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pl ayers, have been devel oped for audi esentatl ns to end users.
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multimedia and other types of digital signals from a wireless device to a micro-display unit or

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
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transfer of data over a communication link. This allows transferring images or data faster by
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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i nt er f ashex.of Thwedésired thighvdat@frates d1scussed above Wthh are contemplated for use with future
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.
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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
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the 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.
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BRIEF DESCRIPTION OF THE DRAWINGS

[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.
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of a Subafocgie Header Packet. [0034] FIG 9 illustrates the format and

contents of a Filler Packet. [0035] FIG 10 illustrates the format of a

Vi [0832] St r eanklla dkBlustrito 3ie] epnazal 1strydtyrgsefr packetst Reeds iy implemsat dsningeracer or

t he Vi deo Dalta Format Descriptor of FIG 10. [0037] FIG 12 illustrates

the useP 8?0 acked and unpacked formats for data. [0038] FIG 13
qou&,qrat es FIe sfiMisiitesQhe fpmALSH 28 B-fraastidaddedtackdt0039] FI G 14

illustrates the use of b%/te al i gned and packed PCM formats for data [0040]
FIEO345 || uEliG- QriBestragas thoformat ad conigaisiof pdfilleidickttr eam Packet . [0041] FI G
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[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.



[0042] FIG 17 illustrates the format of a Reverse Link Encapsul ation
Packet. [0043] FIG 18 illustrates the format of a Display Capability
Packet. [WOH402FHBG 19 illustrates the format of a KeyboardThsvz2dacket .
[0045] FIG 20 illustrates the format of a Pointing Device Data Packet.
[0046] FIG 21 illustrates the format & a Link Shutdown Packet. [0047]
FIG 22 illustrates the format of a D splay Request and Status Packet.

[ FI G St ansfer Packet.
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a sanplyg invRltRyent ation of a CRC generator and checker useful for the
invention. [0062] FIG 37a illustrates the timng of CRC signals for the
afprht us ofFIG| &a iblestydiesths eiminggf CREt agdeclos the aP[P@@Bg] Oflﬁ1@ 3@ mpen sending
illustrates t e timng of CRC signals for the apparatus of FIG 36 when
recei vi éﬁ'&glf ‘packets. [0064] FIG 38 illustrates processing steps for a

t youespl ser HIGEe3Te quiestiatesl the fiminp0of aTRC ogigndl9 65 fthd-lafipard@s | ofl HEF.r36t eden
processing steps for a typical service request asserted after the |ink
r est ar treesddn@Ada PAdSthegun, cont endi ng with link start. [0066] FIG 40

il t T d
L R S e R R e SR PR

sijgpeal s fr OrFIGnmlhllustrates processing steps for a typ1cal 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.



data at the host, and then recovering the data at the client. [0068] FIG
42 illustrates drivers and termnating resistors useful for inplenenting an
enbodi mrerwwO®B/023587 i nventi on. [0069] FIG 43 illustrates stPrepasangB4si gnal

| evel s enpl oyed by a client to secure service fromthe host and by the
host to provide such service. [0070] FI%G 44 illustrates relative spacing
between transitions on the DataO, other data lines (DataX), and the strobe
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forvvard link data rate. [0080] FIGS. 54a and strate steps
uriges2l aken iHGt heilbyseatas therdomhataf a Herwartlddek Papky81] FIG 55 illustrates an

B0 Fat s HOES ob MRS BRAEL G B RETALIDA, ATOENT skoe HER ThRGL Bk .

typl calintéghsees for propagati on delay and skew in an Type-1 Link interface.
[0084] FIG 58 illustrates Data, Stb, and C ock Recovery Tim n% on a 'il'aé?e
mp

L84 or exdABH 8% illustpigh Ratap Sthe aad CIRFkHFCOVRH Tﬂm@a%ﬂmﬁc@lnk oeF

ITl lpgs} Wéﬂ%ﬁp&ggsg@ﬂl%ﬁh”% JQLe,pr opagat i on del ay and skew in Type-i1,

{0085] FIG. 59 illustrates typical values for propagation 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-1I 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.



Type-1V Link interfaces. [0086] FIGS. 60a, 60b, and 60c illustrate
different possibilities for the timng of two data signals and MDDl _Stb

wi th respwoto3tezsseach ot her, being ideal, early, and | ate, Pcagsertssoel y.
[0087] FIG 61 illustrates interface pin assignnents exenplary connectors
used with a Type- I/ Type-I1 interfaces.10[0088] FIGS. 62a and 62b illustrate
possi bl e MDDI Data and I\/DDI Stb wavefornms for both Type-1 and Type-II
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data over a "w1red" signal link or small cable. However, some applications may take advantage

of a wireless link as well, including optical based links, provided it is configured to use the same
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



followed. In addition, the aggregate serial link data or data rate can vary
over several orders of magnitude which allows a comruni cation system or
host deviwe odesisgher to optim ze the cost, power requirememiEsy2/ed4bent
device conplexity, and display device update rates. [0092] The data
interface is presented primarily for usH in transferring | arge anounts of
high rate data over a "wired" signal link or small cable. However, sone
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wear abl mclydggbetsatehaet misgédo, amall negle screehs amt vasfous Hgat panel display elements,
projection lenses and display drivers for projecting images on a surface, and so forth.

[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



eye of a device user to present a visual display. When correctly positioned
such devices effectively "project” a virtual inmage, as perceived by a
users eyesp oh2aas8i s nuch | arger than the el enment providi mgTiuse2/w4sual
output. That is, a very small projection elenment allows the eye(s) of the
user to "see" images on a much larger skale than possible with typical LCD

screens and the like. The use of larger virtual screen images also allows
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resol ut gRNSWHAE I Rded is a technique for transferring data at higher rates for the data transfer 11nk

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.



1024 by 1024 pixels, wth color depths of 24-32 bits per pixel and at data
rates of 30 fps, the data rates can approach rates in excess of 755 Mops
or nore. WO 0a@eis8T on, such i mages nay be presented as pafPCTafSoz2si ti nmedi a
presentation which includes audio data and potentially additional signals
dealing with interactive gam ng or 'conifuni cations, or various conmands,
controls, or signals, further increasing the quantity or data and the data
rate. [0101] It is also clear that fewer cables or interconnections
required for establishing a data |ink, neans that nobile devices

associ ated w.th rsRmay are easier to use, and nore likely to be adopted
by a larger user base. This is especially true where nultiple devices are
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bi -directjonal c ni cati.on channel 20 ibchis illustrate S
et>u11t into a vehicle, such as in a window or wmgsh\{\é]d, or various speaf«ar, lt-nea%pﬁone, or sound

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



conprising a forward |ink 208 and a reverse |link 210. However, these
channels are forned by a common set of conductors whose data transfer is
ef fecti vewp 03i2358hed between the forward or reverse |inkPOparsal/2sans.

[ 0105] As discussed el sewhere, the host conprises one of several types of
devices that can  benefit fromusing tih4¢ present invention. For exanple,
host 202 could be a portable conputer in the fornlof a handhel d, | aptop,
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not ha\é% sh érfdg'dikP%BQatétbQﬂfﬁe clfé(ﬁ[‘ggﬂ’lla{rg'ira fidbSidkpt er face type is also

distin se of an a |ona two-wire Universal Serial Bus
(WeRY] i nt er flackis mtzbnfmda: h hosbenabler keceips of ud)rmnlunﬂ:ammﬂttalat thedhoeidlirgmitheclient
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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.



al so be used in a USB-only node where the display sinply has a USB
connector that connects to a standard USB port on a conputer or simlar
devi ce, fwpoanaaspt e. [0108] Type-11, Type-111, and Type-| ¥Cirniserts&6es are
suitable for high performance displays or devices and use |arger nore
conplex cabling with additional tw stedtpair type conductors to provide
the appropriate shielding and low |l oss transfers for data signals. [0109]
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[0114] It is generally possible 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.



[0112] The USB interface is a very extensively used standard for nodem
personal conputer equipnent, and the details of a USB interface and its
oper at i orwearog/023s8y wel | known in the art, so not explai n@dThSoB28460Dr t he
USB i nterface, comuni cation between the host and display are conpliant
with the Universal Serial Bus SpecificalGon, Revision 2.0. In applications
using the Type-U interface where USB is the primary signaling channel and

possibly a vgl ce f,ﬁt ur qIn&{&Qngrutcwre' s optional for the host to poll the
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node. [0115] I's al so possi bl or S ormun cate ata u ne
Tode. | ROBRBUNIPiSc ASHiSGEES BRI RS Fochont FEISTSH: GBLER 6t DEBRnEQED.
a Type Jls\{néghﬁfn%%fﬁ ;g)gf\cugq}égl be used to transfer data to a display at a

high rate or Type U node is used when transferrlng data to
a [0a%9] devi CSlghalellvaSpBed bptvmeala hetvandesclisnt suels asa ﬁl@yllamdmcwovar IMIPDA dink,

device 0.0 023981, ECTLUSOR 20401, A € BEISIE 4 ELLIGR AL
est abl i gRipAEn&( PEMHrGA¢dhAMNSm 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



bet ween host and client devices is shown in FIGS. 4 and 5. In FIG 4 and 5,
a MDDI link controller 402 and 502 is shown installed in a host device 202
and a MDDWOloBng3ssontrol | er 404 and 504 is shown install e@Cirrusaz/zd4sent
device 204. As before, host 202 is connected to a client 204 using a

bi -directional comunication channel 408 conprising a series of conductors.
As di scussed bel ow, both the host and client link controllers can be
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cont ai nink i RIS ATRD U o Kol oAt OE A REABIYRNA that of the

Type-11 interface referred to as MDDl _Data2+/-, and WD 03/ 023587
PCT/ US02/ 28461
Table I
Type-1 Type-11 Type-111 Type-1V
MDDI _Pwr/Gnd | MDDI_Pwr/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+/-




17 NIDDI Data3+/-. The Type-IV interface contains four nore data pairs or
signal paths beyond that of the Type-Ill interface referred to as:

NI DDI _datwo68/42358DDI Dat a5+/ -, N DDI Data6+/-, and N DDl PDatts02/28461
respectively. In each of the above interface configurations, a host sends
power to the client or display using thEBwW re-pair or signals designated as
MDDI _Pwr and N DDI Ghd. [0122] A type of transfer generally only nade
available for the Type-U configuration is the N DD USB connection or
signal path. The NI DDl USB connection conprises a secondary path for

co[pTu4yi cat i oCablgieedRralynasd i@ntpRnehi etabdve plrégturel ahdospetzaion ig APty NS
it may be nore advantageous to send certain informatigon at a relatively
| ow dat thererder ofel-aeveier mosnsthripdcgangains. thregs wigied RO copaiderer €achjR tuin

a1 ovs. Bel 3 WAON MM D) oLl RDLARHY S5 £ AbodaY BudeSBroeg brole

limted capa 0 conmmuni ca € ent or
di spl aYthe&ﬂntb m@gd:dvpaﬁf@ ztshﬁl addiftéonkal dinatrewfrac &he Exargdl fdrs cahd ishilat draini c(oxndudtatt

can be usefully t f d USB terfa I
b1 { rapstoraigia M D1y SPRESHE WA Rk CRAPPLES ibg shickb R s HIA (licahy
control ,apg.st;a ﬁ'ﬁlsBm@%p'l"@H %Bverﬁl d thé RGEIARR! dstWold BQWeﬁ]%o%rlﬁ’%‘ar% hepdJSB

I nterface can rrent using the primary hi gh- speed seri al
dat a patires V\hrel epaitele adat MIIBE &ndackith slVlﬁléDMWIdeﬂ\lﬂaEd_SibeveVlﬁlayl\/M)IséﬂI-

o  back bbb Yo it RSa mitesp SIDLEERL, it ARPBL R 5308 Sbrortle, Thes
use of packel gat%éjﬁlﬁﬁf&ér @ﬁoﬁ/@g ord¥%P8F jﬁ@ﬁqﬁf\x;flth iﬁéi%ﬁlal fnSAdanE of & oﬂrﬂ@-‘-lO%,

si gnal s passe etween the host and client (display) over the MDDI |ink
are ill msdDéhesisﬂameTxahhiaallly obElGehms perd®00 fekan Tbe wigntl firbpagatior vélacity shopld

Tabl e | Typ pelII dNIDD [ Gnd
NI DDI %‘?ﬂ‘a éﬂ% IR e%tyﬁi-WOUgR/Iﬁﬁl Ca%%%s ‘féi gy psec.
NI DDI _St b+/ MDDl _Dat aO+/- MDDl DataO+/- NI DDl Dat aO+/- MDD Dat aO+/ - NDDI

Datal +/- NIDDI Datal +/- MDDl Datal +/- MDDl Data2+/- MDDl Data2+/ T ny e_U
NI DDl Dat a3+D- NI DBta 'mpwﬂd-RNleS DDl Pw/Gnd NI DDl Dat a4+/ - NDDI _St b+/ -

ND'%HBa tad+/ To ac 1eve a us%l 1nt|é/1%)ce—% a ﬁﬁ-l/ rangcl::)%)% ﬁgJeSrBe-')-(/pené\AcQPBnP%{)ﬁ%a ions, the

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




WD 03/ 023587 PCT/ USO02/ 28461 18 [0124] Cabling generally used to inplenent
t he above structure and operation is nomnally on the order of 1.5 neters
i n | engt hwarud/ozzset ai ns three tw sted pairs of conductors, P€EXAIS02/2B46Ur N
being multi-strand 30 AWsG wire. A foil shield covering is wapped or

ot herwi se fornmed above the three twi st®d pairs, as an additional drain
wire. The twisted pairs and shield drain conductor termnate in the

di spl ay connector with the shield co %t to the shield for the display
(client), and there is an insul atin;ln g , covering the entire cable, as

woul d be wel | &g&mﬂ [-‘Iﬁﬁl@ﬁémta'ﬂgst wres are palred as: MdDI Ghd with

MDDl Pwr: MDD Stb+ wih MDD Sth-: MDD _DataOr with MO DataQ.-

MDDl _Dat al + wi udmchmbudjanaddataand S0 forSIKHZTﬁet nom naj <<éalb(PM®Baneter i s
and DC

on the order ¢+—3—0—rmwt ArofHat—t g

resi stance nornlsr?&iniog)%sf‘”ﬁi‘bd?%rrs per 100 6&}3@@ 123{';ht Qég(gnargs%%nt i on

vel ocity shoulfd nQﬁrd?BH% tauk sQri@nEﬁt et | Fhi@nfiax! mum del a¥<t1h@pgg,l§ the cabl e
| ess than aroun dy nsec. D. Types and Rates [012 Tao_achi éve a
useful interface for a full range of user experiences and applications, the

Mobi | e Di git Pata Inter oVvi support f ar i

di Bptélys and g{ﬁr%?e 13 H?tot?’f@té‘% ﬁXte%ﬁ}B{eosotg Eaﬂﬁﬁ’r@‘m&@?%ﬁ feap%qrﬁb ?nf
deV' CeSinféitfhtiBRMYypREN§hidD Hiéludéﬁ\(ﬂs&ecﬁefﬁle@tdatamfehmb@ byiteaw rf@kwﬂmynt Speeific
wor ki ng 1n concert with a nobile display devi ce, al ong with control
i B}‘ or naexamplesaafoﬂataommomnmdmémffull mwmyiqoﬂpéhqra@ éhe forgofifghh o Pasiabe
able to accammodate a variet f. ote
t raver stAE" b@f‘?f@%ﬁi fdﬁ h%"é’?Pf%%ag V4R aﬁ?: ﬁbltéllg ?‘& 1 #e(g)(r%é\l/arz?’ &fwed Ié‘\%eérr and
link di feagéd @ileentBiorAcdits} IPOMI0R dBipresel mat @ﬁa ar a vaisrgot tssomno&mmtes
I sochronous streans and asynchronous st reamagupdat es) are supported. Mny
conbi napeiping d¢vierapesitigman wlestign.sdpiser-dafin aasforicapabylifies gt ko 'aedfi%flqegt e

s 'eSSsan@patgrmE}ﬂ b, B rah AP HIGRY %ﬂ’?%bﬁt‘?&l SO0k iftforkudich «f RERE: ARl

T

i ncl ude areno [T m eltems | I'st and 111

l;tzal ow. Japabdity br seT operafisy pirmgetersom Host to Cient isochronous video data
0x480, 12bit, 30f/s -124.5 Nops isochronous stereo audi,o da 44. 1kHz,

| 6BI127] st er eShe presoptypprntion Advances Hig At &rdﬁﬁll’éga@a{faém%ﬁ)%bﬁm ad?bP‘ft are Bpy o

|SD tC'eI'; Egogx}ngrgﬁ é%m%%hlﬁg YO GHSo BRPIY And FuBioN Ui a pelBoRdREmPEP H/iABRRA

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



Table I'll  Transferring fromdient to Host isochronous voice data 8 kHz,
8bit << 1.0 Mops isochronous video data 640x480, |2bit, 24f/s - 88.5 Mops
asynchr ormw0938238Us, user input, etc. mnimm<< 1.0 MpsPCOAB6}/ 28EhE
interface is not fixed but extensible so that it can support the transfer
of a variety of information "types" w0ch includes user-defined data, for
future systemflexibility. Specific exanpl es of data to be accommodat ed
noti.on video. ther .in th formof full ar [

b1 ¢ rap (e araehoPvERRE Tl glrilfiny BioBifmatls' anf mBR b Bl e B BEhany,
pover anfies oM WEE apFEh AL Fdrathe HNAckOaLSS stieelvs Qlléecbﬂlna)pﬁﬁlﬁﬂdr apidicatistat Thatis,a
variety of resolutions or rates; p0|nt|ng devi ce g03|t|on and sel ecti on,

and usehe G8nviahss selerieditof st %Jatﬁh%gwrm disglay slevice apd host copfigyrationy ahdesied may

Gd0PR® Copapls PEBef oEFteS hoheRRN ol ppl BbhfycybBETINRR, CaEHAAL or

I nvent i Reg@MRbES o iaeckﬂbﬁodsaiatalﬂmmt}ﬂam ﬂwsaﬂﬂ{feglrts) tiehadediwici ard epplivationr e
not limted to, watching a m)V|e (vi deo di S&P nd audi 0), using a

per sonalick anfaundeadimayntedrmiceydisplay a5rsRpwiie ﬁEI§graph|cs di spl ay,

soneti mes conbi ned with video and audi o), playing a video gane on a PC,

consol e, or personal devi ce (notion graphics display, or synthetic video
and audio), "surfing" the Internet ThbkhﬁVdevices in the formof a video
phone (b| "ll ractional L ow.r o \lI rlr\r\ a”u uuul U} - a—eaera fUI Sti I }
digital pi QS’P&%"“EW“E%%{%Q )aT ?@Héapt uring digital video immges; and
for producttvity—enhancemgnt a Tt ol pllOE@ smart
phones, of PDAs. [0128 e atgflgkerﬁgggﬂgs dig%%ssed e{ow is
presented {n terns of pfovid ameint|s of AN ty@&b@@ta OER @
communi cat lan or_transfer || _g_%gn_gpal v contigured a
wire-1ine oD¥RMevieype| | TH#k i B0wi 1] belreadllﬁzéﬁparé@PGQhat t he
signal strugture rotpceh or Thranster, mectramni OUT G
adj ust ed t)gf?ggFE@ﬁgxl n%krn e forwlo#ban opt%cal or]a??gless ggdla,if
it can sust@amdob®rdesi [ egud pvdl pf12t rangfer.| [ 01R29] The BB | nt &2lé&ce
signals use_a concept khown hAs the Copmon Erane (CF) flor the | basic—gignal
prot ocol o (EQA@dUUre Thel i ded beHiong 6%““@ of a2Comjon Fhdne is ¢
provi de a frehrontzattonpotse fog 511 aneousy rSoghTrongus dat reans.
A display d i&f%e can use t%is conn%n fr%%% :Ete as a tlneﬁﬂEfereﬁ%Z. A | ow
CF rate increases channel efficiency by decreasing overhead to transmt
the sub-frame header. On the other hand, a high CF rate decreases the
| at encyFragtiehahCows Oébxtﬁﬁ PreporRIngR fiamecpie sanlyfahsaingd psing aisempls prpgranmphle CF
rate OfMyiQ c(:)o%(ng s‘Efx% / 15’&0&&1%‘1&131 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.

