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pl ayers, have been devel oped for audi esentatl ns to end users.
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other presentation device using a low power high data rate transfer mechanism.

IL. Related Art

[0003] Computers, electronic game related products, and various video technologies (for
example DVD's and High Definition VCRs) have advanced significantly over the last few years
to provide for presentation of increasingly higher resolution still, video, video-on-demand, and
graphics images, even when including some types of text, to end users of such equipment. These
advances in turn mandated the use of higher resolution electronic viewing devices such as high
definition video monitors, HDTV monitors, or specialized image projection elements.
Combining such visual images with high-definition or -quality audio data, such as when using
CD type sound reproduction, DVDs, and other devices also having associated audio signal
outputs, is used to create a more realistic, content rich, or true multimedia experience for an end
user. In addition, highly mobile, high quality sound systems and music transport mechanisms,
such as MP3 players, have been developed for audio only presentations to end users.

[0004] In a typical video presentation scenario, video data is typically transferred using current

techniques at a rate that could be best termed as slow or medium, being on the order of one to



tens of kilobits per second. This data is then either buffered or stored in
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using a smaller number of bits to transfer a given amount of information.

[0007] Once the data is transferred to a “local” device such as a computer or other device, the
resulting information is un-compressed (or played using special decoding players) and prepared
for appropriate presentation based on the corresponding available presentation resolution and
control elements. For example, a typical computer video resolution in terms of a screen
resolution of X by Y pixels typically ranges from as low as 480x640, through 600x800 to
1024x1024, although a variety of other resolutions are generally possible, either as desired or
needed.

[0008] Image presentation is also affected by the image content and the ability of given video
controllers to manipulate the image in terms of certain predefined color levels or color depth (bits
per pixel used to generate colors) and intensities, and any additional overhead bits being

employed. For example, a typical computer presentation would anticipate anywhere from around
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col ors (shades and hues), although other values are encountered. [0009]
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wireless data devices and services for providing high resolution, content rich, output signals for

driving portable video displays or audio devices. In addition, these interfaces require the use of a
significant amount of host or system and client software to operate. Their software protocol
stacks also create an undesirably large amount of overhead, especially where mobile wireless
devices or telephone applications are contemplated. Furthermore, some of these interfaces utilize
bulky cables which are too heavy and unsatisfactory for highly aesthetic oriented mobile
applications, complex connectors which add cost, or simply consume too much power.

[0011] There are other known interfaces such as the Analog Video Graphics Adapter (VGA),
Digital Video Interactive (DVI) or Gigabit Video Interface (GVIF) interfaces. The first two of
these are parallel type interfaces which process data at higher transfer rates, but also employ
heavy cables and consume large amounts of power, on the order of several watts. Neither of
these characteristics are amenable to use with portable consumer electronic devices. Even the

third interface consumes too much power and uses expensive or bulky connectors.



t hese characteristics are anenable to use wth portable consuner el ectronic
devices. Even the third interface consunes too nuch power and uses

expensi veworo3joedsky connectors. WO 03/ 023587 PCT/ US02/ 2846 PCA/[0D1Ap1 For
sone of the above interfaces, and other very high rate data
systens/protocols or transfer mechani sms associated with data transfers
for fixed installation conputer equi pnent, there is another ngjor
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SUMMARY

[0015] The above drawback, and others, existent in the art are addressed by embodiments of the
current invention in which a new protocol and data transfer mechanism has been developed for
transferring data between a host device and a recipient client device at high data rates.

[0016] An advantage of embodiments of the invention is that a technique is provided for data
transfer that is low in complexity, low cost, has high reliability, fits well within the environment
of use, and is very robust, while remaining very flexible.

[0017] Embodiments for the invention are directed to a Mobile Display Digital Interface (MDDI)
for transferring digital data at a high rate between a host device and a client device over a
communication path which employs a plurality or series of packet structures linked together to
form a communication protocol for communicating a pre-selected set of digital control and
presentation data between the host and client devices. The signal communications protocol or

link layer is used by a physical layer of host or client link controllers. At least one link controller



forma comuni cati on protocol for comunicating a pre-selected set of
digital control and presentation data between the host and client devices.
The si gnawomsnmsisl cati ons protocol or |ink layer is usedPoy/tsopksssi cal

| ayer of host or client Iink controllers. At |east one link controller WO
03/ 023587 PCT/ US02/ 28461 5 residing in tshe host device is coupled to the
client device through the comunications path or |ink, and is configured
to generate, transmt, and. recej cket orm _ng the comuni.cations
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User-Defi ned Stream type packets are used by the conmini cati ons protocol to

t r ansf ethe host to the client over a forward link for presentation to a client device user. One or more
Reverse Link Encapsulation type packets are used by the communications protocol to transfer
data from the client device to the host link controller.

[0020] Filler type packets are generated by the host link controller to occupy periods of forward
link transmission that do not have data. A plurality of other packets are used by the
communications protocol to transfer video information. Such packets include Color Map, Bit
Block Transfer, Bitmap Area Fill, Bitmap Pattern Fill, and Transparent Color Enable type
packets. User-Defined Stream type packets are used by the communications protocol to transfer
interface-user defined data. Keyboard Data and Pointing Device Data type packets are used by
the communications protocol to transfer data to or from user input devices associated with said

client device. A Link Shutdown type packet is used by the communications protocol to terminate

the transfer of data in either direction over said communication path.



i nterface-user defined data. Keyboard Data and Pointing Device Data type
packets are used by the comunications protocol to transfer data to or
from userwpDrpue3s8evi ces associated with said client devi ®eT/Usor283k1

Shut down type packet is used by the communications protocol to term nate
the transfer of data in either directiob over said communication path. WO
03/ 023587 PCT/ US02/ 28461 6 [0021] The communi cation path generally

co 'ses or oVS abI havi a_series_of e conduc

oo RREhS R o DR RO YRR af D bt MRy, BofiideS o Ampltea elle AT £ QRIS i .
I nt erf a@ﬁn@ﬁ@bohb@:t@x@laha alshREd. aAnldoBeteyitRd diméms fhadRkaopRdlle témpihe DUBBIdata
conductors. In addition, printed wires or flexible conductors can be used,

as desi intartace god the cpble ‘Pﬁ@%tﬂ USh kypeonieriase alpng adibeibe sther sprdvgtosnpdpiafddifipas
I nf or IH er%?b% Q&l p&uc‘?c?r\!k&ﬁ%% fhedQhdfilirdp determne what type of data
and dat es sal c Cent 1% capabl e of "accomiodati ng through said

i nfoeed) ace Tlﬁﬁe st éink cbhtndlles osfuestt displag@apabilitisatisfondatsql Rymahe Olﬁdhs da\heet inon
capabilities to the host link contraller using at |east one D sp
Capabi | Pir {g B@CHB’@Ré’[’hat Nbipe Phrga andgnds éatewa%scllamelsL@eeblwftq%ommodatlng

communi gag r%%alﬁr?{n%ﬁ% I‘hg SRR R @ r\g“mﬁ&lllérhgoﬁlﬁlﬁﬂﬁt%é c‘HEI])lﬁg dif ?fe@ﬂ{tatlon

maxi mum nunbers o ata I n pa over a given
each r’rmtqmbﬂ;labeux thb hesttlmkrwgtrblile&tusmg ap &tasveme Dikplap Gepahdlity tgpd pmketl iMudtiple

controll ers. These transfer .nodes ar.e .dynani cally. adj abl.e durin

DGt eleSsTer RPdER: g R 3 e oM st rblope) T o ARG el Ster o
as is Uél%féréﬂ'ﬂ ﬂaﬁﬁnﬁrﬁrﬂﬂﬁ{lﬂré bfies dfrQ@@3h ;Jafhll@I o aagﬁpéiﬁﬁl%e %n&ﬂ) %tf?%ﬁ%&ﬂ‘ém S
of the invention, the host device conprises a wreless conmunications

devi ce, seketiblaaby acgitiatipn dstwesh élpmkmé ang cmrrtéinéiwnmjkrs ofl“hasqimmsm jmzodes are

ComPHt Shuligd fuiedsic BT RHENeD 0P RARS a6 Rl obtdel BieiOhor e E G eSS

a port aflversaidk as RrRsEbh &d forvardigskem Furthernore, the host may use
storage neans or elenents to store presentation or nultinedia data to be
tr BR33ler red Hoother gsrestinelesome emberinegats gbhecnvantém, BROPK GHSCRPETPERS GF

THE Dggwil%g@ss% Hqulllnch{)ﬁshgévﬂe @\%I(le gssaavﬁgelgs(gvtgﬁgﬁlg%s aO\Llrélg O%g?;ghleolgbnagﬁ

wel | ruc vari ous embodi fren
i nventi mnpméﬁhai\&ﬁg ra bwhtéldsm rﬁhﬁeﬁi \dispesedwhetrein r@f@pﬁalcehém ddvﬁ:e comprises a
acconpanyi In the drawi ngs, |ike reference nunbers generally

ng draw ngs.
i ndi cat Eorita@gﬁhmd@m dlsPlf% feeh ana Wr§1dﬁfiplla<¥r devicry/ /gt 3 pertel! a|'c1u9ws Pres¢ption
el enent pr e gl n S
appear S%S%Erll nc}?‘g@% &%yﬁ%eh%sft @Wugéﬁgtggigg% W(‘Q?] |Jr;¥ ? eeﬁdégftgr Se@c?e nél}%%z{doh &

[ 0025] fulEimddaa ddth trsbe tdresfereedia be presented onandient devieduseh t he present
i nvention mght operate including the use of a mcro-display device used

in conjunction with a portable conputer. [0026] FIG Ib illustrates a basic
envi ronment in which t hgREEFPDEECRINEION OF THENDRIDRINGS
[0024] Further features and advantages of the invention, as well as the structure and operation of

various embodiments of the invention, are described in detail below with reference to thé
accompanying drawings. In the drawings, like reference numbers generally indicate identical,
functionally similar, and/or structurally similar elements or processing steps, and the drawing in
which an element first appears is indicated by the leftmost digit(s) in the reference number.

[0025] FIG. 1a illustrates a basic environment in which the present invention might operate
including the use of a micro-display device used in conjunction with a portable computer.

[0026] FIG. 1b illustrates a basic environment in which the present invention might operate
including the use of a micro-display device and audio presentation elements used in conjunction
with a wireless transceiver.

[0027] FIG. 2 illustrates the overall concept of a Mobile Digital Data Interface with a host and

client interconnection.



including the use of a mcro-display device and audi o presentation el enments
used in conjunction wth a wireless transceiver. [0027] FIG 2 illustrates
t he over awb ocomsept of a Mobile Digital Data Interface w tPeTashost46and
client interconnection. WO 03/023587 PCT/US02/ 28461 7 [0028] FIG 3
illustrates the structure of a packet useful for realizing data transfers
froma client device to a host device. [0029] FIG 4 illustrates the use

of MDDl Lipk,control lL.er an t i S, -host
a0 C1 T ent 160 2o e ERFort 9F PR oRSuElR PG rRRA Hanshith M8 B
i nterfakeietd @B3Rdelices 5 illustrates the use of an MDDl link controller
and the types of signals passed between and a client over the

h
pHP@I%al datHG. Anlusteriesutheoiss afom MIYak lipl%,cogtsrgll%rn@di the typesepk 8igBals DReEd1]
FIG 6] trat [ RS i
the i ntgéak‘#"{%tézle5 %Bgti%‘%% afeﬁﬁ%&% ﬁﬁ?%yfs{ygllnp%???{a?%{gutgﬁe geng al Iga?? %fgeg;

packet sintégfackst o i npl enment the interface protocol. [0033] FIG 8
illustrates the format of a Sub-frame Header Packet. 0034 IG 9

i 110080 1 at es ¥l StipHricsa s tSicHt $3p Tk ok iuids e tyP@%nglgFﬁﬂéPaisﬁd
T ust ratesent D& okosiRh @fenfoVdrd@e phlysRATIRA KR! conlddA3R] _fd%'ﬁfpeg-gﬂ,' ﬂé: Hed Tt es

the fornmat an% contents ior t'%]e \ﬁ@é/o Data Format Descriptor o G 10.
[ 0037] ikfe@aceks? il lustrates the use of packed and unpacked formats for data.

[0038] FIG il|]ustrates the forrmt of an dio Stream Packet .. [003
FHBH 4 1 T et G st dBepeR gl g kRS R P b PR
[ 0040] Bh{5collS il lustrates the format of a User-Defined Stream Packet.
[0041] FIG 16 illustrates the format of a Color Map Packet. [0042] FIG 17
i 100032 r at es ¥lke 7f Bluswaten fthey gresralr setrudtyrk Enpaghsts| Biedote Papleaent thepgugface| G
18 iIIust{?atfs the format of a Display Capability Packet. [0044] FIG 19

i I'1ust AP he format of a Keyboard Data Packet. [0045] FIG 20
ilqou&,qrat es e sfididiRtes@he foridal ¢fta Sub-Mavie tRadatPackRacket . [0046] FIG 21
illustrates the format of a Link Shutdown Packet. [0047] FIG 22

i 11003 r at es YISk Sibesigatesdhe tprppkandapnicats pf sFilerdPagkedt us Packet .

[0035] FIG. 10 illustrates the format of a Video Stream Packet. . .

[0036] FIG. 11 illustrates the format and contents for the Video Data Format Descriptor of
FIG. 10.

[0037] FIG. 12 illustrates the use of packed and unpacked formats for data.

[0038] FIG. 13 illustrates the format of an Audio Stream Packet.

[0039] FIG. 14 illustrates the use of byte-aligned and packed PCM formats for data

[0040] FIG. 15 illustrates the format of a User-Defined Stream Packet.

[0041] FIG. 16 illustrates the format of a Color Map Packet.

[0042] FIG. 17 illustrates the format of a Reverse Link Encapsulation Packet.

[0043] FIG. 18 illustrates the format of a Display Capability Packet.

[0044] FIG. 19 illustrates the format of a Keyboard Data Packet.

[0045] FIG. 20 illustrates the format of a Pointing Device Data Packet.

[0046] FIG. 21 illustrates the format of a Link Shutdown Packet.

[0047] FIG. 22 illustrates the format of a Display Request and Status Packet.

[0048] FIG. 23 illustrates the format of a Bit Block Transfer Packet.

[0049] FIG. 24 illustrates the format of a Bitmap Area Fill Packet.

[0050] FIG. 25 illustrates the format of a Bitmap Pattern Fill Packet.

[0051] FIG. 26 illustrates the format of a Communication Link Data Channel Packet.

[0052] FIG. 27 illustrates the format of a Interface Type Handoff Request Packet.

[0053] FIG. 28 illustrates the format of an Interface Type Acknowledge Packet.



[0048] FIG 23 illustrates the format of a Bit Block Transfer Packet.
[0049] FIG 24 illustrates the format of a Bitmap Area Fill Packet. [0050]
FIG 25 iwbwsinexses the format of a Bitmap Pattern Fill Pachatso2pa6b6l] FI G
26 illustrates the format of a Communi cation Link Data Channel Packet.
[0052] FIG 27 illustrates the format & a Interface Type Handoff Request
Packet. [0053] FIG 28 illustrates the format of an Interface Type

Acknow ed £ 03/ 4 FIG 29
TREY ot oo Fle F e cie 48P pe PRERm TR AR oous 6 a0
i [dosst r at es FiGe3d QlupRitethe forneit Was BoAudil AudieOheineFRadhlePiieket . [ 0056]

FIG 31 illustrates the format of a Reverse, Audilg Saml| e, Rat e Packet.
[ 60956] FI G FEG. 31 illusirates he formeat pha frgverss Axdio Jpmpie Relsasiit: Prot ecti on

8@%?}9 ad Pag; L3 %(iél%l?@?g%tggkg‘maé%f é iR ey bRecliSh Bleriftha Badiieanspar ent

Enabl e ustrates the format of a Round Trip
Dedoay] Meas uFBGEDR illdaitied the fODED bf & TEnspaent Calet EmtbdsPadket.t i mi ng of events

during the Round Trip Delay Measurenent . Packet [0061 I 36 illustrates
al@3fbl e i mplendhillyetryps e f‘ém@f?@y@gr%?‘i?ﬁp & Mﬁ%%‘@?‘l‘ﬂgé‘%ﬂt' for the
i ion. i TRe! it ihb CﬁEE'Sbaa | Feds@fenidhe
ag%(gp tus Ok‘f@% lg%sgtaegnﬁgetlrl]di geptgg?gé gg&%{%@gf%gag?,] | G g?be .

il lustPatles. the timng of CRC signals for the apparatus of FIG 36 when

YRR "or 1655 Bl o Wirble, lhmeneton O p (GRS Rep AT 350 Bt Palicor”

processpd@vsiiRps for a typical service request asserted after the |ink
restart sequence has begun, contending with Iink start. 00661S FI G 40

i 100681 r at es FiGw & itlustzatescthe simdeg ebRREsigradmionithe apparasysf TifaT A6 SEnssedBE ng.
[ 0067] F{‘arG ﬁ\éuf illustrates circuitry useful for generating the DATA and STB
si gnal éia 13 t7?1put data at the host, and then recovering the data at the
clioent . [ 00688, FitGillderaids| thet fimigs of rCREr sigaddsl foertid mpparags rafsSFES.G6s whsef ul
for inplementing an enbodi nent of the invention. [0069] FIG 43

i |1 ust regedgns dapdagl§s-si gnal | evel s enployed by a client to secure service

R R L e e P SO S
| i[o053) FIG. 39 illustrates processing steps for a typical service request asserted after the link
restart sequence has begun, contending with link start.
[0066] FIG. 40 illustrates how a data sequence can be transmitted using DATA-STB encoding.
[0067] FIG. 41 illustrates circuitry useful for generating the DATA and STB signals from input
data at the host, and then recovering the data at the client.
[0068] FIG. 42 illustrates drivers and terminating resistors useful for implementing an
embodiment of the invention.

[0069] FIG. 43 illustrates steps and signal levels employed by a client to secure service from the

host and by the host to provide such service.

[0070] FIG. 44 illustrates relative spacing between transitions on the Data0, other data lines
(DataX), and the strobe lines (Stb).
[0071] FIG. 45 illustrates the presence of a delay in response that can occur when a host disables

the host driver after transferring a packet.

[0072] FIG. 46 illustrates the presence of a delay in response that can occur when a host enables
the host driver to transfer a packet.

[0073] FIG. 47 illustrates the relationship at the host receiver input between the timing of the
data being transferred and the leading and trailing edges of the strobe pulses.

[0074] FIG. 48 illustrates switching characteristics and corresponding client output delay

developed by the reverse data timing.



(DataX), and the strobe lines (Stb). [0071] FIG 45 illustrates the
presence of a delay in response that can occur when a host disables the
host dri wep 0ab2387 transferring a packet. [0072] FIG 46 i PCwatSozesast t he
presence of a delay in response that can occur when a host enables the
host driver to transfer a packet. [0073] FIG 47 illustrates the

rel ati onship at the host receiver input between the timng of the data

bej trans r the | eadi n i pg 0 S.
(o E e TR RS b CRED Pl BT RS I esbE, SHEC R RS
clientg 1zﬂﬁ>h%ﬁn béﬁﬁgﬂeﬁi&ﬁﬁdlﬁ&r thB @resemen vdtidnusing h@ta&gmadfﬁld)S/ 023587
PCT/ US02/ 28461 9 [0075] FIG 49 illustrates a high |evel diagramof si gnal
prlYeksi ng sﬁ[@pgo Byusiates HYPiSYinamewHs Patdelny ensrupErednior Shgst @EPcERRing RB ¢
present; x{tdfé@ex"é%@tﬂ &5 ﬂe%gﬁ?wp{ﬂfgt e QS8 FIG S0 illustrates typical
armunts o ay enc ter or Ssfgnal® processing on the forward and

r ggE7pe pat fIEIGl 51 Alusyseemasdiid] oyundgrip llelayDidasue®idZ] FI G 51 illustrates
mar gi nal round trip del ay nmeasurenent 510078] FIG 52 illustrates Reverse
LilPd/8Hat a r dHE- ehilngates iéeYP?’QLIP](éatagétec PRESET at es a gr aphi cal

r entat | D81 RENREARH R atekiof He NEVBURatd DiNGIrGelsuok
d %ﬁfat e. [Fgg%g? ﬂ@ébs&% %a pgng gﬁ &?I ll.ISt ratae est epse unc?ertaaken i nrt eeS
oper at iforwand liak datatratef ace. [0081] FIG 55 illustrates an overvi ew of the

interface a rafus processin acket.s ustrates the

f APt of a%ﬁméfraom@i 524% ﬁ’és&‘i?get ﬁf@d@éfniﬂﬁeg §’7]quTa§\§Pr°gfné tetrfﬂgf:cal val ues
f %08‘1{ opag atm@nssiﬁhﬁbfate@gh 53&Wewrbfane ihYdRfick appdisius processinaGRekdi9084] FI G 58
il'Tustrates Data, Stb, and Clock Recovery Timng on a Type-l Link for

e>{@08[3] ary £I§n5¢1lhastmtesﬁnerfgrmatroéa@¢rwréhmké?rﬁﬁlsaie [0085] FIG 59

ST o AR B LSO el e SR b s

|IIustr1ﬁt%ffa§Bfferent possibilities for the timng of two data signals and
MDDl _Stb with respect to_each other, being ideal arl¥ and

te,
r 4888t t i vel FIGE é&smstrmeepa@t Sthy, pod ClogkRecpyarg Timing 9 13! Iglﬁtrg?ﬁe egemplary

exenpl r Type- I/ Type-11 interfaces. [0088] FIGS.
62a an %]%&QP? tﬁ eggg’s“’\ﬁ‘%ﬁ Data and MDDl _Stb waveformnms for both

Tyipessi and BIges9 hlldsn’aes figied ,values }ﬁ@qbnop@ayton delay and skew in Type-II, Type-III or
Type-IV Link interfaces.

[0086] FIGS. 60a, 60b, and 60c illustrate different possibilities for the timing of two data signals
and MDDI_Stb with respect to each other, being ideal, early, and late, respectively.

[0087] FIG. 61 illustrates interface pin assignments exemplary connectors used with a Type-
I/Type-II interfaces.

[0088] FIGS. 62a and 62b illustrate possible MDDI_Data and MDDI_Stb waveforms for both
Type-I and Type-II Interfaces, respectively.

DETAILED DESCRIPTION OF THE EMBODIMENTS

L. Overview

[0089] A general intent of the invention is to provide a Mobile Display Digital Interface
(MDDI), as diséussed below, which results in or provides a cost-effective, low power
consumption, transfer mechanism that enables high- or very-high- speed data transfer over a
short-range communication link between a host device and a display device using a "serial" type
of data link or channel. This mechanism lends itself to implementation with miniature
connectors and thin flexible cables which are especially useful in connecting display elements or
devices such as wearable micro-displays (goggles or projectors) to portable computers, wireless

communication devices, or entertainment devices.



DETAI LED DESCRI PTI ON OF THE EMBODI MENTS |. Overview [0089] A general intent
of the invention is to provide a Mobile Display Digital Interface (WMDDI),
as di scuswoed3bezisew, which results in or provides a cost-efPCeaiSoressel ow
power consunption, transfer mechani smthat enabl es high- or very-high-
speed data transfer over a short-rangaOcorrrruni cation link between a host
device and a display device using a "serial" type of data |link or channel.
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packet and data structures developed for the interface protocol, and can sustain the desired level

of transfer at low enough power consumption or complexity to remain practical.

IIL. Environment

[0093] A typical application can be seen in FIGS. 1a and 1b where a portable or laptop computer
100 and wireless telephone or PDA device 102 are shown communicating data with display
devices 104 and 106, respectively, along with audio reproduction system 108 and 112. The
wireless device can be currently receiving data or have previously stored a certain amount of
multimedia type data in a memory element or device for later presentation for viewing and/or
hearing by an end user of the wireless device. Since a typical wireless device is used for voice
and simple text communications most of the time, it has a rather small display screen and simple
audio system (speakers) for communicating information to the device 102 user.

[0094] Computer 100 has a much larger screen, but still inadequate external sound system, and

still falls short of other multimedia presentation devices such as a high definition television, or
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[0097] There may also be additional elements connected to or associated with the use of wireless
device 102 or computer 100 for presenting an output to another user, or to another device which
in turn transfers the signals elsewhere or stores them. For example, data may be stored in flash
memory, in optical form, for example using a writeable CD media or on magnetic media such as
in a magnetic tape recorder and similar devices, for later use.
[0098] In addition, many wireless devices and computers now have built-in MP3 music decoding
capabilities, as well as other advanced sound decoders and systems. Portable computers utilize
CD and DVD playback capabilities as a general rule, and some have small dedicated flash
memory readers for receiving pre-recorded audio files. The issue with having such capabilities is
that digital music files promise a highly increased feature rich experience, but only if the
decoding and playback process can keep pace. The same holds true for the digital video files.
[0099] To assist with sound reproduction, external speakers 114 are shown in FIG. la, which

could also be accompanied by addition elements such as sub-woofers, or "surround-sound”

speakers for front and rear sound projection. At the same time, speakers or earphones 108 are
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or communication path between presentation elements and the data source, which allows for
consistently low(er) power, light weight, and as simple and economical a cabling structure as
possible. Applicants have developed a new technique, or method and apparatus, to achieve these
and other goals to allow an array of mobile, portable, or even fixed location devices to transfer

data to desired displays, micro-displays, or audio transfer elements, at very high data rates, while

maintaining a desired low power consumption, and complexity.

III. High Rate Digital Data Interface System Architecture

[0103] In order to create and efficiently utilize a new device interface, a signal protocol and
system architecture has been formulated that provides a very high data transfer rate using low
power signals. The protocol is based on a packet and common frame structure, or structures
linked together to form a protocol for communicating a pre-selected set of data or data types

along with a command or operational structure imposed on the interface.
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systems for presenting high quality sound or music. However, those skilled in the art will readily
recognize that the present invention is not limited to these devices, there being many other
devices on the market, and proposed for use, that are intended to provide end users with high
quality images and sound, either in terms of storage and transport or in terms of presentation at
playback. The present invention is useful in increasing the data throughput between various

devices to accommodate the high data rates needed for realizing the desired user experience.

B. Interface Types
[0106] The MDD Interface is contemplated as addressing five or more somewhat distinct
physical types of interfaces found in the communications and computer industries. These are
labeled at this point simply as Type-I, Type-II, Type-III, Type-IV and Type-U.
[0107] The Type-I interface is configured as a 6-wire (conductor) interface which makes it
suitable for mobile or wireless telephones, PDAs, e-Books, electronic games, and portable media

players, such as CD players, or MP3 players, and devices on similar types of electronic consumer
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take over the bus for a specified duration and send data to the host as reverse packets. This is

illustrated in FIG. 3, where a type of packet referred to as an encapsulation packet (discussed
below) is used to accommodate the transfer of reverse packets over the transfer link, creating the
reverse link. The time interval allocated for the host to poll the display for data is pre-determined
by the host and is based on the requirements of each specified application. This type of half-
duplex bi-directional data transfer is especially advantageous where a USB port is not available
for transfer of information or data form the client.

