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JOINT TO CORPORATE ASSIGNMENT
WHEREAS, the undersigned Inventors:

) Afshin Partovi ,
arcsident of  Sunnyvale, California ;and

2) Michael Sears
aresident of  Ben Lomond. California

have invented certain new and useful improvements set forth in SCHEDULE A:

WHEREAS MOJO MOBILITY, INC. (hereinafter termed "Assignee"), a corporation of the Statc of
California, having a place of business at 440 N, Wolfe Rd.. Sunnyvale, State of California 94085, wishes to
acquire the entire right, title and interest in and to said application(s) and the invention disclosed therein, and
in and to all embodiments of the invention, heretofore conceived. made or discovered jointly or severally by
said Inventors (all collectively hereinafter termed "said invention"), and m and to any and all patent
applications, patents, certificates of invention and other forms of protection thereon (hereinafier termed
"patents”) applied for or granted in the United States and/or other countrics.

NOW THEREFORE, for good and valuable consideration acknowledged by each of said Inventors
to have been received in full from said Assignee:

L Said Inventors do hereby sell, assign, transfer and convey unto said Assignee, the entire right,
title and interest (a) in and to said application(s) and said invention; (b) in and to all rights to apply in any and
all countries of the world for patent applications, patents, certificatcs of inventions or other governmental
grants on said invention, including the right to apply for patents pursuant to the International Convention [or
the Protection of Industrial Property or pursuant to any other convention, treaty, agreement or understanding;
(c) in and to any and all applications filed and any and all patents, certificates of inventions or other
governmental grants granted on said invention in the United States or any other country, including cach and
every application filed and each and every patent granted on any application which is a division, substitution,
or continuation of any of said applications; (d) in and to each and every reissue or extenston of any of said
patents; and (¢) in and to cach and every patent claim resulting from a reexamination certificate for any and
all of said patents.

2. Said Inventors hereby jointly and severally covenant and agree (o cooperate with said
Assignee to enable said Assignee to enjoy (o the fullest extent the right, title and intcrest herein conveyed in
the Uniied States and other countries. Such cooperation by said Inventors shall include prompt production
of pertinent facts and documents, giving of testimony, executing of petitions, oaths. specifications.
declarations or other papers, and other assistance all to the extent deemed necessary or desirable by said
Assignee (a) for perfecting in said Assignee the right, title and interest herein conveyed, (b) for complying
with any duty of disclosure; (c) for prosecuting any of said applications: (d) for filing and prosccuting
provisional, utility, substitute, divisional, continuing or additional applications covering said invention; ()
for filing and prosecuting applications for reissue of any of said patents; (f) for interference or other priority
proceedings involving said invention; and (g) for legal proceedings involving said invention and any
applications therefor and any patents granted thereon, including without limitation opposition proceedings,
cancellation proceedings, priority contests, public use proceedings, reexamination proceedings, compulsory
licensing proceedings, infringement actions, invalidity actions, and court actions; provided, however. that the
expense incurred by said Inventors in providing such cooperation shall be paid for by said Assignec.
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3 The terms and covenants of this Assignment shall inure to the benefit of said Assignee, its
successors, assigns and other legal representatives, and shall be binding upon said Inventors, their respective
heirs, legal representatives and assigns.

4, Said Inventors hereby jointly and scverally warrant and represent that they have not entered
and will not enter into any assignment. contract. or understanding in conflict herewith.

IN WITNESS WHEREOQF, the said Inventors have executed this instrument on the date as given
below and delivered this instrument to said Assignee:

oo FI ) .
[ /i/ fe} (1 _iH”hL ,‘/*- . /
Date ! Afshin Partovi .

% 3 ok 3 % ok 3k ok 3k % ok ok %k 3k 3k 3k 3k 3k %k 3k 3 2k 3k ok o ok 3 ok ok 3k ok ok o 3k ok ok ke sk ok ok sk ok ak ok ok ok 3k ok ok ok ok ke ok 3k kK Kk K

/ ,z-/;. o L (2) ) - )G c i //T'< -
Date / Michael Scars

ok b ok ok ok i e kK ok ok ok ok ok ok ook i ok ok ok sk sk ok o ok ok ok sk ok R ok ok ok sk ok ok 3l ok ok ok Kook ok ok K Sk koK Kok K R
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SCHEDULE A

Application No.

Filing Date

Title

QOur File No.

60/763,816

01/31/2006

PORTABLE INDUCTIVE POWER SOURCE

AFPA-01000US0

60/810,262

006/01/2006

MOBILE DEVICE, CHARGER, AND POWER
SUPPLY

AFPA-01001US0

11/757,067

06/01/2007

POWER SOURCE, CHARGING SYSTEM,
AND INDUCTIVE RECEIVER FOR MOBILE
DEVICES

AFPA-01001US]

60/810,298

06/01/2006

MOBILE DEVICE, BATTERY, CHARGING
SYSTEM, AND POWER SUPPLY SYSTEM

AFPA-01002US0

60/868,674

12/05/2006

SYSTEM AND METHOD FOR PROVIDING
AND USING A PORTABLE INDUCTIVE
POWER SOURCE

AFPA-01004U50

11/669,113

01/30/2007

INDUCTIVE POWER SOURCE AND
CHARGING SYSTEM

AIPA-01007US0

PCT/US2007/061406

01/31/2007

INDUCTIVE POWER SOURCE AND
CHARGING SYSTEM

AFPA-01007WO0

60/916,748

05/08/2007

SYSTEM AND METIIOD FOR CHARGING
AND POWERING MOBILE DEVICES
BATTERIES, AND OTHER DEVICES

AFPA-01008US0

60/952,835

07/30/2007

SYSTEM AND METHOD FOR INDUCTIVE
CHARGING OF PORTABLE DEVICES

AFPA-01009US0

61/012,922

12/12/2007

WIRELESS CHARGER WITH POSITION
INSENSITIVITY TO PLACEMENT OF
MOBILE DEVICI:S

AFPA-01010USO

61/012,924

12/12/2007

SYSTEM AND METHOD FOR PROVIDING
CONTROL, REGULATION, AND
COMMUNICATION IN

CHARGERS AND POWER SUPPLIES

AFPA-01011US0

61/015,606

12/20/2007

WIRELESS CHARGER WITIT POSITION
INSENSITIVITY TO PLACEMENT OI
MOBILE AND ELECTRONIC

DEVICES

AI'PA-01012US0

12/116,876

05/07/2008

SYSTEM AND MI:THOD FOR INDUCTIVE
CHARGING OF PORTABLE DEVICES

AFPA-01013US0

PCT/US2008/063084

05/08/2008

SYSTEM AND METIIOD FOR INDUCTIVE
CHARGING OF PORTABLE DEVICES

AFPA-01013WO0

61/043,027

04/07/2008

INDUCTIVE POWER SOURCE AND
CHARGING SYSTEM

AFPA-01019US0
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Electronic Patent Application Fee Transmittal

Application Number:

11757067

Filing Date:

01-Jun-2007

Title of Invention:

POWER SOURCE, CHARGING SYSTEM, AND INDUCTIVE RECEIVER FOR MOBILE

DEVICES

First Named Inventor/Applicant Name:

AFSHIN PARTOVI

Filer:

Karl Kenna/narissa besada

Attorney Docket Number:

AFPA-01001US1

Filed as Large Entity

Utility under 35 USC 111(a) Filing Fees

Description

Fee Code

Quantity

Amount

Sub-Total in
UsD($)

Basic Filing:

Pages:

Claims:

Miscellaneous-Filing:

Petition:

Patent-Appeals-and-Interference:

Post-Allowance-and-Post-Issuance:

Extension-of-Time:
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Description Fee Code Quantity Amount Suﬁ-;l's(tsa)l in
Miscellaneous:
Statutory disclaimer 1814 1 140 140
Total in USD ($) 140
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Electronic Acknowledgement Receipt
EFS ID: 8696802
Application Number: 11757067
International Application Number:
Confirmation Number: 2001
. . POWER SOURCE, CHARGING SYSTEM, AND INDUCTIVE RECEIVER FOR MOBILE
Title of Invention:
DEVICES
First Named Inventor/Applicant Name: AFSHIN PARTOVI
Customer Number: 23910
Filer: Karl Kenna/narissa besada
Filer Authorized By: Karl Kenna
Attorney Docket Number: AFPA-01001US1
Receipt Date: 25-0CT-2010
Filing Date: 01-JUN-2007
Time Stamp: 18:23:33
Application Type: Utility under 35 USC 111(a)
Payment information:
Submitted with Payment yes
Payment Type Deposit Account
Payment was successfully received in RAM $140
RAM confirmation Number 8521
Deposit Account 061325
Authorized User
The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:
Charge any Additional Fees required under 37 C.F.R. Section 1.21 (Miscellaneous fees and charges)
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File Listing:

Document .. . File Size(Bytes)/ Multi Pages
Document Description File Name ( y ) . . 9
Number Message Digest | Part/.zip| (ifappl.)
fpa_1001us1_SIGNED_T i 459644
1 Terminal Disclaimer Filed atpa_ Lf[S - _ermin no 1
alDisclaimer.pdf
3dbff1be58a4d93e143b3289bdbeb46698H
62a01
Warnings:
Information:
. . . 401485
5 Assignee showing of ownership per 37 | afpa_1001us1_SIGNED_Statem no 1
CFR 3.73(b). ent_373b.pdf
94df311f47236a472074f9081937ae241a40|
657
Warnings:
Information:
478467
. . afpa_1001us1_COPY_SIGNED_
3 Miscellaneous Incoming Letter . . no 3
JointAssignment.pdf
3aead6eOeb28cdc13cf52badd351c0d3c21
b730e
Warnings:
Information:
30303
4 Fee Worksheet (PTO-875) fee-info.pdf no 2
ee4aaed62b5719618aef8b90225b261449
bc75f
Warnings:
Information:
Total Files Size (in bytes):‘ 1369899

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR

1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application PATENT APPLICATION
First-named Inventor: Afshin Partovi
SC/Serial No.: 11/757,067 Art Unit: 2858
Confirm. No.: 2001 Examiner: Ramy Ramadan
Filed: June 1, 2007
Title: POWER SOURCE, CHARGING
SYSTEM, AND INDUCTIVE Customer No. 23910
RECEIVER FOR MOBILE
DEVICES

REPLY TO OFFICE ACTION UNDER 37 C.F.R. §1.111

Mail Stop AMENDMENT
Commissioner for Patents
P.O. Box 2152

Alexandria, VA 22313-1450

Sir:
This REPLY is in response to the Office Action mailed May 10, 2010.

Amendments
Please amend the above-identified application as follows:
Amendments to the Claims begin on Page 2.

Remarks begin on Page 10.

Attorney Docket No.: AFPA-01001US1
kfk\wp\afpa\afpa_1001us1_reply_051010_oa.doc
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Application No.: 11/757,067
Reply to Office Action dated: May 10, 2010
Reply dated: August 31, 2010

In the Claims:
Please amend Claims 1, 20, 23 and 24; cancel Claims 3, 4, 10, 27 and 30; and add new
Claims 31-36, all as shown below. Applicant respectfully reserves the right to prosecute any

originally presented or canceled claims in a continuing or future application.

1. (Currently Amended) A charger system for use with a mobile, electronic, or other device
and/or battery, battery door, or skin for use with the device, for charging and/or powering the device
and/or battery inductively, comprising:
a base unit having a surface, and comprising a plurality of primary coils arranged behind
and parallel to the surface,
wherein each of the primary coils [[are]] is positioned within the base unit, and

wherein each of the primary coils is associated with a switching circuit in the base

unit, which switching circuit is capable of being selectively switched to activate its

associated primary coil so that, when an electrical current is passed through that activated

primary coil, a magnetic field is generated in-a-direstion by that activated primary coil in a

direction substantially perpendicular to the surface of the base unit, and

wherein the base unit and/or switching circuit includes a capacitive or other

component that decreases harmonics in that activated primary coil;

a power supply for passing a current through the primary coils when activated, to generate
the magnetic field in a direction substantially perpendicular to the plane of the primary coils;

a communications interface that the base unit, and the mobile, [[or]] electronic, or other
device and/or battery, andforskin—or battery door preximate-thereto, or skin for use with the device,

use to communicate with one another during powering or charging, to

poll each of the coils, or receive a signal from a sensor associated therewith, to
verify the presence of the mobile [[or]], electronic, or other device and/or battery, battery
door, [[and/]] or skin erbattery-doorplased for use with the device placed upon or ¢lose to
the surface of the base unit,

select, based on the polling or sensing, from within the plurality of primary coils, and
selectively switch, using their associated switching circuits to activate, those one or more
primary coils which are determined to be in-general-alignment most closely aligned with a
receiver coil at the mobile, electronic, or other device and/or battery, battery door, [[and]] or
skin erbattery-deer for use with the device, and

periodically thereafter exchange information to provide power transfer to the device

and/or battery, including device and/or battery charging or power status or presence; and

-2-
Attorney Docket No.: AFPA-01001US1
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Application No.: 11/757,067
Reply to Office Action dated: May 10, 2010
Reply dated: August 31, 2010

wherein the substantially perpendicular magnetic field is used to inductively generate a

current in the receiver coil within or on the mobile, [[or]] electronic, or other device and/or battery,

andforskinor battery door, or skin for use with the device placed upon the activated primary coil of
the base unit, to charge or power the mobile—or-elestronis; device and/or battery, and

wherein the base unit, and receiver coil or circuitry associated therewith, use-the-exchanged
use current modulation performed by the receiver coil or its circuitry, to provide an indication that
information-to-determineand-o is then used by the base unit to

determine and regulate one or more of output voltage, current, or power provided by

the base unit to the device and/or battery to be within the range of one or more of a value of
a required voltage, current, or other power parameter for the devise;skin mobile, electronic,

or other device and/or battery, [[or]] battery door, andierte or skin for use with the device,

and/or

verify the continued presence of the receiver coil near the base unit.

2. (Previously Presented) The system of claim 1, wherein one or more of the primary and
receiver coils are manufactured by one of printed circuit boards or by etching, stamping or forming
copper or other conductive material, and wherein the one or more primary coils are formed of one

or more wires arranged in a generally circular or spiral shape.
3-4. (Canceled).

5. (Previously Presented) The system of claim 1, wherein the base unit is formed in the shape
of a pad and wherein one or multiple primary coils are distributed within layers of coils within the
pad.

6. (Previously Presented) The system of claim 5, wherein the multiple primary coils are allowed
to move within a degree of freedom within their plane to more closely align the primary coil with the
receiver coil of the mobile, or electronic device and/or battery and/or skin or battery door for use
with the device.

7. (Previously Presented) The system of claim 1, further comprising a data storage component
for storage of data, for subsequent transmission of data to or from the mobile, or electronic device
and/or battery and/or skin or battery door for use with the device.

-3
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Application No.: 11/757,067
Reply to Office Action dated: May 10, 2010
Reply dated: August 31, 2010

8. (Previously Presented) The system of claim 1, wherein the base unit is integrated into a
charging kiosk, clothing, bag, briefcase, backpack, skin or case for occasional charging of mobile,
electronic, or other devices and/or a battery and/or skin for use with the device, and/or includes a
surface or skin or layer that is interchangeable to allow customization of the base unit or to add

additional functionality.

9. (Previously Presented) The system of claim 1, wherein one or more of the primary coils are

stacked atop one another to increase transfer efficiency.

10. (Canceled).

11. (Previously Presented) The system of claim 1, wherein the base unit is formed in the shape
of a curved surface, cup, bowl, or other container, and wherein mobile, electronic, or other devices
and/or battery and/or skin for use with the device can be placed on the curved surface to be
charged or powered inductively;

and/or wherein the curved surface in the base unit matches the battery door, handle, case,

or skin of a mobile or electronic device and/or a battery to allow optimum power transfer.

12. (Original) The system of claim 1, wherein a plurality of modular base units can be

interconnected to form a larger single base unit.

13-19. (Canceled).

20. (Currently Amended) A system for simultaneously charging or powering a plurality of mobile,
electronic, or other device and/or battery or skin for use with the device, comprising:
a base unit having a surface and comprising
a plurality of primary coils arranged behind and parallel to the surface, wherein each

of the primary coils are positioned within the base unit and include a switching circuit that is

capable of being selectively switched or activated by a switch in the base unit associated

with that coil so that, when an electrical current is passed through an activated that primary
coil, a magnetic field is generated in a direction substantially perpendicular to the surface of
the base unit,

one or more capacitive or other components that decreases harmonics in the

activated primary coil,

4-
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Application No.: 11/757,067
Reply to Office Action dated: May 10, 2010
Reply dated: August 31, 2010

a power supply for passing a current through the primary coils to generate magnetic
fields for each coil in a direction substantially perpendicular to the plane of the primary coils,
one or more aligning magnets within the base unit, which are oriented so that their
magnetic field is perpendicular to the surface of the base unit, that encourage the general
alignment of the primary coil with the receiver coil using corresponding magnets at the
receiver coil, mobile, or electronic device and/or battery, and/or skin or battery door for use
with the device, and
a plurality of mobile, or electronic devices and/or battery, and/or skin or battery door for use
with the device, capable of inductive powering or charging, each mobile, or electronic device or
battery, each of which comprising
a battery for powering a mobile, or electronic device, and
areceiver that is one of attached to, incorporated within, or coupled to the mobile, or
electronic device or the battery, wherein the receiver comprises a receiver coil;
wherein the substantially perpendicular magnetic fields are used to inductively generate a
current in the plurality of the receiver coils within one or more of the mobile, or electronic device
and/or battery and/or skin or battery door for use with the device, proximate the base unit, to charge
or power the mobile, or electronic device and/or battery and/or skin, including
polling each of the coils, or receiving a signal from a sensor associated therewith, to
verify the presence of the mobile, or electronic device and/or battery placed upon the
surface of the base unit,
selecting, based on the polling or sensing, from the plurality of primary coils, and

selectively switch, using their associated switching circuits to activate, astivating those

primary coils which are determined to be in general alignment with a receiver coil at the
device and/or battery, and

periodically thereafter use current modulation performed by the receiver coil or its

circuitry, to provide an indication, or otherwise exchanging information, including device

and/or battery charging status or presence, to provide power transfer to the device and/or

battery; and

a regulator that regulates one or more of output voltage, current, or power provided by the
receiver to a mobile, or electronic device and/or battery and/or skin or battery door for use with the
device, proximate the base unit, to be within the range of one or more of a value of voltage, current,

or other power parameter for the mobile device and/or battery, and/or to modify the duty cycle,

frequency or input voltage of the base unit or charger switching circuit therein to modify the output

voltage and/or current to the device and/or battery or a charger circuit for the battery.

-5
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Reply dated: August 31, 2010

21. (Previously Presented) The system of claim 1, wherein the coil in the base unit and the
receiver are substantially aligned using a mechanical, magnetic, or optical method of alignment to

provide optimum power transfer.

22. (Previously Presented) The system of claim 1, wherein the base unit has an angled or
vertical surface to allow better placement of the mobile, or electronic device and/or battery and/or
skin or battery door for use with the device, to be charged and/or wherein the base unit can be

attached or mounted at an angle or vertically.

23. (Currently Amended) The system of claim 1, wherein the base unit is made entirely-or at
least partially of material that is flexible and/or can be folded, bent or rolled up to allow portability or

conformity to a surface.

24. (Currently Amended) The system of claim 1, wherein the base unit is powered conductively
or inductively by an internal battery or a solar cell or fuel cell or mechanical power or AC or DC

power or a car or other transportation vehicle, or an electrical or mobile device, another electronic

device including being powered through a USB outlet or an other electronic device or a combination

of the above.

25. (Previously Presented) The system of claim 1, wherein the receiver coil is integrated with an
after-market or field-replaceable unit or battery pack or where the receiver coil is integrated into a
plastic, leather, silicone, cloth or other material cover or door for the mobile, or electronic device
and/or battery and/or skin for the device, and plugs into or makes contact with power connections

on the mobile, or electronic device and/or battery.

26. (Previously Presented) The system of claim 1, wherein the receiver coil is integrated with an
after-market or field-replaceable unit or battery pack or wherein the receiver coil is provided as a
replacement battery compartment door or battery attachment or device skin unit which includes the

receiver coil.
27. (Canceled).

28. (Previously Presented) The system of claim 1, wherein the base unit, and the mobile, or

electronic device and/or battery and/or skin or battery door proximate thereto to communicate with

8-
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Application No.: 11/757,067
Reply to Office Action dated: May 10, 2010
Reply dated: August 31, 2010

one another including the use of RFID or other Radio Frequency or optical communication that

identifies the base unit, and the mobile or electronic device and/or battery or skin.

29. (Previously Presented) The system of claim 1, wherein the charger system includes one ora
plurality of LED’s and/or audio signals that identify charging occurring or which of the plurality of

primary coils are currently activated.
30. (Canceled).

31. (New) A charger system for use with a mobile, electronic, or other device and/or battery,
battery door, or skin for use with the device, for charging and/or powering the device and/or battery
inductively, comprising:
a base unit having a surface, and comprising one or more primary coils,
wherein each of the coils is positioned within the base unit, and
wherein each of the coils is associated with a switching circuit in the base unit, which
switching circuit is capable of being selectively switched to activate its associated primary
coil so that, when an electrical current is passed through that activated primary coil, a
magnetic field is generated by that activated primary coil in a direction substantially
perpendicular to the surface of the base unit;
a power supply for passing a current through the primary coil when activated, to generate
the magnetic field in a direction substantially perpendicular to the plane of the primary coil;
wherein the base unit, and the mobile, electronic, or other device and/or battery, battery
door, or skin for use with the device, communicate with one another during powering or charging, to
poll the one or more primary coils, or receive a signal from a sensor associated
therewith, to verify the presence of the mobile, electronic, or other device and/or battery,
battery door, or skin for use with the device placed upon the surface of the base unit,
select, based on the polling or sensing, from within the one or more primary coils,
and selectively switch, using their associated switching circuits to activate, that one or more
primary coils which is determined to be most closely aligned with a receiver coil at the
mobile, electronic, or other device and/or battery, battery door, or skin for use with the
device, and
periodically thereafter exchange information to provide power transfer to the device
and/or battery, including device and/or battery charging or power status or presence; and
wherein the base unit, and receiver coil or circuitry associated therewith, provide an
7
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Reply dated: August 31, 2010

indication that is then used by the base unit to determine the presence of a receiver or one or more
of output voltage, current, or power provided by the base unit to the device and/or battery to be
within the range of one or more of a value of a required voltage, current, or other power parameter

for the mobile, electronic, or other device and/or battery, battery door, or skin for use with the

device.

32. (New) The charger system of claim 31, wherein the system includes a plurality of primary
coils.

33. (New) The charger system of claim 31, wherein the indication provided by the receiver coil

or circuitry associated therewith is provided by current modulation.

34. (New) A method of using a charger system for use with a mobile, electronic, or other device
and/or battery, battery door, or skin for use with the device, for charging and/or powering the device
and/or battery inductively, comprising the steps of:
providing a base unit having a surface, and comprising one or more primary coils,
wherein each of the primary coils is positioned within the base unit, and
wherein each of the primary coils is associated with a switching circuit in the base
unit, which switching circuit is capable of being selectively switched to activate its
associated primary coil so that, when an electrical current is passed through that activated
primary coil, a magnetic field is generated by that activated primary coil in a direction
substantially perpendicular to the surface of the base unit;
passing a current through the one or more primary coils when activated, to generate the
magnetic field in a direction substantially perpendicular to the plane of the primary caoils;
wherein the base unit, and the mobile, electronic, or other device and/or battery, battery
door, or skin for use with the device, communicate with one another during powering or charging, to
poll the one or more primary coils, or receive a signal from a sensor associated
therewith, to verify the presence of the mobile, electronic, or other device and/or battery,
battery door, or skin for use with the device placed upon the surface of the base unit,
select, based on the polling or sensing, from within the one or more primary coils,
and selectively switch, using their associated switching circuits to activate, that one or more
primary coil which is determined to be most closely aligned with a receiver coil at the
mobile, electronic, or other device and/or battery, battery door, or skin for use with the
device, and
8
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periodically thereafter exchange information to provide power transfer to the device

and/or battery, including device and/or battery charging status or presence; and
wherein the base unit, and receiver coil or circuitry associated therewith, provide an
indication that is then used by the base unit to determine the presence of a receiver or one or more
of output voltage, current, or power provided by the base unit to the device and/or battery to be
within the range of one or more of a value of a required voltage, current, or other power parameter

for the mobile, electronic, or other device and/or battery, battery door, or skin for use with the

device.
35. (New) The method of claim 34, wherein the system includes a plurality of primary coils.
36. (New) The method of claim 34, wherein the indication provided by the receiver coil or

circuitry associated therewith is provided by current modulation.
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Remarks
This REPLY is in response to the Office Action mailed May 10, 2010.

1. Applicant’s Interview Summary

Applicant thanks Examiner Ramadan for the courtesy of a telephone interview with Karl
Kenna on June 3, 2010, during the course of which interview the participants generally discussed
the pending claims and the cited references, as set forth in full in the Examiner's Interview
Summary mailed June 9, 2010; and a telephone interview with Karl Kenna on July 19, 2010, during
which the participants further discussed amending the claims to better distinguish the embodiments
recited therein. No agreement was reached between the parties. Applicant indicated they would

file the present Reply in due course.

Il Summary of Examiner’s Rejections
Prior to the Office Action mailed May 10, 2010, Claims 1-12 and 20-30 were pending in the

Application. In the Office Action, Claim 30 was objected to for various informalities. Claims 1-7, 9-
12, 28 and 30 were rejected under 35 U.S.C. 103(a) as being unpatentable over Hui (U.S. Patent
Publication No. 2005/0189910) in view of Lyon (U.S. Patent Publication No. 2004/0145342). Claim
8 was rejected under 35 U.S.C. 103(a) as being unpatentable over Hui in view of Lyon, and further
in view of Shneidman (U.S. Patent Publication No. 2006/0038794). Claim 29 was rejected under 35
U.S.C. 103(a) as being unpatentable over Hui in view of Lyon, and further in view of Kagermeler et
al. (U.S. Patent Publication No. 2006/0108977, hereinafter Kagermeler). Claims 20, 21, 22 and 24-
27 were rejected under 35 U.S.C. 103(a) as being unpatentable over Hui in view of Lyon, and
further in view of Sabo (U.S. Patent No. 6,803,744). Claim 23 was rejected under 35 U.S.C. 103(a)
as being unpatentable over Hui in view of Lyon, further in view of Sabo, and further in view of
Dayan et al. (U.S. Patent No. 7,399,202, hereinafter Dayan).

L. Summary of Applicant’s Amendment

The present Reply amends Claims 1, 20, 23 and 24; cancels Claim 3, 4, 10, 27 and 30; and
adds new Claims 31-36, leaving for the Examiner’s present consideration Claims 1, 2, 5-9, 11, 12,
20-26, 28, 29 and 31-36.

Iv. Objections to the Claims

In the Office Action mailed May 10, 2010, Claim 30 was objected to for various informalities.

Accordingly, Claim 30 has been canceled, rendering moot the rejection of this claim.

-10-
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V. Claim Rejections under 35 U.S.C. 103(a)
In the Office Action mailed May 10, Claims 1-7, 9-12, 28 and 30 were rejected under 35

U.S.C. 103(a) as being unpatentable over Hui (U.S. Patent Publication No. 2005/0189910) in view
of Lyon (U.S. Patent Publication No. 2004/0145342). Claim 8 was rejected under 35 U.S.C. 103(a)
as being unpatentable over Hui in view of Lyon, and further in view of Shneidman (U.S. Patent
Publication No. 2006/0038794). Claim 29 was rejected under 35 U.S.C. 103(a) as being
unpatentable over Hui in view of Lyon, and further in view of Kagermeler (U.S. Patent Publication
No. 2006/0108977). Claims 20, 21, 22 and 24-27 were rejected under 35 U.S.C. 103(a) as being
unpatentable over Hui in view of Lyon, and further in view of Sabo (U.S. Patent No. 6,803,744).
Claim 23 was rejected under 35 U.S.C. 103(a) as being unpatentable over Hui in view of Lyon,
further in view of Sabo, and further in view of Dayan (U.S. Patent No. 7,399,202).

Claims 1 and 20

Claim 1 has been amended to recite:

1. (Currently Amended) A charger system for use with a mobile, electronic, or other
device and/or battery, battery door, or skin for use with the device, for charging and/or
powering the device and/or battery inductively, comprising:

a base unit having a surface, and comprising a plurality of primary coils arranged
behind and parallel to the surface,

wherein each of the primary coils is positioned within the base unit, and

wherein each of the primary coils is associated with a switching circuit in
the base unit, which switching circuit is capable of being selectively switched to
activate its associated primary coil so that, when an electrical current is passed
through that activated primary coil, a magnetic field is generated by that activated
primary coil in a direction substantially perpendicular to the surface of the base
unit, and

wherein the base unit and/or switching circuit includes a capacitive or
other component that decreases harmonics in that activated primary coil;

a power supply for passing a current through the primary coils when activated, to
generate the magnetic field in a direction substantially perpendicular to the plane of the
primary coils;

a communications interface that the base unit, and the mobile, electronic, or
other device and/or battery, battery door, or skin for use with the device, use to
communicate with one another during powering or charging, to

poll each of the cails, or receive a signal from a sensor associated
therewith, to verify the presence of the mobile, electronic, or other device and/or

A1-
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battery, battery door, or skin for use with the device placed upon or close to the
surface of the base unit,

select, based on the polling or sensing, from within the plurality of primary
coils, and selectively switch, using their associated switching circuits to activate,
those one or more primary coils which are determined to be most closely aligned
with a receiver coil at the mobile, electronic, or other device and/or battery,
battery door, or skin for use with the device, and

periodically thereafter exchange information to provide power transfer to
the device and/or battery, including device and/or battery charging or power
status or presence; and

wherein the substantially perpendicular magnetic field is used to
inductively generate a current in the receiver coil within or on the mobile,
electronic, or other device and/or battery, battery door, or skin for use with the
device placed upon the activated primary coil of the base unit, to charge or power
the device and/or battery, and
wherein the base unit, and receiver coil or circuitry associated therewith, use

current modulation performed by the receiver coil or its circuitry, to provide an indication
that is then used by the base unit to

determine and regulate one or more of output voltage, current, or power
provided by the base unit to the device and/or battery to be within the range of
one or more of a value of a required voltage, current, or other power parameter
for the mobile, electronic, or other device and/or battery, battery door, or skin for
use with the device, and/or

verify the continued presence of the receiver coil near the base unit.

