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packet with a separate reverse encapsulation packet. A link freeze is used to halt a transmission of a data stream at any point in the

transmission and resume the transmission by a host.
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A PACKET STRUCTURE FOR A MOBILE DISPLAY DIGITAL INTERFACE

Claim of Priority under 35 US.C. §119

[0001] The present Application for Patent claims priority to Provisional Application
No. 60/928,488 entitled “VESA Standard Display Digital Interface Version 1.5 filed
May 8, 2007, and assigned to the assignee hereof and hereby expressly incorporated by

reference herein.

Cross-Reference to Related Applications for Patent

[0002] The present Application for Patent is related to commonly assigned U.S. Patent
No. 6,760,772 B2, entitled “Generating and Implementing a Communication Protocol
and Tnterface for High Speed Data Transfer”, issued July 6, 2004, and U.S. Patent No.
7,315,265 cntitled “Double Data Rate Serial Encoder”, issued January 1, 2008.

BACKGROUND
Field
[0003] The present invention relates generally to communication links and more
particularly to a method, system, and computer program product for providing an

improved packet structure for Mobile Display Digital Interface (MDDI) links.

Background
(0004] In the field of interconnect technologies, demand for ever increasing data rates,

especially as related to video presentations, continues to grow.

[0005} The Mobile Display Digital Interface (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 bidirectional data transfer that delivers a

maximum bandwidth of up to 3.2 Gbits per second.
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[00086] In one application, MDDI increases reliability and decreases power consumption
in clamshell phones by significantly reducing the number of wires that run across a
handset's hinge to interconnect the digital baseband controller with an LCD display
and/or a camera. This reduction of wires also allows handset manufacturers to lower
development costs by simplifying clamshell or sliding handset designs. Further,
differential signaling employed with MDDI reduces electro-magnetic Interference that

can occur over traditional parallel connections.

[0007] There are some improvements needed to the current MDDI systems. Cumrently
sub-frames contain fixed sub-frame length and timing intervals. This limits the system
to a fixed number of bits in each sub-frame and operates at a fixed rate. This prevents
packets from spanning from one sub-frame to the next. Large packets must be delayed
unti] the next sub-frame to be transmitted, wasting bandwidth and increasing latency. A
system with flexible sub-frame length is needed to more efficiently transmit these large
packets. Another improvement 6ver a fixed sub-frame length is the ability to use
unlimited sub-frame length when the link comes out of hibernation. This also saves on
bandwidth because the sub-frame header packet is transmitted only once to allow the

client to sync at startup.

[6008] Another improvement needed to the cxisting systems is a method to avoid
repetitive retransmission of certain video packet data when some of the parameters are
unchanged. Again, this will save on bandwidth. This is accomplished by providing a
windowless video stream packet. Additionally, a system is needed to provide a way to
specify what ficlds are contained within a video stream packet when some values have
not changed. Tt would waste bandwidth to repeatedly retranstnit the fields that contain
values identical to those sent in previous packets. This is provided in a packet contents

field of the flexible video stream packet,
[0009] Existing systems first transmit a round trip delay measurement packet and then

transmit a separate reverse encapsulation packet in order for the host to receive data

from the client. The presently claimed invention is a significant improvement over the
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present systems and combines the functionality of the two packets into a single

enhanced reverse encapsulation packet.

SUMMARY
[0010] Aspects of the claimed invention, disclosed herein, address the above stated
needs by providing a method, system, and computer program product that uses a frame
structure that comprises a flexible sub-frame length. The flexible sub-frame sends a
sub-frame header packet at the sub-frame boundary with an indication of a sub-frame
length. When a packet is requested to be transmitted over the MDDI interface, it is not
blocked from being transmitted due to insufficient remaining space in the current sub-
frame. This may cause a packet to cross one or more sub-frame boundaries. If a sub-
frame boundary is crossed, another sub-frame header packet is the first packet
transmitted after the packet that crossed the boundary. This second sub-frame is
shortened by an amount equal to the amount the previous sub-frame goes beyond the
sub-frame length. This maintains timing that averages out to be similar to sub-frame
timing using a fixed sub-frame length, but it does not prevent the transmission of any
length of packet. In addition, this allows sub-frame header packcté to be transmitted on
a semi periodic basis in the event the client loses sync. An unlimited sub-frame length
can also be implemented, whereby only one sub-frame header packet is transmitted
when a link comes out of hibemnation and the sub-frame containing packet data

comprises an unlimited length.

[0011] Another unique aspect introduced is a windowless videco data packet. This
aspect allows a window size defined a first time to just be re-used without having to
redefine the window. This is accomplished by removing X-lcft, X-Right, Y-Top, Y-
Bottom, X-Start, and Y-Start field coordinates from the video data packet. A bit within
the existing field represents the vertical synchronization and identifies the first line of a

data screen.
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{0012] A flexible sub-frame is also introduced for efficiently transmitting large packets.
Additionally, a flexible video data packet is -disclosed that contains a field indicating

which optional fields of the flexible video packet are present in the transmitted packet.

[0013] Yet another new aspect disclosed is an enhanced reverse link encapsulation
packet. The enhanced reverse link encapsulation packet combines the features of a
round trip delay packet with a reverse encapsulation packet in a single packet. The first
part of the reverse transmission is a preamble that allows the host to sync up to the
reverse link data so that it can accurately sample the reverse data. The second portion
of the reversc data contains a byte count. This allows dynamic reverse link bandwidth
to be allocated based on the needs of the client. The host can set an upper limit

threshold of this reverse data with the maximum bytes field.