[0131] An exemplary application that illustrates the impact of different data transfer rates and
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



20 the present inventive interface is dynam cally programmabl e and may be
set at one of many values that are appropriate for the isochronous streans
used i n awpasweaset ar application. That is, the CF val ue PsTAShEzd4ed to
best suit the given display device and host configuration, as desired.
[0130] The nunber of bytes generally ré&juired per common franme, which is
adj ustabl e or programable, for isochronous data steans that are nost

likely ¢ e i n .. i catd - n

i cr o drpray MRt AR oAkl S MRingeF 4F yRe 25 byts B M TRAMAS (quapter
1200 HzscaeeX Height)FaedvRsEhan abbutRE0S yRst (sdverdRob ey fub psijcelhitoudvbhtid vné staHE
480 12 30 1 124.4 12960 Stereo Graphics 800 600 12 10 2 115.2 12000

Cancor de¥Bamsis480 12 24 1 88.5 9216 CD Audio 1 1 16 44100 2 1.4 147 Voice
1 8000 ' ts

0T bt i A Ve sy Pl MaRIe siGRullh 2 QR FEan P ATRA: KhADE: Slsnplc
exanpl eTheatotaduirt befngABed iSsdscteitorer aboht 225 Mipk.e desiighdythigher rate of @826 Miops2

frames of 27 bytes each follo by one frane of 26 _bytes,. mal | er CF
rate madlloviseabolt gratey ‘{68 W%ﬁﬁgﬁt% e; Sy tpspe Wu%@?nséqgegy‘f’%ﬁﬁaf’w&ﬁ?e use of
Homeveroccgg&gl@{)ﬁtyolgggggg{dggngsgageg.mI ement a sinple MN counter in hardware
should require [ess area within an integrated circuit chip used to

i npl enent part or all of the invention than the area needed for a | arger
audi o sanple FIFO buffer. [0131] Antﬁﬁﬁn&lary application that illustrates
the inpact of different data transfer s and data types i s a Karaoke
system For Karaoke, a SySERmestI8le Sl NgS al ong W tBy@ds/0BSi C video program
Lyrics of the song_are displaved at the hottomof a screepn soi{the user
knows the words { &usis \Gderpt 64y 440mieh apdBA&St i milng of t h&1dng. This
application requi MggsaTHAFA0H 3BhE¥IsWhd DNips! N equent graphegs updates, and
m xi ng of the usel’ S voice with a stereo audio stiream [0132]1[1f one
assumes a cormmon f Chhdudiaaied4d00 spspstepo, 16HEn each |CF will cdB&ist of: 92, 160
bytes of video congggg;ggﬁaﬁ%@ L BELPl audio contrent (basgg; on 147 16-bit
sanples, in stereq) over ﬁh forward link to the di spl ay device, and an
average of 29.67 (36b-#ag¥ Hegdees of voice are sent back froda mi crophone

to the nobil e Kar aoke—rnachi Asyrchronous—packets t—WO 03/ 023587
PCT/ US02/ 28461 ReVerse Link Overhéad &S5

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



21 between the host and the display. This includes at nost 768 bytes of
graphics data (quarter- screen height), and | ess than about 200 bytes
(sever al )WbyBes3sBor nmi scel | aneous control and status comramds02/pREB3]
Table V, shows how data is allocated within a Conmon Frane for the Karaoke
exanple. The total rate being used is28el ected to be about 225 Mips. A
slightly higher rate of 226 Mops allows about another 400 bytes of data
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[0136] b%fﬁ:ﬁﬁgl Eﬂnsh@ ade radmndgetthé pakertt @m\teatlﬁls peovidtisquiehd displty pioeesst hlddwing
appears_at the beginnin each sub-frame, as is discussed bel ow. That
i dent | fm@lﬁlplesd%tﬁs%rea@é ¥85‘r SREEE LTAIRARNIEEOTs P rfideo; ryojeg, control, status, pointing

device, etc.) to essentially share a common channel. It transfers information using relatively few

signals. . It also enables display-technology-specific actions to exist, such as horizontal sync

pulses and blanking intervals for a CRT monitor.

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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between the host and display is initiated. Link timng acquisition is
di scussedwpr3ese7 detai | bel ow. [0137] Typically, a displ TAS0ReRI61 S
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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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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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[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

type of information that is contained within the packet.

In the exemplary embodiment of the

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



Reserved Stream Packets 3-55 User-Defined Stream Packets 56 - 63 x x X

Col or Map Packet 64 x x x Reverse Link Encapsul ati on Packet 65 x WD

03/ 02358 WDB@3heiS82/ 28461 25 Packet Nane Packet Valid in PCcrasbd/zsiel Type
Forward Reverse Type-U Display Capability Packet 66 x x Keyboard Data
Packet 67 x x x Pointing Device Data Racket 68 x x x Link Shutdown Packet
69 x Display Request and Status Packet 70 x x Bit Block Transfer Packet 71

Communt SAPEATErnich et 98 o Bnpo i BE BN Sl adl Rl Harke

RequestsoHagket 75 x Interface Type Acknow edge Packet 76 x Perform Type
Handof f Packet 77 x Forward Audi o Channel Enabl e Packet 78 X erse
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conprising a Packet Length fijeld, Pac e Id, Dat a Byt es .
fi el d( e Sepaateq iafoca sesPf agditional ficlas, |qa§§ éﬂtylgﬁjowvﬂ piTRat ToqUIRTICafs,, fhat is,
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mul ti-bit e value, that specifies the total nunber of bits in

packet ,figdd vitish comaigs lhébestsukse 0f @hkS- -piaclreic tedngdancy icbeek aaldulpied c@RCtHe EB@.

'na prﬁf &, ch:keetrq)}(/)pcg, %gtPagﬂettﬂeGngth fields, which is used to confirm the integrity of the

information in the packet. In other words, calculated over the entire packet except for the CRC
field itself. The client generally keeps a total count of the CRC errors detected, and reports this
count back to the host in the Display Request and Status Packet (see further below).

[0149] During transfer of the packets, fields are transmitted starting with the Least Significant
Bit (LSB) first and ending with the Most Significant Bit (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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bi t mapsga]?h g'gﬁ‘?\a‘:errﬁchﬁjf) e% grbehle %\,ﬁ fﬂnecgrﬁmaﬁﬁ E&éaan%ere is to define a
refogsgnce poThE PRyododberiiog fl'éfdecontams 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
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t h[% ?5 85 he Su b\/}c 8 Gedm Lf’@lcker{ucarry Vlaeo gzﬁa to update typically rectangular 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
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Start, Par anet er Pi Xel Data, and
data consists of an array of monochrome pixels where the number of b1ts per pixel is defined by

bits 3 through O of the Video Data Format Descriptor word. Bits 11 through 4 are set to zero in
this situation. When bits [15:13] are instead equal to '001', as 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



This type of packet is generally identified as a Type 1, which is indicated
inthe 1 byte type field. [0159] The common franme concept discussed above
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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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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 type of packet is structured to have Packet Length, Packet Type, Color Map Data
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the display. The definition of the stream
1, and the client re-enables its line drivers during the Driver Re-enable field following the time

D

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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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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[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
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to a logic zero state using a high-
packet is generally identified as a Type 71 packet, and uses a pre-selected fixed length of 15

bytes.

[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.
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Packet Type, er _left Val per Left Y Value, Wndow Wdth, W ndow
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packet is generally identified as a Type 71 packet, and uses a pre-sel ected
fixed length of 15 bytes. [0182] The fields are used to specify the X and
Y val ues of the cber di Gemumusicatipe LinlpBatd €hannel Packets

[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.
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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
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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
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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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Ti mes, and the Measurenent Period. This causes MDDl _Stb to toggle at half
the data rate so 2é caﬁorhezrdiadcﬂlaeupé’alibdﬁand’adcﬂt in the display during

t he Measur engnt__ Peri 6 e fo a of .. Round_.Trj p Del .
Mel§3eH errent @%‘H&)&ﬁ’ h P—’%’}é@"% ’;I&% allaws, e et j?ﬁ o tcﬁﬁ%aﬁeybgglfof
packet g8 dﬁfe'%é{ﬁEéanBLﬁe Eﬁ)ﬂﬁgé’cﬁm%%f thENGIHE Df’apdfg{alsmm respBakGIRIMDDERS D
Al Zero, Guard Tine asurenent Period, Guard Tine 2, and Driver Re-
enabl e sigrell.dSVithvht delay geevofonpenkasion; the gearémam data wemisigenesall nEmited-jpaccgont

packet, fozrir[])gtenaglswgrs&r:aes-e variation in these delays. Generally, this packet is only sent when the

forward 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.



selected fixed length of 533 bits. [0197] The tim ng of events that take
pl ace during the Round Trip Delay Measurenent Packet are illustrated in
FI G 35. WpoBh£358B5, the host transmits the Round Trip Delpay/useassssenent
Packet, shown by the presence of the Parameter CRC and Strobe Alignnent
fields followed by the Al Zero and Gdrd Tine 1 fields. A delay 3502
occurs before the packet reaches the client display device or processing
circuitry. th ' P receives the packet, it transmts the Oxff,
Oxff, OxO pattern as precisely as practical at the beginning of the
Measoen) enrent ey CRA fidds gigear atitheehdoyf thé packiesspdndysometimesafteraderthinnmotelveitical
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to ae vt S Tiebl SR AR et W quiareprits S Sesng OF ERGHRtS 1 r aver i ng ¢ 0
andood)r om t hg Ghi &Rnpldr) CeIREmMERUBE Shd NBvEHEBRE thed fpolinbmidl"BseBefdrofe CRC

occurring after the start of the I\/e%sure nt Perbod unti| the begi nning of

t he Oxfdalcubdtion, is Guowsegutbe ERG-46dert XLt £&K UgoX ar Kiva sampihjisplenfeataaniodrd i s
used to term ne the, anou f ti for a rou trip.signal rom
the. hoSRC R an ehfeREhabelsehl 0B irtioflelMeiBe Vet Atow b PSS BT
I s attrrigteda CRAr 130aYs iffidnke o hoalied 0R0B0WAK: paG:S@atanster af tedhal

to the client. éﬁng The display disables its |ine drivers substantiall
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42) ensure that the MDDl Data signals are held at a valid |ow |leyel in the
i nt er vaPsthMb®T; deisimers effiqicni e Sg]?tethe iR FrEatier; if a,dngle dHect8s f‘ncgﬁ’és results

di spl ay; : | IR0 A ROMTHS e Ry, 4 K
Skew Ca]Ini %r@gltg%@%g@k%ﬁ g?xﬁlé%i’ p?%'(t;io?é)ﬁt%f tg(? Di si;;IGIa{>C/i f%%@’gjgldi br a?%iéi@??e# f for
di f f er emd3I CRCtfledd pit ppsigont 1.omddelfarh ohtitMBINDDI pdSiioa 1diigrakiedai t h r espect

to the MDDI _Stb signal.. Wthout del a ke ensati on, nmaxi dat a
r alP%é%ls gene élapfxlag‘rﬁ’?et éﬁ%{{e@aﬁgﬁo en.¥sf fﬂr tﬁ%ﬁggﬁi% e%qsglagéggaéuglg?qqgé 5 BR in
t hese dgl@y 8x463R00@1doy 0x6(Nict rBRedeted & aodégb{erﬁ@rb‘f R8st )7, HL0NVBKG,|0x0B,
data rate is configured to a rate of around 50 Mbps or |ower. After sending
this pldie0x0® xAD).tndtase sttunidied piing, the fnpugachtheamdtipteypotse3 o9t apg O pand
above 50 \MiP3ate' J60k e384t SERC Sutput on the Tx_MDDI_Data_With_CRC line is 0x0eal

(or represented as a sequence as Oxal, 0x0Oe).

[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,



set too high during the skew calibration process, the display m ght
synchroni ze to an alias of the bit period which could cause the delay skew
conpensatwon3metssi ng to be off by nore than one bit tinepPCrasat/e8d4ng 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 Cal i bration Packet so that all existing data bits are
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par anetwitls therRxa NIBDE dbatt land CREYerhensegmalssi gni fi cantly | arge data field, and
thus, an increased likelihood of errors during transfer. In packets that
have two CRC fields, the CRC generator, when only one is used, is
re-initYal i ZekRestartfrpmdlipegnatiglr so t he CRC conputations fol | owing a
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gate 3608, the resulting CRC output on the Tx_NIDDI_Data Wth_CRC line is
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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



received on the Rx_NIDDI Data line is input to multiplexor 3604 and NAND
gate 3608, and is conpared bit by bit with the value found in the CRC
regi ster wWoimg2INER gate 3610, exclusive- OR (XOR) gate 36P2T/tznzi284bD gat e
3614. If there are any errors, as output by AND gate 3614, the CRCis

i ncrenented once for every packet that 48ontains a CRC error by connecting
the output of gate 3614 to the input of register 3602. Note that the
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data are shown in 7a with the state (0 or 1) of the Gen_Reset,
CHe210] CRC_Nowsimilar G3A02R5E AllmurtadSo1e8 A8 where aGsmdecteduesRds psaitedafder the

Sendi nq. | ta signals, alo with th Tx | I

T VoDie e tehs eaf Rapg b i A st e PR PR EA B Ol e,
checki 19 aafl ¢hernidRiepyetbmte 20w 6rss basansceiiarfd Wherd Zrequéd pulte fesmtike ofiertt k@mes
Gen_Reset, Check_CRg_Now, Generate CRC Now, and Sending_NVDI _Data sj gn@l S,
al ong olpsest te serrmpiingDhe SohimmeTeadRePakebr [y pyAesss copmensesiat RRIEE Aryhan e,

H ber nat | . t tar : . - el : : :

i bor ndioPo Ry SP, Lk SAGARPRTARS, &8 AR JAIPLE OB HACHR Ynk wil)

sec andrdnbkition aot a oW aowsr DiderSitionastatesi P lat @oxe Gteypl, ythel hiosteentemll tBOI loWeicavero a

|l ogic zero state for 50 sec, .and en starts forward |ljn ffic, b
segldi né‘lléem§lj’6- statg Ry Aisaime 1By H—gﬁﬁaé e A |s9ttlag ﬁfﬁ@ﬂbﬁ?j&% r‘FPé’%’t fohs
to be rlS%itQ![zl\éﬁg AOShOWE at BBin® 180~ AL RfGRe NGEART DRAOKS driven &8 RzeRY1ePEIN] &lihikh-

\
enough s Ing tine lge ween signals. [0208] Wen the client, here a
di spl ayimpeéants hitat metworke ofiten a qetiod rof ftinaen thé bostdasiginist thel dinlergstath sequane by

DataO ljne to_a | ogic one state for aro (g 70 sec, a|th0t%qlr:| g;her %riods
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traffi forward 208) and to _the client for its status.
The hosdf 7usdec It seeh at beinpDe SElie dapfent fhecause tesdisplay bes aintdd 1w BQuest sersied

then begin the startup sequence of drivi ng Né)DI: EataOt ,lko i c one for
150 sediendhe Bostgpfl dosepel weprensey Wak theiost s Spspdyy ﬁ%l’é‘tthﬁg‘c“ sfgﬂafée%l@il?ﬁ-ce
reques tTl‘Re“J:l?b%.ﬁ_'tﬁen' LeallQt AR tiINfg 0B 2s B0t 82 dalvibd ?er%lggl [ﬁ.lléy;] @né R BlidRpladeP iR

t han 50 sec. he nature of 'seFection of the ti and tol erances of tine
i nt er vadrbrer altahdikh-impedance state, as seen at point E. The host continues to drive MDDI_Data0

to a logic one level. The host drives MDDI_Data0 to a logic zero level for 50 psec, as shown at
point F, and also begins to generate MDDI_Stb in a manner consistent with the logic zero level
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-



t he hi bernation processing and start up sequence are discussed further

bel ow. [0209] An exanple of the processing steps for a typical service
request ewonB/03B80 with no contention is illustrated in PC&US8B82840here the
events are | abeled for convenience in illustration wusing the letters A B,
C D E F, and G The process commencé4 at point A when the host sends a
Li nk Shut down Packet to the client device to informit that the link wll

transition.t . . hi [ at I

enters dfrﬁ(guqn wﬁgié\j\%mﬁﬁ%?r Hg&i P’gfr?pg% atﬁg hé%/t P%as P?engfgﬁleﬁ)}%%t‘%an%a@)g% ileler
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client c%%élﬁﬁﬁl‘ésocfcﬁﬁmgaéﬁ D AN Ui A0VR' (sighlB, W ORE BAIDBife 4004 (siglpal)

PCT/ USO 43 service request pulse, and the client places its driver
i nt o a nwinghins myeddocestateathes, the fisg el state plthatDAEA signel perselatdy with shavBist '0'

DataO to a.l ogi ero level for 50 s as shown .at .poi n n I
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driving NIDDI _Stb for 50 sec, the host begins to transmt data on the
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[0210] .Asimilar e le is kllu t i I LEE EsHest
is assét "E‘l@’&y%??eearndicﬁ]gy oﬁ? {ﬁgnsgtéaés I%’Hb ﬂscgglﬁé)%ggée aDs é\%ﬁ,ﬁgd t rééi’of(;e\,/gaet S are
agai n Isgia] eehsitsdnd ighing thietiher ® 'O, asBthe ADA dignal taysnad'1Gand hokls teiprlestnrs a
wor st case scenari o where a request pulse fromthgg&lci ent. cones , .cl os to
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t he hosth has lgllé%aldy begun the link restart sequence.
snown . .

