8 APR 2004 PACKET BASED VI DEO DI SPLAY | NTERFACE AND METHODS OF USE THEREOF
FI ELD OF THE | NVENTI ON [0001] The invention relates to display devices.

More specifically, the invention relates to digital display interfhdd®R 2004
suitable for coupling video sources to video display devices. BACKGROUND
OF THE | NVENTI ON [ 0002] Currently, video display technology is divided into

anal og type di i o] ) ~an jgital type
di spl ay devi ?@@@gﬁ?(ﬁéﬁcﬁawﬁmiﬁﬂgy mﬁw@@ﬁp&ﬂﬁ screens,
etc.), each of which mVBFHODSORUSESEHERE@Put signals in order to
successfully display an i nage. 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 vi deo
sink) by way of a conmunication |ink. The communication link typically
takes the formof a cable (such as ‘an anal og VGA cable in the case of a
PC, otherwse referred to as VGA 131315 cable) well known to those of
skill in the art. For exanple, the VGA DB 15 cable includes 15 pins, each
of which is arranged to carry a specific signal. [0003] One of the

- advantageseh o HANDRBNLS cable is the ubi quitous nature of the cable;™
due to the Targe and ever-expandi ng installed base. As long as the analog 1

00 AR BSTRE  Bte li™

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

g‘} devices.

BACKGROUND OF THE INVENTION

[0002] Currently, video display technology is divided into analog type display
devices (such as cathode ray tubes) and digital type display devices (such as liguid
crystal display, or LCD, plasma screens, etc.), each of which must be driven by
specific input signals in order to successfully display an image. Fof example, a
typical analog system includes an analog source {(such as a personal computer, DVD

player, etc.) coupled directly to a display device (sometimes referred to as a video

P

si'nk) 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 DB1S cab_le) 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 cablg, due to the large and ever-expanding installed base. As long as the analog




[ 0004] However, in recent years, the exploding growmh of digital systens
has nmnade the use of digital capable cables such as Digital Visual
Interface (DVI) cable nore desirable. It is well known that DvIcit APR 2004
digital interface standard created by the Digital D splay Wrking G oup
(DDW5). Data are transmitted using the transition mnimzed differential

si gnal i ng ) rpvi.ding, a digi.tal signal .fromth PC s

gr aphi cs S%%%@tdg%r@rgﬁ)gﬁégeﬁgmte, e Fﬁ'ﬁfh? E@eﬁaﬁmgﬁ? Y, ss of 160
MHz and thus supports UXGA and HDTV with a single set of |inks. [0005]
Today' s di 4190 icagle forpthar the VEABISe i ncl udes the VGA (anal og) and DVI
(digital) for desktop display interconnect applications as well as LVDS
(digital) [0084] i nHemeadr, aneume yéars, the axpRidirgairbwhsondidial &stepiiipgs and ot her
all-in-one devices. Gaphics IC vendors, display contraoller IC vendors,

dogr o6 or et ho s OrUIEAY cipble e A AE Dhe ATV ARA R PO o b ocuc

degree or another, nus actor ace oicein pr oduct

1 cons e SRRk s S Ra Theckl AR sl i ien et ety e T

eonsSumer ES‘[ ei ther_purchase an anal og monitor or a digital monitor in—

whi ch t he RigialdYysplayBorking faoupiIyWeDd Data are rans@éttecusing the érahsiiobeen

digitized by way of an inline analog to digital converter (ADC) or an ADC

bui | t i nt eninintieedpdifferentitlaignating (KVDS) ?@Q@bl,'ﬁﬂﬁv’i(ﬁﬁ?ﬁ Higital si¥@il idnb@e desi rabl e

to have a digital interface that is nore cost effective that current

I nterface®pcls i I | ' i I splays. In
o B B e e R P s B0 b 6w ¢

sonme cases, the digital interface

a?:ﬁ9 log vi ﬂ/ﬁ?zalf‘tf’iﬁ{?s s%%pgl%AUX%hg anAADED%'QJOVAv'nth glstg eF\;?a(to lirl.ls_l.E | NVENTI ON

[0005] Today’s display interconnect landscape includes the VGA (analog) and

DVI (digital) for desktop display interconnect applications as well as LVDS (digitat)
for internal connectivity applications within laptops and other all-in-one devices.
Gfaphic.s IC vendors, display controller IC vendors, monitor manufacturers and PC
OEMs as well as desktop PC consumers, to one degree or another, must factor
 interface choice into their design, product definition, manufacturing, marketing and
purchase decisions. For example, if a consumer purchases a PC with an analog VGA
‘ - interface then the consumer must either purchase an analog monitor or a digital
monitor in which the analog video signal provided by the VGA interface has been
digitized by way of an inline analog to digital converter (ADC) or an ADC built into
the particular monitor. |
-[0006] Therefore, it would be desirable to have a digital interface that is more cost
' e.ffective that current interfaces (such as DVI) for coupling video sources and video
displays. In some cases, the digi_tal interface would also be backward compatible with

analog video, such as VGA.




[ 0007] A packet based display interface arranged to couple a nultinedia
source device to a multinedia sink device is disclosed that inguﬂgﬁ zg
transmtter unit coupled to the source device arranged to recéiVe seldfte
packet data streamin accordance with a native streamrate, a receiver
unit coupled to the sink device, and a I|inking unit coupling the
transmtter unit and the raeENSR | hgvg transfer a nultinedia
data packet stream fornmed of a nu%ﬂgghgﬁmnul ﬁﬁg I'a data packets based

upon the source packet data streamin accordance with a link rate between
the transmtter unit and the receiver unit. It should be noted that in the
described enbodinent, the link rate is independent of the native stream
rate. [000HPOTIn aAqagket basadatisplayrinterfacepumhged th zoegic pmtitmedis smoop| | ng a

mul tinmedia source device to a nultinmedia sink device is disclosed. The

met hod i ncdeviteso & hmltiads sink dodcdls dRcRYECIhAGnduSRW eAsAfr 6githavi ng a
transmtter unit coupled thereto, providing sink device having a receiver

nat i ve. st apil & B Bourt 810 AR e ol BRE T Br BB T e i ¢

packet st r%ﬁ?’iﬁ‘f‘ﬁ?ﬂ% patxe e f T6RE1VET Wibgonpled te the-sinkdevicgasand aipon t he

source data stream and transferring the nultinmedia data packet streamin

accor danc dinkiggusitsoupling thetransputteranrt and thetreceiearunit errangeitto traukfértae r ecei ver

unit. [0009] In still another enbodinment of the invention, a packet based

video i ntnmrfinedia tigr packephtidagh RrfedisComBBEr 6EmARIALSAPpAXHILGE 1S

described. The interface includes, on the source device side, a source

2Pl | cat | or @Y Supé AR SroAfiK Ly din? At 453 pEISRT, @ data stream
0 utes, and a entification

format, a nunber ata streamattri stream i
nunber, a,sour.ce |i.nk,l er .coupl.e o t.he source.appljcation 3 8 APR 2004
'+ @ RMiftSr unlit And the Teceiver lt. (ft s&wuld%e noteﬂ thatinﬂl% (fescn_lbeg

embodiment, the link rate is independent of the native stream rate.
[0008]  In another embodiment, a packet based method of coupling a multimedia
source device to a multimedia sink device is disclosed. The method includes the
operations of providing a source device having a transmitter unit coupled thereto,
providing sink device having a receiver unit coupled thereto, receiving a source data
stream in accordance with a native stream rate by the transmitter unit, coupling the

} . transmitter unit and the receiver unit by way of a linking unit, forming a muitimedia
data packet stream formed of a number of multimedia data packet based upon the
source data stream, aﬁd transferring the multimedia data packet stream in accordarice
with a link rate between the transmitter unit and the receiver unit.

- [0009] In still another embodiment of the invention, a packet based video
interface for coupling a source device and a display device is described. The interface
- ih_cludes, on the source device side, a éource application layer arranged to provide a

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

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

3




| ayer arranged to provide link initialization and video interface
managenent functions, a source physical |ayer coupled to the link | ayer

that includes a source 1logical |ayer arranged to at |east - PR 2004
packeti ze/ depacketi ze data, scranble/unscranble data, generate |$1IJ'\
training patterns, encode and decode data, and a source electrical |ayer

t hat i ncl Lreyitry for.bnitiali.zation,, parallel to serial and seria

to paralIggﬁ§3%%¥§§§?8ﬁgyﬁﬁﬁglghﬁ °Eﬁ@£ ﬁ#%%ﬁﬁBF@nﬁﬁﬂgmtThe interface
al so includes a bidirectional auxiliary channel coupling the source device
physi cal |fdycdiongsponrcgiphptica) laygespupisd b iheilind layen that inghudamgyeaiireen t r ansni t

I nformati on between the source device physical |ayer and the display

devi ce physgicallajenyeangad b atilest pakeive/dBpavhitiia datd, s@amble/imBémmbienk coupl i ng
the coupling the source device physical |ayer and the display device

physi cal |d@ﬁé?éerﬁfa@@ﬂﬂggﬁilhglg}p%ﬁ%ﬂ'e}m&fgfaﬂa Bld d]g raﬁaegéﬁr/a'eae#g}éé%&l e%ﬁ&raf e device

physi cal | ayer and the Vi ce physica n yet anot her

enbodi men C ut er, pr.ogtr.a roduyct . for cket based coupli of a source
devi ce angaygr %FHEIBF eﬁfé{ﬂ%&@%w&fiﬁﬂ%’ee@gﬁﬂéoe 6?‘@?6%?@@"5&%1 pr oduct
“incl'udes computer code for providing @ source data stream a data stream
format, acPRMeEMnsoindprendspeciaim capable Blles Thainterface nlseinvlidgent i fi cati on
nunber conputer code for providing link initialization and video interface
managenenbiditectivzial anxsliarg chanmtksoupkiethé esurbeddids phiysioalasgt and sarpeiet i zi ng
data, conputer code for scranbling and/or unscranbling data. conputer code

for gener aviapHykichl lﬁj?e?'aﬂhjgg%d t&&’éﬁsﬁ{if‘ﬁfor&ﬂg&?h%egx?ﬂ;[% shice 8%ﬁ9edi ng and

decodi ng data, Conputer code for 1nitialrzation he coupl' i’ ng, conputer

code for provigdin r.all.el. to serial. and serjal to parallel. copversions,
c"crg‘put er @yﬁgaﬁa}’gtaﬁg&en‘#l @?ynqu@hﬁﬂ?EﬁWebﬁ ERVETFe @Bﬂ%ﬂgscﬂ%ﬁi ce
physical |ayer and the display device physical |ayer and vice versa by way
of ~ an aulAinlmkeoupingtbe counling thesourcs dlsvice physicsh ven andrhe display nat i on

between the source 4
device physical layer arranged to transmit information between the source device

physical layer and the display device physical layer.

[0010]  In yet another embodiment, computer program product for packet based
coupling of a source device and a display device is disclosed. The computer program
product includes computer code for providing a source data stream, a data stream
format, a number of data stream attributes, and a stream identification number

computer code for providing link initialization and video interface management

gy

 functions, computer code for packetizing and/or depacketizing data, computer code
for scrambling and/or unscrambling data. comi)utcr code for generating link training
pattems, computer code for encoding and decoding data, computer code for
initialization of the coupling, computer code for providing parallel to serial and serial
to parallel conversions, computer code for transmittin information between the source
device physical layer and the display device physical layer and vice versa by way of

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




APR 2004 device physical |layer and the display device physical |ayer, and
conput er readabl e nedium for storing the conputer code. BRI EF DESCRI PTI ON
OF THE DRAWNGS Fig. | shows a generalized representation of a Brbs4FR 2004
platformdi splay interface 100 in accordance wi th an enbodi nent of the

invention. Figs. 2A - 2Cillustrates a video interface systemthat is used

to connect 34 Vi rce,and.a, vi deo dj spl unit .in accordance with a
nurmber of %%tl)%eoéh%glﬁ?@gﬂef%nq ﬁ'é%i‘%l?%ﬂé( r#?lﬁﬁphﬁ??ﬁégers %%O@R@ﬁﬂeé&}’f%i n |ink
rates in accgrdapce with an enbodi nrent of the invention. Fig. 4A shows a
mai n i nk WSEHMYE ering thegeapnigteeds. wi t h an enbodi ment of the invention.
Fig. 4B shows a main |ink packet header in accordance with an enbodi nent

of the invention. Fig. 5A shows a system arranged to provi de sub-packet
enclosure and nultiple-packet multiplexing in accordance with an

enbodi nent of the invqmt%q' i APl enent ati on of the
system shown in Fig. 5A |8Es?ﬁﬁm§£6ﬁrg%gﬂg/§m%%ram of the

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

“invention. Fi'g. 8 shows yet another ‘exarpl e of “a nul'tiplexed data streamin =

accordance wi thg-drshews adenwnlized representatioreof 4 cnoss Hatform display interface

100 in accordance with an embodiment of the invention.

Figs. 2A — 2C illustrates a video interface system that is used to connect a

s
[ ?
o’

- video source and a video display unit in accordance with a number of embodiments of
the invention.
Fig. 3 shows exemplary main link rates in accordance with an embodiment of
the invention.
Fig. 4A shows a main link data packet in accordance with an embodiment of
the invention.
Fig. 4B shows a main link packet header in accordance with an embodiment
of the invention.
‘ _ ~ Fig. SAshows a system arranged to provide sub-packet enclosure and
m_pltiple—packet multiplexing in accordance with an embodiment of the invention.
F1g 5B shows another implementation of the system shown in Fig. SA.
Fig. 6 shows a high-level diagram of the multiplexed main link stream as an
: eﬁa;nple of the stream shown in Fig. 5.
Fig. 7 show another example of a data stream in accordance with the
invention. -
Fig. 8 shows yet another example of a multiplexed data stream in accordance

with an embodiment of the invention.




APR 2004 Fig. 9A shows a representative sub-packet in accordance with an
enbodi nent of the invention. Fig. 9B shows a representative main |ink data
packet in accordance with an enbodi ment of the invention. Fig. %08 sARRs;mY
exanple of a selectively refreshed graphics inmage. Fig. 11 shows an
exenplary link training pattern in accordance with an enbodi nent of the

I nvention. Fig.p; ' trates a. logi,cal .layering of the systemin

accor dance vvithFlé'ﬁgA%lﬂogvsse“ AT T © b'l’%getilﬁﬁ‘é%f ‘?WF"F&PQ 03% an
exenpl ary sipecj al character mapping using 8B/I OB in accordance with an
enbodi ment®idhe WKEORvent i on. Fig. 14 shows an exenplary Manchester ||

encodi ng schene in accordance wth an enbodi nent of the invention. Fig. 15
shows a repr esdiig.fB shewaaxépresenatichmaindinkelaggiackea dh acooRlahed/®ith an

accordance wth an enbodi nent of the invention. Fig. 16 shows a

r epr esent adibe@ir@i: Bf the MveRiGet ri cal sub layer in accordance with an
enbodi nent of the invention. Fig. 17 shows a representative connector in

accordance wth.an.enbodi nent .of. the ji.nyentiqgn. Fig, 18 shows a source

state di agram iri:rl\g'Qgéggmﬁﬁ%plwfé’ﬁe@ﬁ%ﬁ&ﬁ%ﬁ&%fmﬂ%é“ IMAg%ntion. Fig. 19

~shovs—adi spl ai:- state di agramin accordance with an enbodiment of —the
i nvention. Fi g&1g 44 shovsan exemplanaliek rainingpettero mpatcordabeswithianpl enent at i ons

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

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

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

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

Fig. 16 shows a representative main link electrical sub layer in accordance

v
s

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 inyention.

