬂﬂ)@irimﬂ seypeof thé imehliok aodefindt gi t al
formats such as, SMPTE 274M 1995 (1920 x 1080 resol ution, progressive or

i nterl aegdlesa;?eﬁdedM}g, 296M 1997 (1280 x 720 resolution, progressive
scan), as well as standard 480 progressive scan video. [0016] In the case

where ti@1PW GEHIAand EﬁB’drﬂ‘ﬁ&tﬁﬂbfé%{ 8@&111%%&&3{5%&5@ & ALY

multimedia data packets between a multimedia source device and a multimedia
display device is disclosed. In the described embodiment, the multimedia source
device and the display device are coupled by way of a unidirectional main link
arranged to carry the multimedia data packets from the multimedia source device and
the multimedia display device and a bi-directional auxiliary channel arranged to
transfer information between the multimedia source device and the multimedia
display device.

[0012] A method of optimizing transmission of a number of multimedia data packets
between a multimedia source device and a multimedia display device is disclosed. In
the described embodiment, the multimedia source device and the display device are
coupled by way of a unidirectional main link arranged to carry the multimedia data
packets from the multimedia source device and the multimedia display device and a
bi-directional auxiliary channel arranged to transfer information between the

multimedia source device and the multimedia display device.



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

into a discrete series of digitally encoded nunbers (signal) formng in the
process an appropriate digital inage data word suitable for digital
processing. Any of a wide variety of AID converters can be used. By way of
exanpl e, other A D converters include, for exanple those manufactured by:
Phi | i ps [0018% a'ss 4 msthodnthainveAnal om Devideskqut bprfoldkwingat leasidhet hers. [ 0017]
For exanple, if the data stream 110 is an anal og type signal, the an anal og

to di gighiwiRg BYehtieHs. (Mevidilyavest panemidetle hulimedio yplreeldevice dettter ansmi t t er
102 will digrtize the anal og data which is then packetize by a packeti zer

that co o h%ltdé}ﬁe n f—,ifi'g %ig%ﬁgngﬁBﬁqﬁﬁlft?%&J&tﬁ@ﬁﬁirﬂirﬂéﬁ'ﬂ@@du n@ata packets

114 eac transm'tted to the receiver 104 by way of the

virtual |link 116. ‘The recei.ver 1.04. w | J data stream
110 by éﬁ?bpém QWEF%%} “nfARgERE" fihe ﬁﬁggﬁ%{d?&)#g%lé@%& c?g%lﬁei r original
format. It should be noted that the link rate is independent of the native
stream upeit 8. trappaissienyduabitfpiehent is that the link: bandwidth of the
physi cal |ink 106 be hi gher than the aggregate bandw dth of data strean(s)
to be {0043 Fot exeuinple, Figt hehossogenseadiz thspmtation ehrcropcIaifoE dat a (such
as pixel data in the case of video data) is packed over the respective

vi rtual Fbmkb&baa Qtbitapordca dibplay inteefpgd N idetéordancerwiti am ¢thbedimayt oft he
physical |ink: 106 (or any of the constituent 11 virtual |inks) does not,

as does yeonvEN OBk ihRHEELRIN@GhStSH ErinasittbVI02 toal reyeiPére1 04byxedy dat a per
lint- character clock. [0018) In this way, the interface 1 00 provides a

scal eabl ?ggﬁ}qshéja%faggp éels& {e%{l)?e%qr Fas?lfpci]pa ot ﬁ@lﬁsc%gﬁ%nﬂ)egin%r%@i cs data,

bﬁt als8 I application a as nay require I n addition
t he invention supports - pl even, i .
number of da?apstreams Q%% —pI lligare re%eltve gtt t?lg ttllalcl)g]ml réld 102 that, if

necessary, packetizes each into a corresponding number of data packets 114. These

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

[0015] Typically, when the source is a video source, the data streams 110 — 114
include various video signals that can have any number and type of well-known
formats, such as composite video, serial digital, parallel digital, RGB, or consumer
digital video. The video signal can be an analog video signal provided the source 102
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

10



automatically sets the physical link (or pipe) to its optinmumtransnm ssion
rate. The invention provides for a |low pin count, purely digital display
interconnect for all displays suitable for multiple platfornms. Such
platfornms include host to displa |aptop/all-in-one as well as HDTV and

ot her consuner el ectronics applications. [0019] In addition to providing
vi deo afeh gsapisiuds aghigisal impapsoayca sush agforiexpmpleeat diswal telgyisior (Bridadded i n
the digital stream providing essentially perfect and instant display

al i gnmedigitabdtill @inierg, anlehe Bloe dT Heodigitd aideoessgrial &an Befartyorbnhansnd tygred t he

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

scal abi bf ¥l kAowH BTl fofilats ALK as, SMIBTE a4 )4at |51 9ERRE 080 £doRSioAU! i pl e
vi deo/ graphics streans arid audio streans for multinedia applications. ]ili

additi OgTogesaQE%?flﬁaJlacﬁsg%ﬁg, SMPTEISRM-1 641GRR0 & B Tcsobfdnpher al at tachnent

and dis control can rovi out " the nee or additional
cabling. [0020] O her enpodi nent the i.nventive display interface wll
be di scH: ?TS‘HEISWS’ as ‘ngﬁﬁg’l%@l.dsﬁl?rp%@ﬁlﬁﬁcgngl st em 200 based upon the
system 100 shown in Fig.1 that is used to connect a video souyrce 202 and a
vi deo dl@)phin theiceseghere the soupre 02 nreyides apnalogiswessisnal, amanalogeo sour ce
202 can include either or both a digital imge (or digital video source)
206 andtaadigitaladongeitard 48D ) amvarishngnalpgieatage or caryer@ @nal intq ddiscigte of t he
digital inmage source 206, a digital data stream 210 is provided to the

t ransm tdrRk of Qiditahg epsled Auinbers¢sigealpforinhie ianhé p@cedsd@apprupriate 208, an A/ D
converter unit 212 coupled thereto, converts an anal og data stream 213 to

, T di i _ S : 214 i
hen prope s e R B A P T 2 AT 210 by
;hgi ;Ir ? cg(rsnr\rf]{eb%rg rcaﬁ:ll' g% P%%ih gBr)g \::v%;{? lcsgg %/Txealﬁ‘lg)'lé otl’%egllA/Bac%nggrt&Q ix%'ﬂ?(ie?%brt ype display or

ases can

example those manufactured by: Philips, Texas Instrument, Analog Devices,
Brooktree, and others.

[0017] For example, if the data stream 110 is an analog type signal, the an analog to
digital converter (not shown) included in or coupled to the transmitter 102 will
digitize the analog data which is then packetize by a packetizer that converts the
digitized data stream 110 into a number of data packets 114 each of which will be
transmitted to the receiver 104 by way of the virtnal link 116. The receiver 104 will
then reconstitute the data stream 110 by appropriately recombining the data packets
114 into their original format. It should be noted that the link rate is independent of
the native stream rates. The only requirement is that the link bandwidth of the
physical link 106 be higher than the aggregate bandwidth of data stream(s) to be
transmitted . In the described embodiment, the incoming data (such as pixel data in
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
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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 anal og type display. In the described enbodinent, the video source
202 can take any nunber of forms (such as a personal desktop conputer,

di gi t al ‘artualdmkelylorynok es dessrobventioptldniereinee@s suchtes DV Jearrgoapl ay  uni t
104 can take the fond of a video display (such as an LCD type display, CRT

type dippdlaigta per dink chir@étg2dloflegar dl ess of the type of video source or
vi deo sink, however, the various data streans are digitized (if necessary)

and packebiga ok iv@ryi {he ikteARSM (ﬁ)lsgr%desv@gc&yras1eﬂﬁyﬁhﬁ%r hf'eg}épg&o%sw ch

i ncludes a uni-dire¢tional main I'ink 222 I sochronous eans and

a bi-dir | iliar annel, 224 .for.link setup and other data
Crafficps b Rleo i drh ok 08 BiiFalss fudtio a%‘f”%‘?ﬁ%‘ipﬁlé’sﬁt?"l%q%sr WAV b€erial bus
(USB) dat a,.Wa beﬁtl%xeen Ehe vi deo source 202 and the video display 204.

[ 0023] i A PlROM Sbe Inyeptinn Spportshotlug eyens destiona®dusl y transnitting
multiple isochronous data streams (such as nultiple video/graphics streans
and nul RRoEAGREY sethihgipbysical dakepr pipe) tohits iz ewsnestiodiaterithe t he mai n
link 222 includes a nunber of different virtual channels, each capabl e of
t r ansf einvengon pawites fouslotapia cotuttepurely(dipid] displaynanmnasader g1 aphi cs/ vi deo
and audi o data) at nultiple gigabits per second (CGbps). From a | ogi cal

vi ewpoi @ispldybehigfb®s for Iﬁlﬂﬁpl@%‘ldﬂfoh‘n_@.k&%ﬁ%lzlﬁﬂz?ﬁél'iﬁ:h?& &sfio"tﬁ%m@hys' cal pipe

and within this single physical pipe, nultiple virtual pipes’'can be

coLabl) Sl 080 hoe Bl ke BRSO 0 Pt

pipe (i [(ﬁ]lQ] Yxll g&d‘fﬁl(lm {:oh&'ggi%ng video and graphics data, display timing information
can be embedded in the digital stream providing essentially perfect and instant display
alignment, obviating the need for features like “Auto-Adjust” and the like. The
packet based nature of the inventive interface provides scalability to support multiple,
digital data streams such as multiple video/graphics streams and audio streams for
multimedia applications. In addition, a universal serial bus (USB) transport for
peripheral attachment and display control can be provided without the need for
additional cabling.
[0020] Other embodiments of the inventive display interface will be discussed below.
[0021] Fig. 2 illustrates a system 200 based upon the system 100 shown in Fig.1 that
is used to connect a video source 202 and a video display unit 204, In the illustrated
embodiment, the video source 202 can include either or both a digital image (or
digital video source) 206 and an analog image (or analog video source) 208. In the
case of the digital image source 206, a digital data stream 210 is provided to the

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

unit 212 coupled thereto, converts an analog data stream 213 to a corresponding
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descri bed above). [0024] In the described enbodi nent, the speed, or
transfer rate, of the main link 222 is adjustable to conpensate for |ink
conditions. For exanple, in one inplenentation, the speed of the main |ink
222 can be adjusted in a range approxi mated by a slowest speed of about

1.0 Gops.to about 2.5 Gops per annel appr oxi mat el i ncrenents
(see Fi &131@3 dat'fé\f‘tr?m%ztﬁjp he,gdigit @Hg‘f‘ﬂ]%'feamtﬂé‘ Frﬁ?q‘? grpqﬂgsegi)ég n&"z‘fgjg‘ﬁpport SXGA
60Hz with a color depth of 18 bits per pixel over a single channel. It
shoul d siree nmhedt asti digitalatitecsticom 319 lyhbe frantraitten? 0% HBkmdisplay sditices not
only the cost of interconnect, but also reduces the power consunption

whi ch i 20&ban bt raldg typ@ﬂﬁbmgroahidﬁ)gitaq@m ditpddyr @tihepmeb onsepoumr sensitive
applications such as portable devices and the |ike. However, by increasing

the nu f fshRoTBdkhkichK Indhd cadd) tIEABSIEY uMESXGA.
(3200 QB%Z% ﬁlﬁglgée}ﬁﬁeg:%rtd&%l?%ﬁ{@a ri)%a col ofre&ﬁept h%of iétl b?‘?s}u per pixel at

60Hz. ts xel at
60Hz, \APP%H&%&% 158 195212%%%\1&%aﬂn?e?#ag%%tﬂg%cggﬁ 1‘%@%@'}10 dlﬁﬁ%‘/ @ps per
channel two channel ed tp su rt. an_u ressed HDTV
(i.e., 311‘88 A&Pn‘?‘ﬂ%b‘?lt&zg g’ﬁ Yfgﬁp‘?ﬁ@aﬂegbﬁ?ﬁeﬁngmg’ﬁ@odi nment, a
mal n link data rate is chosen Wnose bandvm dth exceeds the aggregate
bandwi dembedintens teovided saveer 202 ¢andalie dnyrmbepaf forms guch@s RIFETSONMY er f ace
arrives at the transmtter at its native rate. A tine-base recovery (TBR)
unit  2aeskvopt duntputdredivéeleinaanlof IV rsegep doat @e.) theregs theande dsplgy nal nati ve
rate using tinme stanps enbedded in the main |ink data packets, if

necessagyit 104 cSNQKe the!TBriA 8F 8dideo buch fak oD tARMigHAY, a’T yypeonf i gur ed

digital display devices 232 shown in Fig. 2B, tine base recovery is
unnecesagépéys%np?e di splay data is be sent to the di splay driver
el ectroni t he |ink character clock rate, thereby greatly reducing the

nunber [0022) Regardless of the type of video source or video sink, however, the various data

streams are digitized (if necessary) and packetized prior to transmission over the
physical link 106 which includes a uni-directional main link 222 for isochronous data
streams and a bi-directional auxiliary channel 224 for link setup and other data traffic
(such as various link management information, Universal serial bus (USB) data, etc.)
" between the video source 202 and the video display 204.
[0023] The main link 222 is thereby capable of simultaneously transmitting multiple
isochronous data streams (such as multiple video/graphics streams and multi-channel
audio streams). In the described embodiment, the main link 222 includes a number of
different virtual channels, each capable of transferring isochronous data streams (such
as uncompressed graphics/video and audio data) at multiple gigabits per second
(Gbps). From a logical viewpoint, therefore, the main link 222 appears as a single
physical pipe and within this single physical pipe, multiple virtual pipes can be

established. In this way, logical data streams are not assigned to physical channels
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14 of channels required with a commenserate reduction in conplexity arid
cost for the display. For exanple, Fig. 2Cillustrates an exenplary LCD
panel 2-32 configured in such a way that no tinme base recovery since

di splay data is essentially pipelined to the various colum drivers 234
that are used in conbination with row drivers 236 to drive selected

di spl ayraheneoh sogieddaiarstreime incardgd ipitOows Bl pipetibe., wintvabieheanels descri be
a sinple enuneration nethod for the link rate and the pixell"audi o cl ock
rate. | Heddgbed@RIve).€searched arid understood that all the standard
plxeLIaudlo cl ock frequencies that exist today are a subset of the

