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POWER EFFICIENT HIGH SPEED
COMMUNICATION SYSTEMS AND METHODS

[o001] This application claims the benefit of United
States Provisional Application No. 60/878,854, filed
January 5, 2007, the disclosure of which is

incorporated by reference herein in its entirety.

Background of the Invention

[0002] This relates to electronic devices and more
particularly to methods and systems for performing high
speed wireless communication in a power efficient
manner.

[c003] Portable electronic devices, such as wireless
and cellular telephones, digital media players (e.g.,

music players and video players), and hybrid devices

‘that combine telephone and media playing functionality

are known. These devices are typically configured to
provide communications to a user in one or more moedes.
For example, a laptop computer such as thé MacBookPro
may be configured to communicate wirelessly in
accordance with both the Wi-Fi and the Bluetooth
standards. Wi-Fi communications are generally

characterized as high speed communications that take a
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relatively largé amount of power to maintain.
Bluetooth communications are generally characterized as
low speed, short range communications that take
significantly less power to maintain than Wi-Fi.

[0004] One common characteristic of portable
electronic devices is that, in the view of many users,
they never have enough battery life. This is due to a
variety of factors, including the simple fact that the
devices‘are portable. Thus, it would be possible to
extend the battery life of the devices by, for example,
providing larger batteries, but that would invariably
lead to devices that are too heavy, too expensive and
too bulky. Therefore, it can be problematic if the
method of wireless communications places too heavy a
load on the limited amount of electrical power
available to the portable devices.

[0005] In order to try and provide the appropriate
level of speed versus power consumption, electrical
devices such as laptops often are capable of using
different methods of wireless communications depending
on the need. One common use of Bluetooth wireless
communications, for example, is communications between
the laptop computer and a printer. Such communications
do not require high speed access due to the nature of
the data being transferred and the speed at which it is
used by the receiving device. In addition, the
physical distance between a laptop computer and a
printer under such circumstances is typically small,
making such communications well-suited for Bluetooth.
[o006] On the other hand, if the laptop user needs
to access the internet, Bluetooth communications will
likely leave the user disappointed, due in large part,

to the relatively low limits on communication speed.
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For example, if the transfer of a single song takes
five seconds using Wi-Fi (assuming that the 802.11g
standard is used), the same transfer using Bluetooth at
current maximum speed would take more than a minute and
a half. Therefore, the laptop typically accesses the
internet using a high speed wireless connection such as
Wi-Fi. Wi-Fi connections have a greater range (i.e.,
the computer can be farther away from the router than
would be required using the Bluetooth protocol) and
operate at significantly higher speeds, but at the cost
of greater power consumption.

[0007] One problem with this scenario, is that most
laptops typically have the Wi-Fi hardware and software
running constantly, even if the internet browser is not
being used. For example, a user might open the laptop
to edit a letter written in a word processing program.
Most users are not aware that the Wi-Fi hardware and
software are also activated and are constantly sending
out and receiving messages from other Wi-Fi points of
access, even though the user is not utilizing that
connection. This leads to the stored battery power
being drained at a substantially higher rate that would
otherwise occur.

[o008] Accordingly, what is needed are methods and
systems for providing intelligent wireless
communications, in which the system selects the proper
mode for wireless communications based on throughput

and power consumption.

Summary of the Invention

[0009] Systems and methods for managing the
providing intelligent wireless communications are

provided.
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[0010] In one embodiment, the systems and methods of
the present invention can be implemented in a device
such as a cell phone that includes an application
portion and a carrier portion. The carrier portion can
include circuitry for performing telephone functions
(e.g., transmitting data to and receiving data from a
communications tower). The carrier circuitry can
include circuitry for other wireless communication
functions, such as to enable Bluetocoth and Wi-Fi
communication methods. The application portion may
include all other circuitry not specifically reserved
for the carrier circuitry. For example, the
application portion may include a processor, memory
(e.g., for storing media files), SDRAM, a display, and
other circuitry. In this instance, the application
portion could perform an analysis in any given
situation in order to determine a highly efficient
manner for wireless communications.

[0011] For example, the application portion could be
configured to command the carrier portion into a low
power standby mode in normal situations. Once a
command is issued for some form of wireless
communications to occur, the application portion could
issue a wake-up command to the carrier portion. The
application portion could also evaluate the request in
order to determine the best communications protocol to
use, based on needed throughput, current power reserve
and the physical proximity between communicating
stations. Assuming adequate powexr is available, the
system could utilize the fastest communications
protocol available.

[0012] In many situations, however, the amount of

stored battery power may be very important, even if the
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battery is fully charged. This might be particular
advantageous if the portable electronic device is, for
example, a cellular telephone. In that instance, power
should be reserved, to whatever extent possible, for
use by the phone as a phone.

[0013] The systems and methods of the present
invention can provide highly power efficient wireless
communications by utilizing a low powexr, limited range
protocol, such as Bluetooth, in order to find and
establish a high speed communications path. Once the
high speed communications path is found, such as a
Wi-Fi network, the systems and methods can switch from
the slower communications protocol to the high speed
protocol until the particular event is over.

[0014] For example, a user might want to download a
series of pictures into the cellular phone. The
pictures could be stored in any one of the commonly
known formats, such as JPEG or TIFF, or other formats.
Once the user directs the phone to begin obtaining the
pictures, the application portion could direct the
carrier portion to begin Bluetooth communications in a
"ping" mode, where the phone is constantly looking for
another Bluetooth device to communicate with while
using a minimal amount of power. Once another
Bluetooth device is located, the phone could establish
a communications path by completing a handshake process
with the other device. As part of that process, the
phone could determine whether the device also has a
high speed communications capability, such as Wi-Fi.
[0015] Once a device is found that is capable of
communicating in Bluetooth and in Wi-Fi, the phone and
the device could agree to switch communication modes

fro Bluetooth to Wi-Fi for a dedicated event to occur,
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such as the photo download. Both devices would then
switch into Wi-Fi mode and begin communicating. Once
the user completed downloading the photos into the
phone, both devices could switch back into Bluetooth
mode, or the wireless capability of one or both devices
could be placed in standby mode.