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

invention.




invention. 6 j~. b APR 2004 Fig. 25 shows a flowchart detailing a process
for determ ning an operational node of the interface in accordanc Lt h,_
enbodi ment of the invention. Fig. 26 shows a flowhart detaili nbng %603@@
for providing a real tinme video image quality check in accordance wth
sone aspects of the invention. Fig. 27 shows a flowhart for a |link setup

process i n accogf i odi pent of the invention. Fi.g. 28 shows a
fl owchart det aﬁlg'?gscsgmﬁ' %@é’g’gh?‘gi&@?}g{‘?BPFﬂ"ﬁﬁ ftﬁr '?“IIWH%&%@E?P alj

accor dance f“teq% an,_enpodj nent of the invention. Fig. 29 illustrates a
conput er s%?é\é ﬂ%‘ﬁ%‘?@ﬂ%”@@fﬁﬁ%h’ﬁﬂtqudm@ﬁﬁ the invention.8 APR 2004

DETAI LED DESCRI PTI ON OF SELECTED EMBODI MENTS [ 0011] Reference wi |l now be

made in detail Rig 26 shews a oivehiareddeating® pioceds fbﬂ}ﬁoviﬁi\%%%&l&ﬁn@ﬂd@danm e of

which is illustrated in the acconpanyi ng draw ngs. ile the invention

will be demagd ‘?ﬁg?‘ dheBIO 4BSiHARE vé’ig];%n%egﬁ?%(%ﬂtﬁ%ﬁl%n&goodi ment, it will

be under st ood it is not Iinten e rnvention to the

descri bed enbogl 0. khe .contrar. it is intended to cqver

alternatives, %IE?IE%%% %ﬂ \yc}gﬁgl%r%hé]f §44 g Rresessdn AgeAsdance MIHABY wi t hin t he
TspiritTand %C pe of the invention as defined "t." by the appended claimns.
[0012] Th&MPOR t Qfdhe mvertioice is a point-to-point, packet-based, plug &
play, serial digital display interface that is both open and scal abl e t hat
I's suitabl e foFigu3®&shows a flowchart detailing a process for performing a training session

in accordance with an embodiment of the invention.

} Fig. 29 iliustrates a computer system employed to implement the invention.




with, but not limted to, desktop nonitors as well as providing LCD
connectivity wthin notebook/all-in-one PCs, and consuner el ectronics

di spl ay devices including HDTV displays and the Iike. Unlike cenyeiRR orgy
di splay interfaces that transmt a single video raster plus timng signals
such as Vsync, Hsync, DE, etc., the inventive interface provides a system

of nmulti-stream I C | or nore packet
streans si nul tanlg@ﬁ‘léﬁj‘]?‘#]ﬁi@ﬁ%wmﬁﬁgﬁipm#&ébﬁg@ﬁﬁg1$shed within a
physical |ink. [0013] For exanple, Fig. 1 shows a generalized
representation of a cross platform packet based digital video display

I nterface 100 in accordance with an enbodi nent of the invention. The

interface [ODlconRefkencawiil Aowbe hidde il @iail @ FpatibireaibodfMenbys ey of a
physical link 106 (also referred to as a pipe). In the described

enbodi ment jnyéhioR 'dHJ@me]ﬁ% of@hfnid flﬁgﬁedlﬁﬁléé ac%&%pﬁ{é@é c?r%ﬁglv gd é\a'?ilet he

transmtter 102 that, necessary, pac Izes*e rrespondi ng
nunber of data packets 114..These .dat.a packets are then forned into
correspon ﬁﬂwﬁlgtfoé' ‘!‘I‘ﬁ)&%@@&@ﬁ* "d:fnJW’?P%Wé#C‘QI@a@IWE‘R eppodimenbdtwil by way of
“an associated Vi rtual pipe 116 -. 120 to the receiver 104. It should be
not ed t hatberdensiopd thaitds mat intendedite lict the jrarettism to thendskenibedat ) for each
virtual link can be optim zed for the particular data streamresulting in

t he physi catbolinmnt. 1D&theabniyirpgit isdateadsl to 06vEr aR@altiaMhodifisftions e ated |ink
rate (each of which could be different from each other depending upon the

par ti cul areg@ighRnts b 830 be ink rr ?HF“E%S% zﬁl e mber of
forns suchqas vlildeo, gjr’%’é’huil@f’gg‘{ﬁ%f’g‘?‘% C. ™ y%ﬂ@gﬂt'%as §ﬁ&¥lhe source
ishya vi de% urce g@hF data streans 110 - 114 include various video

At iigd

signal s t CHRE a3ﬂ§/ nunber and type of well-known formats, such as

conposite video, serial digital, parallel digital, RG, or consuner
The inventive interface is a point-to-point, packet-based, plug & play,

serial digital display interface that is both open and scalable that is suitable for use
with, but not limited to, desktop monitors as well as providing LCD connectivity
within notebook/all-in-one PC’s, and consumer electronics display devices including
HDTYV displays and the like. Unlike conventional display interfaces that transmit a
single video raster plus timing signals such as Vsyne, Hsyne, DE, etc., the inventive

interface provides a system of multi-stream packet transfer capable of transferring one

it

- Or more packet streams simultaneously in the form of “virtual pipes” established
within a physical link.
[0013]  For example, Fig. 1 shows a generalized representation of a cross platform
packet based digital video display interface 100 in accordance with an embodiment of
| the invention. The interface 100 connects a transmitter 102 to a receiver 104 by way
.of a physical link 106 (also referred to as a pipe). In the described embodiment, a
number of data streams 108 — 112 are received at the transmitter 102 that, if
| necessary, packetizes each into a corresponding number of data packets 114. These

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

8.




digital video. The video signal can be an anal og video signal provided the
source 102 includes sone formof an anal og video source such as for
exanpl e, an analog television, still camera, anal og VCR DVD prdy&FR 2004
cancorder, |laser disk player, TV tuner, set top box (with satellite DSS or
cable signal) and the like. The source 102 can al so include a digital

i mage source ch as for exa a, di I | eyi si on TV) di ital still
caner a, an@?sfﬁ%}yl‘}(%e"fa‘fﬁﬁsoﬁla tvgrua\llplggéﬁg——dh(gpo tx‘S\FFCS’é( E and type
of well known digital formats such as, SMPTE 274M 1995 (1920 X 1080

resol ut i onbe 1 Ftéb%llﬂl@ratﬂr(l¢nﬂ@ﬂh@q3d<@@angf¢rrme@@ﬂwnﬂgmk(m80 X 720
resolution, progressive scan), as well as standard 480 progressive scan

vi deo. [ OQBeadptihtizddifor thapartichlar dutd maﬁmmmgéﬁ%@pmicdﬂmm@mlyﬁg i mage
signal, an analog-to-digital converter (A/D) converts an anal 0g vol tage or

current sifaalehfi 8ach hagl!n? Gh SLsBeiifRh 1aR rak Bé%}%f \Q'icljw ?\ﬂﬁ P AFrpuper s

(signal) formng In ocess an “appro I'mage data word
of A/D converters

suitable f rd| al .progessin wi de v

can be us %\ﬁily“ SEPEQ 'é?&f)‘l’@‘?ﬂ’&t }C“I@F%atééﬁ?ﬂé‘?)t aérfgle%%“‘?m exanpl e
“t'hose manuf actured by: Phi'l i'ps, Texas Tnstrunent, Anal og  Devitces,

Br ookt r ee,114san take anysnungber offorPRaRHOS wc[eGDgIﬁ]}hnF(andlexanqol e, if the data
stream 110 is an anal og type signal, the an analog to digital converter

(not  showpdotdpc! unigskally, WienaBe!luesk it @ vides sbirdé) 3HE ddtLstrehBd M0l 114di gi ti ze
- the anal og data V\:hl ch I's then packetize by a packetlzer that converts the

401 L A A e g BB AT, o 1

WLII be transmttedtot e receiver
the recei t hen reconstj sfream 110
appr opri at &My S|' %‘E’Bnﬁﬁ FHPRHe H@%&asFﬂa ,tgarzﬁleii igital kG% 3 Sorsuntér

digital video. The video signal can be an analog video signal provided the source 102

includes some form of an analog video source such as for example, an analog
television, still camera, analog VCR, DVD player, camcorder, laser disk player, TV
tuner, set top box (with satellite DSS or cable signal) and the like. The source 102
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,

o progressive or interlaced scan), SMPTE 296M-1997 (1280 x 720 resolution,

progressive scan), as well as standard 480 progressive scan video.

| [0015]  Inthe 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

' \fariety of A/D converters can be used. By way bf example, other A/D converters

include, for example those manufactured by: Philips, Texas Instrument, Analog

~ Devices, Brookiree, and others.




114 into their original format. It should be noted that the link rate is

I ndependent of the native streamrates. The only requirenent is that the

| i nk bandwi dth of the F-_ physical |ink 106 be higher than the ab’gBe@BﬁeQﬂM
bandw dt h of data strean(s) to be transmtted. In the described

enbodi nent, the incomng data (such as pixel data in the case of video
data) is d oyer the r ective virtual |ink based ypon a dgta mapping
ot i 1 o007, PHE exapbie, TRl 1o spslog SPEgnalr B l abid  ont
virtual |inks) does not, as does conventional interconnects such as DVI,
carry one togigtiel capyerier frat showr) ineladediner ceupbasito thogammitter 0Rvllnay, t he

I nterface 100 provides a scaleable nmediumfor the transport of not only

vi deo and digiipdhihe analog data bhiichd$ then phickietizetita picketize fHat tardeitothe data as may
be required. In addition, the invention supports hot-plug event detection

and auto ”‘%ﬁé}'ﬁé’éd' détass’?ﬁfﬁlgtl!ig im0 A Hufibr of d3§ eé&%eg? | g@%ach%fk}h%hw ggum

transm ssioh rate. I nvention provi oW pin count, purely

~digital display interconnect for all__ displ suyi table for ltiple
pl at f or ms .“ﬂgti’&%‘eﬁ F‘h@f’ Server 1 igwaeithe Y’&E‘Gﬁé’% ]z#; ﬂeéﬁ%‘ﬁf é{ﬁlwiﬂh]- one as
“wel I as HDTV and ot her consuner el ectroni-cs appl i cations. [0018] In
addi ti on tlisngeesusignieghe date stream] ) typrppropridtelierecatibipingythe datz packetsnf or mat i on
can be enbedded in the digital stream providing essentially perfect and

i nst ant  dil$4imy thetriogigimahformah it ﬁiohnﬂaetﬂwemadhémikfae@isuﬁ@%eﬁddseof
"Aut o- Adjust"” and the |I|ike. The packet based nature of the inventive

i nt er f ace gRRUVd8RasG3leabihd r: " Y: ' ~ mul tipl e,
digital data streans sS%h%%sj%?ﬁugérge@il%é%?tgfg%ﬁ:ﬂg@vgtﬁ}he%%e and audio
T0eams ol KRS 2 BRk W5 hORSirodhld 3000 e HRLaRHIBheSCr 8 PUS

transmitted . In the described embodiment, the incoming data (such as pixel data in
the case of video data) is packed over the respective virtual link based upon a data
mapping definition. In this way, the physical link 106 (or any of the constituent
virtual links) does not, as does conventional interconnects such as DVI, carry ;)ﬁe
pixel data per link character clock.
[0017] In this way, the interface 100 provides a scaleable medium for the
transport of not. only video and graphics data, but also audio and other application
~data as may be required. In addition, the invention supports hot-plug event detection
| and automatically sets the physical link (or pipe) to its optimum transmission rate.
| The invention provides for a low pin count, purely digital display interconnect for all
.displays suitable for multiple platforms. Such platforms include ﬁost to display,
laptop/all-in-one as well as HDTV and other consumer electronics applications.
[0018]  In addition to providing video and graphics data, display timing
. information can be embedded in the digital stream providing essentially perfect and
instant display alignment, obviating the need for features like “Auto-Adjust” and the

like. The packet based nature of the inventive interface provides scalability to support
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transport for peripheral attachnment and di splay control can be provided

wi thout the need for additional cabling. [0019] G her enbodi mentsgyof 2@34
i nventive display interface will be discussed below [0020] Fig., 2
illustrates a system 200 based upon the system 100 shown in Fig.1 that is
used to connect a video source 202 and a video display unit 204. In the

il lustrate odi t. the video soyrce .202 can include either or both a
di gi tal i‘ﬁu‘%@gg(%ﬁﬂﬁ{ha?atsﬁrm{}%%‘8@%8’&&?@3"‘%’3@5@8" Fireams padyay ge (or anal og
vi deo source) 208. _In the case of the digital imge source 206, a digital
data st reaf¥eamplor syltirgsdigenplicetionse In addifieons universalGerialibus €48B) n t he case of
the anal og video source 208, an A/D converter unit 212 coupled thereto,
converts arnspord fogpetipharadittehier bad dpRy eortfol spobeiprogided mdthbad thelat a stream
214. The digital data stream 214 is then processed in nuch the sane nmanner
as the di gietPlor d@diAosd b 210 by the transmtter 102. The display unit

204 can be an analog type display or a digital type display or in sone

cases can rocess.either..anal og or digital si,gnals provided thereto. In
any case, [P(ﬁg di s(é'ihﬁ’i/er&?‘ﬂdl‘me’% ﬁ&vﬁ’ﬂfg‘éﬂ ‘ﬁsl’dﬂy iegflﬁcq \R’(lﬁ?ef gs t hat
“interfaces the Teceiver 104 with a display 218 and a DIA converter unit—
220 in théelewse of an anal og type display. In the described enbodinment,
t he video source 202 can take any nunmber of forms (such as a personal

deskt op cq@q20} er Figlipillusttatedra 9618k 200 Disedpbn HeRydtenm, 100 skown MEggas t he
video display wunit 104 can take the formof a video display (such as an

LCD type di.sRIi_¥ s 1.0l ok %H%Jmﬁ%ﬁr of the type
of_ yi gjeo sg_urce otr0 Vi %Rgdﬁg%ﬁéﬁoﬁe@?(ﬁtﬁgoﬁ I OUS a_fghg%feans are
j'e;;;, '}ijedi stratOS SEB Bk, Ba%idRR ShGEL 265 b ihdlhde Qenter Sl 5 Signiay OVer the 11

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

e’

_. j - process either analog or digital signals provided thereto. In any case, the display unit
204 includes a display interface 216 that interfaces the receiver 104 with a display 218
and a D/A converter unit 220 in the case of an analog type display. In the described
'.embodiment, the video source 202 can take any number of forms (such as a personal
desktop computer, digital or analog TV, set top box, etc.) whereas the video display
‘unit 104 can take the form of a video display (such as an LCD type display, CRT type

“display, etc.).

[0021] cha_rdlesg 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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physical |ink 106 which includes a uni-directional main |ink 222 for

| sochronous data streans and a bi-directional auxiliary channel 224 for
link setup and other data traffic (such as various |link nanagegegﬁ 04

i nformati on, Universal serial bus (USB) data, etc.) between th i%é@
source 202 and the video display 204. [0022] The main link 222 is thereby
capabl e of _si.ul .t usl.y transmtting . nmul ti.ple i hr.onpus da streans
(such as nRfYSE |1Ei&?’§€§¥é}'aﬁ‘ﬁf‘fé§ ‘E’H‘Eg‘i?é’ﬁ{aalgﬂﬂﬂ#???i%\mﬁmaﬂ%ﬁ& 2streans).
In the described enbodinent, the main link 222 includes a nunber of

di fferent steams and &hiadirestional eadliary aianneic22dffor linkhsetupr andragheridgladratéhous dat a
streans (such as unconpressed graphics/video and audio data) at nultiple
gi gabi t s p@iichss anchs(lfakifanagénic@bindorngivs AnivérsyiRerislbus (DSBRdL4,&tc.f he mai n
i nk 222 appears as a single physical pipe and within this single physical

pi pe, ”“lﬂeitvpéeﬁMé&iﬁé@éoup.eggﬁaﬁ&‘&e@?qeg?ﬁ]%%féﬁw' In this way, |ogical data

streans are no assl gne physica s rat her, each |logical data

streamis ried jnits, logical pjipe (i.e., virtual channel described
above) . [d@@%ﬁl In %@a’&é@g\r%g%&fg@ﬁ%{%ﬂpﬁ@ﬁto,f%"ﬁﬁm% ragsmitiiBgsfer rate, of
the-main Tink 222 i s adj ust abl'e to-conpensate-for 11k conditions. For —
exanpl e, imultple isochmohewssiwtadticans (subleaspeltigleofidedigraplicssticamk a8®2 can be
adjusted in a range' approxi mated by a sl owest speed of about 1.0 CGbhps to

about 2.5 fdipehifie]l Slidsiflams)) Ia R dséHiRE @hibolindab RBe Ak 16KEIMS (see Fig.
3). At 2.5 CGbps per channel, the main |ink 222 can support SXGA 60Hz with

a col or dephiheol o {ﬁlbgi 6f§iiﬁ§r ng/iri]u cél%%%ls,gehag}ih E%aﬁle of é’fgﬂringlt shoul d be

noted that a reductionin S reduces ni only the cost
frpor t ant TOGHEH s a Sraps I HESRDP e R SRS RGBT | cat i ons
such as portable devices and the |ike. However, by increasing the nunber
of channemiltipde gigabits per hesons (Gbpis). nkronwlogisal Wewpeint thadMeatheandy x 2048
i mge resolution) with a color

