M NI M ZI NG BUFFER REQUI REMENTS IN A DI d TAL VI DEO SYSTEM FI ELD OF THE

| NVENTI ON (00011 The invention relates to display devices. Mre
specifically, the invention relates to digital display interface suitable
for coupling video sources to video display devices. BACKGROUND OF THE

| NVENTI ON [ 00021 CUrrentIy, video di spl ay technology is divided into anal og

type di spl ayM ENYMEZ, I Aal type display
devi ces (such as liqul éti,s asrra streens, etc.),
each of which nust be i; ﬂ@ D@lgnals in order to

successfully display an i nage. For exanple a typi cal anal og system

i ncl udes an anal og source (such as a personal conputer, DVD player, etc.)
coupled directly to a display device (sonetinmes referred to as a video
sink) by way of a conmunication |ink. The communication link typically
takes the formof a cable (such as an anal og VGA cable in the case of a
PC, otherwse referred to as VGA DB 15 cable) well known to those of skil
in the art. For exanple, the VGA DB 15 cable includes 15 pins, each of
which is arranged to carry a specific signal. [00031 One of the advantages
of the VGA DB 15 cable is the ubiquitous nature of the cable, due to the

| arge and ever-expanding installed base. As long as the analog | systens
descr i BEHD QBAYB INVEMNIION nate, there is little incentive to migrate away from
any other cable formthan the VGA DB 15. [0004] However, in recent years,

t he ex{906t] T pvewion refatditg displaysi¢sicesisMbasspeBidieally, the invention

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

devices.

BACKGROUND OF THE INVENTION

[0002] Currently, video display technology is divided into analog type display
devices (such as cathode ray tubes) and digital type display devices (such as liquid
crystal display, or LCD, plasma screens, etc.), each of which must be driven by
specific input signals in order to successfully display an image. For example, a
typical analog system includes an analog source (such as a personal computer, DVD
player, etc.) coupled directly to a display device (sometimes referred to as a video
sink) by way of a communication link. The communication link typically takes the
form of a cable (such as an analog VGA cable in the case of a PC, otherwise referred
to as VGA DB15 cable) well known to those of skill in the art. For example, the
VGA DBI15 cable includes 15 pins, each of which is arranged to carry a specific
signal.

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

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



the use of digital capable cables such as Digital Visual Interface (DVI)
cable nore desirable. It is well known that DVI is a digital interface
standard created by the Digital D splay Wrking Goup (DDW5. Data are
transmtted using the transition mnimzed differential signaling (TMS)
protocol, providing a digital signal fromthe PC s graphics subsystemto

t he di spystoms ddvtritrealrdbes pledomhimat, lisere 15 1@de amantofe th Gligradawan rotohus supports
UXGA and HDTV with a single set of |inks. [0005] Today's display

i nter COﬁgﬁ@t}leﬂ@BQﬁfgﬁﬁ%dﬂQﬁéw@ﬁmg VGA (analog) and DVI (digital) for
desktop display interconnect applications as well as LVDS (digital) for
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definition, manufacturing, marketing and purchase decisions. For exanple,

if a codesuaele. Pus peldaewa tt Yk i aghgitah iterdpopcmndpndresegtedy theen t he

consuner mnust either purchase an analog nonitor or a digital nonitor in
whi ch tbhaitahbispyW ddingsGopl (DDWE)d Edtdare thesnvi@éd nsing tharamsitaom been
digitized by way of an inline analog to digital converter (ADC) or an ADC
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to have a digital interface that is nore "efficrent in allocating buffer
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[0005] Today’s display interconnect landscape includes the VGA (analog) and DVI

(digital) for desktop display interconnect applications as well as LVDS (digital) for

internal connectivity applications within laptops and other all-in-one devices.

Graphics IC vendors, display controller IC vendors, monitor manufacturers and PC

OEMs as well as desktop PC consumers, to one degree or another, must factor

interface choice into their design, product definition, manufacturing, marketing and

purchase decisions. For example, 1f 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

efficient in allocating buffer space.



channel arranged to transfer information between the display device and the
source device and vice versa and a unidirectional main link arranged to
carry multimedia data packets fromthe nultinedia source device to the

mul timedi a display device is disclosed. The nethod can be carried out by
following at |east the operations of communicating via the auxiliary
channel data packet attributes to the display device prior to comencenent
of transm ssion of the data packets fromthe source device to the display
device over the main |igMYVARY ©F THEINOEXNHOM¢ data packet header for
each of the data packets wherein the reduced size is conmmensurate with the
dat a ﬁ?ﬁﬁg at t es al r (g%lcp ni.cat P V|ae ? X|I|a channel ,
associ d ‘f‘ﬁcé)r IP% %Oé‘ae%‘fl 5P ) AEKBY e Gu2 " VHO i émgg?lrzgépondi ng one
of the data packets, . transm tting the data packet and_associ ated reduced
si ze ddudfensapEemenisdam rackshbesed myltimedia systemchaving ¢ pwltimedip S0UTgevi ce over
the main link, and interspersing special characters that allow the display
devi ce dewicdicsu}bln@m smultgngha Bisplayidepics by wigtod aibirclirgctarhal antiherydat a packet s
thereby requiring only a small FIFO type buffer unit. 100081 In anot her
enbodi rabainel anadfedas dhhkferf iaformatibbetwegn thefdigplay v Siahé soutc@ packet
based multi nmedia system having a nmultinmedi a source device coupled to a

mul ti gtagwﬁe%&p B¥efl8%hE g ufinEYor niPliniOddSiekd deﬁmdm&ﬁy channel

arran transfer information between the~display device and the source
devi ce fYer K r d.to carry
nultlnéﬁpé) d%s aé%g S rgﬁ?t%m% dgf% @ﬂg? s&ﬂﬁ%gﬁ Vlé% %%l?h

mul ti medi a ice is dl cl osed. The ratus incl udes at | east
means ﬂb‘F?%E‘:‘n‘rﬂ’ﬁ %S%Pﬁga%bacarﬁs QUGN OQPVH&%H??EF g QPSTABBEREL at tri but es
to the display device prior to comencenent of transm ssion of the data
packet sofpmiqaHag yigthe anxibyy cbanns! dafe packep ptipbwesfodbe digplaydgeiceni n | i nk,

nmeans
prior to commencement of transmission of the data packets from the source device to

the display device over the main link, forming a reduced size data packet header for
each of the data packets wherein the reduced size is commensurate with the data
packet attributes already communicated via the auxiliary channel, associating the
reduced size data packet header with a corresponding one of the data packets,

~ transmitting the data packet and associated reduced size data packet header from the
source device to the display device over the main link, and interspersing special
characters that allow the display device to distinguish each bit of pixel data included
in the data packets thereby requiring only a small FIFQ type buffer unit.
[0008] In another embodiment, an apparatus for minimizing buffer requirement in a
packet based multimedia system having a multimedia source device coupled to a
multimedia display device by way of a bi-directional auxiliary channel arranged to
transfer information between the display device and the source device and vice versa
and a unidirectional main link arranged to carry multimedia data packets from the

multimedia source device to the multimedia display device is disclosed. The




for formng a reduced size data packet header for each of the data packets
wherein the reduced size is comensurate with the data packet attributes
al ready communi cated via the auxiliary channel, neans for associating the
reduced size data packet header w th a corresponding one of the data
packets, and nmeans for transmtting the data packet and associ ated reduced

si ze datapppatisetclidadeleafimeans fheosnbiteatigWiLRe xRy citingl By, devi ce over
the main link and interspersing special characters that allow the display

devi ce tpacklt aiiipged ﬁhh@agpxa%tw@_ér ?%bg@kcgﬂ%@é@gﬁ%%if%&%% Oﬁlﬁﬁea packet s

thereby requiring only a snall unit. still

anot her i er_program,.product. for mnimzjing buffer

requi rer?gnt |tﬁ&gﬁ%‘&‘ﬁg%ﬁgﬂﬁ%‘gﬁﬁ%wlgygf,\gf(’eﬂl(q{;; WGLling Meapkdi a sour ce
device .coupled to.a nul|tinmedia display device by way of a bi-directional
auxi | i afSf féﬁ%’ﬁé’i red‘&ﬁag}?ﬁé‘atatnﬂdﬁt&ﬁ%d%foq sacly phieideta inckete sherdirethei spl ay
device and the source device and vice versa and a unidirectional main |ink
ar r angeé&edugedgire i commensurdteawitlathe dategieeket attiibors aieaddonmimBdtaed our ce
device to the nultinedia display device. The conputer program product

i ncl udesiadherpuxiBarychaithel, Oficad® FOTLSEGERtInG She/leBuddassi At %a%lk& Kdaagnel  data
packet attributes to the display device prior to commencenent of

LT ansm &sh@oRspoulfgthal 3 BRASE SackEQM e A0 YhEIRNIEE dloahpe displ ay

devi ce over the mainlink, nput er anni ng %d size data
packet f f the data ket s wherein the reduced size is

commens rggt:d:n\(/i\,iat9 %ocﬁ%egd]rgg ‘ia"dp%&é@#a%@F&ﬁﬁﬂ@%ﬁ%ﬁﬂé&weﬁmm851 ed via the
auxi | i ach.égchannel, cqonput er. code for associating the reduced size data

packet e eW‘??lveéaFdP?léé‘ﬁgﬁﬁle&e@H@S’@g speraal ¢haracisecibat allovetheput er code
for transmtting the data packet and associ ated reduced size data 4 packet
header $FRIY deviceste istiaguish cach hibof piseldiatainelpdetiini the daagiackdte nai n | i nk and

thereby requiring only a small FIFO type buffer unit.

[0009] In still another embodiment, computer program product for minimizing buffer
requirement in a packet based multimedia system having a multimedia source device
coupled to a multimedia display device by way of a bi-directional auxiliary channel
arranged to transfer information between the display device and the source device and
vice versa and a unidirectional main link arranged to carry multimedia data packets
from the multimedia source device to the multimedia display device. The computer
program product includes computer code for communicating via the auxiliary channel
data packet attributes to the display device prior to commencement of transmission of

the data packets from the source device to the display device over the main link,
computer code for forming a reduced size data packet header for each of the data
packets wherein the reduced size is commensurate with the data packet atiributes
already communicated via the auxiliary channel, computer code for associating the
reduced size data packet header with a corresponding one of the data packets,

computer code for transmitting the data packet and associated reduced size data




conputer code for interspersing special characters that allow the display

device to distinguish each bit of pixel data included in the data packets
thereby requiring only a small FIFO type buffer unit. and conputer

readabl e nmedium for storing the conputer code. 5 BRI EF DESCRI PTI ON OF THE

DRAW NGS Fig. | shows a generalized representation of a cross platform
di spl ay packetrfeader frok@ hel sdure @evida i MeWidphyalrvRER0G il I nvention.
Figs. 2A - 2C illustrates a video i nters%aggdégystemt?ﬁgitmﬂsm%é%% to connect

a Vi deQopf i - di Ay, if Jhn accordance wih, a nunber of
enbodi nent s gﬁ%taﬁg)r?%téfesﬁ?ﬂg%lg.sﬁ %!llg.(:hgﬂ (s:'f%t at&é??‘ptgﬁﬂﬁﬁpmi VISEAX rates in
accordangg: W enmbodi of the invention. Fig. 4A shows a main |ink
dat a pagﬁ%{n\%}ﬁﬁggé}b?lggﬁwééﬁ]#%nawd%‘ﬂ%%F AatatPaclets therby reauimngpenlysi g. 4B

shows a ma'i lr_ht'bnk packet header in accordance with an enbodi nent of the

i nvent i SH2UAHIFO trpe RfERRamy. andsommutar reatgble mestiym dor sderimg ihe pasipater encl osur e
and nultiple-packet nultiplexing in accordance wth an enbodi nent of the
i nventi 68de. Fig. 5B shows another inplenentation of the system shown in
Fig. 5A. Fig. 6 shows a high-level diagramof the multiplexed main |ink
stream as an exanple of the streamshown in Fig. 5. Fig. 7 show another
exanpl e of a data streamin accordance with the invention.



Fig. 8 shows yet another exanple of a nultiplexed data streamin accordance
with an enbodi nent of the invention. Fig. 9A shows a representative

sub- packet in accordance with an enbodi ment of the invention. 6 Fig. 9B
shows a representative main |link data packet in accordance with an

enbodi nent of the invention. Fig. 10 shows an exanple of a selectively

refreshed graphi cs iBRUEF DESCRIPIION ©STAE PRAWIR @|§ link training pattern
in accordance with an enbodi nent of the invention. Fig. 12 illustrates a

| ogi cal layering of the systemin accordance with an enbodinment of the

invention. Fig. 13 shows an exenplary special character mapping using 8B/l
nt e invention. Fig. 14 shows an

OB in accorﬁange wi th an elg%nfgdi me of tOE

exenpl ary Mahlhd<sPEPS fiEeRsialeRd TePretantationiof 2 sEass phioan displadhiniafaserbodi ment
of the invention. Fig, 15 shows a representative auxiliary channel

el ect ri 499 msapgon ay%erthhanambwlmt@f ityeaomnbodi ment of the invention.
Fig. 16 shows a representative main |link electrical sub |ayer in accordance
with an enboBigyedh —&C illustrates/evideointerFicg systdm3haus usedrte poareni at i ve
connector in accordance with an enbodi nent of the invention. Fig. 18 shows

a sour ceidsé sdiRcdlARind Wdbd BispRG AR 3NERoMahBe #ith STRAMFBREmBEdildifits denvent i on.

the invention.
Fig. 3 shows exemplary main link rates in accordance with an embodiment of
the invention.
Fig. 4A shows a main link data packet in accordance with an embodiment of
the invention. _
Fig. 4B shows a main link packet header in accordance with an embodiment of
the invention.
Fig. 5A shows a system arranged to provide sub-packet enclosure and
multiple-packet multiplexing in accordance with an embodiment of the invention.
Fig. 5B shows another implementation of the system shown in Fig. 5A.
Fig. 6 shows a high-level diagram of the multiplexed main link stream as an
example of the stream shown in Fig. 5.
Fig. 7 show another example of a data stream in accordance with the
invention.
Fig. 8 shows yet another example of a multiplexed data stream in accordance
with an embodiment of the invention.
Fig. 9A shows a representative sub-packet in accordance with an embodiment

of the invention.



Fig. 19 shows a display state diagramin accordance with an enbodi nent of
the invention. Figs. 20 - 24 illustrate various conputer based

i npl enentations of the invention. Fig. 25 shows a flowhart detailing a
process for determ ning an operational node of the interface in accordance
wi th an enbodi nent of the invention. 7 Fig. 26 shows a flowchart detailing

a process forFipre® sktiviga fepreahtativeBavi ' : ' in
p 1B p ta il 13&QUatd ﬁ%ﬁ% 18 ‘é@tl?dfﬁéﬁ% %ﬁ}(anf

accordance with sonme aspects of the invention. ows a flowhart

for a |idgibhoaghedtRrBGaESTIoLN accordance with an enbodi ment of the
invention. Fig. 28 shows a flowchart detailing a process for performing a

training sessljigrmghn accordance wth an_enbodi nent of the invention. Fig.

29 il ustrat esta COMPGER X EIRES, A SHlsF i Faraiisshadgraphies image. i nvention. 8
DETAI LED DESCRI PTI ON OF SELECTED EMBCDI MENTS (00101 Reference will now be
made in det aift&-t1d SHOWE AR cremplprydifkdiinie g paidérniin accordaneawiiunan exanpl e of
which is illustrated in the acconpanying drawi ngs. Wile the invention
wi | | be cabsdimeneaf the invenjiomct i on with the particul ar enbodinent, it will
be understood that it is not intended to limt the invention to the

described eRi0d? tibmtratcs @ 1agea1q%reﬁhgwtheisgséeﬁl ih%s&ﬂﬁgce%ﬂf yer

alternatives, nodifications, an equi val énts as may be 1ncluded within the

spirit anbodfRREothe iintiiglyention as defined by the appended cl ai ns.
(00111 The inventive Iinterface is a point-to-point, packet-based, plug &

play, serial Fig. 13 shows an exemplary special character mapping using 8B/10B in
accordance with an embodiment of the invention.
Fig. 14 shows an exemplary Manchester II encoding scheme in accordance
with an embodiment of the invention.
Fig. 15 shows a representative auxiliary channel electrical sub layer in
accordance with an embodiment of the invention.
Fig. 16 shows a representative main link electrical sub layer in accordance
with an embodiment of the invention.
Fig. 17 shows a representative connector in accordance with an embodiment

of the invention.