Hui discloses a planar inductive battery charging system designed to enable electronic

devices to be recharged. The system includes a planar charging module having a charging surface

on which a device to be recharged is placed. Within the charging module and parallel to the

charging surface is at least one and preferably an array of primary windings that couple energy

inductively to a secondary winding formed in the device to be recharged. The [invention therein]

also provides secondary modules that allow the system to be used with conventional electronic

devices not formed with secondary windings. (Abstract). [Ilnside each secondary charging module

200 are atleast one secondary winding 204 and charger circuitry 205 that receives the induced AC

voltage in the secondary winding and provides a regulated DC output voltage for the charging

purpose. (Paragraph [0106]). [In an embodiment that uses zones] the parallel primary transformer

winding groups for Zones A and B are loaded because they can sense a nearby secondary winding

-12-
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circuit in the portable electronic equipment. Therefore, they will generate magnetic flux in Zones A
and B. Primary transformer windings C and D are not loaded because they have no secondary
transformer circuit close to them and their equivalent secondary circuits are simply an open-circuit.
As a result, power transfer between the primary charger circuit and the secondary windings inside
the portable electronic equipment takes place basically through the coupled regions (areas) of the
charging interface surface covered by the portable electronic equipment. The non-covered area of
the charging surface will transfer virtually no energy. (Paragraph [0079]).

Lyon discloses a method and apparatus for adaptive inductive charging of a device.
Charging includes detecting the presence of a device capable of receiving an inductive charge,
determining a set of parameters for inductively charging the device, and transmitting an inductive
charge corresponding to the set of parameters for charging the device. Another aspect of charging
includes combining at least two inductive fields transmitted at different angles to each other,
delivering the combined inductive field at an orientation to the device, measuring the load on the
device to determine the effectiveness of the orientation of the inductive field when charging the
device, and charging the device at the orientation of the inductive field when the measured load on
the device exceeds a threshold load level. (Abstract). [IJnductor control 222 specifies the amount of
power delivered to each of the two or more inductor coils used to generate magnetic fields for
charging. Vector operations are calculated and used by inductor control 222 to combine the
various fields provided by individual inductors 210 through 212 when charging the various devices
on inductive charger 106. (Paragraph [0020]). [V]ariable frequency resonant inverter for multiple
inductors, hereinafter inverter 206, senses input voltage changes over power source 208 and
controls switching frequency of the inverter to provide a relatively constant power over inductors
210 through 212. Input frequency control 214 maintains an input frequency to inverter 206 as
needed by the particular device and above the resonant frequency of the circuit. (Paragraph
[0019)).

In the Office Action, it was asserted that Hui, in view of Lyon, discloses the elements of
Claim 1 as presented. However, Applicant respectfully submits that, based on the above
description, Hui appears to disclose that, in those embodiments which use zones, those zones that
have no secondary transformer circuit close to them are not loaded, act as open-circuits, and as
such transfer virtually no energy. This appears to indicate that, in Hui, each zone remains “on” at all
times, and that the power transfer is passive and achieved by the design of the circuit through the
zone becoming loaded and drawing current. Although this approach apparently allows less energy
to be transferred when a zone is not loaded, Applicant respectfully submits that neither Hui nor
Lyon appears to disclose or render obvious the use of switching circuits in the base unit, which are

13-
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capable of being actively selected, upon detecting a secondary coil, to activate a primary coil
associated therewith.

Furthermore, Applicant respectfully submits that, based on the above description, although
Lyon appears to disclose the use of a variable frequency resonant inverter that senses input voltage
changes over the power source, and controls switching frequency of the inverter to provide a
relatively constant power over inductors, this appears to describe a means of ensuring a constant
voltage is provided to the inductors within the base unit, not to providing an appropriate voltage to
the receiver.

However, in accordance with those embodiments (such as Claim 20) which modify the
frequency of the charging circuit, the change of frequency is used to vary the output power or
voltage in a corresponding secondary associated with the battery or device. Applicant respectfully
submits that these features are neither disclosed by, nor obvious in view of the cited references.

To more clearly recite the embodiment therein, Claim 1 has been amended as shown above
to recite that, in accordance with the embodiment therein, each of the primary coils is positioned
within the base unit, wherein each of the primary coils is associated with a switching circuit in the
base unit, which switching circuit is capable of being selectively switched to activate its associated
primary coil so that, when an electrical current is passed through that activated primary coil, a
magnetic field is generated by that activated primary coil in a direction substantially perpendicular to
the surface of the base unit.

Claim 1 has been further amended to recite that that, in accordance with the embodiment
therein, the base unit polls each of the coils, or receives a signal from a sensor associated
therewith, to verify the presence of the mobile, electronic, or other device and/or battery, battery
door, or skin for use with the device placed upon or close to the surface of the base unit, selects
based on the polling or sensing, from within the plurality of primary coils, and selectively switches
using their associated switching circuits to activate, those one or more primary coils which are
determined to be most closely aligned with a receiver coil at the mobile, electronic, or other device
and/or battery, battery door, or skin for use with the device.

Claim 1 has also been amended to recite that, in accordance with the embodiment therein,
the base unit and/or switching circuit includes a capacitive or other component that decreases
harmonics in the activated primary coil; and that the base unit, and receiver coil or circuitry
associated therewith, uses current modulation performed by the receiver coil or its circuitry, to
provide an indication that is then used by the base unit to determine and regulate one or more of
output voltage, current, or power provided by the base unit to the device and/or battery to be within
the range of one or more of a value of a required voltage, current, or other power parameter for the

14-
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mobile, electronic, or other device and/or battery, battery door, or skin for use with the device,
and/or verify the continued presence of the receiver coil near the base unit.

Claim 20 has also been amended, as shown above, to more clearly recite the embodiment
therein. In view of the above remarks, Applicant respectfully submits that Claims 1 and 20, as
currently amended, are neither anticipated by, nor obvious in view of the cited references, when

considered alone or in combination. Reconsideration thereof is respectfully requested.

Claims 2-12, 21-26 and 28-30

Claims 3, 4, 10, 27 and 30 have been canceled, rendering moot the rejection of these
claims. Claims 2, 5-9, 11, 12, 21-26, 28 and 29 depend from and include all of the features of
Claim 1. These claims are not addressed separately herein; however, Applicant respectfully
submits that these claims are allowable at least as depending from an allowable independent claim,
and further in view of the amendments to the independent claims, and the remarks provided above.

Reconsideration thereof is respectfully requested.

VL. Additional Amendments

Claims 31-36 have been newly added by the present Reply. Subject to the approval of the
Examiner, Applicant respectfully requests that new Claims 31-36 be included in the application and

considered therewith.

VII. Reguest for Interview

In the event the above remarks fail to place the case in condition for allowance, Applicant
respectfully requests the opportunity to interview with the Examiner at his convenience, and prior to

the issuance of a subsequent Office Action, to assist in expediting prosecution.

VIIl. Conclusion

In view of the above amendments and remarks, it is respectfully submitted that all of the
claims now pending in the subject patent application should be allowable, and reconsideration
thereof is respectfully requested. The Examiner is respectfully requested to telephone the

undersigned if he can assist in any way in expediting issuance of a patent.

15-
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The Commissioner is authorized to charge any underpayment or credit any overpayment to
Deposit Account No. 06-1325 for any matter in connection with this response, including any fee for
extension of time, which may be required.

Respectfully submitted,

Date: August 31, 2010 By: /Karl Kenna/
Karl Kenna
Reg. No. 45,445

Customer No.: 23910
FLIESLER MEYER LLP

650 California Street, 14" Floor
San Francisco, California 94108
Telephone: (415) 362-3800
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application PATENT APPLICATION
Inventor(s): Afshin Partovi
Appl. No.: 11/757,067 Art Unit: 2115
Confirm. No.: 2001 Examiner: Ramy O. Ramadan
Filed: 06/01/2007
Title: POWER SOURCE CHARGING Customer No. 23910

SYSTEM AND INDUCTIVE

RECEIVER FOR MOBILE

DEVICES

TRANSMITTAL LETTER RE INFORMATION DISCLOSURE STATEMENT
UNDER 37 C.F.R. §1.56

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

Sir:

It is requested that the information identified in this statement be considered by the Examiner and
made of record in the above-identified application. This statement is not intended to represent that a search
has been made or that the information cited in the statement is, or is considered to be, material to
patentability as defined in 37 C.F.R. §1.56. If this is a continuation, divisional or continuation-in-part
application, it is understood that the Examiner will consider all information which was considered by the
Office in a parent application. MPEP §609. Such information therefore is not listed herein unless it is desired
that the information be printed on a patent issuing from the subject application.

Enclosed with this statement are the following:

_v Form PTO-1449. The Examiner is requested to initial the form and return it to the undersigned in
accordance with M.P.E.P. §609.

v Asallowed under 37 C.F.R § 1.98(a)(2)(ii), no copies of the U.S. patents and U.S. patent application
publications are enclosed, unless required by the office.

As allowed under 37 CFR §1.98(d), copies of cited documents noted with an asterisk are not
enclosed because they were previously submitted in U.S. Patent ApplicationNo.  / , which
is relied on for an earlier effective filing date under 35 USC §120, and which included an
Information Disclosure Statement that complies with 37 CFR §1.98(a) through (c).

A copy of an International Search Report dated for Application No. .
A copy of an International Preliminary Examination Report dated for Application No.

If any of the cited/submitted documents is in a foreign language, a concise explanation of relevance
is provided pursuant to 37 C.F.R. §1.98(a)(3)(i). For foreign language documents cited in a search

U.S. Patent Application No. 11/757,067 -1-
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report by a foreign patent office, the requirement for a concise explanation of relevance is satisfied
by the submission herewith of an English language version of the search report. MPEP §609A(3).
If a written English-language translation of a non-English language document, or portion thereof,
is within the possession, custody or control of, or is readily available to any individual designated
in §1.56(c), a copy of the translation accompanies this statement, 37 C.F.R. §1.98(a)(3)(ii), and
satisfies the requirement for a concise explanation of relevance, MPEP §609A(3).

This statement should be considered because:
37 C.F.R. §1.97(b). This statement qualifies under 37 C.F.R. §1.97, subsection (b) because:

e It is being filed within three months of the filing date of an application other than
a continued prosecution application under § 1.53(d);

—OR -

(2) It is being filed within 3 months of entry of a national stage;
—-OR -

(3) It is being filed before the mailing date of the first Office Action on the merits,
—OR -

@) It is being filed before the mailing date of the first Office Action after the filing of
a Request for Continued Examination under 37 C.F.R. §1.114.

v 37 C.F.R. §1.97(c). Although it may not qualify under subsection (b), this statement
qualifies under 37 C.F.R. §1.97, subsection (c) because:

¢y It is being filed before the mailing date of a FINAL Office Action, a Notice of
Allowance, or an action that otherwise closes prosecution in the subject application,
whichever occurs first.
-- AND (check at least one of the following) --
- (a) It is accompanied by a STATEMENT as set forth in 37 C.F.R. §1.97(e).
—-OR --
v (b) It is accompanied by the $180 fee set forth in 37 C.F.R. §1.17(p).
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37 C.F.R. §1.97(d). Although it may not qualify under subsection (b) or (c), this statement
qualifies under 37 C.F.R. §1.97, subsection (d) because:

ey It is being filed on or before payment of the Issue Fee;
— AND --

(2) It is accompanied by a STATEMENT as set forth in 37 C.F.R. §1.97(e);
-~ AND --

3) It is accompanied by the $180 fee set forth in 37 C.F.R. §1.17(p).

PTA Statement under 37 C.F.R. §1.704(d). Each item of information contained in the Information
Disclosure Statement was cited in a communication from a foreign patent office in a counterpart
application and this communication was not received by any individual designated in §1.56(¢) more
than thirty days prior to the filing of the Information Disclosure Statement.

37C.F.R. §1.97(e)(1). THE UNDERSIGNED ATTORNEY HEREBY STATES THAT each item
ofinformation contained in this /nformation Disclosure Statement was first cited in a communication
from a foreign patent office in a counterpart foreign application not more than three months prior
to the filing of this Information Disclosure Statement; or

37 C.FR. §1.97(e)(2). THE UNDERSIGNED ATTORNEY HEREBY STATES THAT no item of
information contained in this Information Disclosure Statement was cited in a communication from

a foreign patent office in a counterpart foreign application and, to the knowledge of the person

signing this statement after making reasonable inquiry, no item of information contained in this

Information Disclosure Statement was known to any individual designated in §1.56(c) more than

three months prior to the filing of this statement.

v Fee Authorization. The Commissioner is hereby authorized to charge any deficiencies or credit any
overpayment to Deposit Account No. 06-1325.
Respectfully submitted,

FLIESLER MEYER LLP

Date:  August 31, 2010 By: /Karl F. Kenna/
Karl F. Kenna
Reg. No. 45445

Customer No. 23910

FLIESLER MEYER LLP

650 California Street, 14th Floor
San Francisco, California 94108
Telephone: (415) 362-3800

U.S. Patent Application No. 11/757,067 -3-
Attorney Docket No.: AFPA-01001US1 104.001:012507
kfk/afpa/1001us1/IDS 083110.wpd 08/31/10-16:28

Page 556 of 1081



Form PTO-1449 U.S. DEPARTMENT OF COMMERCE Attorney Docket Number Application/Patent Number
(Substitute) PATENT AND TRADEMARK OFFICE | AEPA0100IUSI 11/757,067
Applicant/Patent O wner
Information Disclosure Statement Afshin Partovi
BY APPLICANT Filing/Issue Date Group Art Unit
(Use several sheets if necessary) June 1, 2007 2115
U.S. PATENTS
Examiner Filing
Initial Patent Number Issue Date First Named Inventor Class Subclass Date
5237257 08/17/1993 Johnson et al.
5656917 08/12/1997 Theobald
5696433 12/09/1997 Patino
6016046 01/18/2000 Kaite et al.
6040680 03/21/2000 Toya et al.
6208115 03/27/2001 Binder
6636017 10/21/2003 Zink et al.
6625477 09/23/2003 Wakefield
U.S. PATENT PUBLICATIONS
Examiner Patent Application Publication Number Publication Date Applicant
Initial
PENDING U.S. PATENT APPLICATIONS
Petition to
Examiner Application Number Filing Date First Named Inventor Expunge?
Initial Yes | No
FOREIGN PATENT DOCUMENTS
Trans-
Examiner Document Number Publication Country Class Subclass lation
Initial Date Yes | No
NON-PATENT LITERATURE DOCUMENTS
(Include name of the author (in CAPITAL LETTERS), title of the article, title of the item (book, magazine, journal, serial, symposium, catalog,
etc.) date, pages, volume-issue number(s), publisher, city and/ or country where published.
Office Action in connection with U.S. Patent Application No. 11/669,113 dated May 13, 2010, 22 pages.
Examiner Date Considered

U.S. Patent Application No. 11/757,067
Attorney Docket No.: AFPA-01001US1
M:\kfkiWpla e\afpa\1001usINIDS 083110.wpd

Examiner Signature:

_4-

Date Considered:

Page 557 of 1081

104.001:012507

08/31/10-16:28




Form PTO-1449 U.S. DEPARTMENT OF COMMERCE Attorney Docket Number Application/Patent Number

(Substitute) PATENT AND TRADEMARK OFFICE | AEPA0100IUSI 11/757,067
Applicant/Patent O wner
Information Disclosure Statement Afshin Partovi
BY APPLICANT . .
. Filing/Issue Date Group Art Unit
(Use several sheets if necessary) June 1, 2007 2115

*EXAMINER: Initial if citation considered, whether or not citation is in conformance with MPEP 609. Draw line through citation if not in
conformance and not considered. Include copy of this form with next communication to applicant.

*1 = Copy not submitted because it was submitted in prior application SN _/ , filed ,20___, relied on under 35 USC
§120.
**2 = Copy not submitted because it was submitted in prior application SN _/ , filed ,20___, relied on under 35 USC
§120.
U.S. Patent Application No. 11/757,067 -5-
Attorney Docket No.: AFPA-01001US1 104.001:012507
M:kfk\Wpla_e\afpa\1001usINIDS_083110.wpd 08/31/10-16:28
Examiner Signature: Date Considered:

Page 558 of 1081




Electronic Patent Application Fee Transmittal

Application Number:

11757067

Filing Date:

01-Jun-2007

Title of Invention:

POWER SOURCE, CHARGING SYSTEM, AND INDUCTIVE RECEIVER FOR MOBILE

DEVICES

First Named Inventor/Applicant Name:

AFSHIN PARTOVI

Filer:

Karl Kenna/narissa besada

Attorney Docket Number:

AFPA-01001US1

Filed as Small Entity

Utility under 35 USC 111(a) Filing Fees

Description Fee Code Quantity Amount Suz—;’;(t;)l in
Basic Filing:
Pages:
Claims:
Independent claims in excess of 3 2201 1 110 110

Miscellaneous-Filing:

Petition:

Patent-Appeals-and-Interference:

Post-Allowance-and-Post-Issuance:

Extension-of-Time:

Page 559 of 1081




Description

Fee Code

Quantity

Amount

Sub-Total in

UsD($)
Extension - 1 month with $0 paid 2251 1 65 65
Miscellaneous:
Submission- Information Disclosure Stmt 1806 1 180 180
Total in USD ($) 355

Page 560 of 1081




Electronic Acknowledgement Receipt
EFS ID: 8331927
Application Number: 11757067
International Application Number:
Confirmation Number: 2001
. . POWER SOURCE, CHARGING SYSTEM, AND INDUCTIVE RECEIVER FOR MOBILE
Title of Invention:
DEVICES
First Named Inventor/Applicant Name: AFSHIN PARTOVI
Customer Number: 23910
Filer: Karl Kenna/narissa besada
Filer Authorized By: Karl Kenna
Attorney Docket Number: AFPA-01001US1
Receipt Date: 31-AUG-2010
Filing Date: 01-JUN-2007
Time Stamp: 19:38:26
Application Type: Utility under 35 USC 111(a)
Payment information:
Submitted with Payment yes
Payment Type Deposit Account
Payment was successfully received in RAM $355
RAM confirmation Number 6773
Deposit Account 061325
Authorized User
The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:
Charge any Additional Fees required under 37 C.F.R. Section 1.21 (Miscellaneous fees and charges)

Page 561 of 1081



File Listing:

Document .. . File Size(Bytes Multi Pages
Document Description File Name ( y V . . 9
Number Message Digest | Part/.zip| (ifappl.)
269329
R X afpa_1001us1_PetitionExtensio
1 Extension of Time . no 1
nTime.pdf
4a90995b22d0cead88ba5a84c8a4138eeal)
d79¢
Warnings:
Information:
fpa_1001us1 ly_051010 1or
afpa_ us1_reply_ _
2 OA pdf yes 16
643db76773ae6451215d70fa19281068f1 3}
5c2¢
Multipart Description/PDF files in .zip description
Document Description Start End
Amendment/Req. Reconsideration-After Non-Final Reject 1 1
2 9
Applicant Arguments/Remarks Made in an Amendment 10 16
Warnings:
Information:
fpa_1007us0_COPY_OfficeAct 737034
3 NPL Documents atpa_ R e —JHICeAc no 22
ion_051310.pdf
0e2e0f55d211b94999eb7c0a02217084091
cdbf8
Warnings:
Information:
83873
4 IDS_083110.pdf yes 5
01deb7e10c5c2¢969794d8693c2f2c32374:
Multipart Description/PDF files in .zip description
Document Description Start End
Transmittal Letter 1 3
Information Disclosure Statement (IDS) Filed (SB/08) 4 5
Warnings:
Information:
33833
5 Fee Worksheet (PTO-875) fee-info.pdf no 2
11acb784d83f1e722ed228480b03ec095ed)|
Warnings:
Information:
Total Files Size (in bytes):{ 1243820
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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PTO/SB/22 (10-08)

Approved for use through 10/31/2008. OMB 0651-0031

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

Under the paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless if displays a valid OMB control number.

PETITION FOR EXTENSION OF TIME UNDER 37 CFR 1.136(a) Docket Number (Optional)

FY 2009 AFPA-01001US1
(Fees pursuant to the Consolidated Appropriations Act, 2005 (H.R. 4818).)
Application Number 11/757,067 Filed 6/1/2007

For  POWER SOURCE, CHARGING SYSTEM, AND INDUCTIVE RECEIVER FOR MOBILE DEVICES

Art Unit 2858 Examiner Ramy O. Ramadan

This is a request under the provisions of 37 CFR 1.136(a) to extend the period for filing a reply in the above identified
application.

The requested extension and fee are as follows (check time period desired and enter the appropriate fee below):

Fee Small Entity Fee
One month (37 CFR 1.17(a)(1)) $130 $65 65
[[] Two months (37 CFR 1.17(a)(2) $490 $245 $
[] Three months (37 CFR 1.17(a)(3)) $1110 $555 3
[[] Four months (37 CFR 1.17(a)(4)) $1730 $865 $
[[] Five months (37 CFR 1.17(a)(5)) $2350 $1175 $

Applicant claims small entity status. See 37 CFR 1.27.

A check in the amount of the fee is enclosed.

Payment by credit card. Form PTO-2038 is attached.

The Director has already been authorized to charge fees in this application to a Deposit Account.

The Director is hereby authorized to charge any fees which may be required, or credit any overpayment, to
Deposit Account Number _ 06-1325

WARNING: Information on this form may become public. Credit card information should not be included on this form.
Provide credit card information and authorization on PTO-2038.

HOOO0O0O

| am the |:| applicant/inventor.

|:| assignee of record of the entire interest. See 37 CFR 3.71.
Statement under 37 CFR 3.73(b) is enclosed (Form PTO/SB/96).

attorney or agent of record. Registration Number 45445

|:| attorney or agent under 37 CFR 1.34.
Registration number if acting under 37 CFR 1.34

/Karl F. Kenna/ August 31, 2010
Signature Date
Karl F. Kenna 415-362-3800
Typed or printed name Telephone Number

NOTE: Signatures of all the inventors or assignees of record of the entire interest or their representative(s) are required. Submit multiple forms if more than one
signature is required, see below.

Total of 1 forms are submitted.

This collection of information is required by 37 CFR 1.136(a). 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 6 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. 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.

If you need assistance in completing the form, call 1-800-PT0-9199 and select option 2.

Attorney Docket No.: AFPA-01001USA
kfk/afpa/1001usi/afpa_1001us1_PetitionExtensionTime.pdf
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PTO/SB/06 (07-06)

Approved for use through 1/31/2007. 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 displays a valid OMB control number.

* 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.

Legal Instrument Examiner:

/ERIC V. BURNS/

PATENT APPLICATION FEE DETERMINATION RECORD | Appiication or Docket Number | Filing Date
Substitute for Form PTO-875 11/757,067 06/01/2007 | [ 7o be Mailea
APPLICATION AS FILED — PART | OTHER THAN
(Column 1) (Column 2) SMALLENTITY [X]  ©R SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE ($) FEE ($) RATE ($) FEE ($)
L1 Basic Fee N/A N/A N/A N/A
(37 CFR1.16(a). (b). or (c))
[ seArcH FEe
| (37 CFR16(). (), or (m) N/A N/A N/A N/A
D EXAMINATION FEE
(37 CFR 1.16(0). (p). or (d)) N/A N/A N/A N/A
Lo e | T o o
INDEPENDENT CLAIMS ) B _ _
(37 CFR 1.16(h)) minus 3 = XS = XS =
If the specification and drawings exceed 100
0 sheets of paper, the application size fee due
2F7’PCLF'§/:T1'§N SIZE FEE is $250 ($125 for small entity) for each
( 16(s)) additional 50 sheets or fraction thereof. See
35 U.S.C. 41(a)(1)(G) and 37 CFR 1.16(s).
|:| MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j))
* If the difference in column 1 is less than zero, enter “0” in column 2. TOTAL TOTAL
APPLICATION AS AMENDED - PART Il
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
— | 08/31/2010 | ,rrer PREVIOUSLY EXTRA RATE 3) | FeE (5) RATE (5) FEE ($)
E AMENDMENT PAID FOR
E I?g(?): (37 CFR * 24 Minus | = 23 =1 X $26 = 26 ORI xs =
z e ~4 Minus | 3 =1 X $110 = 110 OR[xs =
<§E |:| Application Size Fee (37 CFR 1.16(s))
|:| FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16())) OR
TOTAL TOTAL
ADD'L 136 OR ADDL
FEE FEE
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
AFTER PREVIOUSLY EXTRA RATE () | ree $) RATE (3) FEE ($)
- AMENDMENT PAID FOR
il Bl * Minus | = = xs = OR | xs =
A E Minus [+ - xs = or [xs =
% I:' Application Size Fee (37 CFR 1.16(s))
=
<€ | ] FirsT PRESENTATION OF MULTIPLE DEPENDENT GLAIM (37 CFR 1.16() OR
TOTAL TOTAL
ADD’L OR ADDL
FEE FEE

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, 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.
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.
If you need assistance in completing the form, call 1-800-PT0-9199 and select option 2.
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Document code: WFEE

United States Patent and Trademark Office
Sales Receipt for Accounting Date: 09/20/2010
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e X
S Yt UNITED STATES PATENT AND TRADEMARK OFFICE

\ g UNITED STATES DEPARTMENT OF COMMERCE
%) United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.USPL0.gov

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKETNO. |  CONFIRMATION NO. |
11/757,067 06/01/2007 AFSHIN PARTOVI AFPA-01001US1 2001
23910 7590 06/09/2010 | |
EXAMINER
FLIESLER MEYER LLP
650 CALIFORNIA STREET RAMADAN, RAMY O
14TH FLOOR ART UNIT PAPER NUMBER
SAN FRANCISCO, CA 94108 | | |
2858
| NOTIFICATION DATE | DELIVERY MODE |
06/09/2010 ELECTRONIC

Please find below and/or attached an Office communication concerning this application or proceeding.

The time period for reply, if any, is set in the attached communication.
Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the

following e-mail address(es):
OFFICEACTIONS @ FDML.COM

PTOL-90A (Rev. 04/07)
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Application No. Applicant(s)

. 11/757,067 PARTOVI, AFSHIN
Interview Summary Examiner Art Unit
RAMY RAMADAN 2858

All participants (applicant, applicant’s representative, PTO personnel):

(1) Ramy Ramadan. ).
(2) Karl Kenna . (4___.

Date of Interview: 03 June 2010.

Type: a)lX] Telephonic b)[] Video Conference
¢)] Personal [copy given to: 1)[] applicant  2)[] applicant’s representative]

Exhibit shown or demonstration conducted: d)[] Yes e)X] No.
If Yes, brief description:

Claim(s) discussed: 1.

Identification of prior art discussed: Hui and Lyon.

Agreement with respect to the claims f)[_] was reached. g)[X] was not reached. h)[] N/A.

Substance of Interview including description of the general nature of what was agreed to if an agreement was

reached, or any other comments: Applicant’s representative discussed proposed claim amendments and other
features of the claims with respect to the cited references. No agreement was reached.

(A fuller description, if necessary, and a copy of the amendments which the examiner agreed would render the claims
allowable, if available, must be attached. Also, where no copy of the amendments that would render the claims
allowable is available, a summary thereof must be attached.)

THE FORMAL WRITTEN REPLY TO THE LAST OFFICE ACTION MUST INCLUDE THE SUBSTANCE OF THE
INTERVIEW. (See MPEP Section 713.04). If a reply to the last Office action has already been filed, APPLICANT IS
GIVEN A NON-EXTENDABLE PERIOD OF THE LONGER OF ONE MONTH OR THIRTY DAYS FROM THIS
INTERVIEW DATE, OR THE MAILING DATE OF THIS INTERVIEW SUMMARY FORM, WHICHEVER IS LATER, TO
FILE A STATEMENT OF THE SUBSTANCE OF THE INTERVIEW. See Summary of Record of Interview
requirements on reverse side or on attached sheet.

/Ramy Ramadan/
Examiner, Art Unit 2858

U.S. Patent and Trademark Office
PTOL-413 (Rev. 04-03) Interview Summary Paper No. 20100603
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Summary of Record of Interview Requirements

Manual of Patent Examining Procedure (MPEP), Section 713.04, Substance of Interview Must be Made of Record
A complete written statement as to the substance of any face-to-face, video conference, or telephone interview with regard to an application must be made of record in the
application whether or not an agreement with the examiner was reached at the interview.

Title 37 Code of Federal Regulations (CFR) § 1.133 Interviews
Paragraph (b)

In every instance where reconsideration is requested in view of an interview with an examiner, a complete written statement of the reasons presented at the interview as
warranting favorable action must be filed by the applicant. An interview does not remove the necessity for reply to Office action as specified in §§ 1.111, 1.135. (35 U.S.C. 132)

37 CFR §1.2 Business to be transacted in writing.
All business with the Patent or Trademark Office should be transacted in writing. The personal attendance of applicants or their attorneys or agents at the Patent and
Trademark Office is unnecessary. The action of the Patent and Trademark Office will be based exclusively on the written record in the Office. No attention will be paid to
any alleged oral promise, stipulation, or understanding in relation to which there is disagreement or doubt.

The action of the Patent and Trademark Office cannot be based exclusively on the written record in the Office if that record is itself
incomplete through the failure to record the substance of interviews.

It is the responsibility of the applicant or the attorney or agent to make the substance of an interview of record in the application file, unless
the examiner indicates he or she will do so. Itis the examiner’s responsibility to see that such a record is made and to correct material inaccuracies
which bear directly on the question of patentability.

Examiners must complete an Interview Summary Form for each interview held where a matter of substance has been discussed during the
interview by checking the appropriate boxes and filling in the blanks. Discussions regarding only procedural matters, directed solely to restriction
requirements for which interview recordation is otherwise provided for in Section 812.01 of the Manual of Patent Examining Procedure, or pointing
out typographical errors or unreadable script in Office actions or the like, are excluded from the interview recordation procedures below. Where the
substance of an interview is completely recorded in an Examiners Amendment, no separate Interview Summary Record is required.

The Interview Summary Form shall be given an appropriate Paper No., placed in the right hand portion of the file, and listed on the
“Contents” section of the file wrapper. In a personal interview, a duplicate of the Form is given to the applicant (or attorney or agent) at the
conclusion of the interview. In the case of a telephone or video-conference interview, the copy is mailed to the applicant’s correspondence address
either with or prior to the next official communication. If additional correspondence from the examiner is not likely before an allowance or if other
circumstances dictate, the Form should be mailed promptly after the interview rather than with the next official communication.