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

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

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

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

[0023] In the described embodiment, the speed, or transfer réte, 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

iink 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

12




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

col or depth of 18-bits per pixel at 60Hz, w thout data conpressi N, Even at
the |owest rate of 1.0 Gbps per channel, only two channels are requited to
support an unconpressed HDTV (i.e., 1080i or 720p) data stream [0024] In
t he described enbodinent, a main link data rate is chosen whose bandw dth

exceeds th e bandw of I tue virtual |ipks. Data sent
to the int g?p?}gg%f%@isiWéglxﬁﬂtghgthmgggféod‘t ﬁbﬁgiwﬁhtaic\q rtdﬁP‘B." A time-base
recovery TBR) unit 226 within the receiver 104 regenerates the streanms
ori gi nal n&t-bifeper aixe! at 60Hz withant dataeompressien. cineaddt g lowest e 0fil.@ | i nk data
packets, if necessary. It should be noted, however, that for appropriately
conf i gur edGbipscpet ethandlels PAlRYwelEhanhiels ar%@?qﬁﬂ&@‘f@sdp@oﬂﬁhﬁnc&%reﬁsbﬂrmﬁe

recovery i s unnecessary since display data is be sent to the display

driver el fﬁ'bﬂmd}&m@w@‘ﬁ'ﬂ& character clock rate, thereby greatly

reduci ng e nunber annel’'s required with a commensurate reduction in

conpl exity cost  fqr the i splay. For exanple, Fig. 2C illustrates an

exenpl ary [@@pan th?g?cﬁ fi“gmd%"qt’rﬁmélﬂdlﬁkéﬂ&d?teﬂﬁ@%os%wbﬁ’% base

“recovery since display data i's essentially pipelined tothe various col'um
drivers 23xundwidth exceedsshehggregete bbndveitithoof thé ¢dnstitnentdintwead tink IPath serdr i ve

sel ected display elenents 238 in the array 240. [0025] O her enbodi nents

descri be ao telfpeFac wiivdsat ihe trai@hifteat iR matifieratd. K tinfedale ARGvdrpe Ppi xel /audio
clock rate. It has been researched and understood that all the standard

o el 2 ang) ko GG S5t Bl BB Pl

7

{ j using time stamps embedded in the main link data packets, if necessary. It should be
noted, however, that for appropriately configured digital display devices 232 shown in
Fig. 2B, time base recovery is innecessary since display data is be sent to the display
driver electronics at the link character clock rate, thereby greatly reducing the number
of channels required with a commensurate reduction in complexity and cost for the
display. For example, Fig. 2C illustrates an exemplary LCD panel 232 configured in

such a way that no time base recovery since display data is essentially pipelined to the

various column drivers 234 that are used in combination with row drivers 236 to drive

selected display elements 238 in the array 240.
[0025] Other embodiments describe a simple enumeration method for the link

* rate and the pixel/audio clock rate. It has been researched and understood that all the
standard pixel/audio clock frequencies that exist today are a subset of the following

master frequency:

- 23.76GHz=210x33x57x 111 Hz
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R [~. 8 APR 20 4 This nmeans that a pixel (or audio) clock
rate can be expressed with four paraneters, A B, C andDas: Pixel clock
rate = 2A * 3B x 5C x 11D A = 4 bits, B =2 bits, C= 3 bits/e&dPR Zg{j?it.
[0026] Even for a link whose link rate (which is the serial link bit rate /
10 for a link that uses 10-bit character such as 8B/ 10B characters) may be

di fferent m t he i xel, clock.rate, there is a benefit in defining the
link rate \f}‘mﬁjgﬁl‘?aﬂ%@ép?%?l @’é?%ﬁg?cgfateﬂ@qb@xpr@‘?dmf% pargmgteBenefit is
the sinplicity in regenerating pixel/audio clocks from a link clock. For
exanpl e, | 8iBsCetd DA% |ink rate is set as A =6, B =3, C =7, and D
= 0 and the corresponding link rate is 135MHz. However, suppose the pixel

clock ratPixekcloskirars-24*38x #°x13p C = 6, and D = 0 (= 108MHz), then the
pi xel clock can be generated fromlink clock as pixel clock rate is equal

to the link.r 2 datecl 1 ferring back to those systens
J‘;. @B}“Es B gb{ts% §b1t§, 3895 l%ﬁ

requiring tine base recdver he {1 me-"base recovery unit 226 may be

i npl enented as a digital clock synthesizer. For an unconpressed video
stream the tine stanp is stored in the packet header which as described
“i'n more-detai | bel ow, i's a 20-bit  val ue: For a given stream four of 20
bits are [80¥led Evenclarh linkatiese lmkaseswhichliythe 5&31 Gink bH¢até/ 10%orlal- 8, TS
15-12, TS 19-16). Native stream frequency (Freg_native) is obtained from

l'i nk char dinkehat GbesClO-Bit @R YudhFk 88/ 108 UhatRfd) nfsy befelifttoent il g2t | ve
=Freqg_link_char* (TS19-0)/220 14 8 APR 2004 [0028] The transmtter 102

gener at es ghldl glokik ffe, AR AHen&RYE Eléﬁ}gné B M THE Wil these four parameters,

¢ } A, B, C, and ﬁ': The benefit is the simplicity in regenerating pixel/audio clocks from
a link clock. For example, let's say the link rate is set as A' = 6,B'=3,C'=7,and D'
=0 and the corresponding link rate is 135MHz. However, suppose the pixel clock
rate is set as A =8, B=3, C=6, and D = 0 (= 108MHz), then the pixel clock can be
generated from link clock as pixel clock rate is equal to the link rate *22/5 1.
[0027] Referring back to those systems requiring time base recovery, the time-
Dbase 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 2 given stream, four of 20 bits
_ére stored in each header successively (TS3-0, TS7-4, TS11-8, TS15-12, TS 19-16).
Native stream frequency (Freq_native) is obtained from link character clock

-frequency (Freq_link_char) as:

Eq(1) Freq_native = Freq_link char * (TS19-0)/220




native streamclocks in 220 cycles of the |ink character clock frequency
period. The counter updates the value every 220 cycles of the éi nk
character clock. Since these two clocks are asynchronous wtf AR ABér |

the tinme stanp value will change by 1 over tine. Between updates, the
transmtter 102 will repeatedly send the sane time stanp in the header of
the given am A sudden cha e,of the tine stanp value (by nore
than 1 couﬁﬁ? %h%gmpffr@g&n%?ci tirpe HapR by SQUIERE thenWabeT R of an
unst abl e condltlon of the stream source. [0029] It should be noted that, no
time stanphatize sieameivdkatied29 oycleanf thedink chamcteratock fiequishey meaiod, Théhe sour ce
device inforns the display device of the audio sanple rate and nunber of

bits per sifeupdiiesdifd @I dVeRLIONGRYEN the iR EnPRSE@LUIRORifed tifdse and the

| i nk character rate t he displ'ay dévice regenerat es the original audio

sampre) x 1 RS Ehot Pl el her e %&rﬁ&@w b B0 an

i ncl udes a nai.n Ignk packet header 402 as shovvn i n 8 4B that is forned

of 16 bit LVGHERE Betucemuplaigsethe fransypittar |2 with repspisplly sepd ihetemedinhat maxi mum
streamcount s 16), bit 4 is the Time Stanp (TS) " LSD. Wien bit 4 is equal
to 1, thi stapgcikdbe mdetaf thegivenmacketattami druddenahtnge dfithstime stafiipre St anp
val ue (used only for unconpressed video strean). Bit 5 is a Video frane

sequence Rukue\®Y BbreaRirS! aGunt)iBay l?e?iﬁierﬁ‘bﬁ& bSr ch%@éelﬁrtas & irfdi@tibh 8fEn CouNt er

which toggles from"0" to "1" from"1" '0" at the video frane
osorved s Sty t#ﬂﬁ?ﬁ%hs%%%%iré' dS"fo?aE’Rc (CRO) that_chocks
ér} ors fop ootzgf prIte élhlo%ﬂisbe note thla?tI 1t1§ tlmlgls%aasnpllg cc'}nz]m?nru%at-le-ld rfr'gr anla?ldfépR 2004

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

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

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

rate.

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

channels)

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

ey

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
ﬁom “0” to “1” or from “1” to “0” at the video frame boundary (used only for
- uncompressed video stream). Bits 7 and 6 are reserved whereas bits 8 through 10 are

a 4-bit CRC (CRC) that checks errors for the previous eight bits. Bits 15-12 are Time
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Stanp/ Stream I D I nversion. (TSP/SIDn) which for unconpressed video are used

as four bits of 20-bit Tine Stanp val ue. [0032] One. of the advgta es of
the inventive interface is the ability to nultiplex different™ e 20@4ns
each of which can be different formats as well as have certain main |ink
data packets include a nunber of sub packets. For exanple, Fig. 5 shows a
system 500, arr ed r ovi s Ragket . encl osure and mul tipl e- packet

i 4 ol oxi VP RREER 5o Sl TP R mEMcompresr Mt ol ) ehoul d
be noted that the system 500 is a particular enbodi nent of the system 200
shown i n Hpy. bits cfAd-bitshme Sthrathealed. or e not be construed as liniting either
the scope or intent of the invention. The system 500 includes a stream

sour ce nul[9032] eXeOnd&xhé Bdilatidgsh dfihd MPentive di&Mck ithe ARifityRAfultiglegONDI Nne a
stream 1 supplenental data stream 504 with the data stream 210 to forma

mul tipl ex%ﬁfé}éﬁt%ﬁ}(sﬁﬁﬁﬂg &R 'of %%P% Bé g@?@ﬂtggﬂé@ ﬁ%w’eﬁ%gha\;eoc% aﬁl then

forwarded to a I'In ayer mu exer I'nes any of a nunber of

data streans .o forma myltiplexed maiin_ link stream 510 f.ormed of a nunber
of data PRk dﬁiﬂafiﬁ‘ﬁém@?doeﬁﬂ“é'ﬁ’eﬁﬁbsqbrn%% Eor xasapls, Fgnh#10%612 sub
'"'paCk'ét'"S'”5'14' encl osed therein. Alink'l ayer de-nul t i"p'l"e‘xer 516 'S'pl its the
mul ti pl exsptemta0 arangadito Hovide satepackst enolosire aukbmultipde-packer eans based on t he
stream IN (SIDs) and associated sub packet headers while a stream sink

de- mul ti phetgileBABin detdrdice with dnSentoidith&if of fhb ifRMidn. S BRhEABShGtkd dat a
stream contai ned 1 n the sub-packets. [0033] Fig. 6 shows a high-Ievel

ct o 51075 8 fftoh Sb @ cplbPliodf SRR, Wk 300 ARWEATER 2 B 0

(50 eam 1 BRI efort B3R o as [ Geahehe bsp S5 el GaRls (ot r earm 1D =
3). The small packet header size of main |ink packet 400 m nim zes the
packet ovévpeea, Thasystem 508 inchuwles mstréam souroe muiltiplexérfo2 dngluddddnéhe The
reason t he packet header can be so

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

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

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

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

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

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

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

sub packet headers while a stream sink de-multiplexer 518 further splits off the
~ stream 1 supplemental data stream contained in the sub-packets.
- [0033]  Fig. 6 shows a high-level diagram of the multiplexed main link stream 600
: as an example of the stream 510 shown in Fig. 5 when three streams are multiplexed

..over the main link 222. The three streams in this example are: UXGA graphics

(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
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16 APR 2004 small is that the packet attributes are communicated via the
auxiliary channel 224 [ prior to the transm ssion of the packets over nain
link 222. [0034] Generally speaking, the sub-packet enclosure Tiﬁ AR 2004
effective schene when the main packet streamis an unconpressed vi deo
since an unconpressed video data stream has data idle periods

correspondi ng.to the video-hl anking- period. Therefore, -main_link traffic
formed of SHHH%@%‘B? B%fé‘stcﬁtm%&@éa& afed "i‘%&‘?l‘f’rﬂ’éﬂ@é’ e@)?&ﬂull speci al
character packets during this period. By capitalizing on the ability to Il
mul ti pl ex priar todhe tratwtmasssinrafanspackets pedrmaiminle?@nt at i ons of the present

invention use _| various nethods to conpensate for differences between the
~main link [nmﬁ anGeriefflly sPéakflg, HidlsabpHadket MRk RCarPSMchife SdeRRWHen @ Vi deo
data stream For exanple, as illustrated in Fig. 7, the pixel data rate is

(D

.5 o/ , B ' = ' d :
i s oyt gk sfbapl af haBubenSllifed S MG bA HRR 0 o b o

of pixel data js transmtted each .8 ns. Here, transmtter 102 intersperses
speci al cﬁ%?%$@ﬂ§t%€k®§69ﬂ%ﬁ%ﬁp%dm§ teheividegtankingperigdFTkgrefore, Two speci al
“characters are disposed between a first bit of pixel data Pl and a second

bit of pi xein ikt twffe forified of premicampodssedaddenr strearh vl inichadi sefies AXull o

di stingui sh each bit of pixel data. Interspersing the special - characters

bet ween bigesiaDéhaPicte? padkaisaiuding ehi§ pARIE ByrapitAihe orsthé 8RilihPH data that
allows the link to maintain synchronization. Inthis exanple, the special

character . acters LI né f | eeded for. such met hods,
ony . oran pExIAopE R Sl impllnebtiiof ot the PESEHR il ) sover
Fehatively nore lqQgic is requjr on the recejving side to reconstruct the
vileo sig OTISngag@éiWnsaFﬁefQBg&r"ée“F sepdhgmain inkgateandithe characters
begin and end. [0035] An alternative to the interspersing nethod is to

al t er nat epigeJrigtagateiwhsn ithe spurce stream is a video data stream. For example, as

illustrated in Fig. 7, the pixel data rate is .5 Gb/sec, such that a bit of pixel data is
| transmitted every 2 ns. In this example, the link rate has been set to 1.25 Gb/sec, such
that a bit of pixel data is transmitted each .8 ns. Here, transmitter 102 intersperses
special characters between pixel data as illustrated in Fig, 8. TWo special characters
~ are disposed between a first bit of pixel data P1 and a second bit of pixel data P2.
The special characters allow receiver 104 to distinguish each bit of pixel data.
Interspersing the special characters between bits of pixel data also creates a steady
stream of data that allows the link to maintain synchronization. In this example, the
special characters are Null characters. No line buffer is needed for such methods,
" onlya sinall FIFO, because the link rate is sufficiently fast. However, relatively more
: 1ogic is required on the receiving side to reconstruct the video signal. The receiver
needs to recognize when the special characters begin and end.
[0035]  An alternative to the interspersing method is to alternate consecutive bits
qf pixel data with special characters, such as null values. For example, P1 through P4

could be fed into a line buffer included in the transmitter 104, then one or more null
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of pixel data with special characters, such as null values. For exanple, P1
through P4 could be fed into a line buffer included in the transmitter

104, then one or nore null 17 8 APR 2004 val ues coul d be fet 4 dtfR 20@&4
buffer until nore pixel data are available. Such inplenentations require a
relatively | arger buffer space than the interspersing nethods described

above. r | t i1l the 1line
buf f er WI I xcee‘ggf Kﬁ%ﬁ)@m?@fqéﬁﬁlﬁ{eﬂ %’Q%I%eé%%af%f ﬁﬁ)geat%céf ter the line
buffer is_ full, due to the relatively gh link speeds. [0036] As

di scussed iPlamentsfignsisauirg drefatiye yzlaxgerdwéfebﬁpa@%@aa&waawﬁ%msf t he

i nventive interface is the ability to not only multiplex various data
streans, buodthadssiescribbéalsovel Gsmagy aichamylenkniationsnihe tinefrequitedpadilidhs wi t hin a
particular main link data packet. Fi g 9A shows a representative

sub- pac ketlm@@ﬁﬁb%%‘i@éé&%ﬁ&ﬁm\éﬂré ﬁ’xﬁ'tﬂ@&ﬁta Sher CLAJWERE iON-  The
sub- packet 900 1 ncludes a sub-pa ket hea 902 that 1 n the described

~ enbodi nent b ni ed by SPS (Sub-Packet Start) speci al
char act er %lk’fdufﬁe%ﬁé‘?ﬁﬁu‘f ?%i%’gﬁg‘f'}g lfr)gé? in which the sub-packet 900 is
“enclosed contains a packet payl oadin addltlon t o the sub-packet 900, the"

end of thd0038lb- pedisqussdovighreferense i Fige 8Apgneibthe uantreesioétheEnd) speci al

character. Qherwi se, the end of the nmain packet (as indicated by ensuing

COM char addventiveintehface iexlengblility sdaotroni ymirdtiglex Yayiousadakesstichds ot akd  bot h t he
sub- packet 902 and the main packet into which it is enclosed. However, a

sub- pac ke'ihe%@l%mgg atlfﬁnﬂﬁflof‘éuﬁ) aclé?sﬁvifﬁ]ﬁ'&ﬂaﬁﬁuﬁ?ﬁlaﬁlshﬂgddW' n packet

has no payl oad shows an exenplary sub- packet format wthin a main
ok AR A R T, payl 0ad i s
dependen embodiment oF the invention The sub-packe 900 inchides a éub-packet header 902" o+ 207
that in the described embodiment is 2 bytes and is accompanied by SPS (Sub-Packet
Start) special character. If the main link data packet in which the sub-packet 900 is
enclosed contains a packet payload in addition to the sub-packet 900, the end of the
sub-packet 900 must be marked by SPE (Sub-Packet End) special character.
Otherwise, the end of the main packet (as indicated by ensuing COM character in the
example shown in Fig, 9B) marks the end of both the sub-packet 902 and the main
:_ ! packet' into which it is enclosed. However, a sub-packet does not need to end with
| SPE when its enclosing main packet has no payload. Fig 9B shows an exemplary
' sﬁb-packet format within a main link packet in accordance with an embodiment of the

invention. It should be noted that the definition of the header field and sub-packet

payload is dependent on the specific application profile that uses the sub-packet 902.