Fig. 18 shows a source state diagram in accordance with an embodiment of the

mvention.

Fig. 19 shows a display state diagram in accordance with an embodiment of

the invention.

Figs. 20 — 24 illustrate various computer based implementations of the
invention.
Fig. 25 shows a flowchart detailing a process for determining an operational

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



digital display interface that is both open and scalable that is suitable
for use with, but not |limted to, desktop nonitors as well as providing
LCD connectivity within notebook/all-in-one PCs, and consuner el ectronics
di spl ay devices including HOTV displays and the like. Unlike conventional
di splay interfaces that transmt a single video raster plus timng signals

such as Vsyncrjgtsy i nyentiv interface provides a system
of nulti-st realﬁ‘:_%agﬁo&/%gﬁéﬁ%‘trd&c%gg Pgm(ﬁesstt?’ﬁﬂléof"éfﬁ?g ﬁéeaéﬁ@e adeonpr e packet

streans siJmltaneously. in the formof "virtual pipes" established wthin a
physi cal ﬁ’i‘%ﬂ@ﬁéﬁﬁ’ﬁ&#@g%w}rﬂ% aspehpiydie anveatienal | zed

representati 8[_[1 (rjé a cross platform packet based digital video display
interface 1008 a¥wosdiiRvechartfar alink sdl ogipmeaess of accoddendenvi@iis on. The
interface 100 connects a transmtter 102 to a receiver 104 by way of a
physi calembodimarg@f ¢ ipwentiwfier red to as a pipe). In the described

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

transmtter Fo2 28habws afflowifg@ ISR e AREKRL %ﬁ,t%ﬁ%ﬁﬁmgita}q%ﬁnﬁglcs%i? %I_sr;;)(r;di ng

nunber of data packets 114. These 9 data pac s are

correspeqngl . whi ch are assed by way of an
D PO fith b RBRARASH oflneif o ce § s

associ ated virtual pipe ver 104. It should be noted
that the Iin%i ?belég.g., t he gata acket transfer rate) for each virtua
link can be oép P ISSHATEP 3 compy B S¥§R Gmployed te implemant the vletiony i n t he
physical link 106 carrying data streans each having an associated |ink
rate (each of which could be different fromeach other dependi ng upon the
particul ar data streamj. The data streans 110 - 114 can take any nunber of
forms such as video, graphic, audio, etc. [0013) Typically, when the source
is a video source, the data streanms 110 - 114 include various video
signal s that can have any nunber and type of well-known




formats, such as conposite video, serial digital, parallel digital, RGB, or
consuner digital video. The video signal can be an anal og vi deo signal
provi ded the source 102 includes sone formof an anal og video source such
as for exanple, an analog television, still canera, analog VCR, DVD
pl ayer, cantorder, |aser disk player, TV tuner, set top box (with
satellite DSS or cable signal) and the Iike. The source 102 can also
include a digital imge source such as for exanple a digital television
(DTV), digit [ ke e digital video signal can be
any nunber an???%gttg?ﬁ%f??“ﬁim @ﬁ 5@%@@%@@@%@%’!3 SVPTE 274M 1995
(1920 x 1080 resolution, progressive or interlaced scan), SMPTE 296M 1997
(1280 x 720 resolution, progressive scan), as well as standard 480
progressive scan video. 100141 In the case where the source 102 provi des an
anal og ilA%Y Referarge witlnoznbe mgde inadettiibfiotagiartimmaremileididtROF lgonvert s an
anal og voltage or current signal into a discrete series of digitally
encoded iention sn Eeingriab whizhiis Nsiriled hethDLASARENGMERAIARL! Wifre di 0 Ll
i mge data word suitable for digital processing. Aly o wi de variety of
Al D corednyéntion 6dll b i i : roALD converters
QAesteREd iBonetish vﬁfﬁgﬂgbﬁhﬁﬁ%{" ISIBEOAI?EQQ atwy

i nclude, for 10 exanpl e those mahufacture trunment,
if the data

Anal og } ot.hers. .[ 00151 For exanpl e,

stream %%hﬁﬁg%d @%a %ﬂﬁ%gﬁéﬁ%gmﬂ tﬁﬁér["ﬁﬂ%%téﬁ ‘85 desgribgd gi t al  converter

(not sh Jncluded in or coupled to the transmtter 102 will digitize
?ﬁé\ggdd%%t‘ \Lffﬂ tgﬁ CPrarkdhsgaieRdrd te copsr altepwtines, imaslificatians, @odvert s t he

the ana

digitized.data stream| 10 into a nunber of data packets 114 each of which
will befay stp@ybe Bcluded within the spiti0 andscopapf the ihventioh iak dafindd Nk 116.
The receiver 104 will then reconstitute the data stream| 10 by

appr opriyathe pypendedelpinmi.ng t he data packets
[0011] 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/ali-in-one PC’s, and consumer electronics display devices including HDTV
displays and the like. Unlike conventional display interfaces that transmit a single
video raster plus timing signals such as Vsync, Hsyne, DE, etc., the inventive
interface provides a system of multi-stream packet transfer capable of transferring one
or more packet streams simultaneously in the form of “virtual pipes” established
within a physical link.
[0012] For example, Fig. 1 shows a generalized representation of a cross platform
packet based digital video display interface 100 in accordance with an embodiment of
the invention. The interface 100 connects a transmitter 102 to a receiver 104 by way
of a physical link 106 (also referred to as a pipe). In the described embodiment, a
number of data streams 108 — 112 are received at the transmitter 102 that, if

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



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
l'ink bandwi dth of the physical |ink 106 be higher than the aggregate
bandwi dth of data strearn(s) to be transmtted . In the described

enbodi nent, the incomng data (such as pixel data in the case of video

ot i Lo s i an WAmEEARE DI Bald bk il srefis PRI RO AE Conct i cuont

definition. In this way, the physi or

[ ' does .conv [ | interconnects such as DVI
carry. Rt DT Uoe A ORI IR - EPBinche reuien 104 fsbasidey, the

i i cal eabl e nmedium.for the transport o not only
i deo it PRl ke G i G BAsPUTEM i ovRior api vigasl lok dat & a5 may
be required. In addition, the invention supports hot-plug event detection
and aut 8faPiBie yordhe partinelapiints siredm tesnkting o thei e ¥ichidink FOEGyARYM

transm ssion rate. The invention provides for a low pin count, purely

< . . . . . . Tl e
di gi t al dataspeays ¢ach duviag ag atsotiatedink ra@ ERhFSyIREH EARN Be ety t1 P
plgtforns. gJ?f pl atforns include host to dlsplay,‘iPaptogﬁa%#-ln-one as

oLt | S HbETRoROMPAGRARARBUIH, BHEGHE L CH AP KEERAG R ORI

addition to providing Vh | phics date bonential Iy per foor and
n be ' igktal strea rovidin _

icﬁst ant ﬁf@%ﬁ%& #QIn%%ebﬂ%ﬁ?f S'ﬁ%\ﬁsé’ﬁ o SPRAICNEEHOASE- features |ike

"Aut o- Adi.ust. and the |ike. The packet based nature of the inventive

i nterf Q@QﬁngI > Whegt thsispiics 1s & Vidap peyiree, the datpblacamsd] ifi + 214 dat a st reans

such as nultiple video/graphics streanms and audio streans for multinedia
appl i cabfladevariays yifiepsiznals thatieai hevesady mmiticabndtype GESB)I-kfowspor t for
peri pheral attachnment and di splay control can be provided w thout the need
for adeimdtysath gsatvnipogite video, serial digital, parallel digital, RGB, or consumer

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

includes some form of an analog video source such as for example, an analog

television, still camera, analog VCR, DVD player, camcorder, laser disk player, TV

tuner, set top box (with satellite DSS or cable signal) and the like. The source 102

can also include a digital image source such as for cxample a digital television (DTV),

digital still camera, and the like. The digital video signal can be any number and type

of well known digital formats such as, SMPTE 274M-1995 (1920 x 1080 resolution,

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

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

[0014] In the case where the source 102 provides an analog image signal, an analog-
to-digital converter (A/D) converts an analog voltage or current signal into a discrete
series of digitally encoded numbers (signal) forming in the process an appropriate

digital image data word suitable for digital processing. Any of a wide variety of A/D

converters can be used. By way of example, other A/D converters include, for

10



100181 Ot her enbodi ments of the inventive display interface will be

di scussed below. [0019] Fig. 2 illustrates a system 200 based upon the
system 100 shown in Fig. | that is used to connect a video source 202 and
a video display unit 204. In the illustrated enbodinent, the video source
202 can include either or both a digital inmage (or digital video source)
206 and camnphkahew rimganied baet; ' ) .the case of the
digital i nagl:asource 206, a g%?%%ﬁ@%%%ﬁ%ggygolﬁﬁegw ded to the

transm Hresktdld2an\§h&as in the case of the anal og video source 208, an A/D
converter unit 212 coupl ed thereto, converts an anal og data stream 213 to
214, The digital data stream 214 is

a corre I di git, a stream,

t hen pri@@ggﬁgfwa%ﬁ? {}ﬁgﬁ&ssgﬁ%mﬂaﬁ]ﬁ%im #alegypesignalathedatanalogteam 210 by
the transmtter 102. The display unit 204 can be an anal og type display or
a di gi t Sistplsevetadpalshewn) mchded inemsmupledio thertenessttei loDayilianal og or
digital signals provided thereto. In any case, the display unit 204

i ncl udedigdizditbpinajog datewhivhds Bk petiatizé by ephaeesed gt doasakyge 104 with a

di splay 218 and a D/A converter unit 220 in the case of an anal og type

di spl aydigitized haad&smilb@dno@@ibﬁmlaﬁ@m@taﬁme%ilqﬁ%aafw&ﬁ ﬁ%@a” take any
p conputer, § {

nunber of fornms (such as a personal deskto np gl F or anal og
TV, setydR@mitdo thd fecdivih ide g nit 104 can. take the
form of a video di spIc%llg/I (@%cﬁ a@hg%%%%ggia B@Phifépﬂi@{ecw 18wl gj sp ay,

etc.). Regar dl ess of. .t he type. of video source or video sink,
howeve rﬂ]lgr[ %g&\?/sglht%ﬁ% %‘gﬁ reagy {lé)aprﬁapgi{‘g’r@i“’é}’ fecopining theadatasparkgts and

packet i ﬁd@grt%%r to transm ssion over the physical link 106 which includes
a uni - di itenPr gl formatk Iishoulddre notestcthatoho link datt is indépendent cind a

bi -directional auxiliary channel 224 for |link setup and other data traffic
(such &€ Radive stream ratks. THreadymquirementristat the, lilkrbaiewsah of@fei al bus (USB)

data, etc.)
physical link 106 be higher than the aggregate bandwidth of data stream(s) to be

transmitted . In the described embodiment, the incoming data (such as pixel data in
the case of video data) is packed over the respective virtual link based upon a data
mapping definition. In this way, the physical link 106 (or any of the constituent
virtual links) does not, as does conventional interconnects such as DVI, carry one
pixel data per link character clock.

[0016] In this way, the interface 100 provides a scaleable medium for the transport of
not only video and graphics data, but also audioc 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 muitiple platforms. Such platforms include host to display,
laptop/all-in-one as well as HDTV and other consumer electronics applications.
[0017] In addition to providing video and graphics data, display timing information

can be embedded in the digital stream providing essentially perfect and instant display
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between the video source 202 and the video display 204. 100211 ThF mai n
link 222 is thereby capabl e of sinultaneously transmtting nultiple g

i sochronous data streans (such as nultiple video/graphics streans an .
mul ti-channel audio streans). In the described embodi ment, the malnf in
222 includes a nunber of different virtual channels, each capable o

L1 st eraigngions bliangie 143} fr T GATR! SHER.ABie IR 5RS 0 aphi s/ vi deo

and audi o data) at nultiple gigabits: per sec a | ogi cal

; . i i ingl e physical pipe
U1 POl ack ML R e of U P R R RS o s s
and within this S vay cal data streans are not assigned to physical

- 1 | ! | O i' = . . .
gﬁ;ﬁﬁle: Zﬂg Eﬂéﬁﬁtgﬁﬁg%ﬁ%ﬁﬁ&@Fﬁlgqtplaatdﬁo/mpémstrgmnamd aulié stréans forn | ogi cal
pi pe (i.e. virtual channel descri bed above). [00221 In the described
enbodi mEtitimegia applicagionsr Intadditiohes umizersa! sefialttue (USBY trhidporid@2 | S
adj ustabl e to conpensate for |link conditions. For exanple, in one

i apli i i bé bivi ; j d in a range
| eneperipiens] attatineens pebdisplhy thardTRimbe hriRaviadnt BE Ak ¥st ©
;ggrggfg;?Zd by a sl owest g%eed of abouF 1.0 Gops to éﬁbu? 2.5 CGops per

bits pefgoR channel ...1t should L
OO By O Sy o e oo
also re Lhe power consunption which is an inportant consideration
Hfglg’lflg *l&s rates a Fysggﬂ?f)@ pased pph theypiems] wagn og.1 dlidte devi ces
ggngngethé Iiké However, by increasing the nunber of channels to four, the
main | inpsedte sopngct 3 Hisise seurpg Rmnd B2ideo dispRgBmitPege &&Qlluiﬂ-@é% W t Phaa
color depth of 24- bits per pixel at 60Hz. or QSXGA (2560 x 2048) w
col or G8poHingnt1tBe Wides spure 202 can include either or both a dj gital image (or
digital video source) 206 and an analog image (or analog video source) 208. In the
case of the digital image source 206, a digital data stream 210 is provided to the
transmitter 102 whereas in the case of the analog video source 208, an A/D converter
unit 212 coupled thereto, converts an analog data stream 213 to a corresponding
digital data stream 214. The digital data stream 214 is then processed in much the
same manner as the digital data stream 210 by the transmitter 102. The display unit
204 can be an analog type display or a digital type display or in some cases can
process either analog or digital signals provided thereto. In any case, the display unit
204 includes a display interface 216 that interfaces the receiver 104 with a display 218
and a D/A converter unit 220 in the case of an analog type display. In the described
embodiment, the video source 202 can take any number of forms (such as a personal
desktop computer, digital or analog TV, set top box, etc.) whereas the video display

unit 104 can take the form of a video display (such as an LCD type display, CRT type

display, etc.).
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pi xel at 60Hz, w thout data conpression. Even at the |lowest rate of 1.0
Gops per channel, only two channels are required to support an
unconpressed HDTV (i.e., 1080i or 720p) data stream 10023] In the

