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comuni cations. Mre particularly, the invention
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t el ephones, nobile tel ephone canmeras and vi deo capture
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rel ated products and various video technol ogies (e.g.,
DVD s and hi gh defi n|t| n VCRs) have advanced
significantl yBoLV%K QF ?@&W@H@‘Ipr ovi de for

capture and presentation of increasingly higher
resolution still, video, video-on-demand, and graphics
ﬁﬁ@é@éﬂmdﬁﬁﬁﬁﬁmng such visual inmages with high quality
audi o data, such as CD type sound reproduction, DVDs,
and ot her devices having associ ated audi o signa
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domnatusi ¢ transport nechanlsns such as MP3 pl ayers,
have been devel oped for audio onIy presentations to
users. [0003] The explosion of high quality data ;
ion drove the need to establish specialize
?ﬁ?@?@g@%s that could transfer data at high data
rates, such that data quality was not degraded or
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Is a cost-e ow power-~consu
tadamfeé rsignificantly over the last few years to prov1de for capture and

presentation of increasingly higher resolution still, video, video-on-demand,
and graphics images. Combining such visual images with high quality audio
data, such as CD type sound reproduction, DVDs, and other devices having
associated audio signal outputs, creates 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 users.

[0003] The explosion of high quality data presentation drove the need to
establish specialized interfaces that could transfer data at high data rates, such
that data quality was not degraded or impaired. One such interface is a Mobile
Display Digital Interface (MDDI), used, for example, to exchange high speed
data between the lower and upper clamshells of a cellular telephone that has a
camera. MDDI is a cost-effective, low power consumption, transfer
mechanism that enables very-high-speed data transfer over a short-range
communication link between a host and a client. MDDI requires a minimum
of just four wires plus power for bi-directional data transfer that delivers a

maximum bandwidth of up to 3.2 Gbits per second.



mechani sm t hat enabl es very-hi gh-speed data transfer
over a short-range communi cation |ink between a host
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wires plus power for bi-directional data transfer that
delivers a maxi mum bandwi dth of up to 3.2 Goits per
second. [0004] In one application, MDDl increases
reliability and decreases power consunption in
clanshel |l cellular tel ephones by significantly
reduci ng the nunber of wires that run across a
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THBeBlyavned, copending U.S. Patent Application No.
(having attorney docket number 1549.2350001), entitled Digital Data

Interface Device, filed November 23, 2005, describes such a device. The

[0005]

present application describes a message format that can be used within a

digital data interface device.

SUMMARY OF THE INVENTION

[0007] The present invention provides a digital data interface device message
format that describes command and response messages to be exchanged
between a digital device having a system controller and a digital data interface
device. The digital data interface device includes a message interpreter,
content module and a control module.  The message interpreter module
receives and interprets commands from and generates response messages
through the communication link to a system controller, interprets the
messages, and routes the information content of the commands to an

appropriate module within the digital data interface device. The content



format that describes command and response nessages to

be exchanged between a digital device having a system
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digital data interface device includes a message
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nmessage i nterpreter nodul e,receives and interprets

commands from and generateé response nessages through

the communication link to a systemcontroller,

interprets the nmessages, and routes the |nfornat|on
modmle mecenfes dhie fowmapadsherd C@ﬁlcgp%@l@g,fhea}a@ apsldiansters the

t he  di d i nt h
dish o Seiuith HobRun g bR B¢ LB nfRAiGE fink PThe control
SHanRs rddafres atnforifation 808 ehs hbsagmtiatetmetehe and stoatns
controller thr ou%ﬂﬁt he conmmuni cation |ink. The control

mfotmiation e e icouizol blgckofshe pEEPhehAeHE: nessage

i nter reter u [ n k
[0008] o € i%rg]nlg i &1§ﬁa1 %t%arggﬁfbc%nd%\ﬁ%ealg)%%§ gh Mmﬂ
thglcbﬁdroltﬂéit aTh@H@iﬁ‘aBdetacﬁawrﬁee |dnmlce| ces benudedDio ¢Qnm<>l a
controller, The digital %a |g4ﬁe ce devi ce can &18

pevighera) deyiver Stchaasy CRpREY ST e1g (fEASS, SCANE, 3L
gé‘xylcé: 81d Ere?eg&;r’ Ih %ﬁg E)Fﬁfcﬁﬁ? @f(amﬁl@ dé OclHBat t@l@pl%neQIabﬁfg

n one ar exanple, a cellular
hehmpfacmﬂx hnaMD{gI hrﬂcamha: @agmdataadﬁvm@nterfamsm@wéed

tal dat t f
R A A MR e
?de'ﬁﬁﬁ@%ﬁﬁl A0, 4 660k iffel & al doiinidEldentifcation leld s d status
conman entification field and a status field