[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.



The client then ceases attenpting to assert the service request pul se, and
the client places its driver into a high-inpedance state, as seen at point
E. The ho®D ogoedsBhues to drive MDDI _Data0 to a | ogi c onePCa#ush2/28ibe host
drives MDDI DataOto a logic zero |level for 50 sec, as shown at point F,
and al so begins to generate MDDl _Stb iAd5a manner consistent with the logic
zero level on MDDl _DataO. After asserting MDDI _DataO to a zero level, and
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excl um&ver%y(tggﬁst operation is perforned on the

[0217] An exemplary configuration 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




DATA and STB signals to produce a clock signal 4006, which is shown on the
bottomof the timng chart for relative conparison with the desired data
and strobwoIBgmsBs. An exanple of circuitry useful for gecernsbr/esget he DATA
and STB outputs or signals frominput data at the host, and then
recovering or recapturing the data from&he DATA and STB signals at the
client, is shown in FIG 41. [0214] In FIG 41, a transm ssion portion
4100 1 uSELRpBRPCT e AT DLl 1o OO AT PR TS Bl O ©
ety r-Sthohar—patn—a1Ioz; Wit ¢ reCept o porytofi—=1z IS
used to receive the KYUMSFs and recover the data showg—t—FLG-41. in
order to tf¥msfer dakBeceives el pgt ik i et . t he DATALDi g is ijput
to two D-tlype flip-f|deshpldcioltpee| ements 4104 | andl4106|along with a lcl ock
si gnal for| Yri gger i ngRedeever diffnéntinl inpuelownvo f 1|i g0f | op cilr cui § ¥t puts| (Q
are then split into pthedshbldneithgeal pair of signal s|MVDDI |Dat aQ+, MDDl |Dat aO
and MDD _{SyRt, r,MDDI | Slibwable esRBet inpat voltagsi ng tovo|differsotial 1ine
drivers 4108 and 4110ran6Y Qith36@eSMIGNDA three-inppt exgl usi ye- NOR (XYNOR)

gate, circt;or 1o | LliZ et JudirdNecHBd| To recegkve e DATA and
out puts of| Doth flipt ig{g}geuebgl&glugeng?at%s} n qut put that pro\’/l‘lAdes t he data
i nput for the—seeconrdtHp—t+op—whiech—+n—turn-genetatesthe—vbb—Stb+,

MDDI _St b- signals. For convenience, the XNOR gate has the inversion bubble
Pleesd to imel eRERichD Phranfetdrs Alf @fbdcwdistcd BY ehd idiferbitil QiriRUbiErs @hd tIRR
flip-flop that generatés the Strobe. WO 03/023587 PCT/ US02/ 28461 45 [0215]

| n r ecelscéivers pog tiessnibad 2o TebleFY M. 4 Fungtipaallpihe Paiveiotransigpithelngidevelnen the

MDDl _St.b+ t b- si.gnal re receive Y, ch t i.f ntdal ;. |ine
N e AR o SRS AP D B BTG 0 el
di f f er efbmahpsi tgradysuts e uhfeHed 0fthé dFfetdnvial fihe hichaisadriveanlifférpatially0 Bach
of the inputs of a two-input exclusive-OR (XOR) gate, circuit, or logic
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trigger gﬁﬁ]l&- i D= LEC U Sihd2 . hve
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whi ch (vdlfagy sgenpetoabe srotdad €.5V0' Hoataves otired vialves obinbe uied 30)wouddiba kndwn by
val ues. The cl ock has an i ndependent output fromthe XOR |ogic as | 1. ,
Since tihese @Fh%‘i & HT%?%%‘}%&‘Ci 1BVEHLYP r‘ﬁoﬂi?gﬁ’iat%@t %%{‘]?f '@ eDﬂﬁ%“’&nﬂ“‘%‘;%“F’?tﬁ’es,
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I's reproduced using the exclusive-OR processing of
t NE2DATA andTIBTBifférgmtid] slinet ezebpsst baveeffee sames ehgrattetigicabe s highespeed eltage
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inadifferentia
Another way to describe this is a differential amplifier with very large (virtually infinite) gain

Ne chdwwn

1

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.



node to maximze immunity fromthe negative affects of noise. Each portion
of the differential signal path is source termnated with one-half of the
char act erwetoo2isgpedance of the cable or conductor bei ngPaFamor/zs46r ansf er
signals. MDDl Data pairs are source term nated at both the host and client
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driver eutBubokakigge 0 2.8 V. range with respect to GND VOD+ Driver
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prev1ously discussed to manage the flow of data.

[0224] The above drivers and impedances can be formed as discrete components or as part of an
application specific integrated circuit (ASIC) which acts as a more cost effective encoder or
decoder solution.

[0225] It can be easily seen that power is transferred to the client device, or display, from the
host device using the signals labeled MDDI_Pwr and MDDI_Gnd over a pair of conductors. The
MDDI_Gnd portion of the signal acts as the reference ground and the power supply return path
or signal for the 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



hi bernate bias) [0218] The electrical paraneters and characteristics of the
differential line drivers and line receivers are described in Table VIII.
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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




termnation resistors 4216¢c and 4216d, on the input side, processes the
data for transfer to the host for processing. [0223] Two additi onal
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on the Data0, other data lines (DataX), and the strobe lines (Stb), is illustrated in FIG. 44 where -

w

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

as ttds-(host—output), tt:ss-(host—output), ttsd-(host-output), ttddx—(host-output)’ ttdxdx-(host—output), ttdxs-(host-output), and ttsdx-(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
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various periods discussed above, and the rel aylons hip to exenplary m ni num
and maxi num data rates, where: 1 tbhit = Link-Data-Rate Table VIII
Par amet er Descri ption M n. Typ. Max. ,#J g tservice Duration of display
service 60 70 80 sec request pulse t rt-high Duration of host |ink
restart 1f8,15lell PO BBescriptiop PU' S€ trestartpgw Qurgpl pn M&thStUﬁltsﬂ K
restart 4p ttcgk@ggmgug: 8P Bag JHLEBh V- e eCh JT[me [ oy t;b SAIGEY AQ@cTpt ect
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sec serv 18 ?'t'a f,r"tpgt,r i Ploerf 15“3‘“ i t t"’? ad Jb‘f %ﬁ SJ AEREAIM
0.001 1 Mwmﬁumr Stiebe tg‘S@;qobe. transition_ toie— 1.0 | twie | twie+ 1.0 | nsec
tisd-(display-inputy | Strobe to Data0 transition twie— 1.5 bt twit + 1.5 | nsec
tradx-(host-outpuy | Data0 to non-Data0 transition Libit nsec
traxdx-(host-outputy | NON-Data0 to non-Data0 Libit 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 undergone when the host Driver is

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



WO 03/ 023587 PCT/ US02/ 28461 49 Paranmeter Description Mn. Typ. Max. Units
| /tbit-max-perf Maximum|link data rate 0.001 450 Mops range for a device
Reverse Lwolo3@aasa7 rate 0. 0005 50 Mops thit Period of onePCorusaz/eBsbi nk 2. 2
10 nsec data bit [0230] Those skilled in the art will readily understand
that the functions of the individual €lenents illustrated in FIGS. 41 and
42, are well known, and the function of the elenents in FIG 42 is
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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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are received, the state machine should pass them through a data buffer or similar processing -
element to the general-purpose processor so the packets can be acted upon to provide-a desired
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



transferred. However, as shown in FIG 45, the state of the |ine does not
necessarily switch from '0' to a desired higher val ue instantaneously,

al t hough whios/oezsspotentially achievable with certain contCaluser 2836t cui t

el enents present, but takes a period of time ternmed the host Driver Disable
Del ay period to respond. While it coul d3occur virtually instantly such that
this time period is 0 nanoseconds (nsec.) in length, it could nore readily

S)e('; Iegg q%"rﬁ&?qjﬁﬁ? tljug NYEL n@%Hté) gep%steﬁt[sjtge é@ﬁﬁxgun?g%h{}%\rﬁca ﬁ' s'éﬁﬂ . oun%w ?lxck"

Whi eAoecurs d urn

packet sléﬁfnlgﬁﬁiiﬁvhdhoel???ﬂ»e L inedtfa0g 1s s&leEte@. Wihien the @nip@e svordh és found dbiringethe keartiange
under gone when the host Driver abl ed for transferrl ng,.a packet such
as Revedhadispiajgayes dhpathrHeme Iengticiide. EPCTFH%H‘RSIEF}?HJ“SM NigagEmpeessing
PCT/ USQ p/qul% g [
or Tur n(g{Af;ﬁgun%t ﬁéﬁlaeéDE)lé?l ¥ltlerl OHIEO%%EBH I?ﬁost 9:432?1“8 gﬁlge%gfeed g(aaggg %%rgl %nt 0]
drive ayhewviate prb@&smng@roceebs advowdihgieo ths mgipod tcdiad 4904 l@midudatre as/the "async
peri od of tinme terned t t Driver. Enab) e Del a¥ gerl E/n h occur
Gl | ng TS At YIRS IR O HePPEOn SO PTG HEL PRSI AE o el i o B
[0234] fo&ls %i’imﬂ&@&% ﬁa@ﬁ%b‘ﬁ&uﬁﬁfedtd%‘ﬁd@r byeérml@&pb slh §16! 49, r@fh%f\@i%é if %
the cli‘ent I ce, here a i splay. The géneral guidelines for the [ength
of t hesfeametemgﬂxsls gaerdert then zenoethee dhd v;elcrsmtapmnshngogrocgnde te lciate 49D6r‘91b¢rg :
X, bel T Descripti on M n. X, MJni Host ..Driver .Disa ay
0 10" nelt PR e Rt WIS B ne TS HER A Y ASPRGErEry BBl e
Del ay Qan%@urﬁéxﬁfgi cJﬂcﬁ?'&YCoQHitl‘bﬂG Eﬁ\@@d}%@ehﬁé(dc@tl& Qf theastate machib dest 4 tlage
Ti m ng Revers i nk 023& The swi tching char acteristics and timi ng
rel ati d@mfplsﬁck@r arzdmo%h Guegtesmingtien $o1gpdrasna leagth grgater Apsr 2970 JRHOSESSHEL he
reverse_li M cI| 5] ut . AL A8
The typtfrg%ﬁelé% n@ ou dcere '?S g%l%grsafln \éné %t rlgﬁ%1sq5§e%§$§§r"@e%}ﬂm§géuog§gd61{)%? OW. nF?’G
47 i |l uatpiet 48 t he reI ationship at the host receiver input between the
ti mn? of the data being transferred and the | eading and tralkl_hgl es of

t HE24H 1 obe ploesel situgiion 1n vhigh e systemds & p stte pthekthan eng YN pWpehieBique; pe
rising I t
for ¢ neTpiyS RELedBHNE Rod CRCIELRDR BleaRfich fpL g sob 1PN hdBegilitPuld IR
| engt h qub-frdnme léngth ishesates thian uprq elidnoidis 1nuerfecme sthie iorctengedfto the Hinmiyneihrstate 8

nan n
anos e(:4?90%S "This step in the processing is labeled as having encountered cond 1, or condition 1, in FIG.

49. On the other hand, if either the unique word or the CRC in the sub-frame Header Packet are
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
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C. Initialization

[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
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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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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




[0247] As stated earlier, at the tine of "start-up", the host configures
the forward link to operate at or below a m ninumrequired, or desired,
dat a r at ewofo3023ps, and configures the sub-frane | engthramdSopeldat frane
rate appropriately for a given application. That is, both the forward and
reverse |inks begin operation using t h67Type-1 interface. These paraneters
are generally only goi ng to be used terrporarlly whi | e the host determ nes

t he Capadtla‘l}ﬁei ars desired—configurati O 5t {J(?cegéolr%fgte <0 @i‘e&lﬁfnsgt her
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‘0" of the Request Flags set to a val ueP8fes qfealéciyonqqqn@pa fr 8Iert8quest

that theldisplay responds with a _Di spl@¥deseammpds chapgeret  nce the
di spl ay acquires synchronization on (or Wlth) the forward link, it sends a

Di spl ay, Capgpili¢ et a | spl Request and Status Packet over the
reversé‘“ @Pclléatﬁﬁgvefsﬁgﬂg?[%%ﬁﬁg%t exani nes the contents of the
D'[@B'l?y Capqphhé, b¥er864@Ved By Qh&lGhivehtorsiehArdertam phtiielets bewofri thelMRst ek
link Tor optinmal or a desired |evel of perfor mance The host exam nes the

WO 03/ @zmm RAT besdysreg4s configued di @csitaipanainss in Arlesin pehierer BRyEyIm or
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conpatibility can be determ ned even when other el erreF%gtof the p lE)lﬁ%gcol

m ght ribg ESh SiEnpl RRID Fosgisip Srets, 2 psHedis idstyclaek pbhalf thecfompad
CRC Pr qgessifgs Qéuﬂi“?] lg%%ﬁs&?@x BSK fhk { dREDIled %g?ef}gt‘gl‘ Ghe PUPIRS SO sizhal €hat

machi ne ensures ecker is cont appropriately or
pr oper leprredpionds sothe MDBIlEDAts0 sigBG@s &f it mem:mndhgrallvwmsa TERGIDDAfthsigsalrs

| t i b t.ected d t t CRC t
Ef ® L he IrpESRRLERG Be hostls SHEPRY BB Rin g b esagals  HRE pinddf: ErtEdtPng.
[0250] Eqseeanh cfai'fp?ro?r{ tlﬂ’@‘éﬁ“)sglatyd'vﬁﬁﬂﬁ%‘jl AReME &zﬁ'@tls tshiet Bdckt ® tHRChdsie An

receives, it undertakes a i cular processing step or series of ste s to
i npl enghtstagen af tmpad)hnltohet8|orﬁtde}afy@0€0unm¢drvﬁ}rdh¢ Blgkal t{?@éﬁ@éﬁgd proges§mgcaing

pocessed, g8t 10 8,L0e SRl Sy ALESESRhD, L LS Eehh oyl o
Header 5 of(RIMyl vdlBesd09 dsdea B ®hsecS 213 #He€S 25014{!;6& [ @0Ensed. engtnbecf i &0 dseca,rhdd
sends packet paraneters
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



to a general purpose processor. Filler (F) Ignores data. Video Stream (VS)
Interprets the Video Data Format Descriptor and ot her paraneters, unpacks
packed piwelo3dzass’ when necessary, translates pixels throwgh/ushz28s6i or map
if necessary, and wites pixel data to a ro riate locations in the bitmp.
Audi o Stream (AS) Sends audi o sanple ra&Be setting to audio sanple clock
generator, separates audio sanples of specified size, unpacks audio

sanpl e .dat a_when_neces. ) . ' - :
saml o MRl EPRRE PRR T Elddal et iifhe I OmERNRAER bR IRBRA LR FoE! ©

and W itRsrohh& u@P Hél’é?/ @ pscdiefoadetdrmnige thelrote drBphicie R evase dinkrdagecandmasafay.
Reverse Link Encapsulation (REL) Facilitates sending packets in reverse
di rect isempéad. t he appropriate tinme. Reverse link flags are exan ned, and
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e response packets are sent as necessary. ~ Display
Reques tnuatser SF fdrivarddadkéits clacleintalale osantingbetavppu tprteginaingdf ¢l Mgasurement

Capability (DC) Sends this type of ket wh d..b h '
(o r evisriod falind e eeRPaIEcH 1o UTRESREY SHER 6 it b JEoR P EHS aelce 17

ot eI B B g e B e use
i s desidigglay could be received a small fraction of a forward link clock period before the measurement
count was about to increment. If this unmodified value is used to calculate the Reverse Rate
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.



