“NUMERATI ON METHOD FOR THE LI NK CLOCK RATE AND THE PI XEL/ AUDI O CLOCK RATE
-| ELD OF THE | NVENTI ON [ 0001] The invention relates to display devices.
Vore specifically, the invention relates to digital display interface
suitable for coupling video sources to video display devi ces BACKGROUND

E
F

|

OF THE | NVESINTONMERATION METHODROR FHRLINRN (LK RATEded into
anal og type display ( igital type
di spl ay devi ces (sue‘%gﬁé Jﬁ'EE ﬂ&i‘;ﬁm&ﬁfaack%ﬁpl asma screens,
etc.), each of which nust be driven by specific input signals in order to
successfully display an i nmage. For exanple, a typical analog system

i ncl udes an anal og source (such as a personal conputer, DVD player, etc.)
coupled directly to a display device (sonetinmes referred to as a video
si nk) by way of a conmunication |ink. The communication link typically
takes the formof a cable (such as an anal og VGA cable in the case of a
PC, otherwse referred to as VGA DB 15 cable) well known to those of skil
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 DB 15 cable is the ubiquitous nature of the cable, due to the
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arge and Erer oergmIMVERTIONNSt al | ed base. As | ong as the anal og systens
dlescri bed above predom nate, there is little incentive to mgrate away from

any ot her 0[@@@1 18 T ahudyeftiod ib?atéé% %deﬂzﬂ:@?”fho’r‘@%ﬁﬁfcallﬂx %ﬁ%ﬁﬁﬁoﬁ/ cars,

he expl o ng grow h of digital has nmade t tal

a0t rabl o S & Uie Senlati Ert sBiARls LSt GaTaden Solset e O

created by the
devices.

BACKGROUND OF THE INVENTION

[0002] Currently, video display techqology 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 DBI5 cable) well known to those of skill in the art. For example, the
VGA DB15 cable includes 15 pins, each of which is arranged to carry a specific
signal.

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

the cable, due to the large and ever-expanding installed base. As long as the analog




Digital D splay Wirking Goup (DDW3). Data are transmtted using the
transition mnimzed differential signaling (TVMDS) protocol, providing a
digital signal fromthe PC s graphics subsystemto the display. DVI

handl es bandw dths in excess of 160 Mz and thus supports UXGA and HDTV
with a singystersedesafibdd ablose pfadOfiirate] dobay isdittle Bpb@ive toneipratamesyt frbmndscape
i ncludes the VGA (analog) and DVI (digital) for desktop display

i nt er conneggy &B&IdagﬁtfogﬂqhgﬁhwdAaﬁgllgVDS (digital) for internal
connect i vi ty applications wt h| n | aptops and other all-in-one devices.

G aphics | dor di spl a ntro vendo n| tor uf acturers
and pe ceMOBEL " aReweeR T BeebtvRats” s anleinl ORI BB Shodt B o her
nmust factor _interface choice i nto their design, product definition,

manuf act ur Magde theaisg ef figiaksapablp gallpasish @%Euatag N’ssual:b}teréa@a@r\fé), cable g
consuner purchases a PCwth an anal og VGA interface then the consuner

must ei t hemoptidesiralsle. &iris aweH|kagwininit DWV] ion déigitil titéréce stmadardteatad bhtheh t he
anal og video signal provided by the VGA interface has been digitized by

way of an pidiiaDBipNa! Werki O%QI'r(Slipt DW@)V@aEaea[reﬁ%Quu@H uﬁﬂgﬁ%ﬁﬁiti&n into

t he particular nonitor. erefore, 1t would be deSirable to have a

sinpl e enuper.atiqn tho for atin fro

cl ock. SUMVERY! 6% d’]‘&—% Eh W?{%@%pﬁoﬁoc&l Eatg‘ﬂé?lg&éfélgaﬁﬁ the[ erface
arranged to couple a rrultl medj a_source__device to a nulti rredla si nk device
that incl ubles sEphica subpaysiey tojthg diselaypPdd bardlelandwidihe i exeossed 18Pr anged to

receive a source packet data streamin accordance with a native stream
rate, a rekidzand thus suppopUZGA end HOTS with desirigleset afitinks. | | nki ng uni t
coupling the transmtter unit and the receiver unit arranged to transfer a
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packets based upon the source packet data streamin accordance with a link

rate that b@’l tcﬂgﬁa[fffbg ﬁggkt(% dl%[.bﬁy 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 consuniers, -to one degree or another, must factor
interface choice into their design, product definition, manufacturing, marketing and
purchase decisions. For example, if a consumer purchases a PC with an analog VGA
interface then the consumer must either purchase an analog monitor or a digital
monitor in which the analog video signal provided by the VGA interface has been
digitized by way of an inline analog to digital converter (ADC) or an ADC built into
the particular monitor.

[0006]  Therefore, it would be desirable to have a simple enumeration method for

regenerating a pixel clock from a link clock.



native streamrate between the transmtter unit and the receiver unit, an
enuneration nethod for the link rate and a pixel/audio clock rate. The
nmet hod can be perforned by expressing the pixel/audio clock rate and the
link rate with four paraneters, A, B, C, and D based upon a naster
frequency 23.76GHz as 2 10SUMBMARYDKTHE INVENTION regenerating a

pi xel /audi o clock fromthe Iink clock. [00081 In another enbodi nent,
conput er code for expressing the pixel/audio clock rate and the link rate
with four paraneters, A, B, C, and D based upon a master frequency

23.76GHz a 10 3.3 .x, 57 | l. conput co for.regenerating a
o1 xel | atd; WOTock T pareheh Béset dieelay nFrect SRR Ll ERORA BUEHLERRl 1o,
storing the conputer code. 3 BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1
shows a gedfeictp 2eanltimsdiasin davicsribaAngudesgstansmitter yarcavrlpd ithent er f ace
100 in accordance with an enbodi nent of the invention. Figs. 2A - 2C

i |1 ustrat esmueceleslize aimahgriftacecebrest senrcetpatkdt datasadarh dn ecpondante withwva deo
source and a video display unit in accordance with a nunber of enbodi nents

of the i nyeRtiQtim Flid-a BcdR@MRItRUEHRA & the WBiktdvicBKardat £ finkigameor dance
wi th an enbodi nent of the invention. Fig. 4A shows a main | I'nk data packet

|k packePuRuse FRsgee alRA «frestdf vbRiBderdle wobfer hBoRITRe Ton. i g
5A shows a system arranged to_ provi de sub-packet encl osure_ and
mul ti pl e- pataackei Atiers fasmetof anumbes of adiimedia Hata pagmbobasad HPoTbet he
nvention. source packet data stream in accordance with a link rate that is independent of the
native stream rate between the transmitter unit and the receiver unit, an enumeration
method for the link rate and a pixel/audio clock rate. The method can be performed
by expressing the pixel/audio clock rate and the link rate with four parameters, A, B,
C, and D based upon a master frequency 23.76GHz as 210 x 33 x 57 x 111 Hz, and
regenerating a pixel/audio ciock from the link clock.
[0008] In another embodiment, computer code for expressing the pixel/audio
clock rate and the link rate with four parameters, A, B, C, and D based upon a master
frequency 23.76GHz as 210 x 33 x 57 x 111 Hz, computer code for regenerating a

pixel/audio clock from the link clock, and computer readable medium for storing the

computer code.



Fig. 5B shows another inplenentation of the systemshow in Fig. 5A. Fig. 6
shows a high-level diagramof the nmultiplexed main |link streamas an
exanple of the streamshown in Fig. 5. Fig. 7 show anot her exanple of a
data streamin accordance with the invention. Fig. 8 shows yet another
exanpl e of a nmultipl exXBRIKEDESCREINMON QI ToIRIPRAWINGS an enbodi nent  of
the invention. Fig. 9A shows a representative sub-packet in accordance with
an enbodi mrent of the invention. Fig. 9B shows a representative main |ink
dat a packet in accordance with an enbodi nent of the invention. Fig. 10
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invention. Fig. 12 illustrates a. logical |ayering of the systemin

accor dancé%‘?ﬁccgﬁdanéﬁﬁ’é%iaﬁﬁmbogm? @%ﬁwemqﬁaﬁ-. Fig. 13 shows an exenplary
speci al character mapping using 8B/1 OB in accordance with an enbodi nent
of the inventi digs. BAg- 2Q dlustrates aandemxinteplcs systernthhtis tueed folcoenenddi ng schene
in accordance wth an enbodi nent of the invention. Fig. 15 shows a

r epr esent ajideseodtb%iahd aydeopIS! wfil RGEdrd@iceStth 4 AYAber f enboaRAGAISE W th
an enbodi rent of the invention. Fig. 16 shows a representative main |ink

el ectricaly syb.lpyer in accordance with an enbodi ment of the invention.
. th entfon. ) ; X .
Fig. 17 shows a representative connector in accordance with an enbodi nent

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

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

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

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

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

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

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

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

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

of the invention.



f 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 ment of the invention. Figs. 20 - 24 illustrate
arious conmputer based inplenentations of the invention. Fig. 25 shows a
| owchart det aiFigaB ﬁwmﬁﬁﬁsémﬁti\@eﬁﬁhMidla@Iﬁnkelﬁaeawoi‘dmaé withade of the
nterface in accordance with an enbodi nent of the invention. Fig. 26 shows

A flowcharetm ﬂﬁlﬁéﬂtio?%eg)n%lﬁﬁﬁss for providing a real tine video inage
yjual ity check 1 n accordance with some aspects of the invention. Fig. 27

shows a flowchart for a link set rocess_i.n.accordance with an

>nbodi nent  of 3{15' ]iQﬁ}'QWFiaBﬁ?‘mﬁplﬁ.oltl%g]Qﬁtb‘(ﬁiy?ﬁﬁfmﬁcsﬂ}aﬁil ing a process
or performng a training session _in accordance with_an enbodi nent of the
nvention. Fi g.Figdlli showstwnsxemplarntlotpirivingpptierain aeaordansd Wiy annpl enent t he
nvention. DETAI LED DESCRI PTI ON OF SELECTED EMBODI MENTS [ 0009] Reference
M1 now kenyoddgertféetiavéntion. a parti cul ar enbodi nent of the invention an
>xanpl e of which is illustrated in the acconpanying drawi ngs. Wile the

nvention will dﬁgg ﬁeiﬁggt.tk gs?afo?iclﬁggégitﬁ%?df% Isteth i@ ch@hhdeGHipan enbodi ment

t wll be un st 0o [ intended to Iimt the invention to
he descri bed .. enbodi.nent. To the contrary, it is intended to cover
al t ernat i odient of BgPEoNand  equi val ents as may be included within the
spirit and scope of the invention as defined by the appended clains.
0010) The i nvdiigi Meshoyws en euereplpyy spegial dharacter gipping wHEER/10B&d, plug &
ol ay,

accordance with an embodiment of the invention.

Fig. 14 shows an exemplary Manchester Il 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.



erial digital display interface that is both open and scal able that is
uitable for use wth, but not limted to, desktop nonitors as well as
roviding LCD connectivity wthin notebook/all-in-one PC s, and consuner
| ectronics display devices including HDTV displays and the |ike. Unlike
onventi onal di Byl 3§ showsea flagewrt deitiling apsivess far poviditga rdatiBmervaddoer pl us
imng signals such as Vsync, Hsync, DE, etc., the inventive interface

rovi des ainsyei@AlQTchBal iacdrifRevARCIMe 4spadisbethe GRARARLE Of transferring
ne or nore packef streans sinmultaneously in the formof "virtual pipes”

stablished w thi i Link, o 1] For exanpl Fig., 1 shows a
eneral i zed repf%%gﬁggsﬁ%ﬁh%QEQNQEBEgkggé?#ﬂy'mﬁ%ﬁ%%%?%ggggﬁn%ﬁﬁital vi deo
isplay interface 100 in accordance with an enbodi nent of the invention.
he i nt er f HBROHMONQSAGEVEILO r ansnitter 102 to a receiver 104 by way of a
hysical link 106 (also referred to as a pipe). In the described

mbodi ment, a Fugn®Rshools aifdwechattrdetailingl®Brocesk ¥ar parforminpe tradinatsessinm
ransmtter 102 that, if necessary, packetizes each into a correspondi ng

unber of jgdaksorBatkestith dnldnbodi@es ordlild MvBRdret s are then forned into
orrespondi ng data streans each of which are passed by way of an associ ated

irtual pipe 1 - j 104 t not ed that the
ink rate (i. e.lﬁgt %%ﬁ@g#%e%%%(r@ﬁﬁ?ﬂrs&%ﬂépe%nglg{reed)t%? Iglﬁlegnaeclzlﬁﬁl&inrl eﬁlglfm1 i nk can
e optimzed for the particular data streamresulting in the physical |ink
06 carrying data streans each having an associated link rate (each of
ich could be different from each other dependi ng upon the particul ar
ata stream. The data streans 110 - 114 can take any number of forms such
s video, graphic, audio, etc. [00121 Typically, when the source is a video
ource, the data streanms 110 - 114 include various video signals that can
ave any nunber and type of well-known formats, such as conposite video,
erial digital, parallel digital, RG, or consunmer digital video. The

i deo signal can be an anal og video signal provided the source 102



i ncl udes sonme formof an anal og video source such as for exanple, an anal og
el evision, still camera, anal og VCR, DVD player, canctorder, |aser disk

| ayer, TV tuner, set top box (with satellite DSS or cable signal) and the
i ke. The source 102 can also include a digital inage source such as for
xanmpl e a di gi t aDETAISEDDESCRIPIION ORSERECTHED EMBODIMEN®TS t he | i ke.

he digital video signal can be any nunber and type of well known digital
ormats such as, SMPTE 274M 1995 (1920 x 1080 resolution, progressive or
interlaced scan), SMPTE 296M 1997 (1280 x 720 resolution, progressive

can), as as ndar d..48 [ogressive, scan video. 0131 |.n the case

ere the @@hé]ce }%E&SE%V‘% ensogva - 51%%? glgde:{ar‘lrla%ea %%rté(ﬁli?r,enb l‘ﬁﬂéf’é@!ﬁ o-digital
onverter (AID) converts an anal g voltage or current signal into a

i screte s@yvegiongm %ﬁ@pleeﬂwn@h@dﬂ@ﬂraﬁﬁméb%acegmgwyg figingsg While he

rocess an appropriate digital imge data word suitable for digital

r ocessi ngthe Arventén wilhbeldescribed iatopnpinctidiDwith tiwepariécidarcambddémese wiBy way of
xanpl e, other AID converters include, for exanple those manufactured by:

hilips, Texametstdd tHiEnMs nof\H¥HABd 1PBWi1aRS invBLRANb (BEdestAlet hers. 10014]
or exanple, if the data stream 110 is an anal og type signal, the an anal og

o digital e . s Ln or coupled to.the trapnsmtter
02 will cé'?‘g I I|g£z:ﬁet tTﬁéﬂgh%rﬁ%gy’vgga]tsé \g\#égﬁg Févetrﬁ{etﬁmﬁg‘gq?e 03@086015’ %%\ ketizer
hat converts ihe digitized data stream 110 into a_ nunber. of data packets
14 each CAUHRHERE GmeY bnchided iy thel SRt akscpag ef theinvention gs definedt t he
irtual link 116. The receiver 104 will then reconstitute the data stream
10 by apprdpe aprtentied elemamrbi ni ng t he data packets 114 into their original
ormat. It should be noted that the link rate is independent of the native

t r eam r at[eg10] The TReinvehieB infepfABS s d’Iﬁaiﬁtttaipohh?pdck&kbd@ed;%Q&gﬂ@t the
hysi cal |ink 106 be higher than the aggregate bandw dth o at'a strean(s)
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with, but not limited to, desktop monitors as well as providing LCD connectivity
within notebook/all-in-one PC’s, and consumer electronics display devices including
HDTYV displays and the like. Unlike conventional display interfaces that transmit a
single video raster plus timing signals such as Vsync, Hsync, DE, etc., the inventive
interface provides a system of multi-stream packet transfer capable of transferring one
or more packet streams simultaneously in the form of “virtual pipes” established
within a physical link.