The Form provides for recordation of the following information:

— Application Number (Series Code and Serial Number)

— Name of applicant

— Name of examiner

— Date of interview

— Type of interview (telephonic, video-conference, or personal)

— Name of participant(s) (applicant, attorney or agent, examiner, other PTO personnel, etc.)

— An indication whether or not an exhibit was shown or a demonstration conducted

— An identification of the specific prior art discussed

— Anindication whether an agreement was reached and if so, a description of the general nature of the agreement (may be by
attachment of a copy of amendments or claims agreed as being allowable). Note: Agreement as to allowability is tentative and does
not restrict further action by the examiner to the contrary.

— The signature of the examiner who conducted the interview (if Form is not an attachment to a signed Office action)

It is desirable that the examiner orally remind the applicant of his or her obligation to record the substance of the interview of each case. It
should be noted, however, that the Interview Summary Form will not normally be considered a complete and proper recordation of the interview
unless it includes, or is supplemented by the applicant or the examiner to include, all of the applicable items required below concerning the
substance of the interview.

A complete and proper recordation of the substance of any interview should include at least the following applicable items:

1) A brief description of the nature of any exhibit shown or any demonstration conducted,

2) an identification of the claims discussed,

3) an identification of the specific prior art discussed,

4) an identification of the principal proposed amendments of a substantive nature discussed, unless these are already described on the

Interview Summary Form completed by the Examiner,

5) a brief identification of the general thrust of the principal arguments presented to the examiner,

(The identification of arguments need not be lengthy or elaborate. A verbatim or highly detailed description of the arguments is not
required. The identification of the arguments is sufficient if the general nature or thrust of the principal arguments made to the
examiner can be understood in the context of the application file. Of course, the applicant may desire to emphasize and fully
describe those arguments which he or she feels were or might be persuasive to the examiner.)

6) a general indication of any other pertinent matters discussed, and

7) if appropriate, the general results or outcome of the interview unless already described in the Interview Summary Form completed by

the examiner.

Examiners are expected to carefully review the applicant’s record of the substance of an interview. If the record is not complete and
accurate, the examiner will give the applicant an extendable one month time period to correct the record.

Examiner to Check for Accuracy

If the claims are allowable for other reasons of record, the examiner should send a letter setting forth the examiner’s version of the
statement attributed to him or her. If the record is complete and accurate, the examiner should place the indication, “Interview Record OK” on the
paper recording the substance of the interview along with the date and the examiner’s initials.
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PTOL-413A (09-04)
Approved for use through 07/31/2006. OMB 0651-0031
U.S. Patent and Trademark Office: U.S, DEPARTMENT OF COMMERCE

Applicant Initiated Interview Request Form

Application No.:_11/757.,067 First Named Applicant:_Afshin Partovi

Examiner: Ramy Ramadan (571)272-9761 Art Unit: 2858 Status of Application: Pending/Non-Final
Tentative Participants:

(1)_Ramy Ramadan (2)_Karl Kenna (45,445)

3) 4)

Proposed Date of Interview:_June 3, 2010 Proposed Time:_8:30 EST (AM/PM)
Type of Interview Requested:

(1) [v] Telephonic (2) [ ] Personal (3) [ ] Video Conference

Exhibit To Be Shown or Demonstrated: [ | YES 1 NO

If yes, provide brief description:

Issues To Be Discussed

Issues Claims/ Prior Discussed  Agreed Not Agreed
(Rej., Obj., etc) Fig. #s Art

(1)Rej. 103 See below Al [1 [] [1]

@ [] [1] [1]

3 : 1 [1 []

@) [1] [] []

[v] Continuation Sheet Attached

Brief Description of Arguments to be Presented:
Applicant wishes to discuss several features of the claims with regard to the cited references. A draft/proposed claim

amendment is attached herewith.

An interview was conducted on the above-identified application on .
NOTE: _This form should be completed by applicant and submitted to the examiner in advance of the interview
(see MPEP § 713.01).

This application will not be delayed from issue because of applicant’s failure to submit a written record of this
interview. Therefore, applicant is advised to file a statement of the substance of this interview (37 CFR 1.133(b})
as soon as pogsible:

Applicant/Applicant’s Representative Signature Examiner/SPE Signature
Karl Kenna
Typed/Printed Name of Applicant or Representative

45,445
Registration Number, if applicable

This collection of information is required by 37 CFR 1.133. The information is required to obtain or retain a benefit by the public which is fo file (and by the
USPTO to process) an applicat Conlfidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 21 minutes to
complete, including gatbering, preparing, and submitting the pleted 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 seat to the Chief Information Officer,
U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, YA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS
TO THIS ADDRESS. SEND TQ: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.

PAGE 1/2 * RCVD AT 6/2/2010 9:00:31 PM [Eastern Daylight Time] * SVR:USPTO-EFXRF-6/28 * DNIS:2739761 * CSID:415 362 2928 * DURATION (mm-ss):01-06
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e X
S Yt UNITED STATES PATENT AND TRADEMARK OFFICE

\ g UNITED STATES DEPARTMENT OF COMMERCE
%) United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.USPL0.gov

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKETNO. |  CONFIRMATION NO. |
11/757,067 06/01/2007 AFSHIN PARTOVI AFPA-01001US1 2001
23910 7590 05/10/2010 | |
EXAMINER
FLIESLER MEYER LLP
650 CALIFORNIA STREET RAMADAN, RAMY O
14TH FLOOR ART UNIT PAPER NUMBER
SAN FRANCISCO, CA 94108 | | |
2858
| NOTIFICATION DATE | DELIVERY MODE |
05/10/2010 ELECTRONIC

Please find below and/or attached an Office communication concerning this application or proceeding.

The time period for reply, if any, is set in the attached communication.
Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the

following e-mail address(es):
OFFICEACTIONS @ FDML.COM

PTOL-90A (Rev. 04/07)
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Application No. Applicant(s)

11/757,067 PARTOVI, AFSHIN
Office Action Summary Examiner Art Unit

RAMY RAMADAN 2858

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH(S) OR THIRTY (30) DAYS,
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed

after SIX (6) MONTHS from the mailing date of this communication.
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any

earned patent term adjustment. See 37 CFR 1.704(b).

Status

1)IX] Responsive to communication(s) filed on 19 April 2010.
2a)[] This action is FINAL. 2b)[X] This action is non-final.
3)] Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims

4)X] Claim(s) 1-12 and 20-30 is/are pending in the application.

4a) Of the above claim(s) is/are withdrawn from consideration.
5[] Claim(s) is/are allowed.
6)X] Claim(s) 1-12 and 20-30 is/are rejected.
7)[] Claim(s) ____is/are objected to.
8)[] Claim(s) _____ are subject to restriction and/or election requirement.

Application Papers

9)[] The specification is objected to by the Examiner.
10)[_] The drawing(s) filed on is/are: a)[_] accepted or b)[] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).
11)[] The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152.

Priority under 35 U.S.C. § 119

12)[_] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)~(d) or (f).
a)JAll  b)[]Some * ¢)[] None of:
1. Certified copies of the priority documents have been received.
2.[] Certified copies of the priority documents have been received in Application No.
3] Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).
* See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)
1) x Notice of References Cited (PTO-892) 4) |:| Interview Summary (PTO-413)
2) [[] Notice of Draftsperson’s Patent Drawing Review (PTO-948) Paper No(s)/Mail Date. __
3) [X] Information Disclosure Statement(s) (PTO/SB/08) 5) ] Notice of Informal Patent Application
Paper No(s)/Mail Date 04/23/2010. 6) |:| Other: ______
U.S. Patent and Trademark Office
PTOL-326 (Rev. 08-06) Office Action Summary Part of Paper No./Mail Date 20100505
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Application/Control Number: 11/757,067 Page 2

Art Unit: 2858
DETAILED ACTION
Continued Examination Under 37 CFR 1.114
1. Acknowledgment is made of a request for continued examination under 37 CFR 1.114,

including the fee set forth in 37 CFR 1.17(e) and a submission, filed on April 19, 2010. Claims 1-
12 and 20-30 are now pending in the application. Claims 13-19 are cancelled; claims 1-11, 20,
22 and 25-27 have been amended; and claims 28-30 have been added.
Information Disclosure Statement
2. The Information Disclosure Statement dated April 23, 2010 has been acknowledged by
the examiner and the cited references have been considered in the examination of the pending
claims. As required by M.P.E.P 609 C (2), a copy of the Information Disclosure Statement
initiated and dated by the examiner is attached.
Claim Objections
3. Claim 30 is objected to because of the following informalities: the phrase "such as"
renders the claim indefinite because it is unclear whether the limitations following the phrase are
part of the claimed invention. See MPEP § 2173.05(d). Appropriate correction is required.
Response to Arguments
4. Applicant's arguments filed April 19, 2010 have been fully considered but they are not
persuasive.

With respect to Applicant's arguments, in pages 11 and 12 of the remarks, that the
added features of claim 1 are “neither disclosed by, nor obvious in view of, Hui and/or Lyon.”
The examiner respectfully disagrees. Hui, when modified by Lyon, discloses all the elements
and features of claim 1 (see the rejection below).

With respect to Applicant's arguments regarding claims 20 and 27, in pages 13 and 14

of the remarks, that Sato fails to disclose “one or more aligning magnets within the base unit,
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Application/Control Number: 11/757,067 Page 3
Art Unit: 2858

oriented so that their magnetic field is perpendicular to the surface of the base unit, that
encourage the general alignment of the primary coil with the receiver coil.” The examiner
respectfully disagrees.

First, it appears that Applicant's arguments are against the references individually, while
one cannot show nonobviousness by attacking references individually where the rejections are
based on combinations of references. See In re Keller, 642 F.2d 413, 208 USPQ 871 (CCPA
1981); In re Merck & Co., 800 F.2d 1091, 231 USPQ 375 (Fed. Cir. 1986). Specifically, Hui,
when modified by Lyon, discloses one or more coils within the base unit, oriented so that their
magnetic field is perpendicular to the surface of the base unit, while Sabo teaches and suggests
placing a magnet, possibly at the edge of each repeating coil unit of source coils to mate with
another magnet positioned at the edge of each repeating coil unit of appliance coil (see Sabo,
Col. 8, lines 20-34). As such, it would have been obvious to one of ordinary skill in the art to
modify the device of Hui, when modified by Lyon, to include a magnet at the edge of each
repeating coil unit of the base unit coils (the coils in Hui, which are oriented so that their
magnetic field is perpendicular to the surface of the base unit) to mate with another magnet
positioned at the edge of each repeating coil unit of the receiver coils, according to the
teachings and suggestions of Sabo.

Accordingly, the combination of Hui, Lyon and Sabo discloses “one or more aligning
magnets within the base unit, oriented so that their magnetic field is perpendicular to the surface
of the base unit, that encourage the general alignment of the primary coil with the receiver coil.”

Second, Sabo himself discloses that the one or more aligning magnets within the base
unit, are oriented so that their magnetic field is perpendicular to the surface of the base unit, as
Sabo discloses that the magnetic field is transmitted between the inductive power transfer

device (102) and the appliance (104) to power the appliance (104) (Col. 4, lines 1-4). Therefore,
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according to the configuration of the inductive power transfer device (102) and the appliance
(104) in Fig. 7, it would be implicit for the magnetic field to travel in a direction perpendicular to
the surface of the inductive power transfer device (102) to reach the appliance (104).
Accordingly, Hui, when modified by Lyon, and further modified by Sabo, discloses all the
elements and features of claims 20 and 27.

Claim Rejections - 35 USC § 103

5. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all
obviousness rejections set forth in this Office action:

(a) A patent may not be obtained though the invention is not identically disclosed or described as set
forth in section 102 of this title, if the differences between the subject matter sought to be patented and
the prior art are such that the subject matter as a whole would have been obvious at the time the
invention was made to a person having ordinary skill in the art to which said subject matter pertains.
Patentability shall not be negatived by the manner in which the invention was made.

6. Claims 1-7, 9-12, 28 and 30 are rejected under 35 U.S.C. 103(a) as being
unpatentable over Hui (US 2005/0189910), in view of Lyon, (US2004/0145342).

With respect to claims 1, 3 and 28, Hui discloses and shows in Figs. 4a-9b, a charger
system for use with a mobile, electronic (3), or other device and/or battery or skin for use with
the device (3), for charging and/or powering the device (3) and/or battery inductively,
comprising: a base unit (i.e., housing 1) having a flat or curved surface and comprising one or
more primary coils (i.e., primary windings, see Figs. 4c and 42), wherein each of the one or
more primary coils are positioned within the base unit (1) so that, when an electrical current is
passed through the primary coils, a magnetic field (i.e., magnetic flux) is generated in a direction
substantially perpendicular to the surface of the base unit (1) (see Para [0077] and [0103]); a
power supply (i.e., high frequency AC voltage source, see Fig. 10¢) for passing a current
through the primary coils to generate the magnetic field in a direction substantially perpendicular
to the plane of the primary coils (Para [0074] and [0075]); and wherein the substantially

perpendicular magnetic field is used to inductively generate a current in the receiver coil within
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or on the mobile, electronic, or other device (3) and/or battery or skin for use with the devices
(3) proximate the base unit (1), to charge or power the mobile, electronic, or other device (3)
and/or battery or skin (Para [0070]-[0072]), and wherein the base unit (1) and receiver coil or
circuitry associated therewith (i.e., rectifier, see Fig. 10¢ or charger circuitry 205, see Fig. 46)
are configured to regulate one or more of output voltage, current, or power provided by the base
unit (1) to the device (3) and/or battery to be within the range of one or more of a value of
voltage, current, or other power parameter for the device (3), skin and/or battery (i.e., the DC
voltage is regulated to a desired value in the range from 3V to 24V to be within the range of the
device (3)) (Para [0106] and [0108]), wherein the base unit includes a switch (109) for
automatically switching the primary windings (105) on whenever a mobile device (203) is placed
close to the primary winding (105) of the housing and the presence of the mobile device (203) is
detected (Para [0103] and Fig. 45).

But Hui does not explicitly disclose a communications interface that the base unit, and
the mobile, electronic, or other device and/or battery and/or skin or battery door proximate
thereto use to communicate with one another, prior to and/or during powering or charging, to
verify the presence of the mobile, electronic, or other device and/or battery and/or skin or
battery door to poll each of the coils, or receive a signal from a sensor associated therewith, to
verify the presence of the mobile, electronic, or other device and/or battery and/or or skin or
battery door placed upon the surface of the base unit, and select based on the polling or
sensing, from within the plurality of primary coils, and activate those one or more primary coils in
general alignment with a receiver coil at the device and/or battery and/or skin or door, and
periodically thereafter exchange information to provide power transfer to the device and/or
battery, including device and/or battery charging status or presence, and periodically powering

each of the one or more primary coils in rotation to generate a radiofrequency or other signal
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response in a proximate secondary receiver, and using the response to determine the presence
of the mobile, electronic, or other device and / or battery or skin and / or value of voltage,
current, or other power parameter for the mobile device and/or battery, wherein the base unit
and receiver coil or circuitry associated therewith use the exchanged information to determine
and to regulate one or more of output voltage, current, or power provided by the base unit to the
device and/or battery to be within the range of one or more of a value of a required voltage,
current, or other power parameter for the device, skin and/or battery or battery door, and/or to
verify the presence of the receiver coil near the base unit.

However, Lyon discloses and shows in Fig. 2, an adaptive charger system comprising a
communications interface (i.e., data communication channel 220) that a base unit (106), and a
mobile, electronic, or other device and/or battery and/or or skin or battery door (204) proximate
thereto use to communicate with one another, prior to and/or during powering or charging, to
poll each of coils (210-212), or receive a signal from a sensor (i.e., RFID sensor) associated
therewith, to verify the presence of the mobile, electronic, or other device and/or battery and/or
or skin or battery door (204) placed upon a surface of the base unit (106), and select based on
the polling or sensing, from within the plurality of primary coils 210-212, and, activate those one
or more primary coils (210-212) in general alignment with a receiver coil (232) at the device
and/or battery (204) (i.e., since the device is capable of charging multiple devices, the coils for
aligned with each device are activated, see Para [0030] and [0031]), and periodically thereafter
exchange information to provide optimum power transfer to the device and/or battery (204) ,
including device and/or battery charging status or presence (Para [0021], [0023], [0025], [0027]
and [0028]), and periodically powering each of the one or more primary coils (210-212) in
rotation to generate a radiofrequency or other signal response in a proximate secondary

receiver (232), and using the response to determine the presence of the mobile, electronic, or
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other device (204) and / or battery or skin and / or value of voltage, current, or other power
parameter for the mobile device and/or battery (Para [0023] and [0025]), wherein the base unit
(106) and receiver coil (232) or circuitry associated therewith use the exchanged information to
determine and to regulate one or more of output voltage, current, or power (i.e., charging
parameters) provided by the base unit (106) to the device and/or battery (204) to be within the
range of one or more of a value of a required voltage, current, or other power parameter for the
device, skin and/or battery or battery door, and/or to verify the presence of the receiver coll
(232) near the base unit (106) (Para [0024], [0029] and [0032]).

Lyon is evidence that ordinary workers in the art would find a reason, suggestion or
motivation to modify the device as disclosed by Hui to have a communications interface that the
base unit, and the mobile, electronic, or other device and/or battery and/or skin or battery door
proximate thereto use to communicate with one another, prior to and/or during powering or
charging, to verify the presence of the mobile, electronic, or other device and/or battery and/or
skin or battery door to poll each of the coils, or receive a signal from a sensor associated
therewith, to verify the presence of the mobile, electronic, or other device and/or battery and/or
or skin or battery door placed upon the surface of the base unit, and select based on the polling
or sensing, from within the plurality of primary coils, and activate those one or more primary
coils in general alignment with a receiver coil at the device and/or battery and/or skin or door,
and periodically thereafter exchange information to provide power transfer to the device and/or
battery, including device and/or battery charging status or presence, and periodically powering
each of the one or more primary coils in rotation to generate a radiofrequency or other signal
response in a proximate secondary receiver, and using the response to determine the presence
of the mobile, electronic, or other device and / or battery or skin and / or value of voltage,

current, or other power parameter for the mobile device and/or battery, wherein the base unit
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and receiver coil or circuitry associated therewith use the exchanged information to determine
and to regulate one or more of output voltage, current, or power provided by the base unit to the
device and/or battery to be within the range of one or more of a value of a required voltage,
current, or other power parameter for the device, skin and/or battery or battery door, and/or to
verify the presence of the receiver coil near the base unit, to provide a single charger that is
capable of effectively charging a plurality of mobile devices and/or batteries with different
electrical and mechanical requirements (Para [0004]).

Therefore it would have been obvious to one of ordinary skill in the art at the time of the
invention was made to modify the device as disclosed by Hui to have a communications
interface that the base unit, and the mobile, electronic, or other device and/or battery and/or skin
or battery door proximate thereto use to communicate with one another, prior to and/or during
powering or charging, to verify the presence of the mobile, electronic, or other device and/or
battery and/or skin or battery door to poll each of the coils, or receive a signal from a sensor
associated therewith, to verify the presence of the mobile, electronic, or other device and/or
battery and/or or skin or battery door placed upon the surface of the base unit, and select based
on the polling or sensing, from within the plurality of primary coils, and activate those one or
more primary coils in general alignment with a receiver coil at the device and/or battery and/or
skin or door, and periodically thereafter exchange information to provide power transfer to the
device and/or battery, including device and/or battery charging status or presence, and
periodically powering each of the one or more primary coils in rotation to generate a
radiofrequency or other signal response in a proximate secondary receiver, and using the
response to determine the presence of the mobile, electronic, or other device and / or battery or
skin and / or value of voltage, current, or other power parameter for the mobile device and/or

battery, wherein the base unit and receiver coil or circuitry associated therewith use the
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exchanged information to determine and to regulate one or more of output voltage, current, or
power provided by the base unit to the device and/or battery to be within the range of one or
more of a value of a required voltage, current, or other power parameter for the device, skin
and/or battery or battery door, and/or to verify the presence of the receiver coil near the base
unit, according to the teachings of Lyon, to effectively charge a plurality of different mobile
device and/or batteries without damaging the devices and/or batteries and to automate the
operation of the charger (Para [0014]).

With respect to claim 2, Hui discloses and shows in Figs. 8 and 12b, that one or more of
the primary and secondary windings are manufactured by printed circuit boards and are
arranged in a spiral shape (Para [0071] and [0077]).

With respect to claim 4, Hui discloses and shows in Fig. 4(c), that the housing (1)
includes multiple primary windings that can be used to simultaneously charge multiple mobile
devices (3).

With respect to claims 5 and 9, Hui discloses and shows in Fig. 5(a), that the housing (1)
is formed in the shape of a pad and wherein multiple primary windings could be distributed
within overlapping layers of windings within the pad and that one or more of the primary
windings are stacked atop one another to increase the total flux (transfer efficiency) (Para
[0071]).

With respect to claim 6, Hui shows in Figs. 4(c)-5(b), the primary windings being allowed
to move with in a degree of freedom within their plane to more closely align the primary winding
with the secondary winding of a mobile device (3).

With respect to claim 7, Hui, when modified by Lyon, discloses and shows in Fig. 2,

different storage components (216, 224, 218) for subsequent transmission of data to or from the
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battery driven device (204) over data communication channel (220) (see Lyon, Para [0020]-
[0021] and [0032]).

With respect to claim 10, Hui discloses that the charger or power supply senses the
location of the mobile device (3) and activates a primary winding near the mobile device (3), by
sensing a change in a resonant circuit in the charger or power supply when the mobile device is
in proximity to the primary winding (Para [0079]).

With respect to claim 11, Hui, when modified by Lyon, discloses wherein the charger or
power supply is formed in the shape of a curved surface, cup, bowl, or other container, and
wherein mobile, electronic, or other device and/or battery or skin for use with the device can be
placed [[inside]] on the curved surface to be charged or powered inductively; and/or wherein the
curve in the base unit matches the curve in the back, handle, case, skin, of a mobile or
electronic device and / or a battery to allow optimum power transfer (see Hui, Para [0105] and
see Lyon, Fig. 1).

With respect to claim 12, Hui shows in Figs. 10(a)-10(b), that a plurality of housings (a,
b, ¢, d) can be interconnected to form a larger single housing.

With respect to claim 29, Hui discloses that the base unit can be powered by another
electronic device (Para [0074]).

7. Claim 8 is rejected under 35 U.S.C. 103(a) as being unpatentable over Hui, in view
of Lyon, further in view of Shneidman, (US2006/0038794).

Hui, when modified by Lyon, discloses the claimed invention except for explicitly
disclosing that the base unit is integrated into a charging kiosk for occasional charging of mobile
devices.

However, Shneidman discloses providing docket stations for charging mobile devices at

public kiosks (Para [0055]).
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It would have been obvious to one of ordinary skill in the art at the time of the invention
was made to integrate the housing as disclosed by Hui, when modified by Lyon, in to a charging
kiosk as suggested by Shneidman to provide a convenient charging outlet for users and since it
has been held that forming in one piece an article which has formerly been formed in two pieces
and put together involves only routine skill in the art. Howard v. Detroit Stove Works, 150 U.S.
164 (1893).

8. Claim 29 is rejected under 35 U.S.C. 103(a) as being unpatentable over Hui, in
view of Lyon, further in view of Kagermeler et al. (US 2006/0108977), hereinafter
Kagermeler.

Hui, when modified by Lyon, discloses the claimed invention except for wherein the
charger system includes one or a plurality of LED's and/or audio signals that identify charging
occurring or which of the plurality of primary coils are currently activated. However, Kagermeler
discloses a charging apparatus including one or a plurality of LED's that identify charging
occurring (Para [0024]).

It would have been obvious to one of ordinary skill in the art at the time of the invention
was made to modify the device as disclosed by Hui, when modified by Lyon, to have one or a
plurality of LED's and/or audio signals that identify charging occurring or which of the plurality of
primary coils are currently activated, according to the teachings of Kagermeler, to provide more
convince for the user.

9. Claims 20, 21, 22 and 24- 27 are rejected under 35 U.S.C. 103(a) as being
unpatentable over Hui, in view of Lyon, further in view of Sabo (US 6,803,744).

With respect to claims 20, 21, 22, 24 and 27, Hui, when modified by Lyon, discloses the

claimed limitations (see the rejection for claim 1) except for one or more aligning magnets within

the base unit that encourage the general alignment of the primary coil with the receiver coil

Page 582 of 1081



Application/Control Number: 11/757,067 Page 12
Art Unit: 2858

using corresponding magnets at the receiver coil, mobile, electronic, or other device and/or
battery or skin for use with the device.

However, Sabo discloses and shows in Fig. 8, an inductive power transfer device
comprising one or more aligning magnets within a base unit that encourage the general
alignment of a primary coil with a receiver coil using corresponding magnets at the receiver caoil,
mobile, electronic, or other device and/or battery or skin for use with the device (see Col. 5,
lines 34-64 and Col. 8, lines 20-34).

It would have been obvious to one of ordinary skill in the art at the time of the invention
was made to modify the device as disclosed by Hui, when modified by Lyon, to have one or
more aligning magnets within the base unit that encourage the general alignment of the primary
coil with the receiver coil using corresponding magnets at the receiver coil, mobile, electronic, or
other device and/or battery or skin for use with the device, according to the teachings of Sabo,
to ensure the best proximity and/or alignment of the coils (Col. 8, lines 20-34).

With respect to claims 25 and 26, Hui discloses and shows in Figs. 12a-12¢, wherein the
receiver coil is integrated with an after-market or field-replaceable unit or battery pack where the
receiver coil is integrated into a plastic, leather, silicone, cloth or other material cover for the
mobile, electronic, or other device and/or battery or skin for the device, and plugs into or makes
contact with power connections on the mobile, electronic, or other device and/or battery (see
Para [0080]).

10. Claim 23 is rejected under 35 U.S.C. 103(a) as being unpatentable over Hui, in view
of Lyon, further in view of Sabo, and further in view of Dayan (US 7,399,202).

Hui, when modified by Lyon, and further modified by Sabo, discloses the claimed

invention except for wherein the base unit is made entirely or partially of material that is flexible

and can be folded, bent or rolled up to allow portability or conformity to a surface.
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However, Dayan discloses a wire-free mobile device power supply system wherein a
base unit is made entirely or partially of material that is flexible and can be folded, bent or rolled
up to allow portability or conformity to a surface (see Col. 9, lines 26-31).

It would have been obvious to one of ordinary skill in the art at the time of the invention
was made to modify the device as disclosed by Hui, when modified by Lyon, and further
modified by Sabo, to have the base unit made entirely or partially of material that is flexible and
can be folded, bent or rolled up to allow portability or conformity to a surface for easy portability
and for the convenience of travelers (see Col. 9, lines 26-31).

Conclusion

Any inquiry concerning this communication or earlier communications from the examiner
should be directed to RAMY RAMADAN whose telephone number is (571) 272-9761. The
examiner can normally be reached on Mon-Fri 7:30 am-5:00 pm.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, PATRICK ASSOUAD can be reached on (571) 272-2210. The fax phone number
for the organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the Patent
Application Information Retrieval (PAIR) system. Status information for published applications
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished
applications is available through Private PAIR only. For more information about the PAIR
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private
PAIR system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). If you
would like assistance from a USPTO Customer Service Representative or access to the

automated information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/Edward Tso/ /Ramy Ramadan/
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U.S. Patent Application No. 11/757,067
Attorney Docket No.: AFPA-01001
M:\kfkiWpla e\afpa\1001usINIDS 042310.wpd

Examiner Signature:

Date Considered:
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Form PTO-1449 U.S. DEPARTMENT OF COMMERCE Attorney Docket Number Application/Patent Number
(Substitute) PATENT AND TRADEMARK OFFICE |-2E2A0100IUS] LLT37,067
Applicant/Patent O wner
Information Disclosure Statement Afshin Partovi
BY APPLICANT Filing/Issue Date Group Art Unit
(Use several sheets if necessary) June 1, 2007 2115
U.S. PATENTS
Examiner Filing
Initial Patent Number Issue Date First Named Inventor Class Subclass Date
5543702 08-06-1996 Pfeiffer
5991665 11-23-1999 Wang et al.
6498455 12-24-2002 Zink, et al.
6803744 10-12-2004 Sabo
6906495 06-14-2005 Cheng et al.
6972543 12-06-2005 Wells
7042196 05-09-2006 Ka-Lai et al.
7239110 07-07-2007 Cheng et al.
7248017 07-24-2007 Cheng et al.
7525283 04-28-2009 Cheng et al.
7576514 08-18-2009 Hui
U.S. PATENT PUBLICATIONS
Examiner Patent Application Publication Number Publication Date Applicant
Initial
20060146517 07-06-2006 Park
20060205381 09-14-2006 Beart et al.
PENDING U.S. PATENT APPLICATIONS
Petition to
Examiner Application Number Filing Date First Named Inventor Expunge?
Initial Yes | No
FOREIGN PATENT DOCUMENTS
Trans-
Examiner Document Number Publication Date Country Class Subclass lation
Initial Yes|No
NON-PATENT LITERATURE DOCUMENTS
(Include name of the author (in CAPITAL LETTERS), title of the article, title of the item (book, magazine, journal, serial, symposium, catalog, etc.) date, pages,
volum e-issue number(s), publisher, city and/ or country where published.
| | Final Office Action in connection wtih U.S. Patent Application No. 11/669,113 dated August 25, 2009, 25 pages.




Information Disclosure Statement
BY APPLICANT
(Use several sheets if necessary)

Form PTO-1449 U.S. DEPARTMENT OF COMMERCE | Attorney Docket Number
(Substitute) PATENT AND TRADEMARK OFFICE

AFPA-01001US1

Application/Patent Number
11/757,067

Applicant/Patent O wner
Afshin Partovi

Filing/Issue Date
June 1, 2007

Group Art Unit
2115

Examiner

Date Considered

considered. Include copy of this form with next communication to applicant.

*EXAMINER: Initial if citation considered, whether or not citation is in conformance with MPEP 609. Draw line through citation if not in conformance and not

*1 = Copy not submitted because it was submitted in prior application SN _ /

, filed 20

**) = Copy not submitted because it was submitted in prior application SN

/

filed 20

, relied on under 35 USC §120.

, relied on under 35 USC §120.