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

to the jooRey RagedREd dIMRStyRE of Hlled & i i af lve rate.
ti me- base reco%y (TBR) uyﬁi'? 256 @'mﬂ? |1Hlt8 c’egxfllé’c}}e‘)?‘(?g?r’iltf4vaﬂ1é)b‘§ﬂ§ ates the
stanps enbedded in_the main |ink

strean e : Y Si t.ine

dat a pazsl?gtﬁg] g af?dlﬁ{ggédé églrlycggﬁ%fﬁfﬁgg?ﬂ“ﬁéeqﬂ?g&? UranSussier ovemhe f or
appropriatel y..confiqured. digital display devices 232 shown in Fig. 2B,
t:oﬁe Easpglyﬁlg%]&{fg(rw6i%ﬁnﬁlﬁﬁjé? § & ppi-dirgedienglimpndipk 222 dori isodheormemtdatao t he
di splay driver electronics at the Iink character clock rate, thereby

gr eat | y SHE#BE iha bhdirestionarauxidiaricthanne | 224 ferlink @tupririd otBercBASW! at e
reduction in conplexity and cost for the display. For exanple, Fig. 2C
i |1 ust r 4sush aawasouertpikanhynagtibepanlmaden, €M dredl keShIibhs ggglﬁ dﬁa’\é@%g hat no

ti me base recovery since display data is essentially pipeline t he

var i ous bemwcditheWilaescureebh2t A ihVifed! ' onbi nation with row drivers
236 to drive selected display e én%n?fsgglfggog'n the array 240. [00241 O her

nbodi I ' ti.on thod for the link rate and the
vl ) dhe Sl o) IR SRt R o S RO e ise soRltpRat ai |t he

s Bk 2 o SN s o st anes e |
that a pixel (or_audio) clock rate can be expressed with four paraneters,
A B C.?uc@qﬂrqgngg.: In the described embodiment, the main link 222 includes a number of
different virtual channels, each capable of transferring isochronous data streams (such
as uncompressed graphics/video and audio data) at multiple gigabits per second
(Gbps). From a logical viewpoint, therefore, the main link 222 appears as a single
physical pipe and within this single physical pipe, multiple virtual pipes can be
established. In this way, logical data streams are not assigned to physical channels
rather, each logical data stream is carried in its own logical pipe (i.e., virtual channel
described above).
[0022] In the described embodiment, the speed, or transfer rate, of the main link 222
is adjustable to compensate for link conditions. For example, in one implementation,
the speed of the main link 222 can be adjusted in a range approximated by a slowest
speed of about 1.0 Gbps to about 2.5 Gbps per channel in approximately 0.4Gbps
increments (see Fig. 3). At 2.5 Gbps per channel, the main link 222 can support
SXGA 60Hz with a color depth of 18 bits per pixel over a single channel. It should
be noted that a reduction in the number of channels reduces not only the cost of

interconnect, but also reduces the power consumption which is an important

consideration (and desirable) for power sensitive applications such as portable devices
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[ = [ = [ C=3bhits
| clock rate = 2A* 3B x 5Cx 1 ID A =4 bits, B=2 bits, s,

zln)c(IeD = 1 bit. [0025] Even for a link whose link rate (which is the serial
link bit rate / 10 for a link that uses 10-bit character such as 8B/1 OB
characters) may be different fromthe pixel clock rate: thlere is a beBeflt
in defining the link rate with these four pararrgteér)/s, Qo EI bfﬁ?f?g%a ;

he benedndthé fiké.h eV b idcYeabile HRAGRSERLE Lxel fau . i
;ri ﬁk clezf)nckq1 For gggfbngal}’e,ﬁl etts %ay the e?l nE raHFe P P Empiink g - g 3 ¢

= 7, an = ing link rate i.s 135MHz. Howe\_/er,_ B
suppos e%ﬂ%ca&s;@(péqo?{éﬁ/&i&%}%?@ﬁ@i?ﬁ@ﬁ "‘g"sgeﬂesﬁ’hgl,ongw— 3 copordepth ofdd-D = 0 (=
108VHz) hen th ixel c can be enerated fromlink clock as pixel
cl ock rébtittg pf:gpié&ﬁa&fgoﬁg. ?rh(bgﬁéﬂ((%éﬁ)é%gﬁ)zwx'!thgcqlog_dqzﬁ]of Rbéts peng back to
those systens requiring tine base recovery, the tine-base recovery unit

1 ithent data gomiprgssian. Evemcit tisyloWestaawrr.1,0FGbpsAfkr UNCONDr essed
\%?gegagtp?gazhﬁfﬁgﬁ?i nme stanp ilg stored in the packet header which as f
descr i bebaringl, poherwebethaihelb ade@itguited t& s@fyobli dn dh@bit res(éagg_ga-gﬂ Cf_gn stream four

i i 7-4, TS 11-8
f 20 bits are stored in each header successively (T _ . ,
'(I)'Sl5- 12 10819 736p)-datd\Ndfeae Stream frequency (Freq_native) is obtained from

link character clock frequency (Freq_link_char) as: Eq(l) Freq_native =

[ * 15 [0027], The transmtter 102 generates this
{: |r ﬁg_!sltamf%g ;ﬁ/{ tgggégclﬁrj?gag ﬁ{gg%%%gra[%?mi}igtdﬁ%a@t‘? %W%Wé‘éﬁ%bﬁn%“@% cycl Ies of
t he Iin%g@@rt cter cltogk({r.a&gﬁncy per.i od. _Thei _counter updgﬁ;s Ithekvaatrjg
every 2 cyscﬁ%gg%Fgat‘ﬁ angw élﬂea‘if’_(né‘?‘mélﬂdﬁﬁ@a $inkseDpassat to g O(i s ;
asynchronous wi th each other, the tine stanp value will change by ove
tinme. B@Wﬁ%‘ﬁ%&%ﬂé@ trepgniftenatdisinaties rald) 2A wind-base peies! (TBRY Rkt he same
tinme

226 within the receiver 104 regenerates the stream’s original native rate using time
stamps embedded in the main link data packets, if necessary. It should be noted,
however, that for appropriately configured di gital display devices 232 shown in Fi g
2B, time base recovery is unnecessary since display data is be sent to the display
driver electronics at the link character clock rate, thereby greatly reducing the number
of channels required with a commensurate reduction in complexity and cost for the
display. For example, Fig. 2C illustrates an exemplary LCD panel 232 configured in
such a way that no time base recovery since display data is essentially pipelined to the
various column drivers 234 that are used in combination with row drivers 236 to drive
selected display elements 238 in the array 240.
[0024] Other embodiments describe a simple enumeration method for the link rate
and the pixel/audio clock rate. It has been researched and understood that all the
standard pixel/audio clock frequencies that exist today are a subset of the following

master frequency:

23.76GHz=210x33x57x 111 Hz
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stanp in the header of the given packet stream A sudden change of the tine
stanp value (by nore than | count) may be interpreted by the receiver as
an indication of an unstable condition of the stream source. [0028) It
shoul d be noted that, no tine stanp is comruni cated for an audio stream 1In
this case, the source device inforns the display device of the audio sanple
rate and nunber of bits per sanple. By determ ning the audio rate based

upon Eq(2) and the Iink character rate, the display device regenerates the
ori gi nafhigugbafs giaf @ eudlgp&laak AéA YedhBressdddnigh ouf pimhRtdat €) x (#
bits per sanple) x nnels) [0029] A nain link data packet 400 shown

in Fig a4 ¢na%q% ? a naln | i nk packet header 402 as shown in Fig. 4B that
|sforrre 0 g s where bits 3-0 are the Stream ID (SID) (indicating

t hat maxi mum stream co s_the Tinme Stamp (TS) LSB. Wen
bit 4 is equal to 1, ﬁ?§d6§¥%é%mhé%% éu%ééE% Eﬁ?east significant 4 bits of
Time Stanp val ue (used only for unconpressed video streamj. Bit 5 is a
Video frame sequenc® bt bitsyfli TR bitet S =akbithand Bast b¥i gni fi cant bit of the
frame counter which toggles from"0" to "1" or from"1" to "0" at the
video franme boundary (used only for unconpressed video strean). Bits 7 and
6 are reserved whereas bits 8 through 10 are a 4-bit CRC (CRC) that checks

err or s (x5} tHen F6ey iR whEded ik rRict(Svhidhiib ﬁle]slérlglzlnﬁir]ﬁt rhtd"®10 fok 8Tk St ream | D
Inver5|on (TSP/ SI Dn) which for unconpressed video are used as four bits

OF | 20- ik T 5% T 48 o0 D Gl B ALY BT B

inventive Interface 1s t er ent dglt st ream;

sach o W £ PR S LIRS 55 08 b bovencartalo i 1
syst em 500 B r’laﬁleqse%e%? 18 tlrleosxrlngﬁm%lrj 1?1 rgggnﬁrez}tlnzr;)%lce?/igélﬁ c?or:;?(s rilrlxjnlré Ell P o packet

clock. For example, let's say the link rate is setas A'=6,B'=3,C'=7,and D'=0

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

setas 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 /51 .

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

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

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

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

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

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

frequency (Freq link char) as:

Eq(1) Freq_ native = Freq_link char * (TS19-0)/220
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mul tiplexing in accordance with an enbodi nent of the invention. It should
be noted that the system 500 is a particular enbodi nent of the system 200
shown in Fig. 2 and should therefore not be construed as |linmting either
the scope or intent of the invention. The system 500 includes a stream
source multiplexer 502 included in the transmtter 102 used to conbine a

st r eam [002UpPhe frankngitte! 025 enbra@ Thid GheNtdhp b SourfleahS hiRBER F10 to form a
mul ti pl exed data stream 506. The nultipl exed data Sstream 506 is then

f or var dggivieQuaarh icekh 8YS50 cf?dle% Iop 'tl'%ﬁﬁ{k c%gﬁfllt.qeg Hock gg:ﬁ]{l%l%?é)%ﬁ}gdofh a number  of

data streans to forma nul ti pl exed nmain str Sfned of a nunber

of dat e 512 spme of ich may . include any of a_ nunher of sub
packet sgqﬁ'ge?lﬁgfﬁﬁifsoti‘ggaﬁ]ﬁg@'r‘?%ﬁy&eﬁRyﬁhﬁ)}‘éﬁl‘ Cg@_aﬁﬁg ¢lopf-eXBFe BIE8e splits the
mul tipl exeq ata stream5 10 into its constituent data streans based on the
st r eam SClpadEmEy asypehraaeyscyigh eash othes, the tirststammuelne withchangg bytlr eam si nk
de-nul ti pl exer 518 further splits off the stream | supplenental data

st r eam @¥ghtimien Egtweentipdatesthe freksptitter 02081l repeatedlp satdans sandiigle- | evel

di agram of the nultiplexed main |ink stream 600 as an exanple of the

st r eam stand@irsthe headeR oFihg givenifacket stiear, AldudadBctange BPE Rk Exadp over the
mai n |ink 222. The three streans in this exanple are: UXGA graphics

(St reamalf Q '!qfeq L = 2 A ream | D =
3). Thea sg?ll %%g%gt >§:hz%lai@qlggr{d Sl zg&gé&érrgﬁt ?rnelgg])f)/g%%e% lgg]gat%ngl? M 'zes the
packet . Whigh results in the very high link efficiency. The
reason u?lﬁtgﬂ%gzggcgpoﬁgggj&sag%SB‘ércg'o small is that the packet attributes are
comuni cat i a the auxiliary channel 224 nprior to the transm ssion of

t he pac!ﬁ@tsi ‘fb%@mdn% hoted tet, Bo jimejspamp rpmumatested foy aasudie; stigamt e

sub-packet enclosure is an effective schene when the nmain packet streamis
an unc #hpresesibe seurge dewegindoras thadispipy dssiec of thd @udidatimple rate and

number of bits per sample. By determining the audio rate based upon Eq(2) and the
link character rate, the display device regenerates the original audio stream rate.
Eq(2) Audio rate = (audio sample rate) x (# bits per sample) x (# channels)
[0029] A main link data packet 400 shown in Fig. 4A includes a main link packet
header 402 as shown in Fig. 4B that is formed of 16 bits where bits 3-0 are the Stream
ID (SID) (indicating that maximum stream count is 16), bit 4 is the Time Stamp (TS)
LSB. When bit 4 is equal to 1, this packet header has the least significant 4 bits of
Time Stamp value (used only for uncompressed video stream). Bit 5 is a Video frame
sequence bit which acts as the least significant bit of the frame counter which toggles
from “0” to “1” or from “1” to “0” at the video frame boundary (used only for
uncompressed video stream). Bits 7 and 6 are reserved whereas bits 8 through 10 are
a 4-bit CRC (CRC) that checks errors for the previous eight bits. Bits 15-12 are Time
Stamp/Stream D Inversion. (TSP/SIDn) which for uncompressed video are used as

four bits of 20-bit Time Stamp value.
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stream has data idle periods corresponding to the video-bl anking peri od.
Therefore, min link traffic formed of an unconpressed video streamw ||

i nclude series of  Null special character packets during this period. By
capitalizing on the ability to nultiplex various data streans, certain

i npl ement ati ons of the present invention use various nmethods to conpensate

for diffB080Ceae bEtheRaardiies BRIHE ihidH e,ni xel data rate when
the source streamis a video data s%gg%&grﬁ%?qse@%r%f@ytoa uﬂ'lpltl?’hstrat ed in
Fig. 7, &iperep b [ $: .0 G% such that a bit of pixel data is
transmtted ebﬁésg ns.éa?ltrllgfmgjs(;hgﬂ ﬁ&?ér‘ffﬁgow%?kasﬂgﬁléaﬁb%vw@gwnset to 1.25
&b/ sec, qs]glcq téihfit a]Fbit g@pi xel data is transmtted each .8 ns. Here,

t ransni tPEP Ipksaiapackets, melide'a number af subteelsets.eFer dxampis Figisshowdat a as

illustrated in Fig. 8. Two special characters are disposed between a first

bit of FIiem ¥ermapeed tamptovide stopatkel enclobumeiaxd multiple-gacket The speci al
characters allow receiver 104 to distinguish each bit of pixel data.

| nt er spemgliplgxingén swendante eitaraachdodindsl WERR iRidnSioRf lI(tF%ihéfflldtg ofe?! SO
creates a steady streamof data that allows the Iink to maintain

synehr otial gid 9ster! 3001186 paRieAP bl SPREL AL HANAES ] aﬁ@?ﬁgﬁ;l | FIEG

characters. No line buffer is neede suc

because i i iciently fast, However, relatively nore 1logic
isr equiS]ﬁ&ehgd tﬂﬁ%ﬂg%ﬁ)ggée?%@%gds?sd@m tg'éreétgﬁrﬁ?‘? FURPE of pritertiafdle si gnal . The
recei ver Venfedsq%o recogni.ze when the special characters begin and end.
[00331 AR A PerifigSyvam Plipgudesasteam sopreg mdtipleyer 32tinclatledinrthe e
consecutive bits of i xel data with special characters, such as null

val ues. taEspulisrd93used o qombingyusireapn] supldroertal daestieatns 3 with ehebuf f er
included in the transmtter 104, then one or nore null values could be fed

into t HatbEifcaey 21@rpifbrome meulfiplerdd dind straareSEY Thb akligpleSiCihtl SRGENt at i ons
require a relatively larger buffer space than the interspersing 18
506 is then forwarded to a link layer multiplexer 508 that combines any of a number
of data streams to form a multiplexed main link stream 510 formed of a number of
data packets 512 some of which may include any of a number of sub packets 514
enclosed therein. A link layer de-multiplexer 516 splits the multiplexed data stream
510 into its constituent data streams based on the stream IDs (SIDs) and associated
sub packet headers while a stream sink de-multiplexer 518 further splits off the stream
1 supplemental data stream contained in the sub-packets.
[0031] Fig. 6 shows a high-level diagram of the multiplexed main link stream 600 as
an example of the stream 510 shown in Fig. 5 when three streams are multiplexed
over the main link 222. The three streams in this example are: UXGA graphics
(Stream ID = 1), 1280x720p video (Stream ID = 2), and audio (Stream ID = 3). The
small packet header size of main link packet 400 minimizes the packet overhead,
which results in the very high link efficiency. The reason the packet header can be so

small is that the packet attributes are communicated via the auxiliary channel 224

prior to the transmission of the packets over main link 222.
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met hods descri bed above. In many such inplenentations, the tinme required to
fill the line buffer will exceed the tinme required to transmt the data
after the line buffer is full, due to the relatively high |link speeds.