[0037] A particularly useful example of sub-packet enclosure usage is selective
refresh of an uncompressed graphics image 1000 illustrated in Fig. 10. The attributes
 of the entire frame 1002 (Horizontal/Vertical Total, Image Width/Height, etc.} will be

communicated via the auxiliary channel 224 since those attributes stay constant as
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[0037] A particularly useful exanple of sub-packet enclosure usage is

sel ective refresh of an unconpressed graphics imge 1000 illustrated in
Fig. 10. The attributes of the entire frame 1002 (Horizontal/Vest§ R 2004
Total, Image Wdth/ Height, etc.) will be communicated via the auxiliary

channel 224 since those attributes stay constant as 18 8 APR 2004 |ong as
e refresh operation, only a portion

the streamremains valid. In selectjv )
1004 of tﬂl"“ﬁ?ﬁ&bﬂ %ﬁﬁf?@a%&ajﬁe sﬁéﬁcu‘ﬁ tgEsx opgrabion, Rdy 3 prfiox1904efor di nat es
of the updated rectangle(s) (i.e., the portion 1004) nust be transmtted
every franthedmage1G09ds updairskper yideo Frame cBlicdiont X- ¥ comrdinated efthe bpdwgels f r om
frame to frame. Another exanple is the transm ssion of color | ook-up table

CLUT) dat arcbtangle@d|tie.,2Be pertior 56049 aluef et AR Gverd HameWRE thd YHudd- bi t  pi xel
data is an entry to the 256-entry CLUT and the content of the CLUT nust be

dynam cal | yrp focta) | | -digectional auxiliary channel 224
provi des a congegl{a?lg{eo&gor %E\B%lﬁ%%ﬁg&gfﬂ%%eotgt h Oglr?ge{@l@?lﬁi‘s %Br link set
as to carry auxiliary

up and supportin in link operations as well _as to_ca

appl i cati o'ﬁm’agaesa%g@?m@g i%@B’PtW&F f¢7cU.T)Jéﬁta fox sequired fog266rcolen graghici | i ary
“channel 224, "a displ ay ‘device can i nformthe source device of events such’
as sync |duaswhere depkelit pirckdatsisandntrine the 866-estrpCLUTahd ittigonessbONS
(descri bed below). For exanple, if a particular training session fails,

t he transnhé¢ CEUThARstdd]d icillaupdiged, | i Nk rate based upon pre-sel ected or
determ ned results of the failed training session. In this way, the closed

0 o caagtaly CORPLILS Bl ShaRS Ml SRRERIT) Sl L0 2
Qo cased 04 suRedtbFischius sl fr G0 SHon 401 Aimmogingsuyn lnk ppgpbens s |
bi -directional auxiliary channel 520 can be

well as to carry auxiliary application data such as USB traffic. For example, with the

auxiliary channel 224, a display device can inform the source device of events such as

sync loss, dropped packets and the results of training sessions (described below). For

example, if a particular training session fails, the transmitter 102 adjusts the main link

rate based upon pre-selected or determined resulis of the failed training session. In

this way, the closed loop created by combining an adjustable, high speed main link

with a relatively slow and very reliable auxiliary channel allows for robust operation

over a variety of link conditions. It should be noted that in some cases (an example of

Which is shown in Fig. 5B), a logical bi-directional auxiliary channel 520 can be

esfablished using a portion 522 of the bandwidth of the main link 222 to transfer data

frpm 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. S5A.

- [0039]  Priorto starting the transmission of actual packet data streams the

transmitter 102 establishes a stable link through a link training session that is
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established using a portion 522 of the bandwi dth of the main link 222 to
transfer data fromthe source device 202 to the sink device 204 and a
uni -directional back channel 524 fromthe sink device 204 to‘;@p ﬁﬁu?ﬁﬁ?
device 202. In sone applications, use of this |ogical bi-directiév
auxiliary channel may be nore desirable than using a half- duplex

bi -directi n ri:hed in Fig. 3A [10039] Prior to starting the
transm ssi %Hr%ﬂl(gp ﬁ%@%ﬁ%’epg%?ﬁ%b S§up %ﬁaggﬁa@? um{grgllﬂ'\(stfﬂl?lp%’rtﬁ‘i@f“bst abl i shes
a stable Ijnk through a link training session that is 19 (r)0 APR 2004
anal ogous HH Eansmeisr 102sendea predefined irpingts natterniso dhattheneedivey 104 a4 t r ai ni ng,
the main link transmtter 102 sends a pre-defined training pattern so that
t he recei viaterhiit wisther diatap actiieve adoditt bit/chmtacieplock dh ievdesaiteal 1 d
bit/character |lock. In the described enbodinent, training related
handshaki 5 ) : [ Is carried on
"Rt hrdiifl FARP ALK ink YerRdl dhd WansfufR 168 brkd the!

the auxiliary channe exanp training pattern is shown in
L |1 ustrated,

Fig. 11 in_accordance wi,t h an embodirent., of the invention. As

S ng- tndo R AP A Smof A uSREE b e aple Stk iniag padeh | ongt 1
“whi'l'e phase 27i's 't he | ongest that .are useo_l by the I eceiver to optimze an’
equal i zer .1s showniRdde 13 in pesprdance with ai emberlimientrof thesinvention. &vse achi eved as
long as the link quality is reasonable. Typically, the training period is

about 10 nHystratedyduiritig the training agsionxa pldsell Yepkséniaittiessshofted ainpleag sent. | f
the recei ver 104 does not achieve solid lock, it inforns the transnmitter

102 via t R@y hdal 5% : b : s the link
rate and ?@ggg& ?etzﬁgﬂ%eﬁlgﬁ?gﬁi@ﬁga%gﬁ;sﬁ%g%y %ﬁ%%f&ﬁﬁbg |Zte i%%&%%&glgg%i ding a

(L3 . SRR BN b B S EB
OVerNead Qe asiable: Typically; the tatning poriod is abou 10-ms, in whidh fime, o '
approximately 107 bits of data are sent. If the receiver 104 does not achieve solid
lock, it informs the transmitter 102 via the auxiliary channel 224 and the transmitter
102 reduces the link rate and repeats the training session.
[0040] In addition to providing a training session conduit, the auxiliary channel
224 can be also used to carry main link packet stream descriptio'ns thereby greatly
reducing the overhead of packet transmissions on the main link 222. Furthermore, the
auxiliary channel 224 can be configured to carry Extended Display Identification Data
(EDID) information replacing the Display Data Channel (DDC) found on all monitors
(EDID is a VESA standard data format that contains basic information about a |
‘monitor and its capabilities, including vendor information, maximum image size,
color characteristics, factory pre-set timings, frequency range limits, and character
-sfrings for the monitor name and serial number. The information is stored in the
- “display and is ﬁsed to communicate with the system through the DDC which éites

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
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auxi liary channel 224 can be configured to carry Extended D spl ay
Identification Data. (EDID) information replacing the D splay Data Channel
(DDC) found on all nonitors (EDID is a VESA standard data fornmat §t R 004
contains basic informati on about a nonitor and its capabilities, including
vendor information, nmaxi mumimage size, color characteristics, factory
pre-set timn frequen ra limts, and character strings for the
noni t or naf%ngag’ A, éfeﬂﬁ%ﬁma{f]’g&?ﬁ%ﬁ Hieguiligyshapae gar”o"taéréftblo the display
and is used to comunicate with the systemthrough the DDC which sites

bet ween t rasynebranpus angrisochtosompagkeip s requisetbiotsupportiidditiopak data ypess t hi s

I nformation’ for configuration purposes, so the nonitor and system can work

t oget her) .suttnasMegbodrd, éus atinic26bne.r ef erred to as an extended protocol
node, the auxiliary channel can carry both asynchronous and isochronous

mouse and 1 A8 SRR H1oBCE 1 PR | 207t KRR AR RORBY 0% 000 o

the system,200 in accordance w.th an enbodi nent of the invention. It

shoul d be Yt aFmbedtmeniof te dgyention, it Sh‘?“ﬁ%b“e?ﬁi%{]@?ﬁ‘%‘thfi?%"é?y dependi ng
uponapplication, generally, a'source (such as the video source 202) is
formed of impeueniatopmyy varxldepanding up pplication, geharallys a sowros (szch avthe har dwar e,
a source link |ayer 1204 that includes multiplexing hardware and state

nmachi ne ( @fdeb soure@2@®) is fftedoftBdoardeiphesbalisier $E021BAGN LA tafismitter
Audi o/ Vi sual / Graphi cs hardware and associ ated software. Simlarly, a

o R SR P [ B PO,
ot SR B et Bl T et el
application profile |layer 1214 defines the format w th which the source
comuni cahardware and associated software. Similarly, a display device includes a physical

layer 1208 (including various receiver hardware), a sink link layer 1210 that includes

de-muitiplexing hardware andr state machine (or firmware) and a stream sink 1212

that includes display/timing controller hardware and optional firmware. A source

application profile layer 1214 defines the format with which the source communicates

with the link layer 1204 and similarly, a sink appIicatioﬁ profile layer 1216 defines

 the format with which the sink 1212 communicates with the sink link layer 1210.

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

SOURCE DEVICE PHYSICAL LAYER

| [0043]  In the described embodiment, the source device physical layer 1202
includes an electrical sub layer 1202-1 and a logical sub layer 1202-2. The electrical
sub layer 1202-1 includes all circuitry for interface initialization/operation such as hot

plug/unplug detection circuit, drivers/receivers/termination resistors, parallel-to-
| serial/serial-to-parallel conversions, and spread-spectrum-capable PLL’s . The logical
sub layer 1202-2 includes clrcultry for, packetizing/de-packetizing, data

scrambling/de-scrambling, pattern generation for link training, time-base recovery
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with the link layer 1204 and simlarly, a sink application profile |ayer
1216 defines the format with which the sink 1212 communicates with the

sink link |ayer 1210. [0042] The various layers will now be di sfgugs;ﬁ;h [ 5|
more detail. SOURCE DEVI CE PHYSI CAL LAYER [0043] In the described 004
enbodi nent, the source device physical |ayer 1202 includes an electrical

1202- 1”1 il a el Preofiefeoditi e i ¥R ipraF B AN K320% Ton saen

as hot pl u9§/ unpl u? detection circuit, drivers/receivers/termnation

resi st or s, 1994rdause [l 1)xthat psesrides| 256 dink dptacharpeters land twed vhensire] ehssactegnd
spread-spectrumcapable PLL's . The logical sub |ayer 1202-2 includes
circuitry (aexamplebihich 3gheven pEBige13)Fontle ndid ok 232 mdiMambésta-Thfoe anbl i ng,
pattern generation for link training, tine-base recovery 21 8 APR 2004

circuits, tﬁé‘ﬂn@ j =pdiyng such as 8B/ 10B (as specified in ANSI
X3.230 1994, c gatﬁig% ?%?Eggteg%?%\%ges 256 |ink data characters and twel ve

control ch ters 1 exanpl e of ich is.shqwn, as Fi.g. .13) for the nmain B
o 522" M R et g e, g o tn e dharihm ic dekeripeL fre o 14 f
[0044] 1t should be noted that the 8B/1 OB encoding algorithmis described, -
for exanmskanpleinU.S, Pt Mumbki4i6,730, adhigberebghincerpprataddrveby i ncor por at ed |
by reference. As known by those of skill in the art, the 8B/ 10B code is a

bl ock codeefeirAde. AviaRdRhydhdselof didtldan tHeaatktheiSBY DBLEbRIIS a Blodie codutlsg f or
serial transm ssion. In addition, the 8B/ 10B transm ssion code converts a

D o U AL ROl o 10 Al St 2
S |t L to. bl | i abl I k b ' , h
ARG T R DR NN e N

into a DC balanced stream of 1s and 0s with a maximum run length of 5. Such codes

provide sufficient signal transitions to enable reliable clock recovery by a recetver,

such as transceiver 110. Moreover, a DC balanced data stream proves to be

advantageous for fiber optic and electromagnetic wire connections. The average
number of 1s and Os in the serial stream is be maintained at equal or nearly equal
levels. The 8B/10B transmission code constrains the disparity between the number of

1s and Os to be -2, 0, or 2 across 6 and 4 bit block boundaries. The coding scheme

also implements additional codes for sigﬁaling, called command codes. | :

[0045] It should .be noted that in order to avoid the repetitive bit patterns exhibited
' .by uncompressed display data (and hence, to reduce EMI), data transmitted over main
- link 222 is first scrambled before 8B/10B encoding. All data except training packets
and special characters will be scrambled. The scrambling function is implemented
- with Linear Feedback Shift Registers (LFSRs). When data encryption is enabled, the
' _.initial value of an LFSR seed is dependent on an encryption key set. If it is data

_scrambling without encryption, the initial value will be fixed.
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advant ageous for fiber optic and el ectromagnetic wire connections. The
average nunber of is and Gs in the serial streamis be maintained at equal

or nearly equal levels. The 8B/ 10B transn ssion code constrains the ée\PR 2004
di sparity between the nunber of 1 s and Gs to be -2, 0, or 2 across and

4 bit bl ock boundaries. The coding schene also inplenents additional codes

or der Lo S { R TR BB ED e BHEed AY G B usi By BRSO oS

di splay data (and hence, to reduce EM), data transmtted over main [|ink
222 is fi rtbymsigdinkiphekst heatlens ser8Bas 9Bamridudificgtionduminkas thershy greatly r ai ni ng
packets and special characters will be scranbled. The scranbling function

i's i npl enaedueihg ovérhbad dndemdximagiagkoaiividth. Be Sicul®aiSo bé hsEFihat Wen dat a
encryption is enabled, the initial value of an LFSR seed is dependent on

an encr i . L1 4S. dak : in |t t. ryptyon, the

initial yea"@%"\}h&% I){?aiﬁiém]f ?ézegtgr thgd Hﬂ@&l@%gﬁe{ségﬁﬁegﬁﬁgglﬁéﬁgﬁgt irueam

_attributes .are transnmitted over the auxiliary channel 224, the main |ink
packet hedHRWay.dus reeetvars op matnlink R22 and ppgilianylink 224 samplerths datg angt cat | v

reducing overhead and maxim zing |ink bandwi dth. It should al so be noted
1

that nei exeact thaelogkifior the incpgdngdnta streama Bestighaseylotking faPahyiphasesepar at e
clock signal lines. In this way, the receivers on nmain |link 222 and _
auxi | i ary ldck tdopdPRLS @iphieid the rétsiver d8ditric® ¥l Bedr ié epditaatior fiesMnkhe inconi ng
data stream Fast phase |ocking for any phase |ock loop (PLLs) circuit in
the recei y8Liel BGih : . 18 f i auxiliary
K5l PSRl S IEr  robO Wil B Bl 1 Y

channel 224 is ex I'rec Irection o

al
changes fr.equently. Accordin oy L PLL. on the auxiliary channel receiver
phase |o g?s:ﬁegﬁe”ft Wﬂggorflglggbg@ﬂi?rb "’r‘ﬁiim’s"?‘ﬁ%mg FReetve %t and |

uni formsignal transitions of Manchester |l (M) code
locks in as few as 16 data periods thanks to the frequent and uniform signal

transitions of Manchester II (MII) code

[0047] At link set up time, the data rate of main link 222 is negotiated using the
handshake over auxiliary channel 224. During this process, known sets of training

packets are sent over the main link 222 at the highest link speed. Success or failure is

" communicated back to the transmitter 102 via the auxiliary channel 224. If the
” training fails, main link speed is reduced and training is repeated until successful. In
this way, the source physical layer 1102 is made more resistant to cable problems and
~ therefore more suitable for external ﬁost to monitor applications. However, unlike
conventional display interfaces, the main channel link data rate is decoupled from the

pixel clock rate. A link data rate is set so that link bandwidth exceeds the aggregate

bandwidth of the transmitted streams.
SOURCE DEVICE LINK LAYER
[0048]  The source link layer 1204 handles the link initialization and management.