[0111] The Type-U interface transfers signals which are well suited for use in laptop and desktop
applications where a USB interface is widely supported by extensive amounts of motherboards or
other hardware, and by operating system software. The use of an added USB interface allows
use with “plug-and-play” features and easy application configuration. The inclusion of USB also
allows general-purpose bi-directional flow of commands, status, audio data, and so forth while
video and audio data intended for the client device can be transferred using the twisted pairs at

low power and high speed. Power can be transferred using other wires, as discussed below.
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al l ows each Type-I,- IIl, -111, or -1V host to conmunicate with any Type-|I,
-1001141 1|, okt 1s geperallyenossible for the host to use the proper link-layer protocol (discussed further

below) and at any time to step down or again reconfigure operation to a slower mode to save
power or to step up to a faster mode to support higher speed transfers, such as for higher
resolution display content. For example, a host may change display modes when the display
system switches from a power source such as a battery to AC power, or when the source of the
display media switches to a lower or higher resolution format, or a combination of these or other
conditions or events may be considered as a basis for changing a display or data transfer mode.
[0115] It is also possible for a system to communicate data using one mode in one direction and
another mode in another direction. For example, a Type IV interface mode could be used to
transfer data to a display at a high rate, while a Type I or Type U mode is used when transferring

data to a host device from peripheral devices such as a keyboard or a pointing device.
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devi ce g@%yrin® path or mechanism for transferring data through the MDDI uses data signals labeled
as MDDI_Data0+/- and MDDI_Stb+/-. Each of these are low voltage data signals that are
transferred over a differential pair of wires in a cable. There is only one transition on either the
MDDI_Data0 pair or the MDDI_Stb pair for each bit sent over the interface. This is a voltage
based transfer mechanism not current based, so static current consumption is near zero. The host
drives the MDDI_Stb signals to the client display.
[0120] While data can flow in both the forward and reverse directions over the MDDI_Data
pairs, that is it is a bi-directional transfer path, the host is the master or controller of the data link.
The MDDI_Data0 and MDDI-Stb signal paths are operated in a differential mode to maximize
noise immunity. The data rate for signals on these lines is determined by the rate of the clock
sent by the host, and is variable over a range of about 1 kbps up to 400 Mbps or more.
[0121] The Type-II interface contains one additional data pair or conductors or paths beyond that
of the Type-l, referred to as MDDI_Datal+/-. The Type-III interface contains two additional
data pairs or signal paths beyond that of the Type-II interface referred to as MDDI_Data2+/-, and
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Table 1
Type-1 Type-II Type-lll Type-IV
MDDI_Pwr/Gnd | MDDI_Pwt/Gnd | MDDI_Pwr/Gnd MDDI_Pwr/Gnd
MDDI_Stb+/- MDDI_Stb+/- MDDI_Stb+/- MDDI_Stb+/-

MDDI_DataO+/-

Type-U
MDDI_Pwr/Gnd
MDDI_Stb+/-
MDDI_DataO-+/-
MDDI_USB+/-

MDDI_Data0+/-
MDDI_Datal+/-

MDDI_Data0+/-
MDDI_Datal+/-
MDDI_Data2-+/-
MDDI_Data3+/-

MDDI_Data0+/-
MDDI_Datal+/-
MDDI_Data2+/-
MDDI_Data3+/-
MDDI_Datad-+/-
MDDI_Data5+/-
MDDI_Data6+/-
MDDI_Data7+/-




over a USB interface to a display are: static bitmaps, digital audio
streans, pointing device data, keyboard data, and control and status

i nf or mat i wN.03A358T unctional ity supported through the USB PCRtusni/z8361 can

al so be inmplenented using the primary MDDl hi gh-speed serial data path.
Wiile the data (see packets bel ow) defi$hed above nmay be sent over a USB
type interface, the requirenents for chaining data in the form of packets
back-to-back do not apply to such a USB interface, neither does use of
packets supporting MDDI Type handoff. [0123] A summary of the signals

F(ﬂ@rﬂ bet V\Bgﬂbﬁﬂge%é?@&lllyaﬁéd ¢ implenfedi GRl Ayye etredtuich@d\dpetatiohiinkomigally on
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termnate Int play connector with the shield connected to the shield
f or t heand DO myisthndel mominally el Q dsteneperleQﬁ feans Uhamgng preyagation gelecitnghoukd

entire cabl e, uId e wel l n W res e paired as:
MDDl Gn ewwaﬂfbﬁl\%% R/ﬁt??‘“ét“ﬂﬂo %;tth“’%%%%@ le. lessl\)ﬂﬁﬂl ”%Rda%b %h MDD
DataO; MDDI _Datal + wi th MDD Datal - ; .and so forth. The nominal cable

dianeter is on the order of 3.0 nmwi th a nom nal inpedance of 85 ohns 10%
and DC r esi sDanceDatmil'mpé¢s andoRates 0 ohns per 1000 feet. The signal
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Mobile Digital Data Interface (MDDI) provides support for a variety of displays and display
information, audio transducers, keyboards, pointing devices, and many other input devices that
might be integrated into or working in concert with a mobile display device, along with control
information, and combinations thereof. The MDD interface is designed to be able to
accommodate a variety of potential types of streams of data traversing between the host and
client in either the forward or reverse link directions using a minimum number of cables or
conductors. Both isochronous streams and asynchronous stream (updates) are supported. Many
combinations of data types are possible as long as the aggregate data rate is less than or equal to
the maximum desired MDDI link rate. These could include, but are not limited to those items

listed in Tables IT and IIT below.

Table I1
Transferring from Host to Client
isochronous video data 720x480,12bit, 30f/s ~124.5 Mbps
isochronous stereo audio data | 44.1kHz, 16bit, stereo ~ 1.4 Mbps

asynchronous graphics data | 800x600, 12bit, 10f/s, stereo | ~115.2 Mbps

asynchronous control minimum << 1.0 Mbps




[0125] To achieve a useful interface for a full range of user experiences
and applications, the Mbile Digital Data Interface (MDDI) provides
support fwpo oa/ovasi ety of displays and display informti oCTalSd2/28461
transducers, keyboards, pointing devices, and many ot her input devices that
m ght be integrated into or working in moncert with a nobile display
device, along with control information, and conbinations thereof. The MDD
interface is designed to be able to o) date a variety of potential
types of streams of data traversing Bla@?’gﬁe the host and client in either
the forvard of ThaNRiSRe FORKCR Tt @S Ho®NS USing a m ni mum nunber of ¢ables or
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bi t mapspentingdevies pesition %rtsh%i&ﬁcven w@éﬁeraﬁﬁfma})@o@& qrﬁﬁP%&ﬁSa}iﬁF ¥nbe gefined
PCM or §9{ﬁ) &&ﬁ%ﬁ% ahdi q@'ﬁ %ﬂgrvl/ﬁﬁ Y:ongtfr ol X fﬁ% iffbmtio %?tect device
poi nti ng devi ce position an user - i nabl e data
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in dat a;ffansd ahachilah thoat ¢Hfeo Bishlag afd MAlio), using a personal computer with limited
personal viewing (graphics display, sometimes combined with video and audio), playing a video
game on a PC, console, or personal device (motion graphics display, or synthetic video and
audio), "surfing" the Internet, using devices in the form of a video phone (bi-directional low-rate
video and audio), a camera for still digital pictures, or a camcorder for capturing digital video
images, and for productivity enhancement or entertainment use with cell phones, smart phones,
or PDAs.

[0128] The mobile data interface as discussed below is presented in terms of providing large
amounts of A-V type data over a communication or transfer link which is generally configured as
a wire-line or cable type link. However, it will be readily apparent that the signal structure,
protocols, timing, or transfer mechanism could be adjusted to provide a link in the form of an
optical or wireless media, if it can sustain the desired level of transfer.

[0129] The MDD interface signals use a concept known as the Common Frame (CF) for the
basic signal protocol or structure. The idea behind using of a Common Frame is to provide a
synchronization pulse for simultaneous isochronous data streams. A display device can use this
common frame rate as a time reference. A low CF rate increases channel efficiency by
decreasing overhead to transmit the sub-frame header. On the other hand, a high CF rate

decreases the latency, and allows a smaller elastic data buffer for audio samples. The CF rate of
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6.7

Fractional counts of bytes per common frame are easily obtained using a simple programmable

M/N

counter structure.

For example, a count of 26-2/3 bytes per CF is implemented by

transferring 2 frames of 27 bytes each followed by one frame of 26 bytes. A smaller CF rate may

be selected to produce an integer number of bytes per CF. However, generally speaking to

implement a simple M/N counter in hardware should require less area within an integrated circuit

chip used to implement part or all of the invention than the area needed for a larger audio sample
FIFO buffer.

An exemplary application that illustrates the impact of different data transfer rates and

[0131]

data types is a Karaoke system. For Karaoke, a system user sings along with a music video

program. Lyrics of the song are displayed at the bottom of a screen so the user knows the words

to be sung, and roughly the timing of the song. This application requires a video display with

infrequent graphics updates, and mixing of the user’s voice with a stereo audio stream.

[0132]

If one assumes a common frame rate of 300 Hz, then each CF will consist of: 92,160

bytes of video content and 588 bytes of audio content (based on 147 16-bit samples, in stereo)

over the forward link to the display device, and an average of 29.67 (26-2/3) bytes of voice are

sent back from a microphone to the mobile Karaoke machine. Asynchronous packets are sent



Stereo G aphi cs80060012102115. 212000 Cantor der 6404801224188. 59216 CD

Audi 011164410021. 4147 Voi cel18800010. 16. 7 Fracti onal counts of bytes per
common f reow3aesseasi |y obtai ned using a sinple programmulpiCe/ush/246pUnt er
structure. For exanple, a count of 26-2/3 bytes per CF is inplenented by
transferring 2 frames of 27 bytes each Xlol | owed by one frame of 26 bytes. A
smaller CF rate may be selected to produce an integer nunber of bytes per
CF. However er aki ng .l i n ' _
nar cvar P8k P TREG 1 4RPEIELG0 e R TR Blosf 768 BES o iebufR U Gihrer
to i nmpl @reeAtheME), ad 1e8¢ thanfabbite200Myesist(seprdl Nimyies foe ndseHamees echtfdand staarsger
audi o sanple FIFO buffer. [0131] An exenplary application that illustrates
t he i npeEmyidsdi fferent data transfer rates and data types is a Karaoke
sy For . i .al i i L RERE.am
Ly[?)l&c of th@%ﬁé%"r‘% %?‘ggﬁgbggﬁgcta&ltdﬁgﬁggtat om o ﬁ?%%ér%zrtlﬁes%hﬁﬁge terer ¢
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applicatjon requires a video djspla ith infrequent graphjcs updates, .and
R g Bloorboswrotaer g0 s AR B MBI oS B B Sp PpHE Shfetee of
assunes gmggjr@ 0 Hz, then each CF wll consist of: 92,160
byt es o?&\# €o %ﬁc{l%ﬁséﬁfg@g%gag%% es of audio content (based on 147 16-bit
sanples, in stereo) over the forward |ink to the display device, and an
average of 29.67 (26-2/3) bytes of Vﬁjr,%ﬁ S,re sent back from a m crophone
to the nobil e Karaoke machi ne. Async Bus packets are sent WO 03/ 023587
PCT/ US02/ 28461 21 [between ER@eh@&le and the di spl ayBydddics 1 ncl ides at nost
768 bytes of graphics data (quarter- screen height) and less{than about
200 bytes (sever all Musie\Gdecrasp40x d¥0ixekymdde fRsont rlol  and s¥4f%s  commands.
[0133] Table V, sigUs: ROW.HEH0% 128 pRELARPI I W tnijn a Cormonegtame for the
Kar aoke exanple. |[Ihe total rate gpi ng used is selected to helabout 225
Mops. A slightly hiCGhardip a4, 190 sppgerihP8-bital | ows |about anofB&r 400 bytes of
data per sub-frane<ir UEs HEGIE b otpi 1l CT_al ToWs T he Use,pky | occasi onal
control and status nessages. "Table V Flenent Rated Bytes/CE Misic Video at
640 x 480 pixels avdb-BOmEPRERI60 Lyric Text at 640 x 120 pi*2ls and 1

fps768 CD Audio a g0 S BremnatiCr €0 16~ b t588 26.67+2%9+20

Total Bytes/CF 93626.33
Total Rate (Mbps) 224.7032
E. Link Layer
[0134] Data transferred using the MDD interface high-speed serial data signals consists of a

stream of time-multiplexed packets that are linked one after the other. Even when a transmitting
device has no data to send, a MDDI link controller automatically sends filler packets, thus,
maintaining a stream of packets. The use of a simple packet structure ensures reliable
isochronous timing for video and audio signals or data streams.

[0135] Groups of packets are contained within signal elements or structures referred to as sub-
frames, and groups of sub-frames are contained within signal elements or structures referred to as
a media-frame. A sub-frame contains one or more packets, depending on their respective size
and data transfer uses, and a media-frame must contain one more sub-frames. The largest sub-
frame provided by the protocol employed by the present invention is on the order of 2.1 or
4,294,967,295 bytes, and the largest media-frame size then becomes on the order of
2.1 or 65,535 sub-frames.

[0136] A special header packet that contains a unique identifier that appears at the beginning of

each sub-frame, as is discussed below. That identifier is also used for acquiring the frame timing
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F. Link Controller
[0139] The MDDI link controller shown in FIGS. 4 and 5 is manufactured or assembled to be a
completely digital implementation with the exception of the differential line receivers which are
used to receive MDDI data and strobe signals. However, even the differential line drivers and
receivers can be implemented in the same digital integrated circuits with the link controller. No
analog functions or phase lock loops (PLLs) are required to implement the hardware for the link
controller. The host and display link controllers contain very similar functions, with the
exception of the display interface which contains a state machine for link synchronization.
Therefore, the present invention allows the practical advantage of being able to create a single
controller design or circuit that can be configured as either a host or client, which can reduce

manufacturing costs for the link controllers, as a whole.

IV.  Interface Link Protocol
A. Frame structure
[0140] The signal protocol or frame structure used to implement the forward link communication

for packet transfer is illustrated in FIG. 6. As shown in FIG. 6, information or digital data is
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[0144] The host sends filler packets when there are no (more) data packets to be transferred in
the present sub-frame, or when the host cannot transfer at a rate sufficient to keep pace with the
data transmission rate chosen for the forward link. Since each sub-frame begins with a sub-frame
header packet, the end of the previous sub-frame contains a packet (most likely a filler packet)
the exactly fills the previous sub-frame. In the case of a lack of room for data bearing packets
per se, a filler packet will most likely be the last packet in a sub-frame, or at the end of a next
previous sub-frame and before a sub-frame header packet. It is the task of the control operations
in a host device to ensure that there is sufficient space remaining in a sub-frame for each packet
to be transmitted within that sub-frame. At the same time, once a host device initiates the
sending of a data packet, the host must be able to successfully complete a packet of that size
within a frame without incurring a data under-run condition.

[0145] In one aspect of embodiments of the invention, sub-frame transmission has two modes.
One mode is a periodic sub-frame mode used to transmit live video and audio streams. In this

mode, the Sub-frame length is defined as being non-zero. The second mode is an asynchronous
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or not they are used for a Type-U interface.

Table VI
Packet Name Packet Valid in Direction
Type | Forward| Reverse | Type-U
Sub-frame Header Packet 255 X X
Filler Packet 0 X X
Video Stream Packet 1 X X X
Audio Stream Packet 2 X X X
Reserved Stream Packets 3-55
User-Defined Stream Packets 56 - 63 X X X
Color Map Packet 64 X X X
Reverse Link Encapsulation Packet 65 X
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Tabl e VI Péﬁ%ﬂﬁmﬁggﬁéggﬁg |d in D rection TypeForwar dReveriseType- U
Sub-frane HE@ﬁQmuEﬁﬁhqhﬁﬁ&XX Filler PagkettOxx |Video Siream Packet 1xxx Audi o
St ream Packet - User-Defined Stream-Patket s56
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Packet 67XxKBltRlapAr&OFlEMHcRE Dat a Packef 68x2x %knkahutdomn Palcketk69x
Di spl ay Repuest and Status Packet 70xx Rit Bl ock Transfer Packlet 71xx Bit map
Area Fill Panmgp Patteen Fill Packet 73 X X

Communication Link Data Channel 74 X X X

Packet

Interface Type Handoff Request Packet 75 X

Interface Type Acknowledge Packet 76 X

Perform Type Handoff Packet 77 X

Forward Audio Channel Enable Packet 78 X X

Reverse Audio Sample Rate Packet 79 X X

Digital Content Protection Overhead 80 X X X

Packet

Transparent Color Enable Packet 81 X X

Round Trip Delay Measurement Packet 82 X

Forward Link Skew Calibration Packet 83 X

[0147] Packets have a common basic structure or overall set of minimum fields comprising a

Packet Length field, a Packet Type field, Data Bytes field(s), and a CRC field, which is
illustrated in FIG.7. As shown in FIG. 7, the Packet Length field contains information, in the
form of a multi-bit or -byte value, that specifies the total number of bits in the packet, or its
length between the packet length field and the CRC field. In a preferred embodiment of the
present example, the packet length field contains a 16-bit or 2-byte wide, unsigned integer, that
specifies the packet length. The Packet Type field is another multi-bit field which designates the
In the exemplary embodiment of the

type of information that is contained within the packet.

present example, this is an 8-bit or 1-byte wide value, in the form of an 8-bit unsigned integer,



Bitmap Pattern Fill Packet73xx Conmuni cation Link Data Channel 74xxx Packet
I nterface Type Handoff Request Packet 75x Interface Type Acknow edge

Packet 76xwBaesh2zass1 Type Handoff Packet 77x Forward Audi o ChaomaiSoterabi e
Packet 78xx Reverse Audi o Sanpl e Rate Packet 79xx Digital Content Protection
Over head 80xxx Packet Transparent Col or26Enabl e Packet 81xx Round Trip Del ay
Measur enment Packet 82x Forward Link Skew Cal i brati on Packet 83x [0147]
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cyelic ]gl%c(jﬁsnlg)afrl]rcs ar?dhgncdll(ngcv%lttcl l‘illlleaIE/I%gt Sol\él’?l%lcg.rﬂ%lt MSB) transmitted last. Parameters that
are more than one byte in length are transmitted using the least significant byte first, which
results in the same bit transmission pattern being used for a parameter greater than 8 bits in
length, as is used for a shorter parameter where the LSB is transmitted first. The data on the
MDDI_Data0 signal path is aligned with bit 0 of bytes transmitted on the interface in any of the
modes, Type-I, Type-II, Type-III, or Type-1V.

[0150] When manipulating data for displays, the data for arrays of pixels are transmitted by rows
first, then columns, as is traditionally done in the electronics arts. In other words, all pixels that
appear in the same row in a bit map are transmitted in order with the left-most pixel transmitted
first and the right-most pixel transmitted last. After the right-most pixel of a row is transmitted
then the next pixel in the sequence is the left-most pixel of the following row. Rows of pixels are
generally transmitted in order from top to bottom for most displays, although other
configurations can be accommodated as needed. Furthermore, in handling bitmaps, the
conventional approach, which is followed here, is to define a reference point by labeling the
upper-left corner of a bitmap as location or offset "0,0." The X and Y coordinates used to define

or determine a position in the bitmap increase in value as one approaches the right and bottom of

the bitmap, respectively. The first row and first column start with an index value of zero.
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[0154] The Protocol Version field contains 2 bytes that specify the protocol version used by the -
host. The Protocol Version field is set to '0' to specify the first or current version of the protocol
as being used. This value will change over time as new versions are created. The Sub-frame
Count field contains 2 bytes that specify a sequence number that indicates the number of sub-
frames that have been transmitted since the beginning of the media-frame. The first sub-frame of
the media-frame has a Sub-frame Count of zero. The last sub-frame of the media-frame has a
value of n-1, where n is the number of sub-frames per media-frame. Note that if the Sub-frame
Length is set to zero (indicating a non-periodic sub-frame) then the Sub-frame count must also be
set to zero. ‘

[0155] The Media-frame Count field contains 3 bytes that specify a sequence number that
indicates the number of media-frames that have been transmitted since the beginning of the
present media item or data being transferred. The first media-frame of a media item has a Media-
frame Count of zero. The Media-frame Count increments just prior to the first sub-frame of each

media-frame and wraps back to zero after the maximum Media-frame Count (media-frame



good autocorrel ation. The actual unique word is OxOOba3bff where the | ower
8 bits are transmtted first as the Packet Type, and the nobst significant
24 bits aweomnassTitted afterward. [0153] The Sub-frane Leagtusoi/2sabd
contains 4 bytes of information that specifies the nunber of bytes per
sub-frane. The length of this field mag8be set equal to zero to indicate
that only one sub-frame wll be transmtted by the host before the link is
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Sub-frane Header packet is not valid then the link controller should use
the Sub-frame Length ofuthp,hlgvi ous known-good Sub-frane Header packet to
estimate the lendgth of the current sub-franme. [0154] The Protocol Version
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application. 2. F| * ;klb [0156] A filler packet is a packet that is

t r ansf gPPsgiesigd fige elng?]ﬁ tS%ent device when no other information is
avai lable to be sent on either the forward or reverse link. It is

recomrended that filler packets have a mninumlength in order to allow
maxi mum f | exi bi | i 3y i nVidea8tragmdideket packets when required. At the very

e”[‘815°sf] as Ub\/}c 8'Wedh Packety garrrsyewldé(? 5at§ Pocl%)dsayel t?{bfcgﬁy pe%?a%ﬁﬁlar regions of a display
device. The size of this region may be as small as a single pixel or as large as the entire display.

There may be an almost unlimited number of streams displayed simultaneously, limited by
system resources, because all context required to display a stream is contained within the Video
Stream Packet. The format of the video stream packet (Video Data Format Descriptor) is shown

in FIG. 10. As seen in FIG. 10, this type of packet is structured to have Packet Length (2 bytes),
Packet Type, Video Data Descriptor, Display Attributes, X Left Edge, Y Top Edge, X Right

Edge, Y Bottom Edge, X and Y Start, Pixel Count, Parameter CRC, Pixel Data, and CRC fields.

This type of packet is generally identified as a Type 1, which is indicated in the 1 byte type field.

[0159] The common frame concept discussed above is an effective way to minimize the audio
buffer size and decrease latency. However, for video data it may be necessary to spread the

pixels of one video frame across multiple Video Stream Packets within a media-frame. It is also
very likely that the pixels in a single Video Stream Packet will not exactly correspond to a
perfect rectangular window on the display. For the exemplary video frame rate of 30 frames per

second, there are 300 sub-frames per second, which results in 10 sub-frames per media-frame. If



(see below), a link controller sets the size of the filler packet to fill
the remai ning space to mintain packet integrity. [0157] The format and
cont ent s Wb 0a/0E458T er Packet are shown in FIG 9. As shownPCA/USDIR8461 this
type of packet is structured to have Packet Length, Packet Type, Filler
Bytes, and CRC fields. This type of p22ket is generally identified as a
Type 0, which is indicated in the 1 byte type field. The bits or bytes in
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they angisisftufRionaolrsh by H‘S’Elﬁ%reﬁ'ﬂ@t‘éﬁﬂ éduaFtd00 1 2as shown in FIG. 11b, then the video
data consists of an array of color pixels that each specify a color through a color map. In this
situation, bits 5 through O of the Video Data Format Descriptor word define the number of bits
per pixel, and bits 11 through 6 are be set equal to zero. When bits [15:13] are instead equal to
'010", as shown in FIG. 11c, then the video data consists of an array of color pixels where the
number of bits per pixel of red is defined by bits 11 through 8, the number of bits per pixel of
green is defined by bits 7 through 4, and the number of bits per pixel of blue is defined by bits 3
through 0. In this situation, the total number of bits in each pixel is the sum of the number of bits
used for red, green, and blue.

[0162] However, when bits [15:13] are instead equal to 011, as shown in FIG. 11d, then the
video data consists of an array of video data in 4:2:2 format with luminance and chrominance
information, where the number of bits per pixel of luminance (Y) is defined by bits 11 through 8,
the number of bits of the Cr component is defined by bits 7 through 4, and the number of bits of
the Cb component is defined by bits 3 through 0. The total number of bits in each pixel is the
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4. Audio Stream Packet

[0165] The audio stream packets carry audio data to be played through the audio system of the
display, or for a stand alone audio presentation device. Different audio data streams may be
allocated for separate audio channels in a sound system, for example: left-front, right-front,
center, left-rear, and right-rear, depending on the type of audio system being used. A full
complement of audio channels is provided for headsets that contain enhanced spatial-acoustic
signal processing. The format of Audio Stream Packets are illustrated in FIG. 13. As shown in
FIG. 13, this type of packet is structured to have Packet Length, Packet Type, Audio Channel ID,
Audio Sample Count, Bits Per Sample and Packing, Audio Sample Rate, Parameter CRC, Digital
Audio Data, and Audio Data CRC fields. This type of packet is generally identified as a Type 2

packet.
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that specifies the packing format of audio data. The fornmat generally

employed is for @its fedlpweuy Sirdath P&éReRe the nunber of bits per PCM
audi o sanple. Bit 5 then spécifies whether or not the Digital Audio Data

saifpe&ds ar e Pighkddta Fieamlitypasy dmownbas Wepes éécﬂ’é@lﬁlné?’, are reserved for use in
proprietary applications that may be defined by equipment manufacturers for use with a MDDI

link. These are known as User-defined Stream Packets. The video stream packets carry video
data to update (or not) a rectangular region of the display. The definition of the stream
parameters and data for these packet types is left to the specific equipment manufacturers seeking
their use. The format of the user-defined stream packets is illustrated in FIG. 15. As shown in
FIG. 15, this type of packet is structured to have Packet Length (2 bytes), Packet Type, Stream

ID number, Stream Parameters, Parameter CRC, Stream Data, and Stream Data CRC fields.

7. Color Map Packets
[0169] The color map packets specify the contents of a color map look-up table used to present
colors for a display. Some applications may require a color map that is larger than the amount of
data that can be transmitted in a single packet. In these cases, multiple Color Map packets may
be transferred, each with a different subset of the color map by using the offset and length fields
described below. The format of the Color Map packet is illustrated in FIG. 16. As shown in
FIG. 16, this typé of packet is structured to have Packet Length, Packet Type, Color Map Data
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turned period specified by Turn-Around 2 field. The display reads the Turn-Around Length parameter

and drives the data signals toward the host immediately after the last bit in the Turn-Around 1

field. The display uses the Packet Length and Turn-Around Length parameters to know the

length of time it has available to send packets to the host. The client may send filler packets or
drive the data lines to a zero state when it has no data to send to the host. If the data lines are
driven to zero, the host interprets this as a packet with a zero length (not a valid length) and the
host does not accept any more packets from the client for the duration of the current Reverse

Link Encapsulation Packet.