[0016] In another embodiment, the user could be
utilizing a iaptop computer that includes the
capability to communicate wirelessly using both the
Bluetooth protocol and the Wi-Fi protococl. The system
could be configured to place the communications
circuitry in a standby mode if the communications
circuitry is inactive for a predetermined amount of
time. When wireless communications are requested by
the user, such as by starting the system's internet
browser, the laptop could begin by utilizing the
Bluetooth communications protocol to try and find a
Wi-Fi entry point. The laptop and the other device
could then both agree to switch to Wi-Fi to take
advantage of the higher bandwidth. Once the Wi-Fi
communications were no longer needed, the system could
return to Bluetooth mode, or the system could place the
communications circuitry in standby mode.

[0017] In another embodiment, two users of portable
media devices, such as iPods with wireless capability,
could desire to exchange personal information. For
example, one user might have a digital movie stored on
his wireless iPod. The users would each direct the
wireless iPods into communication mode, which would
cause the devices to begin operating in Bluetooth mode.
Once a direct communications path was established

between the devices, via handshaking, etc., the two
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devices could switch into a high speed mode utilizing a
different protocol.

[0018] While it could be possible to switch into a
Wi-Fi mode that is compliant with the 802.11g
specification (or 802.11b for that matter), it is also
within the scope of the present invention, that the two
devices could begin communicating as a private network
in which only a minimum amount of the 802.11
requirements would be implemented to increase the power

and throughput efficiency of the communications.

Brief Description of the Drawings

[0019] The above and other features of the present
invention, its nature and various advantages will
become more apparent upon consideration of the
following detailed description, taken in conjunction
with the accompanying drawings, in which like reference
characters refer to like parts throughout, and in
which:

[0020] FIG. 1 shows a simplified block diagram of
portable electronic device in accordance with an
embodiment of the present invention;

[0021] FIG. 2 is a more detailed but simplified
block diagram of a device in accordance with an
embodiment of the present invention;

[0022] FIG. 3 is an illustration of one embodiment
of the present invention; and

[0023] FIG. 4 is an illustration of another

embodiment of the present invention.

Detailed Description of the Invention

[0024] FIG. 1 shows a simplified block diagram of

illustrative portable electronic device 100.
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Electronic device 100 may include processor 102,
storage device 104, user interface 106, display 110,
CODEC 112, bus 118, memory 120 and communications
circuitry 122. CODEC 112 may be a single CODEC that
can be stored permanently on media player 100, or it
can include multiple CODECs. Processor 102 can control
the operation of many functions and other circuitry
included in media player 100. Processor 102 may drive
display 110 and may receive user inputs from user
interface 106. Electronic device 100 may be a
computer, cellular telephone, portable media device or
other similar device without departing from the spirit
of the present invention. What is important for the
present invention, is that electronic device 100 must
be capable of communicating wirelessly in accordance
with more than one wireless protocol.

[0025] Storage device 104 may store media (e.g.,
music and video files), software (e.g., for
implementing functions on device 100, preference
information (e.g., media playback preferences),
lifestyle information (e.g., food preferences),
exercise information (e.g., information obtained by
exercise monitoring equipment), transaction information
(e.g., information such as credit card information),
wireless connection information (e.g., information that
may enable device to establish a wireless connection
such as a telephone connection), subscription
information (e.g., information that keeps tracks of
podcasts or television shows or other media a user
subscribes to), telephone information (e.g., telephone
numbers), and any other suitable data. Storage

device 104 may include one more storage mediums,

including for example, a hard-drive, permanent memory
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such as ROM, semi-permanent memory such as RAM, or
cache.

[0026] Memory 120 may include one or more different
types of memory which may be used for performing device
functions. For example, memory 120 may include cache,
Flash, ROM, and/or RAM. Memory may be specifically
dedicated to storing firmware. For example, memory 120
may be provided for storing firmware for device
applications (e.g., operating system, user interface
functions, and processor functions).

[0027] Bus 118 may provide a data transfer path for
transferring data to, from, or between storage

device 104, baseband circuitry 124, memory 120 and
processor 102. Coder/decoder (CODEC) 112 may be
included, for example, to convert digital audio signals
into an analog signal, which may be provided to an
output port (not shown). For the purposes of the
present invention, CODEC 112 is intended to represent
the specific encoder that is required to perform
whatever function electronic device 100 is being tasked
to perform. For example, if electronic device 100 is
being tasked to playback music files that have been
compressed and stored using the AC3 CODEC, then

CODEC 112 needs to be the AC3 CODEC in order for
electronic device 100 to properly decompress and
playback the music file.

[0028] Communications circuitry 122 may be included
in a carrier circuitry portion (delimited by dashed
lines 125) of device 100. Carrier circuitry

portion 125 may be dedicated primarily to processing
telephone %unctions and other wireless communications
(e.g., Wi-Fi or Bluetooth). It is understood that the

carrier circuitry portion operates independent of other
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device components operating in device 100. That is,
carrier circuitry may be an independently operating
subsystem within device 100 that may communicate with
other components within device 100.