[0011] For example, Fig. 1 shows a generalized representation of a cross platform
packet based digital video display interface 100 in accordance with an embodiment of
the invention. The interface 100 connects a transmitter 102 to a receiver 104 by way
of a physical link 106 (also referred to as a pipe). In the described embodiment, a
number of data streams 108 — 112 are received at the transmitter 102 that, if
necessary, packetizes each into a corresponding number of data packets 114. These

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



he case of video data) is packed over the respective virtual |ink based
ipon a data mapping definition. In this way, the physical |ink 106 (or any
of the constituent virtual |inks) does not, as does conventi onal

nt erconnects such as DVI, carry one pixel data per link character clock.
00151 I n pdssad lyayay bhian assvaated eetubDpippil 06 -AES tatiraateiedy| 104 mBtdshunddf or t he
ransport of not only video and graphics data, but al so audi o and ot her

ppl i cat i Ope nétad tabthe! X BR (.6 d8A pabiet AdHifE %) fbGich iR ii{ﬂ{‘c pports
not - pl ug event detection and automatically sets the physical |ink (or

i pe) to its qnti transm ssion rate. e inyention.provides f.or a | ow
i b Lount . DB RybEPRERER e i reoBe LTYE Phisifu BERIBE S8k b o
or multiple platforns. Such platforns_ include host to display,

apt op/ al | 93t stepeaspachbpying an piseejaigd dink rae (each 9f wikioh conkihe different
applications. [00161 In addition to providing video and graphi cs data,

li spl ay tifivmgach other depending apon the partivatid ddtaistreirhe Thegddtabtrebrsaldm-pr ovi di ng
>ssentially perfect and instant display alignnment, obviating the need for

eat ures | j e anAlcCamdiukiter offdfmb Bfch dsividko, SABhiBAAINRS, eRased nature of the

nventive interface provides scalability to support nultiple, digital data

streans s S tiphe . widep/graphics.streans and audi o e for

Yl ti medi ;%Qb% . olsRL, Wiken 1o, UG 1S Xidhe GRiE 8da ﬁ%ﬁ%i%@‘g

ransport for peripheral attachnment and display control can be provided

Mt hout  t HEclude xariqusvidegdiignalsihat can brYs vy uobey pndsype of welldaomant s of t he
nventive display interface will be discussed below [00181 Fig. 2

| | ust r at eferrats,ysatle as @fiNpdsas adlenpsenial digitalypdrelbel HHtad IRGB, ercohsgnerl that is
ised to connect a video source 202 and a video display unit 204. In the

| | ust r at efigieTRaRoMEmhe viddd&ighalem b%%@ﬁﬁlo%%de%%?daﬂﬁﬂo‘&ﬂﬁd%é Sfkceofozbot h a
jigital imge (or digital video source) 206 and an anal og i nage (or anal og

i deo Souriﬁa).ldgs%mc form of an analog video source such as for example, an analog
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television, still camera, analog VCR, DVD player, camcorder, laser disk player, TV
tuner, set top box (with satellite DSS or cable signal) and the like. The source 102
can also include a digital image source such as for example a digital television (DTV),
digital still camera, and the like. The digital video signal can be any number and type
of well known digital formats such as, SMPTE 274M-1995 (1920 x 1080 resolution,
progressive or interlaced scan), SMPTE 296M-1997 (1280 x 720 resolution,
progressive scan), as well as standard 480 progressive scan video.

[0013] In the case where the source 102 provides an analog image signal, an
analog-to-digital converter (A/D) converts an analog voltage or current signal into a
discrete series of digitally encoded numbers (signal) forming in the process an
appropriate digital image data word suitable for digital processing. Any of a wide
variety of A/D converters can be used. By way of example, other A/D converters
include, for example those manufactured by: Philips, Texas Instrument, Analog

Devices, Brooktree, and others.




n the case of the digital imge source 206, a digital data stream 210 is
orovided to the transmtter 102 whereas in the case of the anal og video
source 208, an A/D converter wunit 212 coupled thereto, converts an anal og
Jjata stream 213 to a corresponding digital data stream 214. The digital
dat a stred0oR4 i Foi &raumpde, afhs detd stroarmld 0 id oreanaboptgpersipna thaantahalogi gi t al
jata stream 210 by the transmtter 102. The display unit 204 can be an

nal og L VRE d%ﬂ%ﬂ: SreREr ofigtﬁw?lkncmﬂee iflbS Bhpleddb thdrARABHGABRSWIBAN  Process
2i ther anal o signals provi ded thereto. In any case, the display

uinit 204 displ |nt rfac that.inte es th rece| ver 104
Vth o di g %f@nglaﬁ&aﬁvé? ich B R B ieF R EERek e 2n anal og
ype displ ay. In t he described enbodi nent, the video source 202 can take
any  nunberdigitizeddate straamt hl Gigtoa b@ﬂb@rﬁ)ﬁdatad@ékfﬁ%bl‘c?ﬁ?b@wfmcfw& bal or

anal og TV, set top box, etc.) whereas the video display wunit 104 can take
he for m afanemiticdeo tih modiw 104 by lwayofaire viftidalt kel 16l SHeaygei @R 04 yph

di spl ay, etc.). [00191 Regardl ess of the type of video source or video
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)acketlze prior to transm ssion over the 10 ‘physic whi ch

ncl udes rect, .0 22 .1 ofhE S ata eans and
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raffic (such as various |ink managenent information, Universal serial bus
USB) dat dhe @qttye)stre@a@mnThwlwreaege@@arﬂ&@at@lz lipkbandwidfh gEedi spl ay 204.
00201 The main link 222 is thereby capable of sinultaneously transmtting
1l tipl e iphpsital dinkU$6 deathighet thaa the (ggraghtedmndwidih pf daty stieai(g) tadiei cs st reans
and nmul ti-channel audio streanms). In the described enbodi nent, the nmain

i nk 222 tlnghitd8s 18 the'ddieribed enthddiRémNhe hdoktAk dﬁbwﬁlagplmaitaﬁapabl e of
ransferring isochronous data streans (such as unconpressed graphi cs/video

and audi o tlgeaéa%g oflideo data) is packed over the respective virtual link based upon a data
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mapping definition. In this way, the physical link 106 (or any of the constituent
virtual links) does not, as does conventional interconnects such as DVI, carry one
pixel data per link character clock.

[0015]} In this way, the interface 100 provides a scaleable medium for the
transport of not only video and graphics data, but also audio and other application
data as may be required. In addition, the invention supports hot-plug event detection
and automatically sets the physical link (or pipe) to its optimum transmission rate.
The invention provides for a low pin count, purely digital display interconnect for all
displays suitable for multiple platforms. Such platforms include host to display,
laptop/all-in-one as well as HDTV and other consumer electronics applications.
[0016] In addition to providing video and graphics data, display timing
information can be embedded in the digital stream providing essentiaily 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




mul tiple gigabits per second (Gops). Froma | ogical viewpoint, therefore,
he main |ink 222 appears as a single physical pipe and wwthin this single
ohysi cal pipe, multiple virtual pipes can be established. In this way,

ogi cal data streans are not assigned to physical channels rather, each
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| ogi cal dahaitiple, dipial 8ats sti¢ankuch at irltpMIvides/giaphics Biréind dndtaudio/i 1 t ual
channel described above). [0021] In the described enbodi nent, the speed, or
t
q

ranst er 1 i ol DRI liBliond 2%, ARicH, YSHARKE) {cial te for Iink

condi ti ons. exanpl e, one | nplenentation, e speed of ‘the main |link
222 can be adjusted i.n, a range appraximated hy a_ sl owest speed of about
170 Cops. rimbsh o pen e pltaimeRaRh Bl <G bR rr GRS o cent s
see Fig. 3). At 2.5 Gops per channel, the main 1link 222 can support SXGA

50Hz wi t h need ddraxdditispalcabling.8 bits per pixel over a single channel. It
shoul d be noted that a reduction in the nunber of channels reduces not

¢
only the doei7]of Oihdleathdabhdnts Htthe alventiveedibslapintdttach WIR be @RNREsLEME | ON whi ch
is an inportant consideration (and desirable) for power sensitive

appl i cati qpg,,such as portable devices and the |ike. However, by increasing
t he nunber of ‘channels to four, the main link 222 can support WXSXGA (3200

2048 i esolutiion) with a colgr 11 depth of 24-Dbj er, pi.xel at
Sort. or Skt 2 My &9 wn2 00 me p e pelotn B b el at
60Hz, wi thout data conpression. Even at the lowest rate of 1.0 Gops per
channel , dhatyis used te kemnest & videe sewreri20%and avidepdisplay anit 3A¢.ohpthessed HDTV
i.e., 1080i or 720p) data stream [00221 In the described enbodi nent, a

mai n | i nk illadtatddaintbddimentpthe viddoaserce ol dmi titindexitkeads bbihea digiaslegat e
pandwi dt h of the constituent virtual links. Data sent to the interface

I
I
arrives at; \ i | LB TBR
uni !tV226 \t}\,imttd%]@(nOtrtH ﬂégt%?gfggg\%%lrﬁ%?g?g raggrg%\e&%gégisrﬁ%%@mtst reaér[:jfri gg%{;'cﬁg%zgpgnag i ve)
i

ate In the case of the digital image source 206, a digital data stream 210 is provided to the

transmitter 102 whereas in the case of the analog video source 208, an A/D converter
unit 212 coupled thereto, converts an analog data stream 213 to a corresponding
digital data stream 214. The digital data stream 214 is then processed in much the
same manner as the digital data stream 210 by the transmitter 102, The display unit
204 can be an analog type display or a digital type display or in some cases can
process either analog or digital signals provided thereto. In any case, the display unit
204 includes a display interface 216 that interfaces the receiver 104 with a display 218
and a D/A converter unit 220 in the case of an analog type display. In the described
embodiment, the video source 202 can take any number of forms (such as a personal
desktop computer, digital or analog TV, set top box, etc.) whereas the video display
unit 104 can take the form of a video display (such as an LCD type display, CRT type
display, etc.).

[0019] Regardless of the type of video source or video sink, however, the various

data streams are digitized (if necessary) and packetized prior to transmission over the
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using time stanps enbedded in the main |ink data packets, if necessary. It
shoul d be noted, however, that for appropriately configured digital

i spl ay devices 232 shown in Fig. 2B, time base recovery i s unnecessary
since display data is be sent to the display driver electronics at the

i nk char aghiyeicatlisic k06 @hrh ihdledes byungrdgadtional mdindidk20er RUEHIBHousQfatachannel s
equired with a comensurate reduction in conplexity and cost for the

L
(

I

i

di splay. F i dFEe [yl X5EP 2
conf i gur edé}feﬁﬁfé gg@h%é dﬁglﬂrﬁ%&ﬁ%ﬁf%%&%g%%n@gc oveérgﬁ }s{?dﬁéﬁe?eﬁ‘?:g%hg%ﬁdat ais
essenti al | | pelined.to the variqus col . drivers 234 t, are used in
Conbi nat | ool Buvariges Gk pingeessst igopaton, Uliseial Stakine U debrgnds 238 i n
the array 240. [00231 Ot her enbodi nents describe a sinple enuneration
met hod f orbetween thakidepsperca B2 emdthgividao/dspdayn2®. ock rate. It has been
researched and understood that all the standard pixel/audio clock

f

f

I

I

i

(

i

requenci e@ozolat Ghiewhaih ek P22 sthérebyEgRbleT sindtanedbdsBra@mifiiagt er
requency: 23.76GHz = 210 x 3 3 x 5 x I'I"Hz 12 This neans that a pixel (or

audi o) cl ogkyikpd; ﬁg%] ] g éi C, and D as:
P xel cl ogﬁ rug?ctélgo: J&%g‘éﬁé}% &g%ﬁgféﬁﬁ %HREEH)E)? ﬁ?égﬁéﬁﬁcg gtr = di ts, andD=1

nit. [0024] Even fqr a. link se link.rate (which is the . .serjal link bit
wte | 10 ol el o dtndidR fie devvrited erutoditpend, o mal ik 2205

characters) may be different fromthe pixel clock rate, there is a benefit

in defini ngcludes 4 nuarber f diffgirery virluad ehangels, ¢agh sapsble of trangferri| | C, and D

'he benefit is the sinplicity in regenerating pixel/audio clocks from a

| i nk cl ockisochfunoex daplstearhesuch suhcbhprdsieikgriptiies/videsfid ARliddatd) atB' = 3, C=

7, and D =0 and the corresponding link rate is 135MHz. However, suppose

the pixel fhfgk gigabits per second (Gbps). From a logical viewpoint, therefore, the main

link 222 appears as a single physical pipe and within this single physical pipe,

multiple virtual pipes can be established. In this way, logical data streams are not

assigned to physical channels rather, each logical data stream is carried in its own

logical pipe (i.e., virtual channel described above).