- For example, upon receiving a hot plug detect event generated upon monitor power-

up or connection of the monitor cable from the source physical layer 1202, the source
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[0047] At link set up tine, the data rate of main link 222 is negoti ated
using the handshake over auxiliary channel 224. During this progc known
sets of training packets are sent over the main |ink 222 at the ﬁ?gﬂé”stﬁﬁlf
| i nk speed. Success or failure is communicated back to the transmtter 102
via the auxiliary channel 224. If the training fails, main link speed is
reduced a 1N eate | t he source
physi cal Pg‘i}é'? ﬁT&iﬁgg 126?739 %%Srtge? 3| stlgsu ‘C‘ﬁg%‘:&h’ﬁe"‘%%“ 3%@%%%% t herefore
nore suitable for external host to nonitor applications. However, unlike
convent i ot 2udilignl ehpnnelZef teddermiremaimynt Mak ik dafawatepadatermingd i s
decoupled fromthe pixel clock rate. Alink data rate is set so that |ink
bandwi dt hbextaivisg sebdom gl maabee of imadusedtdovefy unita onnthereogitdred streans.
SOURCE DEVI CE LI NK LAYER [0048] The source link |layer 1204 handles the |ink
| ni tiali 2a4 i aBlc Bl BAAGEHER bnds, E&Hilaﬁﬁ%ﬁi‘*[ﬁiB BREMIGRGEE WeAGoafidiot Pl ug

det ect event generated upon moni t or r- up or connection of the nonitor
rce 23 8 APR 2004

cable fro t e source eﬁ é thes

devi ce | i HRSHERFOWS DA aBzi‘fsé’gla{ o ﬁﬁY‘Trﬁtt btf‘mt BRI or via

i nterchange over the auxiliary channel 224 to determ ne a maximum nmain [ink
data rat efter thestesam seaepe 1206.4he saawan Ling layes 42Qfweads e disploy capsbilty e- base

recovery units on the receiver, available buffer size on both ends,
avai | abi | (BDIDodr Wabnt)e%himganaﬂnhltobemimmefdoa&e linkdayet i 208neeadsur ce 1206 of
an associ ated hotplug event. In addition; upon request fromthe stream

sour ce. 1201 trddh oAbt thdYeodi ur a4 1A0e hiaStEy Lihudi 23 RiRARADI 111y (EDID

or equi val ent) During a normal operation, the source I’| nk layer 1204 sends

G X LA N R BT R T

resour C? Jegtliespe% r{]lgtlal s?r%a&l? eilotlﬁes the stream source 1204 of link failure events such as
sync loss and buffer overflow, and sends MCCS commands submitted by the stream
source 1204 to the receiver via the auxiliary channel 224. All communications
between the source link layer 1204 and the stream source/sink use the formats defined
in the application profile layer 1214.

APPLICATION PROFILE LAYER (SOURCE AND SINK)

{0049}  In general, the Application Profile Layer defines formats with which a

A stream source (or sink) will interfac-e with the associated link layer. The formats
defined by the application profile layer are divided into the following categories,
Application independent formats (Link Message for Link Status inquiry) and
Application dependent formats (main link data mapping, time-base recovery equation
for the receiver, and sink capability/stream attribute messages sub-packet formats, if
applicable). The Application Profile Layer supports the following color formats 24-bit

| RGB, 16-bit RG2565, 18-bit RGB, 30-bit RGB, 256-color RGB (CLUT based), 16-

s .bit, CbCr422, 20-bit YCbCr422, and 24-bit YCbCr444.
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requested data streans, notifies the stream source 1204 of link failure
events such as sync loss and buffer overflow, and sends MCCS conmands
subm tted by the stream source 1204 to the receiver via the auwe §i APR o
channel 224. Al communications between the source |ink |ayer 1204 and%%
stream source/sink use the formats defined in the application profile

| 1214 PLI G4 |4 - I,
e Appl | o P o Pl e drplay oG ogieich bRl RftFlAPEIA R L1 SO0 ce

(or sink) will. i

l. #nterface.with the. assocj at | ink . layer. The formats
def i ned byesﬁﬁﬁ‘é‘afbb%‘} ?P@Zifﬁlﬂ’ﬁ‘l’ﬁ?%ﬁm’éng IQEP@FC% DhdeseraRing thefermatdon o) | owi ng
categorie

S Application independent formats (Link Message for Link Status
inqui ry) aHe qelink eomuBpeaiparnver he maislink2¥2rthatiindludkataa  mappi ng,
ti me-base recovery equation for the receiver, and sink capability/stream

attribut e presatagersiobmbt fopddt@tent &) drabivel fronphR intedile@0, ShReARREI Cation
Profil e Layer supports the follow ng color formats 24-bit RGB, 16-bit

Coc 425, 20 51 VR 43514 G R et SPhelf B8O 001 v
exanple; the. displ evi ce l'ication profile_ |ayer (APL) 1214 is
essent i al IPg54Re gig)m%rcfg}pﬁ:t&qs,ﬁﬁ%&r%mn Forﬂl_ﬁ‘ﬂs%egthfml)fa‘@e]@)@ri bi ng the
format for Stream Source/ Sink conmunication over the main |ink 222 that
i ncl udes dVhaseas sther aen-beseling menitdrdunctiats sedras sach ardatzmeppinglfdrmaim t he

I nterface 100. Since sone aspectsof the APL1214 (such as the power

nmanagementnd sreamvitriboterfinat adr€unifas @l ann@plhidatibh 6F a fypB oF is8Bisronddiey are conmon
to all uses of the interface 100. Whereas ot her non-baseline nonitor

[t ons sl s e uasidal RABORLIG Lok SRR 1
queries the source link layer 1214 to ascertain whether the main link 222 is capable of
handling the pending data stream(s) prior to the start any packet stream transmission
on the main link 222,

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

) | particular stream, to recover the original data from the stream and to format it back to
the stream’s native data rate. The attributes of the data stream are application
dependent.

[0052]  In those cases where the desired bandwidth is not available on the main

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

' the_ image refresh rate or color depth.

DISPLAY DEVICE PHYSICAL LAYER
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streamthat is to be transmtted. Regardless of the application, the stream
source 1204 queries the source link layer 1214 to ascertain mhe;ﬁr@r},‘t}e
main link 222 is capable of handling the pending data strean(s) [ t 4084
the start any packet streamtransm ssion on the main |ink 222. [0051] Wen
it is determned that the main |ink 222 is capabl e of supporting the

pendi ng p sttrea th tr.e 0 0 r. ttributes to
t he sour cgﬁ&ﬁ nk ’i’lgey%pﬁ%)ﬂeyct%Wﬁyswai?%yﬁrefnﬂ’lt% 3%#1%%%% g@%%a%ﬁggfrﬁelgei ver over
the auxiliary channel 224. These attributes are the information used by
the recei Jéfer 1310 andithe digplaydevisg iy 12161 fream thesignpling tephnologyieed 5 1 ecover
the original data fromthe streamand to fornmat it back to the streams

nati ve datlikdafagransithissieh/teckptioneThoiain k@20 and theaaxiliaryechappdl 224t i on
dependent. [0052] In those cases where the desired bandwi dth is not

aval | abl © 1@k 4% oFhigysitdl Mo 2dich LARIHHE SPAIGHRL 68 7 indTBY cloBlialCOr T et i v

action by, for exa reducing the i esh Tate or col or depth.

Dl SPLAY | PHYSI LAYER 25 im.8 APR 2004 10053] . i spl ay device
physi cal ﬂi@% er ot gnTadss Hielionnsetor gp W°&e€?’ceéaPP}%kﬁﬂcJ?@;‘F“P%fo&énd t he
di spl'ay device APL 1216 fromthe signaling technology used for |ink data
transm ssidegtionalayxilign; chpnesl 324 haﬂbq%ka rasmitter and @ reqekver pheagh endiphel 224
have their own physical |ayers, each consisting of a |logical sub |ayer and
an el ect r iledink as showmindfig 1 hatAn axilisgelnk frensadnerdS0Dis mrpeided withlliinkn. For
exanpl e the hal f-duplex, bi- directional auxiliary channel 224 has both a

transnmi tt g ads By b R5BiaY &lb BYer 126411 90A aRftherl fRaliellcARiANaMA in Fig 15. An

auxiliary link transmtter 1502 is provided wth Iink characters by a
(i cal syb. | aXEl 105208 edhohltl afifiad ToR rS@eRt GRS Blch el £444, AN

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

AUXILIARY CHANNEL

g [0054] The major functions of auxiliary channel logical sub layer include data
~ encoding and decoding, framing/de-framing of data and there are two options in
| auxiliary channel protocol: standaloﬁe protocol (limifed 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.
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} transmtted to a corresponding auxiliary |link receiver 1504. The receiver.
1504, in turn, receives serialized |link character fromthe auxiliary |ink
224 and de-serializes the data at a link character clock rate. 't§ | gne s
be noted that the major functions of the source |ogical sub |ayers I ncltige
si gnal encodi ng, packetizing, data scranbling (for EM reduction), and
training pattern generatjon for the transmtter port. Wiile for the

recei ver pti0p31 t hetilaglominginEig bhdheosuxilinsy ehagnsl eleetricalgubdayes gontpiay er

i ncludes signal decoding, de-packetizing, data de-scranbling, and

ti me- base thetransijter S0Xlahd fNeYedeWaNINED4. TAO rddsmiite 1502 &vprbvided withdinkf

auxi liary channel 1ogical sub layer include data encoding and decodi ng,

fram ng/ declfafﬁgyl!%ntgé lgﬂ,‘aﬁsﬁ{lﬁ!;{e}ﬂ?ﬁi@h grsig%&li%@sna%ﬁtt}aﬁélﬁi | Sut, PhGekLidly channel

protocol : stan protoco imte set up/ managenent functions

by Cho. Li nOPATEeR xR shersofr bt B et sisamly deccol that

supports other data types such as USB traffic and topol ogi es such as

dai sy- chai s¢dalizss Hiat liclechataster clock sate uThe prsitiverndinegative signalsiaf anxglimydi ng and
decoding schene is identical regardless of the protocol whereas fram ng of

data di f f eshanke2¥ea8 tdrienatetto gAhima vi¥R-GKR fermiAbdlestdrs bt dach end bNg to Fi g.
"15, the auxiliary channel electrical sub |layer contains the transmtter

1502 and thenkiessl éﬁ%& ' jded with [ink
character smﬁy thehf{gg'i %g@éga%ﬁﬁ%yfé@] |‘I(l:tﬁl51 %@gﬁ}r{: erlpeglggé and transmts out.
The receiver 1504 r.ecei,ves ri.aliz .Iin(li character from:t | | nk | ayer
2. subsedtETRTA e B on e lifh chition Rd gt £ brron R P A The

p”d}i tive and negative sn;qgnal s, of auxili a&y. channel 224 are termnated to
ground vi & smrenmatelr A resylingde p sange of Ydiffezentiak pp obfpprofimatélyik as shown.

In the described inplenentation, the drive current is
400mYV to approximately 1.2V. In electrical idle modes, neither the positive nor the

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

SYNC pattern must be transmitted and the link reestablished. In the described

embddiment, the SYNC pattern consists of toggling a auxiliary channel differential

pair signals at clock rate 28 times followed by four 1’s in Manchester IT code. The
auxiliary channel master in the source device detects hot-plug and hot-unplug events
by periodically driving or measuring the positive and negative signals of auxiliary

channel 224,

MAIN LINK
5 '[0056] In the described embodiment, the main link 222 supports discrete, variable
link rates that are integer multiples of the local crystal frequency (see Fig 3 for a
fepresentativc set of link rates consonant with a local crystal frequency of 24-MHz).
As shown in F 1g. 16, the main link 222 (being an unidirectional channel) has only a
_ ﬁ'ansmitter 1602 at the source device and only a receiver 1604 at the display device.
'_ [0057] As shown, the cable 1604 takes the form includes a set of twisted pair

wires, one for each of the Red (R), Green(G), and Blue(B) video signals provides in a
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programabl e depending on the |ink condition and ranges from appr oxi matel y
8mMA to approximately 24mA resulting in a range of lefferentlawﬁ
approximately 400nV to approximately 1.2V. In electrical idlei etsPR 2004
neither the positive nor the negative signal is driven. Wen starting
transm ssion fromthe electrical idle state, the SYNC pattern nust be

transmtte st ab | bed odi ment, the
SYNG pat t cPRCARGER Golot Bisel F50 8 bmg@gﬁm B Q“&ﬁiﬁ(ﬁ%ﬁt%g} TR ™ b v
signals at  clock rate 28 tines fol|owed by four s in Manchester |1 code.
The auxi | Pythgsecd skilan thepst, Byisted p@lnéalg@wradmﬁw@e thas cemsists efdWopl ug and
hot - unpl ug events by periodically driving or neasuring the positive and
negat i ve sindspahdentlf irsubatediveires twishsdran@lnd 224 anderNOnk Mird &o56s| the sighdie

descri bed enbodi ment, the main link 222 supports discrete, variable [|ink

rates thatygfeghd %ﬁgﬁre Elgngdrﬂle@ SncPhbsbids s §ﬂ§1%teﬁér>éﬁéeal hglfoﬁ ed See Fig 3

for a representatlve set” of l1nk rates consonant wt ocal crystal
t he rra i ng an

f requency ,pf, .24- , \ ) b
i d £ oct 1 BHAF SR then sysiime i Rendls ccz‘ﬂ%lém GeipopRebased Yetah b "devi co
and onl'y a receiver 1604 at the display device. [0057 As shown, the cable
1604t akesYused fos NESGrigreriBY systeras. Withinghe celde, gaghr twisted pair isone for each of
t he Red (R, Geen(@, and Blue(B) video signals provides in a 27 8 APR

2064 typiimﬁiridﬁﬁﬂ?shtdlm. Tasqsinyiod €028 yeivernand raindaise prélidedsHie TV systens).
As known by those of skill in the art, twsted pair cable is a type of

cabl e t halgnganskskSinfediil ofbﬁ&%ﬁ&@ﬁ@élip&whs”ﬁiﬁ'oﬁrﬁdr/% %S Thbleiked ar ound

Qne anot her. 0’]@ Wwre carries the si gna e Ot er wre 1Is grOUnded
Y5t emm. " ERE R apie e s B8 sniglh 2B AT G B i ol T 0 "

connector shells on both ends, The connector shells are shorted to ground in a source
device. A connector 1700 as shown in Fig. 17 has 13 pins in one row having a pinout
that is identical both for the connector on the source device end and that on the
- display device end. The source device supplies the power.
[0058]  The main link 222 is terminated on both ends and since the main link 222
is AC coupled, the termination voltage can be anywhere between OV {ground) to
+3.6V. In the described implementation, the drive current is. programmable
_depending on the link condition and ranges from approximately 8mA to
approximately 24mA resulting in a range of Vdifferential pp of approxim'ately
| 4QOmV 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 negativel signals are
driven. When starting a transmission from electrical idle state, the transmitter must
éondu_ct a training session in order re-establish the link with the rcqeiver.