U.S. Patent Application No. 11/757,067
Attorney Docket No.: AFPA-01001
M:\kfkiWpla e\afpa\1001usINIDS 042310.wpd
Examiner Signature:

Date Considered:
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Electronic Acknowledgement Receipt
EFS ID: 7480037
Application Number: 11757067
International Application Number:
Confirmation Number: 2001
. . POWER SOURCE, CHARGING SYSTEM, AND INDUCTIVE RECEIVER FOR MOBILE
Title of Invention:
DEVICES
First Named Inventor/Applicant Name: AFSHIN PARTOVI
Customer Number: 23910
Filer: Karl Kenna/narissa besada
Filer Authorized By: Karl Kenna
Attorney Docket Number: AFPA-01001US1
Receipt Date: 23-APR-2010
Filing Date: 01-JUN-2007
Time Stamp: 19:13:27
Application Type: Utility under 35 USC 111(a)
Payment information:
Submitted with Payment no
File Listing:
Document .. . File Size(Bytes)/ Multi Pages
Number Document Description File Name Message Digest | Part/.zip| (ifappl.)
fpa_1007us0_COPY_FinalOffi 833432
1 NPL Documents atpa_ us = —rinaiHiq no 25
eAction.pdf
3b5ada5bf7b40db43bceead88dcfOcf7c779
a8d2
Warnings:
Information:
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84073
2 IDS_042310.pdf yes 5

bdff58a86d48647637c3bdd0f8870378c 1 cef
9%ef

Multipart Description/PDF files in .zip description

Document Description Start End
Transmittal Letter 1 3
Information Disclosure Statement (IDS) Filed (SB/08) 4 5
Warnings:
Information:
Total Files Size (in bytes){ 917505

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application PATENT APPLICATION
Inventor(s): Afshin Partovi
Appl. No.: 11/757,067 Art Unit: 2115
Confirm. No.: 2001 Examiner: Ramy O. Ramadan
Filed: 06/01/2007
Title: POWER SOURCE CHARGING Customer No. 23910

SYSTEM AND INDUCTIVE

RECEIVER FOR MOBILE

DEVICES

TRANSMITTAL LETTER RE INFORMATION DISCLOSURE STATEMENT
UNDER 37 C.F.R. §1.56

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

Sir:

It is requested that the information identified in this statement be considered by the Examiner and
made of record in the above-identified application. This statement is not intended to represent that a search
has been made or that the information cited in the statement is, or is considered to be, material to
patentability as defined in 37 C.F.R. §1.56. If this is a continuation, divisional or continuation-in-part
application, it is understood that the Examiner will consider all information which was considered by the
Office in a parent application. MPEP §609. Such information therefore is not listed herein unless it is desired
that the information be printed on a patent issuing from the subject application.

Enclosed with this statement are the following:

_v Form PTO-1449. The Examiner is requested to initial the form and return it to the undersigned in
accordance with M.P.E.P. §609.

v/ Asallowed under 37 C.F.R § 1.98(a)(2)(ii), no copies of the U.S. patents and U.S. patent application
publications are enclosed, unless required by the office.

As allowed under 37 CFR §1.98(d), copies of cited documents noted with an asterisk are not
enclosed because they were previously submitted in U.S. Patent ApplicationNo.  / , which
is relied on for an earlier effective filing date under 35 USC §120, and which included an
Information Disclosure Statement that complies with 37 CFR §1.98(a) through (c).

_ A copy of an International Search Report dated for Application No.
- A copy of an International Preliminary Examination Report dated for Application No.
U.S. Patent Application No. 11/757,067 -1-

Attorney Docket No.: AFPA-01001US1
M:\kfk\Wpla_e\afpa\1001usI\IDS_042310.wpd
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If any of the cited/submitted documents is in a foreign language, a concise explanation of relevance
is provided pursuant to 37 C.F.R. §1.98(a)(3)(1). For foreign language documents cited in a search
report by a foreign patent office, the requirement for a concise explanation of relevance is satisfied
by the submission herewith of an English language version of the search report. MPEP §609A(3).
If a written English-language translation of a non-English language document, or portion thereof,
is within the possession, custody or control of, or is readily available to any individual designated
in §1.56(c), a copy of the translation accompanies this statement, 37 C.F.R. §1.98(a)(3)(ii), and
satisfies the requirement for a concise explanation of relevance, MPEP §609A(3).

This statement should be considered because:
v 37 C.F.R. §1.97(b). This statement qualifies under 37 C.F.R. §1.97, subsection (b) because:

¢y It is being filed within three months of the filing date of an application other than
a continued prosecution application under § 1.53(d);

- OR --
(2) It is being filed within 3 months of entry of a national stage;
—OR -
(3) It is being filed before the mailing date of the first Office Action on the merits,
- OR --

4 It is being filed before the mailing date of the first Office Action after the filing of
a Request for Continued Examination under 37 C.F.R. §1.114.

37 C.F.R. §1.97(c). Although it may not qualify under subsection (b), this statement
qualifies under 37 C.F.R. §1.97, subsection (¢) because:

e It is being filed before the mailing date of a FINAL Office Action, a Notice of
Allowance, or an action that otherwise closes prosecution in the subject application,
whichever occurs first.

-- AND (check at least one of the following) --

- (a) It is accompanied by a STATEMENT as set forth in 37 C.F.R. §1.97(e).
—-OR --

- (b) It is accompanied by the $180 fee set forth in 37 C.F.R. §1.17(p).

U.S. Patent Application No. 11/757,067 -2-
Attorney Docket No.: AFPA-01001US1
M:\kfk\Wpla_e\afpa\1001usI\IDS_042310.wpd
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37 C.F.R. §1.97(d). Although it may not qualify under subsection (b) or (c), this statement
qualifies under 37 C.F.R. §1.97, subsection (d) because:

ey It is being filed on or before payment of the Issue Fee;
— AND --

(2) It is accompanied by a STATEMENT as set forth in 37 C.F.R. §1.97(e);
-~ AND --

3) It is accompanied by the $180 fee set forth in 37 C.F.R. §1.17(p).

PTA Statement under 37 C.F.R. §1.704(d). Each item of information contained in the Information
Disclosure Statement was cited in a communication from a foreign patent office in a counterpart
application and this communication was not received by any individual designated in §1.56(¢) more
than thirty days prior to the filing of the Information Disclosure Statement.

37C.F.R. §1.97(e)(1). THE UNDERSIGNED ATTORNEY HEREBY STATES THAT each item
ofinformation contained in this /nformation Disclosure Statement was first cited in a communication
from a foreign patent office in a counterpart foreign application not more than three months prior
to the filing of this Information Disclosure Statement; or

37 C.FR. §1.97(e)(2). THE UNDERSIGNED ATTORNEY HEREBY STATES THAT no item of
information contained in this Information Disclosure Statement was cited in a communication from

a foreign patent office in a counterpart foreign application and, to the knowledge of the person

signing this statement after making reasonable inquiry, no item of information contained in this

Information Disclosure Statement was known to any individual designated in §1.56(c) more than

three months prior to the filing of this statement.

v Fee Authorization. The Commissioner is hereby authorized to charge any deficiencies or credit any
overpayment to Deposit Account No. 06-1325.
Respectfully submitted,

FLIESLER MEYER LLP

Date:  April 23,2010 By: /Karl F. Kenna/
Karl F. Kenna
Reg. No. 45445

Customer No. 23910

FLIESLER MEYER LLP

650 California Street, 14th Floor
San Francisco, California 94108
Telephone: (415) 362-3800

U.S. Patent Application No. 11/757,067 -3-
Attorney Docket No.: AFPA-01001US1
M:\kfk\Wpla_e\afpa\1001usI\IDS_042310.wpd
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o RECEIVEL
: CENTRAL FAX CENTER

APR 13 2010

PTO/SB/30 (12-08)
Approved for use through 01/31/2009. OMB 0651-0031

u. S Patem and Trademark Off‘r.e' U.s. DEPARTMENT OF COMMERCE
lid QMB control number.

Re?ueSt Application Number 11/757.067
or ” : 2007-06-01
Filing Date °
Continued Examination (RCE) 4 , P —
Transmlttal First Named Inventor

Address to: . 2858
Mail Stop RCE AtUnit —
Commissioner for Patents ; : .
P.O. Box 1450 Examiner N"’_:‘me
Alexandria, VA 22313-1450 Attomey Docket Number |AFPA-01001US1

This is a Request for Continued Examination (RCE) under 37 CFR 1.114 of the above-identifled application.
Request for Continued Examination (RCE) practice under 37 CFR 1.114 does not apply to any utility or plant application filed prior to June 8,
1995, or to any design application. See Instruction Sheet for RCEs (not to be submitted to the USPTO) on page 2.

1. Submission uired under 37 CFR 1.114] Note: If the RCE Is proper, any previously filed unentered amendments and

amendments enclosed with the RCE will be entered in the order in which they were filed unless applicant Instructs otherwise. If

applicant does not wish to have any previously filed unentered amendment(s) entered, applicant must request non-entry of such

amendment(s).

a D Previously submilted. If a final Office action s outstanding, any amendments filed after the final Office action may be
considered as & submisslon even if this box is not checked.

i D Conslder the arguments in the Appeal Brief or Reply Brief previously filed on

li, D Other

-Enclosed :
Amendment/Reply i D Information Disclosure Statement (IDS)
D Affidavil(s)/ Declaration(s) . Other Petition for Extension of Time

N

,

Suspension of action on the above-idenlified application is reqiested under 37 CFR 1.103(c) for a
period of months. (Period of & ion shall not d 3 months; Fee under 37 CFR 1.17(l) requirad)

Other ;
T
)

00

a

b.
|

The RCE fee under 37 CFR 1.17(e) Is required by 37 CFR 1. 114 when the RCE is filed.

The Director is hareby authorized to charge the followlng fees, any underpayment of fees, or credit any overpayments, to

Deposit Account No. _06-1325

m RCE tee required under 37 CFR 1.17(e)

ii. IZ] Extension of time fee (37 CFR 1.126 and 1.17)
lZ] Other Claim fee for additional claims, see attached Fee Transmittal

b. D Check in the amount of $ enclosed

c. D Payment by credit card (Farm PTO-2038 enclosed)
WARNING: Information on this form may become public. Credit card information should not be included on this form. Provide credit
card information and authorization on PTO-2038.

[ "/ /. SIGNATURE OF APPLICANT, ATTORNEY, OR AGENT REQUIRED
Signature Date Aprll 19, 2010

Name (PrinvType) | Kar F. Kenna ) Registration No. |45445

CERTIFICATE OF MAILING OR TRANSMISSION
with the Unlted States Postal Sarvics with sufficient postage as first dass mail in an envelope

3. Fees

= H

-

| hereby cartify that this comasp e is being d

addressed to: Mail Stop RCE, Co ioner for Pmants P. O. Bax 1450, Alaxandra, VA 22313-1450 or facsimile transmitted to the U.S. Patent and Trademark
_Office on the date show Fax No.: 571-273-8300

Sluna(ura ‘ ;

Name (Print/Type) | Karl F. Kenna | Date [Aprit 19, 2010

This collection of information Is required by 37 CFR 1.114. The information is required to oblain of retain @ bensfl by the public which 13 to file (and by the USPTO
) an {ication. C tiality Is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to taks 12 minutas to complets,

top
including gathering, preparing. and submitting the completed appiication form to the USPTO. Time will vary depending upon the individual case. Any comments on
the amount of tma you require to complets this form and/or suggsestions for reducing this burden, should ba sent to the Chief informatien Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alsxandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Mail Stop RCE, Commissioner for Patents, P.O. Box 1450, Alexandrla, VA 22313-1450.

!t you need assistance in completing the form, call 1-800-PT0-9199 and select opticn 2.

Altomey Docket No.: AFPA-1001US1
kfk/afpa/1001ust/afpa_1001us1_RCETransmittal(fax).pdf

PAGE 211&{}28\10%!)4&9 310 10; BE20R YTt a5 Ty A ETEIE] * SVR:USPTO-EFXRF-6/119 * DNIS:2738300 * CSID:415 362 2928 * DURATION (mm-55):04-00

Waes t4liss

64/28/2810 JVONG!  @888Ba2s 11757867

81 FC:2881 485.60 DA
B4/2077616 JVBEE1  0085EH26 861325 11759867
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‘ | RECEIVED
CENTRAL FAX CENTER

APR 19 2010

PTO/SB/22 (10-08)

Approved for use through 10/31/2008. OMB 0651-0031

U!S. Patent and Trademark Office; U.S. DEPARMENT OF COMMERCE

Under the paparwork Reduction Act of 1885, no parsons are required to respond to a collection of information unless if displays a valid OMB control number.

PETITION FOR EXTENSION OF TIME UNDER 37 CFR 1.136(a) Docket Number (Optional)
FY 2009 AFPA-01001US1
(Foes p t to the Consolidated Appropriations Act, 2005 (H.R. 4318).)
Application Number 11/757,067 Filed 2007-06-01
For POWER SOURCE, CHARGING SYSTEM, AND INDUCTIVE RECEIVER FOR MOBILE DEVICES
Art Unit 2858 Examiner RAMADAN, RAMY O
This is a request under the provisions of 37 CFR 1.136(a) to extend the period for filing a reply in the above identified
application.
The requested extension and fee are as follows (check time period desired and enter the appropriate fee below):.
Fes Small Entity Fee
D One month (37 CFR 1.17(a)(1)) $130 . $65 b
[[] Two months (37 CFR 1.17(a)(2)) $490 $245 $
Three months (37 CFR 1.17(a)(3)) $1110 3555 5359
[:l Four months (37 CFR 1.17(a)(4)) $1730 $865 5
[] Five months (37 CFR 1.17(a}(5)) $2350 $1175 $

|:| Applicant claims small entity status. See 37 CFR 1.27.

[J A check in the amount of the fee is enclosed.

|:] Payment by credit card. Form PTO-2038 is attached.

D The Director has already been authorized to charge fees in this application to a Deposit Account.

m The Director is hereby authorized to charge any fees which may be required, or credit any overpayment, to
Deposit Account Number _06-1325

WARNING: information on this form may become public. Credit card Information should not be Included on this form.
Provide credit card information and authorization on PT0-2038.

I am the D applicant/inventor.

[] assignes of record of the entire interest. See 37 CFR 3.71.
Statement under 37 CFR 3.73(b) is enclosed (Form PTO/SB/96).

attomey or agent of record. Registration Number 45445

attomey or agent under 37 CFR 1.34.

tra n number if acting under 37 CFR 1.34
( / ﬂéz April 19, 2010

Signature Date
Karl F. Kenna 415-362-3800
Typed or printed name Telephone Number

NOTE: Signaturea of all the inventors or assignees of record of the antire inferest or their representative(s) are required. Submit multiple forms if more than one
signatura is required, see below.

Totalof 1 forms are submitted.
e ———r T i ———r T T S ——
jon of mfs tion Is ired by 37 CFR 1.136(a). The information is required to obtain or ratain 8 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 8 minutss to
compiete, induding gathering, preparing. and submitting the completed application form to the USPFTO. 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. Bax 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED
FORMS TO THIS ADDRESS. SEND TO: Commissloner for Patents, P.O. Box 1459, Alexandria, VA 22313-1450.

i you need assistance in compisting the form, call 1-800-PT0-9199 and select oplion 2.

Attorney Docket No.: AFPA-01001US1
kfk/afpa/1001us1/afpa_1001us1_PetitionExtensionTime.pdf

PAGE 3118 * RCVD AT 4/1912010 10:18:24 PM [Eastern Daylight Time] * SVR:USPTO-EFXRF 6/19 * DNIS:2738300 * CSID:415 362 2028 * DURATION (mm-55):04-00
U4/20/2019 JVONG]  BuBESBRS 861325 1 1757867
82 FC:2253 555.88 DA
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RECEIVEL
CENTRAL FAX CENTER

: APR 19 2010

PTO/SB/17 (10-08)
Approved for use Lhrough 06/30/2010. OMB 0651-0032
us. Paterﬂ and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Pamrk Reduction Act of 1995 no persons are Eulred to raspond to 8 collection of Infon'naﬂon unless it displays a valid OMB control numbar

Effactive on 12/08/2004. . Complete if Known
Fees pursuanf to the Consofidated Approprations Act, 2005 (H.R. 4918),

FEE TRANSMITTAL [ e s

For FY 2009 First Named Inventor | AFSHIN PARTOVI
. Examiner Name 2858
3 Applicant ctaims small entity status. See 37 CFR 1.27
Art Unit . RAMADAN, RAMY O
TOTAL AMOUNT OF PAYMENT | ($) 78 Attomey Docket No. | AFPA-01001US1

METHOD OF PAYMENT (check all that apply) !

|:| Check D Credit Card DMoney Order D None DOther (please identify):

- Depos1t Account Deposit Account Number:_06-1325 Deposit Account Name:_Fliesler Meyer LLP
For the above-<dentified deposit account, the Director is hereby authorized to: (check al! that apply)
Charge fee(s) indicated below D Chafrge fee(s) indicated below, except for the filing fes

Charge any additional fee(s) or underpayments of fee(s) | Credit any over, ents
-under 37 CFR 1.16 and 1.17 V overpaym

WARNING: Information on thls form may become public. Credit card Informati id not be included on thls form. Provide credit card
information and authorization on PTO-2038. :

FEE CALCULATION
1. BASIC FILING, SEARCH, AND EXAMINATION FEES

FILING SFEIESE ' SEARCHFEES  EXAMINATION FEES
mall Entity Small Entity Small Entity
Application Type Fao ($) Faae ($) Eee ($) n';:agg [5) Ege{$) ~ Fee (§n! Fees Paid (§)
Utility 330 165 540 270 220 110
Design 220 110 100 50 140 70
Plant 220 110 330 165 170 85
Reissue 330 165 540 270 650 325
Provisional 220 110 0 0 0 0
2. EXCESS CLAM FEES Small Entity
Feo Description Feo {$) Foo ($)
Each claim over 20 (including Reissues) 52 26
Each independent claim over 3 (including Reissues) 220 110
Multiple dependent claims ' 390 195
Total Claims Extra Clalms Feo ($) Eee Pald (S} Muttiple Dependent Claimg
23 -200rHP= 3 x 26 = 78 Eeo ($) Fee Pald ($)
HP = highest number of total dalms paid for, If greater than 20.
Indep. Claims Extra Clailms Feo {5) Eee Paid ($)
. -3 0rHP = 0 x 0 L] 0

HP = highest number of independent claims paid for, if greater than 3.
3. APPLICATION SIZE FEE
1f the specification and drawings exceed 100 sheets of paper (excludmg electronically filed sequence or computer
listings under 37 CFR 1.52(e)), the application size fee due is $270 (3135 for smal! entity) for each additional 50

sheets or fraction thereof. See 35 U.S.C. 41(a)(l)(G) and 37 CFR 1. 1653)
Jotal She: Extra Sheets ion thereof Fee ($) Fee Pald ($)

-100= 150 = (round up to a whole number) x
4. OTHER FEE(S) Fees Paid
Non-English Specification, $130 fee (no small entity discount) Foes Pald (5)
Other (e.g., late filing surcharge):
SUBMITTED BY L
" / g istration No.
Name (Print/Type)| Karl F. Kenna Date April 19, 2010

This collection of information is required by 37 CFR 1.138. The Information is required to obtain or retin a benefit by the public which Is to file (and by the
USPTO lo procass) an appllcation. Confidentiality is governed by 35 U.S.C. 122 snd 37 CFR 1.14. Thia collactlon Is estimated to take 30 minutes to complete,
indluding gathering, preparing, and submiting 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 compiete 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. Dapartment of Commerca, 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-PTO-9199 and select option 2.
Attorney Docket No.: AFPA-1001US1 !
kfafpa/1001ust/afpa_1001usi_fee_Transmittal.pdf

PAGE 4/18 * RCVD AT 4/18/2010 10:18:24 PM [Eastern Daylight Time] * SVR:USPTO-EFXRF-6/19 * DNIS:2738300 * CSID:415 362 2028 * DURATION (mm-ss):04-00
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RECEIVED

RAL FAX CENTER
APR 19 2010
IN THE UNITED STATES PATENT ANID TRADEMARK OFFICE

In re Application PATENT APPLICATION
First-named Inventor: Afshin Partovi
SC/Seral No.: 11/757,067 Art Unit: 2838
Confirm. No.: 2001 Examiner: Ramy Ramadan
Filed: June 1, 2007
Title: POWER SOURCE, CHARGING

SYSTEM, AND INDUCTIVE Customer No. 23910

RECEIWER FOR MOBILE

DEVICES

REQUEST FOR CONTINUED EXAMINATION UNDER 37 C.F.R. §1.114

Mail Stop RCE
Commissioner for Patents
P.O. Box 2152

Alexandria, VA 22313-1450

Sir
This REQUEST FOR CONTINUED EXAMINATION and REPLY is in response to the Office
Action mailed October 19, 2009.

Amendments
Please amend the above-identified application as follows:
Amendments to the Claims begin on Page 2.
Remarks begin on Page 9.
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In the Claims:
Please amend Claims 1-11, 20, 22, and 25-27; and add new Claims 28-30, all as shown
below. Applicant respectfully reserves the right to prosecute any originally presented claims in a

continuing or future application.

1. (Currently Amended) A charger system for use with a mobile, electronic, or other device
and/or battery or skin for use with the device, for charging and/or powering the device and/or battery
inductively, comprising:

a base unit having a flatereurved surface, and comprising one-ermere a plurality of primary
coils arranged behind and parallel to the surface, wherein each of the ere-ermere primary coils are
positioned within the base unit so that, when an electrical current is passed through the that primary
colls coil, a magnetic field is generated in a direction substantially perpendicular to the surface of the
base unit;

a power supply for passing a current through the pnmary coils to generate the magnetic field
in a direction substantially perpendicular to the plane of the primary coils;

a communications interface that altews the base unit, and the mobile, or electronic,-erether
device, and/or battery and/or skin_or battery door proximate thereto [[to ,]] use to communicate with

one another -prier-te-andfer during powering or charging, to
poll each of the coils, orreceive a signal from a sensor associated therewith, to verify

the presence of the mobile, or electronic;-e~ether device, and/or battery and/or skin or
battery door placed upon the surface of the base unit,

select, based on the polling or sensing, from within the plurality of primary coils, and

activate, [[a]] those one or more primary eeil coils which are determined to be in general

alignment with a receiver coil at the device, and/or battery and/or skin|[[,]] or battery door and
periodically thereafter exchange information to provide eptirum power transfer to the
device and/or battery, including device and/or battery charging status or presence; and

wherein the substantially perpendicular magnetic ﬁéld is used to inductively generate a
current in the receiver coil within or on the mobile, or electronic;-erether device and/or battery and/or
skin or battery door foruee-with-the-devices proximate placed upon the activated primary coil of the
base unit, to charge or power the mobile, or electronic-or-other device and/or battery-erskin, and

wherein the base unit and recsiver coil or circuitry associated therewith are-cenfigured-to
use the exchanged information to determine and to regulate one or more of output voltage, current,

or power provided by the base unit to the device and/or battery to be within the range of one or more
of a value of a required voltage, current, or other power parameter for the device, skin and/or battery
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or battery door, and/or to verify the presence of the recleiver coil near the base unit.

2. (Currently Amended) The system of claim 1, Mherein one or more of the primary and
secendary receiver coils are manufactured by one of printed circuit boards or by etching, stamping
or forming copper or other conductive material, and wherein the one or more primary coils are
formed of one or more wires are amranged in a generally circular or spiral shape.

3. (Currently Amended) The system of claim 1, wherein the base unit includes a switch for
automatically switching one or more of the primary coils on whenever a mobile, or electronic-er
ether device and/or battery and/or skin or battery door is placed close to the primary coils of the
base unit and the presence of the mobile, or electronic,-erether device and/or battery and/or skin or
battery door is detected, including periodically powering each of the one or more primary coils in
rotation to generate a radiofrequency or other signal response in a proximate secordary receiver,
and using the response to determine the presence of the mobile, or electronic;-or-ether device
and/or battery and/or skin or battery door, and/or value of voltage, current, or other power parameter
for the mobile device and/or battery.

4. (Currently Amended) The system of claim 1, whérein the base unitincludes multiple primary
coils that can be used to simultaneously charge and/or power multiple mobile, or electronic ~erether
devices or skins or battery doors and/or batteries.

5. (Currently Amended) The system of claim 1, wherein the base unit is formed in the shape of
a pad and wherein one or multiple primary coils are distributed within layers of coils within the pad.

6. (Currently Amended) The system of claim 5, wherein the multiple primary coils are ailowed to
move within a degree of freedom within their plane to more closely align the primary coil with the
secondary receiver coil of the mobile, or electronic,—er;ether device and/or battery and/or skin or
battery door for use with the device.

7. (Currently Amended) The system of claim 1, further comprising a data storage component
for storage of data, for subsequent transmission of data to or from the mabile, or electronic-erether
device and/or battery and/or skin or battery door for use with the device.

8. (Currently Amended) The system of claim 1, wherein the base unit is integrated into a
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!

charging kiosk, clothing, bag, briefcase, backpack, skin!or case for occasional charging of mobile,
!

electronic, or other devices and/or a battery and/or skin for use with the device, and/or includes a

surface or skin or layer that is interchangeable to allow customization of the base unit or to add

additional functionality.

9. (Currently Amended) The system of claim 1, wherein one or more of the primary coils are
stacked atop one another to increase transfer efficiency

10. (Currently Amended) The system of claim 1, wherein the ehargeranrdiorpewersupply base
unit senses the location of the mobile, or electronic;-erether device and/or battery and/or skin or
battery door for use with the device, and activates a primary coil near the mobile, or electronic;-er
other device and/or battery and/or skin or battery door for use with the device, by sensing a change
in a resonant circuit in—ﬂae—eharger—e;—pewar—suppl—ywhén the mobile, or electronic-orether device
and/or battery and/or skin or battery door for use with the device is in proximity to a primary coil.

11. (Currently Amended) The system of claim 1, wherein the ehargerorpewersupply base unit
is foomed in the shape of a curved surface, cup, bowi, or other container, and wherein mobile,
electronic, or other devices and/or battery and/or skin for use with the device can be placed on the
curved surface to be charged or powered inductively;

and/or wherein the [[curve]] curved surface in the base unit matches the eurve-inthe-back;
battery door, handie, case, or skin [[]] of a mobile or electronic device and/or a battery to allow

optimum power transfer.

12. (Onginal) The system of claim 1, wherein a plurality of modular base units can be
interconnected to form a larger single base unit.

13-19. (Canceled).

20.  (Currently Amended) A system for simultaneously charging or powering a plurality of mobile,
electronic, or other device and/or battery or skin for use with the device, compnising:
a base unit having a flatereurved surface and comprising
one-ermore a plurality of primary coils arranged behind and parallel to the surface,

wherein each of the ere-e+mere primary coils are positioned within the base unit so that,
when an electrical current is passed through the that primary eeils coil, a magnetic field is
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‘ i
generated in a direction substantially perpendicular to the surface of the base unit,
a power supply for passing a current through the primary coils to generate magnetic
fields for each coil in a direction substantiaily perpendicular to the plane of the primary coils,

one or more aligning magnets within the base unit, which are oriented so that their
magnetic field is perpendicular to the surface of the base unit, that encourage the general
alignment of the primary coil with the receiver coil using corresponding magnets at the
receiver coil, mobile, or electronic-er-ether device and/or battery, and/or skin or battery door

for use with the device, and ’
a plurality of mobile, or eIectrbnic,—er—ethe% devicés and/or battery, and/or skin or battery door
for use with the device, capable of inductive powering or charging, each mobile, or electronic;-er

other device or battery, each of which comprising
a battery for powering a mobile, or electronic,-or-other device, and
areceiver that is one of attached to, incorporated within, or coupled to the mobile, or
electronic;-er-ether device or the battery, wherein the receiver comprises a [[secondary]]
receiver coil; ard .
wherein the substantially perpendicular magnetic fields are used to inductively generate a
current in the plurality of the [[secondary]] receiver coils within one or more of the mobile, or
electronic,—or-other device and/or battery and/or skin or battery door for use with the device,
proximate the base unit, to charge or power the mobile, or eiectronic;-erether device and/or battery
and/or skin devieses, including
polling each of the coils, or receiving a signal from a sensor associated therewith, to

verify the presence of the mobile, or electronic device and/or battery placed upon the surface

of the base unit,

selecting, based on the polling or sensing, from the plurality of pimary coils, and

activating those primary coils which are determined to be in general alignment with a

receiver coil at the device and/or battery, and
periodically thereafter exchanging information, including device and/or battery

charging status or presence, to provide power transfer to the device and/or battery; and

a requlator that requlates one or more of output voltage, current, or power provided by the

base unit to a mobile, or electronic device and/or battery and/or skin or battery door for use with the
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device, proximate the base unit, to be within the range of one or more of a value of voltage, current,
or other power parameter for the mobile device and/or batteg(.

21. (Previously Presented) The system of claim 1,fwherein the coil in the base unit and the
receiver are substantially aligned using a mechanical, magnetic, or optical method of alignment to

provide optimum power transfer.

22. (Currently Amended) The system of claim 1, wherein the base unit has an angled or vertical
surface to allow better placement of the mobile, or electronic;-er-ether device and/or battery and/or
skin or battery door for use with the device, to be charged and/or wherein the base unit can be

attached or mounted at an angle or vertically.

23. (Previously Presented) The system of claim 1, wherein the base unit is made entirely or
partially of material that is flexible and can be folded, bent or rolled up to allow portability or

conformity to a surface.

24, (Previously Presented) The system of claim 1, wherein the base unitis powsred conductively
or inductively by an internal battery or a solar cell or fuel cell or mechanical power or AC or DC
power or a car or other transportation vehicle, or an electrical or mobile device or a combination of

the above.

25. (Currently Amended) The system of claim [[20]] 1, wherein the receiver coil is integrated with
an after-market or field-replaceable unit or battery pack or where the receiver coil is integrated into a
plastic, leather, silicone, cloth or other material cover or door for the mobile, or electronic-eroether
device and/or battery and/or skin for the device, and plugs into or makes contact with power
connections on the mobile, or electronic,-er-ether device and/or battery.

26. (Currently Amended) The system of claim [[20]] 1, wherein the receiver coil is integrated with
an after-market or field-replaceable unit or battery pack or wherein the receiver coil is provided as a
replacement battery compartment door or battery attachment or device skin unit which includes the

receiver coil.