Poi nting Device (PD) Passes these packets to and froma general purpose
processor that comrunicates with a pointing type device, if one is
present, wearid/oesse7 i s desired. Link Shutdown (LS) Records fPagtuso2/efdei s shut
down and inforns a general-purpose processor. Display Service Request and
Status Sends this packet as the first p@cket in the (DSRS) Reverse Link
Encapsul ation packet. Bit Block Transfer (BPT) Interprets packet

p ters, uch as .Dat a. F t r els
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Reverse Rate Divisor. For example, if the forward link rate is 200 Mbps and the Reverse Rate

..4

Divisor is 4 then the reverse link data rate is expressed as:

1 200Mbps — 25Mbps
2
[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.



wi thin the packet processor state machine. The resulting handoff occurs as
a lowlevel physical layer action and is not likely to affect the
funct i onawbptog/ozasst unct i oni ng of the -purpose processor. Perfusonesiype
Handof f (PTH) May act on such packets either directly or WD 03/ 023587

PCT/ US02/ 28461 57 Packet t e Packet pmOcessor state nachine response by
transferring themto the general - purpose processor, also comrandi ng
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8 0 ns .0 nsec., 1.0 nsec., 1.5 nsec., 8.0 nsec., and 2.5
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processi ng del a encount ered, it may require nore time than one cycle on
t he NDDlottgd bings ﬁleE%iﬁstgﬁﬂls "t ound trip" effect or set of events to be
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guarantee proper reverse link operation. A first region 5302 corresponds to
an area of safe operation, a second region 5304 corresponds to an area of marginal performance,
while a third region 5306 indicates settings that are unlikely to function properly.
[0265] The round-trip delay measurement and Reverse Rate Divisor setting are the same while
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.



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
dependi ngwor3eaask? speci fic host-client system or har dwar e Po@iusg2/essed. Each
system can generally be nade to performbetter by using the Round Trip
Del ay Measurenent Packet to neasure tlfd¢ actual delay in a system so that
the Reverse Rate Divisor can be set to an opti num value. [0254] A

trip . he T

VIR crroi SEBH R FE AR e By DARalolf ol ELerB RIS RO R Pl
sendi nghafseatthdednd raaemdhhe hlakﬂnurh hlesablestrne ofsthdeDl Datadrivemgn the host.
pre-sel ect ed neasur enment dow i n that cket called the WO 03/ 023587
BT USORe B TUnS BOS B G Ui s GBI (1 oS Kbt B duha he BF Coters
reasur SR indiR 0 de&e Eﬁa\%ﬁﬂ Iﬁrts\&ls%ﬁ:' ahd abl;ﬂt?z 'hé’éé“% EfdbRe. dﬂh@ifndlﬁmﬁﬁﬁﬂnﬁé} of
det erm ne t e rate at the reverse 1 nk data can be safely sanpl ed.
[ 0255] fotveard dinkdelbckspredeired/ forethe thostrdrivercionbs disgbled islexpressediaggordigt ioctheng,
or countjn he nunber of forward link data clock intervals occurring
bet meeﬁeitaﬂgn%éﬂji nning of the Measurement Period field 'and the beginning
of the time period when the Oxff, Oxff, OxOO response sequence is received
back at the host fromthe display. Note that it is possible that the

response fro di s I coull*hbrberdi@dé?aﬁeﬁlta a forward
link clock pgﬁ 8%%8%6{2 R RSV TR ackpunt WA é”‘%rﬁfsa{’lgﬁe% Fement . | f
this unnodified value is used to cal culate t1é Reverse Rate Divisor it

coul d cause bit errors on the reverse link due to unreliable data sanpl i ng.
An exanple of this sjtuation is i|llustrated CLn FI G 51, éynere nal s

r dfedent i nglivDBllopiach valus gange DB Areyndiokds eFIGed MoK 1o dhgck
i nside t rei"?o 08 L. and a Delay Count are illustrated in graphical form In

FI G 51, e sponse sequence was received fromthe display a fraction of
a forward link clock period before the Delay Count was about to increnent
from6 to 7. If the delay is assunmed to be 6 then the host wl| always

sanmpl e the reverse. d bockst_rtanglisabley,, 0 Ss

m ddl e tf"a |0fm$ﬁéﬁ?§‘f'ﬁ’ggrﬁ’&q‘ﬂf*§&6’tﬁﬁrgresul fgin errtljni%%g Wflffgr@@ t he
host. For this reason, the neasured delay should typically be increnented
by one pr&OHR hferfabS TypSBA s Q%l‘:—ﬁ%@tp 2UHET v&msmrﬁq €1 Midfor TlyP2 B
The Reverse Rate DiviSor is the n er of Stb cycles t he host shoul d
walog6%ef or e Cembpninggthehieve equatiens i ddoxe, @ﬁ@énml that the Inteyferedyre a
rate t is one half of the forward .lLi.n the corrected round-trip
del ay ‘Eﬁ‘@ﬁ%‘nﬁanﬁ%léd’éﬁtwcﬁguﬂ?@lr%ﬂdw geéﬂﬁg?ﬁen rounded up to the next

i nteger. Expressed as a fornmula, this relationshipis:

ForwardLinkDataRate - HostDriverDisableDelay .
Turn _ Around _1= RoundUpToNextInteger|

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



delay + 11 reverse - rate _ divisor = RoundUpToNext| nteger round _trip 2
[0257] For the exanple given, this becomes: reverse - rate -divisor =
RoundUpToMexsieaseger 6 21) = 4 [0258] If the round trip deCayserasor enment
used in this exanple were 7 as opposed to 6, then the Reverse Rate D visor
woul d al so be equal to 4. a WD 03/0235&2 PCT/ US02/ 28461 59 [0259] The
reverse link data is sanpled by the host on the rising edge of the Reverse
Li nk CI i S t r nt
' bot HorkaeABUEE o sfEME Brefly Giths B es AR e bhehe B Y KSR FOEY
The cougtiessdidéessb@iabbé) ARbisHefinkdtacthiRlihg It@thermaﬁtgxsﬁqﬂe of the Rever se
Link C ock occurs at the beginning of the first bit in the Reverse Link
Packets field of the Reverse Link Encapsul ation packet. This is
illustrated, for the exanple given ie’k%tég FIG 52. The counters
i ncrement atcpagh mi Shndledge o EHE Pl DrisDisabRDauyber  of
counts occurring until they Mi&gfmed’wﬂfalcwr%t by the Reverse Rate Divisor
paranmeter in the Reverse Link Encapsul ation Packet. Since the MDDl _Sth
signal toggles at one half of the forward link rate, then the reverse |ink
rate is I r by the Reverse Rate
Di vi soran%lr'—}ﬁe Q&%eﬂalééﬁﬁﬂ?ﬁg}% dlzﬁ%]g &Je%/gglgg 200 Mops and the Reverse
Rate Divisor is 4 then the reverse link data rate is expressed as: 1
200Mops = 25Mops 2 4 [0260] An exanple showing the timng of the MDDI
Dat a0 and MDDI _Stb signal lines in a [ Reverse Link Encapsul ation Packet| is
shown in FIG 52, where the packet pa
t he val llrm_mmt_ 2122 Rl Uip TOB2 4t TK 1050,
Type = 65 (0x41) Turn Around 2 Length 0 Reverise
Rate Divisor = 2 Paraneter CRC = Oxdp43 Al l g{@,ﬁ&y@@@c%ckgt dat a
bet ween the Packet Length and Paraneter CRC fields is x04, 0x41,
x00, 0x02, OxA, OxA, 0x43, Oxdb, OxQO, ... [0261] The first reverse |ink

packet returned fromthe di s&bay is the D spl a?/ Request and_Status
[0273) For example, a 1500 s 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 EE—_;IO—-H =8
5
XII. Effects of Link Delay and Skew
[0274] 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
[0275] 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



Packet having a Packet Length of 7 and a packet type of 70. This packet
begins with the byte values 0x07, OxOO, 0x46, ... and so forth. However,
only the wprigi2isgte (0x07) is visible in FIG 52. This fiPcstusoprsasse |ink
packet is tinme-shifted by nearly one reverse link clock period in the
figure to illustrate an actual reverse6Bi nk delay. An ideal maveforn1mjth
zero host to display round-trip delay is shown as a dotted-line trace.
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i ndi cat.ess F ngs that are unlikely to function properly. [0265] The
round-trip ay nmeasurenent and Reverse Rate Divisor setting are the sane
while operating with any Interface Type setting on either the forward or
reverse |link because they are expressed and operated on in ternms of units
of actual clock periods r at heb -thabhurBef ® ofxbbts transmitted or
received. Xl. Turn-Around and Guard Tinmes [0266] As discussed earlier, the
Turn Around 1 field in the Reverse Link Encapsul ati on Packet and the Guard

Tzt 11 el d kbR Riler thisReddteent GPH RO B npBRGHRLe: A TifHRPS798] 3782

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:

L skEW -max(RXXOR) = L pp—max(Delayl) — ! pp—min( XOR)



| engths of tinme that allow for the host interface drivers to be disabled
before the display interface drivers are enabled. Turn Around 2 and Guard
Time 2 fiwbdg/omsevi de time val ues which allow the displapCanisosesét o be

di sabl ed before the host drivers are enabled. The Guard Time 1 and Cuard
Time 2 fields are generally filled wtléd4pre-set or pre-sel ected values for
| engths that are not neant to be adjusted. Depending on the interface

har dwar e bei ng used, these values may be devel oped using enpirical data
and adjusted in sonme instances to inprove operation. WO 03/023587

P@0242502/ 284f this Gitudtdba6 te Gry anaglchhggt eteantva bio petodsy naandet+d| mémyaddserto of
the length of Turn Around 1 and these are the forward |link data rate, and
t he m%ﬁ%ﬁ?d‘f@é@oﬁ’lénﬂ weclogked prgo aspecebigrliBdloPer s in the host. The maxi mum
h river -gj : i i 1 fied. in . { {8k he
afasals o e SRR ) e SRS B foro L bPar MO B YnR d0ATudcheh of
enabl e.thél heaximhun rskew renodwartterod thrboghwall dhd drivers | cables ane eaeeivers ihahe MiIeDhdisk
driver to be disabled is expr d accgording to the .relationship: C ocks -
o~ S S R TR NS RTINSt TR B B etk 1 e oup ot

| nt er f apeRXRENAR 5Qke Pantbd 8gR&ked il al | oned val ue range of Turn Around 1 is
expressed accordi ng to the  relationship: ~_  disabl eTA

I nterfaceTypeFactor,D Turn - Around _ 1 > RoundUpToNext]nteger C ocks _
to where the Interface Type Factor is 1 for Type-1, 2 for Type-1I, 4 for
Type- |11, faupe-Buxdmow) TYqpew nkaxr) 0260w-Gombizv) N stavemkwms Juakivonarkrcam
above, one can see that the Interface Type Factor term cancels out, and
Turn Around 1 is defined as: Turn _Around _1= Round UpToNext| nt eger

For war '%%} . i i sabl eDelaym) ~ J 8 [0270] For exanple,
a 1500 ps yﬁﬁhﬁltﬁgﬁgx{%ﬁn “woul d use a Turn Around 1 delay of: Turn
- Around - 1= RoundUpToNext| nteger Cl1500Mop8s 10n sect = 2Bytes J [0271]
As the round trip delay increases, the timng margin i nproves fromthe
point in tifg wher (RSt S YT sahl et Aok fbb IRy bhs AT RY adrkS

enabl ed. [0272] The factors that determne the length of tinme generally
used for Turn Around 2

[0284] In the example shown in FIG. 57, tskew-maxqung) = 1.4 nsec and the minimum bit period

can be expressed as:

=1.4+0.3+0.2+0.5 =2.4nsec, or stated as approximately 416 Mbps.

tBIT-min

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



are the forward link data rate, the maxi num disable tinme of the MDDl _Data
drivers in the display, and the round-trip delay of the conmunication

i nk. ThewoaBwzdsati on of the WO 03/ 023587 PCT/ US02/ 28461 PEZ/usomes4sequi red
to disable the display driver is essentially the sanme as that for the host
driver discussed above, and is defined @ficcording to the relationship:
Clocks - to - disabl eTA2 = ForwardLi nkDat aRat e .

Di spl ay a IeDeIa 'ax Int rfaceT C |l owed val ue
range f@jﬁflgPQi (Her=2° | sv%%f)l C“CX¥$1§$§65 Ar@aﬁﬁﬁgeéjr}@te%m an upper

RoundUpiiai¥ef thed L0 ette 6 SCKDDI Type_u diTs abie Tink. Sofriélﬁilémplai'y‘ dipferend pbRIbilttick 8
I nterfaceTypeFactor D [0273] For_ exanple, a 1500 IES Type-111 forward |ink

with a iostirctimmgprekew yelgionship ofgmnedagn signals arbMBDE St w&h lrfgsp%%é%e%phmhﬁ
Ar ound d ocks - to _ disableTA2 = _ 1500M bps . 10n
sec = 31%%@'%%‘1%‘%% a0, gI’“@RoundUpToNextl nteger 3.75+810+1 (4) XI|.

Ef foegd]s of LInnbcheItaysampda vaxte[l%d%ih REIFRP sihen MDDIhPathHr sweives lab elarly as
between the MDDl Data pairs and MDDI Stb can limt the maxi mum possible
data raRssipif P§£ayéé$%f3§ agqeading Yhienelalioshin's used. The differences in del ay
t hat cause timng skew are due to the controller logic, the line drivers
and receivers, and the cable and connectors as outI i ned bel ow. A. Link

Tim ng Anal ysis;Limted by Skew (MDD _,J) Llay and Skew Exanpl e of
a Type-1 Link [6@@5@@4@@ Ca SKiEl"ﬂ'elraf((éM i c’l!lUiXFgﬁ)m | aFD1epx¢ 40 shown in
FIG 41, is showmn in FIG 57 for accommpdating a Type-l interface link. In

FI G 57, exenplary or typical values for propagati on WO 03/ 023587

$502/ 2848e nfaRifigh 6}%@’@%[)65 KW@ Rn&NBYhd AiniBRED aldwHRY Bl E}‘JenQ& 0q¢§§15n9
or I nterface stages of Type-1 forward |Iink. Skew in the del ay
bet weenmnlstmflfecstd)“élnnl MDD Detata @rives sasslateh @s dossibley clre thott casdrghe unipium
clock t b i storted, Dat at the D input of the receiver flip-flop (RXFF)
stage u cf%a efqycgetfrp%bssg 5732, must change slightly after the cl ock
edge so that it can be sanpl ed rel i ably. The figure shows two cascaded
delay lines 5732a and 5732b being used to solve two different problens

\rlrma; h bgr eatipg, this=rPN9 max( Llaf\}[Kl)O'P#rIprmax( Dalay3)e '}apstc}J(%(FﬁB”pL ;35 nr;[ug(tXIO(I)?? these

[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.



conbined into a single delay elenent. [0276] Data, Stb, and C ock Recovery
Timng on a Type-|I Link for exenplary signal processing through the

i nt erfacewarog/opdsBustrated in FIG 58. [0277] The total delpay/tskm4shat is
significant generally arises or cones fromthe sumof the skewin the
following stages: transmitter flip-flo®®& TXFF) with flip-flops 5704, 5706;
transmtter driver (TXDRVR) with drivers 5708, 5710; the CABLE 5702;
receiver line receiver (RXRCVR) wth receivers 5722, 5724; and receiver
XOR logic (RXXOR). Delayl 5732a should match or exceed the delay of the
XOR gat XII7 3Physical hay&)@ﬁiﬁcehngmmﬁﬁeshnpﬁoﬂet erm ned by the relationship:

t PD - mn( t PD - |sdeS|rbIeto et this

r e ement ]%Y %1%& CQIHE—'CBOP?Ip %%ﬁ(??%é’éﬂ\i%‘]ﬂemli“% 31 Jptasiasg, aceps mgd(g‘ésthr"i’ot

change 0 i h F]lfz)gf

zero. [@%%gr?te heéilrt)ftﬁ)tn pg‘li;ré I%P %‘al}h%ﬁ ngfngf X@}n@efg{aﬂg ? ‘cf)gﬁg%ﬂrr% eggst gﬁ or tﬁ

hol d- t i fiembEr BRE0-BIE(O1] las nnaﬁhmm@aowlmgos@ Flldteric &ahp Qfafmta. on the host
wi |

t PD-m n(Del ay2) = tH RXFa%ﬂ(g0280] In many systens this be zero because
the holside,ans partaumber $P€oeﬁ g@nwﬁaqthmd buddirosenElegtriq Gompaalydytdeon

Del ay2 an also he .zero 8 case contribution,t.o s

recei ve Ea[ 5@% side- t%’é“ 8’;1;& Yéf‘ fa&Sé’me%FP}&}“B%F? ’{/vr%lPB‘lge“iN éiy%u‘-’?“
at a MiuReofahided s bheysl o Hrm%erta{&m h§edGR BRIE XIATEAd iBasteaYely
as possible according to the relationship: t SKEW max( RXXOR)

t PD- maxihDECapll) - t PD-m n( XOR) WO 03/ 023587 PCT/ US02/ 28461 64 [0282] In
this situation, the data may change between two bit periods, n and n+l,
very close to the tinme where bit n+l is clocked into the receiver
flip-flop. [0283] The maxi mum data rpf imum bit period) of an N DDI
Type-1 link is a function of the ITB.XI rrum ew encountered through all the
drivers, cjabBsnabNameecei vRins i iColdrg 3vphal Nanek | pPins { he t oCalordat'a det up
into the RXFF stage. The Nwitgk |del ay] skew i n t h&unbek |up to the out pyt of

the RXRCVR stappic@hwrbe [expr essadday MbBFEGhaX (LhNK) | BlickiaNédmmteahiF) +

t SKEW max ( TXRRHT_ Sh[bg_bKt:vv 5‘BX( (.@EIEH_) mxk RXRCHR, mdw‘@ éﬂl i mum
1 1 H faY - AN I N (VAN \I{
CPD- hax( Def- e iP DI BadfrLr 25"l Biue | MEDEPAROCINC LA ORPH )
t SKEW rmax (| 1 DD Datal £ 4 7.0 TWiblse MDD Dafal: pefiod 1ackpmreTw/Wh1te :
- 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



can be expressed as: tBIT_ma =14+ 0.3 +0.2 + 0.5 = 2.4n sec, or stated
as approxinmately 416 Mps. B. Link Timng Analysis for MDDl Type-11, III,
and |V [ O@B3p/0zss8ypi cal interface circuit simlar to that pemasn2/esscFl GS. 41
and 57, is showmn in FIG 59 for accommodating Type-I1, IIl, and IV
interface links. Additional elenents ar@ used in the TXFF (5904), TXDRVR
(5908), RXRCVCR (5922) and RXFF (5932, 5928, .5930) stages to accommodate
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i nt er f alowt ateagasedtdd aing Nbﬁ)hlmﬁymmubﬂ phthr hexre d dablek . Thisicamdstictir thnough thk eve ci)ih
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NIDDI Stb with respect to each other is illustrated in FIGS. 60a 60b, and

60c. [ OBbProcgssigder to sanple data reliably in RXFFB when MDDl _Dat aX
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tSU RXF(!:oB ﬁknlgza!l_tlgon llznﬁcB?s synchronized and the host is trying to communicate with the client, the
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.