Gptd. o yitiopally, Hbe messsaggefotmpiaan ingindent da@efiglddaizhen an

MR ik e o L G Sk cet ol i by i

L8 WODR re ARELHTeRPALEL. [00010] Further enbodi nents,
features, and advantages of the inventio

[000101 he stEuutda@m c@badime@b"e eatisn o1 pdeninges 8g§h€§’b\\él\?%|ﬁh%ﬁ§%
pveeﬁle Ia& il at%de oﬁ'ggt%ﬂ b dink NvARKR! Emb&liRentd 6 the

acc
invention are descnbed in detail below w1th reference to the accompanying

drawings.
BRIEF DESCRIPTION OF THE FIGURES

[00011] The invention is described with reference to the accompanying
drawings. In the drawings, like reference numbers indicate identical or
functionally similar elements. The drawing in which an element first appears

is indicated by the left-most digit in the corresponding reference number.

[00012] FIG. 1 is a diagram of a digital data device interface coupled to a
digital device and a peripheral device.

[00013] FIG. 2 is a diagram of a message interpreter module.

[00014] FIG. 3 is a diagram of a content module.

[00015] FIG. 4 is a diagram of a control module.



drawi ngs. BRI EF DESCRI PTI ON OF THE FI GURES [ 00011] The
invention is described with reference to the
weacoewmpartyi ng drawi ngs. I n the drawi ngs, |ike PeTRIS206042643

nunbers indicate identical or functionally simlar

el ements. The drawing in which an elenment first

appears is indicated by the left-nost digit in the

correspondi ng reference nunmber. [00012] FIG 1 is a

diagram of a digital data device interface coupled to

a digital device and a peripheral device. [00013] FIG
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I NVENTI ON [ 00020] Thi s specification discloses one or
nor e erRIGHANED DEICRIPTHONr @B TREINVENTEaNUr es of this
i nvention. The disclosed enbodi nent(s) nerely
exenplify the invention. The scope of the invention is
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the invention. The scope of the invention is not limited to the disclosed
embodiment(s). The invention is defined by the claims appended hereto.

[00021] The embodiment(s) described, and references in the specification to
"one embodiment”, "an embodiment", "an example embodiment”, etc.,
indicate that the embodiment(s) described may include a particular feature,
structure, or characteristic, but every embodiment may not necessarily include
the particular feature, structure, or characteristic. Moreover, such phrases are
not necessarily referring to the same embodiment. Further, when a particular
feature, structure, or characteristic is described in connection with an
embodiment, it is understood that it is within the knowledge of one skilled in
the art to effect such feature, structure, or characteristic in connection with
other embodiments whether or not explicitly described.

[00022] Embodiments of the invention may be implemented in hardware,
firmware, software, or any combination thereof. Embodiments of the invention
may also be implemented as instructions stored on a machine-readable
medium, which may be read and executed by one or more processors. A

machine-readable medium may include any mechanism for storing or



[00021] The enbodi nent(s) described, and references in
the specification to "one enbodi nent”, "an
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controller 160 and a link controller 170.

[00024] Peripheral device 180 can include, but is not limited to, a camera, a bar
code reader, an image scanner, an audio device, and a sensor. In general
peripheral 180 can include audio, video or image capture and display devices
in which digital presentation data is exchanged between a peripheral and a
processing unit. Peripheral 180 includes control blocks 190. When
peripheral 180 is a camera, for example, control blocks 190 can include, but
are not limited to lens control, flash or white LED control and shutter control.

[00025] Digital presentation data can include digital data representing audio,
image and multimedia data.

[00026] Digital data interface device 100 transfers digital presentation data at a
high rate over a communication link 105. In one example, an MDDI

communication link can be used which supports bi-directional data transfer

with a maximum bandwidth of 3.2 Gbits per second. Other high rates of data



instructions, etc. [00023] FIG 1 is a diagramof a

digital data device interface 100 coupled to a digital
wdevienasizt50 and a peri pheral device 180. Di git aBCTAS206/042643

150 can include, but is not limted to, a cellular

t el ephone, a personal data assistant, a smart phone or

a personal conputer. In geperal digital device 150 can

include digital devices that serve as a processing

unit for digital instructions and the processing of

digital presentation data. D gital device 150 |ncludes
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140.
processors and a display device, in order to reduce the cost and increase the

reliability of these connections. Link controllers 140 and 170 establish
~ communication path 105 based on the VESA MDDI Standard.