STATE DIAGRAMS
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Y) used for NISC video TV systens. Wthin the cable, each twisted pair is

I ndi vidual ly shielded. Two pins for +12V power and ground are p&thggg ~1he
characteristics inpedance of each differential pair is 100 ohns +/ - ot
The entire cable is also shielded. This outer shield and individual
shields are shorted to the connector shells on both ends. The connector
shells ar rt t: L. 00 as shown
in Fig. 130@2 gﬂ'pllﬁ‘éeqﬁ%ﬂgﬁle W%e g.%/él ﬁgd‘é‘qgﬂﬂs o?sta%%%@raﬁ%gglf i cal both
for the cqnpnect or on the sQur ce deV|ce end and that on the dlsplay devi ce
end.  The Sl LomdelA deeordhsg pelost AScordpgliris | DEITS trniovkes Sote (RREABD2 | &
terninated on both ends and since the main link 222 is AC coupled, the

t er mi nat i descvibéd dew.c A ab effatuyet8O2ethb eystene is diF/such tieat k) sotuwe ist3. 6V. I n the
descri bed inplenentation, the drive current is programabl e depending on

the l'ink ﬂﬁﬂlﬂb&'ﬂ%@é&%&%&%ﬁleﬁrﬁ%ﬁﬁ@. &%ﬁﬂléhset%siaﬁdbﬁﬂé‘?wmta y 24mA

resulting in a range of Vdi fferentl al appr oxi mat el 400V

appr oxi mat e 1o 2 he .m ni pum.vo e SV ch

o o kS o ARk ﬁ%ovevfae?f}er oSl ot ovi ded
“for power nanagenent nodes. In electrical idle, neither the p05|t|ve nor

t he negat Féfeiver igpeasent 4@, haj plug@lay)memhwvhmelalsmptacp@@ﬁllwubﬁ from
electrical idle state, the transmtter nust conduct a training session in
order r e- @atlaid fos bus dvery 10mks) and b nicheire eftevoliage diSpAtfosDheGMiMtioA8 ~ APR
1004 [0059] The invention will now be described in ternms of state diagrans

shown i n Fis@fors diBindke é@wﬂﬁ&%éa@ﬁ‘éd b0 deBRAREGIHAD Yoceivbidis phederthows t he
source state diagram described bel ow At an off state 1802, the systemis

ONF  Such 8] ubdians Bagfed Sonedh 3B % gy 8 (SR4G68 b3 &Nghhed. then the

system t ransi

receiver state 1806 indicating that a receiver has been detected, i.e, a hot plug event
has been detected. If, however, there is no receiver detected, then the receiver
detection is coﬁtinucd until such time, if ever, a receiver is detected or a timeout has
elapsed. It should be noted that in some cases the source device may choose to go to
“OFF” state from which no further display detection is attempted.
[0060] If at the state 1806 a display hot unplug event is detected, then the system
 transitions back to the standby state 1804. Otherwise the source drives the auxiliary
| channel with a positive and negative signal to wake up receiver and the receiver’s
subsequent response, if any, is checked. If there is no response received, then the
| receivcr has not woken up and source remains in the state 1806. If, however, a signal
- 18 feceived from the display, then the display has woken up and the source is ready
.read the receiver link capabilities (such as max link rate, buffer size, and number of
time-base recovery units) and the system transitions to a main link initialization state
.1808 and is ready to commence a training start notification phase.
[0061] At this point, a training session is started by sending a training pattern over

the main link at a set link rate and checks an associated training status. The receiver
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sui tabl e for power saving and receiver detection.-In order to detect
whet her ornot the receiver is present (i.e., hot plug/play), the auxiliary
channel is periodically pulsed (such as for 1lus every 10vs) and & A2l
of a voltage drop across the termination resistors during the driving is
measured. If it is determned that a receiver is present ) based upon the
measur ed é&L Eggs%/ i 81t rf?rte'él&[‘oftﬁfeegﬂéé&eg %& {h%%hénﬁggéwﬁppr@céé&ft@&fe%xt receiver

| hat a Tecel ver

state 180 ndrcati ng as been detect'ed, 1.e, a hot plug

event has_ been detected. If, however here is recei ver. t ected, then
t he recei PB#se ugen detetion qua%@ﬁlﬁ%ﬁlﬁhwﬁmagﬁéwfe?%i&?% ’e‘kéf recei ver

is detected or a timeout has elapsed. It should be noted that in sone
cases t he radyacthatdinkirate. i yhis paiot ¢het interfoce toansitiordto ssnamel dpesstionhi ch no
further display detection is attenpted. [0060] If at the state 1806 a
di spl ay N eUsphUdh&GWARRL the fink! 846! r8dhiced BRTthE RRInESdeidn fsrgftated] ons back to

the standby state 1804. Ot herwi se the source drives the auxiliary channel

wth a posgjtive and ati.ve sj e up ' . ceiver's
subsequenfdpggg}?ﬁ’%‘?g\? 65{‘5591,1Sﬁzteg@ﬁéttbga‘y@%mﬁ%éeg%ﬁ%&ﬁ%még &Jr@gffgecei ved,
" then the receiver has not woken up and source remaidﬁ in the state 1806.

| f, howevd&nk status inglex) whick if fails p hetunplugsventds detsgedgn t?‘ﬁé}‘?t‘?nﬂe di spl ay has
woken up and the source is ready read the receiver link capabilities (such
as max | i tknsitidne to thefstandbysstate 1 8@hahdwiaitscfor ahot plugwstéséion eventolery units) and
the systemtransitions to a main link initialization state 1808 and is

ready to gRRREGSyAc lok@isHefeeted [ tBer the QYdtérh GaAdiNehsib 8BR: 18D @611 méin thi s
point, a training session is started by sending a training pattern over

the main l.i,nk .at. a set lLink rate and checks an associated training status.
Th receil/ re-%a@m;bﬁggngom sets a pass/fail bit for each of three phases

onl'y SuchlODRB . vkl Sshpaalhe Gonisy BRle hperith bO iRk Rraipelg- AT O Pase

1902, no voltage is detected, the display goes to an OFF state. At a standby mode
state 1904, both main link receiver and auxiliary channel slave are in electﬁcal idle, a
voltage drop across the termination resistors of auxiliary channel slave port are
monitored for a predetermined voltage. If the voltage is detected, then the auxiliary
channel slave port is turned on indicating a hot plug event and the system moves to a

| display state 1906, otherwise, the display remains in the standby state 1904. At the

_ } state 1906 (main link initialization phase), if a display is detected, then the auxiliary

.slavc port is ﬁﬁly turned on, and the transmitter responds to a receiver link capability
_fead command and the display state transitions to 1908, otherwise, if there is no
'activity on the auxiliéry channel for more than a predetermined period of time then
the auxiliary channel slave port is put into the to standby state 1904.
[0063]  During a training start notification phass, the display responds to the
training initiation by the transmitter by adjusting the equalizer using training patterns,

_ updating the result for each phase. Iffhe training fails, then wait fqr another training

session and if the training passes, then go to normal operation state 1910. If there is
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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 stat=§l8pR, 260e
source continues to periodically nonitor a 1link status index, which if
fails, a hot unplug event is detected and the system transitions to the

standby st ab gcth3§bnaRslaislidry cladfieldr BR thdhkg lﬁﬁt(ﬁ)?h‘hgﬁg?‘oq‘% re Iﬂi%however ’

a sync loss is detected, then the systemtransition sta for a

main |ink —Lni-tiati.on gvent. .[.00621 Fi 9 shows the display state

di agram 19Bﬁﬁﬁé%é-ﬂl&ggggﬁeﬁg%mlmlé)a&gtaglgag&%el Havanart ig§e tp theget ect ed, t he
di splay goes o an OFF state. At a standby node state 1904, both main |ink
recei ver affendRystatg W-channel slave are in electrical idle, a voltage
drop across the termnation resistors of auxiliary channel slave port are
moni tored [0664ja pFideRer oi sesl yatibdgampldmdiiRionobt B8 erosSpidgbsst €d, then the
auxiliary channel slave port Is turneg on indicating a I?mt pl ug event and

t he syst emﬁﬁeﬁt&ﬁc@ di splay state 1906, otherw se, the display rennins

in the standby state 1904. At the state 1906 (main link .initialization
phase), i f i spLay.is. det ed, then the auxiliary slave port is fully
t ur ned on,wg??g th lg?gmstateﬁéﬁ motherhadrd 2400 having ag iopehoard; graphiesminei t y  r ead

command and the display state transitions to 1908, otherwise, if there is
no act i vi4%?2 8t incerpeates 4 tanymisten 20@4 infagscondance withethe mvemtivde tieshouled per i od
of time then the auxiliary channel slave port is put into the to standby

stat e 1904e npRaait thatrinsgitter L0GS Biaf@rtidult bx APk bf 8RllaAEnMRASE the display
responds to the training initiation by the transmtter by adjusting the

Ul 2er L 55 T BRIy AR B M i P00

the training failsS, then wart for anothe raini
Lralning BaHRER: 200 (iohg fidlifte o e RSzl 1700) himied of the motherboarg. + © o0 ©
2000 which in turn is connected to a display device 2008 by way of a twisted pair
cable 2010 couples a display device 2010.
[0066]  As known in the art, PCI Express (developed by Intel Corporation of Santa
Clara, CA) is a high-bandwidth, low pin count, serial, interconnect technology that
also maintains software compatibility with existing PCI infrastructure. In this
configuration, the PCI Express port is augmented to become compliant with the
requirements of the cross platform interfaée which can directly drive a display device
either using a rriotherboard mounted connector as shown.
._[0067] 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.

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

graphics engine would drive through internal cabling, an integrated receiver/TCON
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no activity on the auxiliary channel or on the main link (for training) for
nore than a predeterm ned (10nms, for exanple), the auxiliary chan eA F%la
port is set to the standby state 1904. [0064] Figs. 20 - 24 sh PR 2004
particul ar inplenentations of the cross platform display- interface.

[ 0065] Fig. 20 shows a PC not herboard 2000 havi ng an on-board graphics

nvent i on, "ich SRNGIBC RSty PRI b ke MR ARRALIGIEE 8 0| 27

exanpl e of the t 102 shown in Fig . In the descri ped

enbodi rrentfecef‘f?é}rpm lﬂebém%@@qnsm@w}sl@erebbregﬁcm&mw&hﬁo 006 (al ong
the lines of the connector 1700) nounted on the notherboard 2000 which in
turn i s cdnerotmmit wirestod ardi0ay shikewn eFigBIB byway of a twisted pair cable
2010 coupl es a di splay device 2010. [0066] As known in the art, PCl Express
(devel opedodwg] | nt g1 o%aemtex% RS aﬁ%ﬁ{eqnteﬁa%ﬂ%an&aﬁhefss Hovdye) idiandwi dt h,

low pin count, serial, i nterconnect technofogy that also maintains

software c t i t exi nfra tructur

confi gur at 8@%& Efg t?’lf?{p é"ggséﬂfi{‘]g?%“ﬂﬁ%% g’o%ﬁ@g%ﬁl ant with
the ‘requirenments_of the cross_ pl atformlnterface V\/mch can directly drive
a_di spl ay Eprereenvirepmpts thievahdhe RSt orsibvRsletsrisprctinelyo drnitendglongs shown.
[0067] In situations where it is not practical to nount the connector on
the not hénienatter, willleaakle gnphisstreams vdthootdnydhidpedn glaphise h@waresddrot  of t he
PCl Express notherboard and brought to the back of the PC using a passive
card conngsgpvfreas shown in Fig. 21. As is the case with the current
generation of add-in graphics cards, a add-in graphics card can suppl ant
¢ onboard graphi cs engi [0068] In the case of
n?febook appl i cati ons, thm d erboard graphics engine

woul d drli/%ahrou h |nternal cabling,. an_integrated receiver/ TCON
0070] ¢ methodology of the invention w111 now be described in terms of a

number of flowcharts each describing a particular process for enabling the invention.
Specifically, FIGS 25 — 29 describe a number of interrelated processes that when used
singly or in any combination described aspects of the invention.
[0071]  Fig. 25 shows a flowchart detailing a process 2500 for determining an
operational mode of the interface 100 m accordance with an embodiment of the
invention. In this process, the operational mode will only be set to a digital mode if
the video source and the display device are both digital. Otherwise, the operational
mode will be set to analog mode. It should be noted that “analog mode™ in this
context can include both conventional VGA mode as well as enhanced analog mode
' hé.ving differential analog video with embedded alignment signal and bi-directional
sideband. This. enhanced analog mode will be described below.
' [0072] Instep 2502, a video source is interrogated to determine whether the video
- source supports analog or digital data. If the video source supports only analog data,
| the operational mode of coupling device 100 will be set to analog (step 2508), then

L4

the process will end (step 2512).




31 8 APR 2004 which would drive the panel directly. For the nobst cost
effective inplenentation, the receiver/ TCON woul d be nounted on the panel

t hereby reducing the number of interconnect wires to 8 or 10 as $hiRR Dpos
Fig. 24 [0069] Al of the above exanples assune integrated transmtters.
However, is it quite-feasible to inplenent as a standal one transmtter

I ntegrati bt O : . i Qb GP or SDVO
"slots, res ‘é% iveﬁ@e‘i&%tsg%(fglc(@lgﬁtsﬁfdé 1£h\rfndfr1t?,g¥l§§}fo??s%§é%% gsgdqu ut streans
W t hout a hange i.n graphic¢cs hardware or, software. FLQ EMBCODI MENTS
[ 0070] The 6t ﬁ@ﬂ@ﬁﬁ@ygwcetlﬁéwph%tﬁ?aam WP@%&%@%@@%}%M%}WH ms of a
nunber of flowcharts each describing a particular process for enabling the
i nvent i on.is caifiguieflite mckiye digit@Slapb If tieSlighimyaievice sepportabely anflog daty r el at ed
processes that when used singly or in any combination described aspects of
the 'nventm@@eritﬁgilﬂod:e'tﬁcpﬂﬁm?' lievRe ill bOVE Rpdal dé%tépb'j%%,éﬁeﬂ%cess 2500

for determning an operational node of the interface 1 I n accordance
onal node

with an enbodinment of the.,  inxention.,ln this process, the,.op I

W T onry IRt en Loty 25103 MO nd Gt BBhOST e AlRHER B 5 2y

_device are both digital. Oherw se, the operational node wll| be set to
anal og nodeset fordigitad (step 1 OhoF @ exemple, 2 prosesser muueontphswifghes withixthet can

i ncl ude both conventional VGA node as well as enhanced anal og node having

di f f er ent icetiplingdbdge toi sdtthe mddh tedigetald dnl gaderajtive noupding devicaisd bi - di recti onal

si deband. Thi s enhanced anal og node will be described below [0072] In step

2502, a Vb&ﬁiguﬁéa%ﬁﬁerhtféi1'1lBTﬁﬂI)fcﬁgi@él%db%nﬂﬁirﬁn’ﬁoﬂ?&%ﬁieﬁ%uﬂc@ﬁnd’ﬂﬂeo source

supports analog or digital data. If the video source supports only anal og
diat}a video sink are operating in a corresponding digital mode.

[0074] Fig. 26 shéws a flowchart detailing a process 2600 for providing a real
time video image quality check in accordance with some aspects of the invention. In
this example, all determinations of process 2600 are made by a processor coupled to
the display interface. '
[0075] In step 2600, a video signal is received from a video source. Next, a signal
quality test pattern is provided by the video source associated with the received video
signal (step 2602). In step 2604, a determination of a bit error rate is made, based
‘ ' upon the quality test pattern. Then, a determination is made of whether the bit error
rate is greater than a threshold value (step 2606). If the bit error rate is determined to
- not be greater than the threshold value, then a determination is made (step 2614) of
whether or not there are more video frames. Ifit is determined that there are more
‘video frames, then the process returns to step 2600. Otherwise, the process ends.
[0076] However, if the bit error rate is determined to be greater than the threshold
fal_ue in step 2606, a determination is made (step 2608) as to whether the bit rate is
- greater than a minimum bit rate. If the bit rate is greater than a minimum bit rate,

then the bit rate is lowered (step 2610) and the process returns to step 2606. If the bit
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t he operational node of coupling device 100 will be set to anal og (step
2508), then the process will end (step 2512). 32 8 3 APR 2004 [0073] If
the video source can output digital data, the process continues .t te
2506. The display device is then interrogated to determ ne mhé?ﬁeﬁpﬁhgﬁﬂé
di splay device is configured to receive digital data. If the display

devi ce su 4 | I ‘ . | f pling device
w1l be ol pialks B3R e SR vl il RFHRThANT SRR RarkRD, 19 5T)

O herwi se, the o i opal node of the coupling device - is set to digital
(step z51e&mﬁ#SﬂPﬁ@gﬁﬁwgieanﬁwﬁe@@§or may control switches within the
coupling device to set the node to digital. In general, the coupling device
is confidWdl tFigirshows aiflosvchart foy adingisétalp prockss 2T{l)yinwbeonddnoe h t he vi deo
source and the video sink are operating in a corresponding digital node.