[0289] In the exanpl e given above, the | ower bound of the m nimum bit
period is given by the relationship: tBIT-min(lower-level) =2.1.4 + 1.5 +
0.5 + 0. Iw0438ms58ECc, which is approximately 208 Mps. [0290]/UBh2/88465 nuch
sl ower than the maxi num data rate that can be used with a Type-1 |ink. The
automati c del ay skew conpensation capal®8lity of MDDl significantly reduces
the affect that delay skew has on the maximum|link rate. WO 03/ 023587

P 02/ 28 ) | . Phys] " r ' bRt 1]
PHYETTal conPBits Shetidsgr Ot Bbfetit drhehe o BRI ARBRAE wrdth RS G MBHb AL AR
pr esentdesitingni differefitdath eaté eAlyipe o intsifig raodereFaeicahhyleay avmpitbeopahésdesiveh
as part nunber 3260-8S2(01) as manufactured by Hi rose El ectric Conpany
Ltd. orfoRHBUTHeAling data)eould cacomier loading condisigny s progessigniata dhal catse® #PVose
El ectri . ksl | c] Sil . I ' e
oi - as Sy TR AR bR, irp R, bR B FeflFy LRI TR G I Shnaer,

i nt er f dt@n aidedichtet! &C powdadolueceXblal momrhitdd heasteryapoaekr sburc;| 48d e@ther nba bt @bll | |

Signal Nane Pin Color Signal Name Pin | or . Nunber Nunber | Pw_ 1 Red
VO GriPaRBStey Hedatanay queklyy IeePss mmfﬁaﬁ rgaf_&atyleehnms@ @-“Sg/%D%%R’WBFCQd
W G eenye MAidRbALH op dBbtH PR Hofd l@tﬁﬁecpgbﬁlédsé%r@spﬁltemel%ﬁ bstrictive
White DI _Datal- 8 lack paired w Wite Shiel [ 0292]" The shield is
connect@additiont dogldviblabgEad or wlitahpednadlowing eitfeaiclevicanid teansfei dhtd adrhagher rafies.e

in the gable is connected to the shiel f .the displ conpect or. .However,
the. < HIIEF BEIRR S GrTroRler B PRRLiat Ot e 6 et 1 AR R E RO BRECT nei de
ofjogoogli spl ayif tHdde 88bthePNiypes BNRRSKHN EshdRiRRRBES @chaede, 6i@ier AeEhssh 0 Elfer® inay
designed in order to be Small enough for use with nobile conmunication and

comp ut i deiectitheincand try teoignegotipiabe irerfacgimedee iy isishpwp egiep 6424 stheeihe hgsine
dovi ce SrIL IR BURCERRIY BitSedind RAF IR O el sobalinE ™ BRBH S Bt
i n the thydd, ¢ied clinnsehte Mnefutd OnpeeAtkmwdeddel Raokéto cosiradihg aichengeds pewgha) dnyd

for the cabling, and relatively | ow cost. The transfer elenents should
accommudbahestsgads Perform Type Handoff Packets to make the change to the specified mode.

[0300] Although, not requiring a particular order of processing, the client and host can also
exchange packets relating to data intended for or received from pointing devices, keyboards, or
other user type input devices associated primarily with the client, although such elements may
also be present on the host side. These packets are typically processed using a general process 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.



and strobe signals that are differential NRZ data having a transfer rate up
to around 450 NMbops for Type | and Type Il and up to 3.6 CGops for the 8-bit
paral | el wWopa/ordgsversion. X V. Operation [0294] A sunmmar ycCofusotizs4gener al
steps undertaken in processing data and packets during operation of an
interface using enbodi nents of the invé8tion is shown in FIGS. 54a and 54b,
along with an overview of the interface apparatus processing the packets in
FI 5. In e 3 PCT/ 2 i ! .
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packets requesting service in steps 5404 and 5406. The client could send

ei t her ety lidds votedrembdiseussest arsdiscussepiather Beren step 5404. It is noted
that the ||ink, as discussed above, could have been previously shut down or
be in hibernation node so this my not be a : conplete initialization of

t he conmuni cAal i OrFdr Vildeb IStkcalioPhélts Once the comunication link is
synchroni zed _and .the host is trdyi ng to communicate with the client, the
0 By
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used, fgqr exanple e |, Type U, e LI, and so forth, in a step 5410.
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Packets to optimze the timng of the conmuni‘cation links in parallel wth
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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.
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audi o stream packets, and filler packets, shown being transferred in step
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desirabl e, a request can be made to change to a higher transfer rate node.
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and not the state machine (5502). In dition, sone of the comuands
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servicing the transfer. This is shown in ste 42 If the link is to enter
ei 0B a 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.



hi bernati on state or be shut down conpletely, the host sends a Link

Shut down packet to the «client, and both sides termnate the transfer of
data. [03WDJo3dmsspackets being transferred in the above operatSopesel
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ues g

series o at areinterpre follows. Bits 1 and O sel ect
how t he di splay pixel data is routed. For bit values of '00" or '11' data

i s displayed for both eyes, for bit values '10', data is routed only to the
Ieft eye, an@- f orFex UsezDegined $treamPacketss routed only to the ri ght eye.
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sim | ar CRQ fdile tstchackaritbn e esnltiae packedés disedtied! The Dbyte2Strout Dave CRC ﬁeld

interlacing is vertjcal jnstead_of horizontal. Wwen Bit 3 is 0 the Pi

Dat a i scqmains a CRC of only the Stream Data. If this CRC fails to check appropriately then use o the
Stream Data is optional, depending on the requirements of the application. Use of the stream
data contingent 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.



t he standard progressive format, and the colum. nunber (pixel X
coordinate) is increnented by 1 as each successive pixel is received. \Wen
Bit 3 is wotohe2Bexel Data is in alternate pixel format, &0d/uSes28361 um
nunber is increnented by 2 as each pixel is received. Bits 7 through 4 are
reserved for future use and are general1?y set as zero. [0306] The 2-byte X
Start and Y Start fields specify t he absolute X and Y coordi nates of the
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increnented. B. For Audio Stream Packets [0311] The Audio Channel ID field
(1 byte) identifies a particular audio channel to which audio data is sent

by the clie dev The els are specified in or
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User Interface generates warning tones. Values for the ID field ranging
from 8 $95280gF Schiszerang 255 are currently reserved for use where new
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ytes) speci |es t e nu o sanples in th
occur in relation to the reverse link data clock The reverse link data clock is equal to the forward

link data clock divided by two times the Reverse Rate Divisor. The reverse link data rate is
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.



packet. [0313] The Bits Per Sanple and Packing field contains 1 byte that
specifies the pacing format of audio data. The format generally enpl oyed
is for Biwe od/oeisspugh O to define the nunber of bits per PPCNMSauel461 sanpl e.
Bit 5 then specifies whether or not the Digital Audio Data sanples are
packed. As nentioned above, FIG 12 illjastrates the difference between
packed and byte-aligned audio sarrpl es. Avalue of '0" for Bit 5 indicates

il e ' oAk e G AL ByEh F ey P R Wi G Pl

succesgienethReMeDiEin 0A SaAR L engdtB. naﬁis@R@ PaiBG 8 chedk th&hathp emﬂe@askam@cas@apl e.
This bit 1s effective onlg\/\/nenthe val ue defined in bits 4 throu 0 (the

nUfdzst of bitths AeZerpdinld (bbye) saapranl foszerptang infised;te casuse th@ﬁ ghaMD 4@%?
th

oo, oodigtaafe RELUBuIprolE diABH & X THE IS iR, 1SRy Gy Ty AR
PQa323502/ 284k Tufi- A[r@s%ihﬂ] ﬁa'lkl&s daedifor éiwlj]zhmngdieefnfst ‘ﬁhdal(oihndbpem)d S'ﬁmcntfnnm

the audio PCM sanple rate. The format enp a val eOfagle
| ndi catol byicspesiped By ¢lsoTumngiownd %Pg@mtfrsﬁg)a 10%?%‘%8% 1elgl to;allgwcthe e s

16, OOOJ%BS)& D%(t@llﬁll% Rvefs 10 éé?tnga%l}%' be‘fé’lle‘{ﬁe Bhe Al i %hga%n% ?c'ﬁ Z%X?Légl@ of

4 fo valueo val ue of 6 for
val ue ahabled. oﬂ“hé 21,0&5615@33 1tsaNﬂ)DIaJD.a&1 hﬁe andm |du1414g bd® eﬁﬁumr@squedtli angl| the

ith f 9.th f t
\(,:Mur r e\rlltchlgrgt: splay) f‘é}fa@ug é rese g" fh% lgﬁrt We’éﬁougﬁn]t ﬁﬁg a
16-bi t @@10&@4@&@}5&&%& 5@%&@%@%&@%&@%&@@@ mze%sil o Sanpl e Rate.

If this CRCfailsS to check appropriately, then the entire packet s
di[83281 ded. Thhe IEavgrsealPatAdme@etDﬁte dangdins & oeriesi ofslatehpackely beingi teanskaseddsom o

be playd form aIin f.or

nt DgonBe et o fpss Bt edhitro el BAsG  oBs Menl By Y P WRL SR ner |
t he Audjs@dDjabmerﬂ)zfckéWygesCRC fails to check then the Audio Data can still
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2-byte StreamData CRC field contains a CRC of only the Stream Data. |f

this CRC fails to check appropriately then use of the StreamData is
optional, ddpendikuy DisplayeCapabilityPmekets of t he application. Use of the

St E)?ﬁﬁn The 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



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 Color74hap Data in this packet. The nunber
of bytes in the Color Map Data is 3 tinmes the Color Map Size. The Col or
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that indicate specific features in the display that are supported. A bit set to one indicates the
capability is supported, and a bit set to zero indicates the capability is not supported. The value
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.



interface the reverse data-rate equals the reverse |ink data clock, for
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drivers urn- roUn’d L™ and™ ay) ’enabl'esits

li ne drzszos Bzm(mjl 20,000, 38,000, 1h©25.a90,050f 26 4100 Aamphd jor Iévbndl\,mls,l,
Stb signal behaves as thoug h the Turn Around period were all zeros. [0328]

The Rev@ﬁ%eétl}l‘ﬁb’awlﬂa@kfét%tth%hdSé&mgaﬁeﬁ@V%@ fufpigee of al@a@a&vs AR 8ps %ﬂnged
transfe J @gy fafﬁowqe{n@§ s&1 100t §é?tng%£'%§tt ah‘fésf&toﬂta QF tRRE (E’I‘tggt,"’ (')1{'—';]r1éfr1c,ea'iesHE§tktﬁ£tS

are sen remai ning s I'S not use pac
types. p0EAAir shupie Atoisnaipgortdde binid sestlmgelré Hibto '@'sindichtes kiah ¢that kample aamnds not.
t urn-around riod. The nunber of bytes specified by the Turn-Around
Length PRP ‘er are allocated by this field. [0330] The Driver Re- enabl e

A LS22 IV VA I, B Rk DAL PR W O e
F. For famgd por sGxpubi The mirPeukesub-frame rate keeps the display status update rate sufficient
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,



[ 0331] The Protocol Version field uses 2 bytes to specify a protocol
version used by the client. The initial version is set equal to zero,
whi | e t hewbdloniomasgt Pr ot ocol Version field uses 2 bytes to PEpamsni/ggsthe

m ni mrum protocol version that the client can enploy or interpret. The
Display Data Rate Capability field (2 7#ytes) specifies the maxi num data
rate the display can receive on the forward |ink of the interface, and is
specified in the f it . f .
Capabi 1 bR e oty Tyl Brahed fadFa BT A b MR broudiep ;LR TSRO

on the avhddBA&sd tikdythre EMEERE det kro. This is currently indicated by sel ecting
Bit O, Bit 1, or Bit 2 to select either a Type-IIl, Type-I1Il or Type-1V
node on the forward |ink, respectively, and Bit 3, Bit 4, or Bit 5to

select eit heé. a ;r%‘ﬂ'e‘%i.sﬂay?egﬁ%’kﬂ#%d SlatdoPfcktd node on the reverse |ink,

respectively; w el ng reserved and set to zero. The Bitmap
Widt4n) and HeTlghRevkisel[dsk R2queytfedd (Sipge) pycifihehewudiber afnisltésethe displafy neéds in
bitmap in pixels. [0332] The l\/bnochrgma Cagabi Iitey field (1 byte) is used
to spedh® jeverse link i e next sHbriange to sead gnfgrmasiontp e hosh pe di splayed in a

g;@%?r one fH{h@ke E,fm,ac%ﬁgiet y( O%’gﬂé)%dih‘ﬁ@s RoWRRG I RrrofsHaWB bodhRA sirftes

1
ue'is set at zero. Bits rough 4 are reserved for future use and are,
t hus, <ht begisning b theBnediaJrapier AUgHCRCdefitrie rashiewheixa subvirametbeadeo padkiet withf

Trate gt e GRS S P Bcielt ol e apunl Fympa sk Gronpt brcrady > Ml

pi xel . Jfud Agir¥ds M58 . zero then nonochrone format is not supported by
the display. [0333] The Colormap Capability field (3 bytes) specifies the
nelRB4im nuntBre 6tpakibityeChangesficld maes &dyst td mdidate @ shanrgeaip thatsiapalility; ofethe
di splay,. Lf t displ ay..cann . t | i's
ero. Ty Tie ol R RSt e pY SRR Lo Wl as a ok Oh el
bits oforrd§hytor @6r d0mas othatiredson. dWhiph Big[Y:0rarReBudl ad Mathen Ithe tapabidity hhsiyot
cannot use the RGB format then this value is zero. T pability word

h RGB. Ca
i s conpdgagedoningerhe lassRispiayt(eapabidityyRaket Wy st Wewey r%wh%n %it%[ﬁa%a@f%gl to
s . . > W _ . .
ot ot 2oy B fas Bharlbed S 1he Phibify MY BB SxmiRl B Qclehiine

nunber , thohewidisplayfchaedtaristiesach pi xel . Currently, Bits 15 through 12 are

reserved for future use and are generally set to zero. [0335] The Y O Cb
Capability field (2 bytes) specifies the nunber of bits of resolution that

can be di sq{aye%&m%%c@rgﬁfﬂwkgﬁ the display cannot use the Y Cr Cb
I ' T

format then this value Is zero. e YO Cb Capability word is conposed of
t hioa47]separ aflee Wizilgpaddppea|LafCoandinate Biidualand N Yabte fEldefisend bytes enghitoum

nonber Srechyitbe Nandhd vatus GREGoosingdu ot e e e Ties of e FRAIARIp be
number of, /B4t SThe 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



in the Y sanple, and Bits 15 through 12 are currently reserved for future
use and are set to zero. [0336] The Display Feature Capability Indicators
field usewod3logzses that contain a set of flags that indi earasspesasfic

features in the display that are supported. A bit set to one indicates the
capability is supported, and a bit set X/lo zero indicates the capability is
not supported. The value for Bit O indicates whether or not Bitmap Bl ock

Transt ege El%cis%mﬁ(&@% gh VYRe 7@@ ifgrrﬁ%tp{e%gﬁ'fg %m%}gk }’tt%a%éﬁg fffe d Bh e 1)d%0

and 3 indica er or not cke type 7

Bi t map $laédraPacket! |Tt{%a1@z1x@ltAr(e@@ﬂthlutzﬁ@El (A dlyted) corima ithieqsikelorhlhié BKkbe4illad
Channel Packet (packet téﬁ)e 74), respectively, are supported The val ue

for Bi tingo itheliwiatdew whedifi hyrthﬂ)ﬁeldsedls@t@pdagborves The ferpaibpf thig pivelniske
one col or transp sfor bits, Bit 5 and 6 indicate if the
di spl aySRegH! e?eeéﬁt%ﬁa%mt%faﬂaﬁ Gﬁﬁrﬂgtaﬁklﬁlsdr n packed format, respectively,
and the value for Bit 7 indicates if the display can send a reverse-1link

video streamfroma canera. The value for Bits 11 and 12 indi cate when the
client is cqmuniléatBitopapiRattern Wil Raekatoi nti ng devi ce-and can send and

 dOe ey oy et Tef ol ok vaubiand \t;%%fetk@%%%{e%@ﬂ%ﬁc%% ey’
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system designers and are generally set e to zero. The Di spl ay
Vi deo FrieiVikdse Walhlhind Hyight fitlds (Zbywseeach))epedifyeﬂtet Wedﬁ'axmahthmghtdﬁothe
franme update cagabl I |t of the dis frames. per second. A host

choose thchm thern W@Ffbmql Potiere Height figds (2hivies eashe ﬁmf%ty

era (3 snslof%%%% REESTLIOR R, R M A

whi ch i @es‘éﬁ?to@ ?ieﬁﬂs?élzﬂ@e%ct*he%%ﬁt of HeaMxel 9;3139]1:111_%1&1 dFIG Cfllaﬂli@trates how
Capability fie bytes) contains a iroup of flags that indicate which

audi o cthariVigles Earte ngptbrﬂ®dr1p§oruheode plTag f(mha'exstthe samntei as thetsame fpeld in
i ndi cat s HS hannejr_, supported and a bit set to zero indicates that
channel 1860 SS&EARY 2Pt The Bit positions are assigned to the different

ch S su 4

@? ﬂﬁ)\f ront, Oﬁlé gﬂ;“”?étorm@@ ﬁ 4 r(réelgyteg)r |cg-ﬁcm’ﬂrseaétr,C I&f' r(gnatlﬁc gﬁet%efrreﬂi 3]%& (PaE
s urrou nﬂeﬂg&htto the¥ides Fotinat Degd_‘ﬁptoﬁ htafruhei CRC fagipec chedt therBhleendire paomh
15 are currentl@g reserved for future use, and arelﬁgenerally set to zero.