[0029] User interface 106 may allow a user to
interact with electronic device 100. For example, the
device for user input 106 can take a variety of forms,
such as at least one a button, keypad, dial, a click
wheel, a touch screen or any combination thereof.
Communications circuitry 122 may include circuitry for
wireless communication (e.g., short-range and/or long
range communication). For example, the wireless
communication circuitry may be Wi-Fi enabling circuitry
that permits wireless communication according to one or
more of the IEEE 802.11 wireless standards, wired
standards or a private network. Other wireless network
protocol standards could also be used, either in
alternative to the identified protocols or in addition
to the identified protocol. An example of another
wireless network protocol standard is discussed in
commonly assigned Jawa, U.S. Patent No. 6,728,729,
issued April 27, 2004, titled Accessing Media Across
Networks. Another network standard that may be
utilized may be Bluetooth.

fo0301] Communications circuitry 122 may also include
circuitry that enables device 100 to be electrically
coupléd to another device (e.g., a computer or an
accessory device) and communicate with that other
device. As indicated above, communications

circuitry 122 may also include baseband circuitry for
performing relatively long-range communications (e.g.,
telephone communications). If desired, communications

circuitry 122 may include circuitry for supporting both
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relatively long-range and short-range communications.
For example, communications circuitry 122 may support
telephone, Wi-Fi, and Bluetooth communications.

[o031] As stated above, in one embodiment,
electronic device 100 may be a portable computing
device dedicated to processing media, such as audio and
video. For example, device 100 may be a media player
(e.g., MP3 player), a game player, a remote controller,
a portable communication device, a remote ordering
interface, an audio tour player, or other suitable
personal device. In another embodiment, electronic
device 100 may be a portable device dedicated to
providing media processing and telephone functionality
in single integrated unit.

[0032] Device 100 may be battery-operated and highly
portable so as to allow a user to listen to music, play
games or video, record video or take pictures, place
and take telephone calls, communicate with others,
control other devices, and any combination thereocf. In
addition, device 100 may be sized such that is fits
relatively easily into a pocket or hand of the user.

By being handheld, device 100 is relatively small and
easily handled and utilized by its user and thus may be
taken practically anywhere the user travels.

[0033] FIG. 2 is a more detailed but simplified
block diagram of illustrative device 200 constructed in
accordance with the principles of the present
invention. Device 200 may, for example, be a mobile or
cellular telephone or it may be a computer. As the
figures are described herein, it should be noted that
the use of certain nomenclatures are attempted for
clarity. For example, where possible, reference

numerals that represent similar circuit elements shall
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have similar numbering even though they appear on
different figures. For example, in FIG. 1, the
processor is labeled 102, while in FIG. 2, the
processor is labeled 202. Thus, in both cases, the
processor is labeled "X02," which indicates that the
description for one applies to the other, and vice
versa, unless it is noted otherwise.

[0034] FIG. 2 shows illustrative application
circuitry portion 215 and carrier circuitry

portion 225. Carrier portion 225 can include circuitry
for performing telephone functions (e.g., transmitting
data to and receiving data from a communications tower,
utilizing Voice Over Internet Protocols, etc.), such as
baseband circuitry 224. Carrier circuitry 225 may also
include circuitry for other wireless communication
functions such as Wi-Fi circuitry 222 and Bluetooth
circuitry 226.

[0035] Application portion 215 may include all other
circuitry not specifically reserved for carrier

portion 225. For example, application portion 215 may

~include processor 202, storage circuitry 204 (e.g., a

hard disk for storing media files), SDRAM 220 and
display 210, as well as other circuitry (not shown).
[0036] Storage circuitry 204 may be similar to
storage circuitry 104 discussed above in connection
with FIG. 1 {and thus, the similar numbering of X04).
SDRAM 220 may provide content (e.g., instructions} to
processor 202 that may enable processor 202 to execute
functions of device 200. In certain circumstances,
SDRAM 220 may "engage" or "prep" processor 202 by
providing it with data to perform one or more functions
when device 200 switches from a low power mode to an ON

mode (discussed in more detail below). SDRAM 220 may
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be referred to herein as processor engagement
circuitry. For example, when device 200 is operating
in a low power mode, SDRAM 220 may store data that may
be used to "engage" processor 202 so it knows, for
example, a status of device 200 and operate
accordingly. In some embodiments, processor 202 and
SDRAM 220 may be integrated into a single package. For
example, package-on-package technology may be used to
provide an integrated processor and memory package. In
either case, SDRAM 220 may also be the location in
which CODEC 212 is stored.

[0037] Display 210 may be any suitable display for
displaying media, including graphics, text, and video.
In some embodiments, display may be a touch screen
display or an LCD. Display 210 may be driven by
processor 202 or baseband circuitry 225. When driven
by processor 202, a higher bit rate of data may be
provided, thereby enabling the display of high
resolution graphics, video, and other content to be
displayed on display 210. When driven by baseband
circuitry 225, a lower bit rate of data may be provided
to display screen 210. The data provided by baseband
circuitry 225 may be written to display memory 211,
which may be memory local to display 210, the contents
of which are displayed on display 210. For example,
content written to memory 211 and displayed on

display 210 may include a clock, a signal strength
indicator, and a battery power indicator. This content
may be provided by processor 202 or baseband

circuitry 225. Though the quantity of data may be less
than that provided by processor 202, power consumption
may be lower when driving display 210 with baseband

circuitry 225 than when being driven by processor 202.
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[o038] The application portion (e.g., application
portion 215) and the carrier portion (carrier

portion 225) may each operate in accordance with the
principles of the present invention. For example,
carrier portion 225 may, as described in more detail
below, begin wireless communications in Bluetooth mode
by send out low power seek pings (or seek signals).
Other Bluetooth enabled devices may respond to the seek
signals by essentially stating "I'm over here!"
Application portion 215 then directs carrier

portion 225 to establish and begin a dialog with the
other Bluetooth enabled device. Then, if required,
application portion 215 can direct carrier portion 225
to switch from Bluetooth to Wi-Fi for wire less
communications (assuming the second device is capable
of Wi-Fi communications).