[00029] U.S. Patent No. 6,760,772, entitled Generating and Implementing a
Communication Protocol and Interface for High Data Rate Signal Transfer,
issued to Zou et al. on July 6, 2004 (‘772 Patent”) describes a data interface
for transferring digital data between a host and a client over a communication
path using packet structures linked together to form a communication protocol
for presentation data. Embodiments of the invention taught in the ‘772 Patent
are directed to an MDDI interface. The signal protocol is used by link
controllers, such as link controllers 140 and 170, éonﬁgured to generate,
transmit, and receive packets forming the communications protocol, and to
form digital data into one or more types of data packets, with at least one
residing in the host device and being coupled to the client through a
communications path, such as communications path 105. The interface

provides a cost-effective, low power, bi-directional, high-speed data transfer



[00027] Link controller 140, which is located within
digital data interface 100, and link controller 170,
wohbwh38w3| ocated within digital device 150 espabiuissis/042643

conmuni cation link 105. Link controller 140 and |ink
controller 170 may be MDDI |ink controllers. [00028]
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hiafhuRlcatiGA SinkOR esired with a client. For example, a host could be

used to transfer data at high rates from a video recording device to a storage

based client for improved response, or to a high resolution larger screen for
presentations. An appliance such as a refrigerator that incorporates an
onboard inventory or computing system and/or Bluetooth connections to other
household devices, can have improved display capabilities when operating in
an internet or Bluetooth connected mode, or have reduced wiring needs for in-
the-door displays (a client) and keypads or scanmers (client) while the
electronic computer or control systems (host) reside elsewhere in the cabinet.
In general, those skilled in the art will appreciate the wide variety of modern
electronic devices and appliances that may benefit from the use of this
interface, as well as the ability to retrofit older devices with higher data rate
transport of information utilizing limited numbers of conductors available in
either newly added or existing connectors or cables.

[00032] At the same time, a client could comprise a variety of devices useful

for presenting information to an end user, or presenting information from a



residing in the host device and being coupled to the

client through a conmunications path, such as
woansagicat i ons path 105. The interface provi de6TAIS2005/042643

cost-effective, |ow power, bi-directional, high-speed

data transfernechani smover a short-range "serial"

type data link, which lends, itself to inplenentation

with mniature connectors @nd thin flexible cables. An
enbodi ment of link controllers 140 and 170 establishes
conmuni cation path 105 based on the teachings of the
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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 elements or devices to accommodate the high
data rates needed for realizing the desired user experience.

[00034] The inventive MDDI and communication signal protocol may be used
to simplify the interconnect between a host processor, controller, or circuit
component (for example), and a display within a device or device housing or
structure (referred to as an internal mode) in order to reduce the cost or
complexity and associated power and control requirements or constraints of
these connections, and to improve reliability, not just for connection to or for
external elements, devices, or equipment (referred to as an external mode).

[00035] Wireless communication devices each have or comprise apparatus such

as, but not limited to, a wireless handset or telephone, a cellular telephone, a
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(client) while the electronic conmputer or contro
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[00036Pr eseri}l the context of wireless devices, the present invention can be used
with wireless devices that uses a variety of industry standards, such as, but not
limited to cellular Analog Advanced Mobile Phone System (AMPS), and the
following digital cellular systems: Code Division Multiple Access (CDMA)
spread spectrum systems; Time Division Multiple Access (TDMA) systems;
and newer hybrid digital communication systems using both TDMA and
CDMA technologies. A CDMA cellular system is described in the
Telecommunications Industry Association/Electronic Industries Association
(TIA/EIA) Standard IS-95. Combined AMPS & CDMA systems are
described in TIA/EIA Standard IS-98. Other communications systems are
described in the International Mobile Telecommunications System
2000/Universal Mobile Telecommunications System or IMT-2000/UM
standards, covering what are commonly referred to as wideband CDMA

(WCDMA), ¢cdma2000 (such as cdma2000 1x-rxtt cdma2000 1x, 3x, or MC



invention is not limted to these devices, there being

many ot her devices on the market, and proposed for
wagege/058ias are i ntended to provi de end users wWPCH/US2@R/042643

qual ity images and sound, either in ternms of storage

and transport or in terns of presentation at playback.

The present invention is u?éful in increasing the data

t hroughput between variouS-elfenents or devices to

accommodat e the high data rates needed for realizing

the desired user experience. [00034] The inventive
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3etalls L)IQ the architecture and function of message interpreter module 110.

[00039] Specifically, referring to FIG. 2, message interpreter module 110
includes a message interpreter controller 210, a response buffer 220 and a
command buffer 230.