[0172] The display drives the MDDI data lines to the zero level for at least one reverse link clock
period before the start of the Turn Around 2 field. This keeps the data lines in a deterministic
state during the Turn Around 2 time period. If the client has no more packets to send, it may
even disable the data lines after driving them to a zero level because the hibernation bias resistors

(discussed elsewhere) keep the data lines at a zero level for the remainder of the Reverse Data

Packets field.
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in a sub-frane. The display may send a Di splay Request

10. Keyboard Data Packets

[0175] A keyboard data packet is used to send keyboard data from the client device to the host.
A wireless (or wired) keyboard may be used in conjunction with various displays or audio deices,
including, but not limited to, a head mounted video display/audio presentation device. The
Keyboard Data Packet relays keyboard data received from one of several known keyboard-like
devices to the host. This packet can also be used on the forward link to send data to the
keyboard. The format of a Keyboard Data Packet is shown in FIG. 19, and contains a variable
number of bytes of information from or for a keyboard. As shown in FIG. 19, this type of packet
is structured to have Packet Length, Packet Type, Keyboard Data, and CRC fields. This type of
packet is generally identified as a Type 67 packet.
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Thi s t yeererelly pdeakified as agiypere packeidianthe fli-exde gxpeaflqlglp@d(s@ses a pre-selected fixed
length of 3 bytes.

[0178] In the low-power hibernation state the MDDI_Data driver is disabled into a high-
impedance state, and the MDDI_Data signals are pulled to a logic zero state using a high-
impedance bias network that can be overdriven by the display. The strobe signal used by the
interface is set to a logic zero level in the hibernation state to minimize power consumption.
Either the host or display may cause the MDDI link to "wake up" from the hibernation state as

described elsewhere, which is a key advance for and advantage of the present invention.

13 Display Request and Status Packets
[0179] The host needs a small amount of information from the display so it can configure the
host-to-display link in an optimum manner. It is recommended that the display send one Display
Status Packet to the host each sub-frame. The display should send this packet as the first packet
in the Reverse Link Encapsulation Packet to ensure that it is delivered reliably to the host. The
format of a Display Status Packet is shown in FIG. 22. As shown in FIG. 22, this type of packet
is structured to have Packet Length, Packet Type, Reverse Link Request, CRC Error Count, and



packet in the 1 -byte type field. 12. Link Shutdown Packets [0177] A Link
Shut down Packet is sent fromthe host to the client display to indicate
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communi cation device to the display, or when there is no further

oper at (o e Pe HNERTRRE PERT 5 sepiied Risffied BEh 1B J0RckouTF (et Bove ARET™

sent afffedd, ahﬂbwsraqire@aleuadms@bngmmtk;e@der packet. The format of a
D spl ay St'atus Packet is shown in FIG sho |n FI ggle t hi bt epe

ofl0fftket iHeRevsered-ak Requerhyieldaex oe ll§é‘i11&t Wfo% oSy
fields thTH ?lag%ggds 1|fn dﬂ@%ﬁ&rsé imkgﬁﬁ' @ﬁlbYoﬂ ?gtg& | Xegd‘%ﬁtaaba-g R& tlﬁeghd%@c kgt in

t he 1-by uses a ect ' ength of 3 bytes.
[0178] hlo@t sihh&ldl ABHTIpO W grahi the rrmltegtdjy aﬂoaatmg didedyDiat Danteraxf bytes i heResatsk ed

into a_high- inpedance state, and the | Dat a si ﬁis are. ulﬂ&gdtf).a
| ogi ¢ Ar Hecaselaien iicketni Ghe PN BAKERY BIRTE (Rt GBF IKSRRE Ldilh Bygapsulation
over dripiep Ry td8- i D] rPYrder REARbIMARRIE! @RA! THS 8RpRY rﬁ&&ﬁsenﬂﬁt@fsﬁﬁ‘}q{dqﬁes?et

to a logic zero I'n the hibernation stateto mnimze
consu rrmndcmatus Eadkeent drlyetithesnd dre Idiss wlllb;ntemyst MevetrmLMCQWSﬁ IpaltaﬁleTQK/e%R e

up"” fro ion state. as i bed g

advancé q?f& V?@ée%lﬁs?ﬂén 8?%§ raﬁ“ﬁv&h‘idi%b%aiaé‘%aﬁ %mfs ool é%&(e 1$hd

St at us d?%%&z%%rgé)ﬁl?l@]iatﬂ!@sehﬂ%ck@@ﬂﬁsho@t &o8howmbglowt of infor matl on fromthe
display so it can configure the host-to-display Iink in an optinum nanner.

It is recommended that the display send one Display Status Packet to the
host each sub-fr T i a h send this packet as the first
packet in the R erseﬁﬁl}z‘ﬁ‘g‘{géﬁr? élje{)n Packet to ensure that it is
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[0182] The fields are used to specify the X and Y values of the coordinate of the upper left
corner of the window to be moved, the width and height of the window to be moved, and the
number of pixels that the window is to be moved horizontally, and vertically, respectively.
Positive values for the latter two fields cause the window to be moved to the right, and down, and

negative values cause movement to the left and up, respectively.

15.  Bitmap Area Fill Packets ‘

[0183] The Bitmap A;ea Fill Packet provides a means to easily initialize a region of the display
to a single color. Displays that have this capability will report the capability in bit 1 of the
Display Feature Capability Indicators field of the Display Capability Packet. The format of a
Bitmap Area Fill Packet is shown in FIG. 24. As shown in FIG. 24, this type of packet is
structured to have Packet Length, Packet Type, Upper Left X Value, Upper Left Y Value,
Window Width. Window Height, Data Format Descriptor, Pixel Area Fill Value, and CRC fields.



Packet in a sub-frame in order to accombdate data. The display may send a
D spl ay Request and Status Packet at any tinme and the host wll interpret
t he Reverwe oBiopissRequest paranmeter as the total nunber ofPCogtSes284equest ed
in one sub-frane. Additional details and specific exanples of how reverse
link data is sent back to the host are3$hown below. 14. Bit Bl ock Transfer
Packets [0181] The Bit Bl ock Transfer Packet provides a neans to scroll
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Packet provides. a ns to easily initialjze a region of the display to a
pre- selléé?’éeﬂgg'a‘ld?‘étfl}?ﬁ ﬁasm Haf%lé‘{tl%&\?zl'bﬁﬁyp&f&g ility will report the
capability in bit 2 of the Display Feature Capability Indicators field of

the Display Capability Packet. The upper left corner of the fill pattern
is aligned with tiHe uppenmugiation ik Date Chenng Radkeis o be fill ed.
[0186] The Communication Link Data Channel Packet provides a means for a display with high-

level computing capability, such as a PDA, to communicate with a wireless transceiver such as a
cell phone or wireless data port device. In this situation, the MDDI link is acting as a convenient
high-speed interface between the communication device and the computing device with the
mobile display, where this packet transports data at a Data Link Layer of an operating system for
the device. For example, this packet could be used if a web browser, email client, or an entire
PDA were built into a mobile display. Displays that have this capability will report the capability
in bit 3 of the Display Feature Capability Indicators field of the Display Capability Packet.

[0187] The format of a Communication Link Data Channel Packet is shown in FIG. 26. As
shown in FIG. 26, this type of packet is structured to have Packet Length, Packet Type,
Parameter CRC, Communication Link Data, and Communication Data CRC fields. This type of

packet is generally identified as a Type 74 packet in the type field.



If the windowto be filled is wider or taller than the fill pattern, then
the pattern may repeated horizontally or vertically a nunber of tinmes to
fill the worndosssThe right or bottomof the |last repeate@®CpaiSIBLII6] S
truncated as necessary. If the windowis smaller than the fill pattern,
then the right side or bottomof the 8VI| pattern may be truncated to fit
the wi ndow. [0185] The fornmat of a Bitmap Pattern Fill Packet is shown in
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of a Interface Handof f RequeSt Packet is shown in FIG 27. As shown in
FI G Zaﬂdwmaspm;spr@ﬂfmdﬂ@@th of sbytefct ured to have Packet Length, Packet
Type, Interface Type, and CRC fields. This type of packet is generally
identified as a Type 75 packet, and uses a pre- selected fixed |length of 4

byt es. 20.  Perform Type Handoff Packets

[0190] The Perform Type Handoff Packet is a means for the host to command the display to
handoff to the mode specified in this packet. This is to be the same mode that was previously
requested and acknowledged by the Interface Type Handoff Request Packet and Interface Type
Acknowledge Packet. The host and display should switch to the agreed upon mode after this
packet is sent. The display may lose and re-gain link synchronization during the mode change.
The format of a Perform Type Handoff Packet is shown in FIG. 29. As shown in FIG. 29, this
type of packet is structured to have Packet Length, Packet Type, Packet Type, and CRC fields.
This type of packet is generally identified as a Type 77 packet in the 1-byte type field, and uses a
pre-selected fixed length of 4 bytes.

21. Forward Audio Channel Enable Packets
[0191] This packet allows the host to enable or disable audio channels in the display. This

capability is useful so the display (client) can power off audio amplifiers or similar circuit



19. Interface Type Acknow edge Packets [0189] The Interface Type

Acknow edge Packet is sent by the display to confirmreceipt of the
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(2-bit parallel), Type-IIl (4-bit parallel), or Type-1V (8-bit parallel)
node, is echoed back to the host as a 38aranmeter in this packet. The fornmat
of a Interface Type Acknow edge Packet is shown in FIG 28. As shown in
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23.  Digital Content Protection Overhead Packets
[0193] This packet allows the host and a display to exchange messages related to the digital
content protection method being used. Presently two types of content protection are
contemplated, Digital Transmission Content Protection (DTCP), or High-bandwidth Digital
Content Protection System (HDCP), with room reserved for future alternative protection scheme
designations. The method being used is specified by a Content Protection Type parameter in this
packet. The format of a Digital Content Protection Overhead Packet is shown in FIG. 32. As
shown in FIG. 32, this type of packet is structured to have Packet Length, Packet Type, Content
Protection Type, Content Protection Overhead Mes‘sages, and CRC fields. This type of packet is

generally identified as a Type 80 packet.

24. Transparent Color Enable Packets
[0194] The Transparent Color Enable Packet is used to specify which color is transparent in a

display and to enable or disable the use of a transparent color for displaying images. Displays



will not send an audio streamto the host. The host may di sable the
reverse-link audio streamby setting the sanple rate to 255. The default
state asswowdotsen t he di splay systemis initially power@dTasones4epnnect ed
is wth the reverse-link audio stream di sabled. The format of a Reverse
Audi o Sanpl e Rate Packet is shown in FB& 31. As shown in FIG 31, this
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[0196] The format of a of Round Trip Delay Measurement Packet is shown in FIG. 34. As

shown in FIG. 34, this type of packet is structured to have Packet Length, Packet Type,
Parameter CRC, All Zero, Guard Time 1, Measurement Period, Guard Time 2, and Driver Re-
enable fields. This type of packet is generally identified as a Type 82 packet, and uses a pre-
selected fixed length of 533 bits.

[0197] The timing of events that take place during the Round Trip Delay Measurement Packet
are illustrated in FIG. 35. In FIG. 35, the host transmits the Round Trip Delay Measurement
Packet, shown by the presence of the Parameter CRC and Strobe Alignment fields followed by
the All Zero and Guard Time 1 fields. A delay 3502 occurs before the packet reaches the client
display device or processing circuitry. As the display receives the packet, it transmits the Oxff,
Oxff, 0xO pattern as precisely as practical at the beginning of the Measurement Period as
determined by the display. The actual time the display begins to transmit this sequence is
delayed from the beginning of the Measurement Period from the point of view of the host. The

amount of this delay is precisely the time it takes for the packet to propagate through the line
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the nexitorward link data rate is configured to a rate of around 50 Mbps or lower. After sending this
packet to calibrate the display, the data rate may be stepped up above 50 Mbps. If the data rate is
set too high during the skew calibration process, the display might synchronize to an alias of the
bit period which could cause the delay skew compensation setting to be off by more than one bit
time, resulting in erroneous data clocking. The highest data rate type of interface or greatest
possible Interface Type is selected prior to sending the Forward Link Skew Calibration Packet so
that all existing data bits are calibrated.

[0201] The format of a Forward Link Skew Calibration Packet is shown in FIG. 56. As shown in

FIG. 56, this type of packet is structured to have Packet Length (2 bytes), Packet Type, Parameter
CRC, Calibration Data Sequence, and CRC fields. This type of packet is generally identified as a
Type 83 packet in the type field, and has a pre-selected length of 515.
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[0205] When CRC generator and checker 3600 is configured as a CRC checker, the CRC that is
received on the Rx_MDDI_Data line is input to multiplexor 3604 and NAND gate 3608, and is

compared bit by bit with the value found in the CRC register using NOR gate 3610, exclusive-
OR (XOR) gate 3612, and AND gate 3614. If there are any errors, as output by AND gate 3614,
the CRC is incremented once for every packet that contains a CRC error by connecting the output
of gate 3614 to the input of register 3602. Note that the example circuit shown in the diagram of
FIG. 36 can output more than one CRC error signal within a given CHECK_CRC_NOW window
(see FIG. 37b). Therefore, the CRC error counter will only count the first CRC error instance
within each interval where CHECK_CRC_NOW is active. If configured as a CRC generator the
CRC is clocked out of the CRC register at the time coinciding with the end of the packet.

[0206] The timing for the input and output signals, and the enabling signals, is illustrated
graphically in FIGS. 37a and 37b. The generation of a CRC and transmission of a packet of data
are shown in FIG.37a with the state (0 or 1) of the Gen_Reset, Check CRC_Now,
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the hibernation processing and start up sequence are discussed further below.

[0209] An example of the processing steps for a typical service request event 3800 with no
contention is illustrated in FIG. 38, where the events are labeled for convenience in illustration
using the letters A, B, C, D, E, F, and G. The process commences at point A when the host sends
a Link Shutdown Packet to the client device to inform it that the link will transition to a low-
power hibernation state. In a next step, the host enters the low-power hibernation state by
disabling the MDDI_Data0 driver and setting the MDDI_Stb driver to a logic zero, as shown at
point B. MDDI_Data0 is driven to a zero level by a high-impedance bias network. After some
period of time, the client sends a service request pulse to the host by driving MDDI_Data0 to a
logic one level as seen at point C. The host still asserts the zero level using the high-impedance
bias network, but the driver in the client forces the line to a logic one level. Within 50 usec, the
host recognizes the service request pulse, and asserts a logic one level on MDDI_Data0 by

enabling its driver, as seen at point D. The client then ceases from attempting to assert the
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on MDDI_Data0. After asserting MDDI_Data0 to a zero level, and driving MDDI_Stb for 50

usec, the host begins to transmit data on the forward link by sending a Sub-frame Header Packet,

as shown at point G.

VI. Interface Electrical Specifications

[0211] In the example embodiments of the present invention, Data in a Non-Return-to-Zero
(NRZ) format is encoded using a data-strobe signal or DATA-STB format, which allows clock
information to be embedded in the data and strobe signals. The clock can be recovered without
complex phase lock loop circuitry. Data is carried over a bi-directional differential link,
generally implemented using a wire-line cable, although other conductors, printed wires, or

transfer elements can be used, as stated earlier. The strobe signal (STB) is carried over a uni-
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shown in FIG. 41.

[0214] In FIG. 41, a transmission portion 4100 is used to generate and transmit the original
DATA and STB signals over an intermediary signal path 4102, while a reception portion 4120 is
used to receive the signals and recover the data. As shown in FIG 41, in order to transfer data
from a host to a client, the DATA signal is input to two D-type flip-flop circuit elements 4104
and 4106 along with a clock signal for triggering the circuits. The two flip-flop circuit outputs
(Q) are then split into a differential pair of signals MDDI_Data0+, MDDI_Data0- and
MDDI_Stb+, MDDI_Stb-, respectively, using two differential line drivers 4108 and 4110
(voltage mode). A three-input exclusive-NOR (XNOR) gate, circuit, or logic element 4112 is
connected to receive the DATA and outputs of both flip-flops, and generates an output that
provides the data input for the second flip-flop, which in turn generates the MDDI_Stb+,
MDDI_Stb- signals. For convenience, the XNOR gate has the inversion bubble placed to

indicate that it is effectively inverting the Q output of the flip-flop that generates the Strobe.



is always one and only one transition per bit cycle between DATA and STB.
Therefore, the STB signal transitions again, this tine to '0" as the DATA
si gnal stw@3ae3s81' and holds this- |level or value as theCDARA/sE4gnal
changes level to V. Wen the DATA signal stays at '1', the STB signal
toggles to the opposite state or '1' id5the present exanple, and so forth,
as the DATA signal changes or holds levels or values. [0213] Upon

r i.Vi ng these signal . UsSt Vier, ( )Iﬁﬂs i |§H§)§ ed
tﬁ@ﬁs ATA aﬁ?i ?Fﬁps(imgn ?rggﬁoﬁg%défceﬁa C ’oé Sl gna*‘ﬁf%%’ |c¥rﬁjl)a2£6§hg\ﬂngw on
t he botMpDI Htht MDD Sibngicabid ate feodivéEbptichafewodifdrential liné reciversdb2l nad
data and strobe signals. An exanple of _circuitry useful for og%ga‘grat i.ng the

DATA add2%Tehishgpraratesingle guars fram the diffgrentiak dgeals-t hae Aelopts appEhers
. _ . . e

s ot 2 hef b ERBRGHE oBthd hibuBRiyth bl ebf Ex fe B CROR) S B orliiic

4100 i eldusd4126 whivhmpadducanthetciak signal. t Ties dodkosigrall is BT £o ipgeSEBh oF ghaDs

i nt di i gnal path 4102, whil ti tian,4120 i
over a0 L er ey < ool Roll, 4102, While A Leconllon ROTAI NALZ0 L
or der H%o%lggél%ﬁ%e_ f4133 YR 3fRdh £Q28) gédeﬁaﬁ'és’ ddid' @ PATAs siomalothes (i oyt

to two op circuit elements 4104 and 4106 along with a clock
si gnal datar'1t valggser Theclohke has rag undependiing ontpot flonpthiel ¥PRclogiruast wollit (funes the Q)

are the | .t into.a differenti al i Si NDDI t a0+ | .Dat a0
and  veRekanfmens ot Byen 161 DA YR FH 1aer arl pared o
driver /A28 ands 43t ol APeL HPIRLk et NSaRel RBWIo@X & kpriRcNOBsIENGR)
gate, circuit, or logic elenment 4112 is connected to receive the DATA and

out put sxolsiyetQR pracessing pk thednd Therrst STB ssignalso thepsistann gffectpieby tolreates BEiClat a
input for the s nd £1inp-fl.op | i r t b+

MDDI _Stt 2 ag]lo'dlﬁta ss%e&'o?et%vg V(tahr? i lgﬁl\é%%la?{] ﬁ%&]ﬁ% 8%’?’2%%?3)%? %tgnlﬁ%mtll%ngﬁho%l e
pl aced sigal isRehtcirdeetly badr d dindls dediéfed datgliye.i nverting the Q output of the

fl if_f | op that generates the Strobe. WD 03/ 023587 PCT/ US02/ 28461 45 [0,2]15]
| H0% 6t ept i orf Pata pgrso MRDE S+, and MBS thrsigiepls aigroperaissin @ ditiergntia
VDDl St h+ . -. Sl an r. i . . > ine
O bl 3B b0 o RAESLY S0 PRSI, Ok Rl LEpE ekt

di f f er eignahbathi ignatse tdimeanatod pritts ond-hilfief ampthdracerssticampetitmen dfrtpeitcaltle ceach

f the i t f t Wo- i t | i - XOR te, i it | i
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a del ayed version o ATA signal, throug el ay el enent 4132, oné of

whi ch (térbfiB)ticgeat ¢icasomscedfat the' thinsfealinkes The YIIDRE Sth-hend MDD Stb-@tgnals' ate only
val ues., The cl ock has an i ndependent output fromthe XOR logic as well.
Si nce t45Yen &y $8P9Skt or mation is distributed between the DATA and STB |ines,

ngoifgr si gngh ekdmplaht édfiSuration of elements useful for achieving the drivers, receivers, and

terminations for transferring signals as part of the inventive MDD interface are shown in FIG. 42,

while corresponding DC electrical specifications of MDDI_Data and MDDI_Stb are shown in
Table VII. This exemplary interface uses low voltage sensing, here 200 mV, with less than 1 volt

power swings and low power drain.

TABLE VII

Parameter Description Min.| Typ.| Max.| Units

Rierm Series Termination 413 | 422 | 43.0 | Ohms

Rhuibernate Hibernate State bias termination 8 10 12 | K-Ohms

Vhibernate Hibernate State open-circuit 0.5 28 |V
voltage

VouputRange | Allowable driver output voltage 0 28 |V
range with respect to GND

Vob+ Driver differential output high 0.5 \%
voltage

Vob- Driver differential output low 05|V




bet ween states faster than half of the clock rate. Since the clock is
reproduced using the exclusive-OR processing of the DATA and STB signal s,
t he syst ewoaBz3s87 vely tol erates twice the anmobunt of skewChaiSeszsI6ét he

i nput data and cl ock conpared to the situation when a clock signal is sent
directly over a single dedicated data l4tne. [0216] The MDDl Data pairs,
MDDI _St b+, and MDDI _Stb- signals are operated in a differential node to

maxi m ze it ' r mtne g) ffects of 5 rt of] t he
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ends. Since_only one| bfeshpldsoltngd drivers is dctive at a given time, lthere
i s al ways [@aVmt er mi nal Reseiver differensialiimpat foor t he tl0apsfer |l i nk.| nthe MDOI St b+
and MDDl _St b- si gnal sthagsholdnlojtagedri ven by the |host] [0217] An exenpl ary
confi gurat |vaug{ang§I engnb@amgeédéivefﬁfpuamtagyl ng tghe{driversp naceivers, and
term nations for tranﬁggé(vqtﬂge@b&rtgl(ﬁ\ngs part [of the inyentiye MDD

interface gfe shown LEGahS ESHongi g DC cyTical

. op L1 U =
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exenpl ary tnterface 'oco |va LeN tage—senst+rg—here200—mMv,—wth—tess—than 1

volt power swi ngs and | ow power drain. TABLE VI I

Pajoaigt er Deseid RicctM g)aflé)‘ﬂété\@&nlﬂ’néﬂa&c%rﬁﬁé@@f It differential line drivers and line
Term nati on4l. 342. 243. OChns Rhi ber nat eH bernate State bias

t er ni naerun@s G4 Kescnitred U TeblenBilb Hﬁbmtmaléy,shmd@vgpmnseﬁ@rs dlag togt lewelgan the
Vol a0 R TR B SRR L 8 R Y SRS e G088, i e,
di f f er eféahp@Ubdiitpdto V¥ FebYnalfBedIb GRS GfereiftiaPGaé WHIGH R&HHAN differentially. In
Par anmet er Descri ptionM n. Ty p. Max. Units
most implementations, the voltage swing on the outputs is less than the swing on the input to
minimize power consumption and electromagnetic emissions. Table VIII presents a minimum
voltage swing to be around 0.5V. However, other values can be used, as would be known by
those skilled in the art, and the inventors contemplate a smaller value in some embodiments,
depending on design constraints.

[0219] The differential line receivers have the same characteristic as a high-speed voltage
comparator. In FIG. 41, the input without the bubble is the positive input and the input with the
bubble is the negative input. The output is a logic one if: (Vigpue+) - (Vinpur-) 1S greater than zero.
Another way to describe this is a differential amplifier with very large (virtually infinite) gain
with the output clipped at logic 0 and 1 voltage levels.

[0220] The delay skew between different pairs should be minimized to operate the differential
transmission system at the highest potential speed.

[0221] In FIG. 42, a host controller 4202 and a client or display controller 4204 are shown
transferring packets over the communication link 4206. The host controller employs a series of
three drivers 4210, 4212, and 4214 to receive the host DATA and STB signals to be transferred,
as well as to receive the client Data signals to be transferred. The driver responsible for passage
of the host DATA employs an enable signal input to allow activation of the communication link
only when transfer from the host to the client is desired. Since the STB signal is formed as part
of the transfer of data, no additional enable signal is employed for that driver (4212). The
outputs of each of the DATA and STB drivers are connected to termination impedances or

resistors 4216a, 4216b, 4216¢, and 4216d, respectively.



vol tage Vrr+Receiver differential input highlOnV threshold voltage
Vrr_Receiver differential input |ow 10nV threshold voltage

VI nput - RawQ®alo3ssmbl e recei ver input vol tage03. 0V range wpPCh/usezpsaét t o GND
li.lnput |eakage current (excluding-2525t0 hibernate bias) [0218] The

el ectrical parameters and characteristd#és of the differential line drivers
and line receivers are described in Table VIII. Functionall y the driver
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4216d, J-QaReCtor R display device. The MDDI_Pwr signal acts as the display device power supply
which is driven by the host device In an exemplary configuration, for low power applications,
the display device is allowed to draw up to 500 mA. The MDDI_Pwr signal can be provided
from portable power sources, such as but not limited to, a lithium-ion type battery or battery pack

residing at the host device, and may range from 3.2 to 4.3 volts with respect to MDDI_Gnd.

VII. Timing Characteristics
A. Overview

[0226] The steps and signal levels employed by a client to secure service from the host and by
the host to provide such service, are illustrated in FIG. 43. In FIG. 43, the first part of signals
being illustrated shows a Link Shutdown Packet being transferred from the host and the data line
is then driven to a logic zero state using the high-impedance bias circuit. No data is being
transmitted by the client display, or host, which has its driver disabled. A series of strobe pulses
for the MDDI_Stb signal line can be seen at the bottom, since MDDI_Stb is active during the
Link Shutdown Packet. Once this packet ends and the logic level changes to zero as the host
drives the bias circuit and logic to zero, the MDDI_Stb signal line changes to a zero level as well.