[0039] FIG. 3 shows an illustration of the present
invention in multi-media wireless system 300, which may
include laptop computer 340 and portable media

player 350. Computer 340 may be a battery-operated
laptop computer that includes circuitry (not shown, but
similar to the circuitry described with respect to
FIGS. 1 and 2) that enables computer 340 to communicate
with other devices wirelessly. In accordance with the
present invention, computer 340 must be able to
communicate wirelessly using at least two different
protocols, as is described more fully below.

[0040] Portable media player 350 is also a battery-
operated device thét can include circuitry similar to
that described with respect to FIGS. 1 and 2.

Moreover, portable media device 350 must also be
capable of being operated using more than one wireless

protocol.
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[0041] Portable media player 350 can be operated as
a first device that might, for example, be used to
obtain a video file from computer 340. In order to
minimize the loss of battery power, media player 350
would begin operating wirelessly using the Bluetooth
protocol while it tries to find another device to
communicate with. Eventually, another device such as
computer 340 would respond to the seek signal being
broadcast by media player 350.

[0042] After computer 340 responds to the seek
signal, media player 350 utilizes the Bluetooth
handshake protocol to establish Bluetooth communication
between the devices. There may be instances where
Bluetooth communications are acceptable even though the
current upper limit on Bluetooth technology is
approximately 3 MB per second. If, however, a large
data transfer is desired, media player 350 has the
ability to cause both devices to switch from Bluetooth
communications to a type of Wi-Fi or any other type of
communications that is optimized for the situation
based on bandwidth and power consumption. For example,
media player 350 may switch to Wi-Fi communications to
take advantage of the higher bandwidth (currently
limited to approximately 54 MB per second) and optimize
its power consumption.

[0043] FIG. 4 is an illustrative flowchart showing
various steps of a power efficient wireless
communication scheme according to the invention. At
step 410, a user selects an option that could require
high speed access. This selection by the user causes,
at step 412, the wireless circuitry to be brought
activated in Bluetooth mode where it begins sending out

seek ping signals looking for another Bluetooth device.
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By using the Bluetooth for the pinging, the device uses
significantly less power than if a high speed seek was
used.

[0044] Eventually, a second device that communicates
using the Bluetooth protocol responds at step 414.
Once the response is received, the original device
initiates a handshaking process, in step 416, and
Bluetooth communications begin in step 418. Persons
skilled in the art will appreciate that either device
could initiate the handshaking process with the other
device without departing from the present invention.
[0045] In step 420, a determination is made as to
whether the second device has the capability to also
communicate using the Wi-Fi protocol. If the second
device does not have the capability to communicate
using Wi-Fi, the system returns to transmitting seek
ping signals via path 422. On the other hand, if the
second device is capable of Wi-Fi communications,
control passes via path 424 to step 426. 1In step 426,
the two devices agree to switch their communication
mode to Wi-Fi and high speed communications begin. It
is also possible, to further increase the power
efficiency of the system, to perform an additional
optional step 428 (denoted by a dashed line as being
optional), in which the original device powers the
wireless circuitry down to a STANDBY mode in which a
minimum amount of power is consumed once the need for
high speed communications has passed.

[0046] It is understood that the steps shown in
FIG. 4 are merely illustrative and that existing steps
may be modified, added or omitted. For example,
persons skilled in the art will appreciate that the low

power, low speed protocol need not be Bluetcoth and
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that the high speed, high power protocol need not be
Wi-Fi. Alternately, the high speed, high power
protocol could be any form of the IEEE 802.11
specification, including 802.11b, 802.11g or other,
already finalized communication protocol(s) (such as
those used by, e.g., a mobile network like Verizon's
VCast mobile network) or some other yet to be finalized
protocol or version of a currently existing protocol,
such as 802.11n.

[0047] Thus it is seen that systems and methods for
efficiently managing power while communicating
wirelessly with electronic devices are provided. It is -
understood that the steps shown in the flowcharts
discussed above are merely illustrative and that
existing steps may be modified, added or omitted.
Those skilled in the art will appreciate that the
invention can be practiced by other than the described
embodiments, which are presented for purposes of
illustration rather than of limitation, and the

invention is limited only by the claims which follow.
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What is Claimed is:

1. A method for efficiently controlling
power during wireless communications between first and
second devices, comprising:

enabling the first device to seek the
second device by transmitting a seek signal in
accordance with a low power wireless protocol;

performing a handshake operation with
second device after the second device responds to the
seek signal;

establishing a communications dialog
between the first and second devices in accordance with
the low power wireless protocol; and

causing the first and second devices to
switch to a high power, high speed wireless protocol in

response to a command from the first device.

2. The method of claim 1, wherein the low

power wireless protocol is Bluetooth.

3. The method of claim 1, wherxrein the high

speed wireless protocol is Wi-Fi.

4. The method of claim 1, further
comprising:
setting wireless circuitry in the first
and second devices into a STANDBY state after high
speed wireless communications have been idle for a

predetermined time period.

5. The method of claim 3, wherein the Wi-Fi
protocol utilized by the first and second devices is

compliant with at least one of the 802.11 standards.
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6. The method of claim 5, wherein the Wi-Fi
protocol utilized by the first and second devices is

compliant with 802.11g.

7. The method of claim 1, wherein the high
speed protocol is used to establish a private, closed

network between the first and second devices.

8. A method for establishing relatively
high speed wireless communications between first and
second electronic devices, comprising:

causing carrier circuitry in the first
device to transmit a seek ping signal;

performing a handshake operation with
the second device after the second device responds to
the seek ping signal;

establishing a communications dialog
between the first and second devices in accordance with
a low power, low speed communications protocol; and

causing the first and second devices to
switch to a high power, high speed communications

protocol for data transmission.

9. The method of claim 8, further
comprising:
setting wireless communication circuitry
in the first device to a STANDBY mode after completion
of the data transmission utilizing the high speed

communications protocol.