[0014] Another aspect introduced herein is a link freeze. This halts or freezes the
transmission of the data stream at any point within the data stream by the host. The
client is clocked off via the incoming MDDI data stream, so the result of stopping the
MDDI link is that clock cycles no longer exist within the client. The host maintains the
differential levels corresponding to the last transmitted data bit when entering this

mode. The data stream can be then resumed by the host.
[0015] Further aspects, features, and advantages of the claimed present invention, as
well as the structure and operation of the various aspects of the claimed present

invention, are described in detail below with reference to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] Fig. 1 is a block diagram that illustrates an example environment using a MDDI
interface;

[0017] Fig. 2A shows a typical MDDI packet structure;

[0018] Fig. 2B depicts a typical forward link structure;

(0019] Fig. 3 shows the prior art sub-frame with a fixed length;

[0020] Fig. 4 depicts the flexible length sub-frame;
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[0021] Fig. 5 depicts the unlimited length sub-frame;
[0022] Fig. 6 shows the windowless video stream packet;
{0023] Fig. 7 shows the flexible video stream packet;
[0024] Fig. 8 shows the enhanced reverse link encapsulation packet; and
[0025] Fig. 9 depicts the link freeze.

DETAILED DESCRIPTION
[0026) The word “exemplary” is used herein to mean “serving as an example, instance,

or illustration.” Any aspects described herein as “exemplary” is not necessarily to be

construed as preferred or advantageous over other aspects.

[0027] The aspects described, and references in the specification to "one aspect”, "an
aspect”, "an example aspect”, etc., indicate that the aspects described may include a
particular feature, structure, or characteristic, but every aspect may not necessarily
include the particular feature, structure, or characteristic. Moreover, such phrases are not
necessarily referring to the same aspect. Further, when a particular feature, structure, or
characteristic is described in connection with an aspect, it is submitted that it is within
the knowledge of one skilled in the art to affect such feature, structure, or characteristic

in connection with other aspects, whether or not explicitly described.

[0028] The Mobile Display Digital Interface (MDDI) is a cost-effective, low power

~ consumption, transfer mechanism that enables very-high-speed serial data transfer over
a short-range communication link between a host and a client. In order to fully
appreciate the new features introduced herein, a brief discussion of the MDDI system is |

provided.

[0029] In the following, examples of MDDI will be presented with respect to a camera
module contained in an upper clamshell of a mobile phone. However, it would be
apparent to persons skilled in the relevant art(s) that any module having functionally
equivalent features to the camera module could be readily substituted and used in

aspects of this invention.
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[0030] Further, according to aspects of the invention, a MDDI host may comprise one
of several types of devices that can benefit from using the claimed .present invention.
For example, lthe host could be a portable computer in the form of a handheld, laptop, or
similar mobile éomputing device. It could also be a Personal Data Assistant (PDA), a

paging device, or one of many wireless telephones or modems.

[0031] Alternatively, the host could be a portable entertainment or presentation device
such as a portable DVD or CD player, or a game playing device. Furthcrmore, the host
can reside as a host device or control element in a variety of other widely used or
planned commercial products for which a high speed communication link is desired
with a client. For example, a host could be used to transfer data at high rates from a
video recordiug 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
intemet or Bluetooth connected mode, or have reduced wiring needs for in-the-door
displays (a client} and keypads or scanners (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 modem eclectronic 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 cither newly added or existing connectors or cables. At the same time, a
MDDI client may comprise a variety of devices useful for presenting information to an
end user, or presenting information from a user to the host. For example, a micro-
display incorporated in goggles or glasses, a projection device built into a hat or helmet,
a small screen or even holographic element built into a vehicle, such as in a window or
windshield, or various speaker, headphone, or sound systems for presenting high quality
sound or music. Other presentation devices include projectors or projection devices
used to present information for meetings, or for movies and television images. Another

example would be the use of touch pads or sensitive devices, voice recognition input
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devices, security scanners, and so forth that may be called upon to transfer a significant
amount of information from a device or system user with little actual “input"” other than
touch or sound from the user. In addition, docking stations for computers and car kits or
desk-top kits and holders for wireless telephones may act as interface devices to end
users or to other devices and equibment, and employ either clients (output or input
devices such as mice) or hosts 1o assist in the transfer of data, especially where high
speed networks are involved. However, those skilled in the art will readily recognize
that the claimed 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 claimed present invention is useful in increasing the data
throughput between various elements or devices to accommodate tﬁe high data rates

needed for realizing the desired user experience.

[0032] Fig. 1 is a block diagram that illustrates an example environment using a MDDI
interface. In the example of Fig. 1, MDDI is used to interconnect modules across the
hinge of a clamshell phone 100. It must be noted here that while certain aspects of the
presently claimed invention will be described in the context of specific examples, such
as MDDI interconnections in a clamshell phone, this is done for illustration purposes
only and should not be used to limit the present invention to such aspects. As will be
understood by a person skilled in the relevant anis) based on the teachings herein,
aspects of the presently claimed invention may be used in other devices including any

that may benefit from having MDDI interconnections.

(0033] Referring to Fig.1, a lower clamshell section 104 of clamshell phone 100
includes a mobile station modem (MSM) bascband chip 102. MSM 102 is a digital
baseband controller. An upper clamshell section 114 of clamshell phone 100 includes a

liquid crystal display (LCD) module 116 and a camera module 118.

[0034] Still referring to Fig. 1, a MDDI link 110 connects camera module 118 1o MSM
102. Typically, a MDDI link controller is integrated into each of camera module 118
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and MSM 102. In the example of Fig. 1, a MDDI host 122 is integrated into camera
module 118, while a MDDI client 106 resides on the MSM side of MDDI link 110.
Typically, the MDDI host is the master controller of the MDDI link. In the example of
Fig. 1, pixel data from camera module 118 arc received and formatted into MDDI
packets by MDDI host 122 before being transmitted onto MDDI link 110. MDDI client
106 receives the MDDI packets and re-converts them into pixel data of the same format
as generated by camera module 118. The pixel data are then sent to an appropriate
block in MSM 102 for processing.