[00040] Message interpreter controller 210 reads and interprets incoming
messages, generates register access and generates response messages.
Incoming messages, for example, include instructions from digital device 150
to control peripheral 180. Response messages may include acknowledgement
messages back to digital device 150 that an instruction was executed or not.
Response messages can also include requests to read data from peripheral 180
and unsolicited control commands to digital device 150.

[00041] Response buffer 220 is coupled to message interpreter controller 210

and buffers response messages. A response buffer controller 225 can be



commands m ght be used to cause nodens or nodules to

work in a predeterm ned coordi nated or associ at ed
woame@sst’e transfer i nformati on over multipl e PCT/US2005/042643

comruni cati on channels. Wrel ess conmuni cati on devi ces

are al so sonetines referred to as user term nal s,

nmobi |l e stations, nobile units, subscriber units,

nobi | e radi os or radi otel epliones, wreless units, or

simply as 'users' and 'nobiles’ in some communication

systens, depending on preference. In the context of
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[000432 conbisieringnbask ©oRiGol4 eenfentsmenulas120 receives data from

peripheral device 180, stores the data and transfers the data to system
controller 160 through communication link 105. FIG. 3 shows further details
of the architecture and function of content module 120.

[00044] Referring to FIG. 3, content module 120 includes a content buffer 310,
a read control module 320, a write and sync control module 330 and a register
block 340. Content buffer 310 stores data that has been received from
peripheral device 180.

[00045] Read control module 320 manages the transfer of data from content
buffer 310 to link controller 140. For example, read control module 320 can
receive a request for data from digital device 150 over link controller 140.
Read control module 320 can provide messages to digital device 150
indicating the size of the data and whether data is ready to be sent. When data
1s available, data can then either be transferred directly from content buffer
310 or directly through read control module 320.

[00046} Write and sync control module 330 manages the flow of data from

peripheral device 180 to content buffer 310. Write and sync control module



for exanple, an MDDl link controller and another type
of link controller, such as, for exanple, a USB |ink

woamierosgi7er . Al ternatively, link controllers 120TAS2005/042643
170 can include a conbination of controllers, such as
an MDDI link controller and a single link for

exchangi ng acknow edgenent gessages bet ween di gital
data interface device 100™ &nd di gital device 150. Link
controllers 140 and 170 additionally can support other
ypes of interfaces, such as an Ethernet or RS- 232
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behavior of write and sync control module 330 and read control module 320.

[00048] Referring back to FIG. 1, control module 130 receives information
from message interpreter 130, and routes information to control blocks 190 of
peripheral device 180. Control module 130 can also receive information from
control blocks 190 and routes the information to the message interpreter
module 110. FIG. 4 shows further details of the architecture and function of
control module 130.

[00049] Referring to FIG. 4, control module 130 includes a control register
block 410 and a peripheral control block 420. Control register block 410
contains registers that provide the control instructions for peripheral control
block 420. Control register block 410 is coupled between message interpreter
module 110 and peripheral control block 420. Peripheral control block 420
gathers peripheral control information from control register block 410 and
uses that information to control peripheral device 180. For example, when

peripheral device 180 is a camera, peripheral control block 420 can include



[ 00041] Response buffer 220 is coupled to nessage
interpreter controller 210 and buffers response
woresAgeT3 A response buffer controller 225 caRCT/US2005/042643

becoupl ed between response buffer 220 and |ink

controller 140 to regulate the fl ow of outgoing

response nessages to |link qgntroller 140. [00042]

Conmand buffer 230 is al so coupled to nessage

interpreter controller 210 and buffers incom ng

command nmessages. A command buffer controller 235 can
wentplibloeks fatiiashor sdieahBDbohtrel, shBteraand ¢xpokure control,

gg%ﬁlbjo gndllﬁgstérhc%tggrgf(%%aat es the flow of incom ng

ﬁessa es r € e??’l%?ﬁ% i nk controller 140.
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(Do disp! resgbandsenirellernddgiavention puprtdusitadie use amithMPM
PhasehFhA chib 34 M LAY embodiments, MSM baseband chip 504 could be
another type of baseband processor, programmable digital signal processors
(DSPs), or controllers. An upper clamshell section 514 of cellular telephone
500 includes a Liquid Crystal Display (LCD) module 516 and a camera
module 518. Both lower clamshell section 502 and upper clamshell section
514 are encased in plastic as is typically used with cellular phones. Hinges
550 and 552 mechanically connect lower clamshell 502 to upper clamshell
514. Flexible coupling 554 provides electrical coupling between lower
clamshell 502 and upper clamshell 514.