[ 00341 As discussed with reference to Fig. 5A, one of the advantages of the
inventive interface is the ability to not only nultiplex various data
streans, OS] any, of a nunber. of sub ckets within a
parti cul [aorbﬁr;a(?ér%é ﬁlﬁi}%ﬁ%‘?‘g‘? 6%%&@?‘?&%% ea_ch)@lKeé% SPUYE shetaswhen

sub- packn?%i 90%( %ﬁEaccor dance with an enbodi nent of the invention. The

sub- pacKet™ 880t HTFaYS 21 ANEorpPissied didereiise an gwoompressedryiddeedatalescr i bed
enbodiment is 2 bytes and is acconpani ed by SPS (Sub-Packet Start) special
char act &feam hag ¢pia idle peniqds eodtespangiag ke thei vidaskblatikih g persoth-Thardtere, 900 i s

encl osed contains a packet payload in addition to the sub-packet 900, the
end of miwn bubtrpfficketmedinmusbmpressadrkesh amRENIRMRALsSSLrRRG speci al
character. Otherwise, the end of the main packet (as i1ndicated by ensuing

COM chakpeeia thdrfictblacRs ARYifg iokin Bﬁ,@ﬁf%ﬁﬁﬁé oﬁrﬁ{eka%iﬁtpg%end of both the

sub- packet 902 and the nmain packet int IS enc ed. However, a

sub- pac : W.th SPE when 1ts enclasing. main packet

has no lglgg/tpgad. E?l%dgtgﬁgﬁ%]\?\%%g a‘%%ﬂ%ﬁfﬂf%%‘? E RESSCHLIRYRIUORUERi n & mai n

i nk packet in acc_?rdance Wi tﬁ?@% enbodi ment of the invention. It should be
[

not ed t HAIOUE RISHRLE o, pempmpsae ReeRersrbetweandhe arainslimk rate et theay| oad i s

dependent on the specific application profile that uses the sub-packet 902.
[ 00351 Pxpllats rats Wpanythe seures stesermsiaeviddo datibstpank &or exmhylsise usage i s

selective refresh of an unconpressed graphics inmage 1000 illustrated in
Fi g. 10Nustratedeinthig .t thespixdidataratedsts Gb/séd, aneh thAORbit tppixepmitaVer ti cal
Total, I mage Wdth/Height, etc.) will be communicated via the auxiliary

channeltraitteid roerythes enakik bk &HpIRSthS Liak 140 Ral Bith Bhto 1 HNEBAS, tsﬁgb“ ream
remains valid. In selective refresh operation, only a portion 4 of
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 necded for such methods,
only a small FIFO, because the link rate is sufficiently fast. However, relatively more
logic is required on the receiving side to reconstruct the video signal. The receiver
needs to recognize when the special characters begin and end.
[0033] An alternative to the interspersing method is to alternate consecutive bits of
pixel data with special characters, such as null values. For example, P1 through P4
could be fed into a line buffer included in the transmitter 104, then one or more nuil

values could be fed into the buffer until more pixel data are available. Such

implementations require a relatively larger buffer space than the interspersing
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the i mage 1000 is updated per video frame. The four X-Y coordinates of the
updated 19 rectangle(s) (i.e., the portion 1004) nust be transmtted every
frame since the values of the rectangl e coordinates changes fromframe to
frame. Another exanple is the transm ssion of color |ook-up table (CLUT)

data for required for 256-color graphic data where the 8-bit pixel data is

an entr ymedold\@sefbedeiboly. gﬂg]fé : f ..the CL t be

dynam cal |y updated. [0036] The si ﬁ%‘?gle@%ﬂﬁﬁﬁ}é%??eow&?r%%e it‘gﬁa tfhannel 224
provi desy I . variqus ort functions useful for link set up
and s uppE)I?Ettlﬁ](ri:fggg{?!rrz:%tllE ﬁiﬁ%fezri\ E{G&BE? 'é?ﬂflg?%% S J"e Q%tataﬁerz:tap Ape uflet isar y
applicatign,datg such as USB traffic. For exanple, with the auxiliary
channel fﬂgﬁ%uegog'fesrﬁraﬂygé@&gb@ﬂ%%e‘i%formthe source device of events such
as sync |l oss, dropped packets and the results of training sessions

(descr i HR¢Peisaliscussedrwitieseforpice, o Fig. 4Apand bLthkaldvimaicd bRtheSaSHRR fai | s,
the transmtter 102 adjusts the nmain link rate based upon pre-sel ected or

det er mi igerfacessiitesibilfty theotioaty @eitipldd Viiogs 385 $hoitns, bkt alldire Way. the closed
| oop created by conbining an adjustable, high speed main I'ink wth a

rel at | vehdloShour AOMAHWHER bF AN B RUK LA A  p IR A& 1] S fOPuUSt

operation over a variety of con S

Sone cag . whi.ch is owm in Fig. 5B), a |ogical

bi-dir ecﬁg&g‘ﬁ"‘gﬁ% |r§sre§&8ﬁ%ﬁ‘f?é?a%§ro&d@dﬁ ageordance 3vjth aneabedimant of porti on
522 of %e bapdwﬁtgh Ef the main link 222 to transfer data fromthe source
devi ce 2G"BUH NeiSHR-Paekst 820 molndssa sub-panketiheader 9@Pnthht thahdk channel 524

fromth‘f si.nk device 204 to the source device 202. In sone applications,

use of desHited sgthodimensiis Abyles mibisabcampenidddy SRS (ibebackByStag) Mor e desi rabl e
than using a hal f- duplex bi-directional channel described in Fig. 5A

t10037 1 s:)fc;]@lrchmc@r.dfthengain ek tdetuiaoke $h Mhichl thaSiBIpAckRASHEL flabadst reams the
ransm tter
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) marksr the end of both the sub-packet 902 and the main packet into which it is
enclosed. However, a sub-packet does not need to end with SPE when its enclosing
main packet has no payload. Fig 9B shows an exemplary sub-packet format within a
main link packet in accordance with an embodiment of the invention. It should be
noted that the definition of the header field and sub-packet payload is dependent on
the specific application profile that uses the sub-packet 902.
[0035] A particularly useful example of sub-packet enclosure usage is selective
refresh of an uncompressed graphics image 1000 illustrated in Fig. 10. The attributes
of the entire frame 1002 (Horizontal/Vertical Total, Image Width/Height, etc.) will be
communicated via the auxiliary channel 224 since those attributes stay constant as

long as the stream remains valid. In selective refresh operation, only a portion 1004 of

the image 1000 is updated per video frame. The four X-Y coordinates of the updated
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102 establishes a stable link through a Iink training session that is

anal ogous in concept to the link setup of the nodem During |link training,
the main link transmitter 102 sends a pre-defined training pattern so that
the receiver 104 can determ ne 20 whether it can achieve a solid
bit/character |ock. In the described enbodinent, training related

handshalj n : ' and the receiver 104 is <carried on
t he aux :?F?g?éjagm%ﬁgf%ﬁl&gmﬁﬁeu%g)?é%gl}bf' ﬁkeci 7‘?%&@365{0’5’ §valesshown i n
Fig. | I g or.dance. w t h. an enbodjment of the invention. As illustrated,
during t (Igp ¢ It%gtéfl%lf: ﬁgorggxg%ghe}ng&s %H‘séame ebimeeAnathenexamme isgbe run | ength
whil e phase 2 is the longest that are used by the receiver to optimze an
equal i z&@nsissigh g eolor lopksiup talile (CLYEkdata forabquiredtfor 2i®eHopgpaphichi eved as
long as the link quality is reasonable. Typically, the training period is
about 10atgsyherqthelSimhpikelniata Bppretty mihe 12560y WINST ghd tdalatdaf ¢ sent . | f
the receiver 104 does not achieve solid lock, it inforns the transmtter

102 vi atHel@LIEDxst Bé FyrabAeHIB  upddftgand the transmitter 102 reduces the Iink
rate and repeats the training session. f00381 In addition to providing a

traini ' b Lot |.,224 n be al dt
carry nataef TR OnER eIk Ara BNty bR P MEgRS pafifi o9 of ecluci ng. t he

over he acket. transm ns on the in link 222. Furthernore, the
auxi | i 2‘?%7%%% g‘%?r?é’ﬁ f‘z‘%%“’@éﬁ“f@ ngﬁF]F §eivadnd surportive meindimeebenitions ay
Identification Data _(EDI D) information replacing the D splay Data Channel
(DDC) f‘%‘ﬂ?ﬁ QrFagy [BURbATY 2P catfomplap sush gs UE%&ra"ﬁanHar ckagile wWith thet t hat
contains basic information about a nonitor and its capabilities, including
vendor aupiligryrehannel, 22dpx display idevige cari inform the lsotirc€ HaviacbLévehtsi sish ad act ory
pre-set timngs, frequency range limts, and character strings for the

moni t orsynalues, aRsppsd baeketUINRE reslieof tHHifh B (FesSiRN A 1dW). FE

example, if a particular training session fails, the transmitter 102 adjusts the main link
rate based upon pre-selected or determined results of the failed training session. In
this way, the closed loop created by combining an adjustable, high speed main link
with a relatively slow and very reliable auxiliary channel allows for robust operation
over a variety of link conditions. It should be noted that in some cases (an example of
which is shown in Fig. 5B), a logical bi-directional auxiliary channel 520 can be
established using a portion 522 of the bandwidth of the main link 222 to transfer data
from the source device 202 to the sink device 204 and a uni-directional back channel
524 from the sink device 204 to the source device 202. In some applications, use of
this logical bi-directional auxiliary channel may be more desirable than using a haif-
duplex bi-directional channel described in Fig. 5A.
[0037] Prior to starting the transmission of actual packet data streams the transmitter
102 establishes a stable link through a link training session that is analogous in
concept to the hink setup of the modem. During link training, the main link transmitter

102 sends a pre-defined training pattern so that the receiver 104 can determine
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display and is used to conmunicate with the systemthrough the DDC which
sites between the nonitor and the PC graphics adapter. The system uses
this information for configuration purposes, so the nonitor and systen1ﬁan
work together). In what is referred to as an extended protocol nndek t he
auxi liary channel can carry both 21 asynchronous and isochronous packets as

o q
| r edwhethery hadlalsb R & S eypboard, nouse an
i cr ophone. 100564 1 g. 18 1 | orraceees gl SRl dHFigean0 of  he

' ] ' [ ntion. It should be
Poted t nenir BERAIAAREANE bl B0 HETRE TN I09 a0 raesRAAS upon
ggtp?a?c;t ?E)n Ieeeral I] , source (such as the video sour ce 202.) is fornmed
of a sou‘fa&édp‘%/ fog: o Anaxampiend aliddraining petierntieshavar vwar e, a

source link |ayer 1204 that includes nultiplexing hardware and state
machi ne {igr! finfagoprdance veititareenloadimsnirefaine Boeition, WABusHes, Fringthe
Audi oNi sual / Graphi cs hardware and associ ated software. SimlarTy, a display

i tiafrihg skesio & Catpreyiethd Sibdtebt M AN ILHALLRUS ;L RRel ver
ﬁSYEﬁgre), agsinkai?ﬁfslayé? 12 10 t hat inc#%ﬁgshﬁe?nultlpﬁgklng har dwar e

i splay L. contral T ohe e Ui ERAI" PR b B co

di splay/timng control har dwar e “an

' ' r.f i 14 defines the fornat with vv_hichthe_ source
commun ool cRuabiEe o8l Bl stz &0 1o s T un Rprig reasonibi appl i cat | on
profiler layer 1216 def i ne&.the format with which the sink 1212

comuni %‘g{tnggl NG PRmE peRed is abapt Cupisrin phiglptime ogenximately 807 bitsofl ayer s

wi |l now be discussed in nore detail. SOURCE DEVI CE PHYSI CAL LAYER [ 00411

In the O83 8% BBG idhp srepivent 04 dors nebanhievedelid bekphyrstband theapasmaip2 i ncl udes
102 via the auxiliary channel 224 and the transmitter 102 reduces the link rate and
repeats the training session.

[0038] In addition to providing a training session conduit, the auxiliary channel 224
can be also used to carry main link packet stream descriptions thereby greatly
reducing the overhead of packet transmissions on the main link 222. Furthermore, the
auxiliary channel 224 can be configured to carry Extended Display Identification Data
(EDID) information replacing the Display Data Channel (DDC) found on all monitors
(EDID is a VESA standard data format that contains basic information about a
mornitor and its capabilities, including vendor information, maximum image size,
color characteristics, factory pre-set timings, frequency range limits, and character
strings for the monitor name and serial number. The information is stored in the
display and 1s used to communicate with the system through the DDC which sites
between the monitor and the PC graphics adapter. The system uses this information
for configuration purposes, so the monitor and system can work together). In what is

refetred to as an extended protocol mode, the auxiliary channel can carry both
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an electrical sub layer 1202-1 and a | ogical sub |ayer 1202-2. The
electrical sub layer 1202-1 includes all circuitry for interface
initialization/operation such as hot plug/unplug detection circuit,
drivers/receivers/term nation resistors, parallel-to-

senal /scrial -to-parallel conversions, and spread-spectrum capable PLL'S .

The | ogi &hchrenduslaadl §docAR | b G £ QL
packet i zi ng? de- pgcket 7] ng,guga%cg%sc@ﬁgﬁ %B%Jéég%%r(gﬂgﬁlﬂ@ta B8t er n

gener at i Qip HEOket L . t1ne-base recovery 22 circuits, and data
encoding/degod?*ggéh%ﬁﬁgg&ﬁﬁpf%ﬁg%Pﬁs specified in ANSI X3.230- 1994,

cl ause t ovides 256. | jnk data characters and twel ve control

char act i]rbéﬁ]?ﬁ%‘ 12{3 Hffrazeso% OW?PLQY‘F@‘?SW&QAW the systgm 20) infapcortimecervaitn | i nk 222
and Manchester Tl for the auxiliary channel 224 (see Fig. 14). [00421 It
shoul d B8 sHdinetyt of theriavenion, ItcBowld bedivteg thdt getiletthenei st descri bed, for
exanple, in U S. Patent Nunber 4,486,739, which is hereby incorporated by

r ef er endwpleasniationmaywathdgendihg sisbh hppliRafidie cBhdralls. e / code is a
bl ock code that encodes 8-bit data gﬂzcks f%?grld@bi?§%%5é9&3$ds f or

e, e ) i i g BRI, 22 T

a byte wi de data stream of fanced stream of

| s and A i 0.l engt f. 5. Such codes . provide sufficient
si gnal %r%srlﬁgitt %%aﬁg‘gfﬁg ena%%egg}kelg}’%blﬁggé}fagb‘}?ﬁ}dééH\Pitﬂlg}e}ﬁygéaﬁdé@é‘? ver, such
as tranaﬁﬁgﬁgr Ihlo. Mpreovergwg DC bal anced data stream proves to be
advant agBot e FEFRe (o irgryare), andia dpta strewnsejives 1206uck asonnect i ons. The
aver age u%).er of I s and Os in the serial streamis be maintained at
equal o‘%“‘%@a ipyalCyaphics hasduwsprg and hesogBladGBfivamnSimitkaiyoa dipits dwftst rai ns the
di sparity between the nunber of 1 s and Gs to be -2, 0, or 2 across 6 and
4 bit DreleRessoninieal lByer I208 (moliiding vaeibas Recival ISdARR), GIEM frdfgl,t i onal

codes for signaling, called conmmand codes.

1210 that includes de-multiplexing hardware and state machine (or firmware) and a
stream sink 1212 that includes display/timing controller hardware and optional
firmware. A source application profile layer 1214 defines the format with which the
source communicates with the link layer 1204 and similarly, a sink application profile
layer 1216 defines the format with which the sink 1212 communicates with the sink
Iink layer 1210.

[0040] The various layers will now be discussed in more detail.