This represents the termination of the last signal transfer or service from the host, and could have
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transferred .f ; | t dries ceddidéh of Sr-EHIMNd th
t er mi ndtTe ndrag%?gﬁlgﬁes&4%§%%3ta%@ Egﬁf@g,ﬁédoﬁ)%g& tlhnﬂjt?t scf}%e, p(r)ocesse’s nt hee
dat a f @fatd 6fahs kighals prioh e seivisé coramencaasas.s Ifndpsirgd) 22& asTvignal dai be eerdljust to
resistors 4218a and 4218b are pl aced between the termnation resjstors and
gr ound TessHths GPERYYEAEB Jinkelo4bo aropek SialecYithitp, Kapwih Hror GempRICATI ARIPE on
Contm'beél-}&fdéﬁ%?éﬁb hﬁ%ﬁ&&ice-.rhe vol tage source is used to drive the
transfer Tines to tthe high or low levels previously discussed to manage
t he22f7] ow of Adadhawn[iABIG] 4Ththeaskpmk odtpityrom thadlientpe deitieldy setah adegit deved df as
di screte conponents or as.part of an .application specific inteqra
cl 7 ou EopAdn e e e SiE oot isat e BB unr glb ¥ et srbfer sy A, en
sol uti QQrgic{e_qg%@ng' &gﬁé ldl,)?nee?&'n{ ¥nattQNitd BdlerRAREndsSa kémitefBqucedtd Methagt,

ev r

client . i ce, Isplay, fromthe host device usi 21% t he signals | abel ed
NI DDl Fwhrichaisch périonl of Ginoe, alesignated airvic.oduringrighiek dheslineTigalrivemts a dogic poe taveh of

the signal ,acts as the reference ground.and th S | v ret

or si gralc*fYR Ay iog g‘lnéf‘yﬁ}?&ﬁaé%e.s =X/ n_elg%/iﬁdels) ?%\é\eﬁheafé Sgd\étsecﬁhtgg EF@%EQy
devi ce (ayar,, s UNR! Mer WhicHthehod tevisondd withhelifilo startdie véquendenbyadri g tipl signal

configuration, for |ow power applications, the display device is allowed
to drave aplogs eooleal. Abdhivmpintpifle dicghde-assrts e prigstaard disebles Hasr sapice

power source L] bt . b4 B -ba

bt er yoasi v 45 Bl Ind Bleplihne ey 0 i dbet id A BUEToEY BEGEDAERY 135

vol t's winkd) thiec®IDI SthasidaDls fBadogid/kéro 1dveli ng Characteristics A Overview
[0226] The steps and si | evel s enpl

1 _ q%gal gée,i, @ﬁ a.client dto secure ser% ce
f (6338 he hoskhealingt gyivest }ﬁ’é%tiatﬁ U ¢ HE Su els@lrﬁ R AFPENS] Frayerthisht BT n
MG 33l afe'ifast didves!He1did RycPR her InPhdifiales MBI ibitbd 4pbici @fnahos, a

Li nk Shu being transferred fromthe host and the data line is
t hen dry,yeftet whizhl thgifostzforeaslt @maffic Usigng witle ahFrghnei Heasldn Peekehi and therforward No

1 ol 5 SRt S B L

can be 8¢ &bséfienPhiheMeadélERLYDD _Stb is active during the . Link
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asmbhe host Tabld YEE shhwsbeprssanitativei imemépr| thgilenatly of dhe varions s gissusiegnal
line c ha 0 ee,samt.‘l (gl"nf:arefa(taiE>r(1)sh|i[()a %/oeelxegnspla\ﬂrvie' lnllir'limum and maximum data rates, where:

1
tbit =T
Link_Data_Rate

Table VIII

Parameter | Description Min. Typ. | Max. | Units

fservice Duration of display service 60 70 80 usec
request pulse

trestart-high Duration of host link restart 140 150 160 | musec
high pulse

trestart-low Duration of host link restart 40 50 60 | usec
low pulse

taisplay-detect | Lime for display to detect 1 50 | usec
link restart sequence

thost-detect Time for host to detect 1 50 psec
service request pulse

1/tvit-min-pert | Link data rate for a minimum 0.001 1 Mbps
performance device




This represents the termnation of the |ast signal transfer or service from
the host, and could have WO 03/ 023587 48 PCT/ US02/ 28461 occurred at any
time in tWeopastsg7 and is included to show the prior cessatPCorusoi/2ser vi ce,
and the state of the signals prior to service commencenent. |f desired,
such as signal can be sent just to red®t the comunication link to the
proper state without a 'known' prr or conmuni cation having been undertaken
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termed trestart- after which the host drives the logic level to zero
and acthlbexn&ts)nlvmmt@s thatoarea sl[ne«vn ad FIQ né2d weresemitted from, FEFtddr begaveh thiﬁe

R R B T e SR

t he trestdket the@WRatdm@d and the subsequent Frane Header Packet. 102291
Table VII1 shows representative tinmes for the length of the various periods
di scussed above and the relationship to exenplary m ni num and nmaxi mum

data rates, T TabI e VIl
Par anet er DescCT i pteil)%tﬁl\gtmﬁprmkglg%ﬂ% er vi ceDuration of display
squY31¢ 607080 resvitehinte Sharfutdristics f@stharianbiegbDdatat orotheddrwead tlinki findin the host

restart 140150160sec high pul se_trestart-|owburati gon of_ host Lr nk
r est ar t4DSOOUEWE 1§ SHPVHU IR él“ able IX. Table IX presents a tabular form of the minimum ‘and

maximum desired, versus typical times for certain signal transitions to occur. For example, the -

14

typical length of time for a transition to occur from the start to the end of a data value (output of a
'0" or '1"), a Data0 to Data0 transition, termed tidd-thost-output> 1S tiwir While the minimum time is about
twi-0.5 nsec., and the maximum is about tg+0.5 nsec. The relative spacing between transitions
on the Data0, other data lines (DataX), and the strobe lines (Stb), is illustrated in FIG. 44 where -
the Data0 to Strobe, Strobe to Strobe, Strobe to Data0, Data0 to non-Data0, non-Data0 to non-
Data0, non-Data0 to Strobe, and Strobe to non-Data0 transitions are shown, which are referred to
a8 tids-(host-output)» Ltss-(host-output)» Lisd-(host-output) tiddx-(host-output)» Ltdxdx-(host-output)s ttdxs-(host-output)y AN tesdx-(host-

output)> T€Spectively.

Table IX

Parameter Description Min. Typ. Max. Units
tidd-(host-oupuy) | Data0 to Data0 transition | tui — 0.5 fibit twit + 0.5 | nsec
fids-(host-ouput) | Datal to Strobe transition | tii — 0.8 tibit twie + 0.8 | msec

tess-(host-output) Strobe to Strobe tiit — 0.5 tibit twit + 0.5 | nsec
transition

tisd-(host-output) Strobe to Data0 transition | tg; — 0.8 tebit twic + 0.8 | nsec

tiddx-(host-outputy | Data0 to non-Data0 tibit nsec
transition

ttdxdx-(host-outpury | ON-Data0 to non-Data0 tipir — 0.5 ipit tiic + 0.5 nsec
transition




tdi spl ay-detectTine for display to detect150sec |link restart sequence
thost-detect Tine for host to detect150sec service request pul se

| /t bit-mwopantissnk data rate for a m ni nunD. 0011NMops per fPomrmsnzes4devi ce WO
03/ 023587 49 PCT/ US02/ 28461 Par anet er Descri pti onM n. Typ. Max. Units

| /tbit-max-perfMaxi numlink data rate G0001450Mops range for a device
Reverse Link data rateO. 000550l\/bps tbitPeriod of one forward |ink 2.210nsec
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hi ber nat i of tdae@d«Shqt S| Stralte tamendbaath in FI G 42 Wwelwa qmitted flrasedl|G 41
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performthe Data- Strobe encodi ng and recover the clock fromit. B.
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occur . Gismssedhms tame delayed \ig; meyy f1gé‘FFnghn‘?§‘fle$ ‘?rgﬁ‘fsgf‘ éﬁ@? fﬁ?fﬁ(’t?%ss”(%cqﬁ r
from t hgeBid &t tB@résE@ctﬁQ@ab@fs & \Q@ﬁlﬁ b%%hﬂ&s&)@ﬂb?%os@fshﬂed ithe@ft. ' 1'), a
DataO to DataO transition, terned d- (host-output, is tthit while the
mnimumtime is about tthit-0.5 nsec and the maxi numis about ttbit+0.5

nsec. The rel ative spaci ng between tr, ,@1 |k| ons on the DataO other data
| ines (DataX), and the strobe lines ( ., is illustrated in FIG 44 where

the Dat ay pRraph&teP€: | DedcPiRion® St ' OD€, St obgpiho Dargs) | Datm@ t ¢ vl Pat a0,
non- Dat a0} g IoTT et Bitag RBa B ARG ST Dﬁ,,t A [SYLO0F (.0 Q7T CRlce
tranS|t|0‘|t AT C—STIov ib4 agct ? CT 1T CU cih 1 %) JS ;li!.g.[)uts)eb
tt ss- (host=tésdispaytiopud |4 gt& ltq'q‘r}g? oA o) W\n t-td UU,\ mtn- B b l ,
£ t dxdx- ( hphs-cgnspn ) | Swebpie Stiohe fransiion r ) | twig 49 mtum h 14&bu+ 1.0 | nsec
tisd-(display-inputy | Strobe to Data0 transition twie— 1.5 tiit twit + 1.5 | nsec
tradx-(host-outpuy | Data0 to non-Data0 transition Libit nsec
traxdx-(host-outputy | NON-Data0 to non-Data0 ibit nsec
transition
tidxs-(host-ourpuyy | NON-Datal to Strobe it nsec
transition ’ '
tisdx-host-outpuy | Strobe to non-Data0 tivit nsec
transition
[0232] FIGS. 45 and 46 illustrate the presence of a delay in response that can occur when the

host disables or enables the host driver, respectively. In the case of a host forwarding certain
packets, such as the Reverse Link Encapsulation Packet or the Round Trip Delay Measurement
Packet, the host disables the line driver after the desired packets are forwarded, such as the
Parameter CRC, Strobe Alignment, and All Zero packets illustrated in FIG. 45 as having been
transferred. However, as shown in FIG. 45, the state of the line does not necessarily switch from
'0' to a desired higher value instantaneously, although this is potentially achievable with certain
control or circuit elements present, but takes a period of time termed the host Driver Disable
Delay period to respond. While it could occur virtually instantly such that this time period is O
nanoseconds (nsec.) in length, it could more readily extend over some longer period with 10
nsec. being a desired maximum period length, which occurs during the Guard Time 1 or Turn
Around 1 packet periods.

[0233] - Looking in FIG. 46, one sees the signal level change gndergone when the host Driver is

enabled for transferring a packet such as Reverse Link Encapsulation Packet or the Round Trip



output), respectively. Table | X ParaneterDescriptionMn. Ty p.Max. Units
ttdd-host-output)DataO to DataO transitionttbit - 0.5tthitttbit + 0.5nsec
tt ds- hostwouwBpedsyDat aO to Strobe transitionttbit - 0. 8ttbiPCTtuso2/28460. 8nsec
ttss-(host-output)Strobe to Strobe tthit - 0.5tthitttbit + 0.5nsec
transition ttsd-host-output)Strobe to DdtaO transitiontthit - 0.8ttbhittthit
+ 0. 8nsec ttddx-(host-output)DataO to non-DataO tthitnsec transition
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ut Dat aOut ghddt A di@Rsidelg@nt thit -1. O0ttbitttbit + 1.0nsec ttds- dis la -in
utDataO to Strobe transitionttbit -1.5ttbhitttbit + 1.5nsec ttss- dis la -in

utStrobe to Strobe transitionttbhit -1.0ttbitttbit + 1.0nsec ttsd- dis la
-in utStrobe to DataO transitionttbi -;.g#tbitttbit + 1. 5nsec
t t ddx- host - out put ) Dat aO t o non- Dat aO P tionttbhitnsec

Description Min. | Max. | Units
Host Driver Disable Delay 0 10 nsec
Host Driver Enable Delay 0 2.0 nsec
Display Driver Disable Delay 0‘ 10 | msec
Display Driver Enable Delay 0 2.0 nsec
C. Data-Strobe Timing Reverse Link
[0235] The switching characteristics and timing relationships for the data and strobe signals used

to transfer data on the reverse link from the client driver output are shown in FIGS. 47, and 48.
The typical times for certain signal transitions are discussed below. FIG. 47 illustrates the
relationship at the host receiver input between the timing of the data being transferred and the
leading and trailing edges of the strobe pulses. That is, what is referred to as the set-up time for
the rising or leading edge of the strobe signals, tg,.s; and the set-up time for the trailing or falling
edge of the strobe signals, tq.sr. A typical length of time for these set-up periods in on the order of
a minimum of 8 nanoseconds.

[0236] FIG. 48 illustrates the switching characteristics and corresponding client output delay
developed by the reverse data timing. In FIG. 48, one can see the relationship between the
timing of the data being transferred and the leading and trailing edges of the strobe pulses
accounting for induced delay. That is, what is referred to as the propagation delay between the
rising or leading edge of the strobe signals and the data (valid), tpq.sr, and the propagation delay
between the data and the trailing or falling edge of the strobe signals, tpasr. A typical maximum

length of time for these propagation delay periods in on the order of 8 nanoseconds.
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and 46 illustrate the presence of a delay in response that can occur when

the host disables or enables the host 5@river, respectively. In the case of
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result (effect) while the audio and visual packets are transferred to their appropriate destination

for action.

[0239] The general purpose processor function can be realized in some embodiments by taking
advantage of the processing power, or excess cycles available for, microprocessors (CPUs) in
computer applications, or processors, digital signal processors (DSPs), or ASICs found in
wireless devices, in much the same manner as some modems or graphics processors utilize the
processing power of CPUs in computers to perform some functions -and reduce hardware
complexity and costs. However, this can negatively impact the processing speed, timing, or
overall operation of such elements, so in many applications, dedicated circuits or elements are
preferred for this general processing.

[0240] In order for image data to be viewed on a display (micro-display), or to reliably receive
all packets sent by the host, the display signal processing must be synchronized with the forward
link channel timing. That is, signals arriving at the display and the display circuits must be time
synchronized for proper signal processing to occur. A high level diagram of states achieved by
signal processing steps or a method by which such a synchronization can be implemented is
presented in the illustration of FIG. 49. In FIG. 49, the possible forward link synchronization
"states" for a state machine 4900 are shown being categorized as one Async Frames State 4904,
two Acquiring Sync States 4902 and 4906, and three In-Sync States 4908, 4910, and 4912.

[0241] As shown by starting step or state 4902, the display starts in a pre-selected "no sync”

state, and searches for a unique word in the first sub-frame header packet that is detected. It is to
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not correct, then the sync state processing proceeds or returns to the interface state 4902 of "no
sync frame" state. This portion of the processing is labeled as encountering cond 2, or condition

2, in the state diagram of FIG. 49.

B. Acquisition Time for Sync
[0243] The interface can be configured to accommodate a certain number of "sync errors” prior
to deciding that synchronization is lost and returning to the "no sync frame" state. In FIG. 49,
once the state machine has reached the "in-sync state” and no errors are found, it is continuously
encountering a cond 1 result, and remains in the "in-sync" state. However once one cond 2 result
is detected, processing changes the state to a "one-sync-error” state 4910. At this point, if
processing results in detecting another cond 1 result, then the state machine returns to the "in-
sync" state, otherwise it encounters another cond 2 result, and moves to a "two-sync-errors" state
4912. Again, if a cond 1 occurs, processing returns the state machine to the "in-sync” state.
Otherwise, another cond 2 is encountered and the state machine returns to the "no-sync” state. It

is also obvious that encountering a "link shutdown packet” will cause the link to terminate data



have | ower speed demands. Wen those packets (control, status, or other
pre-defined packets) are received, the state nmachi ne shoul d pass them

t hrough awoaBm2iseffer or simlar processing elenent to tiR€eTgSnB28&bE pur pose
processor so the packets can be acted upon to provide -a desired result
(effect) while the audio and visual pab&ets are transferred to their
appropriate destination for action. [0239] The general purpose processor
functi I "

pr oces SEnTER e st i o388 Ads A TaRTI0N FELR iRfolil Bmatian: 568, Pushds

in, Coapt®io ARMctiagiconds, OIijndlﬁOﬁGSSICthSStalél(hagralh osfiFg@a49 processors
(DSPs or ASICs found in _ wreless_devices, in nuc 2?91 samewrér&r%ger as

s 89R44hrodens los wdagsinodshiris deressible {orithsrs do ppe reB‘?a(%‘gs PP ¢ UEEBLE i n
COMpUt §f 34 Lohilf B{aﬁ/r %Bp%% LIHRE ik ({P?ocaﬁ@ﬁ‘%ﬁﬁﬁ%@ sAfEMR! eI GamtRxNbAYitasd
costs. wever can negafively | npact the processing speed, timng, or
over al Ihighpe nﬁliketbylt}mf tisustdte alaehina vall syrmhrmnlszhap@—fmmtlboc&lse thedTRGtancthe

t | t d f t hi 024 |
or dor £ s HoRat Fopks alR Asobr SHEWIFS sFor S B st 51 0 MOy Mfegfake
reliabl cregsq % ro@el @Bkl SyrReBfady the host, the di Sp| ay signal

proces e synchroni zed wth the forward | i nk channel timng. That
i §024s] gnal S Enersubﬁmgneallengthendhfswbai}lalaﬁﬁea@m Riickqsiragy be et (i gerorfn drdigaic thage

<Y ot os R ARCyal ol Bp i o B R 1 bt B oyl SR A

synchr gjpcgatd 8NcsdidulR infPALiRhiBenhSon aatesemlﬁdcase ﬂlhehsiplla{yuﬁtlsrtalmnmﬂlanély
FIG 4 In FIG 4 t he possible forward |ink synchronjzation "stat

for a gecsiv mkﬁs ntéerztb@@rafraéd B%&#Pr@éteﬁ@n&ﬁleégbwfiﬂﬁdﬂﬁ@%ﬁ@ kekhacausey

State 49 u t 6 nd I
St at o i subybfRpeeihich) dgY o TR (s @] 10BN Bl Or Y fa
4902, tdperatiosf Iﬂea/mtfaarhs lén@tipis proa-zsei it thd disphaysony procedses forwamidinepackéies

for a unigue word in the first b-fr head t hat, detected. It
i s to Whilb3hoabree mom thegssia 6@3’3&9 q §§ Fﬁ St lg;lfig ‘ate

V\ﬁ Lﬁfent S HE Pl e(aofﬂfua[”dﬁgfa?rqg s%/ﬁEltlﬂoHﬁeO(E) thé E%}WAQ@QK"Ak s@@éltlh Rérihble

a Type Interface 1s se When the unique word is found during
t he seatepénding be tii syil-fryms aizesantitibe Sartwafd dink dangteh Thelikelibhd o€ detsciig a
checking .of theg bi.ts for, proces on this fir I unt i
synchr ofd! %?‘?Pdn"& thegprigyewgrd %fp%?fzth% ??&df’?laﬂlérqoé%ﬁnao?sda% rbtherfﬂr\%ard i%c'
state pg gﬁ%&? Wi@n RELGHOH IS 650 aftdr.{ At tHRSafRIIMNM thoalsiliflie rédNér frakael fRtte
here as async franes” state, which indicates that synchronization has
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encountered cond 3, or condition 3, in FIG 49. Oherwise, if the frane
|l ength is greater than zero, then the sync state processing proceeds to a
state 4906 wher e ppitifidatibfir f ace state is set as "found one sync frame.”

This step in the processing is |abeled as
[0247] As stated earlier, at the time of "start-up”, the host configures the forward link to operate

at or below a minimum required, or desired, data rate of 1 Mbps, and configures the sub-frame
length and media-frame rate appropriately for a given application. That is, both the forward and
reverse links begin operation using the Type-I interface. These parameters are generally only
going to be used temporarily while the host determines the capability or desired configuration for
the client display (or other device). The host sends or transfers a sub-frame Header Packet over
the forward link followed by a Reverse Link Encapsulation Packet which has bit '0' of the
Request Flags set to a value of one (1), in order to request that the display responds with a
Display Capability Packet. Once the display acquires synchronization on (or with) the forward
link, it sends a Display Capability Packet and a Display Request and Status Packet over the
reverse link or channel.

[0248] The host examines the contents of the Display Capability Packet in order to determine

how to reconfigure the link for optimal or a desired level of performance. The host examines the



encountering cond 5, or condition 5, in FIG 49. In addition, if the state
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B. Acquisition Time for Sync [0243] The interface can be configured to
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sub- f r ang Suba#lahe Basdat(SHRY be set to zeConfiand gutidgatketf duptures sub-frame
length field, and sends packet parameters
to a general purpose processor.
Filler (F) Ignores data.
Video Stream (VS) Interprets the Video Data Format
Descriptor and other parameters, unpacks
packed pixel data when necessary,
translates pixels through the color map if
necessary, and writes pixel data to
appropriate locations in the bitmap.
Audio Stream (AS) Sends audio sample rate setting to audio
sample clock generator, separates audio
samples of specified size, unpacks audio
sample data when necessary, and routes
audio samples to appropriate audio sample
FIFO
Color Map (CM) Reads color map size and offset
parameters, and writes the color map data
to a color map memory or storage location.
Reverse Link Encapsulation (REL) Facilitates sending packets in reverse
direction at the appropriate time. Reverse
link flags are examined, and Display
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5Si ng

Communication Link Channel (CLC)

Sends this data directly to a general-
pUrpose processor.

Display Service Request (DSR) during
hibernation

General-purpose processor controls the
low-level functions of sending request and
detects contention with link restarting on
its own.

Interface Type Handoff Request (ITHR)
and Interface Type Acknowledge (ITA)

May pass these packets to and from the
general-purpose processor. The logic to
receive this type of packet and formulate a
response with an acknowledgment is
substantially minimal. Therefore, this
operation could also be implemented
within the packet processor state machine.
The resulting handoff occurs as a low-level
physical layer action and is not likely to
affect the functionality or functioning of
the general-purpose processor.

Perform Type Handoff (PTH)

May act on such packets either directly or




[ 0249] For all packet types, the packet processor state machi ne ensures
that the CRC checker is controlled appropriately or properly. It also

I ncr ementwWoOA3RE8Error counter when a CRC conpari son res®CTaSon2sane or
nore errors being detected, and it resets the CRC counter at the beginning
of each sub-frane being processed. | X 5Packet Processing [0250] For each
type of packet discussed above that the state machi ne receives, it
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| ocation. Reverse Link Encapsul ation (REL)Facjlitates sendin ackets .in
r ever sdheiMIQRL iS¢ signal pair kgsles e icatale RinsEOdiReipty dlack F‘hﬁalf Iﬂéfgg’r‘g?réllﬁé’ikaﬂ?tﬁed,

and D srgi!e.ay R Q)%é\g‘g 358 4useO the host link controller generates the MDDI_Stb signal that
corresponds to the MDDI_Data0 signal as if it were sending all zeroes. The MDDI_Stb signal is

transferred from the host to a display where it is used to generate a clock signal for transferring
reverse link data from the display, with which reverse data is sent back to the host. An
illustration of typical amounts of delay encountered for the signal transfer and processing on the
forward and reverse paths in a system employing the MDDI, is shown in FIG. 50. In FIG. 50, a
series of delay values 1.5 nsec., 8.0 nsec., 2.5 nsec., 2.0 nsec., 1.0 nsec., 1.5 nsec., 8.0 nsec., and
2.5 nsec., are shown near processing portions for the Stb+/- generation, cable transfer-to-display,
display receiver, clock generation, signal clocking, Data0+/- generation, cable transfer-to-host,
and host receiver stages, respectively.

[0252] Depending on the forward link data rate and signal processing delays encountered, it may
require more time than one cycle on the MDDI_Stb signal for this "round trip" effect or set of
events to be completed, which results in the consumption undesirable amounts of time or cycles.
To circumvent this problem, the Reverse Rate Divisor makes it possible for one bit time on the
reverse link to span multiple cycles of the MDDI_Stb signal. This means that the reverse link
data rate is less than the forward link rate.

[0253] It should be noted that the actual length of signal delays through the interface may differ
depending on each specific host-client system or hardware being used. Each system can
generally be made to perform better by using the Round Trip Delay Measurement Packet to
measure the actual delay in a system so that the Reverse Rate Divisor can be set to an optimum
value.

[0254] A round-trip delay is measured by having the host send a Round Trip Delay Measurement
Packet to the display. The display responds to this packet by sending a sequence of ones back to

the host inside of, or during, a pre-selected measurement window in that packet called the
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Divisor it could cause bit errors on the reverse link due to unreliable data sampling. An example

of this situation is illustrated in FIG. 51, where signals representing MDDI_Data at host,
MDDI_Stb at host, forward link data clock inside the host, and a Delay Count are illustrated in
graphical form. In FIG. 51, the response sequence was received from the display a fraction ofa
forward link clock period before the Delay Count was about to increment from 6 to 7. If the
delay is assumed to be 6 then the host will always sample the reverse data just after a bit
transition or possibly in the middle of a bit transition. This could result in erroneous sampling at
the host. For this reason, the measured delay should typically be incremented by one before it is
used to calculate the Reverse Rate Divisor.

[0256] The Reverse Rate Divisor is the number of MDDI_Stb cycles the host should wait before
sampling the reverse link data. Since MDDI_Stb is cycled at a rate that is one half of the forward
link rate, the corrected round-trip delay measurement needs to be divided by 2 and then rounded

up to the next integer. Expressed as a formula, this relationship is:

round _trip _delay + 1)

reverse _rate _ divisor = RoundUpToNextInteger( 5

[0257] For the example given, this becomes:

6+1]:4
2

[0258] If the round trip delay measurement used in this example were 7 as opposed to 6, then the

reverse _rate _ divisor = Round UpToNextInteger(

Reverse Rate Divisor would also be equal to 4.
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corresponds to the MDDI  DataO signal as if it were sending all zeroes. The
VDDI _ St Bivisog it thies thet rewersé bnk daja fate in axpeespiskas: t o a di spl ay where it is used
to generate a clock signal for transferring reverse link data fromthe

di splay, with which reverse data is sent back to the host. An

; 200Mbps — 25Mbps

[0260] An example showing the timing of the MDDI_Data0 and MDDI_Stb signal lines in a
Reverse Link Encapsulation Packet is shown in FIG. 52, where the packet parameters used for

illustration have the values:

Packet Length = 1024 (0x0400) Turn Around 1 Length =1

Packet Type = 65 (0x41) Turn Around 2 Length =1
Reverse Link Flags =0 Reverse Rate Divisor =2
Parameter CRC = 0xdb43 All Zero is 0x00

Packet data between the Packet Length and Parameter CRC fields is:

0x00, 0x04, 0x41, 0x00, 0x02, 0x01, 0x01, 0x43, Oxdb, 0x00, .

[0261] The first reverse link packet returned from the display is the Display Request and Status
Packet having a Packet Length of 7 and a packet type of 70. This packet begins with the byte
values 0x07, 0x00, 0x46, ... and so forth. However, only the first byte (0x07) is visible in
FIG. 52. This first reverse link packet is time-shifted by nearly one reverse link clock period in
the figure to illustrate an actual reverse link delay. An ideal waveform with zero host to display

round-trip delay is shown as a dotted-line trace.
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operating with any Interface Type setting on either the forward or reverse link because they are
expressed and operated on in terms of units of actual clock periods rather than numbers of bits

transmitted or received.