[0074] Fi Quith2 cpitRWindht Bf&%‘l\%hﬁoxﬂﬁ’lq(l@@p}dcgﬁ 2200besRs & 2098yy providing a

real time video image quality check in accordante with sone aspects of the

i nvention._ In. this exanpl . 1l nat 1, ans,~ef _pr.oces: Q. are made by
a pr ocessé?ce@(l)nﬁp({yeajm? éﬁ%ﬁéc@%ﬁegﬁom%qqnaéﬁ%?gGf%gﬁﬁﬁ g‘l‘éggg%oo a video
signal is received froma video source. Next, a signal, quality test o
pattern i ad¢ BY Waraf Bl asserdated awdliary chawelds determing @ maximumyata @feed ved vi deo
signal (step 2602). In step 2604, a determi nation of a bit error rate is
made, baseumberpd timetbasepradvery wtitsincipdidtin ameceifeg and avaitabbr ffeasizen i s made
of whether the bit error rate is greater than a threshold value (step

2606) . | f NekeatB706ahé Rlaxindi® link dta Ak 1§ Vefified By waglof B @raltfifPdeSdiod i the

t hreshol d value, then a determ nation is nade (step 2614)" of whether or

nP) ther e,3i78g PiEa hedfi%olf @ T otifle o the' it HEE 8Va" 9 270G lnd here are more

capabilities of the display (using EDID, for example) are determined by way of the
auxiliary channel and the display responds to the inquires at 2712 which, in turn,
results a collaboration of the main link training session at 2714.
[0078] Next, at 2'.716, the stream source sends stream attributes fo the receiver by
way of the auxiliary channel and at 2718, the stream sources are further notified
whether the main link is capable of supporting the requested number of data streams
at 2720. At 2722, the various data packets are formed by adding associated packet
headers and the multiplexing of a number of source streams is scheduled at 2724, At
2726 a determination is made whether or not the link status is OK. When the link
| status is nof 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.
' _ [00'79] 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
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video franmes, then the process returns to step 2600. O herw se, the process
ends. [0076] However, if the bit error rate is determ ned to bg grw%
than the threshold value in step 2606, a determ nation is nade (Step B%I')
as to whether the bit rate is greater than a mninumbit rate. If the bit
rate is greater than a mnimnumbit rate, then the bit rate is |owered (step

2610) and 1408 dRScHBES  Figl 25, N6 trhiinitl RRAOS Srartbd atli302 B bendBry BuARRg2004 rate

is not greater than the mninmum bit rate, then the nbde I1s changéd to

anal og nod ste 612 d the process ends.. [0Q77]. Fi.g. .27 .shows a

f1 owchart fag(;maov%ﬁaﬁné%?ﬁﬂlbat&s&@gr%éhq %o 18%“39&‘{%“13% embodi ment
of the invention. The process 2700 begins at 2702 by the receiving of a
hot plug deateryis shovaliadiig.ldtin pecordanemwithhen embadimentedfithe injrntiongfisry is  made
by way of an associated auxiliary channel to determ ne a maxi num data rate,

a nunber iflfistiatedpdiniethe aainit@rsyssivn, b phasa dlrastestnisnh@shopestiruglengthnd avai | abl e
buffer size. Next, at 2706, the maxinumlink data rate is verified by way

o e’ ot VAR REECL Ao plo Bty FRIER AR AYECGe (011
EDI) - for | _ ed by h . h dth
i Spi ay 1 SOBUHES ThEBEsRa: PRGN 2 chpmbtep ek e achioved 3 loig BLBFDOK,
col l aboration of the main link training session at 2714. [0078] Next, at

2716, t he Welit¥isreasonplle. S&A%MY, therecaivanchockpan associated Heiningwityeindy way of
the auxiliary channel and at 2718, the stream sources are further notified

whet her t lhasedaipon therthainifg stamabhezkpihe setpiver st pdshy€ail Isigfoe shcirbfittweber of data
streans at 2720. At 2722, the various data packets are forned by adding

associ at eghpasket the RaAUSES %@d% h&t 83ch bhieSib ReRbr FilNpbes 9 fnesOur ce

.

streans i S schedul ed at 2724.
next phase upon detection of pass only and at 2810 and if the receiver does not detect

a pass then the receiver reduces the link rate and repeats the training session. The
main link is ready at that link rate at which a pass is detected at 2812.
[0080]  Fig. 29 illustrates a computer system 2900 employed to implement the
invention. Computer system 2900 is only an example of a graphics system in which
the present invention can be implemented. Computef sysfem 2900 includes central
processing unit (CPU) 1510, random access memory (RAM) 2920, read only memory
(ROM) 2925, one or more peripherals 2930, graphics controller 2960, primary storage
.'dcvices 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
' -(;oupled bi-directionally to CPUs 2910 and provides additional data storage capacity.

The mass memory device 880 is a computer-readable medium that may be used to
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2726 a determnation is made whether or not the link status is OK Wen the
link status is not OK then the source(s) are notified of a |ink I\?ngrﬁ
event at 2728, otherwise, the |link data streans are reconstruct &d 180 %e
native streans based upon the various packet headers at 2730. At 2732, the
reconstructed native data streans are then passed to the display device.

[0079] Fi gtoragrwﬁnauaﬁlgwﬁ@m &b alatd, BEH Be BKOCEPFcABORaERherhEyf Or Ni ng a

trai ning session in accordance with an enbodi rent of the invention. It

shoul d be he tr.aini SessSi rogce 2800 |

I mpl ement a%ci{)%%ggq }s?aﬁsioré%eexpé:{l}%gﬁu%gas@wgﬁgba E?pé %@ﬁ% %?8%@1#9@@‘5"% n Fig. 25.
A training session is started at 2802 by sending a training pattern over
the main [thapprimary stogge dpyiges22¢@ 3950+ Nisy memppestorage dweﬁs mayieket r aj ni ng
pattern is shown in Fig. 11 in accordance with an enbodi nment of the

"1 nvent i on.theermioff b wsdgnetioant paphrtapegeddecor somervting wetidsionn, desicphitswlll
represents the shortest run length whil ephase 2-isthe |ongest. The

[ ecel Ver - gy uiifioh NP o 1BHARRA rbARRY WitiEPnb HaseAibAbh iicclsgophase 3, both

bit l'ock and character |ock are achieved as long as the link quality is

" reasonable. At 2804.. the receiver check aciat ed. trajl status and
based upoRAvhl PPIPHrs s e jacommuted iy Hadulanyen suaar ot RAMAR07, ™ 17 o,

each of three phases and the transmtter at 2806. At each phase, the

recei ver W VIFMUBLIBYBRE. t 0 the next phase upon detection of pass only and at

2810 and if the receiver does not detect a pass then the receiver reduces

the |ink [GO82] andCRER2HSd dieo doupleditd gnseraroeinputioatpuhddvices 8k thias r eady at

that link rate at which a pass is detected at 2812. [00801 Fig. 29

A1) ustrat ity InckRPbr ke ¢ Hnfidh 49 AvieRhluel S6litio kiBRhSERFl b, aligyent | on.
Comput er system 2900 is only an exanple of a graphics systemin which the

o1 acessi i RS eBRpe s SR ERARTE sl RIS el R A el oy

menory

or paper tape readers, tablets, styluses, voice or handwriting recognizers, or other
well-known input devices such as, of course, other computers. Finally, CPUs 2910
optionally may be coupled to a computer or telecommunications network, e.g., an
Internet network or an intranet network, using a network connection as shown
generally at 2995. With such a network connection, it is contemplated that the CPUs
2910 might receive information from the network, or might output information to the
_ } network in the course of performing the above-described method steps. Such
_ 'information, which is often represented as a sequence of instructions to be executed
. using CPUs 2910, ma;y 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 skiil in the computer
hardware and software arts.
.[0082] Graphics controller 2960 generates analog image data and a corresponding
reference signal, and provides both to digital display unit 2970. The analog image

data can be generated, for example, based on pixel data received from CPU 2910 or
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(ROM) 2925, one or nore peripherals 2930, graphics controller 2960, primary
storage devices 2940 and 2950, and digital display unit 2970. As is well

known in the art, ROMacts to transfer data and instructions - &8 APR 21
uni -directionally to the CPUs 2910, while RAMis used typically to

transfer data and instructions in a bi-directional manner. CPUs 2910 may

general |y_irala ARl @bt Howh 36 535 8o RN RLLIBE fnslofaag  devi ces

2940 and 2950 nmay inclu ny sul e conputerzrea

secondary r.age i.um 880,  whi.ch is .typically a mass nmenpry device, is

al so coupfr é‘g‘dgﬁ?@m@&@&ﬁ%dl the referemssigBhncldes the YOYNG andHSYNChal  dat a
storage capacity. The mass nenory device 880 is a conputer-readabl e nmedi um
that nay besnalateltinows impr apto Gipweyven itshpuld he anderstned thelt thg pessegtut er code,
data, and the |ike. Typically, mass nenory device 880 is a storage nedi um
such as a ihwandoﬂb%%p&ni@&ﬁwvﬂiﬁﬁl@qﬁﬂgéydhﬁéaﬁhﬁwf‘éfereﬁ&@gﬂlsjiﬁmy storage
devi ces 2940, 2950. Mass nenory storage device 880 may take the formof a

TR0 S, Ry Al FAOE SR RIS b e

may, in a %rlc%gri a{qe gases be i.ncorporated in standard fashion as part of
RAM 2920 °XSTYiPPPdIRg g teference igned)  cPUs 2910 are al so coupl ed to one or
nore input/out put devices 890 that | may include, but are not limted to,
devi ces sl®83hs \Aldwaghonlyadew emboditentsaifities presentinvertionimnse dsen ni cr ophones,
touch-sensitive displays, transducer. card readers, magnetic or paper tape

readers, tesotibéds it should bs anderst@idCBalthe PABSHMAvehilch f8F BYBLBEiSd irP! Ot her
wel | - known i nput devices such as, of course, other conputers. Finally, CPUs

2500, ¢ npbe R P B BT B L SERAOEHATS et vor
connecti Oﬁv%ﬁio%hcﬂ\xg present examples are to be considered as illustrative and not

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

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

equivalents.

[0084]  While this invention has been described in terms of a preferred

embodiment, there are alterations, permutations, and equivalents that fall within the

- scope of this invention. It should also be noted that there are many alternative ways

of implementing both the process and apparatus of the present invention. It is

therefore intended that the invention be interpreted as including all such alterations,
permutations, and equivalents as fall within the true spirit and scope of the present

~ invention.
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generally at 2995. Wth such a network connection, it is contenplated that
the CPUs 2910 m ght receive information fromthe network, or m ght output
information to the network in the course of perform ng the abov‘e_-ge |Zﬁﬂ
met hod steps. Such information, which is often represented as a s ﬁ@?‘m

of instructions to be executed wusing CPUs 2910, nmay be received from and

out putted F%F . network, for exanple, in the formof a conputer data
signal enbodied in a carrier wave. The above- described devices and
materials will be famliar to those of skill in the conputer hardware and

software arts. [0082] G aphics controller 2960 generates anal og i nage data
and a corr espordi ngA pasketbeseddlisplayrinterfacentrapgesliodenploemmitimediagi t al  di spl ay
unit 2970. The anal og i mge data can be generated, for exanple, based on
pi xel dat aouree dewiexcto farmmultifablia 2k Aevice, BmPHRNgQ from an external encode
(not shown). In one enbodi nent, the anal og inmage data is provided in RGB

format and the,nk ; : Sl i el A\ signal s well
known in the ar?l tﬁ%&%@ﬁﬁoﬁ?@éﬁ%&%g%éﬂ% %r%ﬁgg% tt%rq{a eﬁt%hagg%ﬁur.cgsent

i nvention_can i.nmplenmented with anal.og i nage, data and/or reference
“signal's i R E%ﬁ?sﬁr?mtagwfgwemﬁmaaygmgﬁi mage data can include video
.signal data also with a corresponding tine reference signal. [0083]

Al t hough only arsceweiimindipled tasthekinkidsvise;smdnt i nventi on have been

described, it should be understood that the present invention may be

enbodi ed in namtiyking heit capting tHeGrahohitier whit ARithe ARBAES hiifart/maea fohe spirit or

the scope of the present invention. The present exanples are to be

consi der egafer ohilfibAh 148 pa0s e bE4 4 ipygRtion is not

&t§ be limted to the detal Ips glt ven %?Iglgél&%fﬁ%%n%?%ietnﬁn%dﬁ%d wi thin the

scope of ﬁﬁﬁet@ﬂ%%@ﬂﬁcgn ﬁlle:%c'n{rrge Fe{c o liafh sttrréa::tnhlg Iacr;cofr alnlce \?V?tﬁ%ﬁinﬁfrate that is
independent of the native stream rate between the transmitter unit and the receiver

unit.

2. A packet based display interface as recited in claim 1, wherein the
multimedia data packet stream is one of a number of multimedia data packet streams

each having an associated adjustable data stream link rate that is independent of the

3. A display interface as recited in claim 1, wherein the link unit further
_.c.o.mprises: |
a unidirectional main link arranged to carry the multimedia data packets from
: .the transmitter unit to the receiver um'.t; and
| a bi-directional auxiliary channel arranged to transfer inform_étion betwecn the

transmitter unit and the receiver unit and vice versa.
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equi val ents. [0084] Wiile this invention has been described in terns of a
preferred enbodinment, there are alterations, pernutations, and equival ents
that fall within the scope of this invention. It should al so be HoAiRl Pogk
there are nmany alternative ways of inplenenting both the process and
apparatus of the present invention. It is therefore intended that the

i nvention be ingerpr Lpcl udi | «Su | terations, .. permnmutations,
and equi val ent s&'as fgfdﬁgﬁ"ﬁ‘ﬁf’@&t‘* légh{éga@nsc&%%lw 1&1%@8&-93?&{0&%1 pr esent

i nvention. 37.- APR .2004 I CLAILM. 1. A packet based display interface

ar r anged t%_“"&]&f't%glémﬁelr’rﬁ Wﬁ%ﬂ%“mggﬁﬁwah@&k@ml epnfigired i@ 83TEY si nk devi ce,
conprising: a transmtter unit coupled to the source device arranged to
recei ve a #ifumetion oKkt sidadevicetto dmrsoiree device alrinownislitebtignahforivied St r eam
rate; a receiver unit coupled to the sink device; and a |inking unit

coupl i ng. t il abitled hepart o the Ath dlfind) 85 S Rhg Witbdm Hoh AR fhelsBurch " ansf er

mul timedi a data packet stream forned of a nunbér o a data

packets b _upen th IECe ket data, streamin accordance with a link
rate that aﬁf@?#ﬁ%@g@%ﬁlgﬁ@é’&coﬁ%ﬁ%itQPZbaglfFléaélﬁ?lr ate between the transmtter
unit and the receiver wunit. 2. A packet based display interface as recited
inclaiml, wherein the nultimedia data packet streamis one of a nunber
of multinedia data packet streanms each having an associ ated adj ustabl e

data stream | i dk ratdedisplay intesfacnabpeitadantclanf 2f Wherein the main link unit
further comprises:

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

virtual link bandwidth and a virtual link rate.

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

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

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

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

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

- when an active sink device is connected to the linking unit.

9. A display interface as recited in claim 2, wherein the information
includes display timing information used by the sink device to provide a displayed

image based upon the received data stream.
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uauva. streamraw. 3. A display interface as recited in claim1, wherein
the link unit further conprises: a unidirectional main |ink arranged to
carry the nultinmedia data packets from the transmtter unit to_the
receiver unit; and a bi-directional auxiliary channel arrangeﬁ'goéﬁﬁqn§j§r
informati on between the transmitter unit and the receiver unit and vice
versa. 38 P APR 2004 4. A display interface as recited in claim3, wherein
the bi-directional auxiliary channel is forned of a uni-directional back

channel config dtp.carr i.nformatipn fromthe sink device to the source
devi ce and a umo-edi Hgg{s%pgiqteqfqu%;caﬁe Wty 1, whereinythg infermation of the main

channel for carryi nrq information fromthe source device to the sink device
i n concer t ingjuges sypelopsinforniatiom dropped pavkeis spforyationtand tlzcresuts afeci t ed in
claim2, wherein the main link unit further conprises: a nunber of virtual
| i nks eachtrdmgihg gessisaoimf@t@don th a particular one of the nmulti nedia data
packet streanms wherein each of said virtual |inks has an associ ated

virtual link bandwidth and a virtual link rate. 6. A display interface as

recited in claim5, wherein a main link bandwidth is at |east equal to an
aggregate of t virtual |ink, bandwi dths. 7. A display interface as recited
ig 1, wherein pﬁe s &E@%’é‘f‘%ﬁfaﬁ? asgspiteddn clgp Zewhstem e epultimedip dafdect i ve '
virtual |ink based upon a mapping definition. 8 A display interface as
recited i rpaghehiransfer if ar ispewonoustype siansfer thattineluddsiagvidecdgraphies datd or uni t
arranged to automatically determ ne

stream and a multichannel audio stream and wherein the information transfer is an

£
L

asynchronous transfer.

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

approximately 2.5 Gbps.

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

)  native rate based upon a fime stamp embedded within the main link data packets.
14. A display interface as recited in claim 13, wherein the time stamp is
based upon a determination of a number of native stream clocks in 22° cycles of link

cycle clock frequency period.