SOURCE DEVICE PHYSICAL LAYER

[0041] In the described embodiment, the source device physical layer 1202 includes
an electrical sub layer 1202-1 and 2 logical sub layer 1202-2. The electrical sub layer
1202-1 includes all circuitry for interface initialization/operation such as hot
plug/unplug detection circuit, drivers/receivers/termination resistors, parallel-to-
serial/serial-to-parallel conversions, and spread-spectrum-capable PLL’s . The logical
sub layer 1202-2 includes circuitry for, packetizing/de-packetizing, data

scrambling/de-scrambling, pattern generation for link training, time-base recovery
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[00431 It should be noted that in order to avoid the repetitive bit
patterns exhibited by unconpressed display data (and hence, to reduce
EM), data transmtted over main link 222 is first scranbled before 8B/ |

OB encoding. Al data except training packets and special characters wl|
be scranbl ed. The scranmbling function is inplemented wth Linear Feedback

Shi ft Regirdlite! fd(dataReddi j I bl e pnitial
val ue of an LFSR seed ia)%m%ggéebr%%cgr%ggﬁplteo?g@?/%}%coﬁe%ﬁg %ﬁag%ab‘lt is data
scranbl i ' t LVREEO he . nitial value wll be fixed. 23 100441
Si nce da{%‘ﬂg{l&‘%&%l&?ﬁ? P‘[VJ"&ﬁde"E 33? i‘“? F‘ﬁﬁs“ﬁﬁ’@?@a‘ 2 dpevesontial ¢hagaciere hannel

224, the,__nmmin |ink packet headers serve as streamidentification nunbers

t her eby §P EX3mRle 0?&1} i 15 §hOVanidigd! Dirfer thammaim Knk 322 amkMaaokkstatthfor | t shoul d

al so be npoted that neither the main link 222 nor the auxiliary |ink 224

has sepdhapuxiliangchaichd2d (se¢ Rigs14kn  this way, the receivers on main |ink
222 and auxiliary link 224 sanple the data and extract the clock fromthe

i nconi ng0@K2] dt soukkiva ndfasmapmasg/ian:gﬂoaainfg%ngo%ﬁmnﬁbaés‘éﬁbé@gf& loop (PLLs)
circuit in the receiver electrical sub layer is inportant ’for since the

auxi | i aeyarapRMNAGl. S2BstehiNlAbd:r 49443 §- @i l onal an e direction of
the traffi cisl changes ?requentrl %%A?gbr |C§gl§ g&gff’ﬂg“‘&‘ﬂ’fﬁ’gﬁ& F%e auxiliary
ta periods thanks to the

channel ive Blﬂﬂﬁ? ks.im.as.fe S

fr equentréfgﬁgéeuné§ orm stl))é%hgge ?frsz;(ﬂéﬂ tIhSﬁg’ %ﬁ%@&l%ﬁb@kmﬂp thag ode [ 00451
At link_set, up . tine, the data rate of main [ink 222 is negotiated using the
hands haf%8¢% “bgt‘i{%ﬁi blagks iptedQrkif cosle avords, far serialagsmissions §n additom set s of
trainin ackets are sent over the main link 222 at the highest |ink
speed. @%ék@ BaAnsmyFsIn eodegonvastsrabyite widaddatastkeatinoft tarddrh deand Dt er 102 via

the auxiliary channel 224. If the training fails, main link speed is
r educ edninal DG balaicad strem e adnddswyith 4 nfanieas sinlengthdf 5. Such codes
provide sufficient signal transitions to enable reliable clock recovery by a receiver,
such as transceiver 110. Moreover, a DC balanced data stream proves to be
advantageous for fiber optic and electromagnetic wire connections. The average
number of 1s and Os in the serial stream is be maintained at equal or nearly equal
levels. The 8B/10B transmission code constrains the disparity between the number of
1s and Os to be -2, 0, or 2 across 6 and 4 bit block boundaries. The coding scheme
also implements additional codes for si gnaling, called command codes.
[0043] It should be noted that in order to avoid the repetitive bit patterns exhibited by
uncompressed display data (and hence, to reduce EMI), data transmitted over main
link 222 is first scrambled before 8B/10B encoding. All data except training packets
and special characters will be scrambled. The scrambling function is implemented
with Linear Feedback Shift Registers (LFSRs). When data encryption is enabled, the

initial value of an LFSR seed is dependent on an encryption key set. If it is data

scrambling without encryption, the initial value will be fixed.
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this way, the source physical layer 1102 is nade nore resistant to cable
probl enms and therefore nore suitable for external host to nonitor
applications. However, unlike conventional display interfaces, the main
channel link data rate is decoupled fromthe pixel clock rate. A link data
rate is set so that |ink bandw dth exceeds the aggregate bandw dth of the

transm t[0ed) Sifcadia s@@&%b@waﬁﬁtﬁ{shﬂﬁé&%%&@%ﬁH g%m%g%g p]'é.i nk |ayer
. or

1204 handles the link initialization and nmanagenen , upon

recei vi ighililRbadd er.at ed upon nonitor power- up or
connecti on of %%eeﬁ%ﬁ?§%§£%§%¥gg%wgﬁgPhﬁmggﬂF@Q&ﬁﬁVSPE Y efeail¥r 1202, the
source ice.link |ayer 1204, eyal uates the capabilities of the receiver
via int g@é‘%ﬁ%@ﬁ’é’e’g\% an Wéx‘z?ﬂ%‘inﬂﬂlé‘%’a{‘,%‘&ﬂﬂblﬂ shonld alselbe poteillsata maxi mum mai n
link data rate as determned by a training session, the nunber of

ti me- ba®@therdisraaip hinki222 non thetraxilisrylinie?24 hasacpableeldatfsi@ial Ehgke 1pn bot h
ends, availability of USB extensions and then notifies the stream source

1206 of thigway sheicativersiontmyih ligk @22 ahd albiiliagdinki20R saMPRITHE g&ﬂ g from the
stream source 1206, the source link |ayer 1204 reads the display capability

(EDI D  extraenthe ¢RIcR Fom tHUhédMsind 491", ﬂ:gé{no i . ource |link |ayer
1204 sends the streamattri butngs to the ?g%@%é%poi%ﬁgﬁﬁaq}?@aéﬁxi liary
channel 1o22%hop 1Pt 1 5 source.1204 .whether the main |link 222
has enoggh rggou%@é%?ggmﬁgﬁﬁFﬁﬁégfﬁﬁ (?gﬂﬁé§¥§dsﬂ%W%“§$ﬁﬁéﬁ§?ﬂﬁbtifies t he
stream 120 fo.li failure, events such as sync |oss and buffer
over f | o%?ﬁgﬁgc%%ﬂ%swggﬁ%ﬁgggg%Wﬂ@é the dirersiontof dhentraffour ce 1204 to
the receiver via the auxiliary channel 224. Al conmunications between the
sour ce Pies figgusntlys iccgrdingliethe PEbom the awx tidryichinned eeceiver plgsent s def i ned

in the application profile |layer 1214.
locks in as few as 16 data periods thanks to the frequent and uniform signal transitions

of Manchester II (MII) code

[0045] At link set up time, the data rate of main link 222 is negotiated using the

handshake over auxiliary channel 224. During this process, known sets of training
packets are sent over the main link 222 at the highest link speed. Success or failure is
communicated back to the transmitter 102 via the auxiliary channel 224, If the
training fails, main link speed is reduced and training is repeated until successful, In
this way, the source physical layer 1102 is made more resistant to cable problems and
therefore more suitable for external host to monitor applications. However, unlike
conventional display interfaces, the main channel link data rate is decoupled from the
pixel clock rate. A link data rate is set so that link bandwidth exceeds the aggregate

bandwidth of the transmitted streams.

SOURCE DEVICE LINK LAYER

* [0046] The source link layer 1204 handles the link initialization and management.
For example, upon receiving a hot plug detect event generated upon monitor power-

up or connection of the monitor cable from the source physical layer 1202, the source

24



APPLI CATI ON PROFI LE LAYER ( SOURCE AND SINK) [00471 In general, the
Application Profile Layer defines formats with which a stream source (or
sink) will interface with the associated link |layer. The formats defined by
the application profile layer are divided into the follow ng categories,
Application independent forinats (Link Message for Link Status inquiry)
and Appldesadei 128 12 ' ' dat a_mappi ng, ti ne-base
recovery equati onﬁ?g?@fﬁ@u%@%}% ra,{)ﬁgfﬁgog?jﬁéccgévﬁéﬁlal @F%qug%a\fﬁrat tribute
message =1 f s, 1f. applicable), The Application Profile Layer
suppor t ?1? e l'?o :égémmﬁgﬁé%f°o‘}“%‘ﬂ%f’5&§l&m plainglagk datw rate as detorgsed 18- bi t

RGB, 30-bit, RGB, 256-cql or RGB (CLUT based), 16- bit, CbCr422, 20-bit

YCoCr 422 A4H54 sesstony ths aumbsr o p-hexgecavsry enitenpi the redeivedli spl ay devi ce
application profile layer (APL) 1214 is essentially an

appl i cataw}abgwwfeaw g botht ends aaveil{bARly)o fAESE i thisichst 0 tha mifick de St ream
Sour ce/ Si nk conmmuni cati on over the main |ink 222 that includes a

pr esent atr¢anmsdurcariR06f aftandisdodiasi ot bR eQUveAite Q8 N &G of, " | face 100.
Since sone aspects of the APL 1212 such as at heop’o%&%ﬁgg%%nt comand

for mat) iarstrenhas@l 120STRA ke @104 LOGY ' Bofiommon b0, all uses of the

i nterface 100. Whereas ot her non-basell ne h as such

as dat ' f and stream attribute format, are unique to an
appl i calt N, ?{’/@g&% At s S the Sopia Tink awor 1304 ponde ther ansrm t 4 0.
Regar dl gss_of %h application, the streamsource 1204 queries the source
link | aYySryBRutes t‘g@’EéF‘Eeé‘fqii 1 s1atbe 2uxilanywhanel AR4, 708 fEs theapaihe of

handl i ng the pending data strean(s) prior to the start any packet stream
t r ansni 987§ 204 whethsr theimein link 222 has &rROgD fesen forthandligletier m ned that the
main link 222 is capable of supporting the

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

sync loss and buffer overflow, and sends MCCS commands submitted by the stream
source 1204 to the receiver via the auxiliary channel 224. All communications
between the source link layer 1204 and the stream source/sink use the formats defined

in the application profile layer 1214.

APPLICATION PROFILE LAYER (SOURCE AND SINK)

[0047] In general, the Application Profile Layer defines formats with which a stream
source (or sink) will interface with the associated link layer. The formats defined by
the application profile layer are divided into the following categories, Application
independent formats (Link Message for Link Status inquiry) and Application
dependent formats (main link data mapping, time-base recovery equation for the
recetver, 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-cblor RGB (CLUT based), 16-

bit, CbCr422, 20-bit YCbCr422, and 24-bit YCbCr444.
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pendi ng packet strean(s), the stream source 1206 sends streamattributes to
the source 1link layer 1214 that is then transmtted 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 fromthe streamand to format it back to the streans

native dp048) Béreexattipte, diid dishad 8vid apbi] t r i cation
dependent. 100501 In those Ij(3{;15];esIV\1hae e%ﬁ@@%@%ﬁ%&‘%m\%f i s not

avai | abl gs@fiatihan ABHEL 4 H A .the stre ource. 1214 may take corrective
action by, flcz)irpega IFté"flb‘?i’é"éu ng"i%lgterfaﬁﬁgg}ﬁﬁ?cé@w%@?@@?até@ or depth. 26
DI SPLAY HY, L LAYER 10051J) The displ ay device physical |ayer 1216
i sol at es i %e(ﬁflgfﬁ/ ?V%QW‘W]HR OpenBe mayglllﬂoZé%@at meludespl ay devi ce APL

1216 fromthe signaling technol ogy used for link data
t r ansmi JEPSRIBHER Eymabfor deiacsenteto or kicalved Zdnatie infeefaed K00, | Sinve shannel 224

have their own physical |ayers, each consisting of a |ogical sub |ayer and

an el ectaspasts ofshbAPLaPd# (duthtas tHRQJowde ahBgerk @R ESHAhd FHSG:] 6at i on. For
exanpl e, the hal f-duplex, bi- directional &auxi liary cﬁannghgm has both a

transmi beedine Abngof REEHMR! 3y ARATBEW0f KiedS Sy in Fig 15. An
auxiliary link transmtter 1502 is pl’O\?i Alta%ste\%]mgﬁyelq]lltﬁ%%cec acters by a

| ogi cal ventRedsaviRl ndaPSseh : en serialized serialized and
transnitted to a (rzlorrespcl)]%l Inétﬁxéﬁl)?% 19T S iaﬁﬁu?zlbise‘?%maﬂﬂé}&ﬁ}m?é recei ver
erialized link character fromthe auxiliary link

1504, i LN, ives s
I anfie%t%mql a“f“?’?‘ge'sf\‘/’”f‘ﬁtear&é‘fl&l“&tto an ppriicatiom prg bae of lisschrongue. |t shoul d

224 and seria
be note or functions of the source |ogical sub layers include

oTanal g ! ﬁttdQ Tyl lewsmi el Regardiessof Sbinpiigatiart dre SEkhreoditetingn) . and
training pattern generation for the transmtter port. Wile
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.
[0049] 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 recejver over the auxiliary channel 224,
These attributes are the information used by the receiver to identify the packets of a
particular stream, to recover the original data from the stream and to format it back to
the stream’s native data rate. The attributes of the data stream are application
dependent.
[0050] In those cases where the desired bandwidth is not available on the main link

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

image refresh rate or color depth.
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for the receiver port, the major functions of the receiver |ogical sub

| ayer includes signal decoding, de-packetizing, data de-scranbling, and
ti me-base recovery. AUXI LI ARY CHANNEL f0052] The maj or functions of

auxi liary channel |ogical sub |ayer include data encoding and decodi ng,
fram ng/ de-fram ng of data and there are two options in auxiliary channel

pr ot ocol :tsianda! oPet PDRSPLRY BEVICESHIVSICARN & /”f‘”?ﬁe{m”t L“”C“O”Sd

in a point-to-poin opology) 1S a co at can be manage
h [ L- : = ' f.i d ded t | that

suppor t 8 el AP ERANLR Blor 121 APlies B dRalvelseicadnedsnch as

dai sy-chai.ped., si n 7 devic [t should be noted that the data encodin

and )(;ec t(} %il Qan% ﬁﬁéﬁ%’%ﬁys‘g‘i"é‘é%ﬁ L4216 fregtheisignaing teehnslogyatsed &ir lidker eas :

fram ng of data djffers between the two. 10053] Still referring to Fig. 15,

t he auxidPladrapsmissienatceptiont Fheonaindink 222 ynd theamidiang clidi@e] 22430881 tter 1502
and the receiver 1504. The transmitter 1502 is provided with |ink

char act &redr dyn plipsidabhiyen) eshiloohgsting, ofwhb&balisib $8Vet ahd ﬁﬁéle@tﬁg%ltsﬁﬁns mts out.

The receiver 1504 receives serialized |ink character fromthe Tink |ayer

d sub ati ] i ¥ llock rate. Th
and subtsete lhmudegthgebiufécto%%ﬁedlﬁca%?. FOKe 1@%%3%38@@13@ S 1o

positive and negative signals of auxiliary charnne
ground ¥ir@tafaQl | i resistors at each end.of the link as shown.
I'n the déscr?%egmll éeﬂrzrllglﬁ%la W ,Sg?%eatﬁar“is’{%m?{@ aREcareer aheacheadRibl e
dependi the |ink.cqndifion and ranges from approximately 8mA to
appr oxi {r%gtlfglpfs %ﬂ)?ﬂ] Eﬁs i ?‘l‘?“galﬁ’ é%éraéﬁm\?tﬁfﬂﬁﬁf smrpvidedpithflink
approxinately ~400ny to approximately 1.2V. In electrical idle nodes,
nei t hercﬁf?ét%'@r%iwahévb afyer 1208 lathptare Hegrsatializeddetialered aen. starti ng
transm ssion fromthe electrical idle state, the SYNC pattern nust be
t r ans nitfansatitteddo eiverrespokdingeskiiaty liledceiber 1508, VRS fockRer1 504, in

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 lo gical sub layer includes

signal decoding, de-packetizing, data de-scrambling, and time-base recovery.