XI. Turn-Around and Guard Times

[0266] As discussed earlier, the Turn Around 1 field in the Reverse Link Encapsulation Packet
and the Guard Time 1 field in the Round Trip Delay Measurement Packet designate values for
lengths of time that allow for the host interface drivers to be disabled before the display interface
drivers are enabled. Turn Around 2 and Guard Time 2 fields provide time values which allow
the display drivers to be disabled before the host drivers are enabled. The Guard Time 1 and
Guard Time 2 fields are generally filled with pre-set or pre-selected values for lengths that are
not meant to be adjusted. Depending on the interface hardware being used, these values may be

developed using empirical data and adjusted in some instances to improve operation.
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ext o 2 reverse - rate _ divisor = Roun [0257] For the exanple given,
this bdeBHEShREL1 ¢ Nt

Clocks _to __disable,,, = ForwardLinkDataRate - HostDriverDisableDelay .
InterfaceTypeFactor .y,
[0268] The allowed value range of Turn Around 1 is expressed according to the

relationship:

Clocks _to _disabl
Turn _ Around _1> RoundUpToNextInteger( oS - Oé‘ hakidang -IfztezfaceTypeFactorFWDJ

where the Interface Type Factor is 1 for Type-I, 2 for Type-II, 4 for Type-III, and 8 for Type-IV.
[0269] Combining the two equations from above, one can see that the Interface Type

Factor term cancels out, and Turn Around 1 is defined as:

F dLinkDataRate - HostDriverDisableDel
Tum_Around__lzRoundUpToNextInteger( orwardznkatanale CoSI TIverTnanE® ay““‘"j

8
[0270] For example, a 1500 Mbps Type-IIl forward link would use a Turn Around 1
delay of:
Turn _Around _1= RoundUpToNextInteger(ISOOMbp 8S -10n sec) = 2Bytes
[0271] As the round trip delay increases, the timing margin improves from the point in
time when the host is disabled to the time the display is enabled.
[0272] The factors that determine the length of time generally used for Turn Around 2

are the forward link data rate, the maximum disable time of the MDDI_Data drivers in

the display, and the round-trip delay of the communication link. The calculation of the
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time required to disable the display driver is essentially the same as that for the host

driver discussed above, and is defined according to the relationship:

Clocks _to _disabler,, = ForwardLinkDataRate DisplayDriverDisableDelay .

InterfaceTypeFactor,,

and the allowed value range for Turn Around 2 is expressed as:

Clocks _to _disable,,, + round _trip _delay +1

Turn _ Around _2 = RoundUpToNextInteger

8
([nz‘erfaceTypeF actormy, J

For example, a 1500 Mbps Type-III forward link with a round-trip delay of 10
forward link clocks typically uses a Turn Around 2 delay on the order of:

_ 1500Mbps

Clocks _to _disabler,, = -10nsec =3.75

Turn _ Around _2 = RoundUpToNextInteger 3.75+10+1 -8

5

XII. Effects of Link Delay and Skew

Delay skew on the forward link between the MDDI_Data pairs and MDDI_Stb can limit
the maximum possible data rate unless delay skew compensation is used. The differences in
delay that cause timing skew are due to the controller logic, the line drivers and receivers, and the

cable and connectors as outlined below.

A. Link Timing Analysis Limited by Skew (MDDI Type-I)
1. - Delay and Skew Example of a Type-I Link
A typical interface circuit similar to that shown in FIG. 41, is shown in FIG. 57 for

accommodating a Type-I interface link. In FIG. 57, exemplary or typical values for propagation
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tPD—min( Delay 1) 2 tPD —~max( XOR )

[0278] It is desirable to meet this requirement so that the D input of receiver flip-flop 5728, 5732
does not change before its clock input. This is valid if the hold-time of RXFF is zero.
[0279] The purpose or function of Delay2 is to compensate for the hold-time of the RXFF flip-

flop according to the relationship:

! pD—min(Delay2) = L H(RXFF)

[0280] In many systems this will be zero because the hold time is zero, and of course in that case
the maximum delay of Delay2 can also be zero.

[0281] The worst-case contribution to skew in the receiver XOR stage is in the data-late/strobe-
early case where Delayl1 is at a maximum value and the clock output from the XOR gate comes

as early as possible according to the relationship:

4

L skEW —max(RXXOR) = L pD-max(Delayl) — L PD~min(XOR)
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Ti me lcfah%h@xfg)r;éss%ﬁﬁs:m“”d Trip Delay Measurenent Packet designate val ues
for |engths tine that allow for the host interface drivers to be
di sabl ed before the display interface drivers are enabled. Turn Around 2
and Guard Tinme 2 fields provide tine values which allow the display
ey 61O,

drivers to belmi-sabldd Berdte+One REeseq aryifes a3 RapoRapit ard Tine
1 and ‘
B. Link Timing Analysis for MDDI Type-II, III, and IV
[0285] A typical interface circuit similar to that shown in FIGS. 41 and 57, is shown in FIG. 59

for accommodating Type-II, III, and IV interface links. Additional elements are used in the
TXFF (5904), TXDRVR (5908), RXRCVCR (5922), and RXFF (5932, 5928, 5930) stages to
accommodate the additional signal processing. In FIG. 59, exemplary or typical values for
propagation delay and skew are shown for each of several processing or interface stages of an
MDDI Type-II forward link. In addition to skew in the delay between MDDI_Stb and
MDDI_Data0 affecting the duty-cycle of the output clock, there is also skew between both of
these two signals and the other MDDI_Data signals. Data at the D input of the receiver flip-flop
B (RXFFB) stage consisting of flip-flops 5928 and 5930, is changed slightly after the clock edge
so it can be sampled reliably. If MDDI Datal arrives earlier than MDDI_Stb or MDDI_Data0
then MDDI_Datal should be delayed to be sampled by at least the amount of the delay skew. To
accomplish this, data is delayed using the Delay3 delay line. If MDDI_Datal arrives later than
MDDI_Stb and MDDI_Data0 and it is also delayed by Delay3 then the point where



Guard Tinme 2 fields are generally filled with pre-set or pre-selected
val ues for lengths that are not neant to be adjusted. Depending on the
i nt er f acewbasds8® bei ng used, these values nmay be devel epgaisay2gagl
enpirical data and adjusted in some instances to inprove operation. WO
03/ 023587 PCT/ US02/ 28461 61 [0267] Sevessmal factors contribute to a
determ nation of the length of Turn Around 1 and these are the f orwar d

link d d_the nmaxi mum di,sabl e of t rivers in
the hoob DO RR 3Rt Ss BRSCAHTLE S AR et bRk Bled: Qb bihrs Rlem ek M LBt
wher e i Eim&hP'\e ddi@tatd SartiMDIBT Bypel BKEL, bW 1inkO Sﬂﬁﬁfbxeﬂﬁp}ﬁry’fﬂﬂ%fdﬂt gosiiligesand
about 2 nsec. to enable. The m ni mum nunber of forward |ink clocks

requi r efor theytiming ayskew aelptienshipoofijwodlagesigrals aud MbPleSduvith sespeditn gaohothere
relatio Kk . HostDriverDi sableDelay.,. Cocks - to
- di sabg§ rateﬁ%ﬁéggdcdé %gﬁ%@%or 14, D [0268] The all owed val ue range of
Tupops@r ound Th bﬁleexorseﬁ@mi dacelidblpgint RXIFR8 wheh MDDISDataX arrivedias aatie, Al

I nterfaceTypeFactorFwD Turn - Around 1 > RoundUpToNext] nteger C ocks _
to wherRosgidle, Delaypfigecs aqsppding i hsrelpdonshingr “Type-1, 2 for Type-11, 4 for
Type-111, and 8 for Type-1V. [0269] Conbi ning the two equations from
above, one can see that the Interface Type Factor term cancels out, and
Turn Around 1 |§&§ef| ned ass Jurn _Around g1y RoundUnTpNext | nt eger

For war dLi nkDat aR2R-emin(Rgky Dr i ve?@“%allﬂ’(@@élf)a H(R)@FFD &DW(’@R&WI e, a
1500 Mops Type-111 forward link would use a Turn Around 1 delay of: Turn -
Around - 1= RoundUpToNextlnteger C1500Mops 10n sect 8 J = 2Bytes [0271]
AS[ob§f T oundrhd hﬂxﬂﬁﬁrﬁﬂﬂk%@@@%‘e&ewﬂﬁﬁ‘e& bftﬁwnﬁmﬁlw chSWz{Hi’é/ 88 p%ﬁean s is
p0|nt in tinme when the host I1s disabled to the tine the display is

enabl edmoft0@ffitedT mheh aMDﬂIsDanaft afstesrasi late ah@obwblgt hImthat j aaee, ghaeniaithym
used for Tu pﬁﬁpe%éqd‘ the forward |ink data rate, the maxi num di sabl e
time of %1lscﬁ'1 % in ,

tBIT—min = ZSKEW ~max(LINK) + tPD—max(Dalay3) + tSU(RXFFB) - zLPD—min( XOR)

[0288] The upper bound of link speed is then:

! pDmax(Delay3) = £ PD—min(Delay3)

and given that assumption:

tBIT—min(lower—bound) = 2 ) tSKEW—-max(LINK) + tPD—max(XOR) + tSU(RXFFB) + tH(RXFFB)

[0289] In the example given above, the lower bound of the minimum bit period is given by the -
relationship:

t =2-1.4+15+0.5+0.1=4.8nsec, which is approximately 208 Mbps.

BIT —~min(lower~level )

[0290] This is much slower than the maximum data rate that can be used with a Type-I link. The
automatic delay skew compensation capability of MDDI significantly reduces the affect that

delay skew has on the maximum link rate.



the display, and the round-trip delay of the communication |link. The

cal cul ation of the WD 03/023587 PCT/US02/ 28461 62 tine required to disable
t he di splwgodo2iser is essentially the sane as that for thechasp2/.28d6i ver

di scussed above, and is defined according to the relationship: e .

Di spl ayDri ver Di sabl eDel ay,,,ax Clocks 66 to - disabl eTA2 = dLin

I nterfaceTypeFactor,D and the all owed val ue range for Turn Around 2 is
expressed as: Turn - Around _ 2 > RoundUpToNextlnteger Clocks _to _

di sabl eTA2 + round - trip _ delay + 1 8 InterfaceTypeFactorFwD i [0273] For
exanpl eXIA. lﬂ@ﬁidﬂ)I),ayéliyhﬂeﬂcbhnéaﬁmmachptiknvvith a round-trip delay of 10

f orwar d Iin clocst ically uses_ a Turn Around 2 del ay on the order of:
08¢ - W preestions Bpdmplemertins ry interieg, According b the

EEI 53“2[%@ %e o?\%étrr1 §e%<ﬂ gt %e%ckﬁ% n%a?g&%lg angé(g%% f’%rtcan

limt ahebeRs2e08ER0 5 iabl mafafarturetieby Hese Bidcaic Kanpaaymadsahi e hest
used. The differences In delay that cause ti mg_cl; skew are due to the

cont r ol $ide, amsbp@rt nebel FAHEPLeas mangfaciveed, by dirasaiElestic Capipanardd. on
connectors | i.ned. w. A Lj Anal ysi s L|mted by..Skew I
Type- ) Bl 0e RS Sl At SiFElaBY LT N AN OB AP o Sueh
| Nt er f agfufekfi dsed hth ATy ﬁgtpeshqw&rmeg i Gistbd inl 'Pabi@%ﬂ bfid il e dedf Of
accommodating a Type-1 interface’link. In FIG 57, exenplary or typical

val ues indfiGp6dpagati on WO 03/ 023587 PCT/ US02/ 28461 63 del ay and skew are
shown for each of several processing or interface stages of an MDD, Type-|

Table XIII

Signal Name Pin Color | Signal Name Pin Color
Number Number
MDDI_ Pwr 1 Red |MDDI_ Gnd 2 Black paired w/Red
MDDI_Stb+ 3 Green | MDDI_Stb- 4 Black paired w/Green
MDDI_Data0+ 5 Blue MDDI_Data0- 6 Black paired w/Blue
MDDI_Datal + 7 ‘White IMDDI_Datal- 8 Black paired w/White
Shield
[0292] The shield is connected to the MDDI_Gnd in the host interface, and a shield drain

wire in the cable is connected to the shield of the display connector. However, the
shield and drain wire are not connected to the circuit ground inside of a display.

[0293] Interconnection elements or devices are chosen or designed in order to be small
enough for use with mobile communication and computing devices, such as PDAs and
wireless telephones, or portable game devices, without being obtrusive or unaesthetic in
comparison to relative device size. Any connectors and cabling should be durable
enough for use in the typical consumer environment and allow for small size, especially
for the cabling, and relatively low cost. The transfer elements should accommodate data
and strobe signals that are differential NRZ data having a transfer rate up to around 450
Mbps for Type I and Type II and up to 3.6 Gbps for the 8-bit parallel Type IV version.

XIV. Operation
[0294] A summary of the general steps undertaken in processing data and packets during
operation of an interface using embodiments of the invention is shown in FIGS. 54a and 54b,

along with an overview of the interface apparatus processing the packets in FIG. 55. In these



forward |ink. Skew in the delay between NIDDI _Stb and NI DDI _Dat aO causes
the duty-cycle of the output clock to be distorted. Data at the D input of
t he receiwero3fbispz fl op (RXFF) stage using flip-flops 5728CTARB2284mLSt
change slightly after the clock edge so that it can be sanpled reliably.
The figure shows two cascaded delay |ings 5732a and 5732b being used to
solve two different problens with creating this timng relationship. In
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client also needs to provide Display Capabilities packet to the host, as in step 5408. The host can
now begin to determine the type of support, including transfer rates, the client can accommodate.

[0296] Generally, the host and client also negotiate the type (rate/speed) of service mode to be
used, for exampie Type I, Type U, Type II, and so forth, in a step 5410. Once the service type is
established the host can begin to transfer information. In addition, the host may use Round Trip
Delay Measurement Packets to optimize the timing of the communication links in parallel with
other signal processing, as shown in step 5411.

[0297] As stated earlier, all transfers begin with a Sub-Frame Header Packet, shown being
transferred in step 5412, followed by the type of data, here video and audio stream packets, and
filler packets, shown being transferred in step 5414. The audio and video data will have been
previously prepared or mapped into packets, and the filler packets are inserted as needed to fill
out the required number of bits for the media frames. The host can send packets such as the
Forward Audio Channel Enable Packets to activate sound device, or In addition, the host can
transfer commands and information using other packet types discussed above, here shown as the
transfer of Color Map, Bit Block Transfer or other packets in step 5416. In addition, the host and

client can exchange data relating to a keyboard or pointing devices using the appropriate packets.



t SKEW max( LI NK) = t SKEW max( TXFF) + t SKEW max( TXDRVR) + t SKEW max( CABLE) +
t SKEW max( RXRCVR) and the mninumbit period is given by: tBIT-mn =

t SKEW maxwDIoBi}3587 t SKEW max( RXXOR) + t PD- max(Del ay2) + t SBCRXEP)/2§46284] | n
t he exanple shown in FIG 57, tSKEWmax(L1INK) = 1.4 nsec and the m ni num
bit period can be expressed as: tBIT M8 = 1.4 + 0.3 + 0.2 + 0.5 = 2.4n
sec or stated as approximately 416 Mops. B. Link Timng Analysis for NDDI
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t SU( RXFAR) be prefdt Bh IR silO28Rdse Paskeirne rtyﬂ?@él%r@ées&édﬂlélﬁgo@g‘éﬁeka? pEBEY or
type element and not the state machine (5502). In addition, some of the commands discussed
above will also be processed by the general processor. (5504, 5508)

[0301] After data and commands have been exchanged between the host and client, at some
point decision is made as to whether or not additional data is to be transferred or the host or client
is going to cease servicing the transfer. This is shown in step 5422. If the link is to enter either a
hibernation state or be shut down completely, the host sends a Link Shutdown packet to the
client, and both sides terminate the transfer of data.

[0302] The packets being transferred in the above operations processing will be transferred using
the drivers and receivers previously discussed in relation to the host and client controllers. These
line drivers and other logic elements are connected to the state machine and general processors
discussed above, as illustrated in the overview of FIG. 55. In Fig. 55, a state machine 5502 and
general processors 5504 and 5508 may further be connected to other elements not shown such as
a‘dedicated USB interface, memory elements, or other components residing outside of the link
controller with which they interact, including, but not limited to, the data source, and video

control chips for view display devices.



t PD-max(Del ay3) - tPD-m n(Delay3) and given that assunption:

t Bl T-m n(l ower - bound) 2 - t SKEW nmax(LI NK) + tPD-max(XOR) + t SU(RXFFB) +

t H RXFFB)Wp®2823581 n t he exanpl e gi ven above, the | ower bowea/ush2/ed3er m ni num
bit period is given by the relationship: tBIT-mn(lower-level) =2.1.4 +
1.5+ 0.5 + 0.1= 4.8n sec, which is ap@9oxi mately 208 Mops. [0290] This is
nmuch sl ower than the maxi mumdata rate that can be used with a Type-1 [Iink.
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Description [0291] Physical connections_useful far inplenenting an

i nt er f K88 H@HB?‘EPH@WE‘PH% of ppramgpication kink, pathtranstensd PRekets- zed usi ng
comercially available parts such as part nunber 3260-8S2(01) as

manuf actured by Hirose Electric Conpany Ltd. on the host side, and part
nunber X¥40-8Sddadasn manuf actured by Hirose Electric Conpany Ltd. on the
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connector. Howevér, the shield and drain wire are not connected to the

ci r cui tfewrafthaifields netelispdydiscusprdaare disose] furdeeherennect i on el ements or
devi ces are chosen or designed in order to be snall

A. For Video Stream Packets

[0305] The Display attributes field (1 byte) has a series of bit values that are interpreted as
follows. Bits 1 and 0 select how the display pixel data is routed. For bit values of '00' or '11' data
is displayed for both eyes, for bit values '10', data is routed only to the left eye, and for bit values
'01', data is routed only to the right eye. Bit 2 indicates whether or not the Pixel Data is presented
in an interlace format, with a value of '0' meaning the pixel data is in the standard progressive
format, and that the row number (pixel Y coordinate) is incremented by 1 when advancing from
one row to the next. When this bit has a value of '1’, the pixel data is in interlace format, and the
row number is incremented by 2 when advancing from one row to the next. Bit 3 indicates that
the Pixel Data is in alternate pixel format. This is similar to the standard interlace mode enabled
by bit 2, but the interlacing is vertical instead of horizontal. When Bit 3 is 0 the Pixel Data is in
the standard progressive format, and the column number (pixel X coordinate) is incremented by 1
as each successive pixel is received. When Bit 3 is 1 the Pixel Data is in alternate pixel format,
and the column number is incremented by 2 as each pixel is received. Bits 7 through 4 are
reserved for future use and are generally set as zero.

[0306] The 2-byte X Start and Y Start fields specify the absolute X and Y coordinates of the point
(X Start, Y Start) for the first pixel in the Pixel Data field. The 2-byte X Left Edge and Y Top
Edge fields specify the X coordinate of the left edge and Y coordinate of the top edge of the
screen window filled by the Pixel Data field, while the X Right Edge and Y Bottom Edge fields
specify the X coordinate of the right edge, and the Y coordinate of the bottom edge of the

window being updated.



enough for use with nobile comuni cation and conputing devices, such as
PDAs and w reless tel ephones, or portable gane devices, w thout being

obt r usi veworo3zsest hetic in conparison to relative devi c@C3iuse2/2846y
connectors and cabling should be durable enough for use in the typical
consuner environnment and allow for smal70 size, especially for the cabling,
and relatively Iow cost. The transfer el enents should accompdate data and
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[0312] The Audio Sample Count field (2 bytes) specifies the number of audio samples in this
packet.

[0313] The Bits Per Sample and Packing field contains 1 byte that specifies the pacing format of
audio data. The format generally employed is for Bits 4 through O to define the number of bits
per PCM audio sample. Bit 5 then specifies whether or not the Digital Audio Data samples are
packed. As mentioned above, FIG. 12 illustrates the difference between packed and byte-aligned
audio samples. A value of '0' for Bit 5 indicates that each PCM audio sample in the Digital
Audio Data field is byte-aligned with the interface byte boundary, and a value of '1" indicates that
each successive PCM audio sample is packed up against the previous audio sample. This bit is
effective only when the value defined in bits 4 through 0 (the number of bits per PCM audio
sample) is not a multiple of eight. Bits 7 through 6 are reserved for use where system designs

desire additional designations and are generally set at a value of zero.



established the host can begin to transfer information. In addition, the
host may use Round Trip Delay Measurenent Packets to optimze the timng
of the cowpwaiozasion |inks in parallel with other signal poraseysidnyg, as
shown in step 5411. [0297] As stated earlier, all transfers begin with a
Sub- Frane Header Packet, shown being t7lansferred in step 5412, followed by
the type of data, here video and audi o stream packets, and filler packets,

N4 0C 9 TAAAS il Rt B i) THRIAUINLaAY PEISEnRt Al bl RN

previ ously prepared or packet s, er packe

are i nsaﬁplegle@& ﬂoeackeﬂhet@fm td indied a tite df@g[lﬁ()’@dlpkﬂ’lﬁﬁnﬂse@fnddspsa 4 abluthd 1
nmedi a franes. st can seanf)ackets such as the Forward Audio Channel

Enabl e m&tcﬂ@ﬁé6t080z§E%|Y/2&P‘*e°%%é LN s, valpe ph3 éferdﬂ‘?%sm Wlug el fer,00

transfeg,c f Y,
her e sh%) QEQE@t foq.?l(ré é(.jl’(l)? f gg ’@;deggp%f ?/EO% %I?S %ﬁ érané er pgrcalﬁgﬁﬁglre
packet sforA4si06 ppsat€pectivelpdalith ivalues bhe tlmmmgh an daelrtg fesgived & feturd asyyco dindya

relating to a Ebr%board or pointing devices using the appropriate packets.
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to transfer in data as quickly, process conmands as readily, or not be able
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ranster data at higher rates. This
bei ng nore desi rabI e, a request can be made to change to a hi gher transfer
rate node. [0299] If these or other types of known conditions occur or
change ei t her t hEohbser-BlefigladepirearmFPacketsect t hem and try to renegotl ate

t h terfac i ho ste 42 e th
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Packet sequspTheIk ananyéactyran géhg & W%Sféﬁﬂétfﬂf@&fﬁb@@c fiebBortaing 2 HEhCRRoAS all
e hangl iRl réith BhraR sl AT R o et (03RE AR COBhe 692, B 85

devi cesCRKefdilsan theclo IthenOthh&rntllrES @acldeymsedisnmﬂéd dél\‘hec:%yas&minatmah [TRCOYYieid y
with the client althou such el enment s maé al so be present on the hqst

si de. THESENHZERE < oy ey%re@a} Pytap IblbassGRY fads inrheclyappipaiiatgly fasdsise o the
type el DA oglove éme?{dfng'@g HeNRqbratidts of lasichiosh. B988f He {hEm

commands di scussed 0 be processed by the general processor.
(5504, %®8¢ntmgent on the CRC being good generally requires that the stream data be buffered until

the CRC is confirmed good. The CRC error count is incremented if the CRC does not check.

D. For Color Map Packets

[0317] The Color Map Data Size field (2 bytes) specifies the total number of color map table
entries that exist in the Color Map Data in this packet. The number of bytes in the Color Map
Data is 3 times the Color Map Size. The Color Map Size is et to zero to send no color map data.
If the Color Map Size is zero then a Color Map Offset value is still sent but it is ignored by the
display. The Color Map Offset field (2 bytes) specifies the offset of the Color Map Data in this
packet from the beginning of the color map table in the display device.

[0318] A 2-byte Parameter CRC field contains a CRC of all bytes from the Packet Length to the
Audio Coding byte. If this CRC fails to check then the entire packet is discarded.



[ 0301] After data and conmands have been exchanged between the host and
client, at sone point decision is nade as to whether or not additional
data i s twoOba/oeassnsferred or the host or client s goi ngPCo/USeAs861
servicing the transfer. This is shown in step 5422. If the link is to enter
either a hibernation state or be shut own conpletely, the host sends a
Li nk Shut down packet to the <client, and both sides termnate the transfer
] T ket i e
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USB i ntigtd aeeVidee Mty FetmareantdColor Map mackatpmpm tenéritire eglod nmag moajt ke stmcxffedt he
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03/ 02355% k&GCT/ US02/ 28461 69 [ 0303] The processors, and state nachi ne provide
control® over the enabling and di sabling of the drlvers as di scussed above
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or ter n of .comuni gat j,on Li nk nd tr fer XV. Addendum
[0304] 1 RGGRHI 15, PHECK EH 16 Coles MEt Ptk S Bl Bife ot il ST805 e
for thepvaheatss. packets used to inplenment the architecture and protocol for
enbodi ments of the invention, nore detailed field contents or operations
are presented here for sone of the packet types. These are presented here
to further arif eir S tiV rations to enabl e those
skilled in thte ar’E(Of?SV‘?FB?@"ﬁ‘e@H?“} %ugﬁ rsatCRQ and nmake use of the

i npoept]i on f oThéRwirteLink Fla@dld Cabyteysont4ns ¥ se of fldee\o adquedidnformbiin fromn

al ready di scussed are discussed further here. A For_Videg, Stream Packets

[ 0305] " thadispiaypilhg bifhers Biitdds sef & ope(themjhecpstrggquestsihe spesifind ipformgtien irem
that ar I4h I el
dat a |st%r ouﬁ)iaargg'r &}tﬁeﬂ B@S%%Fge@ﬁg ty%%l&:t'ogiatﬁgkﬁ 1(§j§ér§%ein£ﬁ‘l ghé%%ggge]z&f%?d Pdex
eyes, fmforb'latION dlowe the' difplay. dBhearenmining bisl (lend Bits d thivegh &) treayserveanidr flunrebl t
values '01', data is routed only to the right eye. Bit 2 indicates whether
or not ¥&NPRLESet [RFS0] 5 presented in an interlace format, with a val ue of
ani ng t e g éﬂcyiemjmrsm ychadnhthat

the ?%w nunbiéllri@{eg?éggé Rgl%c%lg?s%r #g%dtegl P%E?%?fef%éﬁ?ée)dﬁﬁg 1 when adva%m ng from
one r owodcar inhelatien tto thﬂheversmllm drita clloaks Ehewraveree liik data clock & gsjusleto thiafoawaesd i n
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related to the reverse link data clock and the Interface Type on the reverse link. For a Type 1

interface the reverse data rate equals the reverse link data clock, for Type II, Type III, sand Type
IV interfaces the reverse data rates equal two times, four times, and eight times the reverse link
data clock, respectively.

[0323] The Turn-Around 1 Length field (1 byte) specifies the total number of bytes that are
allocated for Turn-Around 1. The recommended length of Turn-Around 1 is the number of bytes
required for the MDDI_Data drivers in a host to have the outputs disabled. This is based on the
output disable time discussed above, the forward link data rate, and the forward link Interface
Type selection being used. A more complete description of the setting of Turn-Around 1 is given
above.