{0035] Still referring to Fig. 1, a MDDI link 112 connects LCD module 116 to MSM
102. In the example of Fig. 1, MDDI link 112 interconnects a MDDI host 108,
integrated into MSM 102, and a MDDI client 120 integrated inta LCD module 116. In
the example of Fig. 1, display data generated by a graphics controller of MSM 102 are
received and formatted into MDDI packets by MDDI host 108 before being transmitted
onto MDDI link 112, MDDI client 120 receives the MDDI packets and re-converts
them into display data for use by LCD module 116. |

Frame Structure

{0036] The original frame structure is described in U.S. Patent No. 6,760,772 B2,
entitled “Generating and Implementing a Communication Protocol and Interface for
High Data Rate Signal Transfer”, issued July 6, 2004 (‘772 patent). This original
packet structure 200 is shown in Fig. 2A. The fields depicted in Fig, 2A include, packet
length 202, which is typically a 16-bit value that specifies the total number of bytes in
the packet, not including packet length field 202, packet type 204, which is a 16-bit
unsigned integer that specifies the type of information contained in packet 200, data
bytes 206, which is the data sent between the host and client, and CRC 208, which is a
16-bit cyclic redundancy check calculated over data bytes 206, packet type 204, and
packet length fields 202.

[0037] As shown in Fig. 2B, information transmitted over the MDDI link is grouped

into packets, Multiple packets are grouped into a sub-frame 210, and multiple sub-
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frames make up a media frame 212. Every sub-frame 210 begins with a sub-frame

header packet 214.

[0038] Fig. 3 shows the prior art sub-frame with a fixed length. Shown is sub-frame
header packet 214, packet data 216 followed by fill packets 218 and sub-frame
boundary 220. The problem arises when pending outgoing packet 222 is too large to fit
within the remaining portion of a sub-frame 218, as shown. Thus, pending outgoing
packet 222 must wait until the next sub-frame to be transmitted. Instead, fill packets are
transmitted for the duration of the current sub-frame. This wastes bandwidth and
unnecessarily consumes additional power. The new frame structures described below
can operate in the same modec as disclosed in the ‘772 patent; however, two new

" operational modes are provided that modify the definition of sub-frame length and
timing, thus improving performance. The two operational modes listed below will be
identified with a protocol version field contained within the sub-frame header packet.
To ensure compatibility, for client devices that are not hardwired to a host, the MDDI
link can be brought up, adhering to the prior art frame structure first to verify the client
can support the new frame structures introduced below. Once verified, the host can
move to the new frame structure. This can all be done in the first sub-frame to provide

a quick transition to cither of the two formats described below.

Flexible sub-frame length

[0038] The first operation mode provides for a “flexible™ sub-frame length, as shown in
Fig. 4. Flexible length sub-frame 300 has sub-frame header packet 304, packet data
316, and an identified sub-frame boundary 320. Flexible léngth sub-frame 300 sends a
sub-frame header packet 304 at sub-frame boundary 320. When a packet is requested to
be transmitted, it will never be blocked, even if the packet crosses one or more sub-
frame boundaries 320. This mode of operation allows the MDDI host to transmit the
next sub-frame header packet 304’ at the next available opportunity after the number of
bytes transmitted in the sub-frame length field have completed, including rollover data
322. Thc advantage of this operation mode is that a packet will no Jonger need to be

split between two sub-frames if the data becomes available at the end for the first sub-

INCORPORATED BY REFERENCE (RULE 20.6)



WO 2009/073250 PCT/US2008/063109

10

frame for transmission. Likewise it also prevents delaying until the next sub-frame
being transmitted for a packet that will not fit in the remaining bytes for the current sub-
frame. Sub-frame header packets 304> should be the first packet transmitted after the
current packet completes the total number of bytes transmitted in the current sub-frame
over the sub-frame length specified to packet end 324. This method does still provide
sub-frame header packets 304 which provide resynchronization point§ for transmission
links that are not completely reliable. Text sent in a sub-frame after a long sub-frame is
shortened by the amount the previous long sub-frame goes over 1o create an average
sub-frame length. The flexible sub-frame length concept maintains timing that should
average out to be similar to tﬁe sub-frame timing of the fixed sub-frame length system

of Fig. 3, but never prevents the transmission of a packet and does not waste bandwidth.

~ Unlimited sub-frame length
[0040] This second operational mode allows the host to only use only one sub-frame for
the duration of the active MDDI link, as shown in Fig. 5. This means that the MDDI
host will transmit only one sub-frame hcader packet 404 as the link comes out of
hibernation and does not transmit any more. The advantage to this operational mode is
that there is no additional bandwidth used to transmit other sub-frame header packets. It
is still permissible to transmit sub-frame header packets while in this operational mode
to allow for a rcsynchronizafion, however the number of bytes between these packets

will be arbitrary and transmitted at the MDDI host’s discretion.

Windowless Video Stream Packet

[0041] The windowless video stream packet allows for windowing information to be
left out of the video packet. The windowing information in the prior art version of the
video strecam packet included X left edge, Y top edge, X right edge, Y bottom edge, X
start and Y start. Fig. 6 depicts the windowless video stream packet. As can be seen,
several of the atributes are similar to the prior art video stream packet. Windowless
video strcam packet S00 includes packet length 502, which contains 2 bytes that contain
a 16-bit integer that specifies the total number of bytes, minus two bytes, in windowless

video stream packet 500. A packet type 504 consists of 2 bytes that contain a 16-bit
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integer that identifies in two bytes the type of packet. In this example packet type is
identified as 22, for windowless video stream packet S00 operation. Next, bClient ID
506 ficld is shown. These are two bytes that contain a 16-bit unsigned integer for
identifying a client ID. Next, is video data format descriptor 508. Video data format
descriptor 508 provides information for the beginning of a new frame and is also a two
byte, 16-bit unsigned integer. Next are pixel data attributes S10, which are also a two-
byte, 16-bit unsigned integer that identifies the various atuributes of the pixel data. Pixel
count 512 comprises a two-byte, 16-bit unsigned integer that specifics the number of
pixels in pixel data 516 field. Parameter CRC 514 comprises two bytes that contain a
16-bit CRC of all bytes from packet length 502 to pixel count 512. Pixel data 516
contains the raw video information to be displayed. Pixel data CRC 518 comprises two
bytes that contain a 16-bit CRC of only pixel data 516. This packet is used for

operational modes where the entire display region is constantly refreshed.