Fol | oW g4 [okE Uel M eARNinfn? 10 el sl ol of b ol B 2821 | L 12

This me rate can be expressed W|th f our

bt Bt ampPiiy et ﬁ%ﬁ&“‘ﬁ? o 585 b8 mspsiplsmebaon hose

link rate (which is the serial link- bit rate .111,.10 f | ink that uses
| 0- bi t thersagacaidhe maanlinks28man ]detaerddﬁtaéi"%%e WRIP P E’ﬁ’@r% WS om t he

pi xel clock rate, there is a benefit in defining the link rate with these
four pasraeébéalmutA 0, GBps to abputghsl Gbps Perechgand fin eppreximaely OndSFnsi ty in
regenerati ng pixel /audl o clocks froma link- clock. For exanple, let's say

the |i nKmrd_naetn@s Qsée BR{ 3RSA¥R.5 Gbps Ber chainelCthe maiadink 222 can Supparti d t he
corresponding link rate is 135MHz. However, suppose the pixel clock rate is

Egt as &xeBe0rR: Fitha Color GeptiRBH1 $oifs Perpixel O3z inglk kBindeneltBha@ll cl ock can
be noted that a reduction in the number of channels reduces not only the cost of
interconnect, but also reduces the power consumption which is an important
consideration (and desirable) for power sensitive applications such as portable devices
and the like. However, by increasing the number of channels to four, the main link
222 can support WQSXGA (3200 x 2048 image resolution) with a color depth of 24-
bits per pixel at 60Hz. or QSXGA (2560 x 2048) with a color depth of 18-bits per
pixel at 60Hz, without data compression. Even at the lowest rate of 1.0 Gbps per
channel, only two channels are required to support an uncompressed HDTV (i.e.,
1080i or 720p) data stream.

[0025) In the described embodiment, a main link data rate is chosen whose bandwidth
exceeds the aggregate bandwidth of the constituent virtual links. Data sent to the
interface arrives at the transmitter at its native rate. A time-base recovery (TBR) unit
226 within the receiver 104 regenerates the stream’s original native rate using time
stamps embedded in the main link data packets, if necessary. It should be noted,
however, that for appropriately configured digital display devices 232 shown in Fig.
2B, time base recovery is unnecessary since display data is be sent to the display

driver electronics at the link character clock rate, thereby greatly reducing the number

14



generated fromlink clock as pixel clock rate is equal to the link rate *
22 /5 1 15 [0028] Referring back to those systens requiring tinme base
recovery, the tinme-base recovery unit 226 may be inplenented as a digital
cl ock synthesizer. For an unconpressed video stream the time stanp is
stored in the packet header which as described in nore detail below, is a
20- bi t dichamesgequirggd with 2 semaensurpiguedustiondn epmplexidy endseast 6 they each
header successively (TS3-0, TS7-4, TS 11-8, TS15-12, TS19-16). Native

st r eam fdigpdase Foy exdrnde, HigtdQ dusirateoit atengdark/ TalD pamk 28D abatiieed & ock
frequency (Freqg_link _char) as: Eq(1l) Freq_uative = Freqg_link_char *

(TS19- 0)shehs a way WO A8]tinddeask rdsaiyisiRe didlyaRReisab&atihiy Pi lif&l LRI Dy
counting the nunber of native streamclocks in 220 cyc 5% of the fink
char act : G i : 3 h | ye. every 220
Cyel oo ofripRafunh SANER 2% AR oRued WEorRHIM L witR (Gl 85y bRab B 46
asynchraonous .wth each ot , the ti stanp value will change by 1 over
time. Bé?ﬁﬂﬁﬂgﬁBgﬁfiﬁ?mﬁﬁgﬁ{W&h%ﬁ??x2@1102 will repeatedly send the sane
time sta in the header of the given packet stream A sudden change of
the ti né“@ﬁrﬁihefmwnpﬁys desceibe A simple epumerptipmnethod far beginktrald by t he
receiver as an indication of an unstable condition of the stream source.

[ 0030] land Stequikel/apdiormdeckarateh dt hasrieen revearshaiymd mdestoudrthatadlatle f or an audi o
stream In this case, the source device inforns the display device of the
audi o sampliedpaictaadid cldtkTRYuetfiesthitexRefodad aR! £subByt dlehSfoloRing the audio
rate based upon Eq(2) and the |link character rate, the display device
regener ai 86 kgu&ki9i nal audio streamrate. Eq(2) Audio rate = (audio
sanple rate) x (# bits per sanple) x (# channels) [0031 ] A main link data
packet 400 shown in Fig. 4A includes a main |ink packet

23.76GHz=2"x3*x5"x 11' Hz

This means that a pixel (or audio) clock rate can be expressed with four parameters,
A, B, C,and D as:
Pixel clock rate = 2* * 3% x 5 x 11P

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

[0027] Even for a link whose link rate (which is the serial link bit rate / 10 for a link
that uses 10-bit character such as 8B/10B characters) may be different from the pixel
clock rate, there is a benefit in defining the link rate with these four parameters, A", B',
C', and D" The benefit is the simplicity in regenerating pixel/audio clocks from a link
clock. For example, let's say the link rate issetas A'=6,B'=3,C'=7,and D'=0
and the corresponding link rate is 135MHz. However, suppose the pixel clock rate is

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

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

15



header 402 as shown in Fig. 4B that is forned of 16 bits where bits 3-0 are
the Stream ID (SID) (indicating that nmaxi mum streamcount is 16), bit 4 is
the Tinme Stanp (TS) 16 LSB. Wen bit 4 is equal to 1, this packet header
has the least significant 4 bits of Tinme Stanp value (used only for
unconpressed vi deo streanL. Bit 5is a Video frane sequence bit which acts
as the I[80Z]] Referpingibagkto thpse systefos sequining:timg haseecqyersihe ggthase from " 0"
to "1" or from"I" to "0" at the video frame boundary (used only for
unconpr eseedryinie? osnaeberimplBntsted anadightabeleck sehesedr. Waramas bits 8
through 10 are a 4-bit CRC (CRC) that checks errors for the previous eight

bits. BiuhSoripredsédatideo birdEm, Bk A sBihS aBtérEd i MEPasie? Readef SR 42n) Wwhich for

unconpressed video are used as four bits of 20-bit Tinme Stanp val ue.

[ 0032] Qagrifg LRI BElES, Ba J0M: LAINE ol kit EL AR Br b0 BaPL! 1Y Lo

mul ti pl ex erent data streans eac can erent formats as

wel | as _have cert ai lain li.n t.Sq]ngl er .of sub
packet s ar \é?reg%W&eaﬁrﬁpcc‘gs%ﬂ%ﬁgﬁ%ﬁoﬁﬁg@ %B]Og’afglgsﬁ S%m B {)q)ovi de

sub- packet, encl osuyre and nul tipl e-packet multiplexing in accordance with
an embodiaHEREIrGm rﬁ@ﬁ”ﬁﬁéﬁf?ﬂﬁ.”?l“%@tﬂ@fb@’ﬁ&ﬁé@m‘itﬁwloﬁme system 500 is
a particular enbodi nrent of the system 200 shown in Fig. 2 and should

t her ef oflequancy gBreg olindt chadlasis |initing either the scope or intent of the

i nvention. The system 500 includes a stream source nultiplexer 502 included
in the transmtter 102 used to conbine a stream 1l supplenental data stream

504 with the dataggt %Eg_gﬂ&_ixie@: FoedMImk B 44 ﬁt@q@dg)gdﬁ@a stream 506. The
m

mul ti pl exed data strea 6 is then Torwarded to a’link layer nultiplexer
508 that conbines any of a nunber of data streans to forma multiplexed

L g U5l TR Bl B hdnaRo o Of o
native stream clocks in 220 cycles of the link character clock frequency period. The
counter updates the value every 220 cycles of the link character clock. Since these
two clocks are asynchronous with each other, the time stamp value will change by 1
over time. Between updates, the transmitter 102 will repeatedly send the same time
stamp in the header of the given packet stream. A sudden change of the time stamp
value (by more than 1 count) may be interpreted by the receiver as an indication of an
unstable condition of the stream source.

[0030] It should be noted that, no time stamp is communicated for an audio stream. In
this case, the source device informs the display device of the audio sample rate and
number of bits per sample. By determining the audio rate based upon Eq(2) and the
link character rate, the display device regenerates the original audio stream rate.

Eq(2) Audio rate = (audio sample rate) x (# bits per sample) x (# channels)
[0031] A main link data packet 400 shown in Fig. 4A includes a main link packet

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

ID (SID) (indicating that maximum stream count is 16), bit 4 is the Time Stamp (TS)
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encl osed therein. Alink layer de-nultiplexer 516 splits the multipl exed
data stream 510 into its constituent data streans based on the stream | Ds
(SIDs) and associ ated sub packet headers while a stream sink

de-nul tiplexer 5 18 further splits off the stream 1 supplenental data
stream contai ned in the sub-packets. 17 [00331 Fig. 6 shows a high-1|evel

di agr amIaiB.t Waenmbittdi iplegxatdo hpthis dackdt -hesdar dag theB&Bt signifiamteidatgpife of t he
stream 5 10 shown in Fig. 5 when three streans are nultiplexed over the

mai n | i MkmeZ22np YHlae (W8 nBifoLafiddenprosstd ivile¥Romhe Bif 8is a Va0 Bndphi cs
(,StreamID = 1), I'-?2SOx7-?Cp video ( . Stream M = 2), and audi o (Streani

TD =- 3 : 3 ‘51 i i inimzed
t he pac)ﬁg%ugggee?lﬁgg%%h a‘&%ﬁﬁ?ﬁe %ggs)%%néﬁ‘%ar%ﬂj fgf\@%r%% gﬁmﬁ?ﬁlﬂ-ﬁ%}% é’gglleénncy. The
reason t:he packet ,header...cap..He SO . |1 i,s that th cket attributes
are comtit c@ttlooﬁl 9F fofhe! 3§X If‘tatﬁflv‘gsﬁg%‘?"i‘&ebfﬁp aryﬁ?ﬁeglp%?%}(qhe t ransni ssi on
of the packets over main |ink -22-2. 10034] GCeneral I‘¥ speaki ng, the

sub- pac KBEOTBRIESSE yideoisireain). Be ¢ and B arigastEedyBereanlils Pu ®E streamis
an unconpressed video since an uncornpressed video data strearn has data

i dl e peridebit CRET ((S¥pothai ahgckscertane foritlkeprevioha pighhigitso dBitsol-1 Therkifrer e, nai n
link traffic formed of an unconpressed video stream w Il include series of

Nul I sses@btredha (D dhesrsiPAQTSPSIDHY Whibhtfbt Sndegipréded Bide6 aiisali bzi Ng on the
ability to multiplex Various data streanms, certain inplenentations of the

present fhipbashl 9f-biSEme\REhp YR €t hods to conpensate for differences
between the main link rate and the pixel data rate when the source stream

202 LB O R SRS AR iy BRI Boffef 17 2
SOy SRR, S M S e
trarismtter 102 intersperses

main link data packets include a number of sub packets. For example, Fig. 5 shows a

system 500 arranged to provide sub-packet enclosure and multiple-packet

multiplexing in accordance with an embodiment of the invention. It should be noted

that the system 500 is a particular embodiment of the system 200 shown in Fig. 2 and

should therefore not be construed as limiting either the scope or intent of the

invention. The system 500 includes a stream source multiplexer 502 included in the

transmitter 102 used to combine a stream 1 supplemental data stream 504 with the

data stream 210 to form a multiplexed data stream 506. The multiplexed data stream

506 is then forwarded to a link layer multiplexer 508 that combines any of a number

of data streams to form a multiplexed main link stream 510 formed of a number of

data packets 512 some of which may include any of a number of sub packets 514

enclosed therein. A link layer de-multiplexer 516 splits the multiplexed data stream

510 into its constituent data streams based on the stream IDs (SIDs) and associated

sub packet headers while a stream sink de-multiplexer 518 further splits off the stream