[0324] The Turn-Around 2 Length field (1 byte) specifies the total number of bytes that are
allocated for Turn-Around. The recommended length of Turn-Around 2 is the number of bytes
required for the MDDI_Data drivers in the Display to disable their outputs plus the round-trip

delay. A description of the setting of Turn-Around 2 is given above.



the Pixel Data is in alternate pixel format. This is simlar to the
standard interlace node enabled by bit 2, but the interlacing is vertical

i nst ead oWohwameasental . When Bit 3 is O the Pixel Data is iPeT/usem2&bandard
progressive format, and the colum. nunber (pixel X coordinate) is
incremented by 1 as each successive pi/gel is received. Wen Bit 3 is 1 the
Pixel Data is in alternate pixel format, and the columm nunber is
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Start, Y Start) for the first pixel in the Pixel Data field. The 2-byte X
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field ; - ohpe P tr-&gg' : ! : al |
byt es fl\?% m\‘ﬁ%&‘ %g%vzﬁelgg@%%tg% tgt e iﬂ;(eg{n@égﬁ r111'? ¥tdlﬁf$ értsﬁ?gﬁ %&Rl’%%ft gcihlgg%)gjm
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[0310] The Pixel "Data CRC field (2 bytes) contains a 16-bit CRC of only the
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parti cms@db?umieppgdkan@pés,to which audio data is sent by the client device.
The physical audi o channels are specified in or mapped by this field as

vadP3i9%” of 0,Tun-Apowrsl 2 fieldsis vged for evtablidiingathe se¢pnd) tatn-arpygchperiqd ghite ayehar
left regh, . Li o ter - g Left, and
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the left front and right front channel s. ,TBig Si n‘gl ifies applications where
a stermgﬁ%&eq@lwrtquﬁﬁ%éeﬁw ChtedR Xt PACSEfuct i vi ty enhancenent

apps in a PDA, or any application where a sinple User Interface generates
war ni ng tones. Values for the IDfield ranging from8 through 253, and 255
are current i redamBidplayrCambilith dPacketsw desi gns desire additional

de[%%ﬁﬁ‘at | Ons1“he: Protocol Version field uses 2 bytes to specify a protocol version used by the client.
The initial version is set equal to zero, while the Minimum Protocol Version field uses 2 bytes to
specify the minimum protocol version that the client can employ or interpret. The Display Data
Rate Capability field (2 bytes) specifies the maximum data rate the display can receive on the
forward link of the interface, and is specified in the form of megabits per second (Mbps). The
Interface Type Capability field (1 byte) specifies the interface types that are supported on the
forward and reverse links. This is currently indicated by selecting Bit 0, Bit 1, or Bit 2 to select
either a Type-IL, Type-III or Type-IV mode on the forward link, respectively, and Bit 3, Bit 4, or
Bit 5 to select either a Type-II, Type-III, or Type-IV mode on the reverse link, respectively; with
Bits 6 and 7 being reserved and set to zero. The Bitmap Width and Height fields (2 bytes) specify

the width and height of the bitmap in pixels.
[0332] The Monochrome Capability field (1 byte) is used to specify the number of bits of
resolution that can be displayed in a monochrome format. If a display cannot use a monochrome
format then this value is set at zero. Bits 7 through 4 are reserved for future use and are, thus, set

as zero. Bits 3 through O define the maximum number of bits of grayscale that can exist for each



[ 03121 The Audio Sanple Count field (2 bytes) specifies the nunber of audio
sanples in this packet. [0313] The Bits Per Sanple and Packing field

cont ai ns WOlwgwessshat specifies the pacing fonnat of audi @cdaisa228ibe for mat
generally enployed is for Bits 4 through O to define the nunber of bits

per PCM audio sanple. Bit 5 then specif4es whether or not the Digital Audio
Data sanples are packed As nmentioned above, FIG 12 illustrates the
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The 2-hyte St P { field t te
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di'scar ded. Stream Data CRC contains a CRC of only the
St r eamtivatindicate spd:mﬁc GROuksIn thet @spihsectlkataap@smmortadelfy bitregh ta gre dfdigates the
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for Bit 0 indicates whether or not Bitmap Block Transfer Packet (packet type 71) is supported.

The value for Bits 1, 2, and 3 indicate whether or not Bitmap Area Fill Packet (packet type 72),
Bitmap Pattern Fill Packet (packet type 73), or Communication Link Data Channel Packet
(t)acket type 74), respectively, are supported. The value for Bit 4 indicates whether or not the
display has the capability to make one color transparent, while values for bits Bit 5 and 6 indicate
if the display can accept video data or audio data in packed format, respectively, and the value
for Bit 7 indicates if the display can send a reverse-link video stream from a camera. The value
for Bits 11 and 12 indicate when the client is communicating either with a pointing device and
can send and receive Pointing Device Data Packets, or with a keyboard and can send and receive
Keyboard Data Packets, respectively. Bits 13 through 31 are currently reserved for future use or
alternative designations useful for system designers and are generally set equal to zero.

[0337] The Display Video Frame Rate Capability field (1 byte) specifies the maximum video
frame update capability of the display in frames per second. A host may choose to update the

image at a slower rate than the value specified in this field.



data contingent on the CRC being good generally requires that the stream
data be buffered until the CRCis confirnmed good. The CRC error count is

i ncrementwo 03023582 CRC does not check. D. For Col or Map Pachatse2/p€d8d7] The
Color Map Data Size field (2 bytes) specifies the total nunber of col or map
table entries that exist in the Color Map Data in this packet. The nunber
of bytes in the Color Map Data is 3 tinmes the Color Map Size. The Col or

.ze is Zep0t Opy d I. S
0gRre, B B Eh T PoRRAYIR LG TR o oty OBl VRGP,
di spl ayDisphg viatiois d&&ﬂaa@ﬁft@eachfalueiocknezmbyt es) specifies the offset of t he
Color Map Data in this packet fromthe beginning of the color map table in
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to read certain sensors or pointing devices in the display.

[0342] A 2-byte Mic Sample Rate Capability field, for the reverse link, that contains a set of flags
that indicate the audio sample rate capability of a microphone in the client device. For purposes
of the MDDI, a client device microphone is configured to minimally support at least an 8,000
sample per second rate. Bit positions for this field are assigned to the different rates with bit
positions 0, 1, 2, 3,4, 5, 6, 7, and 8 are used to represent 8,000, 16,000, 24,000, 32,000, 40,000,
48,000, 11,025, 22,050, and 44,100 samples per second (SPS), respectively, with Bits 9 through
15 being reserved for future or alternative rate uses, as desired, so they are currently set to '0".
Setting a bit value for one of these bits to 'l' indicates that that particular sample rate is
supported, and setting the bit to '0' indicates that that sample rate is not supported. If no
microphone is connected then each of the Mic Sample Rate Capability bits are set equal to zero.

[0343] The Content Protection Type field (2 bytes) contains a set of flags that indicate the type of
digital content protection that is supported by the Display. Currently, bit position 0 is used to
indicate when DTCP is supported and bit position 1 is used to indicate when HDCP is supported,



IV interfaces the reverse data rates equal two tinmes, four tines, and eight
tinmes the reverse link data clock, respectively. [0323] The Turn-Around 1
Lengt h fiwbd301358yt e) specifies the total nunber of byt esPChRAISIARS61

al l ocated for Turn-Around 1. The recomended | ength of Turn-Around 1 is the
nunber of bytes required for the MDDI 7Bata drivers in a host to have the
out puts disabled. This is based on the output disable tinme discussed
above, the forward Jj Lat t [k

e g T
Tur n- Aradigbld, sb$hegi ar€burréiBvet to[&R8x4] The Turn-Around 2 Length field (1
byte) specifies the total nunber of bytes that are allocated for

Turn- Around. The reconmended | ength of Turn-Around 2 is the nunber of bytes
required fornthe . j ¢ L.apl ay to disable theiroutputs
pl us the roan'd-tr@ﬁgﬁ§$aﬂe§§%®$%ﬁ{ﬁa%&t he setting of Turn-Around 2

i s[ogdaren abohe RAME s Iikk2RaPiesTicld WRéPétifics Be[nDBDET of lhyeesRae displagme€dRGn
field (2 bytes) contain a 16-bit CRC of all bytes fromthe Packet Length
to the HeFsyerednkd themgkhsubrirampasseagenfpapationtd thahask then the entire

p is di-ppaE Z0h:0..Ed ' S8R

ZZ@%,% and is usegé'?% r‘é’ﬂ%ﬁ’?}éﬁzﬁg@%&{t ?);ﬁ/%%?tg%g(%‘g Iﬂaéylg@ﬁn;alé)grrg%e@?% Ot he g S‘Erg:e

st at e phe begitningiof tiel medjaiftamd. | Tre GRCwenst id vesenghethe sili-frame Goaded pagket with

eriod. 0327] The Turn- Around ield js used f establishin e fjrst
For - arbSHerTEe: Gt S ROERt off B estal Buth o CRG e sRRtnit M thifgt
par ametgiyeadafuraks acaised by this field to allow the MDD _Data line drivers

in the host to disable before the Iine drivers in the client (di s_gl ayf) are
en@Bt@dd. ThelhwoEupaliibabChanget field/osrs bdivte 19 melicais ¢ ehangeuini g agpebilityodf the -

- d d | i spl | as. .| [ '
et SRSy 2B fol Do & Bhor SpRE Y bR 88vibd ! lctoffipie keybgard
behav e sorafisgliyg e fort ftAncTothsr Aageh) dWher IBIE[ MY &e @ljhal 2€ 00 then [tRS24Phabiling hivendr se

Data Packets field contains a series of data packets bejng transferred from
the cl i<hangadesinceribe tast Risplay{rapabihisy Packet was senbr Hpweyeat whegy Bitd diy atepappl to

t he fenﬁh&ng@g 08 bii¢that ghﬁ%&d.egﬁgg?i?@ﬁfmﬁéﬂﬁﬁcﬂ‘&ke%ﬁ R&Sminel 38 Ybtermine

Turn- Aro I's’use ng the second turn-around peri od.
The nunhenewdisphytcbars@esiiés. ed by the Turn-Around Length paraneter are

allocated by this field. [0330] The Driver Re-enable field uses 1 byte that
is equal to zero to ensure that all MDDl Data signals are re-enabled prior

to the Pack Le i packet. F. For Display Capability -
% "B BiE B%QT Pharshé Plitkets

Packets [0331] The Protoc Version tfield uses 2 bytes to specify a
priosetol verEhevinden UWyper HeftoCioedinate Xalimand & Vabregiebls ise 2 bytesragh too

zero, while the M njpopum Protqcol Version field uses. 2 bytes .to .
specify the )Jvelmd VValue of the coordinates of the upper TSkt Gorttet of the window to be

moved. The Window Width and Height fields use 2 bytes each to specify the width and
height of the window to be moved. The Window X Movement and Y Movement fields use
2 bytes each to specify the number of pixels that the window shall be moved
horizontally and vertically, respectively. Positive values for X cause the window to be
moved to the right, and negative values cause movement to the left, while positive
values for Y cause the window to be moved down, and negative values cause upward

movement.

I. For Bitmap Area Fill Packets
[0348] Window Upper Left Coordinate X Value and Y Value fields use 2 bytes each to specify
the X and Y value of the coordinates of the upper left corner of the window to be filled.
The Window Width and Height fields (2 bytes each) spécify the width and height of the
window to be filled. The Video Data Format Descriptor field (2 bytes) specifies the format



specify the m ni mum protocol version that the client can enpl oy or
interpret. The Display Data Rate Capability field (2 bytes) specifies the
maxi num owoDa3nzase7 t he di splay can receive on the forwardPCrrisonissshe
interface, and is specified in the formof nmegabits per second (Mps). The
Interface Type Capability field (1 byté) specifies the interface types that
are supported on the forward and reverse links. This is currently

B L kT

4, or Séarh Packee B PiREIAYRE Fill VYRR fleld (4 Dyes) kbhiaity thBypiRel Walu@ésbe filletie
reverse link, respectively, with Bits 6 and 7 being reserved and set to

zero. Timéo Bhe meipdwind specified s gie fields| discyssedyaboye. sPaeifeymat gk this drikelaisd
hei ght of 1he bi i n_pixels. 332] Th nochronme Capability field (1
byt e) i%’eﬁ‘f@glwhgsggfe? att‘?'ngoﬂﬁ‘ Fs‘ifiptﬁfﬁgi\%f resol ution that can be
di spl ayed in a nonochrone format. If a display cannot use a nonochrone

format then this value is set at zero. Bits 7 through 4 are reserved for
future use ahd arkor Bitomp Batern &3ll Peckets Bits 3 t hrough O define the nmaxi num

nb f bi f | & that ist,§ VWO 02358 .

PR b0/ 2848 HPR oot Vel ek & i s e L0V S St I Pesifyes
f 1t ' : : I [ : [
ot supsst e} PEsYf Esiecbtdipg S (P ubpey IAELAar 67 AP RAERG TR i, | ©

byt es) TElpedVihilers Whith medi Heighhfielie(2 bitdsadich) spedify thehatidéxasd heiglthsf the
colormap table in the dis t he display cannot _use the colorrragwhé)
S

d | A f
format Windew tabe filedud hesPatiare Widtinand Pritemikisiglilisids (Bihves sashyspert

speci fies,the npu of _bi { resel utio t o yad, i '
Formt it find REEhss feolehdyell, LF el HIoBA R, Pk, Py, VDY Bk Pl
The  RGBedeppaRifeld spatidh ihe oML thOPielNeea FEPANE BIGI INEHisHakdiStow
where: Bits 3 through 0 define the maxi mum nunber of bits of blue, Bits 7

t hr oughthe digheo fdata Formet iDasariptorije codéd biThe fouhagiseba samechsBhesante figlddngh
8 defin Rp% rrgxirru nynber, of bits of red in each pixel. Currently, Bits
15 thro@'@h1 90 RIMEAMBERESAAd for future use and are generally set to zero.

[ The ¥ iplA Y 1 2 ) i J¢i its

o O o i 1 ol LrEARTERC g GRS SCONARS) o TR o BF by, fURESA: Packd:

cannot L&gsthhe tie Vidéd FopmarDesdigstot hifsthiaCRE fasls t@ eheck fHem te@ntich packet

Capabi Iia/_ word is conposed of three separate unsigned values where: Bits 3
i

t hr oughisclisesrled. (The RebtarmRivd e fielt cantains tav Nideonirdarsppion Bratsspecifies

t hrough,4 define the i_mum nunper ,of ,,bi inthe-Cr s le, Bits~ 11 .
b oughé L ReREmR 18 tHELIEREHT RevBara o 1% Yiado DpE ForifiRsSniy’ e o

t hr oughpdcke@lifit S B e Ny tl'ieeﬁ?sft\atﬁﬂelf&reaEHtrHﬁﬁniﬁ%?b@!Bgtéiéﬁgﬁ&i. TRe 8 Pattern
[0336] ‘The Display Feature Capability Indicators fiéld uSes 4 bytes that.
cont ai nda@tasetraobiiiteds rovhat a itinaé. che Paffei Pivel DefatCQREgieldn(2tbyges)i oplaips ahat
are s up&%&t oefddrﬂ}e\ tlr?é i’atstg;n %’i?(ef)]%gtal. %?Iﬂ%%té}l%C tfatll?s to check then the Pattern Pixel Data

shall still be used but the CRC error count shall be incremented.

K. Communication Link Data Channel Packets
[0351] The Parameter CRC field (2 bytes) contain a 16-bit CRC of all bytes from the Packet
Length to the Packet Type. If this CRC fails to check then the entire packet is discarded.
[0352] The Communication Link Data field contains the raw data from the communication
channel. This data is simply passed on to the computing device in the display.
[0353] The Communication Link Data CRC field (2 bytes) contains a 16-bit CRC of only the
Communication Link Data. If this CRC fails to check then the Communication Link

Data is still used or useful, but the CRC error count is incremented.



capability is supported, and a bit set to zero indicates the capability is
not supported. The value for Bit O indicates whether or not Bitmap Bl ock
Transf er Waaokme3sgpacket type 71) is supported. The val uepCorusBresel, 2,
and 3 indicate whether or not Bitmap Area Fill Packet (packet type 72),
Bitmap Pattern Fill Packet (packet typ&873), or Communication Link Data
Channel Packet (packet type 74), respectively, are supported. The val ue

for Bit 4 indicat e QL TRQL i as the capability to nake
one col or t?‘énspﬁ%ﬁ?ﬁ'\{;&gl’rﬁ\?ﬁueus?%?%?q'gegsﬁgbﬁ%éttgg and 6 indicate if the
dijsplpy can Taeckpdfie Tgpe At {1 byte upiedifidatthe newpatérdacd iypeeb, usee Sfrectdluel v,
and the value for Bit 7 indicates if the display can send a reverse-|ink
vi deo dnrthisrfield spreifieaivbe interface fepaim theofollgwing manngy- 15 theypisia Bikerist he

Cecer el Fl Prife ASAelShRiath ol f orbPe b st BRiE B € cqfifftor Pl Mfle
ecel vepyauboRith Haicd: S5k RisrovERBRAL el ciBin 3 dreibsavl [AR0R: use

current reserved for future use or alternative designations useful for
syst emathelsdrgpensralydset te zgen eBitd 2 yhroeghdharzl used toetefine[ths 37ierfahe TPpe 10 &y
Vi deo Frane Rate Capability,field(%ggt specities. the i Vi deo
frame upsed:withahspiveiaty Beaning adh@rﬁ[ %o ﬁ%ﬁ@%@%@@%%ﬂ%ﬂ%@? -
choose dat. i W I i J
R s Py G T A R e
field (Rob¥t TR vaRRSIdFiOREd Hehdeiphly afe rebaveldst hutubelfiedgnatiormof Altamlatiye
which is dedicated to each audio stream [0339] The Audi o Channel 4
Capabi Imoges drtampinabipns of magdtesai ns a group of flags'that indicate which
audi o channel s are supported by the display (client). A bit set to one

i ndi cates the channel is supported, and a bit set to zero indicates that

channel is mat SuRRQAnt@ehce TpeB dkndMéddeditkegse assigned to the different
channel s such that Bit positions O, 3, 4, 5 6, and 7 indicate the

1, 2, ,
| df355) f r ont , The Btherfice Jprpe ficldi @ ysek has @ yatuesdhat confyrms s new, indenfacRdoper |

surround | ef and surround, ri ght. channgls, respectiVv .-Bits 8 thr h,
15 are CdBFent Ty Festt @Hﬂ ﬁph‘,{s qriigsdt élé%r%r?ﬁ tg?glrbgheelﬁi]%l)wnggxzqnqeg. zﬂ;e)gg
[ 0340] Ag2q byt & (ﬂfﬁ Hﬁ&o@%%&ﬁ%ﬁ: lthd Yorw24dinK, QltetRivieBy, Woit 6 bdid.,
cont ai ns aqset o} a to I1ndicate the audi o sanple rate capability”of
the clitent the@ype. hihdoffasgteésinis far ehasevgrsedinlo tBie poditidrer @hraughes are
accordingly as Bits 0, 1, 2, 3, .4, 5,6, 1, %f gre assi ggled t 8,800,
16, 000, curpenthpeesespeddor uss, Boolesignagpg, other grandaofb tyRes, amdesied.opnd Al es
per second PS).,.. resp Y P B ej r or
future oT'° %lfye? ta{cto i Zvega'r g‘fiééwﬁgié% Pféé‘é&%telg%\% ZJ ,%I(Bltls]%}?tB %Je}?/ I%'re g C([:ét%g}eetﬁ? qu}yeggatget o]
"0, Sefyd@o deblbed VR £ Val@nofq ihdieaBnid hepativd acknoWlal®Rs drhdiatt thet
particular sanple rate is supported, and setting the bit to '0" indicates
t hat t hejuestepllendatfecirmatdie pefappedt walues of 1, 2, 3, and 4 indicating handoff to

Type-I, Type-1I, Type-III, and Type-IV modes, respectively. Values of 5 through 7 are

reserved for use with alternative designations of modes, as desired.

N. For Perform Type Handoff Packets
[0356] The 1-byte Interface Type field indicates the new interface type to use. The value
present in this field specifies the interface type by first using the value of Bit 7 to
determine whether or not the Type handoff is for the forward or reverse links. A value
of '0' indicates the Type handoff request is for the forward link, and a value of 'l the
reverse link. Bits 6 through 3 are reserved for future use, and as such are generally set
to a value of zero. However, Bits 2 through 0 are used to define the interface Type to be

used, with the values 1, 2, 3, and 4 specifying the use of handoff to Type-I, Type-Il,



[0341] The M nimum Sub frame Rate field (2 bytes) specifies the m nimum
sub-frame rate in franmes per second. The m ni num sub-franme rate keeps the
di spl ay swetoa®2asgtiate rate sufficient to read certain seREEESODL84pPDI Nt i Ng
devices in the display. [0342] A 2-byte Mc Sanple Rate Capability field,
for the reverse link, that contains a 8t of flags that indicate the audio
sanple rate capability of a mcrophone in the client device. For purposes

of the i.ent i i e A fl j RI ort
o | oad i, A TYBRIIRAE, RpkORRADS The GO0 drdhifs bl B iifoigh FHRR0T
assi gnatledectbitde rdédried dot futaiedsar th bit positions 0, 1, 2, 3, 4, 5, 6, 7,

and 8 are used to represent 8,000, 16,000, 24,000, 32,000, 40,000, 48,000,
11, 025, 22,050, and 44,100 sanpl es per second (SPS), respectively, with

Bits 9 thr Ott?'ﬂeyjlg’f 3%{é?ﬁ%f‘{éggg}a%ﬁélé%gb%?ﬁ%@ ternative rate uses, as

desired, so Ing a bit value for one of

t hes®) bi t's tThe AudioTHagatieBndbleadtiadiyedld pabyiel dbmtairsadptdip ef Bagssthas upledteed,
and setti_ng the bit to '0" indicates that that sa(rxl e rate is not
suppor twhich| audieo charnepasaciol be enabiest éa a kliankach kit sehdonere saables that e

Capability bits. t | ,t . [034 T Cont ent ,Pr ot i .
Frera ortbpPabstig el e ot dsed ebles e artspradyp evgmel o B
cont entth%t?%l?gtdégi%ﬁa?é‘ﬁthé&e‘}é’gﬁﬁf&gl %%_véghﬁ' aBas@dsa¥st M gi%%& Yron®) lkft rear,

position O Ts use I ndi cate wh I's supported an it position'l

i s usedigla dearifoaiteentamahiDERbivgosfep phanmeds, répa3iveRB5Bifs PENIUSO2/128A6ed 76
with bit positions 2 through 15 being reserved for use with other

pr ot ect!PbARER BrRanskindbeimean Bme argHe|sgbi®xzer@o they are currently set to
zero. G For Display Request and Status Packets [0344] The Reverse Link
Request field (3 byte) specifies the nunber of bytes the display needs in
the reverse Ri nk For Ré@erseXudidsSaniplaRaté Padatgd i nformation to the host.

[ 0345] The CRC Error Count_field (1 byte) indicates how pany erro

hd0®8bccur ré@“esﬁﬁé@ S‘E’Wélgd%'? ﬁ#ﬁﬂg%me%tsa?sq@@aitﬁeﬁﬁs “audie %R@Cl'ﬁgdf@itﬁ- The

reset - f & i - o} re |

cont. 1igcrol iy AATRAGRNER R iy S Wi AT 102 $ 2 8,67,

sat ur at2l 8bedizdusd ¢sidihete GTADL6,00¥, 23G00982,00€ ! 40,009¢48, D0BYIL1026022,050,

indicate a change in the capability of the display. This could occur if a
A

user comeeét s0Q sppigsiperaiecaed (8BS nespeativel yningtiopalsres of k8 yhenargh, 2540peing -
Capabi 1795 AOR o0 ¢HA LTS R dotoor 4GPIEstetst dCRRONT Py SRLR T wd
changed TG B ooy CORAR (3 BBl fudlh AR, Getermne. the now
di[fepiony charBed Bamplei Fosmatficlff ¢ bitd) splecities The fefreat dlaibleatigital audio samples.
When Bits[1:0] are equal to 0, the digital audio samples are in linear format, when they
are equal to 1, the digital audio samples are in u-Law format, and when they are equal

to 2, the digital audio samples are in A-Law format. Bits[7:2] are reserved for alternate

use in designating audio formats, as desired, and are generally set equal to zero.

Q. For The Digital Content Protection Overhead Packets
[0360] The Content Protection Type field (1 byte) specifies the digital content protection
method that is used. A value of 0 indicates Digital Transmission Content Protection
(DTCP) while a value of 1 indicates High-bandwidth Digital Content Protection System
(HDCP). The value range of 2 through 255 is not currently specified but is reserved for
use with alternative protection schemes as desired. The Content Protection Overhead
Messages field is a variable length field containing content protection messages sent

between the host and client.



[0347] The W ndow Upper Left Coordinate X Value and Y Value fields use 2
bytes each to specify the X and Y val ue of the coordinates of the upper

| eft cor 0D 00/0235B2 Wi ndow to be noved. The W ndow W dt h &aa/udet/edas1 fi el ds
use 2 bytes each to specify the width and height of the wi ndow to be
noved. The W ndow X Movenent and Y Movdifent fields use 2 bytes each to
specify the nunber of pixels that the wi ndow shall be noved horizontally
and vertically, respectively. Positive values for X cause the wi ndow to be
noved to the right, and negative val ues cause novenent to the left, while
positive vaRues FearThe Teamspaidit ColocBnable Paeketeved down, and negative

val ues cause_upward nov n F itmap Arega Fill Packets [0348
WM Upper Theed tareagiedt o8 Exabfi el Heky o) Saciaey Wbﬁﬁ&%@alzerwpggr ek 1o
speci fy: . I fry 4 i . e Qf
tho-wi nashApistE Pkl YPRR0 (AP Rl TR Eantherk b iR BodeSohiglIag el
speci f yist dxfuah @t h aied ﬁ@h%b‘ﬁreﬁf doh® nmwWded@vehgbled andl|t@d. trdhspavesie eolot @
Format Descriptor field (2 bytes) specifies the format WD 03/023587

PCT/ USkEpeiirgliby theofollowangitwel pavaszetis) [Bitgal thwoughe dfghisdeyte are reseregdbfoas

the sang field in the Ydeo Stream Packet. The Pixel Area Fill Value field
(4 byt eorReAs e B?%%qo.va' ue to be filled into the wi ndow specified

by[oﬁ%ﬁfdf | el dsndnGg4iSERL BRANE Deb tBP}éiEZBB(Z%QgEQi Spei ] thiesforr?lB@%F rthé(i’ikél

t he eo Data Format Descriptor fiel r ‘Biitmap Pattern Fi Packet s

[ 0349] A¥eulBill Wdper FIG 11 thotdiesdiev Xhy/dlideo Bath Forvahtideddariptoisisusded. Aees
each to specify the X and Y value of the coordinates of_the upper |eft

cor ner formahés ganeaelly the sene as fhapsamerfiglagnidsw idea Shreanulagkeht fiel ds (2

b h . o . . ' . )
pabTE "\ e RERHEFAROER VUil AR 385 A0Sl REre AR piaREndq 10 68 D

and heiighd the RERESW sprbifiedaiboviee THel forat betils phtid iZspdifeed/irdgR Viled haamat
Descriptor field speCifies the format of the Pixel Area Fill Value. FIG 11

i |1 ust rBoresatidescripher igldeo Data Format Descriptor is coded. The format is
the same as the sanme field in the Video Stream Packet. [0350] The
Parameter CRC field (2 bytes) contains a CRC of all bytes fromthe Packet

Length to the Vi dF&r_fHéR%n@q‘?rﬁfbBia?MedsBrérﬁEﬁl‘Rﬂefsai I's to check then the
entire packet is discarded. The Paftern Pixel Data field contains raw

vil@8@i nf or nBhd Barareser €REdTeld €% bytehleconidins pdothar GRCroft 4k bytes fram thpdiackéted
By e N 0GR Budl T, T G i R B F Tl B i, om0 the
[0365] The All Zero field (1 byte) contains zeroes to ensure that all MDDI_Data signals are in the

zero state prior to disabling the line drivers during the first Guard Time period.