Flexible Video Stream Packet

[0042] Flexible video stream packet, as shown in Fig. 7, provides a way to specify
which fields are contained within a video stream packet with the inclusion of field
present bits. Each bit in this field indicates whether the packet contains the
corresponding ficld. If a field is not contained in the packet then it is assumed that the
value should remain the same as the last time that field was transmitted in a video
packet. If that field has not been transmitted previously, then the value can be assumed

to be zero.

[0043) Flexible video stream packet 600 has the following packet contents:
Packet length 602 comprises 2 bytes that contain a 16-bit unsigned integer that
specifies the total number of bytes in the packet not including the packet length field.
This value will depend on the pixel data size as well as which packets will be included.
Packet typc 604 compnises 2 bytcs that contain a 16-bit unsigned integer. In this
examnple a packet type of 17 identifies the packet as a flexible video stream packet 600.
The next field is bClient ID 606 which comprises 2 bytes that contain a 16-bit

unsigned integer reserved for the client 1D.
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Field present bits 608, a value of ‘1’ for each bit indicates that the field is
present in the packet. A value of ‘0’ for the bit indicates that the field is not present.
The orderning of the ficlds is as set forth in Fig. 7.

[0044] Video data format descriptor 610 provides information for the beginning of a
new frame and is also a two byte, 16-bit unsigned integer. Next are pixel data attributes
612, which are also a two-byte, 16-bit unsigned integer that identify the various

~ attributes of the pixel data. X left edge 614 comprises 2 bytes that contain a 16-bit
unsigned integer that specifies the X coordinate of the left edge of the screen window
filled by pixel data 632 field. Y top edge 616 comprises 2 bytes that contain a 16-bit
~ unsigned integer that specifies the Y coordinate of the top edge of the screen window
filled by pixel data 632 field. X right edge 618 comprises 2 bytes that contain a 16-bit
unsigned integer that specifics the X coordinate of the right edge of the screen window
filled by pixel data 632 field. Y botiom edge 620 comprises 2 bytes that contain a 16-
bit unsigned integer that specifies the Y coordinate of the bottom edge of the screen
window filled by pixel data 632 field. X start 622 comprises 2 bytes that contain a 16-
bit unsigned integer that specifies the absolute X coordinate, where the point (X start
622 and Y start 624) is the first pixel in pixel data 632 field. Y start 624 comprises 2
bytes that contain a 16-bit unsigned integer that specifies the absolute Y coordinate,

where the point (X start 622 and Y start 624) is the first pixel in pixel data 632 field.

[0045) Pixel count 628 compriscs a two-byte, 16-bit unsigned integer that specifies the
number of pixels in pixel data 632 field. Parameter CRC 630 comprises two-bytes that
contain a 16-bit CRC of all bytes from packet length 602 to the byte transmitted just
prior to this parameter CRC 630. Pixel data 632 contains the raw video information to
be displayed. In this example, if bit 5 of pixci data attributes 612 field is set to one then
pixel data 632 field contains exactly one row of pixels, where the first pixel transmitted
corresponds to the left-most pixel and the last pixel lransmitted corresponds to the right-
most pixel. Pixel data CRC 634 comprises two bytes that contain a 16-bit CRC of only
pixel data 632.
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Enhanced Reverse Link Encapsulation Packet .
[0046) The enhanced reverse link encapsulation packet is shown in Fig. 8. This packet
combines the functionality of the round trip delay measurement packet to help align the
host to the incoming data stream with the reverse link encapsulation packet used to
transfer data from the client to the bost, as described in the prior version of the MDDI
system. This packet uses a synchronization pattern to find the alignment of the
incoming byte data. Once the synchronization pattem is found in the incoming data
stream, the host can reliably sample the remaining reverse link data bits to put together a

reverse link data and packet stream.

[0047] The packet contents for enhanced reverse link encapsulation packet 700 are as
follows:

Packet length 702 comprises 2 bytes that contain a 16-bit unsigned integer that
specifies the total number of bytes in the packet not including packet length 702 field.

Packet type 704 comprises 2 bytes that contain a 16-bit unsigned integer. In this
example, a packet type 704 of 84 identifies the packet as an enhanced reverse link
encapsulation packet 700.

The next field is hClient ID 706 comprising 2 bytes that contain a 16-bit
unsigned integer reserved for the client ID.

Reverse link flags 708 comprise 1 byte that contains an 8-bit unsigned integer
that contains a set of flags to request information from the client and specify the reverse
link interface type. In this example, if a bit is set to one, then the host requests the

“specified information from the client. If the bit is zero then the host does not need the
information from the client. For example, Bit O could indicate that the host needs a
client capability packet. 1t shall be sent by the client to the host in reverse data packets
724 ficld. Bit | could indicate that the host needs the client request and status packet. It
shall be sent by the client to the host in reverse data packets 724 field. Bit 2 could
indicate that the host needs the client to transmit a synchronization byte before
transmitting the first data byte of a reverse link packet 724, Bit 3 could indicate that the
host requircs the client to transmit the amount of reverse bytes to expect before starting

reverse packet transmission. This is to allow for reverse link packets of dynamic size

INCORPORATED BY REFERENCE (RULE 20.6)



WO 2009/073250 PCT/US2008/063109

14

that will exactly meet the requirements of the clients currently pending reverse link data

update.

(0048] Reverse rate divisor 710 comprises | byte that contains an 8-bit unsigned integer
that specifies the number of MDDI_Stb cycles that occur per reverse link data clock.
The reverse link data clock is equal to the forward link data clock divided by the
quantity: two times reverse rate divisor 710. The reverse link data rate is related to the
reverse link data clock and the interface type on the reverse link in the following
example:

Interface Type 1 indicating the reverse data rate equals the reverse link data
clock;

Interface Type 2 indicating the reverse data rate equals two times reverse link
data ciock; ‘

[nterface Type 3 indicating that the reverse data rate equals four times reverse
link data clock; and

Interface Type 4 indicating that the reverse data rate equals eight times reverse
link data clock.