1 supplemental data stream contained in the sub-packets.
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speci al characters between pixel data as illustrated in Fig. 8. Two speci al
character,,, are disposed between a first bit of pixel data Pl and a
second bit or pixel data P-2. The special characters allow receiver 104 to
di stingui sh each bit of pixel data. Interspersing the special characters
between bits of 'pixel data also creates a _steady b stream of data that

al | ows tIAB331ig & Sowsiahigh-evel diagresheiZhe madiplexedimais lisk B 600RE  speci al
characters are Null characters. No line buffer is needed for such nethods,

| only ansmainbleFd{FE; stmoniieshova ihiFig Srelban theeestredme aremoulyipleasd . However ,
relatively nore logic is required oil the receiving side to reconstruct

the vi degesihghddin lifk 222 rERahie siredifeiSthis@x iR RGRAE: AEX BAeraplies speci al
characters begin and end. ZD [00351 An alternative to the interspersing

met hod i§ L0, fhief [‘ﬁﬁ)x??t?}gfﬁ% (Yifeall 5 =90, anRi=48lo @dftAnWDID38 PR al

characters, such as nul ues. For exanple, P I through P4 could be fed
into a line buffer included in.the tr miter 104 then ogpe or nore null
val ues é&?ﬁé’aﬁ et%@%def RES ° ﬂléﬂrblﬂl]?l? %?Ckﬁﬁbl%lm Ipleze%%?@a‘:k 36’5“5‘? Eéceavai | abl e.
Such inplenmentations require. a relatively |arger buffer ace than the

i nt er sp&yFihgpsulis inghe vergipghlinkyef wn%&haﬁweg therpﬂﬁ%ﬂ}eg [yan be so

I npl ementations, the tinme required to Fill the line buffer will exceed the
ti me regumatdslthabthepagiatatiribiies gatcamafunésatadida [herpaxiiafy elranngl 2243l | | due to

the relativelv high link speeds. [0036] As discussed with reference to Fig.
5A, one peibr tdBe adianisaigrsf tic pablests owee Midiv Enk 2P2.erface is the ability to not

only nmultiplex various data streuns., but also the enclosing of any of a

nunber oG ReRNS sPeatidd) it QbRACkACHEBEurl® 4h dfdlivel aRnRAGKS  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,
main link traffic formed of an uncompressed video stream will include series of Null
special character packets during this period. By capitalizing on the ability to
multiplex various data streams, certain implementations of the present invention use
various methods to compensate for differences between the main link rate and the
pixel data rate when the source stream is a video data stream. For example, as
illustrated in Fig. 7, the pixel data rate is .5 Gb/sec, such that a bit of pixel data is
transmitted every 2 ns. In this example, the link rate has been set to 1.25 Gb/sec, such
that a bit of pixel data is transmitted each .8 ns. Here, transmitter 102 intersperses
special characters between pixel data as illustrated in Fig. 8. Two special characters
are disposed between a first bit of pixel data P1 and a second bit of pixel data P2. The
special characters allow receiver 104 to distinguish each bit of pixel data.
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,
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9A shows a representative sub-packet 900 in accordance with an enbodi nent

of the invention. The sub-packet 900 includes a sub-packet header 902 that
in the described enbodinment is 2 bytes and is acconpani ed by SPS

(Sub- Packet Start) special character. If the main |ink- data packet in

whi ch the sub-packet 900 is enclosed contains a packet payload in addition
to the shly-4aacHEFIFYY)Gecdube therlthkahtetih enffivientin st t Ho@OGermedtiivbly mareked by SPE
(Sub- Packet End) special character. Qtherwi se, the end of the main packet

(as i ndigxad RGedire@bntthd SectiM LA RGEEMshrictithevidsa Bighsl. SieWacdiveri , -~ 9B)
mar ks the end of both the sub-packet 902 Lind the main packet into which it

is 1~ ﬁ@e%[s?é?e% .ngﬁ’égﬁg}eaﬁﬁ%gr&‘%%%g%ﬁ&?dgaf;dsneed to end wth SPE when

its enclosing as no pay shows all exenplary

sub- pac rmat within a. main |ink- cket. M accordance with an

ebou, miBshAnREEA e interposE R 18 ahinal PhupifRSASt nlti on of

t he header field and sub-packet payload is dependent on the specific

appl i capixehdase with speeiplpharpstess, sweh asynllsaduest Fooexamme FArthpoughddi cul arl y
useful exanple of sub-packet enclosure usage is selective refresh of an
unconpr esdéde Gedoiphi £Hné buffie ild6ded inlthstramstedern 194 hgn of®or Mioec =antlt r i but es  of
the entire frane 1002 (Horizontal/Vertical Total, |mge WdthfHeight, etc.)

Wi |1 bevalGeasul steadnivi the bitferainki riodd ixehduid@le a2aifabdd. \G@eht hose attributes
stay constant as long as the streamremains valid. In selective refresh

orer 1 e BGOSR Pl e VR gl per i deo
o oo Bk AR 5k oL L SRR e L
transm ﬁr?é ‘t?l?ffegfwiﬁc‘)alxggedl tlcl)g 5&1%% tuailgld%o g‘rgn_sllJnTl)t th%a a?a a];f?err tlgeel%lljei l;uquerfig r 256-color
gr aphi c q

full, due to the relatively high link speeds.

[0036] As discussed with reference to Fig. SA, one of the advantages of the inventive

interface is the ability to not only multiplex various data streams, but also the

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

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

the invention. The sub-packet 900 includes a sub-packet header 902 that in the

described embodiment is 2 bytes and is accompanied by SPS (Sub-Packet Start)

special character. If the main link data packet in which the sub-packet 900 is enclosed

contains a packet payload in addition to the sub-packet 900, the end of the sub-packet

900 must be marked by SPE (Sub-Packet End) special character. Otherwise, the end

of the main packet (as indicated by ensning COM character in the example shown in

Fig. 9B) marks the end of both the sub-packst 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
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data where the 8-bit pixel data is an entry to the 256-entry GUT and the
content of the CLUT nust he dynam cally updated. [00381 The single

bi -directional auxiliary channel 224 provides a conduit to for various
support functions useful for link set up and supporting main |ink
operations as well as to carry auxiliary application data such as USB

t r af f i c.noRairthatthepéfantion bhtheheadea diveld ardrsybqlackatphyldadis dependepl ay devi ce can
informthe source device of events such as sync |oss, dropped packets and
t he resuhé spedffictapplicition pEesieitRnssé0s sil-padteb®d0owW) . For exanple, if a
particular training session fails, the transmtter 102 adjusts the main
link r : r. r F -t.he failed
trainingbgz g?g%ﬁeﬁﬁﬂy?ﬁﬁgﬁﬁgﬁﬁﬁ§ﬁgﬁ%”%§% eﬁgggﬂgpg ég§%§ag%nbining an
adj ust abl hi.gh speed mai.n |link . wt relatiyvely s an ery reliable
auxi i arSieshaAn b ‘FIPB‘iﬁésefiﬁapﬁlb“SdE’f‘g%E%‘foa H“Btﬁate%@gai(gﬁ*?ee%ﬁ&ﬁ%l i nk
conditions. It. should be noted that in sone cases (an exanple of which is
shown i ©f hegntis gyme J 0P ghlengontal Vgrticad { plah dmage ¥idihdHgighh g&foe"l"ﬂ@@o can be
established using a portion 522 of the bandwi dth of the main link 222 to

t r ansf econatamicagedfvia thet ugilzpoy cloand24sinc@0Roseattribates stak cdestard@s 204 and a
uni -di rectional back channel 524 E-omthe sink device 204 to the source
devi ce 26} aslthe stosim fpplinsOailidOlssclddfie fiffresh Bp&ati@QioaB] a pirtiéh 1664 bonal
auxiliary channel may he nore desirable than using a half duplex

bi - di r egitd ;aBat 160R NGB SEF {BEH fatheFTEE forfX- Y UB3RindTld @thd Bp%g” ing the

transm ssi on of actual pa?ket data strcarns the transmtter

establ i tabl g | i t h | ink t.rajning.session,that is anal ogous
o o on aEheOIRE, fhedoPort (o P ifliatifi @l erPaRiR M e Vings® e oo
link trapsmtter ., 102 sends, a pre-defined {rainin attern so_ that the
recei vePP%le‘E%ﬂgl?j‘é‘i%ﬂWWé Chwggf E’@Fﬂ me hIrgme; é@gthgr SRie B the char act er

| ock. I n the described enbodi nen

transmission of color look-up table (éiUT) data for required for 256-color graphic
data where the 8-bit pixel data is an entry to the 256-entry CLUT and the content of
the CLUT must be dynamically updated.

[0038] The single bi-directional auxiliary channel 224 provides a conduit to for
various support functions useful for link set up and supporting main link operations as
well as to carry auxiliary application data such as USB traffic. For example, with the
auxiliary channel 224, a display device can inform the source device of events such as
sync loss, dropped packets and the results of training sessions (described below). For
example, if a particular training session fails, the transmitter 102 adjusts the main link
rate based upon pre-selected or determined results of the failed training session. In
this way, the closed loop created by combining an adjustable, high speed main link
with a relatively slow and very reliable auxiliary channel allows for robust operation
over a variety of link conditions. It should be noted that in some cases (an example of
which 1s 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
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trai ning rel ated handshaki ng between the transmtter 102 and the receiver
104 is carried on the auxiliary channel. An exanple of a link training
pattern is shown in Fig. | | in accordance with an enbodi nent of the
invention. As illustrated, during the training session, a phase |
represents the shortest run length while phase 2 is the |ongest that are
used by fionethe sewrs deviee 2@t the siak daviegded picbs unirdirgshigaa back pligmmehi t | ock
and character |ock are achieved as long as the link quality is reasonabl e.
Typi cal 594 fibhetht simkdenge 264 totheissumb deticd R02. nw, soine applicdtionsmsg of
approximately 107 bits of data are sent. If the receiver 104 does not

achi evet§®ldgttal BickirectibndlRuRilidBy ¢Haanélr J thbe desittle Yiad usheg et i ary
channel 224 and the transmitter 102 reduces the link rate and repeats the

traini ngu}%ﬁﬁiﬁf'&%ﬁﬁmgﬂh éydg{&%g%g{% osRroviding a training session

condui t, auxi I'rary channe n be also used to carry main link

packet descriptigns thereb reat| reducing t over head of packet
t r ansni iqrﬁﬁg]HBWOtslﬁaerRﬂ%ﬁﬁstfainﬁ’ﬁuSﬁ'ﬁ%‘.oqﬁﬁt}l?lr%aicﬁgr(%?a Y msgﬁ%r I}Sénrlgerc hannel 224
can be configured to carry Extended Display ldentification Data (ED D)

i nf or rratl@%?ﬁtﬁ%%ﬁh%?c?} Heple Hak threpeing limk frainagssendon (abis)analogats Bn all nonitors
(EDID is a ' ESA standard data format that contains basic information about
a 21 nopdticopt tai litlssatepefihe niddem, Dunog bigk frginyeg dlog mahf lorkngansontiermaxi mum

i mge size, color characteristics, factory pre-set timngs, fi-equency
range | i0d éemds apek-aratedGiapiing httdrin g tHaothetrberivepriod ean deterniand seri al

nunber. The information is stored in the display and is used to

conmuni %Eﬁe% Ezsh LG SloBMbithaHS R 1. B WhicEBe® EnBSdinkat Wween t he

nonitor an PC graphi cs adapter. The systemuses this information for

Cont | SUE a0 AR ek 5 R G AT PR bnd BOSL eI

0 as a ed protocol o I'ary channel

can carry both : .. . :
ca%*rieg on the auxiliary channel. An example of a link training pattern is shown in

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

[0040] In addition to providing a training session conduit, the auxiliary channel 224
can be also used to carry main link packet stream descriptions thereby greatly
reducing the overhead of packet transmissions on the main link 222. Furthermore, the
auxiliary channel 224 can be configured to carry Extended Display Identification Data
(EDID) information replacing the Display Data Channel (DDC) found on all monitors

(EDID is a VESA standard data format that contains basic information about a
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asynchronous and i sochronous packets as required to support additional data
types such as keyboard, nouse and m crophone. [0041] Fig. 12 illustrates a
| ogi cal | ayering 1200 .of the system 200 in accordance with an enbodi nent

of the invention. It should be noted that while the exact inplenentation
may vary dependi ng upon application, generally, a source (such as the video
sour ce aQdjtor snd ity capdbiditics isdudiog valdps infatmdtpematid@in image sing| udes
transmtter hardware, a source link layer 1204 that includes nultiplexing

har dwar golof BhridiétisticEEattbRepre QEt tirhinB¥eF&lienéidnge Hidits, Mildlchanreur ce 1206
such as Audi o/ Vi sual / G aphi cs hardware and associ ated software. Simlarly,

a displ qy; i i qu&i i a . | I rious
receive?%ﬁggg%gﬁ%yyﬂg$5|rle@?ﬁﬁﬁﬁggg$m*igﬁ%ltﬁ%@“&%@%ﬂgggngé¥%ultiplexing
har dwar e. and state chine (or fi.r re), and a . str si.n 212 t hat

el uaedisHR g T EoBgubae u MR ssiaR dhreen SR PREA K stiar o A
source application,ProfiIe | ayer 1214 defines the forpat with which the
source bemeanitcdneritariand the?C Brapkics agarier) 3ha system ypes thiginfprmatien i
application profile layer 1.-1216 defines the format with which the sink

1212 cofongoohgwstion plrpbses, i thik manitnkandsyetent GbOvorkdogaherThkn whatiidus | ayers
w Il now be discussed in nore detail. SOURCE DEVI CE PHYSI CAL LAYER [ 00431

I'n the, refesed foedneniadidPBdtoco! MBSk aexililgyichgnehy s eaty baker 1/ 202
includes an electrical sub layer 12102-1 arid a | ogical sub |ayer 1202-21.