[0366] The Guard Time 1 field (8 bytes) is used to allow the MDDI_Data line drivers in the host
to disable before the line drivers in the client (display) are enabled. The host disables its
MDDI_Data line drivers during bit O of Guard Time 1 and the Display enables its line drivers
immediately after the last bit of Guard Time 1.

[0367] ~ The Measurement Period field is a 512 byte window used to allow the Display to respond
with a Oxff, Oxff, 0x0 at half the data rate used on the forward link. This rate corresponds to a
Reverse Link Rate Divisor of 1. The Display returns this response immediately at the beginning
of the Measurement Period. This response will be received at a host at precisely the round trip
delay of the link after the beginning of the first bit of the Measurement Period at the host. The
MDDI _Data line drivers in the Display are disabled immediately before and immediately after
the Oxff, Oxff, 0x00 response from the Display.

[0368] The value in the Guard Time 2 field (8 bytes) allows Client MDDI_Data line drivers to
disable before line drivers in the Host are enabled. Guard Time 2 is always present but is only

required when the round trip delay is at the maximum amount that can be measured in the



data is transmtted a row at a tinme. The Pattern Pixel Data CRC field (2
bytes) contains a CRC of only the Pattern Pixel Data. If this CRC fails to
check thewotoh@23Bsttern Pixel Data shall still be used buPCrhSoZEE6Er r Or
count shall be incremented. K. Communication Link Data Channel Packets

[ 0351] The Paraneter CRC field (2 bytes$lcontain a 16-bit CRC of all bytes
fromthe Packet Length to the Packet Type. If this CRC fails to check then

the ent h&aRemkRt pdrddi BiRAE 'disabﬁgﬁé]lingnﬁv%%iggﬁ b%ﬁ Idédagg"tl“l%é 3 hli§h

contains the raw data fromthe comuni cati on ails srnply
passed btlostemableeits inpdtivergimimediate]y after tiee ldstdml ayGudrdIHR¢ 2The Communi cati on

Li ta field (2 b S). ains a 16-bit CRC of only the

GRS cat | ot i ereaLnapE Aaff 31 ) st rveeR, O as OB Ron
Li nk  DailoRalk ﬁreslfelehbbleéﬁgﬁoﬂb th@PJ&EtLJHgEhFiéFd%ﬁéi@%ﬂ&:‘au“t I's incremented.
WO 03/ 023587 PCT/ US02/ 28461 78 L. For “Interface Typée Handoff Request

Packets [0354] The Interface Type field (1 byte) specifies the new
interface type to_us e value in this field specifies the interface
type in the ?(bl I pWﬁghﬁﬁﬁgf‘F&h“‘iﬁ@?‘vgaﬁBf tﬁ’"&)ﬁ‘ S s equal to 0 the Type
haywoff requeht Pdahefer ARC fRIMT Bytdshhoontdin ta_16-bAIORC ©P all biRENEEAE the
Type handoff request is for the reverse link. Bits 6 through 3" are reserved
for futBaekaidengtand the PagkeicTapé.y It this (GRE daids tdBicheck? ther thegéntiregpackes i

to define the jnterface Type to be wused, with a value of 1 nmeaning a
handof f 52 -1 node, value of 2 a handoff to Type- Il node, a value of 3

a hangof f tOCKH P gaﬁgg%egeg BV Ene fa @%agg@;g@faj sehieR oD Bide CanlBeIfhe

The val ues of 0 an are reserve €slg ion o

al t er naMDPI_Daidesiganlsc torhogglei asnevely dateperidd. F@uding ethbapocésde of the
Acknomﬁed?e Packets [0355] The Interface Type field (1 byte) has a val ues
that cokeafibrafiambatredequanses BeeViiplehostrondeollerigets\ad] YEDDh Datasignads @qual -

speci fi j hter. e el the followng manner. |f. Bit i u to
o the Tonat Sl ERC  THE LSy ARECisbrYY (TRE Snpvid st oly WIDER'SD | <
equal  tathdr e NapEI Bapset MDEAIUBLa0I t© febbvdrtBe 'RNE CRRKI Whlfe 1R Caﬁﬁlcsjiﬂdnons
6 through 3 are currently reserved for use in designating other handoff
types, buatalbejuede faeld iarkingenenivued pysdte ¢lent ddisplayowBependinigt opdhe taxads 2
t hr ough are. ysed ine the interface . Type to be used with a value of O
i ndi cat Pﬁ@sea%ﬂ&mféé stgnad g he E?gmﬁmg bR he Q@Eb@t%ﬁ%%@ﬂuer@arﬁ%@ be
perfor L0dl gatil : - pg-l 1,
Typec1 11 SAEbLARP R SauineZ301 s BT REPRESL IS (ifny Tt Basey BPle
r eser vethtéacalSgpeibéingalsedriladn s gackanatdns of nodes, as desired.

Type I - Oxaa, Oxaa ... or 0x55, 0x55...

Type II - Oxcc, Oxce ... or 0x33, 0x33...

Type III - 0x£f0, 0xf0 ... or 0xOf, 0xOf ...

Type IV - 0xft, 0x00, Oxff, 0x00 ... or 0x00, 0xff, 0x00, Oxff ...

An example of the possible MDDI_Data and MDDI_Stb waveforms for both the Type-I and
Type-1I Interfaces are shown in FIG. 62, repsectively.

XVI. Conclusion

[0372] While various embodiments of the present invention have been described above,
it should be understood that they have been presented by way of example only, and not
limitation. Thus, the breadth and scope of the present invention should not be limited
by any of the above-described exemplary embodiments, but should be defined only in

accordance with the following claims and their equivalents.



N. For Perform Type Handoff Packets [0356] The 1-byte Interface Type field
indicates the new interface type to use. The value present in this field
speci fi eswDla/o023s8Er f ace type by first using the val ue of BICT/US02/28461
determ ne whether or not the Type handoff is for the forward or reverse
links. A value of '0" indicates the Ty§% handoff request is for the
forward |ink, and a value of '1'" the reverse link. Bits 6 through 3 are
reserved for future use, and as such dﬁfl\ggnerally set to a value of zero.
However, Bits 2 through O are used to ne the interface Type to be

used, with the values 1, 2, 3, and 4 specifying the use of handoff to
Type-1, Type-11, WD 03/ 023587 PCT/ US02/ 28461 79 T pe-111

modes, respebt i vefydigiHedaia dntgraceafos deangfeging digitg B{?ﬁFPt?thnoBatatq{@s]élgBlrtaEe i's
reserv ].e Packets [0357]
The Aug%éév%aénﬁ%#ﬁ&&%?ﬂdleifepl e d&%qgéj}ﬁ% (l:%rt}tagl ﬁdshcg S 5 of flags that
i ndi cate wha phluralitgi o pﬂckcmﬁhs:tlaesa hnk:edomgethab It@do:mm aacmhmembatloh piiotocsktfort 0
one enabl es the. corres set to éfro dlsEbIes t he

o e Cingr Bl Bl ape? of ARHAF contilang pRtEn R ARG Gt

whi ch a&i%@é&rsﬁiﬁ%oﬁﬁﬂﬁﬁeaﬁbh%ﬂ] fxpnt, left rear, right rear, front
center, and sub-woofer channels, respectively. Blts 6 and 7 are reserved

for future uadeastioat fimk cmrqﬂearﬁsrcdlmnaaael Iest dextice eoupdadoto spid dhignt tReaughseid

Audi 0 Sa te Packet [03 e Audi o Sanpl. te field te .
Spect 11 QURPRECHIG PA- Stthe CLRRREA 1 apperaipy HRGE A8 Feso o pidi g e
assi gnegbniufukibaiots preoed]! afidtefori diditviapregsmtadion Uatalint@ ond or 4nord types of .dataand
8 being used to designate 8,000, 16,000, 24,000, 32,000, 40,000, 48, 000,

11, 025,Paket950, . and 44, 100 sanpl es per second (SPS) respectively, with
val ues of 9 through 254 being reserved for use with alternative rates, as
desired, so they are currently set to '0'. A value of 255 is used to

di sabl e t he 2.everig interfacawfiCdaist ' Gather b%ﬁﬂiinghadﬁﬁmteg@pmﬂogéﬂheﬂ @ithih

byt e) spelflestheforrrat of. the digital audio npl es en Bits[1:0]

are equ@? ip dragmest that @ngogranu@aﬁ% betfesn saidghost .aH3|CJlﬁ%tal?an1tgr fribie-dglined ksl

are eq | e %@P when

t hey alrjlg E‘ﬁgﬁ’ %lqujegéﬁ%ﬁéad‘ Igital aud %&Etg‘iﬁ%@g?ﬁg@g%%ﬁﬁf@%ﬁé@é engﬂ{g

Bits[7:21 are reserved for alternate wuse in designating audio forrrats as
0 zero. For

Pr ot ect | on Grer el RACKEN ToSBUTE ndordi SHEPRIBE ok T HApefadEf o Fre

byt e) Sﬂf%i?ticfn\e@%tﬂl@%e@h&h@g%&t&ﬁﬁ&@% pRERESPdh Qfd Kot hod that is used. A
value of O indicates Digital Transm ssion Content Protection

4. The interface of Claim 1 further comprising bi-directional transfer of information

between said host and client over said communications link.

5. The interface of Claim 1 wherein said link controller is a host link controller and
further comprising at least one client link controller residing in said client device coupled to said
host through said communications path, being configured to generate, transmit, and receive
packets forming said communications protocol, and to form digital presentation data into one or

more types of data packets.

6. The interface of Claim 5 wherein said host link controller comprises one or more
differential line drivers; and said client link controller comprises one or more differential line

receivers coupled to said communication path.



(DTCP) while a value of 1 indicates Hi gh-bandw dth Digital Content
Protection System (HDCP). The val ue range of 2 through 255 is not
current | ywemaoe¥Bed but is reserved for use with alternaPCrasprafsecti on
schenmes as desired. The Content Protection Overhead Messages field is a
vari able length field containing conte®3 protecti on nessages sent between
the host and client. WD 03/023587 PCT/ US02/ 28461 80 R For The Transparent
Col or Enabl e, Pac S. T r (o) E(ﬂa@ |

specifies \Aﬁe’n t@ﬁslﬁge?%%]o(f:o %Pl ?rgg%ﬁ&i%mgﬁ]a geécfleor Fgeag}agé%tﬁ%gm B%&%tsi S
equal tfor Gided eypetdatn apd Aidio Stedand Paokes fosaudfis alpe eldta fof trafisferriag datadtont eaid
then transparent col or node i s enabled and the transparent color is

speci f i gt toysaidrdientpyes diforgvarubink for prgsertiaion tg) 3 dient Pigfough 7 of this byte
are reserved for future use and are set to zero. [0362] The Video Data
Format Descriptor field (2 bytes) specifies the format of the Pixel Area
Fill Value. & G The iihtetfacer aff e€lduawlt fiethér deoniidtizg Fmenat Desc Reptrss  Lisk
coded. The format js generally the s as the same field in the Video

St r eam IPXERHAL ngb%iﬁﬂts gqfémldiCilST\ft tﬂF@Bng’F&}ta alth9stel d uses 4 bytes

all ocated for the pixel value to be filled into the w ndow specified
above. The format of this pixel is specified in the Video Data Fornat
Descri ptor f9.el d.Ti®. imerfackhef Rdeimd ITrnihsrdde| thy s dlinke gemirollen okeuests| dBplay

The P ter field (2 byt t ai 6-bi t f byt es f
he Pacbrosientprmeiot omB kBRI (GREE S 1S Riel el v ol s ihasale Sl c
entire fardRht dsvidH is easBeof acbédfollathip@hAukh é@aentbifeded (1 byte) contains

zeroes to ensure that ‘all MDDl _Data signals are in the zero state prior to
disabling the line drivers during the first Guard Tine period. [0366] The

Guard Ti i ol Lo ' : dri .
t hgr hos!t mE‘t él ({:I: gaﬁet(ﬁ%ééﬁ%(feez)off Lgl#@ﬁg g’(rﬁlel\%kellr gé\%lénmt%ﬁe ci I en%@ﬂd‘llsgsglaa; ﬁ[eg%% n
enabl eomheniboikis dedadhl es its MDDl _Data line drivers during bit 0 of

Guard Tinme 1 and the Display enables its line drivers imrediately after
the last bit of Guard Tinme 1. [0367] The Measurenent Period field is a 512

byte w ndow ysed . ald-Awe bPe 1 Spm¥ﬁ§1‘f’?aﬁfﬁ8§?'ﬁgvic¥%éﬁpﬁse@g fortab¥f dom at

hal f the data rate used on the forwar n This rate corresponds to a
Rever sehavingka WatlesOnvdaodispdsedl.thékbi@. Di spl ay returns this response

i medi ately at the beginning of the Measurenment Period. This response wll
be received at a host at precisely the round trip delay of the link after

the begi nni ngp of tleinfdrfast oPCtaiffl WigeiYRARUOSIRR colRBpPidesd cdnfifl f18&dssorThe
MDDl Data line drivers in the Display are disabled i mediately before and

i mredi ately after

13.  The interface of Claim 1 wherein said host device is configured as a personal

productivity device.

14.  The interface of Claim 1 wherein said host device is configured as a personal

entertainment device.

15.  The interface of Claim 1 wherein said client device comprises a portable video

display.

16.  The interface of Claim 1 wherein said client device comprises a portable video

presentation system.

17.  The interface of Claim 16 wherein said portable video presentation system

comprises a DVD player.



the Oxff, Oxff, OxOO response fromthe D splay. [0368] The value in the
Guard Tinme 2 field (8 bytes) allows Cient MDDI Data line drivers to

di sabl e bwbms®23sBne drivers in the Host are enabl ed. Guar @CTiuse2/2465 al ways
present but is only required when the round trip delay is at the maxi num
amount that can be neasured in the WO B3/ 023587 PCT/ US02/ 28461 81

Measur enment Peri od. The CI ient disables its line drivers during bit 0 of

oot bi t ot auar it pucBite BETINER L' Rpblely oA HBldye WY fpali et

equal tc@n@{s@sag@n@ s\éredelviveat all MDDl _Data signals are re-enabled prior
to the Packet Lengt ield of the next packet. T. For The Forward Link Skew

Calibration Packets [0370] The Parameter CRC field (2 byt es) contains a
16-bit CRC ofq al | P éaf'tf‘ Lhe R ¥iRShle hbigibhi s
CRC fails tgl chec &y%&ﬁf Chg)wedhl 1 V%;éf B gﬁégllttsdg\alr deg i}fi0371 Cal ?braltl on
Dat a Sqﬂe@nfaaoﬁsﬁt@incont ains a 512 byte data sequence t hat causes the

MDDI _Data signals to toggle at every.data period. During the processing of
the Calibration Data Sequence, the MDDl host controller sets all MDDl _Data
signal s equ t LARALrhd S fiishkay ¢l ock recovery circuit
shoul d use ginq Ic\}igg]ﬁ%%%wrat r t han I\/Dll?)ﬁi’hSt xor MDDl _DataO to recover

t he data cl mmumy ef travsfeCahides.antivallovbag theSeapstom of diffesént magirhemmymbetseifved

by the clie Di.spl a Dependi.n the.e ase of nal
at the %@g?ﬁﬂ?tﬁdnd?ar%/ltﬁe (t‘,% iabglé{%? g‘ﬁ‘%ﬁ?%ocge‘ﬁ@éﬁgg’ fiiogF e ecfal]?le@& %gu |gn
Dat a SegeaGEsaM hdst SRNQIR livk BSv@sanaf the foll owing based on the
interface Type being used when this packet is sent: e - xaa, Oxaa ...
or 0x55, Ox58herein Fappgransfer nmpdes, ar amicallyr adjuegaple @)‘@B’@en said pyosles | during
Oxf Q, fO o OxOF, OxO ... Type IV - Oxff, OxOO Oxff, OxOO ... or
x00, &%a xff ... An exanple of the possi bl e MDDI Data and VDDI
Stb vvaveforms for both the Type-I and Type-1I Interfaces are shown in FIG

62, repsectively. XVl. Concl usion h 372] Wil e various errbodl rrgnts of. the
present i nvedki onThevmeraenot&dam e@‘“&%‘b\‘?@npfl?f‘g hBIItH LI RAFESS ( ¥58BIet Rat

h h
they at\f%[sﬁe?% 58&%%%&?& %}ﬁsmoﬂ é@% gﬁtCIB% zﬂ;fgl??t Rtk Ttdn@?ei" %lhﬁﬁ? AFQ&US

t he br pr esent not be IiI'mteo

any of Flh‘leBabﬁpe’adaﬁQ?iilkmﬂ’meppteatgzolerrﬁnablmpbs),acltnm shoul d be defi ned
only in

22.  The interface of Claim 1 further comprising Filler type packets generated by said

host to occupy periods of forward link transmission that do not have data.

23.  The interface of Claim 1 further comprising User-Defined Stream type packets for

transferring interface-user defined data.

24.  The interface of Claim 1 further comprising a Link Shutdown type packet for
transmission by said host to said client to terminate the transfer of data in either direction over

said communication path.

25.  The interface of Claim 1 further comprising means for said client to wake up said

host from a hibernation state.

26. A method of transferring digital data at a high rate between a host device and a
client device over a communication path for presentation to a user, comprising:
generating one or more of a plurality of pre-defined packet structures and linking them

together to form a pre-defined communication protocol;



accordance with the following clains and their equivalents. W 03/023587
PCT/ US02/ 28461 82 CLAIMS 1. A digital data interface for transferring

di gi tal pwegesne3sBT on data at a high rate between a host @®€Tiuse2/z8361 a
client device over a conmunication path conmprising: a plurality of packet
structures |inked together to forma cdnuni cation protocol for

communi cating a pre-selected set of digital control and presentation data
bet ween a ha . Cli r I O; SRR ' : .jone
link contr ol(ﬁ)é@ggl &lgnégbiﬁgée%éé}}’e ?1632)# Qiclléw ce%@%dg%eg%%ﬁgpg&% ?‘get?lx{egl?%%lgugh
sai d dormand it dizns dpaddd oveesaittcanan tmigationthatiougey eaid temntunzason protaot]

recei ve packets form ng said _comunications protqcol, and to formdigital
present at i orfoYBkRE F‘HF%QQBH%}‘% l‘r?grcé?mcr? depdingdp éaldglﬁﬁtk@t"éc.e to saigyglientfeyiceace
of C ai ugt i ok d RN L a
Framee TIREh il ConfiTReAPhE SuBP SePRELTlR, SoRHIRE (P eDTialibd goqeel

pr e- deftransahitf i anddrectiea gidekets t formingr eaid ecommmmmeations njyetocol, @l tb gaohedigitdave
differing and variable |engths. 3. T(?e interface of Claim1l further

conpri sl?rgﬁn?tlgﬁai‘t@r“étﬁé’nﬁé’ég@lre PRER Rk at%%%cﬁ‘?tﬁoﬂ’éld at the beginning of
transfers ofypRekets dhiaMiBakstn8spackdts ML shidl RntB&AcAfonSpainMistngd b4l Nk
conprising bi-directional transfer of information between said host and
client comgpllerai d communi cations link. 5. The interface of Claim1 wherein
said link controller is a host link controller and further conprising at

| east one client link controller residing in said client device coupled to
sai d host tiy oughhebtiod ONMTURNCIY futher doMiptisinpeidapia g Biil ueiess ogetieneithine,
transmt, and receive packets form ng said conmunications protocol, and to
f or m di jediafrages feneypmypicaiambetiveen sHe hopt andotlient.fhe snedia Hames bavinga Pre-6.
The int er : | m: r el | i [y rj or
more deres Spp el TR PRI g o< GRRb Yol S AR R
one or lengths.di fferential line receivers coupled to said communication

pat h. WD 03/023587 PCT/ US02/ 28461 83 7. The interface of Claim1 further
conprising one or nore Video Stream Packets for video type data, and Audio

Stream Packejs T ofpAginBd SY %ﬁ@@faﬁﬂér édrﬁ[{]géxfgr édﬂﬂe&ﬁﬁ?tr&ﬁs@éﬁo?@%&eém%et 0

said client over a forwar or presen lon to a cli

I ent us
i nt er f asaed lofst @ithiarSub-fram¢ Header dygerpasketg one or nore Reverse Link

29.  The method of Claim 26 further comprising transferring information between said

host and client bi-directionally over said communications link.

30. The method of Claim 26 further comprising at least one client link controller
residing in said client device coupled to said host device through said communications path,
being configured to generate, transmit, and receive packets forming said communications

protocol, and to form digital presentation data into one or more types of data packets.

31.  The method of Claim 30 wherein said host link controller comprises one or more
differential line .drivers; and said client link controller comprises one or more differential line

receivers coupled to said communication path.

32.  The method of Claim 26 further comprising transferring data from said host to
said client for presentation to a client user using one or more Video Stream type packets for

video type data, and Audio Stream type packets for audio type data.



Encapsul ati on Packets for said client to transfer data to said host. 9. The
interface of Claiml wherein the host link controller requests display
capabi | i tweasjozds8T mati on fromthe client device so as to @erarsnr/esaéwhat
type of data and data rates said client device is capable of accommobdati ng
through said interface. 10. The interfdife of Caim 1l wherein said host
device conprises a wireless communications device. 11. The interface of

Claim1l whergin i d ' S : . Vi

o rel ess Moo o CoTRlepl TR 2GR SRR CAR P TR i DB S, |
host dessidckose asing bsesr moreRdvesse IinloEacapoulatidBtypd lpeckerst er f ace of Claim 1
wherein said host device is configured as a personal productivity device.

14. The interface of Caim1l1 wherein said host device is configured as a

personal emert g IrCelIaink©26 HRhENE Eéﬁﬁ %eqldstth ciip'}ﬁserc%éb'ﬁ Ld
client devi gjel?coﬁrpri sesfh(g&\p?grtegab e ?/i eo dl&gl ?ay‘c.g f% SThg] I Sterfaiéelo °
d ai m linfdreratomfremi te clierartty adest bek contpillesssasaopletermbleevhat type of daesmdtdatai on

system 17. The interface of Caim]l16 erein. sai ortabl e video
pr esentra{qsaﬂdsc@gletéwar@@ i%%%"%@gﬁ%é .5319\6%6‘%7‘ 3587 84 PCT/ US02/ 28461
18. The interface of Claim16 wherein said portable video presentation

system conprises a gane player device. 19. The interface of daiml
wherei n sai d3%! i €hte duethoé obn@laimes4 afyther abdraprsiog ocommusieting | B¥play setem

20. The_interface of..Claim 2 further c ri,sing: Lurali of transfer
odes RISRELT SapRy b clplt oo fRERG 1 s e ool Blngt i RS Gl
dat a imggraglda@hbigm@papgjmgn time period, wth each node sel ectabl e by
negotiati on between said host and client link drivers; and wherein said

transfer nodes are dynam cal |y adjustabl e between said nodes during

transfer of ta. ' . L : c rd sl
plurality ofﬂ%‘ac k%%énﬁgﬁgﬁl gptk’gilﬁjtalrjgns reerq:ill 3%1131;%011'{11:1]’1;1 %IIE%EB.Q[HI gér;EHc Oﬁggﬁefﬁoc%bltehe
group ofiaviigy Dserivbpf foldic br Blopcéonbuenssfaad,a dBidldmap Area

37.  The method of Claim 26 further comprising operating a USB data interface by

each of said link controllers as a part of said communication path.

38.  The method of Claim 26 wherein said host comprises a wireless communications

device.

39.  The method of Claim 26 wherein said host comprises a portable computer having

a wireless modem disposed therein.

40.  The method of Claim 26 wherein said client device comprises a portable video

display.

41.  The method of Claim 40 wherein said portable video display comprises a micro-

display device.

42.  The method of Claim 26 wherein said client device comprises a portable audio

presentation system.

43.  The method of Claim 26 further comprising storing multimedia data to be

transferred to said client device at said host.



Fill, Bitmap Pattern Fill, and Transparent Col or Enable type packets. 22.
The interface of Claiml further conprising Filler type packets generated
by said WoOIB/0238DCcupy periods of forward |ink transm ssiPem/uShz2846D not
have data. 23. The interface of Claim1l further conprising User-Defined
Stream type packets for transferring i8terface-user defined data. 24. The
interface of Claiml further conprising a Link Shutdown type packet for
transm ssion by said host to said client to termnate the transfer of data
in either direction over said communication path. 25. The interface of
Claim1 furtgaer Cmﬁnnétﬁbdhgf Oman 26 vittercinsald philerd each combasappskedengtbSield, r om
a hi bernation state. A net hod of tra sferrlﬂg.ﬂgital data at a high
rate bENGOBRMOE RkEt %Pé%fleléisaﬂﬁléaé;y"]é‘l redhrdagey, Fheekdifld "a communi cati on path
for presentation to a user, conprising: generating one or nore of a
plurality of pre-defined packet structures and |Iinking them together to
forma pre-diéti néﬂlecmesmwhbf:@taimm;fuminemcomprim03/ 023587 PCT/ US02/ 28461 85

t | ected set of dj.qgital t d t t d
Dot woen aai e RMEE S Moahandgl ol aFert Jhes B AFGRF oLt Bl R

using s ngfeP ‘H{H&%E‘ i éﬁdhot'i‘ir&'hgh O%haallﬁw tH@Qraﬁﬂsfek %@%ﬁff&&ﬁ M@Subd Almbers of
control residing In said host device to said client device through said

com‘runlhlmtqfdalslpam’alleltdverhgs@nltlmﬂ@emodlamﬂ | er being configured to generate,
transmt, and rece acket or m nic tocol, and to
form digital ynfﬁ“&@h gf[% e‘&%‘fvgel} ?ﬂ&g@ﬁgeré?o%gqgn?%é%@?%?o f@E‘t?a packets; and

transferring data in the form of packets over said conmunications path
using said link controllers. 27. The nethod of C aim 26 further conpri

groupi ng sai4f. packet meihog @ Kpm26 Hisher ROEDASTISAINE RSy OlBRFRLA & RINTRJHY ©
b h d
St e Rfie!yd gg@esf%e'\gg% | 1f0atbh SnO%RY o e Bt I¥orRp OBy %%awﬁqnghfse

| ength nunber of ~ sai ets have ering an

var i ablBitmheAgdd ], B#mag Pattera Hilh dind TralsparmtABolbriEndbde type ppekesi ng commenci ng
transfer of packets from said host with a Sub-frane Header type packet.
29. The nethod of Claim26 further conprising transferring information

bet ween sai dy; ho heglﬂgtpsgo?@lalfﬁ' Z@fuhﬁﬁﬁé&%sr}ggé\ﬁ%fauﬁgmeas kR bpesia

link. 30. The net aim?26 furt conprising a one client
| i nk cdwst ol deceupy peeiiddiofi fprivardslaikotranisingsstondbati doenot baysl det.t o sai d host devi ce
t hrough sai d conmuni cati ons path,

48.  The method of Claim 26 further comprising transferring interface-user defined

data using User-Defined Stream type packets.