(0049] Tum-around 1 length 712 comprises 1 byte that contains an 8-bit unsigned
integer that specifies the total number of bytes that are allocated for turn-around 1. The
recommended length of tum-around 1 is the number of bytes required for the
MDDI_Data drivers in the host to disable their outputs. This is based on the output
disable time, the forward link data‘ rate, and the forward link interface type selection
being used. Turn-around 2 length 714 comprises 1 byte that contains an 8-bit unsigned
integer that specifies the total number of bytes that are allocated for tum-around 2. The
recommended length of tun-around 2 is the number of bytes required for the round-trip
delay plus the time required for the host to enable its MDDI_Data drivers. Tum~arouhd
2 length may be also be any value larger than the minimum required value calculated to.
allow sufficient time to process reverse link packets in the host. Max reverse bytes 716
comprises 2 bytes that indicate how many reverse bytes can by transmitted from the

client back to the host. This does not include any required bytes such as the
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synchronization pattern, or the client transmit byte length fields which may precede
reverse link data when requested by bits in the reverse link flags 708 field. When bit 3
is set the client may request to send data that is less than the value in the-max reverse
bytes 716 field. When the client transmits a number that is less than the max reverse
bytes 716 field, the MDDI will shorten the anticipated period of the reverse data and
synchronization 724 field to maximize the clients request. Parameter CRC 718
comprises 2 bytes that contain a 16-bit CRC of all bytes from packet length 702 to turn-
around length 712 and max reverse byte 716 field. If this CRC fails to check then the
entire packet should be discarded. All zero 1 720 comprises 8 bytes that each contain
an 8-bit unsigned integer equal to zero. This field ensures that all MDDI_Data signals
are at a logic-zero level for a sufficient time to allow the client to begin recovering clock
using only MDDI_Stb prior to disabling the host’s line drivers during turn-around 1 722
field. Tum-around 1 722 comprises a first turn-around period. The number of bytes
specified by tum-around | length 712 parameter is allocated to allow the MDDI_Data
line drivers in the client to enable before the line drivers in the host are disabled. The
client shall enable its MDDI_Data line drivers during bit 0 of tum-around 1 722 and the
host shall disable its outputs and be completcfy disabled prior to the last bit of turn-
around 1 722. The MDDI_Stb signal behaves as though MDDI_Data0 were at a logic-
zero level during the entire tum-around | 722 period.

[0050] Reverse synchronization, byte count, and data packets 724 are shown as a single
field in-Fig. 8. The first byte in this ficld should be the synchronization pattern
(0x053F) if requested by bit two being set to logic one in reverse link flags 708 field. If
bit three is set the next transmitted reverse link field should be the number of bytes the
client will ransmit on the reverse link. If this data is not requested, the client can
transmit reverse link data up to the number of bytes specified in max reverse bytes 716
field. This field should be followed by the packet length field of the first reverse link
packet. More than one packet can be transmitted in the reverse data period if there is
enough room. The client may send filler packets or drive the MDDI_Data lines to &
logic-zcro level when it has no data to send to the host. If the MDDI_Data lines are

driven to zero the host will interpret this as a packet with a zero length (not a valid

INCORPORATED BY REFERENCE (RULE 20.6)



WO 2009/073250 PCT/US2008/063109

16

length) and the host will accept no additional packets from the client for the duration of
the current enhanced reverse link encapsulation packet 700. Tum-around 2 726
comprises the second turn-around period. The number of bytes is specified by the turn-
around 2 length 714 parameter. The host shall enable its MDDI_Data line drivers and
be completely enabled prior to the last bit of turn-around 2 726 and the client shall
disable its outputs and be completely disabled prior to the last bit of turn-around 2 726.
The purpose of turn-around 2 726 is to allow the remaining amount of data from reverse
data packets 724 field to be transmitted from the client. Due to variations in different
systems and the amount of safety margin allocated it is possible that neither the host nor
client will be driving the MDDI_Data signals to a logic-zero level during some parts of
the tum-around 2 726 field as scen by the line receivers at the host. The MDDI_Stb
signal behaves as though MDDI_Data0 were at a logic-zero level during the entire turn-
around 2 726 period. All zero 2 728 comprises 8 bytes that each contain an 8-bit
unsigned integer equal to zero. This field ensures that all MDDI_Data signals are at a
logic-zero level for a sufficient time to allow the client to begin recovering clock using
both MDDI_Data0 and MDDI_Stb after enabling the host’s line drivers following the
turn-around 2 726 field.

MDDI Link Freeze

[0051] The MDDI host may find times where it needs to halt the MDDI data link, or
pause the operation of the link. Fig. 9 shows the link freeze aspect of the presently
claimed invention. Fig. 9 shows MDDI data 900, strobe (STB) 902, and recovered
clock 904. This aspect allows MDDI data 900 to be stopped for a short period of time
906 and freeze the current state of thé MDDI client. As shown, recovered clock 904 in
the client is denived from incoming MDDI data stream 900 and MISDI strobe 902, and
as a result, stbpping the MDDI link will stop any more clock cycles 906 from being
seen within the client. The host must maintain the differential levels corresponding to
the last transinitted data bit when entering this mode. The MDDI host is not required to
transmit any special packet indicating it is entering this mode, and may freeze the link in

the middle of an outgoing packet if necessary. This can be used to prevent underflows
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within a MDDI host design if other data sources are briefly unable to keep up with the
outgoing MDDI data stream.

[0052] Due to the additional power consumption of keeping MDDI data 900 and strobe
902 signals driven, this state should only be used in short duration situations. When
there is no meaningful content to be transmitted for a longer period of time, the

hibernation mode should be used to keep power consumption to a minimum.