The el e&égfnl:}ﬁ%ho d'iéa/cfﬁfono%@@ﬁck%tsia@%cﬂﬂl%a t@klé}ar?%:r{ Kdifddn¥1 &4 1ypRt er f ace

initiallzation./operation su as hot™ plug/ ug detectioncircuit,

dri VerS/urcﬁcae}k\éetgosa/r er rrisna'ﬁ('%oncr rltleosniest ors., parallel-to-
i3 -¥o-p FAT B CBRVEP S Shs, arid spread- spectrum capabl e PLL!s

seriat" 3¢

The 10" I[O%%ll] Fig. 12 illustrates a logical layering 1200 of the system 200 in accordance with
an embodiment of the invention. It should be noted that while the exact
implementation may vary depending upon application, generally, a source (such as
the video source 202) is formed of a source physical layer 1202 that includes
transmitter hardware, a source link layer 1204 that includes multiplexing hardware
and state machine {or firmware), and a data stream source 1206 such as
Audio/Visual/Graphics hardware and associated software. Similarly, a display device
includes a physical layer 1208 (including various receiver hardware), a sink link layer
1210 that includes de-multiplexing hardware and state machine (or firmware) and a
stream sink 1212 that includes display/timing controller hardware and optional
firmware. A source application profile layer 1214 defines the format with which the
source comununicates with the link layer 1204 and similarly, a sink application profile
layer 1216 defines the format with which the sink 1212 communicates with the sink
link layer 1210.

[0042] The various layers will now be discussed in more detail.
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sub layer 1202-21 I'ji.cludes circuitry for, packetizing/-i"de-packeti zing,
data scranblincy/de-scrainbling, pattem generation for |ink training,

ti me-base recovery circuits., and data encodi ng/ decodi ng such as 8B/ 1 OB
(as specified in ANSI X32230- 1994., clause 11) that provides 256 |ink-
data characters and twel ve control characters an exanpl e of which is shown
as Fig, 13) for the main R E A0 - AR 11 for the auxiliary
channel 224 &:ee Fig. 14), [0044] It should be noted that the SB/ 1 OB

encodi nd0qd3g ierteseebedestrodiaent, the sourex deméacphyisival lager PARentludésnber
4,486.,7" )9, which is hereby incorporated by reference. As known by those
of ski it elentricabsubrityert1262-8 138 hlldgich sabdieyet $262-D) Thk ekogizal fidtlayeencodes
8-bit data blocks into 10-bit code words for serial transmssion. In

addi ti onpg2-1tildudBlal) c@%uftﬁafaﬁﬂta%acemaa%us%garaﬁén SudiVsGoyd de data stream
of randomls arid CE into DC bal anced streamof Is and Gs with a maxi num

run | en r fICI nt skgnal tr itions to
enabl e ?h{é/l&g}% nr%gg%?fedrrp/ %ﬁeéje?ve%% el'I\I/uenr'r“' 1O LG ors,spatral eqi%el ver

Mor eover bala d data streani proves to b vant geous for flber
optic e Dit ﬂi’ﬁ&ﬂ& §QnViFESRs Ao TRt éﬁ%ﬂﬁ%@aﬁ&r@d@ ‘ntiifdeecgk | s and
Gs in the serial streamis be maintained at equal or nearly equal Ievels
The 8B/ sytdByerr Q2 lélgludﬁs doaire baspacketivang/depaikepaingt datbet ween t he number
of 1. s and Os to be -2., 0, or 2) across 6 and 4 bit bl ock boundaries.

The codsemgmblilgde scrainbbng, pattemesrharatic fdrilinkataiinglebné-basesegvety ng, cal | ed
command codes. t_ [00451 it should be noted that in order to avoid the

repetit gy@itd] dndrfitd afcﬁaingydtab&lﬁgghms smmmws%ﬁéaﬁedih@ﬂksym%@ (and

hence., to reduce EM) atransmtted over main |ink 222 is first

scr anbl egh Doy 1§3t§it P&:S&%‘%‘l his gﬁ (lh.?ﬁa?te?s %ﬂ@f&ﬁvé J@ﬁ%%&&&%a s and

speci al character be scra scra I ng nis

| npl erTE{I El%(}j{ample of which is shown as Fig. 13) for the main link 222 and Manchester II for

the auxiliary channel 224 (see Fig. 14).

[0044] 1t should be noted that the 8B/10B encoding algorithm is described, for
example, in U.S. Patent Number 4,486,739, which is hereby incorporated by
reference. As known by those of skill in the art, the 8B/10B code is a block code that
encodes 8-bit data blocks into 10-bit code words for serial transmission. In addition,
the 8B/10B transmission code converts a byte wide data stream of random 1s and Os
into a DC balanced stream of 1s and Os with a maximum run length of 5. Such codes
provide sufficient signal transitions to enable reliable clock recovery by a receiver,
such as transceiver 110. Moreover, a DC balanced data stream proves to be
advantageous for fiber optic and electromagnetic wire connections. The average
number of 1s and Os in the serial stream is be maintained at equal or nearly equal
levels. The 8B/10B transmission code constrains the disparity between the number of
Is 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.

23



with. Linear Feedback Shift Registers (I-FSRs). When data encryption is
enabled, tile initial value of all LFSR seed is dependent on an encryption
key set. If it is da(a. scranbling wi thout encryption, the initial val ue
will be fixed. [00461 Since data streamattributes are transmtted over the
auxiliary channel 21-4, the main |ink packet headers serve as stream

i dent i f i[@@45] dnshonldnixencged thet mbyrdgreatdiy tha redetdtivedit materdseadiitared byaxi m zi ng,
| i nk bandwi dth. It should also be noted that neither the main |ink 222 nor

t he auxipht@hprebded ispPlAdh@ng BBReaiotre@h@AKME), 8ta krahdiR@ed oRbr dhain thi s way,
the receivers on main'link 222 and auxiliary |link 224 sanple the data and

;ﬁ ;aﬁthéiéié%‘ékfﬁ%&iﬁf@%‘a%ﬁ?E@E@Ei’ﬁ’;l?%c%??‘ﬂ}l%%lﬁg%Fe?@ftv%?ﬁ%%%ﬁficg? TS‘JL
O . Dl 254 | )

bi - 1 047 SHAIA) S s BIRECETBIPISE TieerPIPeTonion o aep e PeGan: 1y,

Accordingly.. the |I'LL on the auxiliary channel recejver phase |ocks in as

few as »atidangarSsedengk ShHbhRreisters (UFSRs} Shardataensryniionds ghahlefh she
transitions of Manchester Il (M1) code [0047] At Ililk set tip tinme, the
dat a r atmetigfvahmi of ahilAiSR&2d isdapegdanit ah ed cogiypigprt key schdfidshdde over
auxiliary channel 22-N. During this process, known sets of training

packet sSmmbﬁﬂ?WitﬁM@trenbf}@tiaﬁ,i tRe Idifik-vahiddvill trtfidede hi ghest |ink speed.
Success or failure is comunicated back to the transmtter 102 via tile

auxi | afons@3iHee datrddrear fatttiBites Efeq}ﬁisﬂﬂtefd%v:eﬁthe{ﬁgkﬂiaw aknBPELA, i1 T educed

and tralnlng 'S repeatgg untﬁi successful .- I's Wway, the source
P!l B A B RO R Ao AR RGP LAgRe nerefr
GOy et Y ah Sk 3558 ik B halh, T IAFA ot BS54 © 1S
neither the main link 222 nor the auxiliary link 224 has separate clock signal lines. In
this way, the recetvers on main link 222 and auxiliary link 224 sample the data and
extract the clock from the incoming data stream. Fast phase locking for any phase
lock loop (PLLs) circuit in the receiver electrical sub layer is important for since the
auxiliary channel 224 is half-duplex bi-directional and the direction of the traffic
changes frequently. Accordingly, the PLL on the auxiliary channel receiver phase
locks in as few as 16 data periods thanks to the frequent and uniform signal transitions
of Manchester II (MII) code
[0047] At link set up time, the data rate of main link 222 1s negotiated using the
haﬁdshake over auxiliary channel 224. During this process, known sets of training
packets are sent over the main link 222 at the highest link speed. Success or failure is
communicated back to the transmitter 102 via the auxiliary channel 224. If the
training fails, main link speed is reduced and training 1s 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
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pi xel clock rate. Alink data Tate is set so that |ink bandw dth exceeds
the aggregate bandw dth of the transmtted streans. SOURCE DEVI CE LI NK
LAYER f0048] The source link |layer 1204 handles the link initialization and
managenent. For exanple, upon receiving a hot plug detect event generated
upon nonitor power- t~ ZD - up or connection of the nonitor cable from the
sour ce plysintmhal diday h2gtes, tiremsimnheenel diekidet rhicnkdécaypled TRO4 theval uat es
the capabilitics of the receiver via over the auxiliary channel 224 to

det er m Rkl 2I0TREAEUR Kk datd tdid I seBdoAhhElk RRdIRIR eREdRAS theRiggreghteal Ni Ng
session, the nunber of tine-base recovery units on the receiver, avail able

buf fer qkﬁgwﬁmhQp&@f%g%ﬁ%?gggg&ﬁpiIity of USB extensions and then notifies

the stream source an associ ated hot plug event. In addition, upon
request fromO the stream source 1206, the source link |ayer 1204 reads

the display capability (ngD grnigﬁévileni s. During a nornal operation
the source link layer 120 Y E ributes to the receiver 104
via the auxiliary channel 224, notifies the stream source 12 04 whet her the

mai n | i j8048] ZheZohms liak daygh 12@bmandtss tholinihaiilizagor fel mesppeniced dat a
streans,, notifies the stream source 1204 of link failure events such as

sync | ofer @ﬂﬁlmhb',fxgﬁh réoe¥ihg @Wot ARG deRBI M e A IMSHRIFpbiRE by the

stream source 1204 to the receiver via the auxiliary channel 224. Al
Cour oo, VPSr SRme RO REme S DR UIAT ARl RenRUE) phAL RE: LB BB ¢ 1 ayer 1
Apil 1 caBFDIE PPb IO Ly Hieh T GPPON gt & W £t K Rttt

the auxiliary channel 224 to determine a maximum main link data rate as determined

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

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

stream source 1206 of an associated hot plug event. In addition, upon request from

the stream source 1206, the source link layer 1204 reads the display capability (EDID

or equivalent). During a normal operation, the source link layer 1204 sends the

stream attributes to the receiver 104 via the auxiliary channel 224, notifies the stream

source 1204 whether the main link 222 has enough resource for handling the

requested data streams, notifies the stream source 1204 of link failure events such as

sync loss and buffer overflow, and sends MCCS commands submitted by the stream

source 1204 to the receiver via the auxiliary channel 224. All communications

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

in the application profile layer 1214.

APPLICATION PROFILE LAYER (SOURCE AND SINK)

[0049] 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
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source (or sink) -will interface wwth the associated link |ayer, The formats
defined by the application profile |layer are divided into the foll ow ng
categories, Application independent formats (Link Message R )r Link Status
inquiry) and Application dependent formats (main |ink data mapping,

ti ne-base recovery equation for the receiver, and sink capability/stream
at t ri buttbe pppdisalisprofile layenese dividaddnts the folloging categoriey, Anmicakigh| i cat i on
Profile Layer supports the followi ng color formats 24-bit RGB, 16-bit
RG2565, id@&pondenREBmMaB0dmk MR ge 2&d-iclo SaitusRGRGlad Aypdieatjon 16- bi t,
CbCr422, 20-hit YChCr422, and 24-hit YCbCr444. [0050] For exanple, the

di spl ay ddpsidest RpRhis¢RairOniPd04 iappihayahe-baRlbcdheifedimtiosssanti al |y an
application-progranm ng interface (APT) describing the format for Stream

Sour e/ Sk, &R by QT Il Bkl isyB R Bimhac e

presentation forma asent to or re romthe’interface 100.

Si ) f. PL..1214 h . d

ror mat ) BpieBERCES AR PR SFOTIE A et SHEpos Ry TP a R e SR Uik ee of ¢ he
interface 100, . Wher eas. ot her_non-hasel i ne nonitor functions, such as such
as dat a RfaBpiabit R62388, 18:pi4 REGB. SAHERGB; Bef-e0lobRGR (CLAVE basgdhd-t 0 an

application or a type of isochronous streamthat is to he transmtted.
Regar dl dgsCbCr428e2Grbp| Y Chitiddd, andid-lgt W €hr&ur ce 1204 queries the source
link laver 1214 to ascertain whether the main |ink- 222 is capabl e of

handl i ngo030¢ Foeexhintgle.ddt displafy@RMcS hpflidation pfllORyet @BL)ATI4packet stream
transm ssion on the main |1 nk 222. I[)0051] Wen it is determned that the

mai n Iieksea&ama%@%ﬂ@&k&l_ﬁ%?%&mmgim@ﬁaémprp&&%ﬂﬁg%&fﬁ%ﬁﬁfo&ean(s), the

stream source 1206 sends stream atftributes to the source Ink | aver 1214

that T SRS sLAMRILE Latel Bk BRSTAY Bhin B R QHb3 Y Channel 224

These attributes are ntormat i on use recéerver to identify the

ackets of a . . : .
P presentation format for data sent to or received from the interface 100. Since some

aspects of the APL 1214 (such as the power management command format) are
baseline monitor functions, they are common to all uses of the interface 100.