AUXILIARY CHANNEL

[0052] The major fimctions of auxiliary channel logical sub layer include data
encoding and decoding, framing/de-framing of data and there are two options in
auxiltary channel protocol: standalone protocol (limited to link setup/management
functions in 2 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
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enbodi nent, the SYNC pattern consists of toggling a auxiliary channel
differential pair signals at clock rate 28 tines followed by four I's in
Manchester Il code. The auxiliary channel master in the source device
detects hot-plug and hot-unplug events by periodically driving or
measuring the positive and negative signals of auxiliary channel 224. MAIN
LI NK 100 n ' ' t. th in link 222 supports

di scret e?é%c;rs i é%élﬂguﬂﬁ?n oltéregtg %tgtﬂ?ﬁ%% gﬁ%@ﬂ%@d&?"%ﬂgﬁ? fmegs gfengipdd | ocal
crystal see Fiig,3 for. a. representative set of link rates
consonan{eg%ﬂﬁpéﬁhgé’ﬁq o%or@@t“‘ asﬁ%ﬂ&?t%ﬁlfféﬁ-bm?qn thagwehown in Fig. 16,
the mai héﬂk ﬁfz (being _an unidirectional channel) has only a transmtter
1602 at St teéernBg i Bigahdl thaiukiliary ehwinebeledfioal sab l4yee cotitsink g devi ce.
28 100551 As shown, the cable 1604 takes the formincludes a set of tw sted
pai r wi rte@smitiend 562 andsthe mesivet EORTte (iahsmitlee eS0D: préVigedBh e (iR Vi deo
signals provides in a typical RGB color based video system (such as PAL

based Tvhamsteaits)tho Asidaeilaher, B! scfalisiauls b€ e %/evc\:nfaﬁ%ﬁ?afghr

cable is a type of cable that consists of two ependén
W res twsed RleREOHIEALRNE q%]pa% s qwire carries the signal while the
other wire is grounde]daglrl{gpa soﬁ%s Si %éwiilﬁe&a?‘g?&?ﬁ@?mﬂg’d§hou| d be noted

that ingg t her systens, .the sigpnals could also be conponent based

si gnal s° eﬁ%trt ?Fﬁ‘%éiﬁéae?&“i"lﬂﬁﬂr(ﬁ‘%c P aedtiveand nogative sigyalhofawdiléarg abl e, each
tw stede}?ai r j's i ndi vi dual |y shielded. Two pins for +12V power and ground
are pr ofhaBe 22thee teemmatad; e grandoda SOrphuidemenationemsiktods 4tfeacieatd & pai r i s
100 ohns +/- 20% The entire <cable is also shielded. This outer shield and

i ndi vi diglinkiep shayen. alnghe Henctibet! inapléthentatian ecdrive cehi § on both ends. The
connector shells are shorted to ground in a source

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

to approximately 24mA resulting in a range of Vdifferential __pp of approximately
400mV to approximately 1.2V. In electrical idle modes, neither the positive nor the
negative signal is driven. When starting transmission from the electrical idle state, the
SYNC pattern must be transmitted and the link reestablished. In the described
embodiment, the SYNC pattern consists of toggling a auxiliary channel differential
pair signals at clock rate 28 times followed by four 1’s in Manchester II code. The
auxiliary channel master in the source device detects hot-plug and hot-unplug events
by periodically driving or measuring the positive and negative signals of auxiliary
channei 224,
MAIN LINK
[0054] In the described embodiment, the main link 222 supports discrete, variable
link rates that are integer multiples of the local crystal frequency (see Fig 3 for a
representative set of link rates consonant with a local crystal frequency of 24-MHz).
As shown in Fig. 16, the main link 222 (being an unidirectional channel) has only a

transmitter 1602 at the source device and only a receiver 1604 at the display device.
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[ [ [ [ e row having
ice. A connector 1700 as shown in Fig. 17 has 13 pins in on _
geg:ﬁgut that is identical both for the connector on the source device end
and that on the display device end. The source device supplies the ppme{: ’
[ 00561 The main link 222 is term nated on both ends and since the main lin

i i ion voltage can be anywhere between OV
222 is AC coupled, the, termnatio g aher e acLween OV

(gr ound) [0085}As ehbwn, lthe Edbee ARRGLEER S £ :i;?ém@ets%tsi?%) {’]%tﬂéggd PABRIESr oxi mat el y

programmabl e depending on the [Ti1nk con I"on~an

. i - of Vdifferential _pp of
8MA 10 apRIBXEIRLE el@eddﬂ% GERH(G), I Bl Jli&%)gs?gqqh Pigides in apwicehi ng i s
appr oxi matel'y 400 Lo approx H@ée?éi?r“gl(% ng pattern. An electrical idle

h conpecti on usi ng / . .
rate | S OPeoRRRa RO B brtsd g systershodinowh tydbese nei t her
.nor the negative signals are driven. Wen starting a

H] Sng%sggsgiﬁ In fhep, dwistadmagriableds e typeatfeable Ineat bowsigabL dwy MUSt conducg a
training session in order re- establish the link with the receiver. 2

STATE Dllmn[lﬁﬁﬁﬁmteﬁwirémdédlgegﬂu bie %%gl%‘gpga%ﬁ%%g&%ﬁ tﬁa %@ﬁsﬁ}i i Sf i% ate
di agrams shown in Figs. 18 an escri . ) A 8
Systomis off Suah thac s ualedihd o AL IR encs; 1 ellihrnded s anabl cd.
o b ot oo CLiong tate 1804 suitable for power
Lhen  AEHSLARAAATLRE e Loy SLARARY 2 AL A0 Lol o, o P

savi ng and receiver ge%ectl ono 4t h (Bﬁ the auxi 11 oty chanel o

i i A, . hot pl ug/ pl ay), y
ri?%é?@ik%}?%ﬁﬁggg ‘g‘eeé)uew Sﬁge’f’gr“fgmﬂkﬂ’é\ﬁéﬁﬂlﬁ qachotwistedrplidis measur e of a
\F;ol t age. cross, the termnation resistors during the driving is

nmeasur e’&.glrvfocﬁmﬁi’ shigldgd; Liwieipiesdior a2V aowecad/groundaeipeseiséd. Thgsed upon the
nmeasured voltage drop, then the systemtransitions to a detected
characteristics impedance of each differential pair is 100 ohms +/- 20%. The entire
cable is also shielded. This outer shield and individual shields are shorted to the
connector shells on both ends. The connector shells are shorted to ground in a source
device. A connector 1700 as shown in Fig. 17 has 13 pins in one row having a pinout
that is identical both for the connector on the source device end and that on the
display device end. The source device supplies the power.
[0056] The main link 222 is terminated on both ends and since the main link 222 is
AC coupled, the termination voltage can be anywhere between 0V (ground) to +3.6V.
In the described implementation, the drive current is programmable depending on the
link condition and ranges from approximately 8mA to approximately 24mA resulting
In a range of Vdifferential _pp of approximately 400mV to approximately 1.2V. The
minimum voltage swing is selected for each connection using a training pattern. An
electrical idle state is provided for power management modes. In electrical idle,
neither the positive nor the negative signals are driven. When starting a transmission

from electrical idle state, the transmitter must conduct a training session in order re-

establish the link with the receiver,
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receiver state 1806 indicating that a receiver has been detected, i.e., a
hot plug event has been detected. If, however, there is no receiver
detected, then the receiver detection is continued until such tine, if
ever, a receiver is detected or a tineout has el apsed. It"shoHId be not ed
that in sone cases the source device may choose to go to OFF" state from

i i i i he state
whi ch no further display detesﬁww. [00581 If at t t at
1806 a display hot unplug even _ ] t hen theds_ysterr}[ hter23>5<: ][: gp)s/
back to : . 4. O herw se t sour.ce drives the
channel [\i/)\nbﬂ! ng%gggﬁ}ﬁtn?@&lgr? é%g%eg%qsf‘{‘)’eedép zfﬂ'ﬁﬁs oggtawi‘ilsgrﬁ?: lsth‘ﬁ‘@? Véflsgézg t he
receiver,os eque esppnse,, if any, is checked. here .
respons o 52nd gp\bf%ﬂ%lﬂfa %’ﬁfot“h e'gc‘ioé‘ézlégl\)’e? igH&shaws theslearceutataddgsour ce remai ns
in the state 1806. If, however, a signal is received fromthe display,

then t héetribpd bslowas\iapiadfistats 1802, thieystam isoeff bischrihadiie soigaslist he recei ver
link capabilities (such as max link rate, buffer size, and nunber of

t i me- badisabled olfdhy saunid is enabled, ttheh (Y 5§86 tadfifibld B%5tdiap STR {84l NK
initialization state 18 08 and is ready to commence a tralning start

lallzal . . € ¢ e S arted
-not i fi gitabYoPPnear sadihg BAAPELIAE dbiBlifornP Gh Shder Fo BN SESSIOR TS S
by sending a traini nsg pgttern over t%e ai N cirlonée &t @%&212@5?:}? gln;:l

9SS0 . i.Ni us. The receiver sets
For eachearorpeabilt BeHIOpRYP HShulivy chiel ¥ pprovedly psahe next
hase u detection o ss .only such that when a pass is detected, the
ﬁni nli ﬁ%ﬁé}] %Seft"? g‘éﬁo‘i}’ oy {Q‘ﬁ§tanfiiarm6%ﬁe@.f ajpoliags dropairess thetterninatend ace .
transitions to a normal operation state 15 10, otherwise, the link rate is
r educedesiFiars dnaing the friving isameasured; df it épdaeredned that a rgeivbeispesse  oper at i on
state 18 10, the source continues to periodically nmonitor a |link status

i ndex, baR¢dcUponithe miehsiredavditage drgp, tgneNesistons trlitsisqd a@Rdclcie system .
t ransi tions to the standby state 1804 and waits for a hot plug detection
event . rédejver state 1806 indicating that a receiver has been detected, i.e., a hot plug event
has been detected. If, however, there is no recejver detected, then the receiver
detection is continued until such time, if ever, a receiver is detected or a timeout has
elapsed. It should be noted that in some cases the source device may choose to go to
“OFF” state from which no further display detection is attempted.
[0058] If at the state 1806 a display hot unplug event is detected, then the system
transitions back to the standby state 1804. Otherwise the source drives the auxiliary
channel with a positive and negative signal to wake up receiver and the receiver’s
subsequent response, if any, is checked. If there is no response received, then the
receiver has not woken up and source remains in the state 1806. If, however, a signal
is received from the display, then the display has woken up and the source is ready
read the receiver link capabilities (such as max link rate, buffer size, and number of

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

1808 and is ready to commence a training start notification phase.
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however, a sync loss is detected, then the systemtransitions to state 1808
for a min link re-initiation event. 100601 Fig 19 shows the display state
di agram 1900 described below. At a state 1902, no voltage is detected, the
di splay goes to an OFF state. At a standby node state 1904, both main |ink

receiver and auxiliary channel slave are in electrical idle, a voltage
sl ave, port are

drop acr[@9sof Aethipdtht) @ tlaRingd &34 i hiary ehann

noni tore[[(j‘gf o}; a pf‘ﬁedef erm ne%&\g}%lé%%szﬁdf t Jé‘!“\i}%f‘%&a“g“én%gt TR 8XF' e then t he
auxi | i arya; I Vi ntel s turned. i ndi cating_a hot plug event and
t he syst%%n?rg%gggts %ﬁg& rgtleggp{ é"y‘e@?&{'éssf@@%f& THIpEE fjals: Theaeervasisely r enai ns
in the satand%)%ﬁs 1ate 904, At the state 1906 (main link initialization
phase), 4§4Y ‘EE Of yaghcol {ites phases apg) the tranemitiex will grocecdicathe npar t is ful ly
turned on, and the transmtter responds to a receiver link capability read
command PAAE 4nea dglespemgl pasaprlytsnelnthiat whers a pass 190&ected, e MiakBlinki fs there is
no activity on the auxiliary channel for nore than a predeterm ned period
of ti mereddyrat thahbnlatate. | Abthys e ieineh et 2ftonts fo PHbmidloBetiln L0 standby
state 1904. [00611 During a training start notification phase, the display

r espondstateol 310othErifd, Bk lirlkYatel i@ tdRp i t.ter by adjusting the
equal i zer using training E)atterlns, 35@%15&2?%%%8%825’iez‘?ag?d'each phase.
.session and if the

If the L ' | r anot her .training
trai ni g nng ncrorfiel dpork Rk ] e BB Bhriti e padbcaibrmemtare s no
activit t he auxi]iar hannel or on the main link (for training) for
nor e th%?\l?%amBFr&%ét‘gwh%fﬁﬁf’la FRlug eyent éscdgieated andithe sgatorin| i ary channel
slave port._is set to the standby state 1904. [0062] Figs. 20 - 24 show
part i cuF&IItoRs fethe stardbn#atedB0¢ lrad waiss Sorpl fmt phugrdettictiph ayenti I8 er f ace.

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

link re-initiation event.

[0060] Fig 19 shows the display state diagram 1900 described below. At a state 1902,
no voltage is detected, the display goes to an OFF state. Ata standby mode state

1904, both main link receiver and auxiliary channel slave are in electrical idle, a
voltage drop across the termination resistors of auxiliary channel slave port are
monitored for a predetermined voltage. If the voltage is detected, then the auxiliary
channel slave port is turned on indicating a hot plug event and the system moves to a
display state 1906, otherwise, the display remains in the standby state 1904. At the
state 1906 (main link initialization phase), if a dis;')lay is detected, Ithen the auxiliary
slave port is fully turned on, and the transmitter responds to a receiver link capability
read command and the display state transitions to 1908, otherwise, if there is no
activity on the auxiliary channel for more than a predetermined period of time then
the auxiliary channel slave port is put into the to standby state 1904,
[0061] During a training start notification phase, the display responds to the training

mitiation by the transmitter by adjusting the equalizer using training patterns,
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[ 00631 Fig. 20 shows a PC not herboard 2000 havi ng an on-board graphics
engi ne 2002 that incorporates a transmtter 2004 in accordance with the
invention. It should be noted that the transmtter 2004 is a particul ar
exanple of the transmtter 102 shown in Fig. 1. In the described

enbodi nent, the transmtter 2004 is coupled to an connector 2006 (al ong

the |i nespdafing the reanRe tah pha))If FRUALSHe §41st ' 0090 which in
turn is connected to a di s;%)lhay devi ce 2068 Eyﬁﬁg%pgé \?\]/lgegttrea%fmﬁ%ir cabl e
,. PCl  Express

2010 coupk®sn ' ' 0 0641, As known in. the art
(devel oped bygl}(fniﬂtlelREI %%?lgg)ggfs?sdﬁﬁ)o gOS&a)%}Ogmaldng l,on%e F%loaelﬁ 2 andwi dt h,
| ow pin n%oa%ﬂglg¥seri al , ..i nt erconnect hechnol_ ogy. that al so maintains

sof t war dCEHpaY PG 4riliay Fhabpelarionghemain Link (far traising) for mare thng
configuratjon, .the PCl Express port is augnented to become conpliant wth
the redirdetsraied (9ms far evagumie)ptheansiiary eteandlabepbitdhisst anttdi rect |y drive

a display device either using a notherboard nounted connector as shown.

[ 00651 Ktandby stateil@f4. where it is not practical to nmount the connector on
the notherboard, the signals can be routed through the SDVO sl ot of the

PCl Exp(@0%2] Figt ber-baanew dadicar ' s{ng a passive
card connec'gofmas shown ?n Fi Spﬁgﬂ%ﬂeﬁ\?ﬁ% ﬁgé(g%gse&\%&?ﬁgpﬁgiagurrent
gener at ek add-in graphics cards, a add-in graphics card can suppl ant
t he onboard graphics engine as shown in Fig. 23. 32 [00661 In the case of
on the mpt herboard graphics engine

woul d_ a8 P 26 5 B Tngth R 00 nine e groad sramteemeaON. whi oh
he. Rl TarMredERotgiss  BEmIHGL AOWhinoamentoarieh hefuevastins Eitiowldg the
nunber of interconnect wires to 8 or 10 as shown in Fig. 24

be noted that the transmitter 2004 is a particular example of the transmitter 102 shown

in Fig. 1. In the described embodiment, the transmitter 2004 is coupled to an

connector 2006 (along the lines of the connector 1700) mounted on the motherboard

2000 which in tumn is connected to a display device 2008 by way of a twisted pair

cable 2010 couples a display device 2010.

[0064] As known in the art, PCI Express (developed by Intel Corporation of Santa

Clara, CA) is a high-bandwidth, low pin count, serial, interconnect technology that

also maintains software compatibility with existing PCI infrastructure. In this

configuration, the PCI Express port is augmented to become compliant with the

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

either using a motherboard mounted connector as shown.