[0340] ia distapeled AddicoP | RixekdPen (ﬁetb?amntmrss Hane v ormetrnéh% gty FcPequtﬁ%

contain et .of flags ndi cat a e ra |I|

fhe. ol | BicihanEen e gtmel Srealrd oo ERRR SR Pubaiptlr s

6. 000, PSHIgBE S omt it p el STsaeh r?‘t’ o 5%3’?8%%‘%%% e?&é PO AT es

per secdad i§ ﬁlaﬁ}mltted a row at a time. The Pattern Pixel Data CRC field (2 bytes) contains a
CRC of only the Pattern Pixel Data. If this CRC fails 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.



respectively, with Bits 9 through 15 being reserved for future or
alternative rate uses, as desired, so they are currently set to '0".
Setting awbios/ovasBue for one of these bits to '1' indi cat e®pCrhzsn2/ediat
particular sanple rate is supported, and setting the bit to '0" indicates
that that sanple rate is not, supporté&8. [0341] The M ninum Sub frame Rate
field (2 bytes) specifies the mninmumsub-frame rate in franmes per second.

The m ni numysub- ffo?‘&ﬁteﬁ&c@’lﬁ@?ﬁa}r{n%ﬁagje S@isaa{eﬁ]us update rate sufficient

to read certain sensors or vices In e display. [0342] A 2-byte
Mig353pnpl e Radecin€afrbiTypé felili(tbgte)fspecifies thenensintéifade typead wsentHiensalaeset
of flags that indicate the audio sanple rate capability of a mcraophgne in
the cl terhisdealdspecifies theinerface tye imhenjolpwing rapness: "1idhe ¥ qﬁlélrlg‘ﬁﬁdﬁe

i fi d.t 1 ni | | . | 1:000. |

ot o st 5L piefe M teohendn E PRk i for §R3brRRT BN i M Bl 1 EER R,
bit  pasidd iR r&%legt isdor the evefbe link. Mtk B tidotghRakelRsdroRE 6 Altue Q5K),
16, 000, “24, 000, 32,000, 40,000, 48,000, 11,025, 22,050, and 44, 100 sanpl es

per secowicrégeBprallyessec zence| Bits DittroughtGsare useddoglefineShbéntegfaceSypedd beor

1o U1 sired; ihen BRORS L FBorBIR GhRRAON e JEPRR0q% VALEE 0hf P darde gl Rt
. | . ) . : 0 i
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each ofmbhe Whe veriEe!of ORaidks Gapalphl 7 ine ebdrvedrfer Aturedusipniiior of alterfnddi4a]
The Content Protection Type field (2 bytes) contains a set of flags that

i ndi catreodércort gpmbigfations gf naddesont ent protection that is supported by the
Display. Currently, bit position O is used to indicate when DICP is
supported and bit position 1 is used to indicate when HDCP is supported, WO

03/ 023587 PQf/ USGerd@fitace Bypd A dkndmiledd@Pdckess 2 t hrough 15 being reserved

for use with other protection schenes as desired or available, sqg they are

cupP¥bht | y sekhe buterfice Tyge firldr(1iyde) hes mRygliusstthah eowfizms shepewenserfare4apeThe
R Li nk t.fj,el byt j fi t he. nynb f. b h o
G ol aylorsBad e Vatie it 1k BelPoraciies HRTRIS AR et HORUoPhng tiind: "3t Bit

i nf or mat QAL P d?@m%%ge hLIQé&fﬂ'e%_ﬁ%t {Hor Ehé RIrweRlNink, aRbfhdikeBy i€k is (E%léal‘

i ndi cat es how many errors have occurred since the beginni'ng of

nedi a- fipalehe Thpe(Rthdefiineqisstrissfer thhervarseulink.r Bk postiers pdokeighnBtdre a
Sub-franme Count of zero is sent., If the ag;tfgall1 n er of CR? eréﬁars xceeds
255 t heqiirranitly reservied dar yisst By desigpating| 98165 aﬂ?to 811 3% (eBRethgR ¢ Hed
uses 1 byte.to indi e A . il i i |
coul d &%‘ﬁ?alh 5 eé[qcészgeggb ﬁ%@gt{j}gg :Dl%pé?%lgﬁlé? gﬁ%%lﬁ:g agﬂéc%ggsdegﬁ?ﬁ%r%c}%%%ec?
keyboarghpe to be used with a value of 0 indicating a negative acknowledge, or that the
requested handoff cannot be performed, values 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,



or display, or for sone other reason. Wien Bits[7:0] are equal to O, then
the capability has not changed since the |last D splay Capability Packet
was sent .wbBmaerEs] when Bits[7:0] are equal to 1 to 255, pChasSozpsabi | ity
has changed. The Display Capability Packet is exam ned to determ ne the
new di splay characteristics. H For Bit/9Bl ock Transfer Packets [0347] The
W ndow Upper Left Coordinate X Value and Y Value fields use 2 bytes each to

speci f e : t {.n r t
the w i s A THRUIY ales; REREORTATIIRS (e I ORIHEPS o> EREY B
each t gheqasgitd i refeved dohfigage usei ght of the wi ndow to be noved. The W ndow

X Movenent and Y Movenent fields use 2 bytes each to specify the nunber of
pi xel s that the wi ndow shall be noved horizontally and vertically,

respectivel y» Positi val N X wi.ndow to be noved to the
right, and n%‘gati 5%‘%”1?2?@%%%?%8\9%@%&1% gg‘flﬁeésl eft, while positive

vabsms for YeaassiotigmyklEimble Maskefidi) ey @ vontadith bi/fta emdieatse
upward novenent. |. For Bitmap Area Fill  Packets [0348] W ndow Upper Left
Coor di rthishxanwdiouchamaely aya| toebe jestabledide @ chighes Adbih seb teperg £pablepdhy

111 od COTERRONAIRICTHATRIR A it 8 PSP AT BRREIS Yyt eerarensim it chigs 8 °°
wi dth acﬂpoﬁgi g, s%latt@ﬁharﬁﬂéw@‘@hfdheé}?S fihikRdddiee M4t dechiDalot BORBkft rear
Descriptor Ti el bytes) specifi&s the format WO 03/023587 PCT/US02/ 28461

77 of trighiRiess|fréfrteenker, hnd/alibevodiee chammals, respediivelanBitsé ande aamesdrivetd
in the Video Stream Packet. The Pixel Area Fill Value field (4 bytes)

cont ai HST fHEreUsYa etrgeagbhmqqrgg)e sehtVZ8Re wi ndow specified by the
fields discussed above. The format of this pixel is specified in the Video
Data Format Descriptor field. J. For Bitmap Pattern Fill Packets [0349]

W ndow UpperP.Lef tFdsoRévdirsioA adiy Samhple RanelPXcRéed ue fiel ds use 2 bytes each to
specify the X and, Y_val ue of t oordi nates of fhe upper |eft corner of
¢ RES38 haow (B dudia $@@Ple(7%ﬂﬁ?eﬁe<2ﬁd§wwﬂ»€ﬁlﬁ§ﬁaﬁﬁélgml fidpceTpleptes IBach)
speci f i i i i . teen. W dt h
and Pa%iaté{rﬁgs ﬂféﬂg t@ﬁe%}gsa%%%ngéttégﬁ%ac f&%‘g@%ﬁgi‘ &% %}ffl]g hil%g&fy’]ghga%él( gh?’Yy’
r espectdnes Beirf udddetd dédigRak 85000, 16,000,2400008 3%00€ 0L0/B00R 4800078l 0258 SZ,05®t OF
field specifies the format of the Pixel Area Fill Value. FIG 11 _
i 11 ust raacedd hosamptes\pefetecoad 4SPD), mespepively, piith vakies oded thaheght Zrinkgings -
the Saq%se%%egihf%r Su%gewgtherlﬂgerlngﬁve rates, as desired, so they are currently set to '0". A
value of 255 is used to disable the reverse-link audio stream.
[0359] The Sample Format field (1 byte) specifies the format of the digital 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.



the Video Stream Packet. [0350] The Paraneter CRC field (2 bytes) contains
a CRC of all bytes fromthe Packet Length to the Video Fornmat Descri ptor.
If this GROoB@IS87to check then the entire packet is di seaerdsd2/2s8ihe
Pattern Pixel Data field contains raw video information that specifies the

fill pattern in the format specified byhhe Video Data Format Descriptor. ,
Data is packed into bytes, and the first pixel of each row nust be
byte-aligned. The fill pattern data is transmtted a row at a tinme. The

Pattern Pixel Data CRC field (2 bytes) contains a CRC of only the Pattern
Pi xel Data. Rf tW&"ﬂﬂCﬁﬂidpﬁréﬂ@lﬂﬂCEnhﬂﬂeﬂ’abhasPattern Pi xel Data shall
rror. cou hal | be mented. K
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fromthe com‘rum cation channel. This data is si rrﬁ%sfptassed on to the

conput i spgcified e therfollosving dpicagarapmses] Bitsel by hisrbylte ake MeetvecROr
field (2.,b te%) r(g:cfmtai nz a 16-bit CRC of only the Comrunication Link Data.
I f thi gt 1 $6h B0 en the Communication Link Data is still used
og%)_ ful, bihe 4080 PBhraCldrifar ‘I@ééé% (lzklﬂc(%g%@% ec%soé{eof%%ﬁg of the P1xe1

PCT/ US02/ 28461 78 L. For Int erfa e Request Packets [0354]

| nt er f akeeallifievdluel FlG11bifhsjrasgsawow iths Video Data Fajltmaﬁ]aestrimqmﬁstcodade Th@he
value jjn this field specifies the |nterface type in the foll ow ng manner.

| f the {oEMgEIS %F—‘fBir'FH}’?th%SﬁT%%]é%ﬁ & oee figlsl inipe Videastrea t-is for the
t ﬁ[é) \Cjelr !sgk'{ L’zﬂeEA{Ea %ﬂ%ﬁo{luéﬁﬁﬁ éls'g?g%pfé%earl\l/oecép%ed Hﬁ'ncﬂ?f flxél%‘lllfes {Oah% flfllg{:l

gener al inyo sigd M@d@@rs?ecﬁeasﬁb%vreh THeSBrhadbe tHiS pikel & qﬁécnﬂi@i ilhﬂld Wfd%bfmﬂﬁ
Type to be used a value of 1 nmeaning a handoff to Type-l node, val ue

of 2 a mentf@eaCUquqa’@eldll node, a value of 3 a handoff to Type-1Il node,
and a value of 4 a handoff to Type-IV node. The values of 0 and 5 through
7 are reserved for future designation of alternative nodes or conbi nations

of ~nodes. Mg For F&Ffﬁé%ﬁn&%ﬁpﬁ%&@%zﬂ’sﬁ%‘mgﬂ%&s[ 0355] The Interface
Type field (1 byte) has a values that confirnms the newinterface type to

uslé364The val Tiee Paraniter €RE|ftkld (L byteslecontdies & 16t GBE ofyglkbbitas friom thel Rackétng

renner L bl eting Bl FNELIr s BREORATYRS RIS e LRAYERACL R di@hrablte forvard

[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



to 1 the Type handoff request is for the reverse link. Bit positions 6
through 3 are currently reserved for use in designating other handoff
types, aswoesiemss; and are generally set to zero. HowevePCThiSp2/psasi ti ons 2
through O are used define the interface Type to be used with a value of 0
i ndi cating a negative acknow edge, or tBht the requested handoff cannot be
performed, values of 1, 2, 3, and 4 indicating handoff to Type-I, Type-I1I,
Type- 1|
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i nks. A"val ue of indicates t handof f uest is for the
forward |ink, and avalue of "1l the reverse |link. Blts 6 through 3 are
reserved for.futuge [ e to a value of zero.
However, Bi 4o tﬁf”ét@ﬁ Gr‘éff”é E‘é‘éﬁﬁl @BFP&"(‘%"‘?‘?‘? erface Type to be
usE7omi t h t e ViRdrbRsted CRG fi21d syReekAiME Y168 ORE OF amaﬂyfé%ffréﬂl the
Type-1, Type-11, WO 03/023587 P / 02/ 28461 79 Type-111, and Type-|

nmodes, Peslmdtang@h yo thadPagket TBYpevaIIthlrss CR@dats td lcherdht]ﬂenf thre erttitreslmcﬂnet &is
reserved.for, future use. 0. For Forward Audi o Channel Enable Packets [0357]
The AudFPEe el Enable Mask field (1 byte) contains a group of flags that

nagat e WhCaRn At DAAZD it pHE doRehifs GNED) B0kd Bad HghBhle tarRalis8ind O

one enabl es correspon anne and a S Zero disa

cor r espMiBDhPDataasigehlsBtd SOleet dilf evgly aadae?egﬂ@dt e mhl&ﬂ% ehe ProcbssinghofSthe -
whi ch address |left front, ht front, left rear, rear, front

cent er , Cakibration Rt %@qltemﬁﬁ,n esl\’ID]%Isb@ﬁtqomém}ler Bptssall @IjD@taeSlg@é@ equal

f f t t t b t. t

nadi o s 3fiobd Bl 4 CEERRY B R Bra ek R Breso Ry NS
speci fi @@chélhﬂidiii NIDBI_Siy stof MBI Batadlie- reI(IS‘\?er tl’l@ldéﬁ§ cf&k WHH@ tlilé éhﬁbﬁs{tﬁn :
assigned to the different rates wWith values of O, an

8 bei ngDasxfequeertesfigldaiseredng Goceitéd (b:@OtheZ@hdmﬂDlsﬁE,yOODepéﬁdﬁ(gOo? 4Be Qﬁc@ﬁt
11, 025, 22,05 100 | 10 t , t

val ues Bﬁ as ‘i’gﬂ@u@ﬁg@@%é} gl é&%bgmlgﬁ?ggq@‘ &naf ?%raé{qefé g& Iﬁéqeau%’&?\é\éseldas
desi redtheﬁ@ahﬁ%cﬁ{ ?aq:ét' rgegﬁgh& %ﬁrﬂ ggnerglly %8 el tétswl I H3&D bR the

di sabl e the reverse-11nk
interface Type being used when this packet is sent:

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

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

Type III - 0xf0, 0xf0 ... or 0xOf, OxOf ..

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.



[ 0359] The Sanple Format field (1 byte) specifies the format of the digital
audi o sanples. Wen Bits[1:0] are equal to O, the digital audio sanples
are in | iweas/txssmat, when they are equal to 1, the digi rar/isodesacsanpl es
are in g-Law format, and when they are equal to 2, the digital audio
sanples are in A-Law format. Bits[7:21 & e reserved for alternate wuse-in
designating audio formats, as desired, and are generally set equal to zero.
Q For The Digital Content Protecti o?: mﬁead Packets [0360] The Content
Protection Type field (1 byte) speC| e digital content protection
met hod that is used. A val ue of indicates Digital Transm ssion Content

Protection DTCP) while a val ue of 1 indicates, Lgh bandwi dth Digjtal

Cont ent Protecti oft Ggialedata aniprtpse foreansierming PEFeai gy %Fahat %@ghsrawot
current pEd . protection
schenesﬁééysvéﬂ%gw%ggwpﬁéndciﬁ%%ﬁta é%?%(t)‘;eegtalcg i E1Bn§5ﬁ1NES ge “field is a
vari abl e | engtplurlitglaf poketastnionges tinkerhtogethet ea):tfonm anmmagmsat&mnprotdmei eren
the host and client. WO 03/ 0235?7 PCT/ USO /23:&6131 Qq The T an[sag r ent
Col or EFPANPENIEANEA Rrerisiad sehat fieial pAER AN %SFHTEH% F@taf S G ?
speci fi @enVbaR shinRBsRRIneRkion b afpde is enabled or disabled. If Bit IS
equal to O then transparent color node is disabled, if it 1is equal to 1

t hen transpaatdenst cud bnk eademlles re@mm wcbaithbst Heviea mlmﬂm*rtersaidddﬂeotrthr@lgh said
specified b efo msters |ts S. byt
o r esEryatnipfont ot BeiteonfafrRl M B, Bytafust ndgBerfacRbe dubTind
Format dRsaihibitns Fr@cbébl( and¥d Gsin SigREI pre@mtdiion dabl MRG ofé of RrPiypel of Aaka
Fill Value. FIG 11 illustrates how the Video Data Format Descriptor is
coded. PAsketsformat is generally. the sane as the same field in the Video
Stream Packet. [0363] The Pixel Area Fill Value field uses 4 bytes
allocated for the pixel value to be filled 1into the w ndow specified
above. The for matTief intdifase pf XBaim b finfire cdinpdsing sﬁlﬂqaabkaﬂegroﬁpéchtog&hhﬂwithm
Descriptor, field. S. For The Round Trip Del ay Measurenent Packets [0364]
The Parlaﬁ%lﬁéfan@aéhaﬁ e PoppmyRicaieq belgternisald host gngictiewtraviig & pre-ggAned fidgm

the P P, gt th th
ent(:al rgcllggétﬁe‘%l i scgh‘g&%él Sgg e aeék%\ Hagifl]?%ﬁ g%gh%n{)yt egig@(g)nt afﬂs ©

zeroes to ensurethat al | Dat a S|gnals are in the zero state prior to
dlsabllngth dr.ivers dr| e first Guard Tinme, period
Guard Tive. 1511 el e ahigiees ok Ciged” i PRSI Be | HehE VK i o

the hosf)ositloned at the beginning of transfers of packets from said host.