27. (Currently Amended) A charger system for use with a mobile, electronic, or other device
and/or battery, and/or skin or battery door for use with the device, for charging and/or powering the
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device and/or battery inductively, comprising:
a base unit having a flat-orcurved surface and comprising one or more primary coils
arranged behind and parallel to the surface, wherein each of the one or more primary coils are

positioned within the base unit so that, when an electrical current is passed through the pnmary
coils, a magnetic field is generated in a direction substantially perpendicular to the surface of the
base unit;

a power supply for passing a current through the primary coils to generate the magnetic field
in a direction substantially perpendicular to the plane of the primary coils;

one or more aligning magnets within the base unit, which are onented so that their magnetic
field is perpendicular to the surface of the base unit, that encourage the general alignment of the
primary coil with a receiver coil using a corresponding one or more magnets at the receiver caoil,
mobile, or electronic-e+other device and/or battery and/or skin or battery door for use with the
device, wherein the receiver coil can be provided either directly within or on the device or within a

replacement battery compartment door unit, device skin or battery which includes the receiver coil
and the corresponding one or more magnets; and )

wherein the substantially perpendicular magneﬁé field generated by the primary coil is used
to inductively generate a current in the receiver coil within or on the mobile, or electronic;-erether
device and/or battery, and/or skin or battery door for use with the device proximate the base unit, to
charge or power the mobile, or electronic;-erether device and/or battery, and/or skin or battery door

including

verifying the presence of the mobile, or electronic device and/or battery, and/or skin

or battery door placed upon the surface of the base unit,
selecting, from the plurality of primary coils, and activating those primary coils which

are below and in general alignment with a receiver coit at the device and/or battery, and/or

skin or battery door, and
penodically thereafter exchanging information to provide optimum power transfer to

the device and/or battery or verify the presence of the receiver coil near the base unit, and

wherein the base unit and receiver coil or circuitry associated therewith are configured to
regulate one or more of output voltage, current, or power provided by the base unit to the device
and/or battery to be within the range of one or more of a value of voltage, current, or other power
parameter for the device, skin and/or battery.

28. (New) The system of claim 1, wherein the base unit, and the mobile, or electronic device
and/or battery and/or skin or battery door proximate thereto to communicate with one another
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including the use of RFID or other Radio Frequency or optical communication that identifies the

base unit, and the mobile or electronic device and/or battery or skin.

29. (New) The system of claim 1, wherein the chargei' system includes one or a plurality of LED's
and/or audio signals that identify charging occurring or which of the plurality of primary coils are

currently activated.

30. (New) The system of claim 1, wherein the base unit can be powered by another electronic
device, such as the pad being powered through a USB outlet or another electronic device.
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Remarks

This REQUEST FOR CONTINUED EXAMINATION and REPLY is in response to the Office
Action mailed October 19, 2009. ‘

Enclosed herewith is a Petition for Extension of time, together with the appropriate fee,
extending the time to respond up to and including April 19, 2010.

I -Summary of Examiner’s Rejectlons ;
Prior to the Office Action mailed October 19, 2009, Claims 1-12 and 20-27 were pending in

the Application. In the Office Action, Claims 1, 2, 3, 11 20, 21-23 and 27 were objected to for
various informalities. Claims 1, 20 and 27 were provisionally rejected on the grounds of nonstatutory
obviousness-type double patenting as being unpatentaBle over Claims 11,17, 19, 20, 22, 30 and 43
of copending Application No. 11/669,113. Claims 1-7 and 9-12 were rejected 35 U.S.C. 103(a) as
being unpatentable over Hui (U.S. Patent Publication !\Io. 2005/0189910) in view of Lyon (U.S.
Patent Publication No. 2004/0145342). Claim 8 was rfejected under 35 U.S.C. 103(a) as being
unpatentable over Hui in view of Shneidman (U.S. Patept Publication No. 2006/0038794). Claims
20-22 and 24-27 were rejected 35 U.S.C. 103(a) as be'ing unpatentable over Hui in view of Sabo
(U.S. Patent No. 6,803,744). Claims 23 was rejected 35 U.S.C. 103(a) as being unpatentable over
Hui in view of Sabo, and further in view of Dayan (U.S. iPatent No. 7,399,202).

L. Summary of Applicant’s Amendment
The present Reply amends Claims 1-11, 20, 22 and 25-27; and adds new Claims 28-30,

leaving for the Examiner’s present consideration Claims 1-12 and 20-30.
. Objections to the Claims
In the Office Action mailed October 19, 2009, Claims 1, 2, 3, 11, 20, 21-23 and 27 were

objected to for various informalities. Accordingly, the clfaims have been amended as shown above
to address the informalities. Reconsideration thereof is respectfully requested.

. Claim Rejections under Double Patenting
In the Office Action mailed October 19, 2009, Claims 1, 20 and 27 were provisionally

rejected on the grounds of nonstatutory obviousness-tyioe double patenting as being unpatentable
over Claims 11, 17, 19, 20, 22, 30 and 43 of copending Application No. 11/669,113.
Accordingly, Claims 1, 20 and 27 have been amended as shown above, and differ from
Claims 11, 17, 19, 20, 22, 30 and 43 of copending Application No. 11/669,113. Applicant
!
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respectfully requests that the rejection of Claims 1, 20 and 27 on the grounds of nonstatutory
obviousness-type double patenting be held in abeyance, pending allowance of one or other
application, at which point this rejection can be further addressed, including if necessary the filing of

an appropriate Terminal Disclaimer.

V. Claim Rejections under 35 U.S.C. 103(a}

In the Office Action mailed October 19, 2009, Claims 1-7 and 9-12 were rejected 35 U.S.C.
103(a) as being unpatentable over Hui (U.S. Patent Publication No. 2005/018991 0) in view of Lyon
(U.S. Patent Publication No. 2004/0145342). Claim 8 was rejected under 35 U.S.C. 103(a) as being
unpatentable over Hui in view of Shneidman (U.S. Patent Publication No. 2006/0038794). Claims
20-22 and 24-27 were rejected 35 U.S.C. 103(a) as being unpatentable over Hui in view of Sabo
(U.S. Patent No. 6,803,744). Claims 23 was rejected 35 U.S.C. 103(a) as being unpatentable over
Hui in view of Sabo, and further in view of Dayan (U.S. Patent No. 7,399,202).

Claim 1
Claim 1 has been amended to recite:

1. (Currently Amended) A charger system for use with a mobile, electronic, or other
device and/or battery or skin for use with the device, for charging and/or powsring the device
and/or battery inductively, comprising:

a base unit having a surface, and compnsmg a plurality of primary coils arranged
behind and parallel to the surface, wherein each of the primary coils are positioned within the
base unit so that, when an electrical current is passed through that primary coil, a magnetic
field is generated in a direction substantially perpendicular to the surface of the base unit;

a power supply for passing a current through the primary coils to generate the
magnetic fleld in a direction substantially pempendicular to the plane of the primary coils;

a communications interface that the base unit, and the mobile, or electronic device,
and/or battery and/or skin or battery door proximate thereto use to communicate with one
another during powering or charging, to

poll each of the coils, or receive a signal from a sensor associated therewith,
to verify the presence of the mobile, or electronic device, and/or battery and/or skin
or battery door placed upon the surface of the base unit,

select, based on the polling or sensing, from within the plurality of primary
coils, and activate, those one or more primary coils which are determined to be in
general alignment with a receiver coil at the device, and/or battery and/or skin or
bafttery door and

periodically thereafter exchange information to provide power transfer to the
devlce and/or battery, including device and/or battery charging status or presence;
and

wherein the substantially perpendicular magnetic field is used to inductively generate
a current in the receiver coil within or on the mobile, or electronic device and/or battery
andy/or skin or battery door placed upon the activated primary coil of the base unit, to charge
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or power the mobile, or electronic device and/or battery, and

wherein the base unit and receiver coil or circuitry associated therewith use the
exchanged information to determine and to regulate one or more of output voltage, current,
or power provided by the base unit to the device and/or battery to be within the range of one
or more of a value of a required voltage, current, or other power parameter for the device,
skin and/or battery or battery door, and/or to verify the presence of the receiver coil near the
base unit :

Hui discloses a planar inductive battery charging system designed to enable electronic
devices to be recharged. The system includes a planar charging module having a charging surface
on which a device to be recharged is placed. Within the charging module and parallel to the
charging surface is at least one and preferably an array of primary windings that couple energy
inductively to a secondary winding formed in the device to be recharged. The [invention therein] also
provides secondary modules that allow the system to be used with conventional electronic devices

~not formed with secondary windings. (Abstract). As further disclosed therein, inside each
secondary charging module 200 are at least one secondary winding 204 and charger circuitry 205
that receives the induced AC voltage in the secondary winding and provides a regulated DC output
voltage for the charging purpose. (Paragraph [0106]). .

Lyon discloses a method and apparatus is used for adaptive inductive charging of a device.
Charging includes detecting the presence of a device capable of receiving an inductive charge,
determining a set of parameters for inductively charginQ the device, and transmitting an inductive
charge corresponding to the set of parameters for charging the device. Another aspect of charging
includes combining at least two inductive fields transmitted at different angles to each other,
delivering the combined inductive field at an orientation to the device, measuring the load on the
device to determine the effectiveness of the orientation of the inductive field when charging the
device, and charging the device at the orientation of the inductive field when the measured load on
the device exceeds a threshold load level. (Abstract). As further disclosed by Lyon, inductor control
222 specifies the amount of power delivered to each of the two or more inductor coils used to
generate magnetic fields for charging. Vector operations are calculated and used by inductor
control 222 to combine the various fields provided by individual inductors 210 through 212 when
charging the various devices on inductive charger 106. Different vector operations are performed
depending on the geometry of the inductor coils and their relative positions to each other.
(Paragraph [0020]).

Claim 1 has been amended to recite that, in accordance with the embodiment therein, the
system comprises a plurality of primary coils arranged behind and paraliel to the surface, and that
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the base unit, and the mobile, or electronic device, batltery and/or skin or battery door proximate
thereto, communicate with one another during powerinfg or charging, to poll each of the coils, or
receive a signal from a sensor associated therewith, .to verify the presence of the mobile, or
electronic device, and/or battery and/or skin or battery :door placed upon the surface of the base
unit, select, based on the polling or sensing, from withiﬁ the plurality of primary coils, and activate,
those one or more primary coils which are determined to be in general alignment with a receiver coil
at the device, and/or battery and/or skin or battery dbor, and periodically thereafter exchange
information to provide power transfer to the device and/or battery, including device and/or battery
charging status or presence.

Claim 1 has also been amended to recite that, in accordance with the embodiment therein,
the base unit and receiver coil or circuitry associated thferewith use the exchanged information to
determine and to regulate one or more of output volitage, current, or power provided by the base unit
to the device and/or battery to be within the range of onfe or more of a value of a required voltage,
current, or other power parameter for the device, skin aqd/or battery or battery door, and/or to verify
the presence of the receiver coil near the base unit. ‘

Applicant respectfully submits that the above features are neither disclosed by, nor obvious
in view of, Hui and/or Lyon. '

In view of the above remarks, Applicant respe'ctfﬁlly submits that Claim 1, as currently
amended, is neither anticipated by, nor obvious in viev@r of the cited references when considered

alone or in combination. Reconsideration thereof is reépectfully requested.

Claims 2-12 and 21-26

Claims 2-12 and 21-26 depend from and include all of the features of Claim 1. These claims
are not addressed separately herein. However, Applicant respectfully submits that these claims are
allowable at least as depending from an allowable independent claim, and further in view of the
amendments to Claim 1, and the remarks provided above. Reconsideration thereof is respectfully

requested.

Claims 20 and 27 .

Claims 20 and 27 were rejected 35 U.S.C. 103(a) as being unpatentable over Hui in view of
Sabo. The remarks provided above with regard to Claim 1 are herein incorporated by reference.
Claims 20 and 27 have been similarly amended to more clearly recite the embodiments therein. For
similar reasons as provided above with regard to Claim 1, Applicant respectfully submits that Claims

-12-
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20 and 27, as amended, are likewise neither anticipated by, nor obvious in view of the cited
references.

Additionally, Sabo appears to disclose an inductive power transfer device [ ] for recharging
cordless appliances. The device includes a plurality of inductors arranged in an array and connected
with a power supply via switches which are selectively operable to activate the respective inductors.
The inductors serve as the primary coil of a transformer. The secondary coil of the transformer is
arranged in the appliance. When the appliance is arranged proximate to the power transfer device
with the respective coils in alignment, power is inductively transferred from the device to the
appliance via the transformer. (Abstract). As further described therein, it is preferable to provide for
positive engagement between the receiver and the source. This may prove useful when the source
is positioned other than in a horizontal position and when the interface is subjected to vibration or
jostling, since it produces a tighter magneto-inductive coupling (between source and appliance) by
ensuring the best proximity and/or alignment of coils.' This, in tumn, helps overcome possible
magnetic repulsion between the coupled sets of source and appliance inductors. (Column 8, lines
20-28).

In the Office Action, it was asserted that Sabo discloses one or more aligning magnets within
the base unit that encourage the general alignment of the primary coil with the receiver coil, using
comresponding magnets at the receiver coil, mobile, electronic, or other device and/or battery or skin
for use with the device. ‘

Howevar, Applicant respectfully submits that, based on the above description it appears that,
in Sabo, the source and the receiver inductors form parts of a transformer, and that the permanent
magnet(s) described therein are used primarily to provide for positive engagement between the
source and the receiver, to help overcome any possible rhagnetic repulsion that may exist between
the coupled sets of inductors in such a transformer arrangement. For example, Figure 7 appears to
illustrate that the magnets described therein are the ferrite cores of the inductors themselves, and
are oriented so that their magnetic field lies within the plane of the inductor (i.e. parallel to the
surface). '

As such, Applicant respectfully submits that, élthough Sabo appears to disclose that
magnets may be useful in providing positive engagemént between the source and the receiver,
Sabo does not appear to disclose one or more aligning magnets within the base unit, oriented so
that their magnetic field is perpendicular to the surface of the base unit, that encourage the general
alignment of the primary coil with the recelver coil. Claims 20 and 27 have been amended as shown

above to more clearly recite this feature.

13- '
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In view of the above remarks, Applicant respectfully submits that Ciaims 20 and 27, as
currently amended, are neither anticipated by, nor obvious in view of the cited references when

considered alone or in combination. Reconsideration thereof is respectfully requested.

VL. Additional Amendments
Claims 28-30 have been newly added by the present Reply. Applicant respectfully requests
that new Claims 28-30 be included in the Application and considered therewith.

V. Request for Interview
In the event the above remarks fail to place the case in condition for allowance, Applicant

respectfully requests the opportunity to interview with the Examiner at his convenience, and prior to
the issuance of a subsequent Office Action, to assist in expediting pnosecution.'

VIll. Conclusion

In view of the above amendments and remarks, it is respectfully submitted that all of the
claims now pending in the subject patent application should be allowable, and reconsideration
thereof is respectfully requested. The Examiner is respectfully requested to telephone the
undersigned if he can assist in any way in expediting issuance of a patent.

Enclosed herewith is a Petition for Extension of time, together with the appropriate fee,
extending the time to respond up to and including April 19, 2010. The Commissioner is authorized
to charge any underpayment or credit any overpayment to Deposit Account No. 06-1325 for any
matter in connection with this response, including any fee for extension of time, which may be
required.

Respectfq'l/l;ﬁ submitted,

’ ,

Date: April 19, 2010 By:

Karl Kenna
Reg. No. 45,445

Customer No.: 23910
FLIESLER MEYER LLP

650 California Street, 14 Floor
San Francisco, California 94108
Telephone: (415) 362-3800

-14- i
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11/757,067 PARTOVI, AFSHIN
Office Action Summary Examiner Art Unit

RAMY RAMADAN 2858

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH(S) OR THIRTY (30) DAYS,
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed

after SIX (6) MONTHS from the mailing date of this communication.
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any

earned patent term adjustment. See 37 CFR 1.704(b).

Status

1)X] Responsive to communication(s) filed on 27 July 2009.
2a)X] This action is FINAL. 2b)[] This action is non-final.
3)] Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims

4)X] Claim(s) 1-12 and 20-27 is/are pending in the application.

4a) Of the above claim(s) is/are withdrawn from consideration.
5[] Claim(s) is/are allowed.
6)X] Claim(s) 1-12 and 20-27 is/are rejected.
7)[] Claim(s) ____is/are objected to.
8)[] Claim(s) _____ are subject to restriction and/or election requirement.

Application Papers

9)[] The specification is objected to by the Examiner.
10)[X] The drawing(s) filed on 27 July 2009 is/are: a)[X] accepted or b)[_] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).
11)[] The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152.

Priority under 35 U.S.C. § 119

12)[_] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)~(d) or (f).
a)JAll  b)[]Some * ¢)[] None of:
1. Certified copies of the priority documents have been received.
2.[] Certified copies of the priority documents have been received in Application No.
3] Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).
* See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)

1) @ Notice of References Cited (PTO-892) 4) |:| Interview Summary (PTO-413)

2) ] Notice of Draftsperson’s Patent Drawing Review (PTO-948) Paper No(s)/Mail Date. __

3) [X] Information Disclosure Statement(s) (PTO/SB/08) 5) ] Notice of Informal Patent Application
Paper No(s)/Mail Date 27 July 2009. 6) |:| Other: ______

U.S. Patent and Trademark Office
PTOL-326 (Rev. 08-06) Office Action Summary Part of Paper No./Mail Date 20091007

Page 620 of 1081



Application/Control Number: 11/757,067 Page 2

Art Unit: 2858
DETAILED ACTION
Amendments
1. Acknowledgement is made of the amendment filed July 27, 2009. Claims 1-12 and 20-

27 are now pending in the application. Claims 13-19 have been cancelled, claims 1-8, 10, 11

and 20 have been amended and claims 21-27 have been added.

Specification
2. The amendment to the specification filed July 27, 2009 is accepted. No new matter is
being added.
Drawings
3. The drawings filed July 27, 2009 have been reviewed and are acceptable.
Information Disclosure Statement
4. The Information Disclosure Statement dated July 27, 2009 has been acknowledged by

the examiner and the cited references have been considered in the examination of the pending
claims. As required by M.P.E.P 609 C (2), a copy of the Information Disclosure Statement
initiated and dated by the examiner is attached.
Response to Arguments
5. Applicant's following arguments filed July 27, 2009 have been fully considered but they
are not persuasive.
Applicant arguments with respect to claim 1 on pages 14 and 15 of the remarks that:

Applicant respectfully submits that, based on the above
description, although Hui appears to disclose that inside each
secondary charging module are a secondary winding and charger
circuitry, that receives the induced AC voltage in the secondary
winding and provides a regulated DC output voltage for use in
charging; the regulation disclosed therein appears to be performed
within the secondary charging module to regulate the output voltage
between the charging module and a device being charged. However,
Hui does not appear to disclose regulating one or more of output
voltage, current, or power provided by the base unit to a receiver coll
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to be within the range of one or more of a value of voltage, current, or

other power parameter.

To more clearly distinguish the embodiment therein, Claim 1 has
been amended to recite that, in the embodiment therein, the base unit
and receiver coil or circuitry associated therewith are configured to
regulate one or more of output voltage, current, or power provided by
the base unit to the device and/or battery to be within the range of one
or more of a value of voltage, current, or other power parameter for

the device, skin and/or battery.

The examiner respectfully disagrees and submits that Hui discloses the limitation
“‘wherein the base unit and receiver coil or circuitry associated therewith are configured to
regulate one or more of output voltage, current, or power provided by the base unit to the device
and/or battery to be within the range of one or more of a value of voltage, current, or other
power parameter for the device, skin and/or battery.” More specifically, Hui discloses that the
base unit (1) and receiver coil or circuitry associated therewith (i.e., rectifier, see Fig. 10c or
charger circuitry 205, see Fig. 46) are configured to regulate one or more of output voltage,
current, or power provided by the base unit (1) to the device (3) and/or battery to be within the
range of one or more of a value of voltage, current, or other power parameter for the device (3),
skin and/or battery (Para [0106] and [0108]). More specifically, Hui teaches that the rectifier or
charger circuitry (205) are configured regulate the output voltage to a DC voltage with a desired
value in the range from 3V to 24V to be within the required range for the device (3).

Similarly, Hui discloses a regulator as claimed in claim 20.
6. Applicant’s other arguments with respect to claims 1 and 3 have been considered but
are moot in view of the new ground(s) of rejection.
Claim Objections

7. Claims 1, 2, 3, 11, 20, 21-23 and 27 are objected to because of the following

informalities:
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The comma “," in line 11 of claim 1 before the word “communicate” should be deleted.
The term “devices” in line 20 of claim 1, should read as --device--. The word “are” in line 4 of
claim 2 should be deleted. The word “receiver” should be added after the word “secondary” in
line 6 of claim 3. There is insufficient antecedent basis for the limitation "the curve in the back,
handle, case, skin, of a mobile or electronic device” in line 5 of claim 11. The comma “," in line 5
of claim 11 after the term “skin” should be deleted. The word “or” should be added before the
term “skin” in line 5 of claim 11. The term “device” in lines 19-20 should read as --devices--. The
limitation “other device” is objected to as being indefinite.

The limitation “other device” in claims 20, 22, 23 and 27 renders the claims indefinite as
it includes devices and elements that are not disclosed by the invention.

Claim 20 is objected to as being indefinite for failing to particularly point out and
distinctly claim the subject matter which applicant regards as the invention. The claim recites
that “the base unit comprises a regulator that regulates one or .......... for the mobile device
and/or battery.” However, Applicant’s disclosure and drawings (Fig. 6, 11 and 17) disclose and
show that the regulator is an element in the receiver not the base unit. For examination
purposes the limitation has been interpreted according to the specification and the drawings.

Appropriate correction or clarification is required.

Double Patenting

8. The nonstatutory double patenting rejection is based on a judicially created doctrine
grounded in public policy (a policy reflected in the statute) so as to prevent the unjustified or
improper timewise extension of the “right to exclude” granted by a patent and to prevent
possible harassment by multiple assignees. A nonstatutory obviousness-type double patenting
rejection is appropriate where the conflicting claims are not identical, but at least one examined
application claim is not patentably distinct from the reference claim(s) because the examined
application claim is either anticipated by, or would have been obvious over, the reference
claim(s). See, e.g., In re Berg, 140 F.3d 1428, 46 USPQ2d 1226 (Fed. Cir. 1998); In re
Goodman, 11 F.3d 1046, 29 USPQ2d 2010 (Fed. Cir. 1993); In re Longi, 759 F.2d 887, 225
USPQ 645 (Fed. Cir. 1985); In re Van Ornum, 686 F.2d 937, 214 USPQ 761 (CCPA 1982); In re

Vogel, 422 F.2d 438, 164 USPQ 619 (CCPA 1970); and In re Thorington, 418 F.2d 528, 163
USPQ 644 (CCPA 1969).
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A timely filed terminal disclaimer in compliance with 37 CFR 1.321(c) or 1.321(d) may be
used to overcome an actual or provisional rejection based on a nonstatutory double patenting
ground provided the conflicting application or patent either is shown to be commonly owned with
this application, or claims an invention made as a result of activities undertaken within the scope
of a joint research agreement.

Effective January 1, 1994, a registered attorney or agent of record may sign a terminal
disclaimer. A terminal disclaimer signed by the assignee must fully comply with 37 CFR 3.73(b).

9. Claims 1, 20 and 27 are provisionally rejected on the ground of nonstatutory
obviousness-type double patenting as being unpatentable over claims 11, 17, 19, 20, 22, 30
and 43 of copending Application No. 11/669,113. Although the conflicting claims are not
identical, they are not patentably distinct from each other because the additions to the claims
are obvious variations of the same invention.

This is a provisional obviousness-type double patenting rejection because the conflicting
claims have not in fact been patented.

Claim 1 is provisionally rejected on the ground of nonstatutory obviousness-type double
patenting as being unpatentable over claims 11 and 17 of copending Application No.
11/669,113 because the differences are obvious variations of the same invention. Claim 1
differs from claim 11 of copending Application No. 11/669,113, in that claim 1 discloses a base
unit having a flat or curved surface, while claim 11 does not. However, claim 17 of copending
Application No. 11/669,113 discloses a base unit in the shape of a pad.

Claim 20 is provisionally rejected on the ground of nonstatutory obviousness-type double
patenting as being unpatentable over claims 11, 19, 20, 22, 30 and 43, respectively, of
copending Application No. 11/669,113.

Similarly, claim 27 is provisionally rejected on the ground of nonstatutory obviousness-
type double patenting as being unpatentable over claims 11, 17 and 19, respectively, of

copending Application No. 11/669,113.
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Claim Rejections - 35 USC § 103
10. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all

obviousness rejections set forth in this Office action:

(a) A patent may not be obtained though the invention is not identically disclosed or described as set
forth in section 102 of this title, if the differences between the subject matter sought to be patented and
the prior art are such that the subject matter as a whole would have been obvious at the time the
invention was made to a person having ordinary skill in the art to which said subject matter pertains.
Patentability shall not be negatived by the manner in which the invention was made.

1. Claims 1-7, 9 and 12 are rejected under 35 U.S.C. 103(a) as being unpatentable
over Hui (US 2005/0189910), in view of Lyon, (US2004/0145342).

With respect to claims 1 and 3, Hui discloses and shows in Figs. 4a-9b, a charger
system for use with a mobile, electronic (3), or other device and/or battery or skin for use with
the device (3), for charging and/or powering the device (3) and/or battery inductively,
comprising: a base unit (i.e., housing 1) having a flat or curved surface and comprising one or
more primary coils (i.e., primary windings, see Figs. 4c and 42), wherein each of the one or
more primary coils are positioned within the base unit (1) so that, when an electrical current is
passed through the primary coils, a magnetic field (i.e., magnetic flux) is generated in a direction
substantially perpendicular to the surface of the base unit (1) (see Para [0077] and [0103]); a
power supply (i.e., high frequency AC voltage source, see Fig. 10c) for passing a current
through the primary coils to generate the magnetic field in a direction substantially perpendicular
to the plane of the primary coils (Para [0074] and [0075]); and wherein the substantially
perpendicular magnetic field is used to inductively generate a current in the receiver coil within
or on the mobile, electronic, or other device (3) and/or battery or skin for use with the devices
(3) proximate the base unit (1), to charge or power the mobile, electronic, or other device (3)
and/or battery or skin (Para [0070]-[0072]), and wherein the base unit (1) and receiver coil or
circuitry associated therewith (i.e., rectifier, see Fig. 10c or charger circuitry 205, see Fig. 46)

are configured to regulate one or more of output voltage, current, or power provided by the base
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unit (1) to the device (3) and/or battery to be within the range of one or more of a value of
voltage, current, or other power parameter for the device (3), skin and/or battery (i.e., the DC
voltage is regulated to a desired value in the range from 3V to 24V to be within the range of the
device (3)) (Para [0106] and [0108]), wherein the base unit includes a switch (109) for
automatically switching the primary windings (105) on whenever a mobile device (203) is placed
close to the primary winding (105) of the housing and the presence of the mobile device (203) is
detected (Para [0103] and Fig. 45).

But Hui does not explicitly disclose a communications interface that allows the base unit,
and the mobile, electronic, or other device and/or battery or skin proximate thereto to
communicate with one another, prior to and/or during powering or charging, to verify the
presence of the mobile, electronic, or other device and/or battery, activate a primary coil in
.general alignment with a receiver coil at the device and/or battery, and exchange information to
provide optimum power transfer to the device and/or battery, and periodically powering each of
the one or more primary coils in rotation to generate a radiofrequency or other signal response
in a proximate secondary receiver, and using the response to determine the presence of the
mobile, electronic, or other device and / or battery or skin and / or value of voltage, current, or
other power parameter for the mobile device and/or battery.

However, Lyon discloses and shows in Fig. 2, an adaptive charger system comprising a
communications interface (i.e., data communication channel 220) that allows a base unit (106),
and a mobile, electronic, or other device (204) and/or battery or skin proximate thereto to
communicate with one another, prior to and/or during powering or charging, to verify the
presence of the mobile, electronic, or other device (204) and/or battery, activate a primary coil
(210-212) in .general alignment with a receiver coil (232) at the device (204) and/or battery, and

exchange information to provide optimum power transfer to the device (204) and/or battery
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(Para [0021], [0023], [0025], [0027] and [0028]), and periodically powering each of the one or
more primary coils (210-212) in rotation to generate a radiofrequency or other signal response
in a proximate secondary receiver (232), and using the response to determine the presence of
the mobile, electronic, or other device (204) and / or battery or skin and / or value of voltage,
current, or other power parameter for the mobile device and/or battery (Para [0023] and [0025]).

Lyon is evidence that ordinary workers in the art would find a reason, suggestion or
motivation to modify the device as disclosed by Hui to have a communications interface that
allows the base unit, and the mobile, electronic, or other device and/or battery or skin proximate
thereto to communicate with one another, prior to and/or during powering or charging, to verify
the presence of the mobile, electronic, or other device and/or battery, activate a primary coil in
.general alignment with a receiver coil at the device and/or battery, and exchange information to
provide optimum power transfer to the device and/or battery, and periodically powering each of
the one or more primary coils in rotation to generate a radiofrequency or other signal response
in a proximate secondary receiver, and using the response to determine the presence of the
mobile, electronic, or other device and / or battery or skin and / or value of voltage, current, or
other power parameter for the mobile device and/or battery, to provide a single charger that
capable of effectively charging a plurality of mobile devices and/or batteries with different
electrical and mechanical requirements (Para [0004]).

Therefore it would have been obvious to one of ordinary skill in the art at the time of the
invention was made to modify the device as disclosed by Hui to have a communications
interface that allows the base unit, and the mobile, electronic, or other device and/or battery or
skin proximate thereto to communicate with one another, prior to and/or during powering or
charging, to verify the presence of the mobile, electronic, or other device and/or battery, activate

a primary coil in .general alignment with a receiver coil at the device and/or battery, and
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exchange information to provide optimum power transfer to the device and/or battery, and
periodically powering each of the one or more primary coils in rotation to generate a
radiofrequency or other signal response in a proximate secondary receiver, and using the
response to determine the presence of the mobile, electronic, or other device and / or battery or
skin and / or value of voltage, current, or other power parameter for the mobile device and/or
battery, according to the teachings of Lyon, to effectively charge a plurality of different mobile
device and/or batteries without damaging the devices and/or batteries and to automate the
operation of the charger (Para [0014]).

With respect to claim 2, Hui discloses and shows in Figs. 8 and 12b, that one or more of
the primary and secondary windings are manufactured by printed circuit boards and are
arranged in a spiral shape (Para [0071] and [0077]).

With respect to claim 4, Hui discloses and shows in Fig. 4(c), that the housing (1)
includes multiple primary windings that can be used to simultaneously charge multiple mobile
devices (3).

With respect to claims 5 and 9, Hui discloses and shows in Fig. 5(a), that the housing (1)
is formed in the shape of a pad and wherein multiple primary windings could be distributed
within overlapping layers of windings within the pad and that one or more of the primary
windings are stacked atop one another to increase the total flux (transfer efficiency) (Para
[0071]).