{0065] 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.
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ve exanpl es assunme integrated transmtters. However,
i[20i6t71qﬁ\: !teOffEaggi glbg to i rrprrFement as a standalone transmtter integrating
into PGl and PCI Express environnents through the AGP or SDVO sl ots, Hout
respectively. A standalone transmtter will enabl e output streﬁgg mgg6gi
any change in graphics hardware or software. FLOACHART ENMBODI VE [

i L o0y s Lbed .n . ter of a nunber

The met h@sbp gy thefcasd 6f ofbBBk hfflichtibls, ﬂ‘{é"i’raggmﬂf& ®h Iﬂ%e motherboar
i bi ticular process 1o g the

of flowcharts each describing a parti¢ Pibe a nunber of interrel ated

' ' - b d - El 20. - 29 desc _
;)P\cl)ggts!sggfa{)}#g? %%%@gfgﬁmgit%%é gperp%l c&ﬁ@“%aﬂ‘b‘?fﬁgﬁeﬂﬁ?%%ﬁ% aspects of
the inveptipn, [OQE9L Fig. 25 shows a flowchart detailing a process 2500
for deter mcﬁi“ﬁodj“g V%tBSPg?‘fl s¢thpolins the mppeoptrffactive imleMentatiam ahe dance ;
wi th an enmhodi nent. of the invention. In this process, the operational node

| ' i di spl ay
|| onlepEerskONgvepld by moantedwaidhe panel thereblydeducinthe Quaibr sf1e
\émevi ce a?e both digital. Gtherwi se, the operational node will be set to

3 ) AlFib " i text can
I nn@@xmnmﬂsmnnEMSbelﬂeiaﬂwhthﬁgﬂpﬁ|09 nmode” in this con _
?Eglage bot h conventional VGA node as well as enhanced anal og node having

- - i i ' [ | and bi-directional
di f f er erjod6H] Anafvg aﬁéﬂ%%amlpﬁé?. agﬂgﬁedﬂﬁ%rfﬁ d QQ{EBH 2 Hoevar O BH%)
2502, 2 fishpon ;”%E 2@”"?" Q”Pfg"g g déteer %SEEF%EBE? e oo BocreF
ey ?ﬁ%knalgﬁ r ﬁ%??g %ﬁ§@$??“FW@”JW8@ah§%ﬂﬁechaﬁ@Bﬁas only anal og
ZupporSS Y ogeratio mode of coupling device 100 will be set to anal og

2% o 2?6@%% ?rﬁ’é‘r?m“teﬂ@%f’&}%léglé‘f AFP or SRY Q slotsprespactively] 00Ftahddlénd he vi deo
( D] , igital data, the process continues to step 2506.
source can qut put di gl tal data, ep i :

transmitter will enable output streams without any change in graphics hardware or :

software.

FLOWCHART EMBODIMENTS

[0068] The methodqlogy of the invention will now be described in terms of a number
of flowcharts each describing a particular process for enabling the invention.
Specifically, FIGS 25 — 29 describe a number of interrelated processes that when used
singly or in any combination described aspects of the invention.

[0069] Fig. 25 shows a flowchart detailing a process 2500 for determining an
operational mode of the interface 100 in accordance with an embodiment of the
invention. In this process, the operational mode will only be set to a digital mode if
the video source and the display device are both digital. Otherwise, the operational
mode will be set to analog mode. It should be noted that “analog mode” in this
context can include both conventional VGA mode as well as enhanced analog mode
having differential analog video with embedded alignment signal and bi-directional
sideband. This enhanced analog mode will be described below.
[0070] In step 2502, a video source is interrogated to determine whether the video

source supports analog or digital data. Ifthe video source supports only analog data,
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The display device is then interrogated to determ ne whet her the display
device is configured to receive digital data. If the display device
supports only anal og data, the operational node of coupling device will be
set to analog (step 2508), then the process will end (step 2512).

O herwi se, the operational node of the coupling device is set to digital

(st ep 25i@)opefatvnalxasde of ,co@plﬁfggﬁeﬁféqm RN b‘é@%}ﬁB (gag%léé\nﬁtgph?i%s\%%hi n the

coupling device to set the no to digital. &bl i ng device

is Confﬂhgl]éhﬁgsg‘gﬂp&ﬁr(%ﬁ kppya fully digital node only when both the video
source and the video si % ar)é operating in a corresponding digital node.

[ 0072] HKRingy112 a flowhart detajling a process 2600 for providing a
real ti %97% @é}ger\ﬁﬁgog%w&{faqappy&wﬁa{gkta #t%zg}éwremsonﬁinues tmstep a5Qect s of t he
i nventi Q. A.n this, exanple, all determ nations of process 2600 are made by
a pr ocessBraRite¥ice s thendnterpgaiediip detreniiieawbeth¢rGRd display devRR i600, a vi deo
signal is received froma video source. Next, a signal quality test

pat t er n cPBliged taksaciby digitel ddtalelf tisodiksley a65QCHBHEHs ¥l Cgloved video
signal (step 2602). In step 2604, a determ natu?gn of gqg%ltggg?{r%bﬁwr ate is

made, bapemdtiongdarvde e couingtdevice il BakEAH Qnﬂgg?sgept%dézhﬁ%' nation i s made

of whether the bit error rate is greater t al ue (step
2606) . pfockdrewifi dndgEteHB5 1AL B termned tq n %Bbe greater than the

t hr eshoFd val ue, tﬁenpa dzé't g)rdrln na i%lr? o'pgraﬁ%agne%g{% thgseopplige devipet her or
not theyg - Vi frames. |f it is determned that there are nore

vi deo frsaﬁglrg‘,%h‘%iﬁagﬁo‘t?%gf@l)'oggrs? G APEOtessag gy cpyol svatdhes withen thehe process
ends. 00ﬁ.4% However, if the bit error rate is determ ned to be greater
than t REPHPRIRAFEto sphibganqds te digitah slbegenerali dhesvaipting tevicé & made (step 2608)
as to whether the bit rate is 34 greater than a mininumbit rate. If the
bit r at(@nﬁgurgfl dapperatetinn fallndigitaimods dnly athen bbihkahe video source and the

video sink are operating in a corresponding digital mode.

[0072] Fig. 26 shows a flowchart detailing a process 2600 for providing a real time

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

example, all determinations of process 2600 are made by a processor coupled to the
display interface.

[0073] 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.
[0074] However, if the bit error rate is determined to be greater than the threshold

value in step 2606, a determination is made (step 2608) as to whether the bit rate is

34



the bit rate is lowered (step 2610) and the process returns to step 2606.
If the bit rate is not greater than the mninumbit rate, then the node is
changed to anal og node (step 2612) and the process ends. [0075] Fig. 27
shows a flowhart for a link set up process 2700 in accordance with an
enbodi nent of the invention. The process 2700 begins at 2702 by the

recei vi ngreafer thanhahindhtier KedaeC tIF 92 HpMGTRL; jLincation. At 2704 mai n |ink
inquiry is made by way of an associate S%?#?@?f@%&%ﬁ@lblf@t%&e&m ne a

maxi mum thatbe rhatie lovwerid r ' ase recovery ynits included in a
receiver, and avail apl e(ggét?ffzfégp) ésﬁld;{g? p%@%‘qts,retéffnszt?@ P 260fe Lithe bHumtel | nk dat a
rate is yerifi of. a training sessigon _and at 2708, a data stream
sour ce ils%r%%ljie?"lgre%w%ﬂglww Nt e g‘ﬁéﬁ)@‘? mgpde sxhgngadite apalpgimddet i es of t he
di spl ay us|i EDID, for exanple) are determ ned by way of the auxiliary
channel %{?Bipﬂgmgitgwweﬁsﬁ%nds to the inquires at 2712 which, in turn,

results a collaboration of the main link training session at 2714. [0076]

Next , at[087A &g tHeshows ecffovetart er Skilciset 8 PRABRAII00IRYLESddRe WIR LECC1 Ver by

way of the auxiliary channel and at 2718, the stream sources are further

not i f i edmblodinie of thednveaition) THY prbsess & iRy lng the reguested
nunber of data streans at 2720. At 2722,%r%eat\?zg?gtgwdgfedvﬁgeggts are
formed iyt HdguoeciisQehttdsh e ders. and . the nmultjplexing of a
number of so%r ce streans (?slcggﬁgd%ﬂ e aﬁmﬁl?gﬁlﬂﬂm@’?‘%n@e hysvar of nation is
made whegt hep.; the link status is OK, Wen the link status is not CK,
then t he sou‘r:lglrg?g@“gr cnhméit%aetwlaeF‘F‘Fﬂl‘lmmmdﬁ%raéﬂdemnmrﬁﬂme ot herwi se,
the lipk data streams are reconstructed into the native streams based upon
the var POGS ORI prekuleddn greceipgp anduvaikdds bufite sizec Ot laugv@s] nati ve data

streamsthare t hen ,n;locassed to the display device. 35
¢ maxmnum link data rate is verified by way of a training session and at 2708, a data

stream source is notified of the hot plug event. At 2710, the capabilities of the display
(using EDID, for example) are determined by way of the auxiliary channel and the
display responds to the inguires at 2712 which, in tumn, results a collaboration of the
main link training session at 2714,
[0076] Next, at 2716, the stream source sends stream attributes to the receiver by way
of the auxiliary channel and at 271 8, 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. At2726a
determination is made whether or not the link status is OK. When the link status is
not OK, then the source(s) are notified of a link failure event at 2728, otherwise, the
link data streams are reconstructed into the native streams based upon the various
packet headers at 2730. At 2732, the reconstructed native data streams are then

passed to the display device.
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[00771 Fig. 28 shows a flowchart detailing a process 2800 for performng a
training session in accordance with an enbodi nent of the invention. It
shoul d be noted that the training session process 2800 is one

i npl ementati on of the operation 2506 described in Fig. 25. A training
session is started at 2802 by sending a training pattern over the main
link at 0098} Fig & shi@tvea Aowtket dRGR )P Fnk.trajning pattern
is showmn in Fig. I | in accordaﬁ%gﬁﬁgfEmgﬁmé%@gg@h%%§ﬂ%ﬁn§?la?’ ention. As

i |l ust r aéeeslon adcBRtabewith &, B : i . a ase, | represents the shortest
ran length while phase 2 ?gg}tnﬁgdlﬁ%ﬁg%@ﬁ?m]"ﬁgt}}?réclé?%ﬁg?’%n?@dlﬁ% t hese two
phases t@c @R} 1he e l.hzer. .In phase 3, both bit lock and character
| ock ar e{ﬂgchl e@%g%{én Plt?ﬁa%ﬁob Keone pplemsniationyofithe opssation2$06. At 2804, the
receiver c%ﬁgﬁs En associ ated training status and based upon the training
status cIFSCRPedan ki, éeei\ViEningsessipngs startédit 2802 hyfsendingaliratfing hr ee  phases
and the transmtter at 2806. At each phase, the receiver wll proceed to
the neatipmeyer pominbtlata s liok rpasstheRcsivepdAdypidd ik @ﬂﬂmhf the
recei ver does not detect a pass then the receiver reduces the”link rate and
r epeat s pattantis shiomin’ig €918 RecolMice m%'e@%— ' at that link rate at
which a pass is detected at 2812. [007/81 |g§h@8{t?’??‘%’?slfly%ﬂt’é’§" éscorrputer
syst em 2882028 hd Raih/iR! i_nvention. nput er_ system 2900 i s
A fg ainle RO g i’i‘}ngslen1 RRICE Nt aﬁégOW%%émlepﬁbenti on can be

only an exanpl e of "a graphi°'cs sys

i mpl emeg, er, sys 2900 includes central processing unit (CPIJ)
15 10, raﬂggﬁa’%g@g?g l%%ﬁf' ;?PPE";‘F%’&R@W@ZQ%M}}SGF'&#&G tya phases toegtimizR@Y 2925, one
or nore_per.i pheral s 2930, graphics controller 2960, primary storage

devi cese@@ﬁégaﬁ‘ugfﬁsé; beth ditdpels andl chatagisr lckuné ach2®2a as Amg & tHelihk known in
the art, ROMacts to transfer data and instructions uni-directionally to

t he CPUiabitiis reagpnable. ARA04s thegeatitey phevih biy a¢soclatedtfdifing 98ha AR
instructions in a bi-directional manner. CPUs 2910 may generally incl ude

any nuriséed efonghoueinsgy satuBeheok thé FREYeSIedy #P55s/fail bit for each of three

phases and the transmitter at 2806. At each phase, the receiver will proceed to the

next phase upon detection of pass only and at 2810 and if the receiver does not detect

a pass then the receiver reduces the link rate and repeats the training session. The
main link is ready at that link rate at which a pass is detected at 2812.

[0078] Fig. 29 illustrates a computer system 2900 employed to implement the
mnvention. Computer system 2900 is only an example of a graphics system in which
the present invention can be implemented. Computer system 2900 includes central
processing unit (CPU) 1510, random access memory (RAM) 2920, read only memory
(ROM) 2925, one or more peripherals 2930, graphics controller 2960, primary storage
devices 2940 and 2950, and digital display unit 2970. As is well known in the art,
ROM acts to transfer data and instructions uni-directionally to the CPUs 2910, while
RAM is used typically to transfer data and instructions in a bi-directional manner.
CPUs 2910 may generally include any number of processors. Both primary storage

devices 2940 and 2950 may include any suitable computer-readable media. A
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devi ces 2940 and 2950 may include any suitabl e conputer-readable nedia. A
36 secondary storage nedi um 880, which is typically a mass Menory devi ce,

is also coupled bi-directionally to CPUs 2910 and provi des additional data
storage capacity. The nass nenory device 880 is a conputer-readabl e nmedi um
that may be used to store prograns including conputer code, data, and the

| i ke. Typiceaddry storagssnadiurn 880, wigivh my&%ﬁ)jl}i’§nﬁs§ﬁlgﬁlﬂgfgé@ég %ng&such as a hard
€

di sk or a tape which generally slower than prinmary “storag i ces 2940,
2950. MassuplodrBidyrestiicHaflg fo BPYis291 - take.. .t he formof a magnetic or
paper tape reader or so?fe ot her \/\g?l?dﬁﬁ)glﬂtggﬁfg%l ?df‘tf"swr?gecaﬁéc’ preci at ed

t hat t hery Bd; ikeed wWithin the ss nenory device 880, nmay, in
approprieg%ég;]g%ses, edr el%{r?ggrg bsraaﬁoélapqt?f'rﬁ%gg‘a'?‘ﬁdlﬂﬁbﬂ?ﬂbﬁa}abe psadttoof RAM 2920
as Vi rtsgo% pgsrmr%. f 00791 CPUs 2910 are also coupled to one or nore

i nput / out put" GEYNL B EE computerepde. idate, ertbthe bilre. Zypicaidy, issinicasbry0, devi ces
such as videg npnitors, track balls, mce, keyboards, m crophones,

t ouch- s ¥icE B3 isch Ypragg mediunmasistivs ehankdisk seacipE whidlPENeEAS sifferPaper tape
readers, tablets, styluses, voice. or handwiting recognizérs, or other

wel | - kndhom irivgay stheagedlesicas29ua395 0! MagUnSRory MdiaEe SATREET By ElD2! |V, CPUS

2910 optionally may be coupled to a conputer or Tel econmuni Bns

t K theefi f i nt t t K, i t Kk
Cannect 1 on a8 thows andrbeiabdftadyr salle bl TR oS Rerdiiste. domlecti on, i1

connection as shown generall

i's cont papiAtesled i 2 910 mght receive information fromthe
net wor k, orlﬁn‘i gﬁt ot%htEB’?f"l n%r%’rnnrg?aiub%‘f P ithe masspeIReryideviced88our se of
perforn;'ngf i}lgﬁgabove-des ribed methaod steps. Such information, which is

of ten repres PR QR HE cases e fRcRIRotgtediin stapdard ifehiont a5 Hagt cSRAME 2900 agsi ng CPUs

2910, ma}/mqe received fromand outputted to the network, for exanple, in
virtual memory.