[00052] MDDI link 510 connects camera module 518 to MSM 504. A MDDI
link controller can be provided for each of camera module 518 and MSM 504.
Within cellular telephone 500, for example, an MDDI Host 522 is integrated
into interface system 530 which is coupled to camera module 518, while an
MDDI Client 506 resides on the MSM side of the MDDI link 510. In an
embodiment, the MDDI host is the master controller of the MDDI link.



buffer 310 to |ink controller 140. For exanple, read
control nodule 320 can receive a request for data from
wdi2gietoagizelevi ce 150 over |ink controller 140. ReaaS2005/042643

control nodule 320 can provide nessages to digital

device 150 indicating the size of the data and whet her

data is ready to be sent en data is available, data

can then either be transférred directly from content

buffer 310 or directly through read control nodul e

320. [00046] Wite and sync control nodul e 330 manages
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L i R s s
Maeulevie2 Qaterface 100 elements will be implemented to support data
transfer of camera images and camera control functions for a camera. In the
case of interface system 532, digital data device interface 100 elements will be
implemented to support data display to an LCD and control functions for the
LCD. Interface system 530 is further explained to illustrate an embodiment of
digital data device interface 100 when used in a cellular telephone with a
camera, such as cellular telephone 500 with camera module 518.

[00056] The relationship between the devices in FIG. 1 and cellular telephone
500 is as follows. Digital data device interface 100 is represented by interface
system 530. Link controller 140 is represented by MDDI Host 522.
Peripheral 180 is represented by camera module 518. System controller 160 is
represented by MSM 504 and link controller 170 is represented by MDDI
client 506.

[00057] FIG. 6 is a diagram of upper clamshell 514 and provides further details
related to interface system 530 to highlight the example embodiment of digital



[00048] Referring back to FIG 1, control nodule 130

recei ves informati on from nessage interpreter 130, and
woamicassi7af or mati on to control bl ocks 190 of pecrpisenais2643

devi ce 180. Control nodule 130 can al so receive

informati on fromcontrol blocks 190 and routes the

information to the nessage_ |nterpreter nodule 110.

FIG 4 shows further detail¥ of the architecture and

function of control nodule 130. [00049] Referring to

FIG 4, control nodule 130 includes a control register
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the appropriate block within interface system 530, which can be referred to as

an MDDI camera interface device. Camera video interface 604 receives
image data from camera 620, stores the image data, and transfers the image
data to MDDI host 522. Collectively, I2C master 606, motor control 608 and
flash/white LED timer 610 form a camera control block. In this case I2C
master 606 provide controls for managing camera 620, motor control 608
provides controls for managing lens 622 (e.g, lens zoom functions), and
flash/white LED timer 610 provides controls for managing flash/white LED
624 (e.g., flash brightness and duration.)

[00060] FIG. 7 shows a digital data interface device message format 700.
Digital data interface device message format 700 can be used, for example, to
format messages that exchange information and commands between digital
data interface device 100 and digital device 150. Message format 700 includes
a transaction identifier field 710, a count field 720, a command identification

field 730, a status field 740, and a data field 750. In one example, transaction



spirit and scope of the invention. [00051] Referring

to FIG 5, a lower clanshell section 502 of cellular
woebmphsie 500 i ncl udes a Mobile Station ModenmpP(CEBISR005/042643

baseband chip 504. MSM 104 is a digital baseband

controller. The invention is not limted to use with

MSM baseband chi p 504. 8ther enbodi nents, NMSM

baseband chip 504 could bé anot her type of baseband

processor, programable digital signal processors

(DSPs), or controllers. An upper clanshell section 514
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indicators or signals that were not stored in a register. An unsolicited message

is generated by, for example, digital data interface device 100 without a
request by system controller 160.

[00062] When communications link 105 is an MDDI link, digital data device
interface messages can be encapsulated within MDDI register access packets.
Register access packets are defined within the VESA MDDI standard.

[00063] FIG. 8 shows register access packet format 800. Register access
packet format 800 includes a packet length field 810, a packet type field 820, a
client ID field 830, a read/write flag field 840, a register address field 850, a
parameter cyclic redundancy check (“CRC”) field 860, a register data list field
870 and a register data CRC field 880. With the exception of register address
field 850 and register data list field 870, each field is two bytes. Register
address field 850 is four bytes and register data list field 870 is a multiple of
four bytes. A digital data device interface message conforming to digital data

device interface message format 700 can be encapsulated in register data list



[00054] Simlarly, MDD link 512 connects LCD nodul e

516 to MSM 504. NMDDI |ink 512 interconnects an NDDI
wolasds/ 059083 i ntegrated i nto MSM 504, and an NDDPCTIUS2005/042643

520 integrated into interface system 532 which is

coupled to LCD nodul e 516. Display data generated by a

graphics controller of MSM 504 are received and

formatted i nto MDD packets1 by MDDl Host 508 before

being transmtted onto MDDI |ink 512. MDDl client 520

recei ves the MDDI packets and re-converts theminto
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ARHRGE the relevant arts will be able to determine how to encapsulate digital

data interface device messages into other types of messages.