With respect to claim 6, Hui shows in Figs. 4(c)-5(b), the primary windings being allowed
to move with in a degree of freedom within their plane to more closely align the primary winding
with the secondary winding of a mobile device (3).

With respect to claim 7, Hui, when modified by Lyon, discloses and shows in Fig. 2,

different storage components (216, 224, 218) for subsequent transmission of data to or from the
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battery driven device (204) over data communication channel (220) (see Lyon, Para [0020]-
[0021] and [0032]).

With respect to claim 10, Hui discloses that the charger or power supply senses the
location of the mobile device (3) and activates a primary winding near the mobile device (3), by
sensing a change in a resonant circuit in the charger or power supply when the mobile device is
in proximity to the primary winding (Para [0079]).

With respect to claim 11, Hui, when modified by Lyon, discloses wherein the charger or
power supply is formed in the shape of a curved surface, cup, bowl, or other container, and
wherein mobile, electronic, or other device and/or battery or skin for use with the device can be
placed [[inside]] on the curved surface to be charged or powered inductively; and/or wherein the
curve in the base unit matches the curve in the back, handle, case, skin, of a mobile or
electronic device and / or a battery to allow optimum power transfer (see Hui, Para [0105] and
see Lyon, Fig. 1).

With respect to claim 12, Hui shows in Figs. 10(a)-10(b), that a plurality of housings (a,
b, ¢, d) can be interconnected to form a larger single housing.

12. Claim 8 is rejected under 35 U.S.C. 103(a) as being unpatentable over Hui, in view
of Lyon, further in view of Shneidman, (US2006/0038794).

Hui, when modified by Lyon, discloses the claimed invention but he does not explicitly
disclose that the base unit is integrated into a charging kiosk for occasional charging of mobile
devices.

However, Shneidman discloses providing docket stations for charging mobile devices at
public kiosks (Para [0055]).

It would have been obvious to one of ordinary skill in the art at the time of the invention

was made to integrate the housing as disclosed by Hui, when modified by Lyon, in to a charging
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kiosk as suggested by Shneidman to provide a convenient charging outlet for users and since it
has been held that forming in one piece an article which has formerly been formed in two pieces
and put together involves only routine skill in the art. Howard v. Detroit Stove Works, 150 U.S.
164 (1893).

13. Claims 20, 21, 22 and 24- 27 are rejected under 35 U.S.C. 103(a) as being
unpatentable over Hui, in view of Sabo (US 6,803,744).

With respect to claims 20, 21, 22, 24 and 27, Hui discloses the claimed limitations (see
the rejection for claim 1) except for one or more aligning magnets within the base unit that
encourage the general alignment of the primary coil with the receiver coil using corresponding
magnets at the receiver coil, mobile, electronic, or other device and/or battery or skin for use
with the device. But Sabo discloses and shows in Fig. 8, an inductive power transfer device
comprising one or more aligning magnets within a base unit that encourage the general
alignment of a primary coil with a receiver coil using corresponding magnets at the receiver coil,
mobile, electronic, or other device and/or battery or skin for use with the device (see Col. 5,
lines 34-64 and Col. 8, lines 20-34). It would have been obvious to one of ordinary skill in the art
at the time of the invention was made to modify the device as disclosed by Hui to have one or
more aligning magnets within the base unit that encourage the general alignment of the primary
coil with the receiver coil using corresponding magnets at the receiver coil, mobile, electronic, or
other device and/or battery or skin for use with the device, according to the teachings of Sabo,
to ensure the best proximity and/or alignment of coils (Col. 8, lines 20-34).

With respect to claims 25 and 26, Hui discloses and shows in Figs. 12a-12¢, wherein the
receiver coil is integrated with an after-market or field-replaceable unit or battery pack where the
receiver coil is integrated into a plastic, leather, silicone, cloth or other material cover for the

mobile, electronic, or other device and/or battery or skin for the device, and plugs into or makes
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contact with power connections on the mobile, electronic, or other device and/or battery (see
Para [0080]).

14, Claim 23 is rejected under 35 U.S.C. 103(a) as being unpatentable over Hui, in view
of Sabo, in view of Dayan (US 7,399,202).

Hui when modified by Sabo discloses the claimed invention except for wherein the base
unit is made entirely or partially of material that is flexible and can be folded, bent or rolled up to
allow portability or conformity to a surface. But Dayan discloses a wire-free mobile device power
supply system wherein a base unit is made entirely or partially of material that is flexible and
can be folded, bent or rolled up to allow portability or conformity to a surface (see Col. 9, lines
26-31). It would have been obvious to one of ordinary skill in the art at the time of the invention
was made to modify the device as disclosed by Hui, when modified by Sabo, to have the base
unit made entirely or partially of material that is flexible and can be folded, bent or rolled up to
allow portability or conformity to a surface for easy portability and for the convenience of
travelers (see Col. 9, lines 26-31).

Conclusion
15. Applicant's amendment necessitated the new ground(s) of rejection presented in this
Office action. Accordingly, THIS ACTION IS MADE FINAL. See MPEP § 706.07(a). Applicant
is reminded of the extension of time policy as set forth in 37 CFR 1.136(a).

A shortened statutory period for reply to this final action is set to expire THREE
MONTHS from the mailing date of this action. In the event a first reply is filed within TWO
MONTHS of the mailing date of this final action and the advisory action is not mailed until after
the end of the THREE-MONTH shortened statutory period, then the shortened statutory period
will expire on the date the advisory action is mailed, and any extension fee pursuant to 37

CFR 1.136(a) will be calculated from the mailing date of the advisory action. In no event,
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however, will the statutory period for reply expire later than SIX MONTHS from the date of this
final action.

Any inquiry concerning this communication or earlier communications from the examiner
should be directed to RAMY RAMADAN whose telephone number is (571) 272-9761. The
examiner can normally be reached on Mon-Fri 7:30 am-5:00 pm.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, PATRICK ASSOUAD can be reached on (571) 272-2210. The fax phone number
for the organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the Patent
Application Information Retrieval (PAIR) system. Status information for published applications
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished
applications is available through Private PAIR only. For more information about the PAIR
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private
PAIR system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). If you
would like assistance from a USPTO Customer Service Representative or access to the
automated information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/Ramy Ramadan/
Examiner
Art Unit 2858
/RR/
{Patrick J Assouad/

Supervisory Patent Examiner, Art Unit 2862
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Applicant/Patent O wner
Information Disclosure Statement Afshin Partovi
BY APPLICANT Filing/Issue Date Group Art Unit
(Use several sheets if necessary) June 1, 2007 2838

NON-PATENT LITERATURE DOCUMENTS

(Include name of the author (in CAPITAL LETTERS), title of the article, title of the item (book, magazine, journal, serial, symposium, catalog,
etc.) date, pages, volume-issue number(s), publisher, city and/ or country where published.

1 PCT International Search Report dated August 8, 2008 re: PCT Application No. PCT/US08/63084, 8 pages.

2 WildCharge Life Unplugged!, hitp://www.wildcharge.com/, 4/17/2009, 2 pages.

3 Powermat “The Future of Wireless Power Has Arrived”, http:/www.pwrmat.com, 4/15/2009, 2 pages.

4 eCoupled Wireless Power Technology Fulton Innovation, hitp://www.ecoupled.com, 4/15/2009, 5 pages.

5 eCoupled Wireless Power Technology Patents Fulton Innovation, hitp://www.ecoupled.com, 4/15/2009, 4 pages

6 | Qualcomm Products and Services - Wireless Airlink Technologies,
http://www.gualcomm.com/products services/airlinks, 4/15/2009, 3 pages.

7 | Economist.com Science Technology Quarterly, “Wireless Charging”,
http://www.economist.com/science/tq/PrinterFriendly.cfm?story id=13174387, 4/15/2009, 4 pages.

8 | Office Action in connection with Application No.: 11/669,113 dated 10/29/2008, 29 pages.
Examiner /Ramy Ramadan/ Date Considered 10/07/2009

*EXAMINER: Initial if citation considered, whether or not citation is in conformance with MPEP 609. Draw line through citation if not in
conformance and not considered. Include copy of this form with next communication to applicant.

*] = Copy not submitted because it was submitted in prior application SN _/ , filed ,20___,relied on under 35 USC
§120.
*#2 = Copy not submitted because it was submitted in prior application SN _ / , filed ,20___, relied on under 35 USC
§120.
U.S. Patent Application No. 11/__, -7-
Attorney Docket No.: 104.001:012507
M:\kfk\Wplafpa\1001usl\afpa_1001usl_IDS_072709.wpd 07/27/09-14:53

Examiner Signature;
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application PATENT APPLICATION
First-Named Inventor: Afshin Partovi
Appl. No.: 11/757,067 Art Unit: 2115
Confirm. No.: 2001 Examiner: Ramy Ramadan
Filed: June 1, 2007
Title: POWER SOURCE, CHARGING SYSTEM, Customer No. 23910

AND INDUCTIVE RECEIVER FOR

MOBILE DEVICES

PETITION TO CORRECT INVENTORSHIP UNDER 37 C.F.R. §1.48

Mail Stop Petition
Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

Sir:
Applicants, through their undersigned attorney, hereby petition the Commissioner to correct the names

of the inventors in the above-identified application to include the name of MICHAEL SEARS. The prior

identification of inventors was made in error though without deceptive intent on the part of the above-named
omitted inventor as supported by the Statement submitted herewith.

A Declaration for Patent Application as required by 37 C.F.R. § 1.63 executed by the actual inventors
is submitted herewith.

The petition fee set forth in 37 C.F.R. §1.17(h) is provided by the enclosed check in the amount of:
$130.00. The Commissioner is hereby authorized to charge any deficiencies or credit overpayment to Deposit

Account No. 06-1325. A duplicate copy of this authorization is enclosed.

Respectfully submitted,

Date: July 27, 2009 By: /Karl F. Kenna/
Karl F. Kenna
Reg. No. 45445

Customer No. 23910
FLIESLER MEYER LLP

650 California Street, 14th Floor
San Francisco, California 94108
Telephone: (415) 362-3800

-1-
Attorney Docket No.: AFPA-01001US1
M:\kflk\Wplafpa\1001us111001usl Petitionl 48add inventor.wpd
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application PATENT APPLICATION
First-Named Inventor: Afshin Partovi
Appl. No.: 11/757,067 Art Unit: 2115
Confirm. No.: 2001 Examiner: Unassigned
Filed: June 1, 2007
Title: POWER SOURCE, CHARGING SYSTEM, Customer No. 23910
AND INDUCTIVE RECEIVER FOR
MOBILE DEVICES

STATEMENT OF MICHAEL SEARS IN SUPPORT OF
PETITION TO CORRECT INVENTORSHIP UNDER 37 C.F.R, §1.48

I, MICHAEL SEARS, declare that;

L. The inventive entity was set forth in error in the above-identified patent application on the
Declaration for the patent application executed by Afshin Partovi on May 29, 2007 regarding the above-

identified patent application (hereinafter “Erroneous Declaration™).

2. I was not named as an inventor in the Erroneous Declaration.

3. I'am an actwal inventor in the above-identified patent application.

4. The error not naming me on the Erroneous Declaration occurred without deceptive intent on
my part.

5 I understand that this Statement will be filed in the United States Patent and Trademark

Office in order to provide satisfactory evidence indicating the error in inventorship in the above-identified

application did not involve deceptive intent on my part.

/
Date: __/// & //0 g By:
f/ v /

/ - "~ MICHAEL SEARS

-1-
Attorney Docket No.: AFPA-01001US1
M:kfK\Wplafpa\formal _docs\formal_docs_121008\1001us1_Petition]_48add_inventor.wpd
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In r¢ Application PATENT APPLICATION
First-Named Inventor: Afshin Partovi
Appl. No.: 11/757,067 Art Unit: 2115
Confirm. No.: 2001 Examiner: Unassigned
Filed: June 1, 2007
Title: POWER SOURCE, CHARGING SYSTEM, Customer No. 23910
AND INDUCTIVE RECEIVER FOR
MOBILE DEVICES

DECLARATION FOR PATENT APPLICATION

As a below named inventor, I hereby declare that my residence, mailing address and citizenship are as
stated below next to my name. I believe that I am the original, first and sole inventor (if one name is listed below),
or first and joint inventor (if plural names are listed below) of the subject matter which is claimed and for which

a patent is sought on the invention entitled:
POWER SOURCE, CHARGING SYSTEM, AND INDUCTIVE RECEIVER FOR MOBILE DEVICES
the specification of which (check applicable ones):

is filed herewith;

v was filed with the above-identified "Filed" date and "Appl. No."

was amended on (or amended through)

I have reviewed and understand the contents of the above-identified specification, including the claims,
as amended by any amendment(s) referred to above. I acknowledge the duty to disclose information which is
material to patentability in accordance with Title 37, Code of Federal Regulations, §1.56.

I hereby declare that all statements made herein of my own 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 so made are punishable by fine or imprisonment, or both,
under §1001 of Title 18 of the United States Code and that such willful false statements may jeopardize the
validity of the application or any patent issuing thereon.

Page 1
Attorney Docket No.: AFPA-01001US1
Mkfk\Wplafpa\formal_docsiformal_docs_12100811001us1_Declaration.wpd
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(1) Full name of sole
or first inventor:_AFSHIN PARTOVI

(1) Residence: 1063 Morse Avenue, #5-100

Sunnyvale, CA 94089

(1) Mailing Address: Same as above

(1) Citizenship: United States

ﬂ .
(1) Inventor's signature; 'A‘& L I}Zz-q» ? .
_ /
(1) Date: ]r/ f% /09

a6 3 3k o 6 o o 3R oo ok e o o Aok ol o o ok ok e ok ok ek ok ok Al o ok ok ok o o o ok ke okl o ok ok kok sk e ko okok

Full name of second
joint inventor:_ MICHAEL SEARS

Residence: 140 Middle Rd.

Ben Lomond, CA 95005

Mailing Address: Same as above

i

Citizenship: United States /

_,/

FQ\ ¢

Inventor's signature; 2 e

=

-

Date: /// Q//)G‘
e

*******************************’."***********************

Page 2
Attorney Docket No.: AFPA-01001US1
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Title 37, Code of Federal Regulations. §1.56

SECTION 1.56. DUTY TO DISCLOSE INFORMATION
MATERIAL TO PATENTABILITY

(a) A patent by its very nature is affected with a public
interest. The public interest is best served, and the most
effective patent examination occurs when, at the time an
application is being examined, the Office is aware of and
evaluates the teachings of all information material to
patentability. Each individual associated with the filing and
prosecution of a patent application has a duty of candor and
goed faith in dealing with the Office, which includes a duty
to disclose to the Office all information known to that
individual to be material to patentability as defined in this
section. The duty to disclose information exists with respect
to each pending claim until the claim is cancelled or
withdrawn from consideration, or the application becomes
abandoned. Information material to the patentability of a
claim that is cancelled or withdrawn from consideration need
not be submitted if the information is not material to the
patentability of any claim remaining under consideration in
the application. There is no duty to submit information
which is not material to the patentability of any existing
claim. The duty to disclose all information known to be
material to patentability is deemed to be satisfied if all
information known to be material to patentability of any
claim issued in & patent was cited by the Office or submitted
to the Office in the manner prescribed by §§1.97(b)-(d) and
1.98.* However, no patent will be granted on an application
in connection with which fraud on the Office was practiced
or attempted or the duty of disclosure was violated through
bad faith or intentional misconduct. The Office encourages
applicants to carefully examine:

(1) prior art cited in search reports of a foreign patent
office in a counterpart application, and

(2) the closest information over which individuals
associated with the filing or prosecution of a patent
application believe any pending claim patentably
defines, to make sure that any material information
contained therein is disclosed to the Office.

(b) Under this section, information is material to
patentability when itis not cumulative to information already
of record or being made of record in the application, and

(1) It establishes, by itself or in combination with other
information, & prima facie case of unpatentability of a
claim; or

(2) 1t refutes, or is inconsistent with, a position the
applicant takes in:

(i) Opposing an argument of unpatentability relied
on by the Office; or

Attorney Docket No.: AFPA-01001US1

(ii) Asserting an argument of patentability.

A prima facie case of unpatentability is established when the
information compels a conclusion thata claim is unpatentable
under the preponderance of evidence, burden-of-proof
standard, giving each term in the claim its broadest
reasonable construction consistent with the specification, and
before any consideration is given to evidence which may be
submitted in an attempt to establish a contrary conclusion of
patentability.

(¢) Individuals associated with the filing or prosecution of a
patent application within the meaning of this section are:

(1) Each inventor named in the application;

(2) Each attorney or agent who prepares or prosecutes
the application; and

(3) Every other person who is substantively involved in
the preparation or prosecution of the application and
who is associated with the inventor, with the assignee or
with anyone to whom there is an obligation to assign the
application.

(d) Individuals otherthanthe attorney, agent or inventor may
comply with this section by disclosing information to the
attorney, agent, or inventor.

* §§1.97(b)-(d) and 1.98 relate to the timing and manner in
which information is to be submitted to the Office.

Page 3
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In r¢ Application PATENT APPLICATION
First-Named Inventor: Afshin Partovi
Appl. No.: 11/757,067 Art Unit: 2115
Confirm. No.: 2001 Examiner: Unassigned
Filed: June 1, 2007
Title: POWER SOURCE, CHARGING SYSTEM, Customer No. 23910
AND INDUCTIVE RECEIVER FOR
MOBILE DEVICES

DECLARATION FOR PATENT APPLICATION

As a below named inventor, I hereby declare that my residence, mailing address and citizenship are as
stated below next to my name. I believe that I am the original, first and sole inventor (if one name is listed below),
or first and joint inventor (if plural names are listed below) of the subject matter which is claimed and for which

a patent is sought on the invention entitled:
POWER SOURCE, CHARGING SYSTEM, AND INDUCTIVE RECEIVER FOR MOBILE DEVICES
the specification of which (check applicable ones):

is filed herewith;

v was filed with the above-identified "Filed" date and "Appl. No."

was amended on (or amended through)

I have reviewed and understand the contents of the above-identified specification, including the claims,
as amended by any amendment(s) referred to above. I acknowledge the duty to disclose information which is
material to patentability in accordance with Title 37, Code of Federal Regulations, §1.56.

I hereby declare that all statements made herein of my own 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 so made are punishable by fine or imprisonment, or both,
under §1001 of Title 18 of the United States Code and that such willful false statements may jeopardize the
validity of the application or any patent issuing thereon.

Page 1
Attorney Docket No.: AFPA-01001US1
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(1) Full name of sole
or first inventor:_AFSHIN PARTOVI

(1) Residence: 1063 Morse Avenue, #5-100

Sunnyvale, CA 94089

(1) Mailing Address: Same as above

(1) Citizenship: United States

ﬂ .
(1) Inventor's signature; 'A‘& L I}Zz-q» ? .
_ /
(1) Date: ]r/ f% /09

a6 3 3k o 6 o o 3R oo ok e o o Aok ol o o ok ok e ok ok ek ok ok Al o ok ok ok o o o ok ke okl o ok ok kok sk e ko okok

Full name of second
joint inventor:_ MICHAEL SEARS

Residence: 140 Middle Rd.

Ben Lomond, CA 95005

Mailing Address: Same as above

i

Citizenship: United States /

_,/

FQ\ ¢

Inventor's signature; 2 e

=

-

Date: /// Q//)G‘
e

*******************************’."***********************

Page 2
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Title 37, Code of Federal Regulations. §1.56

SECTION 1.56. DUTY TO DISCLOSE INFORMATION
MATERIAL TO PATENTABILITY

(a) A patent by its very nature is affected with a public
interest. The public interest is best served, and the most
effective patent examination occurs when, at the time an
application is being examined, the Office is aware of and
evaluates the teachings of all information material to
patentability. Each individual associated with the filing and
prosecution of a patent application has a duty of candor and
goed faith in dealing with the Office, which includes a duty
to disclose to the Office all information known to that
individual to be material to patentability as defined in this
section. The duty to disclose information exists with respect
to each pending claim until the claim is cancelled or
withdrawn from consideration, or the application becomes
abandoned. Information material to the patentability of a
claim that is cancelled or withdrawn from consideration need
not be submitted if the information is not material to the
patentability of any claim remaining under consideration in
the application. There is no duty to submit information
which is not material to the patentability of any existing
claim. The duty to disclose all information known to be
material to patentability is deemed to be satisfied if all
information known to be material to patentability of any
claim issued in & patent was cited by the Office or submitted
to the Office in the manner prescribed by §§1.97(b)-(d) and
1.98.* However, no patent will be granted on an application
in connection with which fraud on the Office was practiced
or attempted or the duty of disclosure was violated through
bad faith or intentional misconduct. The Office encourages
applicants to carefully examine:

(1) prior art cited in search reports of a foreign patent
office in a counterpart application, and

(2) the closest information over which individuals
associated with the filing or prosecution of a patent
application believe any pending claim patentably
defines, to make sure that any material information
contained therein is disclosed to the Office.

(b) Under this section, information is material to
patentability when itis not cumulative to information already
of record or being made of record in the application, and

(1) It establishes, by itself or in combination with other
information, & prima facie case of unpatentability of a
claim; or

(2) 1t refutes, or is inconsistent with, a position the
applicant takes in:

(i) Opposing an argument of unpatentability relied
on by the Office; or

Attorney Docket No.: AFPA-01001US1

(ii) Asserting an argument of patentability.

A prima facie case of unpatentability is established when the
information compels a conclusion thata claim is unpatentable
under the preponderance of evidence, burden-of-proof
standard, giving each term in the claim its broadest
reasonable construction consistent with the specification, and
before any consideration is given to evidence which may be
submitted in an attempt to establish a contrary conclusion of
patentability.

(¢) Individuals associated with the filing or prosecution of a
patent application within the meaning of this section are:

(1) Each inventor named in the application;

(2) Each attorney or agent who prepares or prosecutes
the application; and

(3) Every other person who is substantively involved in
the preparation or prosecution of the application and
who is associated with the inventor, with the assignee or
with anyone to whom there is an obligation to assign the
application.

(d) Individuals otherthanthe attorney, agent or inventor may
comply with this section by disclosing information to the
attorney, agent, or inventor.

* §§1.97(b)-(d) and 1.98 relate to the timing and manner in
which information is to be submitted to the Office.

Page 3
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application PATENT APPLICATION
First-named Inventor: ~ Afshin Partovi
SC/Serial No.: 11/757,067 Art Unit: 2838
Confirm. No.: 2001 Examiner: Ramy Ramadan
Filed: June 1, 2007
Title: POWER SOURCE, CHARGING
SYSTEM, AND INDUCTIVE Customer No. 23910
RECEIVER FOR MOBILE DEVICES

TRANSMITTAL LETTER RE INFORMATION DISCLOSURE STATEMENT
UNDER 37 C.F.R. §1.56

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

Sir:

It is requested that the information identified in this statement be considered by the Examiner and
made of record in the above-identified application. This statement is not intended to represent that a
search has been made or that the information cited in the statement is, or is considered to be, material to
patentability as defined in 37 C.F.R. §1.56. If this is a continuation, divisional or continuation-in-part
application, it is understood that the Examiner will consider all information which was considered by the
Office in a parent application. MPEP §609. Such information therefore is not listed herein unless it is
desired that the information be printed on a patent issuing from the subject application.

Enclosed with this statement are the following:

_v Form PTO-1449. The Examiner is requested to initial the form and return it to the undersigned in
accordance with M.P.E.P. §609.

v Asallowed under 37 C.F.R § 1.98(a)(2)(i1), no copies of the U.S. patents and U.S. patent
application publications are enclosed, unless required by the office.

As allowed under 37 CFR §1.98(d), copies of cited documents noted with an asterisk are not
enclosed because they were previously submitted in U.S. Patent Application No. _ /
which is relied on for an earlier effective filing date under 35 USC §120, and which i 1ncluded an
Information Disclosure Statement that complies with 37 CFR §1.98(a) through (c).

v A copy of an International Search Report dated August &, 2008 for Application No.

PCT/US08/63084.

__ Acopy of an International Preliminary Examination Report dated for Application
No.

U.S. Patent Application No. 11/757,067 -1-

Attorney Docket No.: AFPA-01001US1
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If any of the cited/submitted documents is in a foreign language, a concise explanation of

relevance is provided pursuant to 37 C.F.R. §1.98(a)(3)(i). For foreign language documents cited
in a search report by a foreign patent office, the requirement for a concise explanation of
relevance is satisfied by the submission herewith of an English language version of the search
report. MPEP §609A(3). If a written English-language translation of a non-English language
document, or portion thereof, is within the possession, custody or control of, or is readily
available to any individual designated in §1.56(c), a copy of the translation accompanies this
statement, 37 C.F.R. §1.98(a)(3)(ii), and satisfies the requirement for a concise explanation of
relevance, MPEP §609A(3).

This statement should be considered because:

37 C.F.R. §1.97(b). This statement qualifies under 37 C.F.R. §1.97, subsection (b)
because:

(1)

2)
€)
(4)

It is being filed within three months of the filing date of an application other than
a continued prosecution application under § 1.53(d);
—-OR --
It is being filed within 3 months of entry of a national stage;
—-OR --
It is being filed before the mailing date of the first Office Action on the merits,
—-OR --
It is being filed before the mailing date of the first Office Action after the filing
of a Request for Continued Examination under 37 C.F.R. §1.114.

v 37 C.F.R. §1.97(c). Although it may not qualify under subsection (b), this statement
qualifies under 37 C.F.R. §1.97, subsection (¢) because:
¢y It is being filed before the mailing date of a FINAL Office Action, a Notice of
Allowance, or an action that otherwise closes prosecution in the subject
application, whichever occurs first.
-- AND (check at least one of the following) --
- (a) It is accompanied by a STATEMENT as set forth in 37 C.F.R. §1.97(e).
—-OR -
v (b) It is accompanied by the $180 fee set forth in 37 C.F.R. §1.17(p).
U.S. Patent Application No. 11/757,067 -2-

Attorney Docket No.: AFPA-01001US1
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37 C.F.R. §1.97(d). Although it may not qualify under subsection (b) or (c), this
statement qualifies under 37 C.F.R. §1.97, subsection (d) because:

ey It is being filed on or before payment of the Issue Fee;
— AND --

(2) It is accompanied by a STATEMENT as set forth in 37 C.F.R. §1.97(e);
-~ AND --

3) It is accompanied by the $180 fee set forth in 37 C.F.R. §1.17(p).

PTA Statement under 37 C.F.R. §1.704(d). Each item of information contained in the
Information Disclosure Statement was cited in a communication from a foreign patent office in a
counterpart application and this communication was not received by any individual designated in
§1.56(c) more than thirty days prior to the filing of the Information Disclosure Statement.

37 C.F.R. §1.97(e)(1). THE UNDERSIGNED ATTORNEY HEREBY STATES THAT each
item of information contained in this /nformation Disclosure Statement was first cited in a
communication from a foreign patent office in a counterpart foreign application not more than
three months prior to the filing of this Information Disclosure Statement; or

37 C.F.R. §1.97(e)(2). THE UNDERSIGNED ATTORNEY HEREBY STATES THAT no item
of information contained in this nformation Disclosure Statement was cited in a communication
from a foreign patent office in a counterpart foreign application and, to the knowledge of the
person signing this statement after making reasonable inquiry, no item of information contained
in this Information Disclosure Statement was known to any individual designated in §1.56(c)
more than three months prior to the filing of this statement.

v Fee Authorization. The Commissioner is hereby authorized to charge any deficiencies or credit
any overpayment to Deposit Account No. 06-1325.
Respectfully submitted,

FLIESLER MEYER LLP

Date: July 27, 2009 By: /Karl F. Kenna/

Karl F. Kenna
Reg. No. 45445

Customer No. 23910

FLIESLER MEYER LLP

650 California Street, 14th Floor
San Francisco, California 94108
Telephone: (415) 362-3800

U.S. Patent Application No. 11/757,067 -3-
Attorney Docket No.: AFPA-01001US1
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Form PTO-1449 U.S. DEPARTMENT OF COMMERCE | Attorney Docket Number Application/Patent Number
(Substitute) PATENT AND TRADEMARK OFFICE |-2rFA01001US] 11/757.067
Applicant/Patent O wner
Information Disclosure Statement Afshin Partovi
BY APPLICANT Filing/Issue Date Group Att Unit
(Use several sheets if necessary) June 1, 2007 2838
U.S. PATENTS
Examiner Filing
Initial Patent Number Issue Date First Named Inventor Class | Subclass Date
1 6208115 03-2001 Binder
2 6436299 08-2002 Baarman
3 6673250 01-2004 Kuennen
4 6731071 05-2004 Baarman
5 6806649 10-2004 Mollema
6 6812645 11-2004 Baarman
7 6825620 11-2004 Kuennen
8 6831417 12-2004 Baarman
9 6917163 07-2005 Baarman
10 6943733 09-2005 Vance
11 6975198 12-2005 Baarman
12 7031662 04-2006 Suzuki
13 7116200 10-2006 Baarman
14 7118240 10-2006 Baarman
15 7126450 10-2006 Baarman
16 7132918 11-2006 Baarman
17 7162264 01-2007 Vance
18 7183870 02-2007 Takagi
19 7184706 02-2007 Someya
20 7209084 04-2007 Lindell
21 7221919 05-2007 Takagi
22 7305258 12-2007 Rydgren
23 7324051 01-2008 Hayes
24 7342539 03-2008 Rosenberg
U.S. Patent Application No. 11/__, -4-

Attorney Docket No.:
M:\kflki\Wplafpa\1001usitafpa 1001usl IDS 072709.wpd
Examiner Signature: Date Considered:

104.001:012507
07/27/09-14:53
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Form PTO-1449 U.S. DEPARTMENT OF COMMERCE | Attorney Docket Number Application/Patent Number
(Substitute) PATENT AND TRADEMARK OFFICE |-2rFA01001US] 11/757.067
Applicant/Patent Owner
Information Disclosure Statement Afshin Partovi
(e sveralshees Fneeessar) e
U.S. PATENTS
Examiner Filing
Initial Patent Number Issue Date First Named Inventor Class | Subclass Date

25 7352567 04-2008 Hotelling

26 7376408 05-2008 Hayes

27 7382636 06-2008 Baarman

28 7385357 06-2008 Kuennen

29 7388543 06-2008 Vance

30 7415248 08-2008 Andersson

31 7462951 12-2008 Baarman

32 7477195 01-2009 Vance

33 | 7487921 02-2009 Takahashi

34 | 7498871 03-2009 Ruuswik

35 7211986 05-2007 Flowerdew et al.