[0021] In the described embodiment, the speed, or transfer rate, of the main link

222 is adjustable to compensate for link conditions. For example, in one

implementation, the speed of the main link 222 can be adjusted in a range

approximated by a slowest speed of about 1.0 Gbps to about 2.5 Gbps per channel in

approximately 0.4Gbps increments (see Fig. 3). At 2.5 Gbps per channel, the main

link 222 can support SXGA 60Hz with a color depth of 18 bits per pixel over a single

channel. It should be noted that a reduction in the number of channels reduces not

only the cost of interconnect, but also reduces the power consumption which is an

important consideration {and desirable) for power sensitive applications such as

portable devices 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




ate is set as A=8, B=3, C=6, and D=0 (= 108M1z), then the pixel
cl ock can be generated fromlink clock as pixel clock rate is equal to the
ink rate * 22/ 5 1 . [0025] Referring back to those systens requiring
i me base recovery, the tine- base recovery unit 226 may be inplenented as

a digital @dpacés zypithgeipsel at 60z, 3P QSKGA(IICOSSELY WihiQ dldrafpth éthe tine

I
¢
I
t
Estiarrp is stored in the packet header which as described in nore detail i
cach header SUEREDI a6 Hinfula SR mbiRAt hRla Bl 60sRrid g 8 0 1
|
¢

Nati ve stream frequency (Freii native) is gbtained fromlink character
21 ock freﬂﬁmcleqﬂnsﬁgpﬁ/ﬁwoabme e r@ﬂffﬁ to-supppri ap jwpeompressed HRK char +

TS19-0)/22 [0026] The transmtter 102 generates this time stanp by
count i ng t(he., h03ther 720p) datetstrgamst r eam cl ocks in 220 cycles of the link
character clock frequency period. The counter updates the value every 220

ycl es of [0bE2] | Nk hadeaRibRA eflbOgifentia1ifin 1k HatalrdteliVhdrbR Whdsd@r €
asynchronous with each other, the tinme stanp value will change by |I over

q
¢

¢

time. Bet ] i Hg;mg I e t sane
time st a\%ﬁ?‘ﬁ@lﬂgﬁcﬁggsd%?%%% ?ﬂ%%‘i\y@?\m&gﬁ%\@nﬁ@gam ﬁs! u %e%q%:ah%ntge of
the tinme st . value (b re than 1 count) ma e interpreted by the
recei ver égﬁ?}npmfeﬁ‘gf’%% & a”ﬁe gﬁnsnﬂﬁ?’t‘ﬁlﬁtﬁé‘a%%‘?ﬂ?f{i‘gﬂnﬁ%ﬁsﬁéecgf’?ré(am sour ce.
[0027] 1t should be noted that, no time stanp is conmmunicated for an audio
stream | (TBR)snit 226 withirethe aegetseer d84 ragenératics thesstrehms’ sirigihal yrativeiatee of t he
audi o sanple rate and nunber of bits per sanple. By determning the audio

rate basedisitgQimdstimps erdbelidel & tHethain liak datagiackedd, ¢f ndcb@afll Tpétyildiey i ce
regenerates the original audio stream rate. Eq(2) Audio rate = (audio

sanpl e ratgled*ndWeddt [tRatA6E appRdttately ¥or it diP@BRAIDisplay devices 232 shown in
Fig. 2B, time base recovery is unnecessary since display data is be sent to the display
driver electronics at the link character clock rate, thereby greatly reducing the number
of channels required with a commensurate reduction in complexity and cost for the
display. For example, Fig. 2C illustrates an exemplary LCD panel 232 configured in
such a way that no time base recovery since display data is essentially pipelined to the
various column drivers 234 that are used in combination with row drivers 236 to drive
selected display elements 238 in the array 240.

[0023]  Other embodiments describe a simple enumeration method for the link
rate and the pixel/audio clock rate. It has been researched and understood that ali the
standard pixel/audio clock frequencies that exist today are a subset of the following

master frequency:

23.76GHz=2"%x3*x5"x 11' Hz
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[0028] A main link data packet 400 shown in Fig. 4A includes a main |ink
packet header 402 as shown in Fig. 4B that is fornmed of 16 bits where bits
3-0 are the Stream ID (SID) (indicating that maxi mum stream count is 16),
bit 4 is the Time Stanp (TS) LSB. Wien bit 4 is equal to 1, this packet
header has Thirempansdbatsipixel {orandio)4ldvikirsteahn bd expreSed mithfaltieargmetess, onl y f or
unconpressed video stream. Bit 5is a Video frame sequence bit which acts
as the | eagy, BsiC(gahd Dcaant bit of the frame counter which toggles from™"0"
to "1" or from"1" to "0" at the video franme boundary (used only for

unconpressed vi deo stream . pBi d Gagre rase d whereas bits 8
through 10 are a 4-bit CRCP?&E%?Z]E%E? ?:hec3k§( gf’f@) s for the previous eight
bits. Bits 15-12 are Ting_ st;[éanB/ Stream I D_I.nversion. (TSP/SIDn) which for
unconpressed vi deo are ds8d BiS BrodiPith 3 3ditsanddd £ Hbike Stanp val ue.

[ 0029] One of the advantages of the inventive interface is the ability to

multiplex different data streans each of which can be different formats as
wel | as have certain main |link data packets include a nunber of sub

packets. Fgyo2akaniwen b 8linfo whbey EnleraleAwhigt 8 hSRPiaPhHEYSe | P gﬁ%\/i de
sub- packet encl osure and nul ti pl e- packe mul ti pl exing 1 n accordance with

SO R M BB e s 50

a particular Iment o e system uld

therefore not, he construed as |jmtjng either the scope aor intent of the

i nventi on. p‘i‘ﬁ]ecq%‘il%ﬁa@r#%lsia%nﬁﬁ%‘é‘ JQHWSM%@F%@WQW s paransers,i ncl uded
inthe transmtter 102 used to conbine a stream 1 suppl enental data stream
504 with theB'\datandd?'r Eherbeanedit isghé sitpligityrin regpesatog pintlaudioradeoks Frofi. The
mul ti pl exed data stream 506 is then forwarded to a link layer nultiplexer
508 that calihk clesk.alyr extmple) (erbesy the flinkl 2413 isdet 8aAE= 6OBf-08 Nea- Mulntie! exed

main link stream5 10 formed of a number of data packets 512 'sone of which
may i ncl ude oY tf cofreSpbHRAEg 1k Sitts RISHBIS IRbever, suppose the pixel clock

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

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

[0025] Referring back to those systems requiring time base recovery, the time-

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

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

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

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

Native stream frequency (Freq_native) is obtained from link character clock

frequency (Freq link char) as:
Eq(1) Freq_native = Freq_link_char * (TS19-0)/22

[0026]  The transmitter 102 generates this time stamp by counting the number of
native stream clocks in 220 cycles of the link character clock frequency period. The

counter updates the value every 220 cycles of the link character clock. Since these
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encl osed therein. Alink layer de-nultiplexer 516 splits the multipl exed
data stream5 10 into its constituent data streans based on the streamIN
(SIDs) and associated sub packet headers while, a stream sink

de-nul tipl exer 518 further splits off the stream | supplenental data

st r eam coriwi akeaksiare asrechromousaoketash ofle03b4 tifiegtan® wdivewilbchangdby ével
diagram of the nultiplexed main |ink stream 600 as an exanple of the

stream 5 1dVes timen Bebwéentipdatey1Re trhiiineiferSI020RMErepéaedi tdndRhE xRk tigier the
main link 222. The three streans in this exanple are: LTXGA graphics

5. The | kg it pEReFERe s ARDae B K gt ke SR Rt GRS (e

packet overhead, which results in the ver)é hi gh l.ink efficiency. The
reason the”?ﬁ ¥mare dya,! coypDmeayRs inteprrpted oy thergeeiveras ggdndicationofigBut es ar e
comuni cated via the auxiliary channel 224 prior to the transm ssion of

t he packetwisi@bkercondition of the st22m sp@®811 General | y speaking, the sub-packet
enclosure is an effective schenme when the main packet streamis an

unconpr esgeo27i den shbild dedotedBAS e Sty deOmeahfatcdlbeM @S data idle
peri ods corresponding to the video-bl anking period. Therefore, 15 main |ink

LhariLy L ReRd, BnR L0 GRS YA LS ShE 8R1Y delich BPINIRaRGhBR, OF M

. (5§
speci al character pac urtng thi's perio caprtalnz

ability to multiplex various data streamns, certain inplenmentati ons of the
present i n¥EALE B h?&f\{\}ﬁﬁbiﬁnﬁ%&fﬁb‘gﬁe%m% B@ig basediparekedd es
between the main link rate and the pixel data rate when the source stream
i s a vi deand hedink cheragier Faje, th displai device regkharates theediginal Fadio sifeant he pi xel
data rate is .5 Go/sec, such that a bit of pixel data is transmtted every
2 ns. In tites exanple, the link rate has been set to 1.25 Gb/sec, such

that a bit of pixel data is transmtted each .8 ns. Here, transmtter 102

|t o Sper ses @P il r£R GRURS bk VERY xR RS pPLAngR) k (4 iRkl 10 P O
[0028] A main link data packet 400 shown in Fig. 4A includes a main link packet
header 402 as shown in Fig. 4B that is formed of 16 bits where bits 3-0 are the Stream
ID (SID) (indicating that maximum stream count is 16}, bit 4 is the Time Stamp (TS)
LSB. When bit 4 is equal to 1, this packet header has the least significant 4 bits of
Time Stamp value (used only for uncompressed video stream). Bit 5 is a Video frame
sequence bit which acts as the least significant bit of the frame counter which toggles
from “0” to “1” or from “1” to “0” at the video frame boundary (used only for
uncompressed video stream). Bits 7 and 6 are reserved whereas bits 8 through 10 are
a 4-bit CRC (CRC) that checks errors for the previous eight bits. Bits 15-12 are Time
Stamp/Stream ID Inversion. (TSP/S]Dn) which for uncompressed video are used as
four bits of 20-bit Time Stamp value.

[0029] One of the advantages of the inventive interface is the ability to multiplex

different data streams each of which can be different formats as well as have certain

main link data packets include a number of sub packets. For example, Fig. 5 shows a
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are di sposed 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 al so creates a steady streamof data that allows the link to maintain
synchr oni zakleans0d dirdned topravide eub-piket GirbBurl andmavléplegrasketr e Nul |
characters. No line buffer is needed for such nmethods, only a small FIFQ,
I

[

i

[

Q

ecause t el oAl el hadith bt EhodSit of MRV ion! o HobkFbongtly ¢ 1001 ¢

e
is require receiving side to reconstruct the video signal. The
ecei ver eeds to r ni ze.when the. speci.al char ers begin and,end.
50501 S istart SO0 K FrR S ot aGiRa Ot P S B 00w P e, 2
consecutive bits of pixel data with special characters, such as nul
al ues. Fahoulddhpretore pat hetpopstgiedpa limibug eithes thecsgoperantent pfthebuf f er
included in the transmtter 104, then one or nore null values could be fed

i nto the hdbértionl The sy S0Pinchides atsaedn sodvainitiplexer SOT hcludepliethent at i ons
equire a relatively larger buffer space than the interspersing methods

fescr ! bod hiBer!1ly WEMo LU AR Siph @it Bete hEnisHANA L O {1

[
[

i

C

the 1line er w etinmer to transmt the data after
the line buffer is., full, due.tq the relatively high |link speeds. 16 [0033]
he di scus<bte e 7108 o & HEynleted Sl i e The Biinpliced dBE S
inventive interface is the ability to not only nmultiplex various data
streans, bW6 iathep fomyasdadite ladinkdgyes mudiplexsr 558 thatpembines swpofpauoeles within a
particular main |link data packet. Fig. 9A shows a representative

sub- packetofdaf) stiearas tofotkaraaaulipleledimairelidiogitearmt 1 0dbrhdtbof awenbérafi. The

sub- packet 900 includes a sub-packet header 902 that in the described

€
¢
€
€

2bodi Mentgat Sk QY § 65 siiiélof Whidh aRiRAN L& a0 B Rniber B fdGiRkets Si4rt) speci al
char acter. ala?pthe mai?] Ii?\k dat a packet ?%y%mi ch the sub- pa%ﬁet 900 is

>nel osed ont gl {iheinP 3% itk 183Y aLA%HRYS16 ss bR AilBpRiRd BAG kElan? 00 the

ond of t h& w0%¢

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.

[0030]  Fig. 6 shows a high-level diagram of the multiplexed main link stream 600
as an example of the stream 510 shown in Fig. 5 when three streams are multiplexed
over the main link 222. The three streams in this example are: UXGA graphics
(Stream ID = 1), 1280x720p video (Stream ID = 2), and audio (Stream ID = 3). The
small packet header size of main link packet 400 minimizes the packet overhead,
which results in the very high link efficiency. The reason the packet header can be so
small is that the packet attributes are communicated via the auxiliary channel 224
prior to the transmission of the packets over main link 222,

[0031] Generally speaking, the sub-packet enclosure is an effective scheme when
the main packet stream is an uncompressed video since an uncompressed video data

stream has data idle periods corresponding to the video-blanking period. Therefore,




sub- packet 900 nust be marked by SPE (Sub- Packet End) special character.