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.



to disable before the line drivers in the client (display) are enabled. The
host disables its MDDl _Data line drivers during bit 0 of Guard Tine 1 and
the DisplwgosnzisBes its line drivers inmmediately after tireTIUser 2436t of
GQuard Tinme 1. [0367] The Measurenent Period field is a 512 byte w ndow used
to allow the Display to respond wth &830«ff, Oxff, OxO at half the data
rate used on the forward link. This rate corresponds to a Reverse Link
Rat e Di vi sor, e pans ﬁ(geg t

begi nni ng of th]eT l}\%@geﬁg 8%@%?’3{ g’r&ggﬂﬁef @F{éq'gl oér%{s‘l:e(g‘}vvﬂ!]rl dgg?é%ﬁ@ep Cﬁl@ts
host atfopw&ed S}qie)datah and Qwidid Stidapn Patkkayooiudideypkidate faf trensfédieg detgifrom Bgdof
the first bit of the Measurepent Period at the host. The NMDDI Data |ine
dr i ver d1oshtorsaisl gienipvey adprvand Lnk forprosgiatiomiod SiBEEtFe and | nedi at el y
after the Oxff, Oxff, OxOO response fromthe Display. [0368] The value in
the Guard Tine 2 field (8 bytes) allows Client MDDI Data line drivers to

di sabl e bef @.e | iTie dntesfeces of nCldivd Ho $itrther ecamaidimg.on@uar dndiemBeferss lainkay s

present_ but y. required when the round trip delay is at the maxi num
amount E&?&Psuéaéwna’é@ﬁ%gg‘rsé‘& Cﬁjlﬁmttﬁéf DD NET/ Ush2 28461 81
Measurenent Period. The Client disables its line drivers during bit 0 of
GQuard Tinme 2 and the Host enables its line drivers immediately after the

| ast bit of Quar dITFi limeliace[ o86%pinThle vidreraierthRehash disike contedligr (rmqthesﬁspklyset
equal that all MDDl Dat i nals rer

Co"t he agRLfes bfhsBREH frlr e <fr et =patpa Tt Spd e E RIS BIRS e
Cal i br afa Polichaddadesis EAabH of Hdgormoaamise: hrcﬁ@@s&uemerféc% byt es) cont ains a
16-bit CRC of all bytes fromthe Packet Length to the Packet Type. If this
CRC fails to check then the entire packet is discarded. [0371] Calibration
Dat a Sequencg, fi N y \
VDDI _Dat a slg)nal eh% %?ogg e%gt C%\i}ér? g’(ﬁf %ﬂ%gﬁ ?ﬁ%gg%@gwwa‘%%@?%?eé@?er%ssof
the CajonbnaticeionbdévicSequence, the MDDl host controller sets all- MDDl _Data
signals equal to the strobe signal. The display clock recovery circuit

shoul d use onIy MDDl _Stb rather than MDDl _Stb xor DataO to recover
the data clop it | QRerelPdAd REAURREE a‘) Figksi aSpdpabRG ohfifufrV €d
by the cli ent D| s ljfe lnEé;%epen ing on % ?%xact phasg o? tﬁeaspl\/DDI Sto%ﬁ}shl énal

at the lbwmgmwrrglem‘mbdimn@apodmdahermm Data Sequence field, the Calibration
Dat a Sequence will generally be one of the follow ng based on the
interface Type being used when this packet is sent: Type |I - Oxaa, Oxaa ...

or 0x55, OX5P . The interface of Claim 1 wherein said host device comprises a central processor.

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.



Type Il - Oxcc, Oxcc ... or 0x33, 0x33.. . Type lll - xfO XxfO ... or
XOF, OxOf ... Type IV - Oxff, OxOO, Oxff, OxOO ... or OxOO, Oxff, OxOO
xff ... wooan2aspt e of the possible MDD Data and MDDl St pChasset/ziuns f or
both the Type-I and Type-1Il Interfaces are shown in FIG 62, repsectively.
XVl . Conclusion [0372] Wile various ergdodi nents of the present invention
have been described above, it should be understood that they have been
presented by way Qf e d en. . Thu . br

and scope oflgt he e@?ﬁﬁjl nefe)@%{%nnqgh‘d@g}&m 5 lﬁ] é("’ﬁ{u%‘:)(r?rl&tvéad;Jg ??S%dr%@“%f Q?ﬁéerﬁ
above- Q@ﬁﬁﬂs@ﬁﬂ ;ﬁﬁ@pmy@{devﬁ;ebodl ments, but should be defined only in
accordance with the follow ng cl ai ns and their equivalents. WO 03/ 023587
PCT/ US02/ 28461 82 CLAIMS 1. A digital data interface for transferring
digital presgnt atT}%nmg&f’a%e%tf & ]pd gk\;vﬁe?' ifi sa@&lﬁ?@e@c@%ﬁ{n 41 £ BotHle Audio
client device over a commni cation conpri sin Bra ity of packet
st ruct Yiresntatiok egstémget her to form a comrunl cation prot ocol for

comuni cating a pre-selected set of digital control and presentati on data
between a host and a client over said comunication path; and at |east one
link controlder rasiidictfcd Br 68kH 2N0sherdem tl:lgmgoupl ed to said client through
said comruni cations patﬁ %el ng confi gurg 0 generate, transmt, and
recei ve packeplsrdioy of m@s&mmbdes:,cnac&u allawng dwstrcmS&tr@é different m%wmmmmr@p@ afal

presentatio data i nto.one or f da acket ace
D 0 a 10 gt e R Ve Roeter dmsabrid wilh shey BRGSceReidls PhiseOi e
frames 6ég\agena§aedmmlg@{ﬁgkg§{,é@§%dsal d host and client having a
pre-defined fixed length with a pre-determ ned nunber of said packets have

di ffering anshereini seid dransfegtrhedes sare Thmaminadyf afestafle detysenasaidimoges during
conpri S|ag]% gabt frame Header Packet positioned at the begi nning of
transf ef Eﬁr PRets fromsaid host. 4. The interface of Claim1 further
conprising bi-directional transfer of information between sai d host and
client over said comrunications link. 5. The interface of é}(%l 1 wher e| n

said |ink co?-ﬂt r ol The interfacenet Clainnt Wather 6PMBASIAR A PRgRlith i usel
| east Ot?gr{s er Rans #oﬁjﬁat? R £om RS %I%'ug 9f CBI y zﬂpg Bl BIdLk FEMLEE HiRH ﬁﬁaat 0

said ho hrou com‘rum catlio at h, configured to generate,
t r ansm Fill, Bitthap Q’@&d:m@'ﬂl and Transparent Color Enable type packets.

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;



packets form ng said comruni cations protocol, and to formdigital
presentation data into one or nore types of data packets. 6. The interface
of Cl ai m®Oowhe23sBT said host |ink controller conprises on®@Corusnpesa6t
differential line drivers; and said client link controller conprises one or
nore differential line receivers coupl®d to said comunication path. WO
03/ 023587 PCT/ US02/ 28461 83 7. The interface of Claiml1 further conprising
one or nore

Packets for kB IERREIAY oot OF el SobiBufhrbecr ity MEL B Wb I
client }me;tndasafdﬁIMt dbvh(tels Iovémald)cmmﬁumamomrpatlousangkmenmmnmarcatlan probezol;
interface of Caim1l further npri sing one or (riglgRe erse L|

Encapsul at i GiPUPaRkaklsast gpe Eaﬁitéml;‘l‘ioéﬁ?lktfde%lﬁhaﬁé? &1 evisedy sy w&slet deyiceTe
interf S i I S

capabi 1008 (A B tEABL pell B8Mhoc 1Rl EOMKIRE | Ring RAHERLEA HooBirdlate.

t ype oftrabamit, aand lmelaerpﬂckas fsamhgc bmémomtamilicﬁidns prafmbl, earcl tcadonmxhgﬂtah ng
t hrough sai d .interface. ?f ace.of Caim1 wherein said host

devi ce IEB%?BWIQQQaQIWPQFQE?Or%B'Rﬁ% A PEKESHRE ce. 11, The interface of

G aim 1 whergififesdhd dhash tﬁeemrﬁﬁopgmusmr QiR UhARhE AR Pafdl usikAYAid Tink.

W rel ess nodem di sposed therein The interface of Claiml wherein said
host dexontrellersnpri ses a central processor. 13. The interface of Claim1l
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  emntert arymethod 8F Ckem ZfurthéeconiprBifga@eusihg chidipatetsdogemenwahind
client device conprises a portable video display. 16. The interface of

C ai m mmogie feimes Jaf @lommiléﬁﬁtl%b?t&’é%%éﬁlpéfe@dad}ﬁ& tthp media fames havireaPst-i on

o esondstiies TG R RS, Ble-do e b e b B 1h B0 RictrBdBg ikl
84 18. 1&#hghd.nterface of CI aim 16 wherein said portable video presentation
system

28.  The method of Claim 26 further comprising commencing transfer of packets from

said host with a Sub-frame Header type packet.

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.



conprises a gane player device. 19. The interface of Claim1 wherein said
client device conprises a portable audio presentation system 20. The

i nt er f acewofo3@3Bm 2 further conprising: a plurality of tmPramafSer28swdes,
each allowing the transfer of different maxi mum nunbers of bits of data in
parallel over a given tinme period, wtHB6éach node sel ectabl e by negotiation
bet ween said host and client link drivers; and wherein said transfer nodes

are dynam c y j U i . i . f ada 21.
The i nrort ach-of EAGTEABIRITREF R A SRERREHEIR Rl B By Tha R 1ol
to trasasd eost usidgone of moreRdversedlinis Encdpsulatidhiypgpacketsof Col or Map, Bit

Bl ock Transfer, Bitmap Area Fill, Bitmap Pattern Fill, and Transparent
Col or Enabl e type packets. 22. The interface of Claim1 further conprising

Filler type packepg %&g&@t&dc mS86 %unﬂasboﬁgﬂaﬁg%gu&aﬁ%oagp@ Spivad
link transm ssion that do not have data. 23. e Tnterface o al 1
f ur t herinbmmatios from this elierdéddyi atedt Bk ecntnoflgps aokdetesminerwhat typesf @ntaiand data

i nterface-user  defined, data. 24. The ipterface.of Caim1l further

Coror | Pl SRR PR Seamad st hropeh SER el T by sl host to
said client to termnate the transfer of data in either direction over

said communi cation path. 25. The interface of Claim1l1 further conprising
means for sa3d clTentmethodake Ghimaidd firter towpuising| genmurnicaing taspay 28, A

net hod of transferri igital. ta at hi.gh .rat e ‘het ween.a haost_ devi ce
Trd o erebla i bunsdioh b iatiR BhrBnd s owapoR 3R BPUR S Y 8,
conpr i spi@lay qRpEsiBty) thPe piker nore of a plurality of pre-defined packet
structures and linking them together to forma pre-defined conmuni cation
protocol; WO 03/023587 PCT/US02/28461 85 communi cating a pre-selected set

of digital cgntr theaﬂfétrﬁfdeéf&ﬁaﬂﬁ{ 9(? wiidtdin %Sitd"‘@cg&nﬁﬁiwhonhgih c%?rgyrﬁég g (fal)jeent
devi ces over” sai d communi cation path using sald comruni cation protocol;
coupl i nigavarig 4 etiet obfoar boaiord ¢onductors andlal shield.esi ding in said host device to
said client device through said conmunications path, the host |ink

controller being configured to generate, transmt, and receive packets

formng sai d3£OMH GRS @gﬁﬂ%ﬂm@ﬂ%&ﬁn&ﬂgﬂ Tpetiafthd 3l USRI BELHEAHL by
data into one or nore types of data packets; an
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.



transferring data in the formof packets over said comrunications path
using said link controllers. 27. The nmethod of C aim 26 further conprising
groupi ng weaiodopsssket s together within nedia frames for cecmusozzg4son

bet ween said host and client, the nedia franmes having a pre- defined fixed
length with a pre-determ ned nunber of 83aid packets have differing and
variable lengths. 28. The nethod of Caim26 further conprising commencing
transfer of packets from said host with a Sub-frane Header type packet.

29. The nethod of Claim 26 further conprising transferring information

bet ween sai @i4. hostheanéethed bfOlaihi26dvieesih 'smd@hctlgetsmaeh cem‘pﬂse;mpackaﬁ lewgth diekl,
link. 30. The nmethod_ of Caim26 furt conpy i IS(I n | east one client

li nk ccﬂﬁ‘@toémoéﬁ"Paqkéfs‘ilacﬂ?ﬁ@ldﬁ’r?ngé‘lcdckq 1€ H‘E dagey Fles cfk??ﬂ)l ed to said host device
t hrough sai d communi cations path, being configured to generate, transmt,
and recei ve packets form ng said communi cations protocol, and to form

di gital presént atT}mrmeihodiof@1admdﬁefumtiuerr¢on1@risiylges of data packets. 31. The

met hod of C aim 30 erein said host |.ink.controller conprise

0T forent i alneEpiing, sueen sadsh i cliplrink Pkttt p&Y PEonE oy PR fE. or
mor e d't&e{n EMddR! id A dllié?ﬁ%h VEIch ABWRlELthel tPanSRl Gf GEeTHRY Gakidfh Bahbers B2
The net of Claim 26 further conprising transferring data from said host

to saitdtsef detatin panllghayseagiven dmetperigdcandent user using one or nore Video

auti o type. dRPampy odfentieVee REkeS S s RAErIENAAET 07 Cor m 26

further conprising transferring data fromsaid client to said host using
one or nore Reverse Link Encapsul ation type packets. 34. The nethod of

C ai m 26 furdther Temivether af leéétfprﬁ@rmomylgd&awmq o1 were 9ing ghurRlity 94
;;?;n ;ﬁ)glcgét ?on{ralp - Ai895 dlfé():lllnghe rc])ﬁ bt tﬁé)%?)ﬁgto? 388 gt WGk T Hﬁelof

es sal I'S capa I'e ccomodat ng throug sal d

interf ®1ema[85rea'lﬂ’iﬂ, Bﬁt‘nbp@amém@ilﬁlaﬂﬂ&éarfspaxbimolooﬁmhlstypg pecketsuni cat i ng
di splay or presentation capabilities froma client link controller to said
host link controller using at | east one Display Capability type packet.

36. The methpd ofyyd ﬁbﬂﬂb?%{ @P&ﬁﬁlelﬂqfu%&dc&lﬂfﬂmg Ebl8Ag Pl tﬁfe(r}a%ka@gyr@ald

cable having a series o our nore conductors and a shi el
met hod lafst © wicapyPferfods bh forweshiork tsanagrissiparthatidognod hy@Blagiat a i nt er f ace by,

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;



each of said link controllers as a part of said conmmunication path. 38. The
nmet hod of C aim 26 wherein said host conprises a wireless conmuni cati ons
devi ce. 380 0¥he3saet hod of Cl aim 26 wherein said host conpPCIasoza2gaert abl e
conputer having a wireless nodem di sposed therein. 40. The method of Caim
26 wherein said client device conprise88a portable video display. 41. The
nmet hod of C aim 40 wherein said portable video display conprises a mcro-

di spl ay devigeg,, t4%rf e At DGR BlspGledi ilsafd MGt Qé\}?cesﬁif @b ARMIGE link
conprises a por it e audi o preseRt ation system thod of Caim?2
furthercoﬁ@@mﬁrltlsmnga sdld)commumdatiénmmmaddita to be transferred to said
client device at said S /02 587 PCT/ US02/ 2846 87 44. Thef

of O ai m 26 SAFbHBE ﬁo’été‘?g S0 8%{8 R SR AC TaNSIUE 12Bf TIPS PRCKFIS armm%ne
or nor c r ) ¢hord Byped o€
met hod%gga%ﬁgﬂh%q tfbfn Erp? {)16?010%%}?@(?%19&1@%%19%?%?% %g dl?g\;veﬁ@ér?ﬁésgl}d hog%p and
cli ent datayackietsvers the use of one of a plurality of transfer nodes in
each direction, each allowing the transfer of different nmaxi mum nunbers of
bits of data in parallel over a given time period; and dynamcally

adj usting be§2weenfh%adpgaxtaﬁﬁ'b‘ft@ilmmd@ﬁer&klrshﬂgldsf SdsioBler &mplakaa st4- madhene.

nmet hod of Claim 26 further conprising using one or nore of a plurality of
packets to transfer video infornati on chosen fromthe group of Col or Map,

Col or Enabl &1 ypel saBRE R 7 L St phEsE PR R Folleflir sonfied apERAL "

gener atgunghsEisigh@Irprbyddsorpacket s by said host to occupy periods of forward
link transm ssion that do not have data. 48. The nethod of Claim 26 further
conprising transferring interface-user defl ned data using User-Defined
Stream type pack hes fle kSIeRRr within -
term nating fft21he ﬁlgen rrat%?%ga@%ﬁ?%l%h %@&a@%{a{tin o Bg(gﬂ eHer witiin
communimedia drneattr cehmgnizatiombersbert SdeVIhOStquId Qizok ¢he frmd1a franaasshmavitg o preby

V\g_lk:j ngocf?%mé(gﬁég% %é’tgltﬂ% ?Vgtﬁ?] BapI% degllr?nn tl’bu%l C(I?fOf (S:Ial pacﬁets thave g%enng El V%}la e

lengths.