36 5952814 09-1999 Van Lerberghe

37 6331744 12-2001 Chen et al.

38 | 4311853 01-1982 Cree

39 6798716 09-2004 Charych

U.S. PATENT PUBLICATIONS
Examiner Patent Application Publication Number Publication Date Applicant
Initial

1 20030214255 11-2003 Baarman

2 20040130915 07-2004 Baarman

3 20040130916 07-2004 Baarman

4 20040150934 08-2004 Baarman

5 20040222751 11-2004 Mollema

6 20040232845 11-2004 Baarman

U.S. Patent Application No. 11/__,

Attorney Docket No.:

M:\kflki\Wplafpa\1001usitafpa 1001usl IDS 072709.wpd

Examiner Signature:

Date Considered:
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Form PTO-1449 U.S. DEPARTMENT OF COMMERCE Attorney Docket Number Application/Patent Number
(Substitute) PATENT AND TRADEMARK OFFICE |-2E2A0100IUS] LLT37,067
Applicant/Patent O wner
Information Disclosure Statement Afshin Partovi
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DOCUMENT-IDENTIFIER: JP 08000838 A

PAT-NO: Jpr408000838A
DOCUMENT-IDENTIFIER: JP 08000838 A
TITLE: VEHICLE TOY OF

ELECTROMAGNETIC INDUCTION
CHARGING SYSTEM

PUBN-DATE: January 9, 1996

INVENTOR-INFORMATION:

NAME COUNTRY
SUDO, SHOHEI

ASSIGNEE-INFORMATION:

NAME COUNTRY
TAIYO KOGYO KK N/A

APPL-NO: JP06159687
APPL-DATE: June 20, 1994

INT-CL (IPC): A63H030/02

ABSTRACT:

PURPOSE: To easily, safely and surely perform
charging by eliminating any contact defect caused
by the damage or corrosion of a charger plug by
preventing a battery from being degraded in the
case of charging by providing an electromagnetic
induction charging means for charging the battery
built in the vehicle toy with electromagnetic
induction due to an external magnetic field.

file:///Cl/Documents%20and%20Settings/sberhanu/My%?2...13_2008-10-27_JP_08000838_A_M_AccessibleVersion.htm (1 of 2)10/27/2008 10:02:01 AM

Page 663 of 1081



DOCUMENT-IDENTIFIER: JP 08000838 A

CONSTITUTION: First of all, when a connection
plug 25 is connected to a commercial power source
and a main switch 24 is turned on, power is
supplied to a charging stand 20. Next, when a main
body 10 of the vehicle toy is put on the charging
stand 20, a switch 23 is pushed down with a
projection at the lower part of a car body 11 and
turned on, a current flows through a charging
control part to a second induction coil 21 of the
charging stand 20, and an induction magnetic field
is generated. On the other hand, since a first
induction coil provided at the car body 11 put on
the charging stand 20 is made closer to the
position corresponding to the second induction
coil 21 of the charging stand 20, with the
magnetic field of this second induction coil 21,
an induction current is generated at the first
induction coil by the principle of electromagnetic
induction. This induction current is converted to
DC by a rectifier and charges the battery built in
the car body 11.

COPYRIGHT: (C)1996,JPO
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g : RECEIVED

PATENT COOPERATION TREATY
AUG 11 2008

From the INTERNATIONAL SEARCHING AUTHORITY

To: PCT FLIESLER MEYER LLP

KARL F. KENNA

FLIESLER MEYER LLP

650 CALIFORNIA STREET, FOURTEENTH NOTIFICATION OF TRANSMITTAL OF
FLOCR THE INTERNATIONAL SEARCH REPORT AND
SAN FRANCISCO, CA 94108 THE WRITTEN OPINION OF THE INTERNATIONAL

SEARCHING AUTHORITY, OR THE DECLARATION

(PCT Rule 44.1)
R 08 AUG 2008

FOR FURTHER ACTION  See paragraphs 1 and 4 below

Applicant’s or agent’s file reference

AFPAD1013W00
International appiication No. International filing date
PCT/US 08/63084 (day/month/year) 08 May 2008 (08.05.2008)

Applicant. MOJO MOBILITY, INC.

1. The applicant is hereby notified that the international search report and the written opinion of the International Searching
Authority have been established and are transmitted herewith.

Filing of amendments and statement under Article 19;
The applicant is entitled, if he so wishes, to amend the claims of the intemational application (see Rule 46):
When? The time limit for filing such amendments is normally two months from the date of transmittal of the
internafional search report. -

Where? Directly to the Intemnational Bureau of WIPO, 34 chemin des Colombettes
1211 Geneva 20, Switzerland, Facsimile No: +41 22 740 1435

For more detailed instructions, see the notes on the accompanying sheet,

2. D The applicant is hereby nofified that no internationat search report will be established and that the declaration under
Article 17(2)(a) to that effect and the written opinion of the Intemnational Scarching Authority are transmitted herewith,

3. D With regard to the protest against payment of (an) additional fee(s) under Rule 40.2, the applicant is notified that;

the protest together with the decision thereon has been transmitted to the International Bureau together with the
applicant’s request to forward the texts of both the protest and the decision thereon to the designated Offices.

D no dectsion has been made yet on the protest; the applicant will be notified as soon as a deciston is made.

4. Reminders
Shortly afler the expiration of 18 months from the priority date, the intemational application will be published by the
International Bureau. If the applicant wishes to avoid or postpone publication, a notice of withdrawsal of the intemational
application, or of the priority claim, must reach the International Burcau as provided in Rules 9067s.1 and 90bi5.3, respectively,
before the completion of the technical preparations for international publication.
The applicant may submit comments on an informal basis on the written opinion of the Intemational Searching Authority to the
International Bureau. The International Bureau will send a copy of such comments 1o all designated Offices unless an
international preliminary examination report has been or is to be established. These comments would also be made available to
the public but not before the expiration of 30 months from the priority date.
Within 19 months from the priority date, but only in respect of some designated Offices, a demand for international preliminary
examination must be filed if the applicant wishes to postpene the entry into the nationa) phase until 30 menths from the prionity
date (in some Offices even later); otherwise, the applicant must, within 20 menths from the priority date, perform the prescribed
acts for enfry into the national phase before those desipnated Offices.
In respect of other designated Offices, the rime limit of 30 months (or later) will apply even if no demand is filed within 19
months.
See the Annex to Form PCT/IB/301 and, for details about the applicable time limits, Office by Office, see the PCT Applicant's
Guide, Volume 11, National Chapters and the WIPO Intemet site.

Name and mailing address of the ISA/US Authorized officer;

Mail Stop PCT, Atin: ISA/US Lea W. Young
Commissioner for Patenis '
P.0. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. 571-273-3201 vty e |4 I

Form PCT/ISA/220 (Janwary 2004) Fite: AE@-:‘.?_J%US I {See notes on accompanying sheet)
Action ttem: wZn}” | S Repov -Ips?
Y. =)

Date Due: ., 2
Critical Date.
Attorney Path:

PCT Helpdesk: 571-272-4300
PCTOSP: 571-272-7774

Ann »
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PATENT COOPERATION TREATY

PCT

INTERNATIONAL SEARCH REPORT
(PCT Article 18 and Rules 43 and 44)

Applicant’s or agent’s file reference FOR FURTHER see Form PCT/ISA/220
AFPAQ1013W00 ACTION as well as, where applicable, item 5 below.
International application No. International filing date (day/monti/year) {Earliest) Priority Date (day/month/vear)
PCT/US 08/63084 08 May 2008 {08.05.2008) 08 May 2007 (08.05.2007)

Applicant

MOJO MGBILITY, INC.

This international search report has been prepared by this International Searching Authority and is transmitted to the applicant
according to Article 18. A copy is being transmitted to the Intemational Bureau.

This international search report consists of a total of & sheets.
D 11 is also accompanied by a copy of each prior art document cited in this report.

1. Basls of the repeort
a. With regard to the language, the intemational search was carried out on the basis of:
the international application in the language in which it was filed.

D a translafion of the international application into which is the language of
a translation furnished for the purposes of international search {(Rules 12.3(a) and 23.1(b)}.

b. I:l This international search report has been established taking into account the rectification of an obvious mistake
authorized by or notified to this Authority under Rule 91 (Rule 43.6bis(a)). :

c. D With regard to any mucleotide and/or amino acid sequence disclosed in the international application, see Box No. I.

2. I:l Certain claims were found unsearchable (see Box No. TI).
3. D Unity of invention is lacking (see Box No. 1II}.

4. With regard tfo the title,
the text is approved as submitted by the applicant.
I::I the text has been established by this Authority to read as follows:

5. With regard to the absiract,
the text is approved as submitted by the applicant.

[::] the text has been established, according to Rule 38.2(b), by this Authority as it appears in Box No. IV. The applicant
may, within one month from the date of mailing of this international search report, submit comments to this Authority.

6. With regard to the drawings,
a. the figure of the drawlngs to be published with the abstract is Figure No. 16 o
as suggested by the applicant,
D as selected by this Authority, because the applicant failed to suggest a figure.
D as selected by this Authority, because this figure better characterizes the invention.
b, D none of the figures is to be published with the abstract.
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IPC(B) - HO24J 7/00 (2008.04)
USPC - 320/108

According to International Patent Classification (IPC) or to both national classification and IPC

B.  FIELDS SEARCHED

Minimum documentation searched (classification system followed by ¢

USPC: 320/108

lassification symbols)

USPC: 320/108 (text search - see terms below)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electrenic data base consulted during the international search (name of
PUbWEST(USPT PGPB EPAB,JPAB), Google

data base and, where practicable, search terms used)

Search Terms: inductlye, base, receiver, coll, zener, mosfet, single unit, spirat, non-ferrite, charge, primary coil

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category” Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X US 7,211,986 B1 (FLOWERDEW et al.} 01 May 2007 {01.05.2007), entire document especially | 9-14

- the Abstract; Fig 2; col 4, Ins 44-60; col 7, Ins 52-61; col 6, Ins 14-27 [

Y 1-8 and 15-20

Y US 2004/0113589 A1 (CRISP et al.} 17 June 2004 {17.06.2004), entire document especially 15-16 and 18
paras [0088), {0136], [0154]

Y US 2003/0094821 A1 (LAU et al.) 22 May 2003 (22.05.2003), entire document especlally the 17
Abstract

Y US 2003/0103039 A1 (BURR et al.} 05 June 2003 (05.06.2003), entire document especially 1-8 and 19-20
paras [0019), [0023], and [0029]

Y US 2005/0127867 A1 (CALHOON et al.) 16 June 2005 (16.06.2005), entire document 2and7
especially para [0050]

Y US 2005/0189910 A1 (HU1} 01 September 2005 (01.09.2005), entire document especially paras | 6 and 8
{0014), j008S)

El Further documents are listed in the continuation of Box C.

]

* Special categories of cited documents:

“A"  document defining the general state of the ant which is not considered
to be of particular relevance

“E" earlier application or patent but published on or after the international
filing date

“L"  document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other

R special reason (as specified)

“C”  document referring to an oral disclosure, use, exhibition or other
means

“P"  document published prior to the inlemational filing date but later than

the priority date claimed

“T"  later document published after the intemational filing date or priority
date and not in conflict with the application but cited 1o understand

the principle or theory underlying the invention

document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the decument is taken alone

wy

“Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a persen skilled in the art

“&"  document member of the same patent family

Date of the actual completion of the international search

06 August 2008 (06.08.2008)

Date of mailing of the international search report

AUG 2008

Name and mailing address of the ISA/US

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
P.O. Box 1450, Alexandria, Virginia 22313-1450
Facsimile No.  §71-273-3201

Authorized officer:
Lea W. Young

PCT Helpdeak: §71-272-4300
PCY OSP: 871.272.7774
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(day/monthivear)

08 AUG 2008

Applicant’s or agent’s file reference

AFPAD1013WO0O0

FOR FURTHER ACTION

See paragraph 2 below

International application No.

PCT/US 08/63084

Intemational filing date (day/month/year)
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Priority date (day/month/year)
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International Patent Classification (IPC) or both national classification and [PC

Applicant  pOJO MOBILITY, INC.

D Box No.Il  Priority
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2. FURTHERACTION

1. This opinton contains indications relating to the following items:

Pfﬂ Box Noe. | Basis of the opinion

BoxNo.1V  Lack of unity of invention

Box No. VI Certain decuments cited
Box No. VII Certain defects in the intemnational application

Box No. VIII Certain observations on the internationai application

3. For further details, see notes to Form PCT/ISA/220.

Box No.IIl  Non-establishment of opinion with regard to novelty, inventive step and industria} applicability

BoxNo.V  Reasoned statement under Rule 435is.1(a)(i) with regard to novelty, inventive step or industrial applicability;
citations and explanations supporting such statement

If a demand for international preliminary examination is made, this opinion will be considered to be a written opinion of the
International Preliminary Examining Authority (“IPEA") except that this does not apply where the applicant chooses an Authority
other than this one to be the IPEA and the chosen IPEA has notified the International Bureau under Rule 66.15is(b) that written
opinions of this Intemnational Searching Authority will not be so considered.

If this opinion is, as provided above, considered to be a written opinion of the IPEA, the applicant is invited to submit to the IPEA
a written reply together, where appropriate, with amendments, before the expiration of 3 months from the date of mailing of Form
PCT/ISA/220 or before the expiration of 22 menths from the priority date, whichever expires later.

For further options, see Form PCT/ISA/220.

Name and mailing address of the ISA/US

Mail Stop PCT, Atin: 1ISA/US
Commissicner for Patents
P.O. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. 571-273-3201

Date of completion of this opinion

06 August 2008 (06.08.2008)

Authorized officer:
Lee W. Young

PCT Helpdesk: 571-272-4300
PCT OSP: 571-272-7774
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WRITTEN OPINION OF THE International application No.

INTERNATIONAL SEARCHING AUTHORITY
PCT/US 08/63084

Box

Ne. I Basis of this opinien

With regard to the language, this opinion has been established on the basis of:
the international application in the langnage in which it was filed,

D a translation of the intemnational application into which is the language of a
translation furnished for the purposes of international search (Rules 12.3(a) and 23.1(b)).

D This opinion has been established taking into account the rectification of an obvious mistake authorized by or notified
to this Authority under Rule 91 (Rule 435is.1(a))

With regard to any nucleetide and/er amino acid sequence disclosed in the internationa! application, this opinion has been
established on the basis of:

a. type of material

D a sequence listing
D table(s) reiated to the sequence listing

b. format of material

D on paper

D in electronic form

¢. time of filing/furnishing
D contained in the international application as filed
D filed together with the international application in electronic form

D furnished subsequently to this Autherity for the purposes of search

D In addition, in the case that more than one version or copy of a sequence listing and/or table(s) relating thereto has been
filed or furnished, the required statements that the information in the subsequent or additional copies is identical to that
in the application as filed or does not go beyond the application as filed, as appropriate, were furnished.

Additional comments:
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INTERNATIO! RC
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Box No. V Reasoned statement under Rule 43bis. 1(a)(i) with regard to novelty, inventive step or industrial applicability;
citations and explanations supporting such statement

1. Statement
Novelty (N) Claims 1-8 and 15-20 YES
Claims 9-14 NO
Inventive step (IS) Claims None YES
Claims 1-20 NO
Industrial applicability (IA) ~ Claims =~ 20 YES
Claims None NO

2. Citations and explanations;
Claims 9-14 lack novelty under PCT Article 33(2) as being anticipated by US 7,211,986 B1 to FLOWERDEW et al, (hereinaftar
Flowerdew).

Claim 9; Flowerdew discloses a mobile device capable of baing inductively powered or charged (Abstract) comprising:

a battery (320); and

a recelver {304) for one of inductively powering the device or charging the battery in the mcbile device, and wherein the receiver is one of
attached to or incorporated into the battery or the mobile device (Fig 2).

Claim 13; Flowerdew discloses a system for use with a mobile device or baltery for charging or powering the mobile device or battery
inductively {Abstract), comprising:

a base unit (302) including one or more primary coils (312, 314) therein, the primary coil having a generally planar shape {pancake coll} so
that when a current is passed through the primary coil a magnetic field is generated in a direction substantialty perpendicular to the plane
of the primary coil (col 7, Ins 52-61); and .

wherein the perpendicular magnetic fleld inductively generates a current in a maltching receiver coll or colls (316) within a mobile device or
battery (320} placed close to and aligned with the base unit, lo charge or powsr the mobile device or battery {Fig 2).

Claim 10; Flowerdew discloses that the coils or wires are formed within a printed circuit board PCB layer of at least two different sizes or
shapes (Fig 7).

Claim 11; Flowerdew discloses that the charger or the power supply, and the maobile device, communicate with each other to transfer data
{col 15, Ins 1-6).

Claim 12; Flowerdew discioses that the data transfer Includes information about the presence of the mobile device adjacent to the charger
or power supply and/or wherein the charger or power supply stores charging or power requirements for mobile devices which can be
charged or powered by the charger or power supply (col 14, Ins 29-52).

Claim 14; Flowerdew discloses that one or more of the colls are manufactured on printed circuit boards and are manufactured to have a
low resistance (Fig 7 fcoils inherently have low resistance)).

Cilaims 15-16 and 18 tack an inventive step under PCT Article 33(3) as being obvious over Flowerdew in view of US 2004/0113589 A1 to
CRISP et al. {hereinafler Crisp).

Claim 15; Flowerdew discloses the system of Claim 13.

Crisp discioses a baltery coupled to and powering the base unit, and wherein the battery can be occaslonally charged by an external
power supply to maintain a charge sufficient to power the Inductive charger or power supply device for a period of time (para {0154)).

A skilled practitioner would have been motlvated to medily the system of Flowerdew in accordance with the teachings of Crisp to include a2
battery coupled to and powering the base unit, and whereln the battery can be occasionally charged by an external power supply to
maintaln a charge sufficient to power the inductive charger or power supply device for a period of time, since it would allow racharging
devices at remote locations.

Claim 16; Flowerdew discloses the system of Claim 13.

Crisp discloses a solar cell coupled to a battery in the base unit, for charging the battery in the base unit; a dala storage component for
storage of data, for subsequent transmisslon of data to or from the mobile device; or a cover surface

of the base unit or pad includes a decoralive or non-slip surface (para [0136}-[0137]).

A skilled practitioner would have been maotivated to modify the system of Flowerdew In accordance with the teachings of Crisp to Include a
solar cell coupled to a battery In the base unit, for charging the battery In the base unit; a data storage component for storage of data, for
subsequent ransmission of data to or from the mobile device; or a cover surface of the base unit or pad includes a decorative or non-slip
surface, since It would minimize greenhouse gas emisslons.

-- See Conlinuation Sheet --
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Supplemental Box

in case the space in any of the preceding boxes is not sufficient.

Continuation of:
Box V. 2. Citations and explanations:

Claim 18; Flowerdew discloses the system of Claim 13,

Crisp discloses a charging clicult having a Zener diode, wherein the Zener diods clamps the voltage to the mobile device or battery to a
predetermined maximum vollage, and a switch means that includes a MOSFETY and the circuit includes a capacitor connected in paraflel to
the source to drain terminals of the MOSFET, and whereln the alternating switching in the primary coit is aulomatically staried by the
MOSFET when the bass unil delects a mobile device or baltery placed close to or aligned with the primary coil (para J0088)).

A skilled practitioner would have baen motivated to modily the system of Flowerdew in accordance with the teachings of Crisp to inciude a
zener diods and mosfet as claimed, since it would allow control of the battery charging process.

Claim 17 lacks an inventive step under PCT Article 33(3) as being obvious over Flowerdew in view of US 2003/0094921 A1 lo LAU et al.
{hereinafter Lau).

Claim 17; Flowdrew discloses the system of Claim 13.

Lau discloses a plurality of modular chargers or power supplies that can be interconnected to form a single unit (Abstract).

A skilled practittoner would have been motivated to modify the system of Flowerdew in accordance with the teachings of Lau to include a
plurality of modular chargers or power supphes that can be interconnected to form a single unit, since it would allow for scaling tha system
to provide charging lo a large number of devices.

Claims 1, 3-5, and 138-20 lack an inventive step under PCT Article 33{3) as being obvious over Flowerdew in view of US 2003/0103039 A1
to BURR et al. {hereinafter Burr).

Claim 1; Flowerdew discloses a system for induclive powering and charging of portable devices or batteries (Abstrack), comprising:

a base unit (302}, including one or more primary coils {312, 314) and shaped as planar spiral coils {pancake coil) {col 6, Ins 14-27), which
are capable of generating an induclive energy for use In powering or charging multiple devices or batteries simultaneously (col 7, Ins 52-
61)

a raceiver unit {304), including a recelver coil {(316) which Is coupled to or incorporated into a portable device or battery (320), wherein the
secondary coll receives energy inductively from the primary coil and uses it to charge or power the portable device or baltery (col 4, Ins 44-
80);

means within the base unit for allowing a degree of position independence of the

davices or halteries on the base unit and selectively activating the one or more primary coils (cot 5, Ins 32-50); and

wherein the base unil can simultaneously charge or power additicnal portable devices or batteries with addilionat secondary coils (col 5,
Ins 52-61).

However, Flowardew doas not specifically disclose that the coils are comprised of non-ferrite material or that the receiver coil is shaped as
a planar spiral coil.

Burr discloses a system for inductive powering and charging of portable devices or balteries wherein the coils are non-ferrite and wherein
both cails are planar spiral coils {paras [0019), [0023], and [0028])).

A skilled practitioner woukd have been motivated to modify the system of Flowerdew to use non-ferrite spiral coils as taught by Burr, since
it would provide a lightweight effective charging system.

Claim 3; Flowerdew discloses that the charger and a receiver in the device or batlery both include microcontroller units (col 16, Ins 1-6),
wherein the microcontroller unit in the charger monitors current flow {Abstract), and wherein the microcontroller unit in the portable device
or battery provides communication between the charger and the receiver for use in centrelling charging (col 16, ins 1-6).

Claim 4; Flowerdew discloses thal the charger or power supply includes an additional verification step prior to aclivating charging, to verify
the identity or permissions of a device or battery (col 15, Ins 5-6 {Bluetooth links provide for such verification}).

Claim §; Flowerdew discloses a plurality of colls are integrated into a pad-like charger or power supply and wherein the colls are used to
form a coil mosalc and an effective area of charging or power thal does not cover more than approximately 90% of pad surface (Fig 7).

Claim 19; Flowerdew discloses the system of Clalm 13.

Burr discloses means within the bass unit for previding control regulation, and/or verification of the power charging and/or powering,
including a swilch means for adjusting and/or controfling the power into the coils under different load conditions, to maintain high efficiency
during different load conditions or charging stages (para [0031]).

A skilled practiioner would have been motivated to further modify the system of Flowerdew to include the claimed swilch means, since it
provide an effective means of controlling the power usags.

Claim 20; Burr discloses that the switch means Is a zero vollage crossing or zero current crossing switch geometry, and wherein the
controlling of output power s be achieved by changing the frequency of the operation (para [(031) (PWM power contrel necessarily
comprises a zero voltage crossing or zero current crossing swilch geometry, wherein the controlling of output power is be achieved by
changing the frequency of the operation)).

- See Continuation Sheet --
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Supplemental Box

In case the space in any of the preceding boxes is not sullicieni.

Continuation of:
Box V. 2. Citations and explanations:

Claims 2 and 7 lack an inventive step under PCT Article 33(3) as being obvious over Flowerdew In view of Burr and further in view of US
2005/0127867 A1 to CALHOON et al. (hereinafter Calhoon).

Claim 2; Flowerdew in view of Burr disclosas the system of Claim 1.

Flowerdaw further discloses that the charger or power supply includes a plurality of coils (312, 314), but doe not specifically disclose that
the means fer selective charging or powering Is used to control the on off operation of the coils in the vicinity of the portable device or
battery.

Calhoon discioses that the means for selactive charging or powering Is used to control the on off operalion of the coils in the vicinity of the
portable device or battery (para [0050]).

A skifled practitioner would have been motivated to further modify the system of Flowerdew in accordance with the teachings of Calhoon
such that tha means for selective charging or powsring is used to control the on off operation of the coils in the vicinity of the portable
device or baltery, singe it would provide an effective means to use power only when a chargeable davice Is present.

Claim 7; Flowerdew in view of Burr discloses the system of Claim 1.

Caihoon discloses that the one or more coils includes a switch component, and wherein the microcontroller unit perlodically starts the
switch components, monitors the current thereln, and uses the current lo sense the proximity of a receiver and devica or battary to that
coil, and activate charging in that coil, or a selection of colls in that region (para [0050]).

A skilled practitioner would have been motivated to further modiy the system of Flowerdew in accordance with the teachings of Calhoon
such that that the one or more coils includes a switch component, and wherein the microcontroller unit periodically starts the switch
components, monitors the current therein, and uses tha current to sense the proximity of a recelver and device or battery to that coil, and
activate charging in that coll, or a selaclion of coils In thal reglon, since it would provide an effective means to use power oniy when a
chargeable device is present.

Claims 6 and 8 lack an inventive step under PCT Article 33(3) as being obvious over Flowerdew in view of Burr and further in view of US
2005/0189910 A1 (HUI).

Claim 6; Flowerdew in view of Burr discloses the system of Claim 1.

Hui discloses that each of the plurality of coils are driven by an individual drive circuit to provide power lo each coil and ta selectively
activate one or more coils (para [0014)).

A skilled practitioner would have been motivated to further modify the device of Flowsrdew in accordance with the teachings of Hui such
that each of the plurality of coils are driven by an Individual drive circuil to provide power fo each coit and to selectively activate one or
more coils, since it would increase efficiency by not unnecessarily powering colls.

Claim 8, Flowerdew in view of Burr discloses the system of Claim 1.

Hui discloses a plurality of layers of coils that are layered upon one another to create an effective area, and so that powering anyone or a
selection of the coils allows a receiver whose canter is within the effectlve area to be charged (para [0085]).

A skilled practitioner would have been motivated to fuither modify the device of Fiowerdew in accordance with the leachings of Hui to use
a plurality of layers of coils, since it would provide means of controlling the intensity of the oscillating magnetic field.

Claims 1-20 have industrial applicabifity as defined by PCT Articie 33(4) because the subject matter can be made or used in industry.
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If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.

Page 678 of 1081



PTO/SB/22 (10-08)

Approved for use through 10/31/2008. OMB 0651-0031

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

Under the paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless if displays a valid OMB control number.

PETITION FOR EXTENSION OF TIME UNDER 37 CFR 1.136(a) Docket Number (Optional)

FY 2009 AFPA-01001US1
(Fees pursuant to the Consolidated Appropriations Act, 2005 (H.R. 4818).)
Application Number 11/757,067 Filed June 1, 2007

For  POWER SOURCE, CHARGING SYSTEM, AND INDUCTIVE RECEIVER FOR MOBILE DEVICES

Art Unit 2838 Examiner Ramy Ramadan

This is a request under the provisions of 37 CFR 1.136(a) to extend the period for filing a reply in the above identified
application.

The requested extension and fee are as follows (check time period desired and enter the appropriate fee below):

Fee Small Entity Fee
|:| One month (37 CFR 1.17(a)(1)) $130 $65 $
|:| Two months (37 CFR 1.17(a)(2)) $490 $245 $
Three months (37 CFR 1.17(a)(3)) $1110 $555 $%
|:| Four months (37 CFR 1.17(a)(4)) $1730 $865 $
|:| Five months (37 CFR 1.17(a)(5)) $2350 $1175 $

Applicant claims small entity status. See 37 CFR 1.27.
A check in the amount of the fee is enclosed.
Payment by credit card. Form PTO-2038 is attached.

The Director has already been authorized to charge fees in this application to a Deposit Account.

HOOO0O0O

The Director is hereby authorized to charge any fees which may be required, or credit any overpayment, to
Deposit Account Number _ 06-1325 .

WARNING: Information on this form may become public. Credit card information should not be included on this form.
Provide credit card information and authorization on PTO-2038.

| am the |:| applicant/inventor.

|:| assignee of record of the entire interest. See 37 CFR 3.71.
Statement under 37 CFR 3.73(b) is enclosed (Form PTO/SB/96).

attorney or agent of record. Registration Number 45445

|:| attorney or agent under 37 CFR 1.34.
Registration number if acting under 37 CFR 1.34

/Karl F. Kenna/ July 27, 2009
Signature Date
Karl F. Kenna 415-362-3800
Typed or printed name Telephone Number

NOTE: Signatures of all the inventors or assignees of record of the entire interest or their representative(s) are required. Submit multiple forms if more than one
signature is required, see below.

Total of 1 forms are submitted.

This collection of information is required by 37 CFR 1.136(a). 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 6 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. 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.

If you need assistance in completing the form, call 1-800-PT0-9199 and select option 2.

Attorney Docket No.: AFPA-01001US1
kfk/afpa/1001usi/afpa_1001us1_PetitionExtensionTime.pdf

Page 679 of 1081



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application PATENT APPLICATION
First-named Inventor: Afshin Partovi
SC/Serial No.: 11/757,067 Art Unit: 2838
Confirm. No.: 2001 Examiner: Ramy Ramadan
Filed: June 1, 2007
Title: POWER SOURCE, CHARGING
SYSTEM, AND INDUCTIVE Customer No. 23910
RECEIVER FOR MOBILE
DEVICES

REPLY TO OFFICE ACTION UNDER 37 C.F.R. §1.111

Mail Stop Amendment
Commissioner for Patents
P.O. Box 2152

Alexandria, VA 22313-1450

Sir:
This REPLY is in response to the Office Action mailed January 26, 2009. Submitted
concurrently herewith is a Petition under 37 C.F.R. 1.8 to Correct Inventorship. A Petition for

Extension of Time is also enclosed herewith, together with the appropriate fee.

Amendments
Please amend the above-identified application as follows:
Amendments to the Specification begin on Page 2.
Amendments to the Drawings begin on Page 5.
Amendments to the Claims begin on Page 6.

Remarks begin on Page 12.
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Application No.: 11/757,087
Reply to Office Action dated: January 26, 2009
Reply dated: July 27, 2009

In the Specification:

Please amend the Specification as shown below. Applicant respectfully submits that the
proposed amendments correct informalities in the Specification, and that no new matter is being
added.

Please replace Paragraph [0006] (shown as Paragraph [0009] in corresponding U.S.
Publication No. 20070279002) with that shown below:

[0006] In addition, when traveling way away from home, mobile users have a particular
problem in that they need to pack and carry the multiple chargers for their devices. In many
situations, these chargers are bulkier and heavier than the devices themselves, and use of these
devices in foreign countries requires clumsy adaptors, and sometimes voltage converters. This

leads to a high degree of inconvenience for the ever-more-mobile consumer.