X herw se, the end of the main packet (as indicated by ensuing COM
character in the exanple shown in Fig. 9B) nmarks the end of both the

sub- packet 902 and the main packet into which it is enclosed. However, a
sub- packet mdivelinknedffio dathed@fen dnvdrhpressolPlideb efrearh il A1 ReiesBf Nupacket
nas no payload. Fig 9B shows an exenplary sub-packet format within a main

(
q
f
| i nk packef,el j : i Of - ! ion, It should
e noted that the definition of" t eade e nd sub-packet payload is
t ebfal ﬂfa?%&%ﬁfeté’\ﬁﬁﬁ}%gatﬂpgﬁﬁi%& ﬁﬁf&%?@léhg%él megsmy
dependent on,.the specific ﬁgﬁgaca i.on profile th uses the sub-packet 902.
[0034] A pRPPLG Groys daas SFRAR nppledgptaiong ok the AR eI iventiQn §es i s

!

selective refresh of an unconpressed graphics inmage 1000 illustrated in
=i g. 10. Trestogs methogs éscomapenseie fendiffergn¢asdetvernolze ey linkonatesdnd\be t i cal
fotal, Image Wdth/ Height, etc.) will be conmmunicated via the auxiliary

channel  22dixeli dacerateholsen the baurbeisteansis awidsdntitfdticarts Fol &RghAs, akhe stream
emains valid. In selective refresh operation, only a portion 1004 of the

i mage 100G srHRrRiis. 2 ee pikdeiid HRATE 5 éﬁ%g%%l'éh tat'a %12 8{' 'ixgﬁ.rla?;ﬁs()f t he

ipdat ed rectangle(sy (i.e., the portion nmust ansnited every

rane since the. val ue e recta oor es ch romfrane to

¢
i

[

L

f of t ngl i nat nge

trane. - andrepiusiss ol 1S oG e Bnk i Aad B ey G s ot eeh oL o)
data for required for 256-color graphic 17 data where the 8-bit pixel data
i s an ent rihatahit efpivelalataris fronsopitied gach .8 me Heres ansnaifter 102einrspersesist be
dynam cal | y updated. 100351 The single bi-directional auxiliary channel 224
provi des apecalcihatactets Bedweenvikelalat sstparated in Fig.iS0 rBroisRbial chidictédsnk set up
and supporting main link operations as well as to carry auxiliary

¢

appl i cati QRe Gidhcted Y6tweds a USR vit GHphted dati®1 LM BREGhd B & ikél%aFaf’wi liary

hannel 224, a display device can informthe source device of events such
S eool s o IR SpecliitRRBHCRATHER! 208 10250 aRRH i Olon'vicl Bl asG>S' On°
Interspersing the special characters between bits of pixel data also creates a steady
stream of data that allovﬁs the link to maintain synchronization. In this example, the
special characters are Null characters. No line buffer is needed for such methods,
only a small FIFQ, because the link rate is sufficiently fast.. However, relatively more
logic is required on the receiving side to reconstruct the video signal. The receiver
needs to recognize when the special characters begin and end.

[0032] An alternative to the interspersing method is to alternate consecutive bits
of pixel data with special characters, such as null values. For example, P1 through P4
could be fed into a line buffer included in the transmitter 104, then one or more null
values could be fed into the buffer until more pixel data are available. Such
implementations require a relatively larger buffer space than the interspersing

methods described above. In many such implementations, the time required to fill the

line buffer will exceed the time required to transmit the data after the line buffer is

full, due to the relatively high link speeds.
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xanple, if a particular training session fails, the transmtter 102

djusts the main link rate based upon pre-selected or determned results
f the failed training session. In this way, the closed | oop created by
onbi ni ng an adjustable, high speed main link wth a relatively slow and

ery reli ajog3puxiAd @ikohssApRiie tefadehes Pﬁ%@ﬁ[,@hé‘%fﬂﬁ&ﬁ{zﬁ{tégéﬁ of ieer a variety
f link conditions. It should be noted that in sone cases (an exanpl e of

ichis s . ' . [ L.z Qs | I I ]iar nnel 520
o be e tital e & the LAY EPHIEE RIS o hRiAPSG AR | D
22 to transfer data_, fromthe source device 202 to the sink device 204 and

uni - di r eeicHHAFNG QE RNY:-plAHEMbEr DS Huk Paskets Kathin pRageylae mapplink data he sour ce
evice 202. In sone applications, use of this logical bi-directional
uxi li ary pickendligrfHy siyavsrorepredesatiwtzub-pabkeat 908 imapcardaatd withiapl ex
I -directional. channel described in Fig. 5A. [00361 Prior to starting the

ransni ssi gAbeimeft ofahe RAEHKEIN. F8E uEpiReNSV( iREludéd Pibpdckaheaded o9t abl i shes
stable link through a link training session that is  anal ogous in concept

othe lin t f.. i L trainin Ny L1 nk
ransmtt e&aﬁ%ﬁﬂgg%aggég%%%?ﬁgg b?% 3#11@ %gacﬁép a‘élr“%\Jd t%%gf%@q%%(:k? {;cei ver
04 can determ ne ether_jt can achjeve solid bit/character | ock. In
he descriat) S@ﬁ’&b%ﬁ%@"; It{tﬂﬂ%ﬁnm ‘ié’ltaaPaé’ et iR fhdeintbe sub-paskeb 00 tshe

ransmtter 102 and the receiver 104 is carried on the auxiliary channel.
n exanpl eensfosad b¢midins a pickichpaybead in mddition éhiharsub-padkiet 900, thé endaefdbe dance
i th an enbodi nent of the invention. As illustrated, during the training

essi on, asuphsket|900 aRisebetasked by SPESUBHackdt Endpgitcial chdradter. phase 2 is the
ongest that are used by the receiver to optimze an equalizer. In phase

. both bigularke qg\%?,{gﬁ#%@% éa;e/ﬁé&t(ﬁg faRGRUBY SHsitse LOM ¢ tQFinl%é‘ﬁE, -

uality is reasdn e tralninhg per about 1

IR TR AT LR RN R A RN

uxiliary p%ggeqri]gtlo wzhziélh iat1 r1]s§j ex}c?oeseé.r I?Igarg\iretr,t ae gub-packet does not need to end with
SPE when its enclosing main packet has no payload. Fig 9B shows an exemplary
sub-packet format within a main link packet in accordance with an embodiment of the
invention. It should be noted that the definition of the header field and sub-packet
payload is dependent on the specific application profile that uses the sub-packet 902.
[0034] A particularly useful example of sub-packet enclosure usage is selective
refresh of an uncompressed graphics image 1000 illustrated in Fig. 10. The attributes
of the entire frame 1002 (Horizontal/Vertical Total, Image Width/Height, etc.) will be
communicated via the auxiliary channel 224 since those attributes stay constant as
long as the stream remains valid. In selective refresh operation, only 2 portion 1004 of
the image 1000 is updated per video frame. The four X-Y coordinates of the updated
rectangle(s) (i.e., the portion 1004) must be transmitted every frame since the values

of the rectangle coordinates changes from frame to frame. Another example is the

transmission of color look-up table (CLUT) data for required for 256-color graphic
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102 reduces the link rate and repeats the training session. [00371 In
addition to providing a training session conduit, the auxiliary channel
224 can be also used to carry main |ink packet stream descriptions thereby
jreatly reducing the overhead of packet transm ssions on the main |ink
222. Fur t hdatawhere thi8-bitpixélldaturiy an katny tel the 286-eatny 6 UHbarid the centenioofcar r y

=xt ended Display ldentification Data (ED D) inforination replacing the

Ji spl ay Dagha @D Rfist 1 BRaf@ang upBaed! nmonitors (EDID is a VESA standard
Jata format that contains basic informati on about a nonitor and its

capabi it i ncludi viendor. .1 nfQr @t i o b um i e S,z col or
char act eri St ?gjs flgtl%tsg%e chgf_%g%?r?atI?xH%:nlﬁég’c F?‘gezggﬁﬁ?‘?%ﬁge"‘%“ﬂ%ﬁ% Ol and
character strings for the nonjtor name and serial nunber. The |nformation
s stored Y#auseupRerisiynetipns ysefpktor dik s¢tawapdsppnosingmain kink pierations ap
hrough the DDC which sites between the nonitor and the PC graphics

adapt er . Twell sy &t canyusediatyhipplicationrdatt such as 1ISB teaffiti Hor etdntple,puitlpthees, so
he nmonitor and system can work together). In what is referred to as an

xt ended  pLRREPchdEE224! B isplayidel iRt ¥art hdotitihe Gaircs bviYe BPEEntsRB¥ISH ONOUS
and i sochronous packets as required to support additional data types such

As keyboar S ) Fi g. Il .1 a a, l-ogi cal
ayering 1986 o ERP PGP BRARE resulte Pl sedhfor (RHREL B e%8: “The
nvention. It should he noted that whjle the exact 19 inplenentation may
ary depe nfa"iaﬂlj’?"u bﬁ?@%ﬂ@fé&%& sesgiondria fie, ransmfter 162 pdivsts the maHelinkj deo
source 202) is forned of a source physical layer 1202 that includes

ransmi t t enate braedtponepre-selsaient erddténmiinédageults kil G fafled traimingbssiomulnt i pl exi ng
nardware and state nachine (or firmvare), and a data stream source 1206
such as AudlisaMiys thl oldsed PoipGeatdithHawilinidg Gn Ad50GbR! Bighspéddvan® linkl M | arly,

a di splay device includes a physical layer 1208 (including various receiver

har dvar e) , gy g kdlitively ol & Verbzertdbid ABkiidr) ShatEPallows for robust operation

m— m— Ny AN NN b AN pmh mmmi e ey ey pm e A N RN A

) m— et

over a variety of link conditions. It should be noted that in some cases (an example of
which is shown in Fig. 5B), a logical bi-directional auxiliary channel 520 can be
established using a portion 522 of the bandwidth of the main link 222 to transfer data
from the source device 202 to the sink device 204 and a uni-directional back channel
524 from the sink device 204 to the source device 202. In some applications, use of
this logical bi-directional auxiliary channel may be more desirable than using a half-
duplex bi-directional channel described in Fig. SA.

[0036]  Prior to starting the transmission of actual packet data streams the
transmitter 102 establishes a stable link through a link training session that is
analogous in concept to the link setup of the modem. During link training, the main
link transmitter 102 sends a pre-defined training pattern so that the receiver 104 can
determine whether it can achieve a solid bit/character lock. In the described
embodiment, training related handshaking between the transmitter 102 and the

receiver 104 is carried on the auxiliary channel. An example of a link training pattern
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de-nmul ti pl exi ng hardware and state machine (or firmvare) and a stream sink
1212 that includes display/timng controller hardware and opti onal
firmvare. A source application profile |layer 1214 defines the format with
whi ch the source communicates wth the link layer 1204 and simlarly, a

si nk appl iig ghéveminFigf 11 & dcayrdinck3tith sleémbedimeh e thoinvehtion.t As whi ch the sink
1212 communicates wth the sink link layer 12 10. [0039] The vari ous

| ayers wil; ' sh%rf@g | e [ égagq.f.e M%ﬂ]ﬁ L LAYER
[00401 In lklﬁgg&&@?}lﬂjﬁ%g{ée o%%%@%ﬁ@f% ce device peyS| cal Tayer 1202

i ncl udes an el ectrjca ub layer 1202-1 and a | ogical .sub layer 1202-2. The
ol oot 1 oalvhils e & te ees Hefard,ted 3R tepsusr B Oy ORS e pEe T
initialization/operation such as hot plug/ uqr;‘pl ug detection circuit,

dri ver s/ r ahese/rboth bit lckand gharaeter lotk arsa,acgiav dsdpng as the link quality is
serial/serial-to-parallel conversions, and spread-spectrum capable PLL's .

The | ogi cakasosisile | Bpifally A trinintcperiddds sboue UD fisyinf Which time,
packeti zi ng/ de- packeti zing, data scranbling/de-scranbling, pattern

generatio - ] e [ f C U dat a

Incod: ng/ qRemuRls, Arhilofoty SRR AP RCTESRIET M4 ablg it et 007

cl ause 11) that. provi,des 256 |i data characters tywel ve control

char act er Sock HrinBicht iecTosprir 2 viabR s B it 235 apd e FuSilen ) 1 i 222
and Manchester Il for the auxiliary channel 224 (see Fig. 14). 20 [00411
It shoul d 192nedusds thedinkrafe apdrepeds dhrclsaining sessigr i t hm i s descri bed, for
exanple, in U S. Patent Nunber 4,486,739, which is hereby incorporated by

r ef er ence.[0@$7] k nowadditidito peodding laittdinihg sdskien asiiduid, ke ARiliBchadel i s a
bl ock code that encodes 8-bit data blocks into 10-bit code words for

o L L AT iy e kDS i g o1 2

and Gs w trc?du(%‘:ing (ia gyg‘hfrza%noij p%gl%tt I?raggmfés'io%u&n hé (I)IIdE:l%lS link 222. Furthermore, the
auxiliary channel 224 can be configured to carry Extended Display Identification Data
(EDID) information replacing the Display Data Channel (DDC) found on all monitors
(EDID is a VESA standard data format that contains basic information about a
monitor and its capabilities, including vendor information, maximum image size,
color characteristics, factory pre-set timings, frequency range limits, and character
strings for the monitor name and serial number. The information is stored in the
display and is used to communicate with the system through the DDC which sites
between the monitor and the PC graphics adapter. The system uses this information
for configuration purposes, so the monitor and system can work together). In what is
referred to as an extended protocol mode, the auxiliary channel can carry both
asynchronous and isochronous packets as required to support additional data types
such as keyboard, mouse and microphone.

[0038] Fig. 12 illustrates a logical layering 1200 of the system 200 in accordance

with an embodiment of the invention. It should be noted that while the exact
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provi de sufficient signal transitions to enable reliable clock recovery by
a receiver, such as transceiver | 10. Mreover, a DC bal anced data stream
proves to be advantageous for fiber optic and el ectromagnetic wire
connections. The average nunber of | s and Gs in the serial strearn is be
mai nt ai ned impleamptationmayeary dependiag upbeygiisatioh) gertiRdlly, PBotirica (sudh 351N code
constrains the disparity between the nunber of | s and Gs to be -2, 0, or
2 across 6vyafRd sdull 9 et j G ' I i_qpl ement s
addi ti onal codefs}u?g?o?! ‘Sna| i ﬁ%?qgg ‘?gﬂh’ggg&m#g‘lﬁ'g‘l ﬁﬁéggqﬁbﬁ%ﬁ"?‘tﬁﬁw d be
noted that,in order to avpoid t repetitive hit. patterps exhibited by
unconpr ess(Ial?:lrtaafiagepFggurﬁgﬁﬁfzagﬁﬁrﬁ’é‘r@%mTIBd?SéH ggle%ﬂg)h,ar aapd gfateni tt ed over
main link 222 is first scranbl ed before 8B/I OB encoding. Al data except
traini ng pHERRNG (orflmvease)s pad 2 deta staesne seuros 1206sucks e AntlioAdisualtGraphicanbl i ng
function is inplenented wth Linear Feedback Shift Registers (LFSRs). Wen
dat a encr yhardenrd adessdoiael soffvere. iSivnilidy, adidpley dvicaindlii® S8dichs dependent
on an encryption key set. If it is data scranbling w thout” éncryption, the
initial vaj iRl ' . : ' t 3 t RiDUt: re
: a6 M0 (1ﬂ3ﬁ1d§ﬂg(@ﬂ10u£ QAR L, }arﬂggrzﬁaa S?H@Eﬂn(gl?géraﬁ IE tl?eHE cz?&ﬁ

ransm tted over the auxiliary chann | nk "pac eaders
$ hdentifi.cati nb t b I duci head
nd o m O BTG bRt 0 Y BRGnt et a0t e eHmE AR hor t he
main link 222 nor the auxiliary link 224 has separate clock signal |ines.