10. The method of claim 8, wherein the low

power, low speed protocol is Bluetooth.
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11. The method of claim 8, wherein the high

power, high speed protocol is Wi-Fi.

12. A method for efficiently utilizing high
speed communications between first and second wireless
devices, comprising:

causing carrier circuitry in the first
device to transmit a signal seeking another wireless
device;

performing a handshake operation with
the second device in accordance with Bluetooth protocol
standards after the second device responds to the
signal;

establishing wireless communications
between the first and second devices in accordance with
the Bluetooth protocol;

determining that the second device is
capable of communicating using Wi-Fi; and

switching the wireless communications
between the first and second devices from Bluetooth to

Wi-Fi.

12. The method of claim 12, wherein the

first device is a computer.

14. The method of claim 12, wherein the

first device is a portable media player.

15. A first portable electronic device
comprising:
a carrier portion operable to
communicate wirelessly using at least two different

communication protocols;
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an application portion that enables
wireless communications to begin utilizing Bluetooth
protocol until a second device which is operable in
Bluetooth and Wi-Fi is identified; and

switching circuitry that causes the
carrier portion to switch from Bluetooth to Wi-Fi in

the event that high speed communications is required.

16. The first portable device of claim 15,
wherein the application portion comprises circuitry
that utilizes Bluetooth handshaking to establish

communications between the first and second devices.

17. The first portable device of claim 16,
wherein the application portion comprises circuitry
that utilizes Bluetooth communications to establish
that the second device is capable of communicating

utilizing Wi-Fi.

18. The first portable device of claim 17,
wherein the application portion causes the carrier
portion to go into power saving STANDBY mode upon

completion of Wi-Fi transmissions.

19. The first portable device of claim 15,

wherein the first portable device comprises a computer.

20. The first portable device of claim 15,
wherein the first portable device is a cellular

telephone.
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21. The first portable device of claim 15,
wherein the first portable device is a portable multi-

media player.
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Abstract
[0048] Systems and methods for utilizing multiple
wireless communication protocols are provided. In one

embodiment, the portable device includes circuitry for
providing wireless communications utilizing a low
power, relatively slow communications protocol, such as
Bluetooth, to establish a communications path between
two wireless devices. When high speed communications
are preferred, the two devices can agree to switch to a
different, high speed protoceol, such as Wi-Fi, for
communications. In this manner, power loss is
minimized while one of the devices is seeking another
communications node. In another embodiment, the high
speed communications are performed utilizing a private
network established between the two devices in which a
non-standard protocol is utilized. That protocol could
be, for example, a minimized subset of 802.11

instructions.
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DECLARATION

I, Christopher D. McKillop, declare that I am a
citizen of the United States, residing and having a post
office address at 10 Memory Lane, P.O. Box 347, La Honda,
California 94020:

that I verily believe to be the original and
first inventor of the subject matter which is claimed and

for which a patent is scought on the invention entitled:

POWER EFFICIENT HIGH SPEED COMMUNICATION
SYSTEMS AND METHODS

the specificatioﬁ of which is attached hereto;

that I have reviewed and do understand the
content of said specification, including the claims, and
acknowledge my duty to disclose to the United States Patent
and Trademark Office information known by me to be material
to patentability as defined in Title 37, Code of Federal
Regulations, § 1.56;

that I do not know and do not believe that this
invention or discovery was ever known or used in the United
States of America before my invention or discovery thereof,
or patented or described in any printed publication in any
country before my invention or discovery thereof, or more
than one year prior to this application; or in public use
or on sale in the United States of America more than one
year prior to this application; that this invention ox
discovery has not been patented or made the subject of an
inventor's certificate issued before the date of this
application in any country foreign to the United States of

America on an application filed by my or my legal
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representatives or assigns more than twelve months prior to
this application; and that no application for patent or
inventor's certificate on this invention or discovery has
been filed in any country foreign to the United States of
America by me or my legal representatives or assigns;

that I hereby claim the benefit under Title 35,
United States Code § 119(e) of the United States
provisional application No. 60/878,854, filed
January 5, 2007:

Wherefore, I pray that Letters Patent be granted
to me for the invention or discovery described and claimed
in the attached specification and claims, and I hereby
subscribe my name to the foregoing specification and
claims, and declaration.

I declare, further, that I understand the English
language and that all statements made herein of my
knowledge are true, and that all statements made on
information and belief are believed to be true; and,
further, that these statements were made with the knowledge
that willful false statements and the like s0 made are
punishable by fine or imprisonment, or both, under
Section 1001 of Title 18 of the United States Code and that
such willful false statements may jeopardize the wvalidity

of the application or any patent issuing thereon.

Q'W‘;’;é;_ Los™2 //’Wf

Christopher D. McKillop
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Plrase change the correspondence addrass for the application identified in the attachad statement under 37 CFR 3.73(b) to-

, 63976
The address associated with Customer Number:

R
Firm or
individuai Name
Address

City State Zip

Country

Telephone Email

Assigneo Name and Address:
Apple Inc.

1 Infinite Loop

Cupertino, CA 95014

A copy of this form, together with a statement under 37 CFR 3.73(b} (Form PTO/SBI96 or equivalent} is required to be
filed in each application in which this form is used. The statement under 37 CFR 3.73(b) may be completed by one of
the practitioners appointed in this form if the appcinted practitioner is authorized to act on behalf of the assignee,
and must identify the application in which this Power of Attarney is to be filed.