Whereas other non-baseline monitor functions, such as such as data mapping format
and stream attribute format, are unique to an application or a type of isochronous
stream that is to be transmitted. Regardless of the application, the stream source 1204
queries the source link layer 1214 to ascertain whether the main link 222 is capable of
handling the pending data stream(s) prior to the start any packet stream transmission
on the main link 222,

[0051] When it is determined that the main link 222 is capable of supporting the
pending packet stream(s), the stream source 1206 sends stream atiributes to the source
link layer 1214 that is then transmitted to the receiver over the auxiliary channel 224,
These attributes are the information used by the receiver to identify the packets of a

particular stream, to recover the original data from the stream and to format it back to
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particular stream to recover the original data fromthe streamand to
format it back to 26 the streanmis native data rate. The attributes of the
data strearn are application dependent. t0062] In those cases where the
desired bandwidth is not available on the main |ink- 222, the stream source
12 14 may take corrective action by, for exanple., reducing the iniap-c
refresh tﬁ%ﬂéﬂa&} s pafi sy dadretatar . Thy atpoibates pEthectatsireamcse applicpROp00- 531 The

di spl ay devi ce physical layer 122 16 isolates the display device | ink

| ayer 12lepéndentl t he di splay device APL 1 -2 16 fromthe signaling

technol ogy used for link data transm ssion/reception. The main |in-k-222-2
and t he [0050]!Ihalidse chan Aterethd dekipadebantWRith s aPd1}abicCat] the @y Sink each
consisting of a logical sub layer and an electrical sub layer that

i ncl udegrbhge %f?IE%P'E cb@te E@ﬁﬂn%fl ERbicBRectiQ Cﬁg@t | 6y exdaith18@bdu heX

r
directional "auxiliary channel” 224 has bot ansmtter and a receiver at
cacti eqd ofe t§$ hinﬁ(ﬁﬁnﬁﬁgﬂ“ in Fig 15. An auxiliary link transmtter
1502 is %@%@f&@ e R TYMEPChar act er s by a logical sub |layer 1208-1 that
are then serialized serialized and transmtted to a corresponding auxiliary
lin-k receiver 1504. The receiver 1504, in turn, receives serialized |ink-
character fromthe auxi| DiSRLAY PEVISEDHYSHGALIBAXER| g] j zes the data at a

| ink character clock rate. It should be noted that the nmjor functions of

t he source | ogical sub layers include signal encoding, packetizing, data
scr anbl i[oas3] (Therdidpldy desibeqhlysiogl laypsrd 216 &ohitésghpdispay degieadinhldyen. for the
transmtter port. Wiile for the receiver port, the major functions of the

recei verzh@ghf e y @R APICH 2feEomShe BidhaldRGedindtheydRePasifki zi ng. data
de-scrarnbling, and tirne-base recovery. [- 1.

data transmission/reception. The main link 222 and the auxiliary channel 224 have
their own physical layers, each consisting of a logical sub layer and an electrical sub
layer that includes the connector specification. For example, the half-duplex, bi-
directional auxiliary channel 224 has both a transmitter and a receiver at each end of
the link as shown in Fig 15. An auxiliary link transmitter 1502 is provided with link
characters by a logical sub layer 1208-1 that are then serialized serialized and
transmitted fo a corresponding auxiliary link receiver 1504. The receiver 1504, in
turn, receives serialized link character from the auxihary link 224 and de-serializes
the data at a link character clock rate. It should be noted that the major functions of
the source logical sub layers include signal encoding, packetizing, data scrambling
(for EMI reduction), and training pattern generation for the transmitter port. While
for the receiver port, the major functions of the receiver logical sub layer includes

signal decoding, de-packetizing, data de-scrambling, and time-base recovery.
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27 AUXI LI ARY ChAN NEL [0054] The mmjor functions of auxiliary channel

| ogi cal sub | ayer include data encoding and decodi ng, fram ng/dc-fram ng
of data and there are two options in auxiliary channel protocol:

st andal one protocol (limted to |ink setup/ managenment functions in a

poi nt-to-point topology) is a |lightweight protocol that can he managed by
the Li nk Layer state-nachi ne AuXfiARW\EHANARL ext ended protocol that
supports other data types such as USB traffic and topol ogi es such as

dai sy- c[wsapThe hidfor fARMi0Re ST ablilisgf@UhtheDRroftdl 8t lahatinélige daha encoding and
decodi ng schene is identical regardless of the protocol whereas fram ng of

data di . Qﬁfﬁfﬁ j i iq.:--15 the

auxi | i a%&gﬁlgﬁg}%g@éﬁgﬁﬁyﬁgg& a%g?ﬂé%t%%{?&%&{%g@w%?gﬁgﬁ 1’? ter 1502 and
the receiver 1504. . The transmiiter 1502 | S. vided wi,th link  characters
byt he. FESEXIEREHs! PRjeser Yameime pragear g BLBSE Az Sat * The
receiver 1504 receives serialized link character fromthe |link |ayer and
subsequBkeElgnsga a posytatropi topology) it a lighfrreight pradecel thef sEkbe aRAethe positi ve
and negative signals of auxiliary channel 224 are termnated to ground via
50- ol unby therfiinlahyar stasirscins oafimowere andextended protddohthabsupphen. | n the
descri bed inplenentation, the drive current is programrabl e dependi ng on

t he |i nitheioduii tyipesisithdis UBR asfficradianicgd siehak YaiSplhainédsiakpr oxi mat el y
24mA resulting in a range of Vdifferential _pp of approximtely 400mV to
appr oxi gRE&LY TtkhdWd Hehobdehbl thgﬁbta'eﬁ&f‘diﬁg‘é&ﬂféeco&ﬁg?sbﬁémé fgaQeRhi i ve nor the

negative signal 1s driven. When starting transmssSion fromthe el ectrical

- cost ablt BRI Of GO RINR BadtiPlin 81 AENAE hERGBBH, o1 1 consi sts of
g, P RafH bBra o PR Th, e EhEB Bt PRkl ZROATe R A1 e 20

transmitter 1502 and the receiver 1504. The transmitter 1502 is provided with link

characters by the logical sub layer, which it serializes and transmits out. The receiver
1504 receives serialized link character from the link layer and subsequently de-
serializes it at link character clock rate. The positive and negative signals of auxiliary
channel 224 are terminated to ground via 50-ohm termination resistors at each end of
the link as shown. In the described implementation, the drive current is
programmable depending on the link condition and ranges from approximately 8mA
to approximately 24mA resulting in a range of Vdifferential pp of approximately
400mV to approximately 1.2V. In electrical idle modes, neither the positive nor the
negative signal is driven. When starting transmission from the electrical idle state, the
SYNC pattern must be transmitted and the link reestablished. In the described
embodiment, the SYNC pattern consists of toggling a auxiliary channel differential
pair signals at clock rate 28 times followed by four 1’s in Manchester II code. The

auxiliary channel master in the source device detects hot-plug and hot-unplug events
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auxi liary channel master in the source device detects hot-plug and
hot - unpl ug events 2S by periodically driving or neasuring the positive and
negative signals of auxiliary channel 224. MAIN LINK [0056] In the

descri bed enbodi ment, the main link 222 supports discrete, variable [|ink
rates that are |nteger multiples of the local crystal frequency (see Fig 3
for a bepeasdntlbtdwang et mepsuringihe pasiiyecod segatie signaks of ausdary cryst al
frequency of 24-N11-1z). As shown in Fig. 16, the main |ink 222 (being an
uni di r echameb224channel ) has only a transmtter 1602 at the source device
and only a receiver 1604 at the display device. [0057] As shown, the cable
1604 takes the formincludes a sefafLingd Sted pair wires, one for each of
the Red (R), Geen(G, and Bluc(B) video signals provides in a typical RGB

col or f&ﬁg] Y B8 UeSHHel Tl ﬁxtfelﬁsthgﬁ“g PRAESHTN, ygéﬁé own. by those

of ski | e art, tmnste palr ca e s 4 ¥ Ie t at consi sts of

carrl es?’Pﬁgq tg‘%’l{‘:\%e “afﬁqlfgﬁ‘{ ﬁ%l\é\%{’ﬁilf’th?/ﬁaft edtgfi%?qli%ﬁﬁ‘g % %E‘g&r bgn gl \émn;?

interference. It should be noted that in sone other systens the signals
coul d arepEEssatativhissReHnk FigerensongRawith edecal prystal rpaueney of é¢- MHEE vi deo TV
systens. Wthin the cable, each twsted pair is individually shielded. Two
pi ns foAsaho@NirpEi\gel6,a;hdm@hnllﬁﬂd22£r(é)emg(milmfe:ﬂrecffm1 chdranehdtae oinlyta cs

i npedance of each differential pair is 100 ohnms +,/- 20% The entire cable
i s al sotrafsngittererb02 b tife Ouic@desite @hdloalyth redudieti 160 lat fididedplisy dsviceshorted to

the connector shells on both ends. The connector shells are shorted to

ground jips) AQUAGHn, tHEVAHIE 160 ﬁﬁéb”tﬁ de}Fn 11139@(:@&3&% YWisted p][:airgmr /7 has 13

pins in one row having a pin. out 1S | entlca both“for thé connector
on the e fof eacrillevfl tiEREY ?R)aw'een?é anH ﬁluee(B) video signals provides in a typical

RGB color based video system (such as PAL based TV systems). As known by those
of skill in the art, twisted pair cable is a type of cable that consists of two
independently insulated wires twisted around one another. One wire carries the signal
while the other wire is grounded and absorbs signal interference. It should be noted
that in some other systems, the signals could also be component based signals (Pb, Pr,
Y) used for NTSC video TV systems. Within the cable, each twisted pair is
individually shielded. Two pins for +12V power and ground are provided. The
characteristics impedance of each differential pair is 100 ohms +/- 20%. The entire
cable is also shielded. This outer shield and individual shields are shorted to the
connector shells on both ends. The connector shells are shorted to ground in a source
device. A connector 1700 as shown in Fig. 17 has 13 pins in one row having a pinout
that is identical both for the connector on the source device end and that on the
display device end. The source device supplies the power.

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

AC coupled, the termination voltage can be anywhere between OV (ground) to +3.6V.
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di spl ay device end. The source device supplies the power. [0058] The nmain
link 222 is term nated on both ends and since the main link 222 is AC
coupl ed, the term nation voltage can be anywhere between OV (ground) to
+3.6V. 29 In the described inplenentation, the drive current is

progr ammabl e depending on the Ilink condition and ranges from approximately
8mA t o dphreaddseriticel iynpPetdantations thetdrivg cufrentds proggenabblVdicpérelienon dle_pp of
approxi mately 400nmV to approximately 1.2V. The mininmmvoltage swing is

sel ect edinkQbn&A6H aR@RRRES tOR dpptdXmately EhAiH Qpllﬁékfrﬁ’it@l 2BhA flsGlingi cal idle
state is provided for power managenent nodes. 1n elec?rlcal idle,” neither

the posi:t| - tiv | i Ak N

transm sntélhg%g@ %Ec P/f)%ﬁ%?lg@ pcgﬁﬁbg{@héﬁeg@ﬂxggﬁpénsm t?ﬁg?'in\{js?heionduct a
training .session in order re- establish the link with the receiver. STATE
DI AG?AN%“P’(B@E@]" olfpgs e Fﬁ%“"ﬁ?ﬁt% fligﬁ C4GH ROBRPCHER BFNB adraHNg BRI oAlSt at e

di agranms_shown in Figs. 18 and 19 described bel ow. Accordingly, Fig. IS
shows t i§kcEisal idle satgiepiavigd &on pasess sranpgemens mndes.Aln glectoedl idleat e 1802, t he
systemis off such that the source is disabled. If the source is enabled,
t hen t heeslys tlenpdsitaresiot itlenseghiivensi ghanate yirivtmt WhadB Sdrting i traksingssfor  power
savi ng and receiver detection. Ili order to detect whether or not the

recei vVefrohBelpétEsANd]c(stat& the R@fsniphtatghih d¥nduct HEradivd ddsSbY ifHABNRL 1 S
periodically pul sed (such as for lus every | Ons) and a nmeasure of a

vol t age QaﬁﬁhﬁﬁéﬁﬁE hehd RESDation resistors during the driving is
measur ed. it I's determned that a receiver is present based upon the

nmeasur ed vol tage drop, then thng S IeAnéﬂﬁsnsiti ons to a detected

[0059] 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 (1.e., hot plug/play), the auxiliary channel is periodically pulsed
(such as for lus every 10ms) and a measure of a voltage drop across the termination
resistors during the driving is measured. If it is determined that a receiver is present
based upon the measured voltage drop, then the system transitions to a detected
receiver state 1806 indicating that a receiver has been detected, i.e., a hot plug event
has been detected. If, however, there is no receiver detected, then the receiver
detection is continued until such time, if ever, a receiver is detected or a timeout has
elapsed. It should be noted that in some cases the source device may choose to go to
“OFF” state from which no further display detection is attempted.

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

transitions back to the standby state 1804. Otherwise the source drives the auxiliary
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receiver state 1806 indicating that a receiver has been detected, i.e., a
hot plug event has been detected. It, however, there is no receiver
detected, then the receiver detection is continued until such time, if
ever, a receiver is detected or a tineout has elapsed. It should he noted
that in sone cases the source device may choose to go to "OFF" state from
whi ch nehamnel with adiosipivayand aegattve signaktoayake mptreerivraod e neteiser's he st ate
1806 a display hot unplug event is detected, then the system transitions
back t o stbseqsdmnelpynst Hlaay,1iS @deckell. hHithers és idiespaise cecetredythen thee auxi | i ary
30 channel wth a positive and negative signal to wake up receiver and the

recei Veleddives HRSRAWRIKen WP IRA RS @ ce tentai A thé Sta@NBOLETE, hblveld?ed 8ghf NO
response received, then the receiver has not woken up and source renains

in the sf xaegév%zfg}gmhtgé d\iﬁg[}gﬁt‘ﬁ% thgﬁi&ﬁ{l%gﬁals wék%nruﬁ%?zh‘{ﬁéjsofu}é)erﬁ‘sé%%ﬁdi spl ay,

then. the di's source rs ready rea e receiver

| ink capahi|ities ch as.max link rate,. buffer._.size, arid nunper of

{1 - bl ARy Gl FFOILGS (e 85 SRB Rk oD Ao 5 OO | i
initialization state 1808 and is ready to commence a training start

noti fi cémeobpse pieasery yngsbald the systins trawgitiens te agnain hinkgnisakzation state st art ed by
sending a training pattern over the main link at a set link rate and

checks aR0&%asbisireddydo comimennga shmingsstarThetifieation phaseset s a pass/fall bit
for each of three phases and the transmtter will proceed to the next

phase ups1§elt et bomt,of trAfing seRlon i ahed bptendi®a RaiRBHESDaltsrdStceteed, the

main link is ready at that link rate. At this point, the interface

transit hﬁlﬂ?lil{ﬂﬁataa %@ﬁﬂ?hﬂ? R a{eicﬁpan %%@éi&e&éé&in%}%&%ﬁ recER@r éé.t{'k rate is

reduced and e training session Is repeat ring the normal operation
ndex, G it 68 of Bk PG it BE Ben B LBRE CRee Retystem
transitions to the standby state 1804 and waits_for a hot plug detection
event . Plase upon detection of pass only such that when a pass 1s detected, the main link is

ready at that link rate. At this point, the interface transitions to a normal operation

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

During the normal operation state 1810, the source continues to periodically monitor a

link status index, which if fails, a hot unplug event is detected and the system

transitions to the standby state 1804 and waits for a hot plug detection event. If,

however, a sync loss is detected, then the system transitions to state 1808 for a main

link re-initiation event.