In this whgtinclydes @splay/amingyoniraller hardware 2nd gpidoral fimhivarey Al sonkee224 sanpl e
the data and 21 extract the clock fromthe incom ng data stream Fast phase
| ocki ng f capplingtiquhaesile lhyee i 214d¢finePtHesformatrvith Wwhich thdWut@cRiniainigest ri cal

sub layer is inmportant for since the auxiliary channel 224 is half-duplex
I
/
f

i - di r ect i WiRtheankt 1hite 1904 85d éiﬁﬁllﬁﬂfl, ééiﬁ% Bﬁ}ﬁi‘c::ltii(ﬁl p&h?eﬂgﬁe?r%&ﬁ&‘agﬁﬂé ly.

. S .
Accordi ngly, the PLL on the auxiliary channel recelver” phase oCcks in as

ew as 16 flaf@nRPiid Wil B8 KRt 1215 REmbN SRARE Wi e SRk Tast 407,

[0039] The various layers will now be discussed in more detail.
SOURCE DEVICE PHYSICAL LAYER

[0040]  In the described embodiment, the source device physical layer 1202
includes an electrical sub layer 1202-1 and a logical sub layer 1202-2. The electrical
sub layer 1202-1 includes all circuitry for interface initialization/operation such as hot
plug/unplug detection circuit, drivers/receivers/termination resistors, parallel-to-
serial/serial-to-paraliel conversions, and spread-spectrum-capable PLL’s . The logical
sub layer 1202-2 includes circuitry for, packetizing/de-packetizing, data
scrambling/de-scrambling, pattern generation for link training, time-base recovery
circuits, and data encoding/decoding such as 8B/10B (as specified in ANSI X3.230-
1994, clause 11) that provides 256 link data characters and twelve control characters
(an example of which is shown as Fig. 13) for the main link 222 and Manchester II for

the auxiliary channel 224 (see Fig. 14).

20




ransitions of Manchester H (M1) code [00441 At |ink set up tinme, the data
ate of main link 222 is negotiated using the handshake over auxiliary
channel 224. During this process, known sets of training packets are sent
over the main |ink 222 at the highest |ink speed. Success or-failure is

conununi cafpedipac kit sheulde dotanma the €B/1H8Pentodi '%'ﬁ%oﬁﬂﬁh'ié@ést‘ri@é&?%ie' 224. 1f
he training fails, main link speed is reduced and training IS repeated

t
i
Q
C
¢
[
unti | succ%%ﬁ{ : LB NORY, r L cal r 02 is nade nore
resistant to 83%?%%’3%@6‘% anar&’Qﬁ%?%?’ﬁ@c%%é%}e@gil?éﬁ%a?éJ:’yext ernal host
to nonitor | i cations. However, unlike conventional display interfaces,
the main Jﬁ&ﬁ%@? SowRby those of F’lé‘ﬂdﬁéhifm’é]&? §B/40B cade is black ¢qdsdhaty ate. A

link data rate is set so that |ink bandw dth exceeds the aggregate
bandwi dt h emcoddseB-bit data ilacke ihte | -ditirede BOURAEr BEWl ©mshiitdion. AvER{tRA451 The
source link layer 1204 handles the link initialization and managenent. For
€

I

2xanpl e,  uRe BB @EEktsRiksfor e Bbi@rd Qhefs wRAnta sBEAA o ARloHD B Lrd0gY t Or
power - up or connection of the nonitor cable fromthe source physical |ayer

1202, the; ' | I I ali 11 of the
recel ver iR BE baRRKLE frcolUr 1<3T0; Wit UORHRL AR bAH BT Rtk B e
maxi mum mai n |i nk_data.rate as.determ.nned .. rai ni ng session, the
number of RIPYide puffigie E%%'?f’é fgnsiensdo Gﬂattqﬁéehrag%‘é"?@irf?c%’\?af BBIENERT er si ze
on both ends, availability of USB extensions and then notifies the stream
source 1208chés mansegiverclilft ddoronerd DE balaneed datm stachehi pioves takpon r equest 22
fromthe stream source 1206, the source link |layer 1204 reads the display
capabi | i t yadvirthicbuofor et ypticamit)elecRuimapit witd ¢ohne@ivRlk AtThe Averhfe Ssour ce
|ink 'ayer 1204 sends the streamattributes to the receiver 104 via the
I

auxi | i ary ohaepst 1s2£,a,05r;mﬂefs%§§1rshﬁglﬁ ishe g%@ﬂw £%qhAYE nhe) Ofifar t he main

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

I nk 222 has enough resource

Is and 0s 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.
[0042]) It should be noted that in order to avoid the repetitive bit patterns exhibited
~ by uncompressed display data (and hence, to reduce EMI); data transmitted over main
link 222 s first scrambled before 8B/10B encoding. All data except training packets
and special characters will be scrambled. The scrambling function is implemented
with Linear Feedback Shift Registers (LFSRs). When data encryption is enabled, the
initial value of an LFSR seed is dependent on an encryption key set. If it is data
scrambling without encryption, the initial value will be fixed.
[0043] Since data stream attributes are transmitted over the auxiliary channel 224,
the main link packet headers serve as stream identification numbers thereby greatly
reducing overhead and maximizing link bandwidth. It should also be noted that
neither the main link 222 nor the auxiliary link 224 has separate clock signal lines. In

this way, the receivers on main link 222 and auxiliary link 224 sample the data and




requested data streans, notifies the stream source 1204 of link failure
events such as sync loss and buffer overflow, and sends MCCS conmands
submtted by the stream source 1204 to the receiver via the auxiliary
channel 224. Al comrunications between the source link layer 1204 and the

st ream souixeRbstheklodls Gohhhefitdondhg daiekireand Fadd phise lo¢king Eatingphpsof il e
| ayer 1214. APPLI CATI ON PROFI LE LAYER ( SOURCE AND SI N [0046] "I'n general,

the Appli N ; source

(o o1 picy 86k RepTPEL gﬁgﬁé‘m@ﬂle‘i‘ﬁ%“’éﬁélgfé%@%ﬁﬂ%”ﬁ Htofntor SHECRE

defined by | i cat | e ed intq . the follow ng

cat egorl e : L I nk St at us
Vel g 24 5 S QUPIGE A S estine Cand, e, R sieioR oS hergattc

i nquiry) and Appl i cati on dependent formats (main |ink data mapping,

ti me- base chengesdrequadlyatAcsardingly, tht BLEeoehy euxiliay¢hsninekreceipetphiase y/ st r eam

attri bute nessages sub-packet formats, if applicable). The Application

Profile Layes 1ﬁld§)w5.§16Mab@lﬁé(@\ﬂldﬁﬂts&ﬁﬂﬁrﬁ'efqﬁéﬁf&h&uﬂffoﬂh§1 #GB, 16-bit
R&2565, 18-bit RGB, 30-bit RGB, 256-color RGEB (CLUT based) 16- bit,

ChCr 422, %Pan@ftﬁns%ﬁ%&erﬁ?%{@%ﬁt YCb Cr444. [0047] For exanple, the

di spl ay device application p ayer (APL) 1214 is essentially an

applicatio ogr | nterf API escr.i t he format. fo Stream
Shor cersi RO AF Bt Sesb e, Y et of Foe o s pleciifelaive
presentation format for data sent to or received fromthe |nterface 100.

Si nce sondandghpkeever enxiliney cipnnd 224. Dyrivg this prasessplsesn seteljerivimg conmand
format) are 23 baseline nonitor functions, they are comon to all uses of
t he interfpaeleetslﬁesent\dhefmammhﬁkzmaﬁt-thah@héminmﬁeédoﬁubmcbf filire BUCh as
such as data mapping format and streamattribute format, are unique to an

applicati Q:Bn‘%mﬁ’caftéﬂ%cﬁfto {HRQERGARRY $02 %fartﬁé‘ﬁ‘ilﬁlﬁﬁﬁf ché-mtepzﬂﬁ ifgnsm tted.

Regar dl ess of e application, the stream source

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

SOURCE DEVICE LINK LAYER

[0045]  The source link layer 1204 handles the link initialization and management.
For example, upon receiving a hot plug detect event generated upon monitor power-
up or connection of the monitor cable from the source physical layer 1202, the source
device link layer 1204 evaluates the capabilities of the receiver via interchange over
the auxiliary channel 224 to determine 2 maximum main link data rate as determined
by a training session, the number of time-base recovery units on the receiver,

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

the stream source 1206 of an associated hot plug event. In addition, upon request
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queries the source link layer 1214 to ascertain whether the main |ink 222
s capable of handling the pending data strean(s) prior to the start any
packet streamtransm ssion on the main |ink 222. [00481 Wien it is
determned that the main |ink 222 is capabl e of supporting the pending
packet st r Gamthi stredne smirce 2065 thersoarct 206 15@n d204btcadwdie dishlaytvapatsilifyo t he

source link layer 1214 that is then transmtted to the receiver over the
auxi liary eganel eqithlent) NSe¢he héhRYbESaRE tld Out TRk TR §804'564PY the
eceiver to identity the packets of a " particular stream to recover the

[

original data fromt.he siream and format .t back t t he.stream s native
data rate. Fhf"hsg e%l‘flt%tlh Eﬁtf%éo "ﬁf’ fﬁﬁgeagﬁ”a%tﬂ%%%lm%wf%% PB‘ﬁP‘estfgf)endent .
[0049] In those cases where the desired bandwidth is not avail able on the
mai n | i nkSteam squiee 1204 avhethes thegpaindink 228 has anaugh sesourseifoxhandiing theby, f or
exanple, reducing the inmage refresh rate or color depth. D SPLAY DEVI CE
PHYSI CAL Lreyiet¢dOdD§trebhs, nitifjes dlye simvincoupleyl20g af lihiapakirdldbatd such a§ es t he

di splay device link layer 1210 and the display device APL 1216 fromthe

ol gnal i N9 §ReRlaAg bulisas el fiw, énul@&&%@dsf&%m %%fr@ﬁ@@ﬁ%é;{hﬁaﬁbe mai n

€
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€

ink 222 and the auxiliary channel 224 have their own p ayers,

rach consi stin f | agi cal sub | ayer and a ectrical .sub |ayer that
incl udes the %eglnz(rq‘elé?%hrer e fvfac@f Fﬁﬁ%ﬁ%@ﬁg%'e,ﬁiltcﬂmm?@t’d’%l ex, bi-

di rectional auxiliary channel 224 has both a transmtter and a receiver at
sach end ofetwaen the spyrpk links layerolg94iand theystresm sayreg(siaki usathe formrtsidefinedhi t t er
1502 is provided wwth link characters by a logical sub |ayer 1208-1 that
are then swerthaipphestigerpfilelapat 12idl transnitted to a correspondi ng
auxiliary link receiver 1504. The receiver 1504, in turn, receives
serialized |ink character fromthe auxiliary link 224 and de-serializes

APPLICATION PROFILE LAYER (SOURCE AND SINK)

[0046] In general, the Application Profile Layer defines formats with which a
stream source (or sink) will interface with the associated link layer. The formats
defined by the application profile layer are divided into the following categories,
Application independent formats (Link Message for Link Status inquiry) and
Application dependent formats (main link data mapping, time-base recovery equation
for the receiver, and sink capability/stream attribute messages sub-packet formats, if
applicable). The Application Profile Layer supports the following color formats 24-bit
RGB, 16-bit RG2565, 18-bit RGB, 30-bit RGB, 256-color RGB (CLUT based), 16-
bit, CbCr422, 20-bit YCbCr422, and 24-bit YCbCr444,

[0047] For example, the display device application profile layer (APL) 1214 is
essentially an application-programming interface (API) describing the format for
Stream Source/Sink communication over the main link 222 that includes a
presentation format for data sent to or received from the interface 100. Since some

aspects of the APL 1214 (such as the power management command format) are




he data at a |link character clock rate. It should be noted that the ngjor
unctions of the source |ogical sub layers include signal encoding,
nacketi zing, data scranbling (for EM reduction), and training pattern
jeneration for the transmtter port. Wiile for the receiver port, the

maj or f unchiselife Rbnithefunettmisyibey hegioamhorsiotall syeof thaddterdse 1081 gnal

jecodi ng, de-packetizing, data de-scranbling, and tine-base recovery.