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

data stream is an audio stream, then there is no associated time stamp.,
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when an active sink device is connected to the linking unit. 9. A display
interface as recited in claim2, wherein the information incl uﬁgis %is | a
timng informati on used by the sink device to provide a displaye j

based upon the received data stream 39 8 APR 2004 10 A display interface
as recited in claim1, wherein the information includes sync | oss

i nf or mat i on, drmopefl«ﬂégiéﬁhﬁeﬂfd&f:%f@&éﬁﬁ ofit] 115hRhéErERUS Soubde debicRi Ni NG

sessions information display interface as recited in claim 2,
wherein th I a ack transfe chron type
transfer tﬁgﬁmﬁ %’é@"g%ﬁ& /aﬁl'*rJ %‘ﬁa%l ‘8‘%&‘% Q '@ %ﬁ 49 Channel
audi o stream and V\/nerel n the information transfer is an asynchronous
transfer. @é.an&n&aeégﬂags nensasmeeasrespondingto dhe qudiosttghmh 1, wherein the |ink
rate is adjustable in a range of approximately 1.0 G gabits per second

(Cops) to approxinmately 2.5 CGops. 13. A display interface as recited in
claim1, wherein the receiver unit includes a tine-base recovery unit

arranged to regqner@;gasﬂapﬁﬁ%{ggyéﬁrmf@ti@c%hqa%ﬁ rei %tﬂaﬁ%ﬁl%ﬁ@ based upon a

time stanp enbedded wt mai n packe di spl ay
interface

dlot or m narS LB B i i Bred e o SR ol ik B DSOS REE of 11k

cycle clock frequency period. 15. A display interface as recited in clai m
1, wherei famplednd fhe derpenonding Ank tie.a streamis an audio stream then there
is no associated tinme stanp. 40

v,
—

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

transmission over the linking unit.

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

multimedia data packets include a number of sub-packets.

20. A display interface as recited in claim 19 further comprising:
a selective refresh unit included in the sink device that updates only a portion
of a displayed graphics image for every video frame based upon a munber of image
. coordinates corresponding to the updated portion of the displﬁyed image by way of

sub-packets included in a corresponding video data stream.

21. A packet based method of coupling a multimedia source device to a
- multimedia sink device, comprising;
providing a source device having a transmitter unit coupled thereto;

providing sink device having a receiver unit coupled thereto;

a e




APR 200* 16. A display interface as recited in claim15, wherein the
source device inforns the display device by way of the auxiliary nel of
an audio sanple rate and a nunber of bits per sanple correspona’agg i
audio stream 17. Adisplay -interface as recited in claim 16, wherein a
native audio streamrate is cal cul ated based upon the audio sanple rate,

t he nunber repdivinp b Sole¢ dat$ APdahin ab¢hrdh8e VAL LRARRIWeRG rhiey thate. t ~ 18. A
display interface as recited in claim2, wherein the nunber of rmultinedia
data stre tlplexed to forma S|ngle data stream suitable for
transnlss?€%1%®§¥ﬂyhe I|nk|ng unit. 19. A display interface as recited in
claiml1l, wherein sonme_of the nmultinedi a data ackets i nclude a nunber of
sub- packet s. 2¢oupling the,frapsmitter aptt and thegeqesver wkby way pha Hnking puitt her
conprising: a selective refresh unit included in the sink device that

updat es only a fpmritg e mulinhedia diits phckygiediregmdpdmed ofamambef of mekiarediavi deo frane
based upon a nunber of image coordinates corresponding to the updated

por tion_ofdatdi cﬁkmaéeaxl?s'nﬂﬁ%&%c@xatw@a‘eaa{ angub-packets included in a
correspondi ng video data stream 21. A packet based net hod of coupl ing a

mul ti medi a sour, evi ce t si nk devi.ce, S1.09

providing a so éd %Eeemﬁlgmeﬂlglgg%aﬁgeﬁ% %F?%W aﬁﬁ?rflaqggwﬂbngﬁ%at et o;
providing sink device haV|ng receiver unit coupled thereto; 41 8 APR 2004
r ecei vi ng b§twesn thedrapamites ppiband theregeivei tface with a native streamrate by

t he

Lo

22, A method as recited in claim 21, wherein the multimedia data packet

Pt

stream is one of a number of multimedia data packet streams each having an
associated adjustable data stream link rate that is independent of the native stream

rate.

23. A method as recited in claim 21, further comprising:
providing a unidirectional main link arranged to carry the multimedia data
~ packets from the transmitter unit to the receiver unit; and
providing a bi—dircctionalrauxiliary channel arranged to transfer information

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

24. A method as recited in ¢laim 23, wherein the bi-directional auxiliary
.channel is formed of a uni-directional back channel configured to carry information
from the sink device to the source device and a uni-directional forward channel
- included as part of the main channel for carrying information from the source device

to the sink device in concert with the back channel.
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transmtter unit; coupling the transmtter unit and the receiver unit by
way of a linking unit; formng a nmultinedia data packet streamfornmed of a
nunber of nultinedia data packet basedupon the source-data streamPRrpigs
transferring the nmultimedi a data packet streamin accordance with a I|nk
rate between the transmitter unit and the receiver unit. 22. A nethod as
recited in claigs 21 AMARI & rhdid Skl 8 el B BAGK Bl uith iR | S one of a
nunber of rmultinmedi a data packet streans eac aving an assocl ated

adj ust abl e rf?pgfé streamlink rate that is independent of the native stream
rate. 23. ® f6d as recited in claim21, further conprising: providing a
unidirectional main link arranged to carry the nultinmedia data packets
from t he transndpuneher ghvirtualdinks eachdreisiassociatadwitlam parficeler onaxf the

bi -directional auxiliary channel arranged to transfer information between

t he transmtltienedindita piket SiRame Gdiere eadh bf saddirtvhldRkY BhSah asddeiatéd et hod as
recited in claim23, wherein the bi- di recti onal auxiliary channel is

forned of émg bbbty ha%ﬁlﬁa conflgured to carry information
fromthe si evice to t source deV| ce and a uni-directional forward
channel . i ncI uded as part of the main channel for carrying information from

the source device to the sink device in concert with the back channel. 42

~4 APR 2004 25. A nethod as recited in claim22, wherein the main Iink
unit further c@fpri femethod as recited in claim 25, wherein a main link bandwidth is at

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

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

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

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

the linking unit by a hot plug detector unit.

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

upon the received data stream.
30 A method as recited in claim 21, wherein the information includes

sync loss information, dropped packets information and the resuits of traii]ing

sessions information.
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a nunber of virtual |inks each being associated with a particular one of
the nmulti nedia data packet streans wherein each of said virtual |inks has
an associated virtuallink bandwi dth anda-virtual link rate. 28.8 APRe?Bgd
as recited in claim25, wherein a main link bandwidth is at |east equal to

an aggregate of the virtual link bandwidths. fi 27. A nmethod as recited in
21, wherein thGISOUWQeﬂllaHasﬁécftﬁﬁmdlémmaﬁkﬁéﬁlﬂ%ﬁkﬁiedid&téﬁmt' ve
virtual |ink based upon a mapping definition. met hod as recited in

claim?21, n tive sink
device is tf:a(&:)l%\fgﬁﬂfgte h?"'hs% %ﬁgﬁ{&%‘?‘? iugé(s ad‘g{luoogglﬂ?qﬂﬁﬁg%%? gts?aﬁ} nit. 29. A
nmet hod as reci.t.ed i.n ¢laim?22, wherein the informatiogn includes display
timng i nfadP'ﬁh?}?aBﬂellﬁ‘é‘@‘G strgam gad whepeindbe infermationfransferds an #HYBRIEYAY i mage
based wupon the received data stream 30 A nethod as recited in claim 21,
wher ei n t Hensfet or mati on i ncl udes sync |oss information, dropped packets

information and the results of training sessions information. 43 C - 8 APR
2(r)04 31. A nethod as recited in claim?22, wherein the multinmedi a data

packet transfer is an isochronous type transfer that includes a

vi deo/ gr aphi csq at a, hannel ,.auydio stre d.wherein the
i nf or mati on tra%sf erﬁiil%tﬁ(gdr;r&sa @Fﬁ%‘m’gﬁ%?f eé%fh(fﬂmh(stﬁ%lﬁa%ﬂfts@ﬁ“h% recited
in claim21, erein th “)kratels adj ustable in

range of approximately igabits per second (Gbps) to approxunately 2.5 Gbps.

o

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

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

34. A method as recited in claim 33, wherein the time stamp is based upon
a determination of a number of native stream clocks in 2%° cycles of link cycle clock

frequency period.

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

stream is an audio stream, then there is no associated time stémp.
36. A method as recited in claim 35, wherein the source device informs the

display device by way of the auxiliary channel of an audio sample rate and a number

of bits per sample corresponding to the audio stream,
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range of approximately 1.0 G gabits per second (CGops) to approximately 2.5

Gops. 33. A nethod as recited in claim?2l, wherein the receiver unit

includes a tinme-base recovery unit arranged to regenerate a pafi§i ABRapngs

data streamis native rate based upon a tinme stanp enbedded within the nmain

| i nk data packets. 34. A nethod as recited in claim33, wherein the tine

stanp i s based MponAﬁleﬂﬁﬂ%i‘écﬁé‘di&hﬁfS@wﬂWn&fve@%b‘éﬁ‘e%ﬂEﬁ@m cl ocks in
0

220 cycles of link cycle clock frequency perlo d as recited

inclaim r mul t i, me reamls i 0 stream

t hen ther g,‘C]al éﬁ’é{?%lb%gésho itqg%a%%ilweawge ﬁ1§ bﬂ@(ﬂ’e’él @1 €in claim
35, wherein the source device inforns the dlsplay deV|ce by way of the
auxi | i ary OH&eBdingdinkFate di o sanpl e rate and a nunber of bits per sanple
corresponding to the audio stream 44 8 APR 2004 37, A nethod as recited
in claim36, wherein a native audio streamrate is cal cul ated based upon
the audio sarrpl e rate, the nunber of bits per sanple and the correspondi ng

ink rate. 38. 38Tt ROfleMbl 86ickRGl inRfad% SRrthehehinbd RO RIRREIR T -

rrultlrredla--- data streans arerrutlp I'eke orma single
suitable f nsni ssi thaod.as recited in

~claim 21, d\?\ﬁ]éﬁrﬁa}'ﬁ zggwlt&r] ﬂ'@é] qua?%mﬁﬁ@g@tﬁrvﬂﬁpﬁﬁéo% nunber of

sub- packets. 40. A nethod as reC|ted in claim39 further conprising: a

sel ect i ve OFgrtheimking\mait.i ncl uded in the sink device that updates only a

portion of a displayed. graphics imge for every video frane based upon a
nunber of 1 mage

£
L ) 39. A method as recited in claim 21, wherein some of the multimedia data

packets include a number of sub-packets.

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

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

sub-packets included in a corresponding video data stream.

41. A packet based video interface for coupling a source device and a
| .display device, comprising:
| a source application layer arranged to provide a source data stream, a data
stream fonnat, a number of data stream attributes, and a stream identification number;
a source link layer coupled to the source application layer arranged to provide
link hﬁﬁalization and video interface management functions; |

a source physical layer coupled to the link layer that includes,
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coordi nates corresponding to the updated portion of the displayed i nage by
way of sub-packets included in a corresponding video data stream,4 A
packet based video interface for coupling a source device and a d&s%ﬁ%y2mﬁ
device, conprising: a source application |ayer arranged to provide a source
data stream a data streamformat, a nunber of data streamattributes, and
a streamidentifi catalseﬁrcawyﬂﬁllaye:earﬁﬁgerdqeat Jetdt phekefize/dapasitetide tstat he source
application Iayer arranged to provide link initialization and vi deo
interface manag I o the link
| ayer that |ncIu es, hhggﬁkbﬁgénbgS%QHéﬁ@%ﬁ$§§@$ﬁh?%§¥ﬁ§g&%#ag%%g%ged to at

| east packetlzﬂ% cketize data, scranble/unscranble data, generate |ink
training patte code and decode data, and a source electrical |ayer
that includes circuitry for initialization, parallel to serial and serial
to parallel conversasowse elactrisg laadthepincindesnirconydbt mithlizationa bi di rect i onal
auxi liary channel coupling the source device physical |layer and a display
devi ce physi calpalafygs séial anuesial © gafMePéonversiohs) 0@ spresi GREM@AN t he source

device physical layer and the display device physrcal | ayer and vice versa,;

and a uni di recE %I I_Fr]]r_gr n link coupling the coupling the source device
physi cal | ayer e’ di spl ay device physical layer arranged to transmt

i nformation bet sour ce, devi ce physi cal yer he di spl ay
devi ce physi caP dé'&‘?%‘u“’ﬂ iy, chapg Sheoe] SR (e sseq AV ERYSCA IR e d i n

claim41, further conprising:
a display device physical layer arranged to transmit information between the source

L } device physical layer and the display device physical layer and vice versa; and
a unidirectional main link coupling the coupling the source device physical

layer and the display device physical layer arranged to transmit information between

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

42, A packet based video interface as recited in claim 41, further
comprising:
a display device application layer arranged to provide a set of display
A attributes fo the sorl:rce device application layer; and
a display device link layer coupling the display device application layer to the

display device physical Iayer.

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

data stream and the display device.
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a display device application |ayer arranged to provide a set of display
attributes to the source device application |ayer; and a display device
link layer coupling the display device application |ayer to the& 8dﬂ@ﬂﬂ2@@4
devi ce physical layer. 43. A packet based video interface as recited in
claim42, wherein the display device application profile |ayer and the
source device a@pl i Cahipater progiim grodaptefor paaket beddhroaglingrifiagaticen progr anm ng
interface that describes a format for the source data streamand the

di spl ay depi 0 . nput er program product for packet
based cou§¥?ﬁgw%f§%@@§ﬁ§?§QE§¥W§§m%§3 a display device, conprising:

conput er code for providing a.source data stream ata streamformat, a
number of _dat a CSRPUERFO4E (P HERERS 2 3Aercs dalp SEe. A e REITERE 4O hunber
conputer code for providing link initialization and video interface
managenentnubercefidatasirean apubwes, endia stream jdantifisation mgmbend/ or  depacket i zi ng
data; conputer code for scranbling and/or unscranbling data; conputer
code for gener abmpited dodk farpréviding lipR idigiliution &RNRddaNnteefacle f or encodi ng and

decodi ng data; conputer code for initialization of the coupling; conputer
code for provi ﬂ'laﬁ%e%ﬁ%ﬁonts?. serial and serial to parallel conversions;
conputer code tor transmttin information between the source device

DSl cal 2 Aot 15, SRl eV, Bl g e and Vi ce versa by way

computer code for scrambling and/or unscrambling data;

>

ﬁ} computer code for generating link training patterns;
computer code for encoding and decoding data;
computer code for initialization of the coupling;
computer code for providing parallel to serial and serial to parallel
conversions;
computer codé for transmittin information between the source device physical
layer and the displﬁy device physical layer and vice versa by way of an auxiliary
' channel,;
computer codé for transmitting information between the source device
physical_ layer and the display device physical layer; and

_ - computer readable medium for storing the computer code.
45.  Computer program product as recited in claim 44, further comprising:

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

application layer
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channel ; conputer code for transmtting information between the source
device physical |ayer and the display device physical |ayer; apd;c; g%ﬁ%
readabl e nedium for storing the conputer code. 45. Conputer prdgr%ﬁ%ﬁ? t
as recited in claim44, further conprising: conputer code for providing a
set of display attributes to the source device application |ayer 47 8 APR
2004 46. Conputter Fampuenppograin produst asaediteddn claing B forthdr cofmpritingr
conprising conputer code for describing a format for the source data stream
and the di G%H{agiér obBVfof eschiBing a ARRERAS thToutde dota Skl ah Mt alspBySED VI DEO

DI SPLAY | NTERFACE AND NETHODS OF USE' THEREGE  * A packet based di spl ay
interface arranged to couple a nultinedia source device to a nultinedia
si-nk devié%VP§ di scl osed that includes a transmtter unit coupled to the
source device arranged to receive a source packet data streamin
accordance with a native streamrate, a receiver unit coupled to the sink
device, and a linking unit coupling the transmtter unit and the receiver
unit arranged to transfer a multinedia data packet streamforned of a

nunber of nultinedia data packets based upon the source packet data stream
in accordance with a link rate between the transmtter unit and the
receiver unit. . '
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FIG 2A
=8 APR 2004

ABSTRACT OF DISCLOSURE
PACKET BASED VIDEO DISPLAY INTERFACE AND METHODS OF USE

THEREQOF

[0094] A packet based display interface arrénged to couple a multimedia source
device to a multimedia sink device is disclosed 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 between the

fransmitter unit and the receiver unit.

FiG. 2A
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