SIGNATURE of Assignee of Record
THytigoidyal whose signatare and title is supplicd helos is suthorized 1o act on hehalf of the assipnec
ya g P B

Signature //)X V Date 2 ’ ‘3 . G’?-
Name / /Ri Chard J. Lutton Telephone (408)974-9453

Title // }ésistant Secretary and Chief Patent Counsel

This coltection of g'v. falion is renuired by 37 CFR 1.31, 1.32 and 1 33, The information i required 10 obtain or retain a benof by the public which s to file {and
by the USPTO to procass) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated o tako 3 moutes
to compteto. induding gathering, prepanng, and submilting the completed anplication form ta the USPTQ. Time will vary depending upon the individual cose. Any
comments on lhe amount of time you ruquire ta complota this form andler suggestions far reducing this burden, should bo sont 1o the Chief Information Officer,
U.S Palant nnd Trademark Qftice, U.S. Depostment of Commarce. P.O. Box 1450, Alexandria, VA 22313-1450. DO NGT SEND FEES OR COMPLETED
FORMS TO THIS ACDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you noed assistance in completing the form, call 1-800-PTO-9189 and select oplion 2.
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EXPRESS MAIL: EV930029634US PT0/sB/e6 (04-07)

})', Approved for use through 09/30/2007. OMB 0651-0031
v U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1985, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

STATEMENT UNDER 37 CFR 3.73(b)

Applicant/Patent Owner: _ Christopher D. McKillop

Application No./Patent No.: _Not yet assigned Filed/lssue Date: Herewith

Entited: POWER EFFICIENT HIGH SPEEDV COMMUNICATION SYSTEMS AND METHODS

Apple Inc. ,a _corporation
{Name of Assignee) {Type of Assignee, e.g., corporation, parinership, university, government agency, etc.}

states that it is:
1. X the assignee of the entire right, title, and interest; or

2. [ ] an assignee of less than the entire right, title and interest
(The extent (by percentage) of its ownership interest is %)

in the patent application/patent identified above by virtue of either:

A An assignment from the inventor(s) of the patent application/patent identified above. The assignment was recorded

in the United States Patent and Trademark Office at Reel , Frame , or for which a copy thereof is attached.
OR
B.[_] A chain of title from the inventor(s), of the patent application/patent identified above, to the current assignee as follows:

1. From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame . or for which a copy thereof is attached.
2. From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.
3. From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

[T] Additional documents in the chain of title are listed on a supplemental sheet.

X As required by 37 CFR 3.73(b){1)(i), the documentary evidence of the chain of title from the original owner to the assignee
was, or concurrently is being, submitted for recordation pursuant to 37 CFR 3.11.
{NOTE: A separate copy (i.e., a true copy of the original assignment document(s)) must be submitted to Assignment
Division in accordance with 37 CFR Part 3, to record the assignment in the records of the USPTO. See MPEP

302.08}
The undersigned (whose title js gupplied below) js authorized to act on behalf of the assignee.
M May 18, 2007
Signature Date
Adam M. Kaplan {212) 596-9000
Printed or Typed Name Telephone Number

Agent for Assignee
Title

This collection of information is required by 37 CFR 3.73(b). The information is required to obtain or retain a benefit by the public which is to file (and by the
USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 12 minutes to
complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any
comments on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer,
U.S. Patent and Trademark Office, U.S. Depariment of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED
FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

if you need assistance in completing the form, call 1-800-PT0O-9198 and select option 2.

American LegalNet, Inc.
www.FormsWorkflow.com
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i
Express'Mail: EV930029634US

104677-0016-101 (P4696US1)

ASSIGNMENT

WHEREAS, I, Christophex D. McKillop, residing and
having a post office address at 10 Memory Lane, P.O. Box 347, La

Honda, California 94020, have made an invention in:
POWER EFFICIENT HIGH SPEED COMMUNICATION SYSTEMS AND METHODS

and am about to make application for United States
Letters Patent therefor, the same having been executed by me on
even date herewith; and

WHEREAS, Apple Inc., a corporation organized and
existing under the laws of California and having an office and
place of business at 1 Infinite Loop, Cupertino, CA 95014 is
desirous of acquiring the entire interest in said invention,
said United States patent application and in any Letters Patent
which may issue thereon:

NOW, THEREFORE, be it known that for and in
consideration of the sum of One Dollar ($1.00) paid to me, and
other good and valuable consideration, the receipt and
sufficiency of which is hereby acknowledged, I do hereby sell,
assign and transfer unto the said Apple Inc., its successors,
assigns and legal representatives, all right, title and interest
in and to said invention and any improvements thereon for all
_ countries of the world, and in and to said United States patent
application, including any continuations and divisions therecof,
and any substitute applications therefor, and any patents which
may issue thereon, and any reissues of the same, and including
the right to claim priority under the International Convention
based on said patent application; and all right, title and

interest in and to every patent application filed or to be filed
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on said invention in any other country, including renewals,
revivals, c¢ontinuations and divisions thereof, and any
substitute applications therefor, and any and all patents which
may issue thereon, and any reissues and extensions of the same:
and I hereby authorize and request competent authorities to
grant and issue any and all patents on said invention to the
said Apple Inc., as the assignee of the entire interest therein;
and I further agree to execute upon request of the assignee such
additional deocuments, if any, as are necessary and pxoper to
secure patent protection on said invention throughout all
countries of the world, and to otherwise give full effect to and
perfect the rights of the assignee under this Assignment.

IN TESTIMONY WHEREOF, I have hereunto signed my name

on the date indicated hereinafter.

[ 2 W 2057 P

Date Christopher D. McKillop
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PATENT APPLICATION SERIAL NO.

U.S. DEPARTMENT OF COMMERCE
PATENT AND TRADEMARK OFFICE
FEE RECORD SHEET

05/22/2007 CHGUYEN2 60090053 061075 11804339

01 FC:1011 300.00 DA
02 FC:iill 506.00 DA
03 FL:1311 200.00 DA
- 04 FCsie0l 200.00 DA
05 FCsl202 50.00 DA
PTO-1556 -
(5/87)

*U_S. Govemnment Printing Office: 2002- 489-267/69033
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PTO/SB/6 (02-07)

Approved for use through 02/28/2007. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Undor the Paperwork Reducbon Act of 1895, no persons are fequ«red 10 respond to a8 collection of information uniess it displays a valid OMB control number.