AUXI LI ARY %ﬂl}lglgﬂ%ggé&-baégﬁﬁe RInRbr gﬁgﬁ&ﬁsﬁ) Achak s@dhs dagd Hla@hﬁﬁ' Rsthnat 09 cal

sub layer inc ta encoding an ecodi ng, fram ng/de-fram ng of data
and there are two options in auxiliary channel protocol.. standal one

or ot ocol (T‘]?‘ﬁ%t’fcéﬂ”ltg‘tqufentsl?n?@ttﬁrﬁ/%‘mfggﬁ@ﬁ?pl ﬁﬂ%%% &;0% ISOCHRNRYS. + 5. poi nt
opol ogy) is a |lightweight protocol that can be nmanaged by the Link Layer
5t at e- mac hstrearmothaf isterhe fransmitted x Regrtdlgssnishowmlicotien thasisam sourcstlRBd dat a
ypes such as USB traffic and topol ogi es such as dai sy-chai ned sink

devi ces. | fuee thetbonfeenkdayedr 1214 tdascelatia whintherlithegnain tinkl @22 i cagalsiebéne i s
dentical regardless of the protocol whereas fram ng of data differs

et ween th alhgm ngg, [ [ AkOn bhhd hannel
2| ectri cal ﬁsu ?é@ r (aﬁjcl)lrgﬁglﬁngstreﬁlt%@p?rogg)sﬁrhn'gtsfer ifég%kegﬁgeﬂghﬂrﬁggg?{?fgr 1504.
The transn‘itther 15?2 |2§ provided with link characters by the |ogical sub
ayer, whi ehthemABINK 222 o and transmits out. The receiver 1504 receives
serialized link character fromthe |ink |ayer and subsequently de

seri al i zes[0048ht |When i isdeteorninedtthatcike mainlinkr B2 issapahle af aipgorisgdhs ve
signal s of auxiliary channel 224 are termnated to ground via 50-ohm

er m nat i operidafy FcRétstreim@iahe sifchnofour&e 1106 sendskstizamaitivibntes kothilseudescr i bed
npl ementati on, the drive current is programabl e depending on the |ink

ond' 11 on Aelabangas didt AeR Paflhiel £ the380divet BvAIRRE QUi R o,

esulting In range of Vdifferential _pp of approxinmately”™ 400nV to
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particular stream, to recover the original data from the stream and to format it back to
the stream’s native data rate. The attributes of the data stream are application
dependent.

[0049] In those cases where the desired bandwidth is not gvailable on the main
link 222, the stream source 1214 may take corrective action by, for example, reducing

the image refresh rate or color depth.

DISPLAY DEVICE PHYSICAL LAYER

{0050] The display device physical layer 1216 isolates the display device link
layer 1210 and the display device APL 1216 from the signaling technology used for
link data transmission/reception. The main link 222 and the auxiliary channe] 224
have their own physical layers, each consisting of a logical sub layer and an electrical '
sub layer that includes the connector specification. For example, the half-duplex, bi-

directional auxiliary channel 224 has both a transmitter and a receiver at each end of
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negative signal is driven. Wen starting transm ssion fromthe electrical
idle state, the SYNC pattern nust be transmtted and the |ink
reestablished. In the described enbodinment, the SYNC pattern consists of
toggling a auxiliary channel differential pair signals at clock rate 28
tinmes foll twdihkias shown idFig 50 Manokidatelink trarsodiger 1502 is proxided sith litkannel
master in the source device detects hot-plug and hot-unplug events by

peri odi cal LN THOG 194 \ h et} ' jgnal s of
B 11 oy e A e e ot e

main link 222 s rts discrete, variable lin s t hat . nt eger '
nul tipl es %?DWEQ(F%C%T:O%?’S%I{(@% ?‘P‘émﬁ}}% TEERE" E?%fg%f: greeyer ?\é@f’é%ent ative

set of link rates consonant with a |local_ crystal frequency of 24-MHz). As
shown i n Fhugn, reeeivesiserighized link gharactor fromithgjausliayiliak 284 enddeseridliganel ) has

only a transmtter 1602 at the source device and only a receiver 1604 at

t he di spl athediata at @ link[ch@adier élsclstaeanlt shdudd bahdted 110 thetradjes filnbodsasfm

i ncludes a set of twisted pair wres, one for each of the Red (R),

Geen(Q, i i : i i 1D | or based
(O, aRdoRlH&iRal WiRgers h&'ﬁﬁiesslﬁfaPEﬁdg)ﬁﬁlgAgacik%ﬁ%%%Q i scﬁcﬁ;i?.gﬁ%lf

vi deo system (such as PAL based TV systens). by t skill in

the art, tw 1. cable i.s. a_type of cabl hat consi sts WO

i ndependen&?@éﬁéﬁ s %né’ %ﬁf%aslmln&,ipgﬁ%a gg}l‘?{aﬁ?}* ﬁ)ﬁih%ﬁ%{sﬂlé e P&Heq&;l‘ﬂllf‘e carries
the signal . while the other wire is grounded _and absorbs signal

i nt er f er enfoB therecalygog. ke mrspiynctignsof the reenirerdegie] sy fyercludpe si gnal s

coul d al so be conponent based signals (Pb, Pr, Y) used for NTSC video TV
syst ens. Wighil de¢odeng; dbipecketiaing, dai d¢-sctaphling,iand fitnei-bude vécduearyl y shi el ded.

Two pins for +12V power and ground are provided. The characteristics

| npedance of each differential pair is 100 ohns +/- 20% The entire cable
I's al so shielded. This outer shield and individual shields are shorted to

the | AUXILIARY CHANNEL

[0051] The major functions of auxiliary channel logical sub layer include data
encoding and decoding, framing/de-framing of data and there are two options in
auxiliary channel protocol: standalone protocol (limited to link setup/management
functions in a point-to-point topology) is a lightweight protocol that can be managed
by the Link Layer state-machine or firmware and extended protocol that supports
other data types such as USB traffic and topologies such as daisy-chained sink
devices. It should be noted that the data encoding and decoding scheme is identical
regardless of the protocol whereas framing of data differs between the two.

[0052] Still referring to Fig. 15, the auxiliary channel electrical sub layer contains
the transmitter 1502 and the receiver 1504. The transmitter 1502 is provided with link
characters by the logical sub layer, which it serializes and transmits out, The receiver
1504 receives serialized link character from the link layer and subsequently de-
serializes it at link character clock rate. The positive and negative signals of auxiliary

channel 224 are terminated to ground via 50-ohm termination resistors at each end of
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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

suppl i es the HaeweshowRORbhe BbRribad nplembntdden, itke dreFddup@hed on both ends and
since the main link 222 is AC coupled, the termnation voltage can be

anywhere b pﬁggﬂ kiR 110 " ' Lyl tation,
he drive tu rentgﬁéag%%gﬁgéﬁéﬁ?Enéﬁggﬁﬁﬁ?ﬁgﬂ§%£%§§ﬁ+?ﬁ%°%%¥%@9?§ﬁeand
anges from appr oxi nat 8 t 0. appr oxi ely 24mA resulting in a range
Vi £ 1 er Bripp X“}’ﬁ‘g&‘ﬂé’éw%%’& UGB Ry deﬁwlﬁefﬁ)é%%ﬂP Xjimatehy;  The

m ni rum vol tage swing is selected for each connection using a training

vatt ern.  Af0Osk'¥ de appreximatile 1 2Vatls clestrmabidlemddésy neiffengire pasitivegentiet nodes.
n electrical idle, neither the positive nor the negative signals are

Iriven. Whesgativesifhalgs drivenoMeteh SGiroi} trimRmiei@Chérm ¢ clbaltital SRk Bite, tiRe ,
ransmtter nust conduct a training session in order re-establish the |ink

i th the repRiciBhemIidbelACRANE &9%@1&?&%&&&%@%@ ' B dlderiBG

t
i
¢
I
I
I
¢
t
!
described 1n t state diagrans shown | an escri bed
bel ow. Accordingly, .Fi 8 shows the source state di agram . described
bel ow, A SIRbHedy @Fﬁ%@?ﬁ“@rﬁéogi}ef ehiogsling 4 awsitary chame! diffesstike i s

di sabled. If the source is enabled, then the systemtransitions to a

st andby stpeinsigmtmat chgkiratp[28 tinags fplbaveed byafoun d’san Mansbesterdf catlet ditei on. | n
order to detect whether or not the receiver is present (i.e., hot

f
€
i
i
t

ol ug/ pl ay)auxiiagy ehashtlirassyerdh diesdlrce slepiet ot Abi-plupahs B6t-uiplug bvents for 1 us
2very | Ons) and a nmeasure of a voltage drop across the termnation 27

esi stor 5_Mﬁeﬁcﬁlﬁfﬂ&ihgbpﬁebﬁmﬁgwﬁﬂiwl dinrefgétﬁze% [srgﬂtﬁ %faﬂ?t a

ecei ver 1S present” baséd upon the asured vortage drop, n-the system

ransiti on; aﬁn%lazﬁg_et ected

MAIN LINK
[0053]  Inthe described embodiment, the main link 222 supports discrete, variable
link rates that are integer multiples of the local crystal frequency (see Fig 3 for a
representative set of link rates consonant with a local crystal frequency of 24-MHz).
As shown in Fig. 16, the main link 222 (being an unidirectional channel) has only a
transmitter 1602 at the source device and only a receiver 1604 at the display device.
[0054]  As shown, the cable 1604 takes the form includes a set of twisted pair
wires, one for each of the Red (R), Green(G), and Blue(B) video signals provides in a
typical RGB color based video system (such as PAL based TV systems). As known
by those of skill in the art, twisted pair cable is a type of cable that consists of two
independently insulated wires twisted around one another. One wire carries the signal
while the other wire is grounded and absorbs signal interference. It should be noted
that in some other systems, the signals could also be component based signals (Pb, Pr,

Y) used for NTSC video TV systems. Within the cable, each twisted pair is
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eceiver state 1806 indicating that a receiver has been detected, Le, a hot
ol ug event has been detected. |If, however, there is no receiver detected,
hen the receiver detection is continued until such tinme, if ever, a
eceiver is detected or a tineout has elapsed. It should be noted that in

some cases jiddMdSAl hecldQy I Teo PRY fHI23epdwerdfd lefound G proviRHETHRE OM whi ch no
urther display detection is attenpted. 100571 If at the state 1806 a

[
I

t

[

f

di spl ay hot, u 40 I . Vi m, nsghtions back to
the. st andosP P ar il iPbapfe S-EE bRt dF Pl AU BL R AR SRR Channe
with a positive and negative signal to wake up receiver_ and the receiver's
subsequent ©33g H(ﬂll@eﬁhl‘?lgeda s quéeréﬁ@lfiw ngdiviqughshaelds arg shprtedtofhe recei ved,
then the receiver has not woken up and source remains in the state 1806.

| f, howeveconngctor ghedls oniteth ewlsi Viedcdnnedtot shellsiareshented tohgroundia adiogpleay has
woken up and the source is ready read the receiver link capabilities (such
t
[
I
!

as max | i nfevigd. eA cOnide®r 1908 85 sidRh iRFTREr7 HE 13 Hind¥En BAS fow BEAMEH pindat t S) and
he systemtransitions to a main link initialization state 1808 and is

eady 10 COMRNGE: Raldth Ririfle Sfrbbion0] el Gl ABviRDBSLand AAPSHAL LN S
boint, a trarning session is started by Sendi ng a training pattern over

he main link at a set |jnk rate and checks an associ ated training status.
The recei v@églaxé?‘g%el}fi-a%gﬁ@m deyige SUFPTIEBR PEVER hr ce phases and the
transmtter will proceed to the next. phase upon detection of pass only
such that [00&68] a pPdwgniin lik?232 isidrminhted oniboth énds and since tistymain link 20221 i nk
rate. At this point, the interface transitions to a normal operation state
15 10, ot hgrad s6upléd)ehd feftiiinafbievltagt eah/BE hyavitrd hawbérrOVi(BSua®I6i ON 'S
repeated. During the normal operation state 18 10, the source continues to
peri odi cal [ Tolg al | - Whi k ] hot unpl ug
event is djé%{gg?%h%ndgg?hﬂghgélg%@?gg@?;apg%%tH]%Jog an tgestate 1804 and
y a,.sync loss is

¢

e o GBS Ra A Tt bt SoSBI BRAS, |
approximately 24mA resulting in a range of Vdifferential pp of approximately
400mV to approximately 1.2V. The minimum voltage swing is selected for each
connection using a training pattern. An electrical idle state is provided for power
management modes. In electrical idle, neither the positive nor the negative signals are
driven. When starting a transmission from electrical idle state, the transmitter must

conduct a training session in order re-establish the link with the receiver.

STATE DIAGRAMS

[0056] The invention will now be described in terms of state diagrams shown in
Figs. 18 and 19 described below. Accordingly, Fig.18 shows the source state diagram
described below. At an off state 1802, the system is off such that the source is
disabled. If the source is enabled, then the system transitions to a standby state 1804
suitable for power saving and receiver detection. In order to detect whether or not the
receiver is present (i.e., hot plug/play), the auxiliary channel is periodically pulsed

(such as for lus every 10ms) and a measure of a voltage drop across the termination
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link re-initiation event. [00591 Fig 19 shows the display state di agram
1900 descri bed below. At a state 1902, no voltage is detected, the display
joes to an OFF state. At a standby nbde state 1904, both main link

eceiver and auxiliary channel slave are in electrical idle, a voltage

Ir op acr os sesishrs tering thetdriving ie sicatioed Iifit iadutetrhined tivl apaRives isptescpprt are
monitored for a predetermned voltage. If the voltage is detected, then the
auxiliary (o Ladl J.: 0, event and
e syet e Eue SP6H Uy RARANSULE, dB L, B0 L b B e Btd e e

n the standhy st at 04. At th state 1906 (mmin link_ initialization
dhase), i frege%Fg%??tng mdléciagggil@? ATFHEN Y h@%&lﬁiﬁeﬁtﬁ?’ LeploLplygevents £yl |y
urned on, and the transmitter responds to a receiver link capability read
omand anbsieen dpispiedy s hawever rthersiis noreseiver des@s:d, tehdhaveseiver f there is
no activity on the auxiliary channel for nore than a predeterm ned period
of time t héetectionds eontinuediaytilchal tifile, ifletstea peivet & detictddtra tirhéut RasSt andby
state 1904. [00601 During a training start notification phase, the display
esponds tfabdsd. IfshBhlaibeGioled thirdhiscifle Bisek Hfe iR fob ayRHioBl 3109 t he

xqual i zer using training patterns, pdating the result for each phase. |f

he traini .all.s,. then. wait.for another traini session and if the

rai ni ng pgg@ess,tatf ﬁfé’ﬁlgﬁ‘%’%ﬁﬁﬁﬁsﬁ eegﬁcﬁ%ﬂlss‘ft%ﬁg’tﬁg 10. If there is no
activity on the auxiliary channel or on the main link (for training) for
rore t han WOSHr eddf drthg sidlg 1806 axdisplaydot unplng pegnt is detectedy thendhgsysteannel

51 ave port is set to the standby state 1904. 100611 Figs. 20 - 24 show
ar ti cul artransitloasbadkatbithnstamibytshae £806is Othbmiisothesowics piass thekexifiage. [ 0062]
=i g. 20 shows a PC not herboard 2000 havi ng an on-board graphi cs engi ne

2 ?0 5 hg B?g d%ngﬁl‘ib’l RaMAd Sissitdvel dnd he PAtveRipnd DR AvAKR PTEALARNGE il fePeil s | nvention.