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.



hi bernati on state by comunication with said client. 51. Apparatus for
transferring digital data at a high rate between a host device and a

client dewD®a/023s8T a conmuni cati on path for presentation POCTASOTZE461
conprising: at least one host link controller disposed in said host device
for generating one or nore of a pluraB?ty of pre-defined packet structures
and linking themtogether to forma pre-defined comrunication protocol,
and for co ni cag,Ln - e f .gigi:ts n n :
present at i g’ﬁH dat gﬁlhe \&aﬁﬁsﬁgﬁéﬁ%ﬁtﬁaﬁtﬁftgg 8%??%?1}% @{e%v?fcgjlsmgvgﬁv?é? c}‘ inke
conmmuniBaaipsontipatype packegs fos aansfemimyuiaiadaim eadptionicoshid hvé. 03/ 023587

PCT/ US02/ 28461 88 at |east one client controller disposed in said client
devi ce and coupled to said host link <controller through said

conmuni cat | 31 D%Q;?@%tfa&ﬂ“c#diﬁksf%ﬁeff&hls%{d R&dtNghiC el AIF &6l chRfigiRBe @t €,
transmt, and recelive packets formng said conmunications protocol, and to
f or m dirgjuest digpl®seaphbilition irfarmzationtfmno e dientrsr es toygrtermitie whaittsippeaktiaia end 52,

The apparatus of Clai.m 51 wherein sajd hast controller conprises a state
machi n&ata 1gfgs Safﬂéh%{‘éb%‘faé’f‘% ogPC“ﬁngP?danggﬁngéT ??“ig}tﬂ%%&t control | er
conprises a general purpose signal processor. 54. The apparatus of Caim

51 wherein said packets are grouped together within nedia franmes for
communi cat i 68. befRveepparaiug ofiotaimaridfurthéregomprising ardershone Riseley Kppbigtatype -

defined fixed |ength with. - d i i d .
i 11 or g oy il & PR E RS hotlp SR BB Y i

conpri $bobink codkiofigrane Header type packet at the comrencing of transfer of
packets from said host. 56. The apparatus of Caim51 wherein said link
controllers are configured to transfer information between said host and

client devicggs bindi [ | oyt r ks mlﬂﬂ'}n LSS phth tompridds a Ea8
appar at us of%gd ai%gﬁ%%telggﬁné%gl??c‘ﬁegﬁg s%ont ro ﬁgltc conBri sersnpg1 CS| I ente
recei vénviagupkees éffosmirdnoteiconductiay anda siugld. The apparatus of C ai m 57
wherein said host controller conprises one or nore differential |ine

drivers; and said client receiver conprises one or nore differential |ine

receivers ggupl %et% nth GOOTHAR GRWHERIP 4D - caBR: cothfisBPRAT ddrdsictefs SAdhm

51 further conprisin I deo Streamtype packets for 'video type data, and
Audi o Shiethm t ype packets for audio type when transferring data fromsaid

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.



host to said client for presentation to a client user. WO 03/023587

PCT/ US02/ 28461 89 60. The apparatus of Caim51 further conprising one or
nore Revewoa3h2itR7 Encapsul ation type packets for transfercCirrggozizgdar f r om
said client to said host. 61. The apparatus of C aim51 wherein said host
link controller is configured to requé8t display capabilities information
fromthe client so as to determ ne what type of data and data rates said
client is capabl e,of accol | rough,_.sai.d i f . -
apparat us oot arrheeEPRERERE CTHbha MRy il Rty RE Birindth pdfc yideo
type paphgt for communicating display or presentation capabilities froma
client Iink controller to said host link controller. 63. The apparatus of
Claim 51 wherein said communi cation path conprises a cable having a series
of four or re . ' 3 '

wher ei n sai ?‘i bab@gggﬁ%%@gg%@ ?&hﬁ%gltnosrgl? %OE%B{SG\HQ |&e}%%§y g‘;s“f‘ﬁrsﬁ%mgm
appar atdisplayfdeicei m 63 wherein said cable conprises eight conductors and a
shield. 66. The apparatus of Cl aim 63 wherein said comuni cati on path
conprises a cable conprising 4 conductors, a USB type interface, and a
shield. 67. 7he afRaphlifsQ (Hhitt 51 Shetlif sEUNIBA dbyi@RbEpFRANIBbRIe 8860
conprise nmulti- strand wre wth a resistance of around 110 ohns per one

t housandesertation syskemgt h, a si gnal propagation velocity of around 0.66c, a
maxi mum del ay through the cable |l ess than around 8.0 nanoseconds, and a
shield. 68. The apparatus of C aim 51 wherein said host device conprises a
wireless communigRBRAAARY ICIAm quﬂﬁ@ﬁc@ﬂ%@iﬁg &t Sordek b dddinpheieinedigai d
host device conpriseS a portable conputer having a wireless nodem di sposed
t her ei rdatat@be3rapgeBed gl cIBmLAoganhy sadhed. The apparatus of Caim51
wherein said client device conprises a portable video display. 71. The
apparatus of Claim70 wherein said portable video display conprises a

m cro- display deMeCparatus of Claim 51 wherein said packets each comprise a packet length

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

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.



72. The apparatus of Claim51 wherein said client device conprises a
portable audio presentation system 73. The apparatus of Caim51 further
conpri si nyodawssst orage for holding nultinedia data to becrnsnyissred to
said client device by said host. 74. The apparatus of Caim51 wherein said
packets each conprise a packet length 9lield, one or nore packet data
fields, and a cyclic redundancy check field. 75. The apparatus of C aim 51
wher ei n sai ost.wand client: i r : | one
of a plural idZy ole}er%fr?%ag%s Or?oéc}éls%k( P?lwe?]tgéegﬁ %ﬁgé Eg icgrrllt,r&%gféi a %g{/ﬁhﬁg%t%ﬁselﬁft :

t r ansf erinRfsteikddvar 8pt c}ﬂﬁ&trw MeaidliciiEsk Sneabs ot ®rafnatiag she wansderadfl ddta @ eithex
given tine.period; an bei ng capabl e of being dynam cal |y adj usting

bet weendigegtion preiaidconppyEcat@nmiely transfer of data. 76. The apparatus of
Claim51 further conprising one or nore of a plurality of packets for
transferring video information chosen fromthe group of Color Mp, Bit

Bl ock Trans§®r, Birtusapn & ekclronit sydem faptrBafdrang digital dataada Mghnaisdietrren
Col or Enabl e type packets. 77, The apparatus of Claim51 fu ;[.her conpri si ng
Fi | ler 98 geidtseprd poplient feyice ovsy 2 coppupigaiion Batgc@ﬁpgfesﬁgh 188400t q%fr War d
link tr  SSH afn{li‘ Haye data. 78. The apparatus of C aimb51
further ¢ te?lsdsr?%g egj/%lggrcg&m%la ‘and Pointing Device Data type packets for
t r ansf er r i nga damputtousabld mednuskavingpunpuenicedablapwgrin cedt Wt aahagied in

client deyice, 03/ 023587 PCT/ UsS02/ 28461 =91 79. Th r Cl_aim
51 wher %4, M HSEL (CaPYAL ) F‘Ig)llcfn%orbé’ﬁ‘?grﬁrﬂrté)de’f%%er %Iﬁgkrhealt% Blg‘pﬁl{???w& Utsgic()ivm
type p . utéﬁe%bgﬁb'gﬁﬁicdmmng esmp@ing:nating the transfer of data in
either direction over said communication path. 80. For use in an

el ectroni ¢ sysompufesrreadables fisstr pragram grdamedas foncaysing e FANBUBESYRER 03
host device and a client dgvi | ' r 0N
to a us&feraE oY OhINAY 9 raolgl}l%a%?yprgﬁgfjeé ﬁg% r?%e? ﬁg{?&gﬁ’gg‘f‘&gl}{% thglé:%gée}h%tei i um

havi ng fgnrpeldefifédcdhBupicaginagromede neans enbodied in said nmedium for
causing an application programto execute on th uter system sai

co i d
conput er r eadl&pmeuist aradableseRnthRWREE A MRy TOT £aBHAR (RS FORRHEABY Sge’i“i st
program code neans for causi.ng,the;. mor e
D O3 ol AT CRR b Poe SEPr ottt LBREP Fo o 438 FRkhua ISR BeBEeballl
forma REgafeldiaekes QBVE Gt EAa coaiu@kation 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



a conputer readable second program code neans for causing the conputer
systemto communicate a pre-selected set of digital control and

pr esent atwor3@aass7 bet ween said host and said client devi ®e3/usvBes4sni d
comuni cati on path using said conmunication protocol; a conputer readable
third program code neans for causing tR2 conputer systemto couple at

| east one host link controller disposed in said host device to at |east one
client .rgc%!uer k&S rﬂﬁ?ﬁ&ﬁ?go uﬁf%'agolﬁl ﬂr%E%lgﬁnYd f°fol i aPH e pRbsstation data into
comuni cat i ons pa (h, e Iink controll'ers being configured to generate,

t r ansmiohe ofdre §PEI ofadapadckets; indr m ng sai d communi cations protocol, and to
formdigital presentatjon data.into_one or re types of data.packets;. and
a conput er ﬁ%“é‘&éﬁq’re“%”é{fﬂ’f‘?ﬂ ?tag?glm@ Ofr@ﬁggs)ts Pg?ly%{ﬁg?rﬂgmpﬁg 1(2 STRSU gs?mg
system link A& data in the formof packets over said conmunications
pat h us?%@gmsacﬁg {)];%r{ controllers. 81. Apparatus for transferring digital
data at a high rate between a host device and a client device over a

comuni catiqn path for pres ti 0,a_ user. .conprising. £10
generating Gfe o?ﬁ’ﬁoqpé’a‘(%fusaoefg{:%ﬁ]t {)‘ﬂgfr BPBIRE ﬁge n?og(;c}k%rto H@? g Egjtduéaecgetand
i nki ngotdaeinigge blela frinéOfofcamBiuaicdabh Beshesn sard Nosiaindwiepy; diconedia finaRs s
for co nicating a pre-selected set of digital control and present_aﬁtl_on

data Hewisgenpselefingd fixed mngdawithal prerdetereinedaymeirs of saiddpacktnliayc dicHRS
pat h u??iﬁlﬂq’ sa@d cemmuni cati on protocol; nmeans for coupling at |east two

li nk cderaiitds Ln80et her through said communications path, “one in each
of said host and client and each being configured to generate, transmt,
and WD 03/023587 PCT/ US02/ 28461 92 receive packets fqrm ng said

conmuni cati 6is priecpertatysf Glaim §F AhiegicomPrisng Jusns 9T PR M nsies ol ror
nore ty T Qy@l F ool ferring data in the form of
packet ag;ﬁ/eégrggfséﬁlclg&m%ﬁp%ﬁ@(ﬁaan%g@ﬁdeﬁgylpr?é{aels&;'i dlink controllers. 82. The
apparatus of Claim81 further conprising neans for grouping said packets

together within nedia frame or ni cati on. bet wee ai d.host.and ..
client, the Hedi alTer SHpASIS ohrlagn &1 Ehes COMRB MBS 2 G ] tmation

pre- det}%&méﬁ%qidﬁ&p%{d Cﬁ?feﬁ@ﬂ-ﬂrd@ﬁ&kﬁﬁy%v@ﬁyﬁd dbrhin@hicRGonsaiik. vari abl e | engt hs.

83. The apparatus o alm 81 furthér conprising nmeans for conmencing
transfer of packets fromsaid host with a Sub-frane Header type packet.

84. Th t f dai f. i Si . ' .
i or mat 1 on ot wEEHERAR Y eih 8| S B ors T FuERRe g EROQERh O

conMmuNi GRbjeANS shitMst device, and the second link controller comprises a client receiver coupled to

et

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.



85. The apparatus of C aim 81 wherein one link controller conprises a host
controller coupled to said host device, and the second |ink controller
conpri seswe@ 03023581 recei ver coupled to said client devi ceCT8602/34361
apparatus of Cl aim 85 wherein said host controller conprises one or nore
differential line drivers; and said cli9%nt receiver conprises one or nore
differential line receivers coupled to said communication path. 87. The
apparatus of Claim81 further conprising nmeans for transferring data from
said host to said client for presentation to a client user using one or
nore Video Sir eamTHeydpparapachfeClairh @0 fuitheraconypiingamaanseiod cémdivoicating displaype
packets for audio type data. 88, The apparatus of Caj.m 81 further

conpr i SIrRgesaRianen catabilities from ?-FH%}“&H‘[I%FOPFBﬁ?T 9 sPid hast E’Irllnlf c?rgrolsl']gf BSRe &t g ng
one or I b ul ati on type packets. 89. The apparatus of
Claim ﬁﬁ?ﬁﬁ%&@%ﬁg&w@%ﬁn@;ns for requesting display capabilities
information fromthe client by a host link controller so as to determ ne
what type of ~data and data es said client is capabl e of accommodating
t hrough sai ¥ nt ethieadpparafigs 9%&%?? 7Wg@ﬁ F%‘@%’fpcaggn §gth cﬁ%prgﬁspsrcgt’lgs

of O alyfiR J WhENSE (oRPBPHbR AAaBaRSnl asheRmuNi cating display or -
presentati on capabilities froma client link controller to said host |ink

controller using at | east one Display Capability type packet. 91. The

apparatus of_C aijn 81 wherei ai d ni_cati.on i !

having a serf®s o ef?RHarag?s Rﬂ?im@o%ﬁﬁhﬁ% s° Rﬁglggs %aglsgspgé%rﬁtﬁi%gappapgﬁaus
of O aijficBhcd by LRBIOf GERANIHkSIoRGOIBRRSa hart oDfed edrhm@nidaliéGbpalat a interface by
each of said link controllers as a part of said comrunication path. 93. The

apparatus iof Claim 81 wherein said host conprises a wreless

conmuni cati ogs d li?ece%@%at?grhgf aPRAnLatYs \Qﬁergnaisg]dg ershbrisdi & hosliess -
conprises a portabnie nputer  having a wreless nodem di sposed therein.

95. Theccappanisitions dévick,ai m 81 wherein said client device conprises a
portable video display. 96. The apparatus of C aim 95 wherein said
portabl e video display conprises a mcro-display device. 97. The appar atus

of Caim 8l yherepp sghfal! #E1afRVEIC FHERIIP shidCRos? BRHHEY & F@bR computer

presentation” system
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.



98. The apparatus of Claim81 further conprising neans for storing
mul tinmedia data to be transferred to said client device at said host. 99.
The apparwDws/o2ds8Tl ai m 81 wherein sai d packets each conpripsg/isopsaket
length field, one or nore packet data fields, and a cyclic redundancy
check field. WO 03/023587 PCT/ US02/ 28464 94 100. The apparatus of C aim 82
further conprising: neans for negotiating between said host and client |ink
drivers the e one Uray 4 .er nmodes in each direction,
each aIIomﬁHéathgﬁngﬁg'é§%%Ff%ﬁ%$%¢%ﬁ?g%%§#ﬁﬁﬁg nunbers of bits of data in
paral | el oveheans Jor QBgbtialag AtWesh sédhoseand client liyndniveal thy waeljaiistrienof a
bet ween said transfer npdes during transfer of, dgﬁa. %gl. 15& aBEaratus of
g the trapsiergf 615:

d ai m @luklii ofetransfpredas iy cteh AECHN. MY VB PR o ¢

packet s r i i { %Slﬁ I the group of Col or Map,
Bit Bl On@&n efisrognrbzt;sgfFX%?rﬁﬁgfgﬂ%?Jeng%Fﬁ??ﬁBl t rrgiga’Péa}{@t ern Fill, and Transparent
Col or Enabl enéanp€omnielkaiclly hopstidhbetappeasaid transfér nGhdes dugng frapsférenf data.
conprising nmeans for generating Filler type packets by said host to occupy
periods of forward link transm ssion that do not have data. 103. The

appar at us of;qql a8 GRATRTI SRS PRI Omeddsaids isihE oRE of MdRE baae-
user defi ned10 at afﬂl?s%pr{%a%ulgsgﬁ%efi nédﬁ%?geamt pegOﬁlackets. 104. The .

appar atplsralify «flacket8fo fransféreideodnforiostionychasembomghe gravpsf &roloridapiBRibBlaskor

fromuser input devjces, ocCi d with said clien ' ' boar d
Data an aﬁ?ﬁgﬂ%ﬂp @9%32%@%@?%@%&%@@“?%& %:ﬁgoef\gﬁ%glreg%eg&ggé ai m 81
further conprising neans for termnating the transfer of data in either

direction over said comunication gat h using a Link Shutdown type_packet
for transm K8 onlThsyapparauhet Claim &hfierther icomprisinggneans §pp gerssying Gilley, bpe n
an electronic systemfor transf j 11§ Lhahaveah@. bet ween
a host %g?q&@yg%athgstgpiog%l{py g@?@%&o@gygjgg@ﬁé%%?%g? ?tg}]ﬂf}g!{n % athe processor
configured to generate one or nore of a plurality of pre-defined packet
structures and |link them togeth_er to forma pre-define

i cat
protocol ; tol@or Tl gpragtupPESdtimad] SHriReaI RPN BEIREANS G i e‘fr}iy’%g@{eggc%{at a
paCketS'Seggéﬁnéﬁ!dé&%oigfgg%egﬁ&iﬁ&?ﬁ?%ﬁﬁpﬁ%ﬂtg' tal control and presentation

dat a bet'ween sai sal I ces over said comunication path
using said conmmrunication protocol; and transfer data in the form of

packets over_ said _conmunicatiopns p . ,107. A .state machinpe for. use. i

obt ai ni ng syHthr ohfi% aPPa5HUE ﬁ% gﬂ@’é’l g]tcts‘?rg}‘?f GOWEPIQ%@?E’}DQE% grf?sff?{an%idé}at tgl ot

data atgg:highifRt QePREVESBCiAR0RHh d8MI dRnABGIG Giihg KeyOMBa@\MAN Fointing
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



WO 03/ 023587 PCT/ US02/ 28461 95 communi cation path, the state machine
configured to have at | east one Async Franes State synchronization state,

at | east wow3lezx&i ri ng Sync States synchroni zati on st at espcan$ozessbeast
three 1n-Sync States synchronization states.

95

communication path, the state machine configured to have at least one Async Frames State
synchronization state, at least two Acquiring Sync States synchronization states, and at least three

In-Sync States synchronization states.