[0053] [n many clients there will be a processing pipeline delay for decoding incoming
packets. Stalling the MDDI right after a packet is transmitted from the host does not
meet the requirements of the clicnt, and the clicnt should have a chance to process the

data contained within the last packet.

[0054] Signals coming out of the MDDI client will also be frozen in a particular state
due to the lack of a clock. Any designs making use of the MDDI client must be aware
of the possibility of this condition.

[0055] This specification discloses onc or more aspects that incorporate the features of
the claimed invention. The disclosed aspects merely exemplify the claimed invention.
The scope of the claimed invention is not limited to the disclosed aspects. The

invention is defined by the claims appended hereto.

[0056) Those of skill in the art would understand that information and signals may be
represented using any of a variety of different technologies and techniques. For
example, data, instructions, commands, information, signals, bits, symbols, and chips
that may be referenced throughout the above description may be represented by
voltages, currents, electromagnetic waves, magnetic fields or particles, optical fields or

particles, or any combination thereof.

[0057] Those of skill would further appreciate that the various illustrative logical

blocks, modules, circuits, and algorithm steps described in connection with the
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embodiments disclosed herein may be implemented as electronic hardware, computer
software, or combinations of both. To clearly illustrate this interchangeability of
hardware and software, various illustrative components, blocks, modules, circuits, and
steps have been described above generally in terms of their functionality. Whether such
‘functionality is implemented as hardware or software depends upon the particular
application and design constraints imposed on the overall system. Skilled artisans may
implement the described functionality in varying ways for each particular application,
but such implementation decisions should not be interpreted as causing a departure from

the scope of the present invention.

[0058] The various illustrative logical blocks, modules, and circuits described
connection with the embodiments disclosed herein may be implemented or performed
with a general purpose processor, a Digital Signal Processor (DSP), an Application
Specific Integrated Circuit (ASIC), a Field Programmable Gate Array (FPGA) or other
programmable logic device, discrete gate or transistor logic, discrete hardware
components, or any combination thereof designed to perform the functions described
herein. A general purpose processor may be a microprocessar, but in the altemative, the
processor may be any conventional processor, controller, microcontroller, or state
machine. A processor may also be implemented as a combination of computing
devices, €.g., a combination of a DSP and a microprocessor, a plurality of
MICIOProcessors, one or more microprocéssors in conjunction with a DSP core, or any

other such configuration.

[0059] The steps of a method or algorithm described in connection with the
embodiments disclosed herein may be embodied directly in hardware, in a software
module exccuted by a processor, or in a combination of the two. A software module
may reside in Random Access Memory (RAM), flash memory, Read Only Memory
(ROM), Electrically Programmable ROM (EPROM), Electrically Erasable
Programmable ROM (EEPROM), registers, hard disk, a removable disk, a CD-ROM, or
any other form of storage medium known in the art. An exemplary storage medium is

coupled to the processor such that the processor can read information from, and write
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information to, the storage medium. In the alternative, the storage medium may be
integral to the processor. The processor and the storage medium may reside in an
ASIC. The ASIC may reside in a user terminal. In the alternative, the processor and the

storage medium may reside as discrete components in a user terminal.

[0060] The previous description of the disclosed embodiments is provided to enable any
person skilled in the art to make or use the present invention. Various modifications to
these embodiments will be readily apparent to those skilled in the art, and the generic
principles defined herein may be applicd to other embodiments without departing from
the spirit or scope of the invention. Thus, the present invention is not intended to be
limited to the embodiments shown herein, but is to be accorded the widest scope

consistent with the principles and novel features disclosed herein.
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CLAIMS

1. A method for transmitting flexible sub-frames comprising of at least one
packet over a transmission link that couples a client and a host within an electronic
device, the method comprising the steps of:

sending a first sub-frame header packet substantially close to & sub-frame
boundary by the host to the client, the sub-frame header packet comprising an indicator
of a sub-frame length; and

transmitting the at least one packet by the host to the client.

2. - The method of claim 1 further comprising sending a second sub-frame
header packet at an end of the transmitted at least one packet after the at least one packet
has crossed at least one sub-frame boundary, by the host to the client, wherein the sub-

frame length comprises a flexible length.

3. The method of claim 2 wherein sending the second sub-frame header
packet comprises adjusting a second sub-frame length by an amount a first sub-frame

cxcecded a targeted sub-frame length to correspond to an average sub-frame length.

4. The method of claim 1 wherein the sub-frame length compriscs an

unlimited length.

5, A system for transmitting flexible sub-frames comprising of at least one
packet over a transmission link that couples a client and a host within an electronic
device, the system comprising:

means for sending a first sub-frame header packet substantially close to a
sub-frame boundary by the host to the client, the sub-frame header packet comprising an
indicator of a sub-frame length; and

means for transmitting the at least one packet by the host 1o the client.
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6. The system of claim 5 further comprising a means for sending a second
sub-frame header packet at an end of the transmitted at least one packet after the at least
one packet has crossed at least one sub-frame boundary, by the host to the client and

wherein the sub-frame length comprises a flexible length.

7. - The system of claim 6 wherein the means for sending a second sub-frame
header packet comprises a means for adjusting a second sub-frame length by an amount

a first sub-frame exceeded a targeted sub-frame length to correspond to an average sub-
frame length.

8. The system of claim 5 wherein the sub-frame length comprises an

unlimited length.

9. A computer program product, comprising:
computer readable medium comprising:
code for causing a transmission of flexible sub-frames comprising
of at least one packet over a transmission link that couples a client and a host within an
electronic device, the computer code comprising:
| code for causing a first sub-frame header packet to be sent
substantially close to a sub-frame boundary by the host to the client, the sub-frame
header packet comprising an indicator of a sub-frame length; and
code for causing the at least one packet to be transmitted by the

host to the client.