49.  The method of Claim 26 further comprising terminating the transfer of data in
either direction over said communication path using a Link Shutdown type packet for

transmission by said host to said client.

50. The method of Claim 26 further comprising waking up said host from a

hibernation state by communication with said client.

51.  Apparatus for transferring digital data at a high rate between a host device and a
client device over a communication path for presentation to a user, comprising:

at least one host link controller disposed in said host device for generating one or more of
a plurality of pre-defined packet structures and linking them together to form a pre-defined
communication protocol, and for communicating a pre-selected set of digital control and
presentation data between said host and said client devices over said communication path using

said communication protocol;



bei ng configured to generate, transmt, and receive packets formng said
communi cations protocol, and to formdigital presentation data into one or
nore typewoaB/oeasa packets. 31. The nmethod of C ai m 30 whec&iusoyad4dl host
l'ink controller conprises one or nore differential line drivers; and said
client link controller conprises one oB8nore differential |ine receivers
coupled to said comruni cation path. 32. The nethod of Caim 26 further
conprising t i I Sit i i fQrea; :

o esent at ort 0 s 128y Cahtcf 85 n Ra! et oy Laiofled @l host ik
for vicdewollerplerodgh said acimAuitatorfstpatgand ype packets for audi o type data. WO
03/ 023587 PCT/ US02/ 2846&:5 6. 33. The thod of Claim 26df urt heraﬁgon'p%ri Si ng

t r ansf er ri ngaghiiBk cPpFelesbging GoHEuEE 1o SERFalREANSTE}: F79 SRE1 6 PATSTE 1RIYBE se
Li nk - Encainsdth@hdieftidng Hﬁo@@?kﬁﬁéto fftm ai?ﬁal”ﬁjefé%gati%fl detAinf 88 b iddi€kypes of
conprising requesting display capabilitTies information fromthe client by
a host dataypackemtrol | er so as to determ ne what type of data and data rates
said client is capable of accommdating through said interface. 35. The

met hod of Claim 34 further conprising comruni cating display or

present at i orspcapaiel dpbh@busiof @i 3l WEbin! shitlhdsOEOntlIbEEontptistad StateaBichienk
controller using at east one D splay Capability type packet. 36. The

nmet hod of Cl aim 26 wherein said comuni cati on path conprises a cable
havi ng a serJ,es four ar r&..condu i 3 of
Cl aim 26 fur#her nﬁ?ﬁa%ﬁﬁsg%gp(’g?la gﬂg&ég{ﬁ%gﬁgtlgos? %f) lgég geéegoﬁnfjgggseggé\&ggﬂ
sai d |inmlf%d‘s@@iglh@l|ﬂrgd§@S@$ a part of said comunication path. 38. The net hod
of Claim26 wherein said host conprises a wireless comuni cations devi ce.
39. The nethod of C aim 26 wherein said host conprises a portabl e conputer

having a wigel espd o 3PASh el 404 pRORTaRNGK gg{;d tO GG Aithin -

wherein said ¢lien I cCe conprises a porta ay.” 41. The
met-hod médififaines 46r vdmmenicatsai betweert sdidl dosti abeoclidng pheaynedianfpamesdmvangna preo-

di spl ay_device. 42. The nmethod of . C aim 26 wherein said.cligent device
conpr i dedingd Fged Janeth wifh; pprep M%WW%?@@ idh pagkets paye fiiteHag aB% vérahl, 26
further ﬁ@ﬂyri sing storing multinedia data to be transferred to said
client device at said host.

55.  The apparatus of Claim 51 further comprising a Sub-frame Header type packet at -

the commencing of transfer of packets from said host.

56.  The apparatus of Claim 51 wherein said link controllers are configured to transfer

information between said host and client devices bi-directionally over said communications link.

57. The apparatus of Claim 51 wherein said client controller comprises a client

receiver coupled to said client device.

58.  The apparatus of Claim 57 wherein said host controller comprises one or more
differential line drivers; and said client receiver comprises one or more differential line receivers

coupled to said communication path.

59.  The apparatus of Claim 51 further comprising Video Stream type packets for
video type data, and Audio Stream type packets for audio type when transferring data from said

host to said client for presentation to a client user.



WO 03/ 023587 PCT/ US02/ 28461 87 44. The nethod of C aim 26 wherein said
packets each conprise a packet length field, one or nore packet data
fields, awooaoz3ssti c redundancy check field. 45. The met hedTafSozZkssm 27
further conprising: negotiating between said host and client link drivers
the use of one of a plurality of tran8fer nodes in each direction, each
allowing the transfer of different maxi num nunbers of bits of data in

paral | el ov a give i r Qe ! s joUSt i b ¢ d
transfer rmgg's dglrhf\_”(ng)pttdt%%spgréféﬂndg{]gyﬂz{%ég#ﬁgﬁ%%ﬁ%’g g% r{(aj&[z(;lai %E%%%flt}?%er
conpr i Fnbgpsukitiog type acketsfor eandfeingldatadtérh paidficliepiaolsaitidiosto transfer vi deo

i nformati on chosen fromthe group of Color Map, Bit Block Transfer, Bitmap
Area Fill, Bitmap Pattern Fill, and Transparent Col or Enabl e type packets.
47. The metaed ofpy( Al MaAR SHTIART 5T WA AM 465K bodrdiet li€ohfififed to
packets by said host to occupy periods of forward |ink transm ssion that
do not réwarest digiflay cap@bililine infeduirticn dfonCihei otieR6sd e tohdaterodmgwhat tiipe of data and

transferring inteyrface-user defined at g _usi.ng. r-Defined Streamtype
packet &atazafes said chignt pheppa e@? Q?W%O‘;}adpgﬁgf’u%lb%bﬁ@?rﬁaﬁet erninating the
transfer of data in either direction over said conmunication path using a
Li nk Shut down type packet for transm ssion by said host to said client.
50. The net68d ofThclagparates of Glaimeh] fusherrdosmmigingatileast oge Risply Kepabilibniype

hi bernati.on_.state by co nication wt.h .d.cli .
transf &P éord’lomr?'ﬁe{c%l&?nﬁs {layaorrﬂr%sﬁn rag?régﬁieag%feagﬁ ?%hh%glg[ené@@??éﬂgﬁ%r féé)gald
client pdeMinkeoaM6llera conmuni cation path for presentation to a user,

conprising: at |least one host link controller disposed in said host device
for generating one or nore of a plurality of pre-defined packet structures

and i nking 6%h.em1%89ag>&)&%£ust& RIS hisiflShl S GATHIGH F2hI oAl Pemble
and for commuhi cating a pre-selectéed set 01‘a digtal control ang

pr esenthatingn sdetsoflfotraanosaodddvost andasisialdd - cl i ent devi ces over said
comuni cation path using said comunication protocol; WO 03/023587

PCT/ USO2/ 28461 88 at | east one client controller disposed in said client
devi ce and gQupl t A il | t brRmes $&¢ onductors and a
comuni cat i g%'s pgsﬁ;ébgﬁié?n%ac é}ailﬁr}k(;gégrlllgl‘rég? F§P %re)lien(gu confisgured to generate,
t r ansmishieldand recei ve packets form ng said comrunications protocol, and to
formdigital presentation data into one or nore types of

65.  The apparatus of Claim 63 wherein said cable comprises eight conductors and a

shield.

66.  The apparatus of Claim 63 wherein said communication path comprises a cable

comprising 4 conductors, a USB type interface, and a shield.

67.  The apparatus of Claim 63 wherein said cable conductors each comprise multi-
strand wire with a resistance of around 110 ohms per one thousand feet in length, a signal
propagation velocity of around 0.66¢, a maximum delay through the cable less than around 8.0

nanoseconds, and a shield.

68.  The apparatus of Claim 51 wherein said host device comprises a wireless

communications device.

69.  The apparatus of Claim 51 wherein said host device comprises a portable

computer having a wireless modem disposed therein.



dat a packets. 52. The apparatus of C aim51 wherein said host controller
conprises a state machine. 53. The apparatus of C aim51 wherein said host
cont rol | ewomenpsBses a general purpose signal processor. PEA/USINEB4appar at us
of Claimb51 wherein said packets are grouped together within nedia franes
for conmuni cation between said host an@0client, the nedia franmes having a
pre- defined fixed ength with a pre-determ ned nunber of said packets have
differing and var able n . 5
conpri sing Sub- d’gt&%‘ypg?%lc% @&ai?%h?]ﬁgﬁg%fe :mg%gs %P&lttlirbg%g &f of
packet sidplgm sai d host 56. The apparatus of Caim51 V\,her ein said link
controllers are configured to transfer information between said host and
client devices bi-directionally over said comunications link. 57. The
appar at us of d ai I i tgﬁﬂ%{ I i i
receiver couél ed '{Hg%ﬁgﬂ@&gﬁf@l l%dﬁg)v‘géiéérgllﬂ eBL? ‘gg‘?ﬁ? 5 Igslegnbn’ﬁ&to
wher ei iligpddycdelizet control l er conprises one or nore di fferentl al l'ine
drivers; and said client receiver conprises one or nore differential |ine
receivers coupled to said comunication path. 59. The apparatus of Caim
51 further compr iglng, Ml R HLER8 Wﬁ?enﬁ’@ﬁﬁ%‘h%ntf Rvice\CoHtBRiséy P BordsHl@ audifd
Audi o Stream type pa Eets for audio type when transferring data fromsaid
host t @prssantdtion systedm.f or presentation to a client user. V\D 03/ 023587 89
PCT/ US02/ 28461 60. The apparatus of Claim51 further conprising one or nore
Reverse Link Encapsul ation type packets for transferring data from said
client to saisd hogle apfdratule CARRAS ﬁfdﬂ@e@éoxﬁi‘)ﬁdﬂ@ &ata WoRiceifor SAdiflg Aagtimbdiak
controller is confi gured to request dis capabilities information from
t he cl |®tﬂtosb@Uaissftem@éft@ndwlmtdmwb)yﬁﬁédg%tdata and data rates said client
i s capabl e of accommpdating through said interface. 62. The apparatus of
Claim6l further conprising at | east one Display Capability type packet
for conmuni cat i NOTHé giphayusOs! Or@ae3lt whereth @eﬁ@@bctldetst ¢l dohgmisa acpackett lehgthk
controller to said host link controller. 63. The apparatus of C aim51
wher ei rfisidioge op mermpackei e Haldh a8 msyrlicedyndangy gheckdifithy a series of four
or nore conductors and a shield. shield.64. The apparatus of C aim 63
wherein said cable conprises six conductors and a

75.  The apparatus of Claim 51 wherein said host and client link controllers are

configured to use of one of a plurality of transfer modes in each direction, each allowing the
transfer of different maximum numbers of bits of data in parallel over a given time period; and
being capable of being dynamically adjusting between said transfer modes during transfer of

data.

76.  The apparatus of Claim 51 further comprising one or more of a plurality of
packets for transferring video information chosen from the group of Color Map, Bit Block

Transfer, Bitmap Area Fill, Bitmap Pattern Fill, and Transparent Color Enable type packets.

77.  The apparatus of Claim 51 further comprising Filler type packets for transfer by

said host to occupy periods of forward link transmission that do not have data.

78.  The apparatus of Claim 51 further comprising Keyboard Data and Pointing
Device Data type packets for transferring data to or from user input devices associated with said

client device.



shi el d. 65. The apparatus of C aim 63 wherein said cable conprises eight
conductors and a 66. The apparatus of C aim 63 wherein said comuni cation
pat h conpwbse®23sTabl e conprising 4 conductors, a USB typecirntsertsee, and a
shiel d. 67. The apparatus of Caim63 wherein said cable conductors each
conprise multi- strand wire with a resi®tance of around 110 ohns per one

t housand feet in length, a signal propagation velocity of around 0.66c, a
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shield. 68. e a us o al m rein sal ost device conprises a
Wi I el esgink SHikasWC Bipk Paskelawisarl clédt midaas dmprrainating theQransfierSdf dute ire eitherai d
host device conprises a portable conputer having a wrel ess nodem di sposed
t herei ndirepion Sy g 33RIFPIORUIPEHONSEYY. 28461 70. The apparatus of Claimb51
wherein said client device conprises a portable video display. 71. The
apparatus of O aim 70 wherein said portable video display conprises a

m cro- displgy deFérage infan elEbeowppystern for wins@ranguigitalvieéa ef mhighiratedicivesen
devi ce conpri ses a (?ortabl e, audio presentation s e ar at us

.. Th
of O ai b9yt femieapd @opkifnt deNige (HER s FYPIYBICA N Héf?lffog]gpf%%iﬂfaug%ofggao Ut 4 to
be tran rﬁ%@‘j}rﬁ)&aﬁ%ﬁd@t‘c%@ﬁﬁﬁ%ﬁ ce by said host. 74. The apparatus of
e

Caimb n~sai‘'d packet ach conprise a packet length field, one or
nore packet savapiteeicble madivm baving compdemndadable plogoim £odd pearpsmbpéed in

apparatus. of Claim51 wherein said host and client L] |1 .
conf i gutdd megiiypa fop eagFipg Ao %PPEHCGV%H PEOBTER or STy Orﬁggeeggﬁlﬁi’uéécsﬁgtgm?rﬁd
directi %plﬁ&qga@bieop%@gﬂme midadf8bBpricthg:di f f erent maxi mum nunbers of bits
of data in parallel over a given tinme period; and being capable of being

dynani cal | y adjomputencreidable dinstspiogrant ads arcappdes caufindh o FOMBYET Syytemdier a.
52 TheGRRRL Bhe' Br Mect ol BRI EE BR-GGRIR thBk A YR an, BbintoBlitibRto Y

of pac g vi‘deo or mat’t on chosen fr e gro

Col or MaRm Bhre-dBfifekconTmanishtsn prBiocoBp Area Fill, Bitmap Pattern Fill, and
Transparent Col or Enable type packets. 77. The gﬁ_par atus of Caim5

further conp#icempyterir¢adaplet sppendyBORENS cpey MepRh KR RUHYS TR CMPIYER SYSEecupy
pert OdSCSM&{ica A lpiré]—léelteé S ¥ &%lt&b%&ﬂg& ARG ﬂl’@é’&l‘cgﬁéﬁ'da’ca between said
host and said client devices over said communication path using said communication protocol;
a computer readable third program code means for causing the computer system to couple
at least one host link controller disposed in said host device to at least one client controller
disposed in said client device through said communications path, the link controllers being
configured to generate, transmit, and receive packets forming said communications protocol, and
to form digital presentation data into one or more types of data packets; and
a computer readable fourth program code means for causing the computer system to

transfer data in the form of packets over said communications path using said link controllers.

81.  Apparatus for transferring digital data at a high rate between a host device and a
client device over a communication path for presentation to a user, comprising:

means for generating one or more of a plurality of pre-defined packet structures and
linking them together to form a pre-defined communication protocol;

means for communicating a pre-selected set of digital control and presentation data
between said host and said client devices over said communication path using said
communication protocol;

means for coupling at least two link controllers together through said communications

path, ‘one in each of said host and client and each being configured to generate, transmit, and



78. The apparatus of Caim51 further conprising Keyboard Data and Poi nting
Devi ce Data type packets for transferring data to or from user input

devi ces awoamsioztsetl with said client device. W 03/ 023587 PET/UREY244602/ 28461
79. The apparatus of C aim51 wherein said host controller is configured to
transmt a Link Shutdown type packet P2 said client neans for termnating
t he transfer of data in either direction over said comunication path. 80.

For ?éeﬂ/e cgétﬁ%r $aid® Xocﬁiﬁlghfc%?ﬁs eﬁ@l%f:@lr b Rididigtal fakentadorpddth fio

rate be vr ce an device over a coimuni cation path
for pr eﬁleptﬁfo'rmpéwofalamcketa, andorrput er pr ogram pr oduct conprising: a
conmput er usabl e medr um, havi 8% (of0) rfead bl e am codeé geans }eﬁggdr ed
in said nedSHP Q?rtr@é A OE‘a’t‘? (ﬁ’f‘cg t%&?’ CRPRUTCaI G RaHE Using

conmput gk: 4§ J%EYI se? corrput er readabl e program code neans conprising: a
conputer rea iTst program code neans for causing the conputer system

to generate one or nore of a plurality of pre-defined packet structures

and link the ther to efined connunlc

corrput er re abI eél’P(B’ﬁ‘a‘t r%foaélrﬂlcggd@rﬂﬁﬁﬁ%m?%ﬁm% Yél'hg tgﬁughgpgﬁ%eéacgétgt em
é%%ﬁnﬁniéﬁa ﬁﬁh@&ﬁo@ domafunithtich Betvakn 64AhoS andrdicf; erantdih Iﬁ@rhed ata

betmeen ald host and said client devices over said communjcation

usi ng davhgcoprerdefived fised fangthowith; 2 precistasmined nuszhes of saidmackety hayr & eE‘BEe
means for, ca he conputer systemto couple at |east one host Iink
cont r ol 4™ gr aﬂ%‘@pﬂ@% fn said host device to at |east one client controller
di sposed in said client device through said comuni cati ons path, the |ink
controllers bein confi |agﬁr ed to enerate, transmt, and receive

forning sai 3o cof{laimy 8 b [furthes gompEising msags rt?ﬂmlﬁ‘?r@sr%'?%ﬂsf%r?
data i ntagkgpﬁo&rsa o%t {VYtH%SSu%ffr ﬁe%@éﬁigﬁracl@é?d a conputer readable fourth

progranq e neans causi ng the conp systemto transfer data in the
form of packets over sa| d com‘rum cations path usi ng said link controllers.

81. Apparatus for transferrrn ital data at. a etwee

device and &% cl i i 2npatAtse, é‘lm 15‘&%%&?8‘&’??‘8&% ﬁf?fatfa%fé‘%‘é%{ n%atl%ﬁo a
user, dé 10sTERNSiehPhi-ARRE6AIy P BEd BSmARhRa@bnsdinkl Ural i ty of

pre- define packet structures and [Iinking themtogether to forma

pre-defi ned commruni cation pr ot ocol; means for comuni cating a pre-sel ected

set of digit c trol and sen thon.data. bet i d. hd

client devic @é)?]artrts gf ﬁrebréprhe i licon\f\%ﬁ éo%'lﬂjnsgg ﬁ%o&%@nﬁgﬂé}
coupled to sa1d host device, and the second link controller comprises a client receiver coupled to

said client device.

86.  The apparatus of Claim 85 wherein said host controller comprises one or more -
differential line drivers; and said client receiver comprises one or more differential line receivers

coupled to said communication path.

87.  The apparatus of Claim 81 further comprising means for transferring data from
said host to said client for presentation to a client user using one or more Video Stream type

packets for video type data, and Audio Stream type packets for audio type data.

88.  The apparatus of Claim 81 further comprising means for transferring data from

said client to said host using one or more Reverse Link Encapsulation type packets.

80.  The apparatus of Claim 81 further comprising means for requesting display
capabilities information from the client by a host link controller so as to determine what type of

data and data rates said client is capable of accommodating through said interface.



comuni cation protocol; nmeans for coupling at least two link controllers

t oget her through said comruni cations path, “one in each of said host and
client amdomaodsskei ng configured to generate, transmt, amdTWSDN4OR3587 92
PCT/ US02/ 28461 recei ve packets form ng said conmuni cati ons protocol, and to
formdigital presentation data into o0/ or nore types of data packets; and
means for transferring data in the form of packets over said conmunications
path using said link controllers. 82. The apparatus of Caim81 further
conprising nmeans for grouping said packets together within nedia franes
for comuni omt i orTHeeippeepussel ClalinSY farthercdongiising mearrsefd'r aofnmmiEsting) disphg a
pre-defined fixed Ien%th with a pre-determ ned ni sal(glfipacket](s3

di f f er igipresgpi@tion Fanabilaies & hgllelﬁslm To8trgierdP s 06? h SPHIBET FRIPS R %ﬁas

conpri g transfer of packets fromsaid host with a
Sub- fra&ngg?%@%iéa{’ﬂh&qwkgm. The apparatus of Caim81 further

conpri si ng neans for transferrl ng informati on between said host and client
bi-directionally over said c réjﬁ[" ons I|

k. 85..The ag&ar at us éjta é)})l%l m
81 wherein otle |iHeg %Rﬂarfa\t‘(‘ﬂf’ SIS §?mHBJH{‘%a PR &F OB 26  Sai d
host d lshgyg.conpri ses a client receiver
coupl eg}/to as%lﬁgs Bfguﬁtgpglg% écdgﬂﬁct%%ﬂg Sgppar atus of Claim85 wherein said

host controller conprises one or nore differential line drivers; and said
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conpri SinRPraBEBN 8ach sﬁl"cﬁﬂﬁ(f&hfrbl'l@s god part bOMAId s@hpuhiestior patkai d client for
presentation to a client user using one or nore Video Streamtype packets

for video type data and Audio Streamtype packets for audio type data. 88.
The appar at & Prfifad " S EIGAMRA S| GeiTC AR |y | BARBHGAT INOHiAbR

from said c |ent using one or nore Reverse Li Encapsul ati on

type pa&;}f@hﬁmcﬁﬁmsfﬂbﬁcappar atus of Caim81 further conprising neans for
requesting display capabilities information fromthe client by a host |ink
controller so as to determ ne what type of data and data rates said client

I's capabl e of, accpumgalhlg JMERHANR1S Wnreid s&al RGse-col¥pridelf Qzﬁﬁglegé)omputer

having a wireless modem disposed therein.

95.  The apparatus of Claim 81 wherein said client device comprises a portable video

display.

96.  The apparatus of Claim 95 wherein said portable video display comprises a

micro-display device.

97.  The apparatus of Claim 81 wherein said client device comprises a portable audio

presentation system.

98.  The apparatus of Claim 81 further comprising means for storing multimedia data

to be transferred to said client device at said host.

99.  The apparatus of Claim 81 wherein said packets each comprise a packet length

field, one or more packet data fields, and a cyclic redundancy check field.



PCT/ US02/ 28461 90. The apparatus of Claim89 further conprising neans for
communi cating display or presentation capabilities froma client |ink
cont rol | ewotos/0s381 host |ink controller using at | east omeTRiSSpRsy1
Capability type packet. 91. The apparatus of Caim81 wherein said
conmmuni cation path conprises a cable Baving a series of four or nore
conductors and a shield. 92. The apparatus of Claim81 further conprising

neans for o]a%éafti a %%%S%?@%ﬂp%@hhgg&%gﬁ%h of said link controllers

as a part of “sai o] nica paratus of C aim 81 wherein
sai d host congunk 66 n@guvatiak Essweenopaidi hosa hiid REemtelinlc rivard . thd se ayf paneaous  of

Cl aim 81 wherein said host conprises a portable conputer ing, a wreless
modem dilepbiyeef transfesiodeggn epple dEpHION, £33 éﬁ)@%iﬂm in%%ﬂe‘?ijg‘%we’?ﬁi P& ER

devi ce n%%rgg%si Ogggttsg%ﬁg{aéﬁgégu | og,gf)aa ég,gﬁgh@beﬁgg; angn€ apparatus of Caim95

wher ei n"sal r conprises a mcro-display device. 97.
The appar at useaf f& dinamBchlivhdjusiimg bawdercdaidmensfamaedss doripg irgesteraf datat abl e
audi o presentation system 98. The apparatus of C aim 81 further
conprising means for storing multinedia data to be transferred to said

client devicgat Fal dAnsls of¥orinl 28 tﬁﬁﬁfi{f&{ngﬁisﬁfg fek@soB hsinh @he o nfité df a
1 eld,

packets each conprise-a paé et length one or nore packet data
fi el ds,plaatityeofqackdts ta eahsfataidep infeenktidn dioden faomobe grepdt Cnjorpdap. BibBlozk461
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transfer nodes in each direction, each allowng the transfer of different
maxi mum nunbers of bits of data in parallel over a given tine period; and
means for dy¥&ni cBhd gppaegtus of lpimedWBithes oMPrisAESNeANs 8] gencariinengilier Lbwer er

f data. 1. Th . j f 1.Si ir
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fromthe group of Color Map, Bit Block Transfer, Bitrmap Area Fill, Bitmap
Pattern Fill, and Transparent Col or Enabl e type. packet sf 102.. The appar at us
of O aim 81 Q3 t hBhe appAstPrs Ph§Tamadl fygher foRBrsinggedns) fop frapsfping interiace-

user defined data using User-Defined Stream type packets.

104. The apparatus of Claim 81 further comprising means for transferring data to or
from user input devices associated with said client device using Keyboard Data and Pointing

Device Data type packets.

105. The apparatus of Claim 81 further comprising means for terminating the transfer -
of data in either direction over said communication path using a Link Shutdown type packet for

transmission by said host to said client.

106. A processor for use in an electronic system for transferring digital data at a high
rate between a host device and a client device over a communication path, the processor
configured to generate one or more of a plurality of pre-defined packet structures and link them
together to form a pre-defined communication protocol; to form digital presentation data into one
or more types of data packets; communicate a pre-selected set of digital control and presentation
data between said host and said client devices over said communication path using said

communication protocol; and transfer data in the form of packets over said communications path.

107. A state machine for use in obtaining synchronization in an electronic system

transferring digital data at a high rate between a host device and a client device over a



packets by said host to occupy periods of forward link transm ssion that do
not have data. 103. The apparatus of Caim81 further conprising neans for
t ransf er rwog3iozaser f ace- user defined data using User-Defi mea/uSpz/zsam t ype
packets. 104. The apparatus of Claim81 further conprising nmeans for
transferring data to or fromuser inp®¥ devices associated with said
client device using Keyboard Data and Pointing Device Data type packets.

105. Th I f ' ULt heg IS i [ t he
transt pmiRaibl Safl, o RalP ol 8RR gEORRE KA\ P TERNenS Hloyhe e SR
Li nk Shyicieomizdtippetapg akiehstiwo Actjniaing fiyas Saieslsynatabniztost stdtes, sad at ledst dmee
106. A _processor for use in an electronic systemfor transferring digital
data aln-2yng gtates syRQrPEIaHOBIAEShost device and a client device over a
comuni cation path, the processor configured to generate one or nore of a
plurality of pre-defined packet structures and link them together to form
a pre-defined communi cation protocol; to formdigital presentation data
into one or nore types of data packets; comrunicate a pre-sel ected set of
digital control and presentation data between said host and said client
devi ces over said communi cation path using said comunication protocol

and transfer data in the form of packets over said conmunications path.

107. A state nachine for use in obtaining synchronization in an electronic
system transferring digital data at a high rate between a host device and
a client device over a WO 03/023587 95 PCT/ US02/ 28461 communi cati on path,
the state machi ne configured to have at | east one Async Franes State
synchroni zation state, at |least two Acquiring Sync States synchroni zation
states, and at least three In-Sync States synchroni zation states.