[0079] CPUs 2910 are also coupled to one or more input/output devices 890 that may
include, but are not limited to, devices such as video monitors, track balis, mice,
keyboards, microphones, touch-sensitive displays, transducer card readers, magnetic
Or paper tape readers, tablets, styluses, voice or handwriting recognizers, or other
well-known input devices such as, of course, other computers. Finally, CPUs 2910
optionally may be coupled to a computer or telecommunications network, e. g., an
Internet network or an intranet network, using a network connection as shown
generally at 2995. With such a network connection, it is contemplated that the CPUs
2910 might receive information from the network, or might output information to the
network in the course of performing the above-described method steps. Such
information, which is often represented as a sequence of instructions to be executed
using CPUs 2910, may be received from and outputted to the network, for example, in
the form of a computer data signal embodied in a carrier wave. The above-described
devices and materials will be familiar to those of skill in the computer hardware and

software arts.
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the formof a conmputer data signal enbodied in a carrier wave. The
above-described devices and materials wll be famliar to those of skil

in the conputer hardware and software arts. 37 [0080] G aphics controller
2960 generates anal og i mage data and a corresponding reference signal, and
provi des both to digital display unit 2970. The anal og i mage data can be

gener at ef0080pGrapkiRebeirola 060 @&ﬁté@haﬂ%@lggﬁg%ﬁﬁ? f LRI ;ﬂ%ﬁ‘lﬁ 2910 or from

an external encode (not shown). In one e e an ognigmage data is
pr ovi dedretdrerlREBidn@l HBE nARSY fer. i gnal, i udes, t he VSYNC and
HSYNC signals ﬁ%|r known f%%ﬁﬁgséﬁ%ﬁﬂﬁéaﬁvgpﬁ2ﬁ?& OBdMdBtier st ood t hat
the pres invent i an be jnplepented with anal og i nage, data and/or

r ef erenccga%?agnal%en?rﬁ%ﬁo %3?“”?181‘32&8 1 op-gpxebdatancelved fonpGPUR9J8 odat a can

i nclude yideo signal data also with a corresponding tine reference signal
[0081] AFAR3wGHBR gncgde &ot shorell Freonesendiodimentpihe snaibgiimugsrditois have been
described, it should be understood that the present invention may be

enbodi e@reidedinRGB iowenat ape tiefre ferdnioe Bigniliihd1086s (HENSVNOGnd BQTNGE Spirit or
the scope of the present invention. The present exanples are to be

consi desizdalasvelil kniosinriatthe/at. AHBwBALr, it SEsiflld i)@%lixd[/e‘?sto@cpﬁlg{ {ﬂgg%él¥$tnt ion is not
ut may be

to be limted to the details given herein, ed within the

scope ofnvehGorPRaiRd j i their full scope.of equivalents.

[ 0082] While this in gﬁ%?%n ﬁa§gﬁgggh%%§%aﬁﬁéﬂé?ﬁnﬁﬂ? ?ﬁnﬁklﬁreferred

i tnin Ther nbaE By UdrBle B i e crsiieinds Bileos Bt Wi t hor e ar e
many al ternative ways of inplenmenting both the process and apparatus of the
present? F‘?W’éﬂ?’?‘ﬁﬂg. “%F IEiSTaNge Figner e

[0081] Although only a few embodiments of the presént invention have been
described, it should be understood that the present invention may be embodied in
many other specific forms without departing from the spirit or the scope of the present
invention. The present examples are to be considered as 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.
[0082] While this invention has been described in terms of a preferred embodiment,
there are alterations, permutations, and equivalents that fall within the scope of this
invention. It should also be noted that there are many alternative ways of
implementing both the process and apparatus of the present invention. It is therefore
intended that the invention be interpreted as including all such alterations,
permutations, and equivalents as fall within the true spirit and scope of the present

invention.

In the claims:
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intended that the invention be interpreted as including all such
alterations, pernutations, and equivalents as fall within the true spirit
and scope of the present invention. In the clainms: 38 | CLAIMI . A nethod
of minimzing buffer requirements in a packet based nultinmedia system
having a nultinmedi a source device coupled to a nultimedia display device
by way of a BCIAIMectional auxiliary channel arranged to transfer

i nformati on between the display device and the source device and vice versa
and a wunidifgecti bRk Rl @ﬂgqﬁ : ; |1 ip data packets
fromthe rru:i'ti m%@gtggﬁ?ggklgg{fl%lgébto t %ﬁl%un@yr%&rﬁécgél’tgﬁg %@ device, a

met hod of ..reducin l.t i medi.a cket over.head Qnpri si.ng:.. prior to
comenc H-i}HPe‘ﬁ? SXS%%E%{IE%FBWI%TQ&%O‘H& evb%?c‘f?é‘i’?%ft? Slﬂl'fslﬁ@%g’é‘urce device to
t he disRIay devi ce over the main |ink, communicating via the auxiliary
channel digR{ey dpdesy way of p Bidisectiopakayxilgry phagpelparanged toftosansferig a r educed

si ze data packet header for each of the data packets wherein the reduced
si ze i sinfomatios betwteen thictdispldyed avidesand dbk eturcet devideund vial veesadynd aconmmuni cat ed
via the auxiliary channel and reduces buffer requirenents; associating the

r educednfifizetiéadlanfatikk trrheades cﬂrtﬂu@thﬁétﬁﬁ aspppckeRdronane! the data
packets; transmitting the data packet and associ ated reduced size data

packet jemfiRiia LuRRd:DRC ROERIHRUE ibt! diicd! 2 R V%dq%&gﬁirg%er the main

i nk; and I nterspersing spec arac a | ay device to

di sti n%liﬂ%ﬁledia packet overhead, comprising:
prior to commencement of transmission of the data packets from the source
device to the di.splay device over the main link, communicating via the auxiliary
channel data packet attributes to the display device;
forming a reduced size aafa packét header fdr éach of the déta packéts v:.fherein
the reduced size is commensurate with the data packet attributes already
communicated Qia the auxiliary channel and reduces buffer requirements;
associating the reduced size data packet header with a correéponding one of
the data packets;
transmitting the data packet and associated reduced size data packet header
from the source device to the display device over the main link; and
interspersing special characters that allow the display device to distingunish
each bit of pixel data included in the data packets thereby requiring only a small FIFO

type buffer unit.
2. A method as recited in claim 1, wherein the data packet is one of a

number of associated multimedia data packets that take together form a multimedia

data packet stream.
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each bit of pixel data included in the data packets thereby requiring only
a small FIFO type buffer unit. 2. A nmethod as recited in claim1, wherein
the data packet is one of a nunber of associated nultinedia data packets
that take together forma nultinedia data packet stream 39 3. A nethod as
recited in claim2, wherein the nultinedia data packet streamis one of a
nunber of nmulti nmedi a data packet streans each having an associ ated
adj ust abl e data strean1|ink rate that is independent of a native stream

rate. 4. A retho I I |onal
auxiliary (r:%annq? or ng%eh?nga%? heﬂé%'t h{]ﬂlﬁlﬂgdlgda% r?(rgllg configured
to carr |nformat e si.nk devi to the urce device and a
uni - di Pé&%’?dﬁ&?ef’ rchﬁ'HﬂtélFmd‘ia getége%§@ac§%ang 4i n channel for
carrying |nforrrat|on fromthe source device to the sink device in concert
wi th t Resosiatad adhstably datsstroamylinkate thet is dadeperflanhotd adtivestredmiratier

conprising: formng a nunber of virtual |inks each being associated with a
particular one of the nulti nedia data packet streans wherein each of said
virtual |inks has an associated virtual |ink bandwi dth and a virtual |ink
rate. 6. A gethod @stho@ak Fefed th dlhigi m@herWﬁ%@blﬂdl?ecﬁBth dukfMarypandwi dth is
at | east equal to an aggregate of the virtual [ink bandwi dths. 7. An

appar ag%gm 05 SRR L& mul ti medi a
system awEng a mf?n‘@gflge%%gélc%% ggl ce %ﬁ%ﬁg%ﬂ%fpﬁ%ﬁ?% la display
devi ce_:h i rectignal ili.ary channel anged to transfer
mforn‘gf)%otﬁlag'&?\ﬂﬁ ei‘h e(ﬁ?'érﬁ?g?/wffe‘i‘ﬂ%%“%f[]yef ﬂ@g?}?"@é&f}wgele and vice versa
and a

included as part of the main channel for carrying information from the source device

to the sink device in concert with the back channel.

5. A method as recited in claim 4, further comprising:
forming a number of virtual links each being associated with a particular one
of the multi media data packet streams wherein each of said virtual links has an

associated virtual link bandwidth and a virtual link rate.

6. A method as recited in claim 5, wherein a main link bandwidth is at

least equal to an aggregate of the virtual link bandwidths.

7. An apparatus for minimizing buffer requirements in a packet based
multimedia system having a multimedia source device coupled to a multimedia
display device by way of a bi-directional auxiliary channel arranged to transfer
information between the display device and the source device and vice versa and a
unidirectional main link arranged to carry multimedia data packets from the

multimedia source device to the multimedia display device, comprising:
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unidirectional main link arranged to carry nultinmedi a data packets fromthe
mul timedi a source device to the nmultinmedia display device, conprising: 40
means for comunicating via the auxiliary channel data packet attributes to
t he display device prior to commencenent of transm ssion of the data
packets from the source device to the display device over the main |ink

means for fomBiRGorcdnddimiesting e tkahRilRes KeimbeR@tpacker atedafesed the data

packets wherein the reduced size is conmensurate with the data packet

attrib : r fele gl j J | , ns for
associ %?Ebsp?‘ké“e‘?l%ﬁ@gd Sl zhgﬂ%]ggrgg%%cﬁggﬁsﬁgglgéﬁvhﬁ%w&?ﬁi(ragsﬁgondi ng one
of theotgata E)a kets; (?nsl far rans 'ttinggﬁﬁr}e dat a packet and associ at ed
r educed"e POECHIRVACSH] IRGLISPIAL GEfare PV MG A, ce device to the display

device over the main |link; and . neans for interspersing special characters
that al | ow tmeangiferfoagingaedusced size datnagksihepdes dorreaph pf gue cgwel dat a
included in the data packets thereby requiring only a small FIFO type

buf f er packdts wBerchnthe ppincet size BTomaednsedid witls thei datapackbtertigibateshe dat a packet
is one of a nunber of associated nmultinedia data packets that take

t oget helreddy) tBr@nidtitbdoritRe afdfidyRAGLRL; Stream 9. An apparatus as recited
in claim8, wherein the multinedia data packet streamis one of a nunber

of nmulti "Edi“?".aﬂﬁh’?aa?%%fﬂh‘ﬁ%?%Jf%ﬂ'g%d%%@g%aﬁ'%?& h%gd%r%ﬁpgi at ed adj ustabl e

data stream I's T ndepen a native streamrate. 10. An

apparatus as r.ecited.jn c| ai ~wherein the bi-directional auxiliary
channeFoﬁrESpf’B‘ilﬂ'%ﬁn%?f%‘elﬂiﬁ{a ni“g%ti onal back channel configured to carry

i nformation _ . i
means for transmitting the data packet and associated reduced size data packet

header from the source device to the display device over the main link; and
means for interspersing special characters that allow the display device to
distinguish each bit of pixel data included in the data packets thereby requiring only a

small FIFQ type buffer unit.

8. An apparatus as recited in claim 7, wherein the data packet is one of a
number of associated multimedia data packets that take together form a multimedia

data packet stream.

9. An apparatus as recited in claim 8, 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 a native stream rate.
10.  An apparatus as recited in claim 8, 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
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fromthe sink device to the source device and a uni-directional forward
channel 41 included as part of the main channel for carrying information
fromthe source device to the sink device in concert with the back channel.
11. An apparatus as recited in claim210, further conprising: nmeans for

form ng a nunber of virtual Iinks each being associated with a particular
one of iBRdEs art Bt mel MaRRl G cabt IBARRARES BmORAE Rodtbe BaYil i 1t ual
| i nks has an associated virtual link bandw dth and a virtual Iink rate. 12.

An app .ecil t i imll..wherein a main |link bandwi dth is at

| east géﬁgﬁﬁWg&%ﬁﬁaééggﬁa eﬁ%@“%‘ﬁ%SP?¥§%| | i nk bandwi dt hs. 13. Conputer
program product for mnimzing buffer requirenents in a packet based

mul ti medi a system having a nultimedia source device coupled to a

mul ti medi a di splay device by way of a bi-directional auxiliary channel
arranged t o 11t r ansf appataismsiretitedrin glaimd Enfirther clirgpriisiyg:devi ce and t he source
device and vice versa and a unidirectional main link arranged to carry

mul timedi a dadads frrdbeiing b hambenef viftubltlinke dach ey Stodei 66t t he
mul ti medi a di splay device, conprising: conputer code for conmunicating via

t he auphhicalay ofd'GNAE bﬂ@hﬁzdﬁ%lfz%ack@ttMehﬂk'%%reﬁ@%cﬂ%t?hﬁmﬂagdeVi ce prior

to conmencenent of transm ssion of the data packets from source devi ce

to thepdi t t i ndink: ¢ t.er code for formng a
reduceggjésls%e‘v’a%a %\é%oag%(‘g%ﬁﬁelg’%gbraﬁa‘g%dd%% a&@ﬁ%‘kﬁéﬁ'a packets wherein the
reduced size is conmmensurate with the data packet attributes already

comuni cated via the auxiliary channel; conputer code for associating the

reduced size_data packet header with a corresponding one of the data
packet s; 12. An apparatus as recited in claim 11, wherein a main link bandwidth is

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

13. Computer program product for minimizing buffer requirements in a
packet based multimedia system having a multimedia source device coupled to a
multimedia display device by way of a bi-directional auxiliary channel arranged to
transfer information between the display device and the source device and vice versa
and a unidirectional main link arranged to carry multimedia data packets from the
multimedia source device to the multimedia display device, comprising:
computer code for communicating via the auxiliary channel data packet
attributes to the display device prior to commencement of transmission of the data
packets from the source device to the display device over the main link;
computer code for forming a reduced size data packet header for each of the
data packets wherein the reduced size is commensurate with the data packet attributes
already communicated via the auxiliary channel;
computer code for assoctating the reduced size data packet header with a

corresponding one of the data packets;
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42 computer code for transmtting the data packet and associ ated reduced
size data packet header fromthe source device to the display device over
the main link; conputer code for interspersing special characters that
allow the display device to distinguish each bit of pixel data included in
the data packets thereby requiring only a small FIFO type buffer unit. and
conput er readabiufer¥Bak M‘tlfa%mﬁﬁﬁg the Qafa'}ﬁcl&ﬁ‘ Ry Eﬁf}(:lﬁf}g?edl}céd sizamput er

program product as recited in claim13,” wherein th ata packet is one of

a nunbe that t ke to he forma
mul ti rre({ aagaﬁ %%S%eg}(ﬁg erségrgg% ?‘Cg@onﬁ@?‘ﬂa 35?3%16 88&?&? g%%‘ recited in
claim 14, wherein th rrul tinmedi a dat acket streamis one of a nunber of
nul ti medi a d’&f“@“ﬁ’é&?‘gﬁi °§mt%fah’ﬁgsmgaw1§a8wﬁgeléﬁh§ withe dispkfj ust abl e data
streamlink rate that is independent of a native streamrate. 16. Conputer
pr ogr aepice tudistingiisherach bl of pixel datanincBidediretheidata paskiss thedéhyect i onal
auxiliary channel is fornmed of a uni-directional back channel configured to

carry irefudringsriipa sfaatilRIFOeysd idfed@mitcandt 0 t he source device and a

uni -directional forward channel included as part of the main channel for
carrying i ”fc%ﬁ%f%ﬁdzﬁm@ﬁ%dhﬂ?f&%&&-ﬁlﬁ tﬁ’@é’dnﬁ}]ﬁlt&&oﬁige sink device in concert
with the back channel. 17. Conputer program product as recited in claim 16,
further conpri sing: 43 forni ng a nunber of virtual |inks each being
associated wth a particular one of the multi nedia data packet streans

wh h, of I h i nk
b aﬁ{j\?\,: gt ﬁagﬁéo a @Sh‘%ﬂ% E){rqug%(m PL} %t asar%m?ergl inc aslrglcll:;at %gre\llrlt {‘rlteu ata 'n

packet 1s one of a number of associated multimedia data packets that take together

form a multimedia data packet stream.

15. Computer program product as recited in claim 14, 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 a

native stream rate.

16.  Computer program product as recited in claim 13, 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,

17.  Computer program product as recited in claim 16, further comprising:
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18. Conputer program product as recited in claim17, wherein a main |ink
bandwidth is at | east equal to an aggregate of the virtual |ink bandw dths.
44

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

associated virtual link bandwidth and a virtual link rate.

18.  Computer program product as recited in claim 17, wherein a main link

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