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

— N ) mrm s (N mmx Ay b b PN mm (N e e o e mpee mmms e Ay mmx ey mme gy

receiver has not woken up and source remains in the state 1806. If, however, a signal
is received from the display, then the display has woken up and the source is ready
read the receiver link capabilities (such as max link rate, buffer size, and number of
time-base recovery units) and the system transitions to a main link initialization state
1808 and is ready to commence a training start notification phase.

[0058] At this point, a training session is started by sending a training pattern over
the main link at a set link rate and checks an associated training status. The receiver
sets a pass/fail bit for each of three phases and the transmitter will proceed to the next .
phase upon detection of pass only such that when a pass is detected, the main link is
ready at that link rate. At this point, the interface transitions to a normal operation
state 1510, otherwise, the link rate is reduced and the training session is repeated.
During the normal operation state 1810, the source continues to periodically monitor a
link status index, which if fails, a hot unplug event is detected and the system

transitions to the standby state 1804 and waits for a hot plug detection event. If,
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e noted that the transmtter 2004 is a particular exanple of the
ransmtter 102 shown in Fig. 1. In the described enbodi nent, the
ransmtter 2004 is coupled to an connector 2006 (along the lines of the
connect or 1700) nmounted on the not herboard 2000 which in turn is connected

0 a di spl yweley, £8me 038 idjetontad, Henahé Wsthettamitions t6 allec1 8208 fdPa aRAMP! es a
ji spl ay device 20 10. [00631 As known in the art, PCl Express (devel oped by

ntel Corpgratd ofitbneoniia Cara, CA) is a high-bandw dth, |ow pin count,
serial, interconnect technology that also maintains software conpatibility

Mth exist] Cl .n tructure, In this copnfiguration, the PCl Express
ort is au@ﬁg ed Pltl%fl%gﬁcb%t Sg}fﬁlaiyﬂﬁte a}r@ﬁ“ﬁ ffg)o ‘%éﬁﬂ?eﬂgﬁ?m-sgb?sﬁa% Cross
ol atforminterface which can directly drive a display device either using
a not her bold, nounliage is deteeied, dhe display gows. to 20 OHF 1state. At nstandbyimodbere it is

not practical to nount the connector on the notherboard, the signals can
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be routed dtite 1004 HotemalMDkseodiv@fant haxifialy dhypied shive aRtiheldeaaadidad br ought
to the back of the PC using a passive card connector as shown in Fig. 2 1.
/
F
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|
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t
t
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As is the j i FER ' : = j ards, a
add-in gr a%ﬁtlsd g\ﬁ%@?‘l 5}%3%3%%1?%% tﬁéﬁggn oggf l%ggbahﬁ%l%ﬁ%% ’ne gs shown in
Fig. 23, 10065 n the,case of note k applications, .the transmtter on
e ot herBBMRTE G AR OTREG | 1 (i 108t FUSGHES MeB BB ng. an
integrated receiver/ TCON which would drive the panel directly. For the
Tost cost pnrel slaye ppyps wmedrontindigatinghot pleggvent Amiamsysterh andyes troant ed on

he panel thereby reducing the nunber of interconnect wires to 8 or 10 as

shown i n Higplay#at21066,lotkdrivisef the ésphiyaemaiix anhleatandb ¢ AR 1904 e gt alied
ransmtters. However, is it quite feasible to inplenent as a standal one

ransnit t egark DOEALih Mok iifiZaEbn gﬂ&ef@ta diS¥iRY fSdurdred, FRATRS hikifid,ough the

AGP or SDVO slots, respectively. standal one” 30

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

[0060]  During a training start notification phase, the display responds to the
training initiation by the fransmitter by adjusting the equalizer using training patterns,
updating the result for each phase. If the training fails, then wait for another training
session and if the training passes, then go to normal operation state 1910. If there is
no activity on the auxiliary channel or on the main link (for training) for more than a
predetermined (10ms, for example), the auxiliary channel slave port is set to the
standby state 1904. |

[0061] Figs. 20 — 24 show particular implementations of the cross platform
display interface.

[0062]  Fig. 20 shows a PC motherboard 2000 having an on-board graphics engine

2002 that incorporates a transmitter 2004 in accordance with the invention. It should
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ransmtter will enable output streanms w thout any change in graphics

nar dwar e or software. FLOANCHART EMBCODI MENTS [ 00671 The net hodol ogy of the
invention will now be described in terns of a nunber of flowcharts each
jescri bing a particular process for enabling the invention. Specifically,

- GS 25 - BOnéted tat iR ttansithe 2004 isi apeticiddrakedpldeRssasniihat 10ehen used
singly or in any conbination described aspects of the invention. [00681

t
i
[
(
I
Fig. 2 5s a -l q o} . . ihing an
oper at i ona \err(?lsl)-l g%#‘q%%%?ééﬁgégeé%ﬁ ﬁﬁté%ggrr%ﬂ%ﬁ%%p%ﬁﬁlsg%@%d}mmnt of
the invention. | ' rocess, .the operatj | nmode will only be set to a
g tal motnpior 2o plouB i< BHR of Wk eah ot O0F mpvaed ol chemethsthoat o t ol
O herwi se, the operational node will be set to analog node. It should be
not ed t hat 2009rshioly nivarels dopngatgdsto aghsml exdevecer2008 bly oy dfattivistehpaint i onal VGA
mode as well as enhancedanal og node having differential analog video with
€
[
(
(
t
(
(
(

2nrbedded adabip2E0tcoapignaldisplug devicd208®t i onal  si deband. Thi s enhanced
anal og node will be described below. [00691 In step 2502, a video source is

i nt er r ogat @@Gj]?f d%g&%%%ﬁﬂ?cﬂéﬁ réé %lo?g&‘lé)ﬁ%te?og cgllgt:iol?{)]:ﬁéea%ga or

ji gi tal data. €0 source supports on

pper ati on no aof coupling.device.100 will. be set to anal (step 2508),
hon t ho blage c2 The FRERAdE o5 ia pouf sl micomety S idebie can

but put digital data, the process _continues to step 2506. The display

Jevi ce i s alsremaintaies sodiyereepmpatigdity withexisiingPed infrastructusyp | Iayhidevi ce i s
configured to receive digital data. If the display device supports only
anal og datanfighdatompbke BCI Brpressyateis afigmentpd toigecomeicompybnt wiltethget t o anal og
step 2508), then the process will end (step 2512). O herw se, the

oper ati ongbqiRGEen® of tHE cioRPlaifBith HRELE which GRlditeLuy'idld lishR) ABvieo10) - For
exanpl e, a processor may control swtches wthin the

either using 2 motherboard mounted connector as shown.

[0064] In situations where it is not practical to mount the connector on the
motherboard, the signals can be routed through the SDVO slot of the PCI Express
motherboard and brought to the back of the PC using a passive card connector as
shown in Fig. 21. As is the case with the current generation of add-in graphics cards, a
add-in graphics card can supplant the onboard graphics engine as shown in Fig. 23.
[0065] In the case of notebook applications, the transmitter on the motherboard
graphics engine would drive through internal cabling, an integrated receiver/TCON
which would drive the panel directly. For the most cost effective implementation, the
receiver/TCON would be mounted on the panel thereby reducing the number of
interconnect wires to 8 or 10 as shown in Fig. 24

[0066]  All of the above examples assume integrated transmitters. However, is it

quite feasible to implement as a standalone transmitter integrating into PCI and PCI

Express environments through the AGP or SDVO slots, respectively. A standalone
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31 coupling device to set the node to digital. In general, the coupling
device is configured to operate in a fully digital node only when both the
vi deo source and the video sink are operating in a corresponding digital
node. [0071] Fig. 26 shows a flowhart detailing a process 2600 for

provi di ng @arsiiter will'ehable d@fput Se@tsAHigdut ¥nEéiRgke inordfiaey Hade e\t h some
aspects of the invention. In this exanple, all determ nations of process
2600 are ngpde by a processor coupled to the display interface. [0072] In
step 2600, a video signal is received froma video source. Next, a signal
quality test pattern is prqyided by the V|deo source associated with the
recei ved video signal (stdee MEMART EMBODINENTS et er mi nation of a bit
error rate is nade, based upon the quallty t est pattern. Then, a

det er m natfi0867]i s Fhdeneatfodatogydthet ineerttion vellmow ba deseribesl igtaatseif at han a

t hreshol d value (step 2606). If the bit error rate is determned to not be

great er t hmbohof f1bweisdialedcly dsefbing B fbuﬁﬁfpﬁfc@&srﬁfr bﬁmlhg e Gedidhep 2614)
of whet her or not there are nore video fraines. is determ ned that

there are fnza r rn 260

Ot her wi se, thg‘lc%l\ff gggg 2(gn<3®S des%%[gé;%ﬁmﬁ%‘%@\%@gﬁel? t%b lﬁ@m%sstes & ell1 5yee

det er m ned. l%ﬁ(iy reater.than.the %{gresholg value in step 2606, a

det er mi natSEY PEINHRY Sombinafon dessyibefiaspeetiabthsdivaniignti t rate is greater
than a mnimumbit rate. If the bit rate is greater than a m ninum bit
rate, therd0068d bi Figr 35 shavss 4 Bowehagt detaibpg 2 pd@yssRFO0 foradgierodming anet urns t o
step 2606. If the bit rate is not greater than the mninumbit rate, then

the node iopegiiaing &tbde®fANAInEHfaceDORIn( £t ER@aR@ ith algnbiBmehOSERES ends.
[0074] Fig. 27 shows a flowchart for a link set up process 2700 in

accor dancgnyaptibhl BIth& ??9%' g?ﬁ@oﬁéfr?ﬁdﬁﬁldhﬁé{é’@&ﬂi?ﬂ 439 begins at

2702 by the recelvi n tection eve not| |ca Iron. At 2704
a min || r-'h'&: Vi C]ouso ce and the display device are both digital. Otherwise, the operational

mode will be set to analog mode. It should be noted that “analog mode” in this
context can include both conventional VGA mode as well_ as enhanced analog mode
having differential analog video with embedded alignment signal and bi-directional
sideband. This enhanced analog mode will be described below.

[0069] In step 2502, a video source is interrogated to determine whether the video
source supports analog or digital data. If the video source supports only analog data,
the operational mode of coupling device 100 will be set to analog (step 2508), then
the process will end (step 2512).

[0070]  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

15 set to digital (step 2510). For example, a processor may conirol switches within the
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made by way of an associated auxiliary channel to determ ne a maxi num data
rate, a 32 nunber of tinme base recovery units included in a receiver, and
avai l abl e buffer size. Next, at 2706, the maximumlink data rate is
verified by way of a training session and at 2708, a data stream source is

notified ofohfithdtRlvide!t St BVER 0, [ t he displ ay
(usi ng EDI ISO Ir!‘;lor exiarrpl e) ar ebgeeﬁa%l Ql In éﬁ%gﬁg?&%ﬂliﬂgfﬁyﬂlﬁ ary channel

onc e 0 SRR ) NS AR el P B Vit ours A o *

2716, the streamsource sends stream attributes to the receiver by way of
the auxi|i dtdpochikriePPUAtngin axrrgspardingdigiédl Madlsur ces are further notified
whet her the main link is capable of supporting the requested nunber of data
streams af007i20. P 20/ddwstaBowaiattalstiliia apioacss @660 foreprovdingd byl addi ng
associ at ed packet headers and the nultipl exing of a nunber of source

streans isgehaddd; g@hlé%?@éhecﬁln a@c@@mﬁe%&x%me éc?snoftﬁem her or

not the link status Is When t he st at us not OK, ent
source(s) .e noti.fied ink failur ent at 2728 ot her

ik datn 205 ettt B geemhatioft o Lftoreds Gofth 8 milte 08 itbessir rﬂs@?%p the
various packet headers at 2730. At 2732, the reconstructed native data
streans ar @CQI%WIE%@@@ to the display device. [0076] Fig. 28 shows a
flowchart detailing a process 2800 for performng a training session in
accor dance[0A72h arnetp@b0OENvides sipha is receined from d didedhsotlrek. Nextdigehl t hat
the training session process 2800 is one inplenentation of the operation

2506 descr qﬁrﬁﬂ;( ket pelti@rn 1%51'0‘/%6&@3} ﬂBb ereaeeﬁlceassbaaeaerlhpﬁ&e%ce%%ﬁ%l&\s sendi ng
a training tern over the mai'n link at a set link rate to the receiver.

A 32 2 s S S A B O AL

a phase 1 {11? n tﬁg %Q&lfty %egte pasttré?r{ t'le}?e[n ralglgtel'n?&g%u?n is made of whether the bit error
rate is greater than a threshold value (step 2606). If the bit error rate is determined to
not be greater than the threshold value, then a determination is made (step 2614) of
whether or not there are more video frames. Ifit is determined that there are more
video frames, then the process returns to step 2600. Otherwise, the process ends.
[0073] However, if the bit error rate is determined to be greater than the threshold
value in step 2606, a determination 1s made (step 2608) as to whether the bit rate is
greater than a minimum bit rate. If the bit rate is greater than a minimum bit rate,
then the bit rate is lowered (step 2610) and the process returns to step 2606. If the bit
rate is not greater than the minimum bit rate, then the mode is changed to analog
mode (step 2612) and the process ends.
[0074] 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
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whil e phase 2 is the longest. The receiver is to use these two phases to
optimze the equalizer. In phase 3, both bit |ock and character |ock are
achieved as long as the link 33 quality is reasonable. At 2804, the

recei ver checks an associated training status and based upon the training

st at us che@imbés HnREChdsk @6covlyindts RREAICH @ b rdvelvef, hd QR4 b0 biiff¥r@Re. Phases
and the transrmtter at 2806. At each phase, the receiver will proceed to

the next RUASE NS &b i q%%ﬁa%%gmeﬁﬁ@&ﬁylg{ay 682 hdi %d#ggl])%‘ La]ﬁd rate

recei ver does nof détect a pass e rece reduces
inlink is ready at that link rate

and repeats training session. . Th ma

at whi ch aatpﬁég’?gatﬁé?%ag‘ﬂ @?}“%Ftlsf'ﬁﬁg?‘??@@???t Hpg evend. iAIt%iQ’rth‘? es a conput er
system 2900 enpl oyed to inplenent the invention. Conputer system 2900 is
only an exeapgbiditio$ obthgdisphiydusisy EDEl fon ewdrinple) aretietepnewd by waywdfithé on can be
i npl enent ed. Conmputer system 2900 includes central processing unit (CPIJ)

15 10, rangxiliagckamenaitohy dsRhrespBads toltBahiqittyat TIMD which, BOMn, 2925, one
or nore peripherals 2930, graphics controller 2960, primary storage

devi ces 2940l ot B0rariohdr Mo Ghdiflin AR elibh 2P/HY. AS TS vell known in

the art, acts to trans ructions uni-directionally to

the CPUs 2 whil e is used typically to transfer data and

i nstructi oﬁi’%ln a'}%ﬁ"l’@i%’me% F.Sen%m&arz@ﬂﬁﬁm@tcg@ﬁéﬁweyby ncl ude
any nunber of processors. Both primary storage devices 2940 and 2950 may
i ncl ude an\yalsmp the b listyrahennel alfltg@tc?e?ﬂﬂethﬁrﬁufem squrcsserofinthey netifindage medi um
880, which is typically a nmass nenory device, is also coupled

bi - di r ect i whethér\thé malePlilsk i8 @3shbdel supportidg therdghdsted iuimidabad At HraER
capacity. The mass nmenory device 880 is a conputer-readabl e nmedi umt hat

may be usedot8o, At 82, B{egﬁﬁi%@d%tggﬁék@{snﬂe m&wadg@g%ssgg@%@aeﬂ& the Iike.