10.  The computer program product of claim 9 further comprising code for
causing a second sub-frame header packet to be sent at an end of the transmitted at least
one packet after the at least one packet has crosscd at least one sub-frame boundary, by

the host to the client and wherein the sub-frame length comprises a flexible length.
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11.  The computer program product of claim 10 further comprising code for
causing a second sub-frame length to be adjusted by an amount a first sub-frame

exceeded a targeted sub-frame length to correspond to an average sub-frame length.

12.  The computer program product of claim 9 wherein the sub-frame length

comprises an unlimited length.

13, A method of sending a windowless video data packet over a transmission
link that couples a client and a host within an electronic device, the method comprising
the steps of:

removing X-Left, X-Right, Y-Top, Y-Bottom, X-Start, and Y-Start field
coordinates from a video data packet;

providing a vertical sync in a field of the video data packet, the vertical
sync indicating a first line of a data screen, wherein the step of removing and providing
comprises creating the windowless video data packet; and

sending the windowless video data packet by the host to the client.

14, The method of claim 13 further comprising the step of updating a full

line of the data screen.

15, The method of claim 14 further comprising the step of sending a second
windowless video data packet by the host to the client with the vertical sync removed 1o

increment a location of pixel data on the data screen.

16. A system for scnding a windowless video data packet over a
transmission link that couples a client and a host within an electronic device, the system
comprising;

means for removing X-Left, X-Right, Y-Top, Y-Bottom, X-Start, and Y-

Start field coordinates from a video data packet;
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means for providing a vertical sync in a ficld of the video data packet, the
vertical sync indicating a first line of a data screen, wherein the means for removing
and providing comprises a means for creating the windowless video data packet; and
means for sending the windowless video data packet by the host to the
client. )
17. The system of claim 16 further comprising a means for updating a full
line of the data screen.

18.  The system of claim 17 further comprising a means for sending a second
windowless video data packet by the host to the client with the vertical sync removed to

increment a location of pixel data on the data screen.

19. A computer program product, comprising:
| computer readable medium comprising:

code for causing a windowless video data packet to be sent overa
transmission link that couples a client and a host within an electronic device, the
computer code comprising:
| code for causing a removal of X-Left, X-Right, Y-Top, Y-
Bottom, X-Start, and Y-Start field coordinates from a video data packet;

code for causing a vertical sync to be provided in a field of the
video data packet, the vertical sync indicating a first line of a data screen, wherein the
removal of the field coordinates and provision of the vertical sync comprises creation of
the windowless video data packet; and A

code for causing the windowless video data packet to be sent by

the host to the client.

20.  The computer program product of claim 19 further comprising code for

causing a full line of the data screen to be updated.
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21, The computer program product of claim 20 further comprising code for
causing a second windowless video data packet to be sent by the host to the client with

the vertical sync removed to increment a location of pixel data on the data screen.

22. A method of sending a flexible video data packet over a transmission
link that couples a client and a host within an electronic device, the method comprising
the steps of: '

inserting a packet contents field in a video data packet, each bit in the
packet contents field indicating which of at least one corresponding field is present in
the video data packet, comprising creating the flexible video data packet; and

sending the flexible video data packet by the host to the client.

23, A system for sending a flexible video data packet over a transmission
link that couples a client and a host within an electronic device, the system comprising:
means for inserting a packet contents field in a video data packet, each
bit in the packet contents ficld indicating which of at least one corresponding ficld is
present- in the video data packet, comprising means for creating the flexible video data
packet; and

means for sending the flexible video data packet by the host o the client.

24. A computer program product, comprising:
computer readable medium comprising;

code for causing a flexible video data packet to be sent over a
transmission link that couples a client and a host within an electronic device, the
computer code comprising:

code for causing a packet contents field in a video data packet to
be inserted, each bit in the packet contents field indicating which of at least one
corresponding field is present in the video data packet, comprising creation of the
flexible video data packet; and

code for causing the flexible video data packet to be sent by the

host 1o the client.
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25. A method of providing an enhanced reverse link encapsulation packet
over a transmission link that couples a client and a host within an electronic device, the
method comprising the steps of:

setting a first flag within the enhanced reverse link encapsulation packet
transmitted from the host to the client requesting that a synchronization pattern be
transmitted from client to the host; ‘

setting a second flag within the enhanced reverse link encapsulation
packet transmitted from the host to the. client requesting a byte count of a number of
bytes to be transmitted from the client to the host;

providing a fixed period of time within the enhanced reverse link
encapsulation packet for the client’s transmission to the host,

providing the synchronization pattern in a reverse data portion of the
enhanced reverse link encapsulation packet transmitted by the client;

providing the byte count indicating a total number of bytes expected to
be transmitted from the host to the client;

mcasuring a round trip delay vsing the synchronization pattern; and

aligning the byte count of the host with the client.

26.  The method of claim 25 further comprising the step of transmitting a data

packet from the client to the host.

27.  The method of claim 25 wherein the step of providing the
synchronization pattern comprises transmitting a specific sequence of bytes from the
client to allow the host to sync up with reverse data before actual packets are transmitted

on a reverse link.
28.  The method of claim 25 further comprising the step of not seiting the

flag and not sending the synchronization pattern for a next transmitted enhanced reverse

link encapsulation packet and using the previous measured round trip delay.
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29.  The method of claim 25 further comprising the step of sending a byte
count value from the client to the host indicating the client will send less bytes than
currently allocated in a reverse data portion of the enhanced reverse link encapsulation

packet.

30.  The method of claim 29 wherein the byte count value is no larger than
the value indicated within a maximum bytes field of the enhanced reverse link

encapsulation packet.

31.  The method of claim 30 comprising the step of the host and client
advancing to a next field in the enhanced reverse link encapsulation packet after the

client has transmitted the number of bytes indicated in the byte value.

32.  The method of claim 25 further comprising the step of not setting the flag
for a byte count to be transmitted on the enhanced reverse link encapsulation packet,
and allowing for up to a maximum number of bytes being transmitted being equal to the

value in a maximum bytes field.