PATENT APPLICATION FEE DETERMINATION RECORD  Application or Docket Number
Substitute for Form PTO-875 1 / }7517" 2,59
APPLICATION AS FILED - PART | OTHERTHAN
(Column 1) {Column 2) SMALL ENTITY OR SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE ($) FEE (8) RATE (3) FEE ()
BASIC FEE :
(37 CFR 1.16{8). [0). or (¢} N/A NA N/A $1680 NA $300
SEARCH FEE
(37 CFR 1.18(k}. (1). of (m)) NA NA NA $250 NA $500
EXAMINATION FEE
(37 CFR 1 16(0). (p). o (a)) NA NIA NA $100 NA $200
TOTAL CLAIMS v
(37 CFR 1.18) 3__1 minus20 = | ° ! x$28 = OR | X $60 = S-O
INDEPENDENT CLAIMS .
(37 CFR 1.18(h}} L)"’ minug3 = | * ’ x$100 = x $200 = ZG-O
if the specification and drawings exceed 100 :
APPLICATION SIZE sheets of paper, the application size fee due
FEE is $250 ($125 for small entity) for each $128 $260
(37 CFR 1.16(s)} additional 50 sheets or fraction thereof. See ) ‘
35 U.S.C. 41(a)(1}(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16() +180 = +380 =
* If the difference in column 1 is less than zero, enter “0" in column 2. i 1, l, ﬁ OTAL TOTAL / 251—0
APPLICATION AS AMENDED -~ PART i ) ‘
. OR OTHER THAN
{Column 1) {Column2)  (Column 3) SMALL ENTITY SMALL ENTITY
CLAIMS HIGHEST
< REMAINING NUMBER PRESENT RATE ($) ADOI- RATE ($) ADDI-
_ AFTER PREVIOUSLY EXTRA TIONAL TIONAL
’i AMENDMENT PAID FOR FEE ($) FEE ($)
(1T} Total ¢ § Minus | *° = .
=S| wrcrr s x$28 = OR | x$60 =
O] Independent B -1 Minus. | *** =
5 (37 CFR 1.16h) _ x $100 = or | x $200 =
= | Application Size Fee (37 CFR 1.16(s)) $125 $250
<
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM {37 CFR 1.16(j)) +180 = OR +380 =
TOTAL . TOTAL
ADD'L FEE OR  ADD'LFEE
{Column 1) (Column2)  (Column 3)
CLAIMS HIGHEST - : .
fe) REMAINING NUMBER PRESENT RATE (8) ADDI- RATE (3) ADDI-
— AFTER PREVIOUSLY EXTRA TIONAL : TIONAL
zZ AMENDMENT PAID FOR FEE ($) FEE ($)
w - Total . Minus | ** =
S| wrcrriaem) X$28 = OR | X850 = .
O [Tindependent M Minus | *** =
LZU (37 CFR 1.16(n) x $100 = OrR | x $200 =
S | Application Size Fes (37 CFR 1.16(s)) $125 $250
< . o
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16()) +180 = OR +360 =
TOTAL OR TOTAL
ADD'L FEE ' ADD'L FEE
* If the entry in column 1 is less than the entry in column 2, write "0” in column 3.
** If the "Highest Number Previously Paid For” IN THIS SPACE is less than 20, enter “20".
*** If the “Highest Number Previously Paid For” IN THIS SPACE is less than 3, enter "3",
The *Highest Number Previously Paid For” (Total or Independent) is the highest number found in the appropriate box in column 1.

This collection of information is required by 37 CFR 1.16. The information is required to obtain or retain a benefit by the public which is to file (and by the
USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete,

indluding gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments
on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent
and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Commlssloner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the fdrin.':cafff 1-800-PTO-3199 and select option 2.
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PTO/SB/14{08-05)

Approved for use through 07/31/2006. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number

EV 930029634US
Attorney Docket Number |104677-0016-101 (P4696US1)

Application Number Not yet assigned

Application Data Sheet 37 CFR 1.76

Title of Invention |POWER EFFICIENT HIGH SPEED COMMUNICATION SYSTEMS AND METHODS

The application data sheet is part of the provisional or nonprovisional application for which it is being submitted. The following form contains the
bibliographic data arranged in a format specified by the United States Patent and Trademark Office as outlined in 37 CFR 1.76.

This document may be completed electronically and submitted to the Office in electronic format using the Electronic Filing System (EFS) or the
document may be printed and included in a paper filed application.

Secrecy Order 37 CFR 5.2

[] Portions or all of the application associated with this Application Data Sheet may fall under a Secrecy Order pursuant to
37 CFR 5.2 (Paper filers only. Applications that fall under Secrecy Order may not be filed electronically.)

Applicant Information:

Applicant 1
Applicant Authority [X Inventor | [] Legal Representative under 35 U.S.C. 117 [ Party of Interest under 35 U.S.C. 118

If applicant is not an inventor, indicate the authority to file for the patent on behalf of the inventor, the inventor is:

|

Prefix] Given Name Middle Name Family Name Suffix
Christopher D McKillop

Residence Information (Select One) [XJ USResidency [[] Non US Residency [ ] Active US Military Service

City |LaHonda State/Province |[CA Country of Residence ' [USA

Citizenship under 37 CFR 1.41 (b)' |USA
Mailing Address of Applicant:

Address 1 10 Memory Lane

Address 2 P.O. Box 347

City La Honda State/Province California
Postal Code 94020 Country ' |USA

If the representative for the inventor is an Organization check here. [

EFS Web 1.0.1

American LegalNat, Inc.
www.USCourtForms.com
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PTO/SB/14(08-05)
Approved for use through 07/31/2008, OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number

Correspondence Information:

EV 930029634US

Application Data Sheet 37 CFR 1.76

Attorney Docket Number |104677-0016-101 (P4696US1)

Application Number Not Yet Known

Title of Invention |POWER EFFICIENT HIGH SPEED COMMUNICATION SYSTEMS AND METHODS

Enter either Customer Number or complete the Correspondence Information section below.
For further information see 37 CFR 1.33(a).