Typically, nass nenory evi ce I's a storage ne s a hard disk
ohse mape WD SRR et BT h iRl o eSOl Wfedifed 6592240 2°°0
2726 a determination is made whether or not the link status is OK. When the link

status is not OK, then the source(s) are notified of a link failure event at 2728,
otherwise, the link data streams are reconstructed into the native streams based upon
the various packet headers at 2730. At 2732, the reconstructed native data streams are
then passed to the display device.

[0076] Fig. 28 shows a flowchart detailing a process 2800 for performing a
training session in accordance with an embodiment of the invention. It should be
noted that the training session process 2800 is one implementation of the operation
2506 described in Fig. 25, A training session is started at 2802 by sending a training
pattemn over the main link at a set link rate to the receiver. A typical link training
pattern is shown in Fig. 11 in accordance with an embodiment of the invention. As
illustrated, during the training session, a phase 1 represents the shortest run length

while phase 2 is the longest. The receiver is to use these two phases to optimize the

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



the formof a magnetic or paper tape reader or sone other well-known
device. It will be appreciated that the information retained within the

mass nmenory device 880, 34 may, in appropriate cases, be incorporated in
standard fashion as part of RAM 2920 as virtual menory. [00781 CPUs 29 10

are al so cquglitet remsonatde.0At 2804 thempodivarwhpekis adagioectseBirdfingaitus Hy
i nclude, but are not limted to, devices such as video nonitors, track

bal s, I CBasca GpuRRAing UHGRHRRE e bR SSLADLIIHA 1 BPLAND hegnsducer

card readers, nmgnetic or paper tape r rs, ses, Vvoice or
handw i ting recognizers, .qr | | -kno | nput deyi ces such as, of
course, oth&f gsc"g%pr}hf' grﬂmnﬁ%agltz?@g é:gggclhfg‘ai%%eorﬁ%%‘ﬁﬂ iflprages fRetq’!Eoupl ed to
a conputer or telecomunications network, e.g., an Internet network or an
i ntranet neXhehase upen detegtionaafipsssony and et 384 A and ifthovaseivge degsaior getagt 2995.
Wth such a network connection, it is contenplated that the CPUs 2910

m ght reced passithehaherndciver fedares thelinketavrnd, repsatsthg Raindng feséioh.nThe mat i on to
the network in the course of perform ng the above-descri bed nethod steps.

Such i nf onsmMtidRNs reday GhhSli Rt WARGES Sk nce of instructions
to be executed ugirngyCPUs l2910, may be ?%cg&?(\l/%%t?dr%%%g%d outputted to the

net wor k, f xamgl e, .4 0. the formof a co er data signal enbodied in a
carrier vva@é?ﬁThrer% %ggéf_lusgggeépicgg@ugeéwséeég ggbﬁje ]tc‘j’ey;?‘ggi REOLRRE £ api | i ar
to those of skill in the conputer hardware and software arts. [00791
Graphi cs dBYRIHSN| Sompyiby sydera 220 & epin e eramnle of o axaphigs dystern & whishondi ng
reference signal, and provides both to digital display unit 2970. The

anal og i nebepredatt ancatoneangenend¢mehted. Qongpuzerplstem2960 dncdidepicu@tal dat a
received fromCPU 29 10 or from an external encode (not shown). In one

e e e 0k e, o - TR Ay )
(ROM) 2925, one or more peripherals 2930, graphics controller 2960, primary storage
devices 2940 and 2950, and digital display unit 2970. As is well known in the art,
ROM acts to transfer data and instructions uni-directionally to the CPUs 2910, while
RAM is used typically to transfer data and instructions in a bi-directional manner.
CPUs 2910 may generally include any number of processors. Both primary storage
devices 2940 and 2950 may include any suitable computer-readable media. A
secondary storage medium 880, which is typically a mass memory device, is also
coupled bi-directionally to CPUs 2910 and provides additional data storage capacity.
The mass memory device 8§80 is a computer-readable medium that may be used to
store programs including computer code, data, and the like. Typically, mass memory
device 880 is a storage medium such as a hard disk or a tape which generally slower
than primary storage devices 2940, 2950. Mass memory storage device 880 may take

the form of a magnetic or paper tape reader or some other well-known device. It will

be appreciated that the information retained within the mass memory device 880,
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signals well known in the art. However, it should be understood that the
oresent invention can be inplenented W th anal og i nage, data and/or

ef erence signals in 35 other fon-nats. For exanple, anal og i nage data can
ncl ude video signal data also with a corresponding tine reference signal.

00801 Al tiaydh approyridte ads HedacirpBated i btahldd PisBsRNs pal\IRAMRIBVE been
jescri bed, it should be understood that the present invention may be

2rrbodi ed | . r specific forms without departing fromthe spirit or
he scope %fwﬁﬁge”%%e@ght i nvention. The present exanples are to be

consi dered as_illustrative and not estrictive, and the inpvention is not

o be |1 mi 0828k o GRS DiarE g GaelstLP R OF BOFe iRyt owBs Aswicet 840 Bt hin ¢ he
scope of the appended clains along with their full scope of equivalents.
10081] Whiaey irciwlej nters naddinhtesl thedavicde suohi dseritidormomatons; tratk halgs; efies, r ed
2nbodi ment, there are alterations, pernutations, and equivalents that fall

M thin t heceybs28€ miicrdphbies] fovetémitiveldisptdyoUrts@diceP cit réledmaBadtict here are
many alternative ways of Inplenenting both the process and apparat us of

he present | ' t, i fore | . I NV i on be
nt er pr et e‘% paagé’ﬁﬁé% %g?er{ %:f t%qlﬁs’s%ﬁgeg’l f%‘ieea(%riq%aﬁg‘,gﬁq%é Fe%)g,rg? ig%’nds},o(ﬁgérr\d

2qui val ent s fall within the true spirit and scope_of th resent

nvent i on.W‘é@ﬁm@me aﬁ".“’qsﬁ“ f&aegg%ur%?ae r%ﬂﬂé}ﬁ*ﬁf@- FHFQVfé%@S 471 %nged to
couple a nultinmedia source device to a nultinedia sink device that

ncl udes eptioaaliningy be conpled toauqompiter or tel¢ronsamumcatiodenétworlyergayed t o
ecei ve a source packet data streamin accordance with a native stream
ate, a r ARt hetwirk of auiplatkt et diR, Wirka SeWbkesonabdlion dsishéwiRg uni t

() =+ N N e e e o

— o et o i om et mp e = e

generally at 2995. With such a network connection, it is contemplated that the CPUs
2910 might receive information from the network, or might output information to the
network in the course of performing the above-described method steps. Such
information, which is often represented as a sequence of instructions to be executed
using CPUs 2910, may be received from and outputted to the network, for example,
in the form of a computer data signal embodied in a carrier wave. The above-
described devices and materials will be familiar to those of skill in the computer
hardware and software arts.

[0079] Graphics controller 2960 generates analog image data and a corresponding
reference signal, and provides both to digital display unit 2970. The analog image
data can be generated, for example, based on pixel data received from CPU 2910 or
from an external encode (not shown). In one embodiment, the analog image data is
provided in RGB format and the reference signal includes the VSYNC and HSYNC
signals well known in the art. However, it should be understood that the present

invention can be implemented with analog image, data and/or reference signals in
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coupling the transmtter unit and the receiver unit arranged to transfer a
mul timedia data packet streamfornmed of a nunber of multinedia data
nacket s based upon the source packet data streamin accordance with a link
ate that is independent of the native streamrate between the transmtter
uni t and t bther femiatseForeXainple anslog rdgetdacicanimildedvifier sighg datanliso wite and a
ni xel /audi o clock rate conpri sing: expressi ng t he pi xel/audio clock rate

and the |igk.ratenyh lﬁn{eqléf Qﬁgg ters, A B, C and D based upon a master
requency 23079%—12 % s @5 7 X111 Hz; and regenerating a

(
i

I

I

L

I

f

pi xel / audi r.0 heI| kcI od .as remtedln claim1l,
Bherei -t hOBPES /f%\&*mu(&herllm Wa%bodnaelf(w CEBE Hentipn 18 hedht hod s
recited in claim2, wherein A =4 bits, B=2 bits, C= 3 bits, and D = |
bit. 4. A describefl, #sshpuldiheaudprstood dhatithe present inwentioaripay ke eigbodied imi ng t he
|link rate with four parameters, A, B, C, and D. 37 5. In a packet based
(
i
v
i
I
I
(

li spl ay i ninany ather specHivgding withowt Plepartingfiotn the dpisit oSthe kEshed\the Prebent a
mul ti medi a sink device that 4 ncludes a transmitter unit coupled to the

sour ce deviGen il AfiRSedel HAERHIAUAAUAEIBREKE IR ISR | 1 accor dance

Mth a native streamrate, receiver unit coup to the sink device, and
a linking unit .. cou etra a the recei.v uni t

2t anged t BorXE AR tie ﬂuﬂ'ﬁonaav%stg‘ésﬁ st e s v ere ¥t ¥ unber o
mul ti medi a data ackets based on the_ source packet data streamin

accor danc eb&yupfifigd Within thetseon tth¢ appepdeshdpimsraongrwithhtheirfullisoepesafr eam rat e

vetween the transmtter unit and the receiver unit, a conmputer program
or oduct f ogquivalenes.ating the |ink rate and a pixel/audio clock rate

conpri si ng:

[0081] While this invention has been described in terms of a preferred
embodiment, there are alterations, permutations, and equivalents that fall within the
scope of this invention. It should also be noted that there are many alternative ways
of implementing both the process and apparatus of the present invention. It is
therefore intended that the invention be interpreted as including all such alterations,

permutations, and equivalents as fall within the true spirit and scope of the present

invention.
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conput er code for expressing the pixellaudio clock rate and the link rate
with four paraneters, A B, C, and D based upon a naster frequency
23.76GHz as 210 x 33 x57x111Hz; conputer code for regenerating a

pi xel /audi o clock fromthe link clock; and conputer readable nmediumfor
storing theceamauter code. 6. Conputer program product as recited in claim
5, wherein the pixellaudio clock rate = 2A * 3B x 5¢c x 11 FE. 7. Conputer

program product as recited in claim®6, wherein A = 4 bits, =2 bits, C=
3 bits, and D = 1 bi nmp 0 m_product, as r.ecit cIa|m5
further comprishng: Wgﬁ) %@SHIEY nﬁ%?ﬁcmaﬁaﬂsqﬁémcpwem@% it our
paraneters, A, B , and D .

source dev1ce to a multimedia s1nk device that includes a transmitter unit coupled to
the source device arranged to receive a source packet data stream in accordance with a
native stream rate, a receiver unit coupled to the sink device, and  a linking unit
coupling the transmitter unit and the receiver unit arranged to transfer a multimedia
data packet stream formed of a number of multimedia data packets based upon the
source packet data stream in accordance with a link rate that is independent of the
native stream rate between the transmitter unit and the receiver unit, an enumeration
method for the link rate and a pixel/audio clock rate comprising:

expressing the pixel/audio clock rate and the link rate with four parameters, A,
B, C, and D based upon a master frequency 23.76GHz as 29%x 3*x 57 x 11! Hz; and

regenerating a pixel/audio clock from the link clock.

2. A method as recited in claim 1, wherein the pixel/audio clock rate = 2*

*3Bx 5¢x 11PHz,

3. A method as recited in claim 2, wherein A = 4 bits, B =2 bits, C=3

bits, and D = 1 bit.

4, A method as recited in claim 1, further comprising:

defining the link rate with four parameters, A', B, C', and D".
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5. In a packet based display interface arranged to couple a multimedia
source device to a multimedia sink device that includes a transmitter unit coupled to
the source device arranged to receive a source packet data stream in accordance with a
native stream rate, a receiver unit coupled to the sink device, and a linking unit
coupling the transmitter unit and the receiver unit arranged to transfer a multimedia
data packet stream formed of a number of multimedia data packets based upon the
source packet data stream in accordance with a link rate that is independent of the
native stream rate between the transmitter unit and the receiver unit, a computer
program product for enumerating the link rate and a pixel/audio clock rate
comprising:

computer code for expressing the pixel/audio clock rate and the link rate with
four parameters, A, B, C, and D based upon a master frequency 23.76GHz as 210y 33
x5 x 11' Hz;

computer code for regenerating a pixel/andio clock from the link clock; and

computer readable medium for storing the computer code.

6. Computer program product as recited in claim 5, wherein the

pixel/audio clock rate = 24 %38 x 5% 11°Hz

7. Computer program product as recited in claim 6, wherein A =4 bits, B

=2 bits, C = 3 bits, and D = 1 bit.

8. Computer program product as recited in claim 5, further comprising:

computer code for defining the link rate with four parameters, A', B!, C', and

D'
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