33. A system for providing an enhanced reverse link encapsulation packet
over a transmission link that couples a client and a host within an clectronic device, the
system comprising:

means for setting a first flag within the enhanced reverse link
encapsulation packet transmitted from the host to the client requesting that a
synchronization pattern be transmitted from client to the host;

means for setting a second flag within the enhanced reverse link
encapsulation packet transmitted from the host to the client requesting a byte count of a
number of bytes to be transmitted from the client to the host;

means for providing a fixed period of time within the enhanced reverse
link encapsulation packet for the client’s transmission to the host;

means for providing the synchronization pattern in a reverse data portion

of the enhanced reverse link encapsulation packet transmitted by the client;
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means for providing the byte count indicating a total number of bytes
expected to be transmitted from the host to the client;

means for measuring a round trip delay using the synchronization
pattern; and

means for aligning the byte count of the host with the client.

34, The system of claim 33 further comprising a means for transmitting a

data packet from the client to the host.

35, The system of claim 33 wherein means for providing a synchronization
paitern comprises a means for transmitting a specific sequence of bytes from the client
to allow the host to sync up with reverse data before actual packets are transmitted on a

reverse link.

36.  The system of claim 33 further comprising a means for not setting the
flag and a means for not sending the synchronization pattern for a next transmitted
cnhanced reverse link encapsulation packet and a means for using the prcvioué

measured round trip delay.

37.  The system of claim 33 further comprising a means for sending a byte
count value from the client to the host indicating the client will send less bytes than
currently allocated in a reverse data portion of the enhanced reverse link encapsulation

packet.

38.  The system of claim 37 wherein the byte count value is no larger than the
value indicated within a maximum bytcs. field of the enhanced reverse link

encapsulation packet.
39.  The system of claim 38 further comprising a means for the host and

client to advance to a next ficld in the enhanced reverse link encapsulation packet after

the client has transmitted the number of bytes indicated in the byte value.
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40.  The system of claim 33 further comprising a means for not selting the
flag for a byte count to be transmitted on the enhanced reverse link encapsulation
packet, and a means for allowing for up to a maximum number of bytes being

transmitted being equal to the value in 2 maximum bytes field.

41. A computer program product, comprising:
computer readable medium comprising:

code for causing an enhanced reverse link encapsulation packet to
be provided over a transmission link that couples a client and a host within an electronic
device, the computer code comprising:

| code for causing a first flag to be set within the enhanced reverse

link encapsulation packet transmitted from the host to the client requesting that a
synchronization pattern be transmitted from client 10 the host; -

code for causing a sccond flag to be set within the enhanced
reverse link encapsulation packet transmitted from the host to the client requesting a
byte count of a number of bytes to be transmitted from the client to the host;

code for causing a fixed period of time to be provided within the
enhanced reverse link encapsulation packet for the client’s transmission to the host;

code for causing the synchronization pattern to be provided in a
reverse data portion of the enhanced reverse link encapsulation packet transmitted by
the client;

code [or causing the byte count to be provided with an indicator
of a total number of bytes expected to be transmitted from the host to the client;

code for causing a round trip delay to be measured using the
synchronization pattern; and

code for causing the byte count of the host with the client to be

aligned.

.42, The computer ‘program product of claim 41 further comprising code for

causing a data packet to be transmitted from the clicat to the host.
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43.  The computer program product of claim 41 wherein the code for causing
a synchronization pattern to be provided comprises code for causing a specific sequence
of bytes to be transmitted from the client 1o allow the host to sync up with reverse data

before actual packets are transmitted on a reverse link.

44, The computer program product of claim 41 further comprising code for
causing the flag for a next transmitted enhanced reverse link encapsulation packet to not
be set, the synchronization pattern to not be sent and the previous measured round trip

delay to be used.

45.  The computer program product of claim 41 further comprising code for
causing a byte count value from the client to the host be sent, the byte count indicating
the client will send less bytes than currently allocated in a reverse data portion of the

enhanced reverse link encapsulation packet.

46.  The computer program product of claim 45 wherein the byte count value
is no larger than the value indicated within a maximum bytes field of the enhanced

reverse link encapsulation packet.

47.  The computer program product of claim 46 further comprising code for
~ causing the host and client to advance to a next field in the enhanced reverse link
encapsulation packet after the client has transmitted the number of bytes indicated in the

byte value.

48.  The computer program product of claim 41 further comprising code for
causing the flag for a byle count to be transmitted on the enthanced reverse link
encapsulation packet not be set, and zllowing for up to a maximum number of bytes

being transmitted being equal to the value in a maximum bytes field.
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49. A method for providing a link freeze over a transmission link that
couples a client and a host within 2 mobile display digital interface (MDDI)
communication device, the method comprising the steps of:

halting a transmission of a data stream by the host;

maintaining current output bits of both data and strobe signals for a
pen’od.of time greater than a bit time of one transmission bit;

retaining a value of output levels as part of a last transmitted bit of the
data and strobe signals; and

resuming the transmission of the data stream by the host.

50. A system for providing a link freeze over a transmission link that couples

a client and a host within a mobile display digital interface (MDDI) communication
device, the system comprising:

means for halting a transmission of a data stream by the host;

means for maintaining current output bits of both data and strobe signals
for a period of time greater than a bit time of one transmission bit;

means for retaining a value of output levels as part of a last transmitted
bit of the data and strobe signals; and

means for resuming the transmission of the data stream by the host.

51, A computer program product, comprising:
computer readable medium comprising:

code for causing a link freeze to be provided over a transmission
link that couples a client and a host within a mobile display digital interface (MDDI)
communication device, the computer code comprising: ,

code [or causing a transmission of a data stream to be halted by
the host;

code for causing current output bits of both data and strobe
signals to be maintained for a period of time greater than a bit time of one transmission
bit;
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code for causing a value of output levels to be retained as part of
a last transmitted bit of the data and strobe signals; and

code for causing the transmission of the data stream by the host to

be resumed.
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