[0062] Fig 19 shows the display state diagram 1900 described below. At a state 1902,

no voltage is detected, the display goes to an OFF state. At a standby mode state

1904, both main link receiver and auxiliary channel slave are in electrical idle, a

voltage drop across the termination resistors of auxiliary channel slave port are

monitored for a predetermined voltage. If the voltage is detected, then the auxiliary

channel slave port is turned on indicating a hot plug event and the system moves to a

display state 1906, otherwise, the display remains in the standby state 1904. At the
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however, a sync loss is detected, then the systemtransitions to state 1808
for a min link re-initiation event. [00621 Fig 19 shows the display state
di agram 1900 described below. At a state 190-1 no voltage is detected, the
di splay goes to an OFF state. At a standby node state 1904, both main |ink
receiver and auxiliary channel slave are in electrical idle, a voltage

dr op acrstss 190e(man hink atitializaties pbdse), $f odisplay id detgcyed; Heenribd atibary port are
noni tored for a predetermned voltage. If the voltage is detected, then the

auxi | i arsfavepoans alllyshiiee opQird thé traknhi@er R8pdndd ke atdceiy e il tagabllly event and
the system noves to a di spl ay state 1906, otherw se, the display renains

in the %f]% i nitialization
phase), b dm cf%rf;l tlillggﬁg gk%até%&a&ﬁl&%ﬁ?%sﬁ%%eﬁg{r% 1?tl-ieg€f;s 1‘l[())ort is fully
turned aqn he trlans grf resgotgds todatreceldver (i 5\}( capa |I|ty read
conmand éi‘?%f P aﬂ{l P ARE THOASTS IS POTARPWEE M there is
no activity on the auxillary channel for npre than a predeterrnined period
of time thakiharyshannel slavg gortisphmto tedo stapdhy state 1804 i nto the to standby
state 1904. f00631 During a training start notification phase, the display
r espondd0063] ttheingrairainmg starimatifmaiionphege tthedisplay sesponds totthe taipingt i ng t he
equal i zer using training patterns, wupdating the result for each phase. If
t he tr aiifitiagon bydhesransthitRbyadjustirg thavqidlizer dsigd Rhinfhg paassison and if the
trai ning passes, then go to norrmal operation state 1910. If there is no

acti vi t yin@ftidghRe Akt Fdrakth Eﬁ'&%@ Nef the 'Eraﬂﬁh%(féﬁs TRéwhit B sﬁnf)ﬁ{er hﬁﬁﬁﬂ(yn ng) for

nor e than a predeterm ned Onis, for le), the auxilriary annel
sl ave p e t he ndhy st at .0064 S, 0 -.24 show
parti cureP g ks B P

no activity on the auxiliary channel or on the main hnk (for training) for more than a
predetermined (10ms, for example), the auxiliary channel slave port is set to the
standby state 1904,

[0064] Figs. 20 — 24 show particular implementations of the cross platform display
interface.

[0065] 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
be noted that the transmitter 2004 1s a particular example of the transmitter 102 shown
in Fig. 1. In the described embodiment, the transmitter 2004 is coupled to an
connector 2006 {(along the lines of the connector 1700) mounted on the motherboard
2000 which in turn is connected to a display device 2008 by way of a twisted pair
cable 2010 couples a display device 2010.

[0066] As known in the art, PCI Express (developed by Intel Corporation of Santa
Clara, CA) is a high-bandwidth, low pin count, serial, interconnect technology that
also maintains software compatibility with existing PCI infrastructure. In this

configuration, the PCI Express port is augmented to become compliant with the
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[ 0065] Fig. -10 shows a PC inotherboard-2000 havi ng an on-boar dgraphics
engine 200'2 that incorporates a transmtter 2004 in accordance with the
invention. It should be noted that the transmtter 2004 is a particul ar
exanple of the transmtter 102 shown in Fig. 1. In the described

enbodi nent, the transmtter 2004 is coupled to an connector 2006 (al on-
the | i n&sugements of heraessarlatioroontenpon vairhean diecthintmes 18iplay 99090 which in
tuni is connected to a display device -1008 by way of a twi sted pair cable
201. 0O ecithgrluemga moibptbagrddevinied e@dedor fOHOON. As known in the art, PC
Express (devel oped by Intel Corporation of Santa Clara, CA) is a

hi gh- bapas7fibsitagivhPivheredtiv ot sracticl to mbingtthoeneRtiot 66 keol ogy that  al so
mai nt ai ns software conpatibility with existing PCl infrastructure. In this

confi QUL Rk PPbard, B & g#lalgﬁ’l{ @esl%u%rtf]ro‘u BV RIot 6T tREPOIExHREP! | ant wi th

the 32 requi rerrents cross plattforminterface which can directly

drive a_di.spl a h not her bear d unte connector as
Chov. TOUERCH SEY b TenGhuRChack Se Mt nEullBh AERERR i BHteRtr 80" e

connector on, the |not her board, the signals can l%e routed, thro gh t he SDVO
sl ot of SHafE PdIs Bl reds herfgiWith G rshtemeatign ot add Y graphick cgfShe PC

usi ng a passive card connector as shown in Fig. 2L As is the case with the
cur r ent adfeinegraphioncasd cardskppteng hepmbesrd gagndecs eagingdd-shewiiabigi 2% card can
suppl ant the onboard - graphics engine as shown in Fig. 23'. [ 00681 In

t he casp068] hothe bawkofajppdbookupitatiodd) ehettranmittdr barnthomotheebaaed her boar d
graphi cs engine would drive through internal cabling, an integrated

recei veg/ahieNeth & oWl edhdoViSh lrﬁ&n@%ﬁhn%‘a!'nfiﬁtfehﬂétedﬁ@éeﬁzé}ﬂ“@?@ﬂt cost

effective inplenentation, the “recciver woul d be nmounted on the panel
thereb ywhﬁﬂ%dun@dltlbgth@"bgnéll%ﬁlrect?y. 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

[0069] 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
transmitter will enable output streams without any change in graphics hardware or
software.

FLOWCHART EMBODIMENTS

[0070] The methodology of the invention will now be described in terms of a number
of flowcharts each describing a particular process for enabling the invention.
Specifically, FIGS 25 — 29 describe a number of interrelated processes that when used
singly or in any combination described aspects of the invention.

[0071] Fig. 25 shows a flowchart detailing a process 2500 for determining an
operational mode of the interface 100 in accordance with an embodiment of the

invention. In this process, the operational mode will only be set to a digital mode if
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interconnect wires to 8 or 10 as shown in F1 4 t0069] Al of the above
exanpl es assune integrated transmtters. However, is it quite feasible to
i npl enent as a standal one transmitter integrating into PCl and PCl Express
environnments through the AGP or SDVO slots, respectively. A standal one
transmtter will enable output streanms w thout any change in graphics
har dwar ehovides edureaars] the ldPEMAIRTiICENBORIIVENTS]. [ OthéOdisd, ke opirhtoeiml ogy of t he

invention will now be described in terns of a nunber of flowharts each
descri bifgHeaviliaiel deEtdl Aaldd SRS St EIulEPeRbted thal +drRIdgHMEM iR Mhis |
Specifically, FIGS 25 , 29 describe a nunber of interrelated processes that

shen U adycs] gt LR SREDA ARl UR LRS00 A | Tvent | on

[00711 I'ng a process et er m ni ng
an operatio node of the interface .100.in accordance.w.th.an. enmbodi nent
of the. TRKGEATGRTIA antAb S SUELATIRHED BERAT SHe! SO BATiCTBh y be set
to a digital node if -1 the video source and the display device are both

di gi t al Sidep#ik wihigenhaneedpaiog medamill hpdrsciibed baleWset to anal og node. It

shoul d be noted that "analog node"” in this context can include both
convent i[O Ivaeap 2602 addewidurasis arnbmogxe] ankatengimeodecthenthagidde f f er ent i al
anal og video with enbedded alignnent signal and hi-directional sideband.

Thi s enhaiveesuppoat agaloRdedisithl ddoe Hescvilbeshubed pportdSghndivg defacp 2502, a

video source iS interrogated to determ ne whether the video source

suppor gkt s it e Bk WALl P YR BPRIS] ATy e o
(step Z%QeSBrbcetsQ Wil end (step 2512).
[0073] If the video source can output digital data, the process continues to step 2506.
The display device is then interrogated to determine whether the display device is
configured to receive digital data. If the display device supports only analog data, the
operational mode of coupling device will be set to analog (step 2508), then the
process will end (step 2512). Otherwise, the operational mode of the coupling device
is set to digital (step 2510). For example, a processor may control switches within the
coupling device to set the mode to digital. In general, the coupling device is
configured to operate in a fully digital mode only when both the video source and the
video sink are operating in a corresponding digital mode,
[0074] Fig. 26 shows a flowchart detailing a process 2600 for providing a real time
video image quality check in accordance with some aspects of the invention. In this
example, all determinations of process 2600 are made by a processor coupled to the
display interface.
[0075] In step 2600, a video signal is received from a video source. Next, a signal

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

signal (step 2602). In step 2604, a determination of a bit error rate is made, based
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the process will end (step 2512). [0073] If the video source can out put
digital data, the process continues to step 2506. The display device is
then interrogated to determ ne whether the display device is configured to
receive digital data. If the di spl ay devi ce supports only anal og data, the
operational node of coupli device will be set to analog (step 2508), then
the prerassihe apality &58pY p bey 2\deteppetign semadeRf whetherithe, Frr%de of the
coupling device is set to digital (step 2510). For exanple, processor
may contateois gsesitdrdhasa thirgshohl vahe (step 26PENJ thewbicarargateds d@th@mn@ii@ to

digital. In general, the coupling device is configured to operate in a

fully dh(gllieagredmdﬁarpmbﬁmﬁﬁﬂld baud thérea véteeminatu i¢ enaiodstepeci4iafeo sink are
operating in a corresponding digital node, [0074] Fig. 26 shows a flowchart

detail i \Qﬂetﬁerpc;rgla?ﬁ%rgég%érgerci%BQi"dnigsngf@1§ S miihdBhatMh&@rd AREE qual ity

check in accordance wth sone aspects of the invention. In this exanple,

1 d
o et S BB Dt BLRSRRaFROR A R BRGFSARE oiBUP 4 [0 e

a Vi IS received froma

vi deo source. Next, a signal quality test attern Vi by the video
sour ce WOekHawererwifihe bi @‘T?’ér@&ﬁ 1§ dgtetmige t° ¢ gheaier I?Pélge %‘Gﬁgﬁ?% |% st ep

2604, a determnation of a bit error rate is made, based 14 upon the

qual i t yvalesin sipt 2@0na datesminadondistrasdei (stap 2698)ias tormtether thﬁ/l’%‘tﬂﬁ@rlst he bit
error rate is greater than a threshold value (step 2606). If the bit error
rate i sgidgberman aeginiroum bitraiee I8tk it rateds gicheer thneshpidumaitmte, thean a
determnation is nade (step 2614) of whether or not there are nore video

frames. gL hitlheelis1ME&l (ﬂeg%lbj‘ﬁ{d thB BF R e 1Rt 18 stdpi 2686, if @EBR.rafehen t he

process retur ns to step 2600." O herw se, the process ends. [0076] However,

It the lg not t%r thaﬁ1 ttl?e h?nl%%n%ma@& qhérﬁhg fhddk ?ﬂlﬁﬁgém%ﬁf&% ntl&{ees hol d

(step 2612) and the process ends.

[0077] Fig. 27 shows a flowchart for a link set up process 2700 in accordance with an
embodiment of the invention. The process 2700 begins at 2702 by the receiving of a
hot plug detection event notification. At 2704 a main link inquiry is made by way of
an associated auxiliary channel to determine a maximum data rate, a number of time
base recovery units included in a receiver, and available buffer size. Next, at 2706,
the maximum link data rate is verified by way of a training session and at 2708, a data
stream source is notified of the hot plug event. At 2710, the capabilities of the display
(using EDID, for example) are determined by way of the auxiliary channel and the
display responds to the inquires at 2712 which, in turn, results a collaboration of the
main link training session at 2714,

[0078] Next, at 2716, the stream source sends stream attributes to the receiver by way
of the auxiliary channel and at 2718, the stream sources are further notified whether
the main link is capable of supporting the requested number of data streams at 2720.