[00066] Referring back to FIG. 7, the transaction ID field 710 is used to
identify messages. The transaction ID field 710 can also be used to associate
a command message with a corresponding response message. Additionally,
transaction ID field 710 can include a byte containing a unique value that
specifies an unsolicited response message. Referring to FIG. 1, system
controller 160 assigns a transaction identifier that is used to populate this field
and uses the transaction ID field 710 to recognize the response to a specific
command.

[00067] The count field 720 is used to determine the length of a message.
Count field 720 can also be used to determine the number of status and data
field bytes in a message.

[00068] The command identification field 730 identifies the type of command
to be executed. Each specific command ID is the value of the register base

address for the specific section of digital data interface device 100. When



related to interface system 530 to highlight the
exanpl e enbodi nent of digital data device interface 100
wao0usagii7a t hin a cel lul ar tel ephone with a caReTAS2005/042643
Interface system 530 i ncludes MDDI host 522, canera
nmessage i nterpreter 602, canera video interface 604,
| 2C master 606, notor contr%l 608 and flash/white LED
timer 610. The 12C bus is “dScommonl y used control bus
that provides a comrunication |ink between circuits.
The 12C bus was devel oped by Philips Electronics N V.
iperiplecal 1d80ee. 1 §DBOESIMRecakch as Hegicied tie FIGCE, Byatappld 3
CQrrespo gﬁ to digital data device interface 100. The
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fol | ook manner . CDiEkBiciRS&a@Rratitd @mphel er 6
corredpands t o nesgddeeciaitieb@icaiterl compghd € 100. Taner a
vi deg k6t er f ace 604 Iegrwosspantsend 0 cont ent nodulie 120.
Col | e0x80/ely, |2C nmda¢emn&fb, notor control 608 |and
flashPwfite L ED ti méhut@l@niedcemasmpodnd to control |nodul e
130. | PRAB59] Caner 5 Haskepnad compand pr et er 602 r ecei ves
comuA¥82 and gener gtidEse wisesoris dnierfagecanirobeonmiapdyyugly VDD
host [8%90+ o NEM 504 Phss heskdoepdBila gentiofgommandat or |602
i nter ,_.T?'gxﬁﬁhe resd RGEECLepERds o t he | nf or matilon
content to the appropriate block within interface
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[00070] When a message is a write command, data field 750 includes data to be
written to one or more registers. In this case, the data is routed to a register
block based on a value in command identification field 730. When a message
is a response message, data field 750 includes data that was read from one or
more registers. For an unsolicited response message, data field 750 includes
data related to the event that caused the unsolicited response to be sent.

[00071] The following message encodings are provided as illustrative examples
of possible encodings when peripheral device 180 is a camera, as depicted in .
FIG. 6. '

[00072] The formats for command messages sent by system controller 160 to
digital data device interface 100 for register control of digital data device

interface 100 are as follows:

Name # of | Description
bits




624 (e.g., flash brightness and duration.) [00060]
FIG 7 shows a digital data interface device nessage
woanwrssi780. Digital data interface devi ce nesBagaS2005/042643
format 700 can be used, for exanple, to fornmat
nmessages that exchange information and commands
between digital data interface device 100 and digital
device 150. Message for net19700 i ncl udes a transaction
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a rigac 16 onRegizer valiewr | t € LomAshgolienty nessage to

execute a command, and a read command is a nessage to
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following table lists example register sets (and corresponding command ID

value) in digital data device interface 100 that can be configured using

messages conforming to the above format:

Command ID Description

0x0000 Null

0x0100 Send link shutdown packet and wait for reset to
clear condition after packet is sent.

0x0200 Power up: enable clocks

0x03XX Hibernate: this command tells communications

link 105 whether to transmit filler packets or to
power down when there are no more packets to
send. This will happen after a certain number of
sub-frames containing only filler packets, sub-
frame headers, periodic reverse encapsulation
packets, or periodic roundtrip measurement
packets. This number is passed in as the low
order byte for this command.

Ox##: number of empty sub-frames to wait
before going into hibernate state. This can be a
value between 1 and 255.




request by systemcontroller 160. [00062] Wen

communi cations link 105 is an MDDl link, digital data
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MDDl register access packets. Regi ster access packets

are defined within the VESA MDDl standard. [00063]

FIG 8 shows register acceﬁﬁ packet format 800.