[T An Address is being provided for the correspondence Information of this application.

Customer Number

63976

Email Address

Application Information:

Title of the Invention

POWER EFFICIENT HIGH SPEED COMMUNICATION SYSTEMS AND METHODS

Attorney Docket Number

104677-0016-101 (P4696US1)

Small Entity Status Claimed [

Application Type

Nonprovisional

Subject Matter

Utility

Suggested Class {(if any)

Sub Class (if any)

Suggested Technology Center (if any)

Total Number of Drawing

Sheets (if any) |4 (Formal)

Suggested Figure for Publication (if any)

Publication Information:

[J Request Early Publication (Fee required at time of Request 37 CFR 1.219)

after filing.

Request Not to Publish. | hereby request that the attached application not be published under 35 U.S.C. 122(b)
and certify that the invention disclosed in the attached application has not been and will not be the subject of an
O application filed in another country, or under a multilateral agreement, that requires publication at eighteen months

Representative Information:

Representative information should be provided for all practitioners having a power of attorney in the application. Providing
this information in the Application Data Sheet does not constitute a power of attorney in the application (see 37 CFR 1.32).

Enter either Customer Number or complete the Representative Name section below. If both sections
are completed the Customer Number will be used for the Representative Information during processing.

Please Select One: X customer Number [ us Patent Practitioner | [] US Representative (37 CFR 11.9)
Customer Number 63976
EFS Web 1.0.1

American LegalNet, inc.
www. USCourtForms.com
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PTO/SB/14(08-05)

Approved for use through 07/31/2006. OMB 0651-0032

" U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number

. EV 930029634US
Domestic Priority Information:
This section allows for the applicant to claim benefit under 35 U.S.C. 119(e), 120, 121, or 365(c). Providing this information in the

application data sheet constitutes the specific reference required by 35 U.S.C. 119(e) or 120, and 37 CFR 1.78(a)(2) or CFR 1.78(a)
(4), and need not otherwise be made part of the specification.

Prior Application Status

Application Number Continuity Type Prior Application Number Filing Date (YYYY-MM-DD)
This Application is a Non provisional of 60/878,854 2007-01-05
Application Data Sheet 37 CFR 1.76 Attorney Docket Number |104677-0016-101 (P4696US1)
' Application Number Not Yet Known

Title of Invention |POWER EFFICIENT HIGH SPEED COMMUNICATION SYSTEMS AND METHODS

Additional Domestic Priority Data may be generated within this form by selecting
the Add button.

Foreign Priority Information:

This section allows for the applicant to claim benefit of foreign priority and to identify any prior foreign application for which priority is
not claimed. Providing this information in the application data sheet constitutes the claim for priority as required by 35 U.S.C. 119(b)
and 37 CFR 1.55(a).

Application Number Country i Parent Filing Date (YYYY-MM-DD) Priority Claimed
[J Yes X No

Additional Foreign Priority Data may be generated within this form by selecting the
Add butten.

Assignee Information:

Providing this information in the application data sheet does not substitute for compliance with any requirement of part 3 of Title 37
of the CFR to have an assignment recorded in the Office.

Assignee 1
If the Assignee is an Organization check here. X
Prefix Given Name Middle Name Family Name Suffix

Mailing Address Information:

Address 1 Apple inc.

Address 2 1 Infinite Loop

City Cupertino State/Province CA
Country i |USA Postal Code 95014
Phone Number Fax Number

Email Address

Additional Assignee Data may be generated within this form by selecting the Add
button.

EFS Web 1.0.1

American LegalNet, Inc.
www.USCourtForms.com
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PTO/SB/14{08-05)

Approved for use through 07/31/2006. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB contro! number

EV 930029634US

A signature of the applicant or representative is required in accordance with 37 CFR 1.33 and 10.18. Please see 37
CFR 1.4(d) for the form of the §ignature.

Signature M ,\é g Date (YYY-MM-DD) [2007-05-18

First Name |Adam T Last Name |Kaplan Registration Number | 59,109
Application Number Not Yet Known

Title of Invention |POWER EFFICIENT HIGH SPEED COMMUNICATION SYSTEMS AND METHODS

This collection of information is required by 37 CFR 1.76. The information is required to obtain or retain a benefit by the public which
is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This
collection is estimated to take 23 minutes to complete, including gathering, preparing, and submitting the completed application data
sheet form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to
complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

EFS Web 1.0.1

American LegalNst, Inc.
www.USCourtForms.com
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DocCode - SCORE

SCORE Placeholder Sheet for IFW Content

Application Number: 11804359 Document Date: 05/18/2007

The presence of this form in the IFW record indicates that the following document type was received in paper
and is scanned and stored in the SCORE database.

e Drawings

Images of the original documents are scanned in gray scale or color and stored in SCORE. Bi-tonal images are
also stored in IFW. Defects visible in both IFW and SCORE are indicative of defects in the original paper
documents.

To access the documents in the SCORE database, refer to instructions developed by SIRA.

At the time of document entry (noted above):
e Examiners may access SCORE content via the eDAN interface.
e Other USPTO employees can bookmark the current SCORE URL (http://es/ScoreAccessWeb/).
e External customers may access SCORE content via the Public and Private PAIR interfaces.

Form Revision Date: December 8, 2006
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