At 2722, the various data packets are formed by adding associated packet headers and
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value in step 2606, a determnation is nmade (step 2608) as to whether the
bit rate is greater than a mninumhit rate. If the bit rate is greater
than a mnimumbit rate, then the bit rate is lowered (step 2610) and the
process returns to step 2606. If the bit rate is not greater than the
mnimumbit rate, then the node is changed to anal og node (step 2612) and
t he proclesmukiplsingl mjmiber@f s@itcs btpsamnsas dlmdolediat 2720k &t 2726k set up
process 2700 in accordance with an enbodi nent of the invention. The

process 2itadinagen RSmade wildRerdf nbPfheBk@tathd 18 OK. Whehke RhGafi€iLCti ON event
notification. At 2704 a main link inquiry is nmade by way of an associ ated

auxi || aty, eRannchyd & 8k SrL A% TT T AR IVERLE 278 NBGEOf ! i T base

recovery units inc ed'1’'n a recelver, aval size. Next, at
2706, he maximum|link data rate i.s verified of ' a training session
ond . SABENES NS et r R e e P e Moot e TERUS ovent A
2710, the capabilities of the display (using ED]]), for exanple) are

det er ni Rackebeadars BL73heARKI. tharrpcaristineied natnee daestragmspraiheresponds to t he
inquires at 2712 which, in turn, results a collaboration of the main |link

t r ai ni npased &1 tha dédplad Adbdicel00781 Next, at 2716, the stream source sends
streamattributes to the receiver by way of the auxiliary channel and at

2718, tE079| Fe2 I8 SROWS 8 FlodicBark WEtailRk aRbédsé 2800MMRbBEbmihpa thliiAg | 1 nk i s
capabl e of supporting the requested nunber of data streans at 2720. At

2722, t I I di i ket
R e T S S

header s an e

t 2724, At .2726 a. det i i i d th t i nk stat i
ok vinotetpihE RSB PR Rapk BeBRERalEh B thsipelifion 230 0 i T1 ad of
link failure event at 2728, otherwise, the link: data streans are

r econst PeRSEREH 18 3 eA Aining sestipp snianiedsyt F800 B seling & FpBRS

pattern over the main link at a set link rate to the receiver. A typical link training
pattern is shown in Fig. 11 in accordance with an embodiment of the invention. As
illustrated, during the training session, a phase 1 represents the shortest run length
while phase 2 is the longest. The receiver is to use these two phases to optimize the
equalizer. In phase 3, both bit lock and character lock are achieved as long as the hnk
quality is reasonable. At 2804, the receiver checks an associated training status and
based upon the training status check, the receiver sets a pass/fail bit for each of three
phases and the transmitter at 2806. At each phase, the receiver will proceed to the
next phase upon detection of pass only and at 2810 and if the receiver does not detect
a pass then the receiver reduces the link rate and repeats the training session. The
main link is ready at that link rate at which a pass is detected at 2812.

[0080] Fig. 29 illustrates a computer system 2900 employed to implement the
invention. Computer system 2900 is only an example of a graphics system in which
the present invention can be implemented. Computer system 2900 includes central

processing unit (CPU) 1510, random access memory (RAM) 2920, read only memory
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packet headers at 2730. At 2732, the reconstructed native data streans are
then passed to the display device. [0079] Fig. 28 shows a flowchart
detailing a process 2800 for performng a training session in accordance
wi th an enbodi nent of the invention. It should be noted that the training
sessi on lgé cess 2800 is one inplenentation of the operation 2506 descri bed
in Fin. (B8M)RRS omsi axgnee penpherals 293G erapdlicgiconigler P00 dHHNHY SEPTRESI ni ng
pattern over the main link at a set link rate to the receiver. A typical

| i nk trdencesg294pand @8P50,iand dimiahdisplajFiugit 2970.i d\sas evstldawwa mithdhargn enbodi nent
of the invention. As illustrated, during the training session, a phase 1

repr eseROM b8 (6 handfesdatd sl inengitions whi-difecbRaR 18 thesCPUe 2b0ngdste The
receiver is to use these two phases to optim ze the equalizer. In phase 3,

both bi g All\g- : i : . i nk ual it
IS reasona Iq%u%@\? yég%%s:tﬁg&regg%?\%‘?I@E—Eagg)\sﬁgg%gglsgg%?g? gl th?‘n :f:[ ni ng gt at usy

and ba the trajnin tatus_chec the recel.ver sets a pass/fail
b1t 1 or CELeO0f miatreshOr P et Y WEnE R Phirelit oy BEN BimaS efedon phase.
the receiver will proceed to ,the next phase upon detectjon of pass only
and at ém@ﬁsér?éoang £Hed may aclude apysuitafle corapwstreadalgmedianey t he recei ver
reduces the link rate and repeats the training session. The main link is
ready asecpihdary siordgemagdiumt8Shwhichas fyaiwelly ¢ miss grmedy deviegifalsp 0080] Fig. 29
illustrates a conputer system 2900 enployed to inplenent the invention.

Conput e¢oupyeat miz806hally t6 UPYsR910xadprevidds addigioagidacsstonge espacirywhi ch  t he
present invention can be inplenented. Conputer system 2900 includes central

pr 0CesSTRGmYL I{lel(]g?-aev;&]é%o i§ @B&ﬂﬁht@ﬁ?@%ﬁ&bl%ﬁn (3 May323fed tad only
menory 36 (ROM 2925, one or nore peripherals 2930, graphics controller

ggsg’ Ré;tbx{g}rrég%%g &%ggv&%n? gglj{lﬁlgélé %c?d‘é?dﬁ&,danﬁ %?eohkea nﬂrp%agfyf ﬁllassdllnéglloﬁy uni t
device 880 is a storage medium such as a hard disk or a tape which generally slower
than primary storage devices 2940, 2950. Mass memory storage device 880 may take
the form of a magnetic or paper tape reader or some other well-known device. It will
be appreciated that the information retained within the mass memory device 880,
may, in appropriate cases, be incorporated in standard fashion as part of RAM 2920 as
virtual memory.

[0081] CPUs 2910 are also coupled to one or more input/output devices 890 that may
include, but are not limited to, devices such as video monitors, track balls, mice,
keyboards, microphones, touch-sensitive displays, transducer card readers, magnetic
or paper tape readers, tablets, styluses, voice or handwriting recognizers, or other
well-known input devices such as, of course, other computers. Finally, CPUs 2910
optionally may be coupled to a computer or telecommunications network, e.g., an
Internet network or an intranet network, using a network connection as shown

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

2910 might receive information from the network, or might output information to the
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ROM acts to transfer data and instructions rani-directionally to the CPUs
2910, while RAMis used typically to transfer data and instructions in a
hi -directional manner. CPUs 2910 rmay general ly include any nunber of
processors. Both primary storage devices 2940 and 2950 may i ncl ude any

sui tabl e conmput er-readable nedia. A secondary storage mnmedi um 880, which is
t ypi cal hgtveorkmasthe wenme pf geforaang the ahbeomdescabqd mdthioid sthipse8ticlonal |y t o CPUs
2910 and provides additional data storage capacity. The nmass nenory device
880 i s anfeanRibneihichas shberdpRabntad b@@&eql fiBcdT ibgRRtibAs toHex@cREQIr ans

i ncluding conputer code, data, and the like. Typically, mass nmenory device

e EIE L O g iy

sl ower nprimry s evi ces ge device

it frﬁﬁgwﬂk fin gk 8 GomPhl; Hen Slgﬁspegﬁ%%di%f AR AR b AP ?%Caﬁgf e ai ped

within the mass nmenpry devi ce 880 i n.appropriate cases,

i ncor poflgYiee and materralavall be fanidar t&éh?ﬁ&rqf skill iRAlg cupRy arshard/wrte@afi menory.
10081] CPUs 2910 arc al so coupled to one or nore input/output devices 890
t hat nmagoftwarelatile, but are not linmited to, devices such as video nonitors,
track halls, mce, keyboards, m crophones, touch-sensitive displays,

tr ansdu{lmszp @rgphicadairslle Y0 gehdrated infloPRiiageanes arﬂetdwrﬁasFéxﬁbzhgt S,
styluses, voice or handwiting recognizers, or other known i nput

devi Cesre?éi‘éﬁ'c@s?%na@fanﬁ K5 8es H&lﬁ‘ﬁfmgﬁ’ﬂ%’ép%ysumﬂﬁ@ he o AE R0 optionally

may be coupl ed a conputer or telecomruni cations netwo

| nE e N ELNBI Kol d) LGS HISHIRIKice 48lc BuliPh Ionﬁaap@st' on'as

shown ,genera uch network connec
cont enpl.at ed that t he nformatlon romthe

10 m I
net wor kOB fx{HEal G AR IRORC oD AEIeg the aratog image defa S
provided in RGB format and the reference signal includes the VSYNC and HSYNC

signals well known in the art. However, it should be understood that the present
invention can be implemented with analog image, data and/or reference signals in
other formats. For example, analog image data can include video signal data also with
a corresponding time reference signal,

[0083] Although only a few embodiments of the present invention have been
described, it should be understood that the present invention may be embodied in
many other specific forms without departing from the spirit or the scope of the present
invention. The present examples are to be considered as iltustrative and not
restrictive, and the invention is not to be limited to the details given herein, but may
be modified within the scope of the appended claims along with their full scope of
equivalents.

[0084] While this invention has been described in terms of a preferred embodiment,
there are alterations, permutations, and equivalents that fall within the scope of this

invention. It should also be noted that there are many alternative ways of
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network in the course of perform ng the above-described method steps. Such
information, which is often represented as a sequence of instructions to be
execut ed using CPUs 2910, may be received fromand outputted to the
network, for exanple, in the forth of a conputer data signal enbodied in a
carrier wave. The above-descri bed devices and materials w|| fbe famliar
to t hosEMBEMERipg both ﬂ?‘?ﬂéro&%qﬁﬁﬁ@ é?Paﬁ"&Pﬂﬁéﬁﬁé PEGSENt RYROHRR, Zt ig thege 2190082]
Graphics controll er 2960 generates anal og i mage data and a correspondi ng

r ef er enddergied zdt theainderiombiedatrivoteh as mchidyig &l sushafbryionni t " 2970. The
anal og i mage data can be generated, for exanple, based on pixel data

r ecei vegedfinin B UindEhQivalents 2sdhibl suith@xthe tmialspiein andi scope off tishwrasent | n one
enbodi ment, the analog imge data is provided in RG format and the
referenﬁﬁmﬁh&pal includes the VSYNC arid HSYNC. signals well known in the
art. However, it should be understood that the present invention can be

i npl ement ed mnth anal og i mage, data and.or reference signals in other
formats. For exanple, anal og i nage data can include video signal data al so
with a corresponding tine reference signal. [0083] Although only a few
enbodi ments of 'the present invention have been described, it should be
understood that the present invention may be enbodied in nmany ot her
specific forns without departing fromthe spirit or the scope of the
present invention. The present exanples are to be considered as
illustrative and not restrictive, and the inventionis not to be limted
to the details given herein, but may he nodified within the scope of the
appended clainms along with their full scope of equivalents. [0084] Wile
this invention has been described in terns of a preferred enbodi nent,
there are alterations, pernutations, and equivalents that fall within the
scope of this
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invention. It should also be noted that there are nmany alternative ways of
38 inplernenting both the process and apparatus of the present invention.

It is therefore intended that the invention be interpreted as including
all such alterations, -~ pernutations, and equivalents as fall within the
true spirit and scope of the present invention.. |In the clainms: A nethod
of real Ittheelompsi m zi ng transm ssion of a nunber of multinedia data packets
between a nmultimedia source device and a nultinmedia display device coupl ed
by way of a unidirectional main link arranged to carry the nultinmedia data

packets fromthe %Eth%ﬁ%‘f@ea%ﬁH{eQ%tlﬂﬁMh%ﬁaﬁd?ﬂséibﬁoﬂMhhinB&défa di spl ay
device and a bi-directional auxiliary channel arranged to transfer

' _nf or mH&E@ne&&h&ﬁ%cﬁ&?chéﬂ gﬁﬂl‘éﬁn&ﬂyg &é@l er nnad%l éﬂfét i medi a

di spl ay provi di ng a e mul ti medi a
source ce, on the nlin det erm nin transnl |on aI|ty factor
of 't he Ableiere saSUE by Of haElughioa) Pg}ﬂml% FRAITAES! he
transm ssion of the multinmedia data(gackets based upon the_transnlssion
qual i t ymudiémedia data packese fioa the mubisnedia seuicedeyien and thpardimedine det er mi ni ng
a transm ssion quality factor conprises: determning a hit error rate
based upnplayhlevicesnd pat-tireaionyl dulsdiarychanhatediaaged tpiransfatenformation
between the multimedia source device and the multimedia display device, comprising:
providing a test pattern by the multimedia source device on the main
link;
determining a transmission quality factor of the main link based upon
the test pattern; and

optimizing the transmission of the multimedia data packets based upon

the transmission quality factor.

2, A method as recited in claim 1, wherein the determining a transmission
quality factor comprises:
determining a bit error rate based upon the test pattern by the
multimedia display device;
sending the bit error rate to the source device by way of the auxiliary

channel.