Regi ster access packet forrdt 800 i ncludes a packet

length field 810, a packet type field 820, a client ED

field 830, a read/wite flag field 840, a register

address field 850, |a paraneter clic redundancy check
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[00074¢ ont r dibeelpllaGing thiretablasayevide slhatrativd ehamplas sespingdew

e T Bl Uyt i o
a8 h@hinafe The\b&eat ¥ T &ﬁﬁrh@ﬂ@x&@isag@ié'ag folit: [ 00065]

The-use of an MDDl nessage tao encapsSulate a digital

72}

datla devi ci¥ame # of Description
bits
Byte 0 | Transaction ID 8 Transaction ID assigned by system controller
160
Byie 1 Count 8 Total number of bytes in this message
Byte 2 Command ID 8 12C command ID
Byte 3 Status 8 Bit 0 — read/write: O=write, 1=read

Bit 1 —ackreq: 0=no request, 1=request
Bit 2 — ack status: O=fail/error, 1=pass/success
Bits 3-7 — reserved

Byte 4 Camera module slave | 8 Least significant bit used as the read/write bit
address

Byte 5 Camera module | 8 Address of the register in the camera module
register address

Byte 6 | Register value 8 Data content

Register value 8 Data content

Byte 11 | Register value 8 Data content

[00075] The format for a flash control (e.g., using a white LED) command
message is as follows:
Name # of | Description
bits
Byte 0 | Transaction ID 8 Transaction ID assigned by system controller
160




interface nessage is intended to provide an exanpl e of
how di gital data device interface nessages can be
wenoewpsei7at ed i n ot her existing nessage types, PANAS2®S/042643
not intended to limt the invention. Based on the
teachi ngs herein, individuals skilled in the rel evant
arts will be able to determ ne how to encapsul ate
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0x02: flash/strobe full discharge

0x04: flash/strobe red-eye reduction

Bytes 9- | Reserved 8
11

[00076] As discussed above, commands received from system controller 160
can require acknowledgment or a return value response from digital data
device interface 100. This is defined by setting the ACK required bit in byte 3
of a command message. The three types of response messages are an
acknowledgment response message, which indicates successful access to a
control register within digital data interface device 100, a read response
message, which carries information read from a peripheral device and an
unsolicited message, which is generated by digital data interface device 100

without a request from system controller 160.

[00077] The format for an acknowledgment response message is as follows:
Name # of | Description
bits
Byte 0 | Transaction ID 8 Transaction ID assigned by system controller
160
Byte 1 Count 8 Total number of bytes in this message
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Byte 11

Register value

Value read from digital data interface device

100 or peripheral registers.

[00079]

The format for an unsolicited response message is as follows:

Name # of | Description
bits
Byte 0 Transaction ID 8 Transaction 1D assigned by system controller
160
Byte 1 Count 8 Total number of bytes in this message
Byte 2 Command ID 8 N/A - 0X00
Byte 3 Status 8 Bit 0 — (N/A)
Bit 1 - (N/A)
Bit 2 — ack status, (N/A)
Bits 3-7 — reserved
Byte 4 Interrupt status 8 The status of interrupis in digital data
interface device - design specific.
Byte 5 Link controller 140 | 8 Status of link controller 140 — design specific.
status
Byte 6 Shutter/flash 8 Command execution complete
execution complete 0x01 — shutter execution command complete
0x02 —strobe execution command complete
Byte 7 Message content 8 Value read from digital data interface device
100 or peripheral registers.
Message content 8 Value read from digital data interface device
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supporting a peripheral device, such as a canera. The
format for a | 2C conmand nessage is as fol |l ows:
[ 00075] The format for a flash control (e.g., using a
white LED) conmmand rressagéz' S as follows:[00076] As
di scussed above, commands received from system
controller 160 can require acknow edgnent or a return
val ue _response from di gital| Waowpedehgiabregisters.er f ace 100.
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[ 00079] The format for an unsolicited response nessage
is as follows:[00080] The above nessage formats were
iagen@es to provide illustrative exanples, and not to
limt the scope of the invention. Based on the
teachings herein, individuals skilled in the rel evant

i ddi.t i onal
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ng@}nﬁsl alternatives fall within the scope and spirit of the
invention.
[00082] All publications, patents and patent applications mentioned in this

specification are indicative of the level of skill of those skilled in the art to
which this invention pertains, and are herein incorporated by reference to the
same extent as if each individual publication, patent or patent application was

specifically and individually indicated to be incorporated by reference.