3, A method as recited in claim 2, wherein the optimizing comprises:

determining if the bit error rate is greater than a predetermined

threshold value bit error rate.
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sending the bit error rate to the source device by way of the auxiliary

channel. 3 A nethod as recited in claim2, wherein the optim zing

conprises: determining if the hit error rate is greater than a

predeterm ned threshold value bit error rate. 40 A nethod as recited in

claim 3 wherein the optimzing further conprises: when the bit error rate

i s determ nedi.to hengtlestsreditednn thadn 3prisdahehaoptadizidy fasthed d bit error

rate, then determning if the transm ssion rate of the nultinedia data

packet s cgfhpritdde nein link is greater than a mnimmtransnssion rate. A
met hod as reC|ted in claim4, wherein when the transmssion rate is greater

than the m nimm R&}%‘ﬁg 'eHBr{ai’etﬁ drBLéﬁﬁgle Qﬂggﬂ:gteﬂ}%nnfﬁé” Link

transm SSIOI’] rate; erm ni err rat e based upon t he

reduced | in tra ssion. r 6. A. nethod as recited in claiml,
wher ei n f Wllﬁﬁﬁ]@@f}f"g‘ig}ltegﬁﬂqt‘? g]??’ channel is formed of a

uni -directional back channel configured to carry information fromthe

di spl ay devi ce t o detsemivng ¢ éhefesansapssigirate efithe aiuttinedia date prefetsit d channel

i ncluded as part of the main channel. for carrying information fromthe
sour ce tlevingia linkos gheeted itsgplaayind@uindeansmissongetet wi t h t he back channel. A
method as recited in claiml, wherein the nunber of nultinedia data packets
are divided into a nunber or associated multinedia data packets streans.

5. A method as recited in claim 4, wherein when the transmission rate is
greater than the minimum transmission rate then,
reducing the main link transmission rate; and
determining the bit error rate based upon the reduced main link

transmission rate.

6. A method as recited in claim 1, wherein the bi-directional auxiliary
channel is formed of a uni-directional back channel configured to carry information
from the display device to the source device and a uni-directional forward channel
included as part of the main channel for carrying information from the source device

to the display device in concert with the back channel.

7. A method as recited in claim 1, wherein the number of multimedia data

packets are divided into a number or associated multimedia data packets streams.

8. A method as recited in claim 7, wherein the main link unit further

comprises:
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A nethod as recited in claim7, wherein the main link unit further

conprises: 41 a nunber of virtual |inks each being associated with a
particular one of the nulti nedia data packet streanms wherein each of said
virtual links has an associated virtual link bandwi dth and a virtual |ink
rate. A nethod a e |ted L im>5, wherein mai n |ink b%n wdth is at

| east equal eam @é ﬁh@l%ﬁ%saaﬁteﬂ.“ﬁ hHERHGRaE PR ofthe A et hod as
recited in claim8 vvherel n each of the virtual link rates associ ated with

each of muilté medratdagd packeksireame vdisréineeahdhf said, vikuahdiiis Hasan assediated in cl ai m
1, further conprising: detecting a hot plug event that automatically

det er m rgmailigobaniwidibtande diteglllak ratevi ce is connected to the main |ink and
the auxiliary link; and comencing the optim zation inmedi ately subsequent
to the detection of the hot plug event. 12. An apparatus for continuous
optim zing transm ssion of a nunmber of nultinedia data packets between a

mul Credi . squr oo \I8hoR o306l IS Rere SBLDtANLAS figtiphied DY ey of

a unidirectiohal main arrange carr ta packets
fron1th nultlnedla sour ce _devi.ce mul timedia display device and a.
dlregﬁﬁdﬁﬁ?tﬁﬁﬂ@ggﬁg?eéﬁ ‘@FuQﬁFgﬁﬁﬁgw A% ransfer information between
the mul timedi a source device and the nultinmedi a display device, conprising:
means for providing a test pattern by the nultinmedia source device on the
mai n |ink; 42
10. A method as recited in claim 8 wherein each of the virtual link rates

associated with each of the virtual links are optimized.

11. A method as recited in claim 1, further comprising:
detecting a hot plug event that automatically determines when an
active display device is connected to the main link and the auxiliary link; and
commencing the optimization immediately subsequent to the detection

of the hot plug event.

12, An apparatus for continuous optimizing transmission of a number of
multimedia data packets between a multimedia source device and a multimedia
display device coupled by way of a unidirectional main link arranged to carry the
multimedia data packets from the multimedia source device and the multimedia
display device and a bi-directional auxiliary channel arranged to transfer information
between the multimedia source device and the multimedia display device, comprising:

means for providing a test pattern by the multimedia source device on

>

the main link;
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means for determining a transm ssion quality factor of the main |ink based
upon the test pattern; and neans for optim zing the transm ssion of the

mul ti medi a data packets based upon the transmi ssion quality factor. 13. An
apparatus as recited in claim12, wherein the determning a transm ssion
quality factor conprises: neans for determning a bit error rate based upon
the test pattern byeans fie detdrnimeglh &radssighiay quaity castomefahs miaor lugendi ng t he
bit error rate to the source device by way of the auxiliary channel. 14.

An appambassdsupas thieebtteeinnagd ai m 13, wherein the optim zing conprises:
means for determining if the bit error rate is greater than a

predet er i ned ¢t ealial thr (Al ety o anRaaHaRS 1 ool ted

in claiml14 wherein the optimz urther conprises: neans tor determning
If the %r% smission rate. of tﬁgH?ultinedia data packets on the main link
&y LY

is grea {(RSR T TR A fon rate when the bit error rate is
determ ned to be greater than the predeterm ned threshold bit error rate.
16. An apparatus as recited in claim 13, wherein when the transm ssion
rate is greater than the mnimum transm ssion rate then, neans for reducing
t he mai n |ink3tr adgmppaiatys asat@tedamdlans 12paheeinghe detesniming g t he bit error
rate based upon the reduced main |ink- transm ssion rate.
transmission quality factor comprises:
means for determining a bit error rate based upon the test pattern by
the multimedia display device;
means for sending the bit error rate to the source device by way of the

auxiliary channel.

14.  An apparatus as recited in claim 13, wherein the optimizing comprises:
means for determining if the bit error rate is greater than a

predetermined threshold value bit error rate.

15. An apparatus as recited in claim 14 wherein the optimizing further
comprises:
means for determining if the transmission rate of the multimedia data
packets on the main link is greater than a minimum transmission rate when the bit

error rate is determined to be greater than the predetermined threshold bit error rate.
16. An apparatus as recited in claim 15, wherein when the transmission

rate is greater than the minimum transmission rate then,

means for reducing the main link transmission rate; and
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17. An apparatus as recited in claim2, wherein the bi-directional
auxiliary <channel is formed of a uni-directional back channel configured
to carry information froni the display device to the source device and a
uni -directional forward channel included as part of the main channel for
carrying information fromthe, source,device to the display device In
concert i th t1icriek i siBIning e biprios sie hased wpn IR RP TR o L2',
wherein the nunber of nultinedia data packets are divided into a nunber or
associ aligl trengmissie@iiade.dat a packets streams. 19, Ali apparatus as recited in
claim18, wherein the main link unit further conprises: a nunber of
virtual |inks each being associated with a particular one of the nulti
nmedi a data packet streans wherein each of said virtual |inks has an

associ ated vi7rt ualn dpphiatRaR i@t in aREn B, \WHetdiR khd BiltirdcB6:9: adBiliaAN
apparatus as recited in claim16, wherein a main |ink bandw dth i's at | east

rat d Tn claim. . ! .
ot od T EeT MR Gt Eakick! Uk chuly PRI (et BRRBAAL S 35 Wi i

e o B LSl SRR E 68  RRRLALED Py SEhis o1 o m 12

automatically determnes when an active display device is connected to the
main |i melualﬁé ag past afshe imain ghanngldor garaying afermaondirmdhciovgradedicgpt i mi zat i on
i medi at el y subsequent to the detection of the hot plug event.

to the display device in concert with the back channel.

18. An apparatus as reciied in claim 12, wherein the number of multimedia

data packets are divided into a number or associated multimedia data packets streams.

19.  An apparatus as recited in claim 18, wherein the main link unit further
comprises:

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

virtual link bandwidth and a virtual link rate.

20.  An apparatus as recited in claim 16, wherein a main link bandwidth is

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

21.  Anapparatus as recited in claim 19 wherein each of the virtual link

rates associated with each of the virtual links are optimized.

22, An apparatus as recited in claim 12, further comprising:
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23. Conputer program product for real time optimzing transm ssion of a
nunber of nulti nmedi a data packets between a nmultinmedia source device and a
mul ti medi a di splay device coupled by way of a unidirectional main |ink
arranged to carry the nultinmedia data packets fromthe nultinedi a source
device and the nultinedia display device and a bi-directional auxiliary
channel arranged t0cans fofdeseting ﬁ%@? Pe ieyent tat prtomatinal rgtesHEes a sour ce
device and the nultinedi a display device, conprising: conputer code for
provi di ngiea anastivapdispley detiye isiponnedted torli masdinkcand tHegicobaryrdinkhendvai n | i nk;
conputer code for determining a transm ssion quality factor of the main

| i nk based upon t hgeahe $ér doaini@icitig the optithsti e iemedintedphibiequicngtotthe
transm ssion of the nmultinmedia data packets based upon the transni ssion

qual i ty EREEM of RO HoCAUR L &H:. " eadabl e medium for storing the conputer code.
24. A nmethod as recited in claim23, wherein the determning a

transm ssion quality factor conprises: conputer code for determning a bit
error rate based upon the test pattern by the nultinmedia display device;
45 conmput er ﬁgde for sending the bit err%f.rate.tp.the source qevice by way
of the auxili“dry r Programay & Rl PRGBS RISER ¢1dy i n ¢l ai m
24, wherein the optimzing conprises: conputer code for determning if the
bit err opmpen &f hultigredix data paskatsdpetween a multimedia source device and a

multimedia display device coupled by way of a unidirectional main link arranged to
carry the multimedia data packets from the multimedia source device and the
multimedia display device and a bi-directional auxiliary channel arranged to transfer
information between the multimedia source device and the multimedia display device,
comprising:

computer code for providing a test pattern by the multimedia source
device on the main link;

computer code for determining a transmission quality factor of the

main link based upon the test pattern;

computer code for optimizing the transmission of the multimedia data
packets based upon the transmission quality factor; and

computer readable medium for storing the computer code.

24. A method as recited in claim 23, wherein the determining a

transmission quality factor comprises:
computer code for determining a bit error rate based upon the test

pattern by the multimedia display device;
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predeterm ned threshold value bit error rate. 26. Conputer program product
as recited in claim25 wherein the optimzing further conprises: conputer
code for determining if the transm ssion rate of the nultinedia data.
packets on the train link is greater than a mninmumtransm ssion rate when
the bit error rate is determned to be greater than the predeterm ned
threshold bit erroomparecd?for sGuhpgitherbiparog ramtptiedootceadsvicebiyt ed in clai m
26, wherein when the transnmission rate is greater than the m ni num

transm sgdyost thabeitifigthag@put er code for reducing the main |ink
transm ssion rate; and conputer code for determning the bit error rate

based upon the reduced main link transm ssion rate. Conputer program
product as reci ted in claim23, wherei n the bi directional auxiliary

channel is f (? tM ni-direc 3 Ichaé%’n el ggfl gured to

carry infor i’on TR ?rh%rogﬁagb?rﬁéuc élislfeccée ?ﬁl@l uvl‘déeém& fce and a
utni-directiagnal 46 forward channel included as part of the main channel
for car WPW@ZW&P@PH’&%‘?SM fromthe source device to the display device in
concert with the back channel 29. Conputer program product as recited in

cl ai m 23, wher ei n cohgutenebéy for determiningmé thesbitierrer rprak gtegteattendi vi ded into a
nunmber or associated nultinedia data packets streans. M Conputer program

product pasietepmirteddhieshalll @bl 3R criohest@i n the main  link unit further
conprises: a nunber of virtual |inks each being associated with a

particul ar one of the

26. Computer program product as recited in claim 25 wherein the
optimizing further comprises:
computer code for determining if the transmission rate of the
multimedia data packets on the main link is greater than a minimum transmission rate
when the bit error rate is determined to be greater than the predetermined threshold bit

error rate.

27.  Computer program product as recited in claim 26, wherein when the
transmission rate is greater than the minimum transmission rate then,
computer code for reducing the main link transmission rate; and
computer code for determining the bit error rate based upon the

reduced main link transmission rate.
28.  Computer program product as recited in claim 23, wherein the bi-

directional auxiliary channel is formed of a uni-directional back channel configured to

carry information from the display device to the source device and a uni-directional
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mul ti medi a data packet streans wherein each of said virtual |inks has an

associated virtual link bandwidth and a virtual link rate. 31. Conputer
program product as recited in claim?27, wherein a main |ink bandwi dth is at
| east equal to an aggregate of the virtual |ink bandw dths, 32. Conputer

program_.product as .reciited in claim30 wherejn each of the virtual |ink
ot o6 alGuar b anel Roaebe Rt 1B TR GHaRnTl HaTeE STROPBAOSS.  comput er
program product as recited in claim23, further conprising: detecting a
hot pl uéhesparre devige tatheshelacdaviae i spageri Wik thedeek 5 Live display device
I's connected to the main link and the auxiliary link; and conmmencing the
optim zation i nmmedi ately subsequent to the detection of the .hot plug
event. 47
29. Computer program product as recited in claim 23, wherein the number
of multimedia data packets are divided into a number or associated multimedia data

packets streams.

30. Computer program product as recited in claim 29, wherein the main

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

virtual link bandwidth and a virtual link rate.

31. Computer program product as recited in claim 27, wherein a main link

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

32.  Computer program product as recited in claim 30 wherein each of the

virtual link rates associated with each of the virtual links are optimized.

33.  Computer program product as recited in claim 23, further comprising:
detecting a hot plug event that automatically determines when an
active display device is connected to the main link and the auxiliary link; and

commencing the optimization immediately subsequent to the detection

of the hot plug event.
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