wi ||l be apparent to persons skilled in the rel evant
art(s) based on the teachings contained herein. Such
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i nvention. [00082] Al publications, patents and

pat ent applications nentioned in this specification
are indicative of the level of skill of those skilled
inthe art to which this i"%ention pertains, and are
herein i ncorporated by reference to the sane extent as
ﬁWfﬁﬁEHSKHﬂﬁﬁﬂEDdﬁ publ i cation, patent or patent
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i ndicated to be incorporated by reference. WHAT | S

dLAI VEDdig8al data intatfage davice ateasagaf@nfagcenpeisinge nessage
format, conprisin sac n identification
field, ac S?citgfl(]f? “i‘faﬁtn’ﬂijﬂﬁﬂga dentification field;
and a stat usolnefigld; 2. A digital data interface device
nmessage format according to claim1, wherein each of

t he fleldsaéﬁﬁﬁﬁ$3b§ﬂﬁ icgtion fielfoandht . 3. A digita

dat a |nterf ? ﬁéﬁdce message format according to
claim1, f Arrhey conprising a data field. 4. A digital
data i nterface device nessage format according to

aim3, wherein the data field includes four or eight
Byt es A gigital datgiintgriaem davicn message domes)iaceordimgstagdaim 1,

command  ehe Aat by AEE ok AR bl £ " i Pien 10

one or nore registers; and wherein for response

ssage data field.includes data that. was read
3%"@{] fifa doiPilges fevice Tsssege dPignat fecqiding to claim 1,

inter&@gﬁXQQMbﬁgnggﬁgégﬁﬂgprnat according to claim 3,

4. A digital data interface device message format according to claim 3,

wherein the data field includes four or eight bytes.

5. A digital data interface device message format according to claim 3,
wherein for a write command, the data field includes data to be written
to one or more registers; and wherein for response messages, the data

field includes data that was read from one or more registers.

6. A digital data interface device message format according to claim 3,
wherein for an unsolicited response message, the data field includes

data related to the event that caused the unsolicited response to be sent.

7. A digital data interface device message format according to claim 3,
wherein the data field contains data that is routed to a register block

based on a value of the command ID field.



wherein for an unsolicited response nessage, the data
field includes data related to the event that caused
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i nterface device nessage format according to claim 3,
wherein the data field contains data that is routed to

a register block based on g _value of the conmand ID
field.8. A digital data i nt%erf ace device nessage

format according to claim1l, wherein the transaction
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ndssagd. digital Alath giterfilce dizvme iméssadeatoemdiericosiing ss azan 1,

format_accordi ng to cl ai ., Wherein the transaction
10 11 evBEEEfi Satslafo il fridy Cousits 4 Syiea(Bb e to
Messagideiify ek, espondi ng response message. 10. A
digital data interface device nessage format according

to claim8, wherein the transaction ID field conprises

byte,cont ai ning.a.val ue. that specifies an,. .
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message format according to claim3 wherein the count
field comprdagssagyyith achaesposdingaespposeduessagd. ne t he
| ength of a nessage. 12. A digital data interface
devi ce nessage format according to claim 3, wherein

te colntigifdlelath mosrface slesica nhassgpet foahat socu tdclaim 8,
determ phe t hg nunber, of ségt us and data field bytes in
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conprises a byte use et'erm ne O rea

f rom ovalwerisueique. a regi ster block. 14. A digital data
i nterface device nessage format according to claim1,

11. A digital data interface device message format according to claim 3,

wherein the count field comprises a byte that is used to determine the

length of a message.

12. A digital data interface device message format according to claim 3,
wherein the count field comprises a byte that is used to determine the

number of status and data field bytes in a message.

13. A digital data interface device message format according to claim 1,
wherein the status field comprises a byte used to determine whether to

read from or write to a register block.

14. A digital data interface device message format according to claim 1,
wherein the status field comprises a byte used to request an

acknowledgment whether a command has been executed.



wherein the status field conprises a byte used to

request an acknow edgnent whet her a command has been
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format according to claiml, wherein the status field

conprises a byte used to specify whether a conmand has

been executed successfully, 16. A digital data

i nterface device for trané?@ﬁring di gital presentation

data at a high rate between a host device and a client

devi ce over a conmunication |ink, conprising: a
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messages for controlling a peripheral device.. o
content of the commands to an appropriate module within the digital

data interface device;

a content module that receives data from a peripheral device,
stores the data and transfers the data to the system controller through

the communication link;

a control module that receives information from the message
interpreter, and routes information to a control block of the peripheral

device; and

a set of messages, wherein each message comprises a
transaction ID field, a count field, a command ID field, a status field

and a data field.

17.  The digital data interface device according to claim 16, wherein the set

of messages includes messages for controlling a peripheral device.