Please replace Paragraph [0046] (shown as Paragraph [0055] in corresponding U.S.
Publication No. 20070279002) with that shown below:

[0046] In accordance with an embodiment, the mobile device charger or pad, and the
various mobile devices, can communicate with each other to transfer data. In one embodiment, the
coils in the mobile device charger that are used for powering the mobile device, or another set of
coils in the same PCB layer or in a separate layer, can be used for data transfer between the
mobile device charger and the mobile device to be charged or the battery directly. Techniques
employed in radio and network communication, such as radio frequency identification (RFID) can
be used. In one embodiment a chip connected to an antenna (for example, the secondary coil or
separate data antenna) or another means of transfer of information can be used to provide
information about, for example, the presence of the mobile device, its authenticity (for example its
manufacturer code) and the devicestd device'’s charging requirements (such as its required voltage,

battery capacity, and charge algorithm profile).

-2-
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Reply to Office Action dated: January 26, 2009
Reply dated: July 27, 2009

Please replace Paragraph [0075] (shown as Paragraph [0090] in corresponding U.S.
Publication No. 20070279002) with that shown below:

[0075] As described above, in accordance with some embodiments the receiver can be
integrated into the body of the device itself at a location that may be appropriate and can be
exposed to EM radiation from outside. The output of the receiver can be routed to the electrodes of
the battery internally inside the device and appropriate circuitry inside the device can sense and
regulate the power. The device can include LEDs, messages, etc. or audible signs that indicate to
the user that charging is occurring or complete or indicate the strength of the received power (i.e.
alignment with a primary in the charger) or the degree of battery charge. In other embodiments, the
receiver is built into an inner or outer surface of a component that is a part of the mobile device's
outer surface where it would be closest to the charger. This can be done as original equipment or
as an after market item. The component can be the lid of the battery pack or the bottom cover of the
mobile device. In yet other embodiments, the receiver can be integrated into the back or front of
the battery compartment or an interchangeable shell for the mobile device for use in after market
applications. For example, in a mobile phone application, the back battery cover or shell can be
removed and replaced with the new shell or battery cover with the receiver built in. Figure 7 shows
a coupling of receiver with a device to be charged in accordance with an embodiment of the
invention. As shown in Figure 7, the original mobile phone setup 190 includes a device 192 with
shell 194 and power jack 196. The after-market modification 200 replaces the original shell with a
combination shell 210 that includes the necessary receiver coils and batter battery couplings. The
contacts from this circuitry can then make direct contact to the battery electrodes inside the mobile
device or to some contact points inside the mobile device if such contacts exist or become
provisioned by the device manufacturer during manufacture. Alternatively, the receiver may be a
component (such as a shell) that has a connector that plugs into the input power jack of the mobile
phone. The receiver can be fixed to, or detachable from, the mobile device. This could be
achieved by having a plug that is attached either rigidly or by a wire to the receiver (shell).
Alternatively, the replacement receiver (shell) could be larger than the original shell and extend
back further than the original shell and contain the plug so that when the receiver (shell) is attached,
simultaneously, contact to the input power jack is made. Alternatively, the receiver (shell) can have
a pass through plug so that while contact is made to this input power connector, the connector
-3-
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allows for an external regular power supply plug to be also used as an alternative. Alternatively,
instead of a pass through, this part could have a power jack in another location in the back so thata
regular power supply could be used to charge the battery. In cases where the connector to the
device performs other functions such as communication to the device, a pass-through connector

can allow communication / connectivity to the device.

-4-
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In the Drawings:

Please replace the drawings as originally filed with the Replacement Sheets enclosed
herewith. Applicant respectfully submits that the proposed amendments correct informalities in the
drawings, and that no new matter is being added.

-5-
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In the Claims:
Please amend Claims 1-8, 10-11 and; cancel Claims 13-19; and add new Claims 21-27, all
as shown below. Applicant respectfully reserves the right to prosecute any originally presented

claims in a continuing or future application.

1. (Currently Amended) A charger system for use with a mobile, electronic, or other device and

[or battery or skin for use with the device, for charging and/or powering the mebile device and/or

battery inductively, comprising:
a base unit having a flat or curved surface and comprising one or more primary coils,

wherein each of the one or more primary coils havirg-a-generally-siresularshape are positioned
within the base unit so that, when an electrical current is passed through the primary coils, a

magnetic field is generated in a direction substantially perpendicular to the surface of the base unit;

a power supply for passing a current through the primary coils to generate [[a]] the magnetic
field in a direction substantially perpendicular to the plane of the primary coils;

a communications interface that allows the base unit, and the mobile, electronic, or other

device and/or battery or skin proximate thereto to, communicate with one another, prior to and/or

during powering or charging, to

verify the presence of the mobile, electronic, or other device and/or battery,

activate a primary coil in general alignment with a receiver coil at the device and/or
battery, and

exchange information to provide optimum power transfer to the device and/or
battery; and
wherein the substantially perpendicular magnetic field is used to inductively generate a

current in ene-or-meore-secondary—coils the receiver coil within or on ere-ermere the mobile,
electronic, or other device and /or battery or skin for use with the devices plased-close-te proximate

the base unit, to charge or power the mobile, electronic, or other device and/or battery or skin, and

wherein the base unit and receiver coil or circuitry associated therewith are configured to

requlate one or more of output voltage, current, or power provided by the base unit to the device

and/or battery to be within the range of one or more of a value of voltage, current, or other power

parameter for the device, skin and/or battery.

-6-
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2. (Currently Amended) The system of claim 1 wherein one or more of the primary and

secondary coils are manufactured by one of printed circuit boards or by etching, stamping or

forming copper or other conductive material, and wherein the one or more primary coils are formed

of one or more wires comprise-substantially-spiral-shapes are arranged in a generally circular or
spiral shape.

3. (Currently Amended) The system of claim 1 wherein the base unit includes a switch for

automatically switching one or more of the primary coils on whenever a mobile, electronic, or other

device and/or battery or skin is placed close to the primary [[coil]] coils of the base unit and the

presence of the mobile, electronic, or other device and/or battery or skin is detected, including

periodically powering each of the one or more primary coils in rotation to generate a radiofrequency

or_other signal response in_a proximate secondary, and using the response to determine the

presence of the mobile, electronic, or other device and / or battery or skin and / or value of voltage,

current, or other power parameter for the mobile device and/or battery.

4. (Currently Amended) The system of claim 1 wherein the base unitincludes multiple primary
coils that can be used to simultaneously charge and / or power multiple mobile [[devices]],
electronic, or other devices or skins and / or batteries.

5. (Currently Amended ) The system of claim 1 wherein the base unit is formed in the shape of

a pad and wherein one or multiple primary coils are distributed within everapping layers of coils

within the pad.

6. (Currently Amended) The system of claim 5 wherein the multiple primary coils are allowed to
move within a degree of freedom within their plane to more closely align the primary coil with the

secondary coil of [[a]] the mobile, electronic, or other device and /or battery or skin for use with the

device.

7. (Currently Amended) The system of claim 1, further comprising a data storage component

for storage of data, for subsequent transmission of data to or from the mobile, electronic, or other

device and /or battery or skin for use with the device.

-7-
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8. (Currently Amended) The system of claim 1 wherein the base unit is integrated into a

charging kiosk, clothing, bag, briefcase, backpack, skin or case for occasional charging of mobile

[[devices ]]._electronic, or other device and /or battery or skin for use with the device, and/or

includes a surface or skin or layer that is interchangeable to allow customization of the base unit or

to add additional functionality.

9. (Original) The system of claim 1 wherein one or more of the primary coils are stacked atop

one another to increase transfer efficiency.

10. (Currently Amended) The system of claim 1, wherein the charger and / or power supply

senses the location of the mobile, electronic, or other device and /or battery or skin for use with the

device, and activates a primary coil near the mobile, electronic, or other device and /or battery or

skin for use with the device, by sensing a change in a resonant circuit in the charger or power

supply when the mobile, electronic, or other device and /or battery or skin for use with the device is

in proximity to a primary coil.

11. (Currently Amended) The system of ¢laim 1, wherein the charger or power supply is formed
in the shape of a curved surface, cup, bowl, or other container, and wherein mobile, electronic, or

other device and /or battery or skin for use with the device can be placed [[inside]] on the curved

surface to be charged or powered inductively; and/or wherein the curve in the base unit matches

the curve in the back, handle, case, skin, of a mobile or electronic device and / or a battery to allow

optimum power transfer.

12. (Original) The system of claim 1, wherein a plurality of modular base units can be

interconnected to form a larger single base unit.

13-19. (Canceled).

20. (Currently Amended) A system for simultaneously charging or powering a plurality of mobile
devices-industively, electronic, or other device and /or battery or skin for use with the device,

-8-
Attorney Docket No.: AFPA-01001US1
M:\kfk\Wplafpa\1001us1\afpa_1001usO_reply 0126090A.doc

Page 687 of 1081



Application No.: 11/757,087
Reply to Office Action dated: January 26, 2009
Reply dated: July 27, 2009

comprising:

a base unit having a flat or curved surface and comprising

a-plurality-of one or more primary coils, wherein each of the one or more primary

coils havinga-generally-planarshape-and are positioned within the base unit so that, when

an electrical current is passed through the primary coils, a magnetic field is generated in a

direction substantially perpendicular to the surface of the base unit, ard

a power supply for passing a current through the primary coils to generate magnetic
fields for each coil in a direction substantially perpendicular to the plane of the primary
[[coil;]] coils,

a regulator that requlates one or more of output voltage, current, or power provided

by the base unit to a mobile, electronic, or other device and /or battery or skin for use with

the device, proximate the base unit, to be within the range of one or more of a value of

voltage, current, or other power parameter for the mobile device and/or battery,

one _or _more aligning magnets within the base unit that encourage the general

alignment of the primary coil with the receiver coil using corresponding magnets at the

receiver coil, mobile, electronic, or other device and /or battery or skin for use with the

device, and

a plurality of mobile, electronic, or other device and /or battery or skin for use with the

device, [[devices]] capable of inductive powering or charging, each mobile, electronic, or other
device, each of which comprising

a battery for powering a mobile, electronic, or other device, and

a receiver that is one of attached to, incorporated within, or coupled to the mobile,

electronic, or other device or the battery, wherein the receiver comprises a secondary coil;

and

wherein the substantially perpendicular magnetic fields are used to inductively generate a
current in the plurality of the secondary coils within one or more of the mobile, electronic, or other
device and/or battery or skin for use with the device, devices-plased-close-te proximate the base

unit, to charge or power the mobile, electronic, or other device and /or battery or skin devices.

-9-
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21. (New) The system of claim 1, wherein the coil in the base unit and the receiver are
substantially aligned using a mechanical, magnetic, or optical method of alignment to provide

optimum power transfer.

22. (New) The system of claim 1, wherein the base unit has an angled or vertical surface to
allow better placement of the mobile, electronic, or other device and /or battery or skin for use with
the device, to be charged and / or wherein the base unit can be attached or mounted at an angle or

vertically.

23. (New) The system of claim 1, wherein the base unit is made entirely or partially of material

that is flexible and can be folded, bent or rolled up to allow portability or conformity to a surface.

24. (New) The system of claim 1, wherein the base unit is powered conductively or inductively
by an internal battery or a solar cell or fuel cell or mechanical power or AC or DC power or a car or

other transportation vehicle, or an electrical or mobile device or a combination of the above.

25. (New) The system of claim 20, wherein the receiver coil is integrated with an after-market or
field-replaceable unit or battery pack where the receiver coil is integrated into a plastic, leather,
silicone, cloth or other material cover for the mobile, electronic, or other device and/or battery or
skin for the device, and plugs into or makes contact with power connections on the mobile,

electronic, or other device and/or battery.

26. (New) The system of claim 20, wherein the receiver coil is integrated with an after-market or
field-replaceable unit or battery pack wherein the receiver coil is provided as a replacement battery

compartment door or battery attachment or device skin unit which includes the receiver coil.

27. (New) A charger system for use with a mobile, electronic, or other device and/or battery or
skin for use with the device, for charging and/or powering the device and/or battery inductively,
comprising:
a base unit having a flat or curved surface and comprising one or more primary coils,
wherein each of the one or more primary coils are positioned within the base unit so that, when an
-10-
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electrical current is passed through the primary coils, a magnetic field is generated in a direction
substantially perpendicular to the surface of the base unit;

a power supply for passing a current through the primary coils to generate the magnetic field
in a direction substantially perpendicular to the plane of the primary coils;

one or more aligning magnets within the base unit that encourage the general alignment of
the primary coil with a receiver coil using a corresponding one or more magnets at the receiver coil,
mobile, electronic, or other device and /or battery or skin for use with the device, wherein the
receiver coil can be provided either directly within or on the device or within a replacement battery
compartment door unit, device skin or battery which includes the receiver coil and the
corresponding one or more magnets; and

wherein the substantially perpendicular magnetic field is used to inductively generate a
current in the receiver coil within or on the mobile, electronic, or other device and /or battery or skin
for use with the device proximate the base unit, to charge or power the mobile, electronic, or other
device and/or battery or skin, and

wherein the base unit and receiver coil or circuitry associated therewith are configured to
regulate one or more of output voltage, current, or power provided by the base unit to the device
and/or battery to be within the range of one or more of a value of voltage, current, or other power

parameter for the device, skin and/or battery.

-11-
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Remarks
This REPLY is in response to the Office Action mailed January 26, 2009.

1. Summary of Examiner’s Rejections

Prior to the Office Action mailed January 26, 2009, Claims 1-12 and 20 were pending in the
Application; Claims 13-19 having been withdrawn as being directed to a non-elected invention. In
the Office Action, Claims 1, 3, 6 and 20 were objected to for various informalities. Claims 1-12 were
provisionally rejected on the grounds of nonstatutory obviousness-type double patenting as being
unpatentable over Claims 11, 13-14, 17-18, 22, 25-26, 28 and 30 of copending Application No.
11/669,113. Claims 1-6 and 9-12 were rejected 35 U.S.C. 102(b) as being anticipated by Hui (U.S.
Patent Publication No. 2005/0189910). Claim 7 was rejected under 35 U.S.C. 103(a) as being
unpatentable over Hui in view of Lyon (U.S. Patent Publication No. 2004/0145342). Claim 8 was
rejected under 35 U.S.C. 103(a) as being unpatentable over Hui in view of Shneidman (U.S. Patent
Publication No. 2006/0038794).

Il Summary of Applicant’s Amendment

The present Reply amends the Specification and Claims 1-8, 10-11 and 20; cancels Claims
13-19; and adds new Claims 21-27, leaving for the Examiner's present consideration Claims 1-12
and 20-27.

Il Restriction Requirement and Interview Summary
During an Examiner-initiated telephone interview on January 15, 2009 between Examiner

Ramy Ramadan and Applicant’s representative Karl Kenna, the Examiner indicated that Claims 1-
20 appeared to be directed to the following groups of inventions, and requested election of one

group for present consideration:

[. Claims 1-12 and 20, drawn to a charger system for use with a mobile device, classified in

class 320, subclass 115; and

[I. Claims 13-19, drawn to a mobile device capable of inductive powering or charging,

classified in class 320, subclass 108.

-12-
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Applicant hereby affirms the election of Group |, as currently indicated by Claims 1-12 and
20, for present consideration. Claims 13-19 have been withdrawn from present consideration, and
have been canceled herewith.

No further issues were discussed between the participants during the telephone
conversation, as described in full in the Office Action mailed January 26, 2009.

V. Objections to the Claims
In the Office Action mailed January 26, 2009, Claims 1, 3, 6 and 20 were objected to for
various informalities. Accordingly, the claims have been amended as shown above to address the

informalities. Reconsideration thereof is respectfully requested.

V. Claim Rejections under Double Patenting

In the Office Action mailed January 26, 2009, Claims 1-12 were provisionally rejected on the
grounds of nonstatutory obviousness-type double patenting as being unpatentable over Claims 11,
13-14, 17-18, 22, 25-26, 28 and 30 of copending Application No. 11/669,113.

Accordingly, Claims 1-12 have been amended as shown above, and now differ from Claims
11, 13-14,17-18, 22, 25-26, 28 and 30 of copending Application No. 11/669,113 (which have since
been amended). Applicant respectfully requests that the rejection of Claims 1-12 on the grounds of
nonstatutory obviousness-type double patenting be held in abeyance pending allowance of one or
other Application, at which point the rejection can be further addressed, including if necessary the

filing of an appropriate Terminal Disclaimer.

VL. Claim Rejections under 35 U.S.C. 102(b)
In the Office Action mailed January 26, 2009, Claims 1-6 and 9-12 were rejected 35 U.S.C.

102(b) as being anticipated by Hui (U.S. Patent Publication No. 2005/0189910).

Claim 1
Claim 1 has been amended to recite:

1. (Currently Amended) A charger system for use with a mobile, electronic, or other
device and /or battery or skin for use with the device, for charging and/or powering the
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device and/or battery inductively, comprising:

a base unit having a flat or curved surface and comprising one or more primary coils,
wherein each of the one or more primary coils are positioned within the base unit so that,
when an electrical current is passed through the primary coils, a magnetic field is generated
in a direction substantially perpendicular to the surface of the base unit;

a power supply for passing a current through the primary coils to generate [[a]] the
magnetic field in a direction substantially perpendicular to the plane of the primary coils;

a communications interface that allows the base unit, and the mobile, electronic, or
other device and/or battery or skin proximate thereto to, communicate with one another,
prior to and/or during powering or charging, to

verify the presence of the mobile, electronic, or other device and/or battery,

activate a primary coil in general alignment with a receiver coil at the device
and/or battery, and

exchange information to provide optimum power transfer to the device and/or
battery; and

wherein the substantially perpendicular magnetic field is used to inductively generate
a current in the receiver coil within or on the mobile, electronic, or other device and /or
battery or skin for use with the devices proximate the base unit, to charge or power the
mobile, electronic, or other device and/or battery or skin, and

wherein the base unit and receiver coil or circuitry associated therewith are
configured to regulate one or more of output voltage, current, or power provided by the base
unit to the device and/or battery to be within the range of one or more of a value of voltage,
current, or other power parameter for the device, skin and/or battery.

Hui discloses a planar inductive battery charging system designed to enable electronic
devices to be recharged. The system includes a planar charging module having a charging surface
on which a device to be recharged is placed. Within the charging module and parallel to the
charging surface is at least one and preferably an array of primary windings that couple energy
inductively to a secondary winding formed in the device to be recharged. The [invention therein]
also provides secondary modules that allow the system to be used with conventional electronic
devices not formed with secondary windings. (Abstract). As further disclosed therein, inside each
secondary charging module 200 are at least one secondary winding 204 and charger circuitry 205
that receives the induced AC voltage in the secondary winding and provides a regulated DC output
voltage for the charging purpose. (Paragraph [0106]).

Applicant respectfully submits that, based on the above description, although Hui appears to
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disclose that inside each secondary charging module are a secondary winding and charger
circuitry, that receives the induced AC voltage in the secondary winding and provides a regulated
DC output voltage for use in charging; the regulation disclosed therein appears to be performed
within the secondary charging module to regulate the output voltage between the charging module
and a device being charged. However, Hui does not appear to disclose regulating one or more of
output voltage, current, or power provided by the base unit to a receiver coil to be within the range
of one or more of a value of voltage, current, or other power parameter.

To more clearly distinguish the embodiment therein, Claim 1 has been amended to recite
that, in the embodiment therein, the base unit and receiver coil or circuitry associated therewith are
configured to regulate one or more of output voltage, current, or power provided by the base unit to
the device and/or battery to be within the range of one or more of a value of voltage, current, or
other power parameter for the device, skin and/or battery.

Claim 1 has also been amended to recite that, in the embodiment therein, the system
comprises a communications interface that allows the base unit and the mobile, electronic, or other
device and /or battery or skin for use with the device, proximate thereto to communicate with one
another, prior to and/or during powering or charging, to verify the presence of the mobile device
and/or battery, activate a primary coil in general alignment with the receiver coil, and exchange
information to provide optimum power transfer or charging to the mobile, electronic, or other device
and/or battery or skin for use with the device. Applicant respectfully submits that Hui does not
appear to disclose these features.

In view of the above comments, Applicant respectfully submits that Claim 1, as amended, is
neither anticipated by, nor obvious in view of Hui, when considered alone or in combination with the

other cited references. Reconsideration thereof is respectfully requested.

Claim 20

The comments provided above with regard to Claim 1 are herein incorporated by reference.
Claim 20 has been amended to recite that, in the embodiment therein, a regulator regulates one or
more of output voltage, current, or power provided by the base unit to a mobile, electronic, or other
device and /or battery or skin for use with the device, proximate the base unit, to be within the range
of one or more of a value of voltage, current, or other power parameter for the mobile device and/or
battery. Claim 20 has also been amended to recite that, in the embodiment therein, the base unit
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comprises one or more aligning magnets that encourage the general alignment of the primary coil
with the receiver coil using corresponding magnets at the receiver coil, mobile, electronic, or other
device and /or battery or skin for use with the device.

Applicant respectfully submits that Claim 20, as amended, is likewise neither anticipated by,
nor obvious in view of the cited references, when considered alone or in combination.

Reconsideration thereof is respectfully requested.

Claims 2-12

Claims 2-12 depend from and include all of the features of Claim 1. Applicant respectfully
submits that these claims are allowable at least as depending from an allowable independent claim,
and further in view of the amendments to the independent claims, and the comments provided
above. To assist the Examiner in expediting prosecution, Applicant has also provided comments

below on several of these claims.

Claim 3

Claim 3, as amended, recites that in the embodiment therein the base unit includes a switch
for automatically switching one or more of the primary coils on whenever a mobile, electronic, or
other device and/or battery or skin is placed close to the primary coils of the base unit and the
presence of the mobile, electronic, or other device and/or battery or skin is detected, including
periodically powering each of the one or more primary coils in rotation to generate a radiofrequency
or other signal response in a proximate secondary, and using the response to determine the
presence of the mobile, electronic, or other device and/or battery or skin and/or value of voltage,
current, or other power parameter for the mobile device and/or battery.

Hui appears to disclose that mechanical switches 109 can be provided in each charging slot
that when closed activate the primary winding to the high-frequency AC voltage source when the
secondary charging module is inserted in that particular slot. The mechanical switches may also
serve to engage and hold the secondary module in place. This mechanism ensures that only
windings in the slots used by the secondary modules are excited by the high-frequency AC voltage
source. (Paragraph [0103]).

Applicant respectfully submits that, based on the above description, Hui appears to disclose
a single mechanical switch for switching each of the coils. However, Hui does not appear to
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disclose wherein the presence of the mobile device is detected, including periodically powering
each of the one or more primary coils in rotation to generate a radiofrequency or other signal
response in a proximate secondary, (e.g. an RFID or other response), and using the response to
determine the value of voltage, current, or other power parameter for the mobile device and/or

battery, as currently recited by Claim 3.

Claim 6

Claim 6, as amended, recites that in the embodiment therein the multiple primary coils are
allowed to move within a degree of freedom within their plane to more closely align the primary coil
with the secondary coil of the mobile device.

Hui appears to disclose that in preferred embodiments of the invention therein, two or more
mobile devices may be charged simultaneously on the same charging surface, and/or a device that
is designed to be moved (such as a wireless computer mouse) can be charged while being moved
over the charging surface (which could be integrated into a computer mouse pad). (Paragraph
[0070)).

Applicant respectfully submits that, based on the above description, Hui appears to disclose
that the secondary coils (within a movable device, such as a mouse) are free to move over the
charging surface. However, Hui does not appear to disclose wherein the multiple primary coils are
allowed to move within a degree of freedom within their plane (e.g. to float or move within the

charger itself), as currently recited by Claim 6.

Claim 11

Claim 11, as amended, recites that in the embodiment therein the charger or power supply
is formed in the shape of a curved cup, bowl, or other container, and wherein mobile devices can be
placed inside to be charged or powered inductively. Applicant respectfully submits that Hui does

not appear to disclose such a feature.

Claim 12
Claims 12, as amended, recites that in the embodiment therein a plurality of modular base
units can be interconnected to form a larger single base unit.
Hui appears to disclose that the primary transformer windings can also take the form of a
-17-
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combination of series and parallel connections if desired. Such an arrangement allows the charging
surface to be divided into various charging regions to cater for different sizes of the secondary
windings inside the portable electronic equipment. FIG. 10(a) illustrates this localized charging zone
principle. (Paragraph [0079]).

Applicant respectfully submits that, based on the above description, Hui appears to describe
that multiple charging zones can be provided within a single charging station. However, Hui does
not appear to disclose that a plurality of modular base units can be interconnected to form a larger
single base unit; or modular base units, or that a plurality of base units can be connected, as

currently recited by Claim 12.

In view of the above comments, Applicant respectfully submits that Claims 2-12, as currently
amended, are neither anticipated by, nor obvious in view of the cited references, when considered

alone or in combination. Reconsideration thereof is respectfully requested.

VIL. Claim Rejections under 35 U.S.C. 103(a)
In the Office Action mailed January 26, 2009, Claim 7 was rejected under 35 U.S.C. 103(a)

as being unpatentable over Hui in view of Lyon (U.S. Patent Publication No. 2004/0145342). Claim
8 was rejected under 35 U.S.C. 103(a) as being unpatentable over Hui in view of Shneidman (U.S.
Patent Publication No. 2006/0038794).

The comments provided above with respect to Claim 1 are hereby incorporated by
reference. Claims 7 and 8 depend from and include all of the features of Claim 1. These claims are
not discussed separately herein. However, it is respectfully submitted that these claims are
allowable at least as depending from an allowable independent claim, and further in view of the
amendments to the independent claims, and the comments provided above. Reconsideration

thereof is respectfully requested.

VIll. Additional Amendments
Claims 21-27 have been newly added by the present Reply. Applicant respectfully requests

that new Claims 21-27 be included in the Application and considered therewith.

IX. Reguest for Interview
-18-
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In the event the above remarks fail to place the case in condition for allowance, Applicant
respectfully requests the opportunity to interview with the Examiner at his convenience, and prior to
the issuance of a subsequent Office Action, to assist in expediting prosecution. The Examiner is

invited to telephone the undersigned if he can assist in any way in expediting issuance of a patent.

X. Conclusion

In view of the above amendments and remarks, it is respectfully submitted that all of the
claims now pending in the subject patent application should be allowable, and reconsideration
thereof is respectfully requested. The Examiner is respectfully requested to telephone the
undersigned if he can assist in any way in expediting issuance of a patent.

Enclosed herewith is a Petition for Extension of time, together with the appropriate fee,
extending the time to respond up to and including July 27, 2009.

The Commissioner is authorized to charge any underpayment or credit any overpayment to
Deposit Account No. 06-1325 for any matter in connection with this response, including any fee for

extension of time, which may be required.

Respectfully submitted,

Date: July 27, 2009 By: __ /Karl Kenna/
Karl Kenna
Reg. No. 45,445

Customer No.: 23910
FLIESLER MEYER LLP

650 California Street, 14™ Floor
San Francisco, California 94108
Telephone: (415) 362-3800
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-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH(S) OR THIRTY (30) DAYS,
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed

after SIX (6) MONTHS from the mailing date of this communication.
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any

earned patent term adjustment. See 37 CFR 1.704(b).

Status

1)IX] Responsive to communication(s) filed on 01 June 2007.
2a)[] This action is FINAL. 2b)[X] This action is non-final.
3)] Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims

4)X Claim(s) 1-12 and 20 is/are pending in the application.

4a) Of the above claim(s) is/are withdrawn from consideration.
5[] Claim(s) is/are allowed.
6)X] Claim(s) 1-12 and 20 is/are rejected.
7)[] Claim(s) ____is/are objected to.
8)] Claim(s) ____are subject to restriction and/or election requirement.

Application Papers

9)[] The specification is objected to by the Examiner.
10)[X] The drawing(s) filed on 01 June 2007 is/are: a)[X] accepted or b)[] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).
11)[] The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152.

Priority under 35 U.S.C. § 119

12)[_] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)~(d) or (f).
a)JAll  b)[]Some * ¢)[] None of:
1. Certified copies of the priority documents have been received.
2.[] Certified copies of the priority documents have been received in Application No.
3] Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).
* See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)

1) @ Notice of References Cited (PTO-892) 4) |:| Interview Summary (PTO-413)

2) ] Notice of Draftsperson’s Patent Drawing Review (PTO-948) Paper No(s)/Mail Date. __

3) [X] Information Disclosure Statement(s) (PTO/SB/08) 5) ] Notice of Informal Patent Application
Paper No(s)/Mail Date 02/28/2008, 01/08/2008. 6) D Other: ______

U.S. Patent and Trademark Office
PTOL-326 (Rev. 08-06) Office Action Summary Part of Paper No./Mail Date 20090116
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DETAILED ACTION
DETAILED ACTION
Election/Restrictions

1. Restriction to one of the following inventions is required under 35 U.S.C. 121:

l. Claims1-12 and 20, drawn to a charger system for use with a mobile

device, classified in class 320, subclass 115.
Il. Claim 13-19, drawn to a mobile device capable of inductive powering or
charging, classified in class 320, subclass 108.

The inventions are distinct, each from the other because of the following reasons:
2. Inventions | and Il are related as combination and subcombination. Inventions in
this relationship are distinct if it can be shown that (1) the combination as claimed does
not require the particulars of the subcombination as claimed for patentability, and (2)
that the subcombination has utility by itself or in other combinations (MPEP §
806.05(c)). In the instant case, the combination as claimed does not require the
particulars of the subcombination as claimed because the combination as claimed does
not require a battery for powering a mobile device and a receiver attached to the mobile
device or a batter, wherein the receiver is formed of a flexible printed circuit board
material and can be shaped to fit the battery or the mobile device. The subcombination
has separate utility such as a wireless communication application.

The examiner has required restriction between combination and subcombination
inventions. Where applicant elects a subcombination, and claims thereto are

subsequently found allowable, any claim(s) depending from or otherwise requiring all

Page 714 of 1081



Application/Control Number: 11/757,067 Page 3
Art Unit: 2838

the limitations of the allowable subcombination will be examined for patentability in
accordance with 37 CFR 1.104. See MPEP § 821.04(a). Applicant is advised that if
any claim presented in a continuation or divisional application is anticipated by, or
includes all the limitations of, a claim that is allowable in the present application, such
claim may be subject to provisional statutory and/or nonstatutory double patenting
rejections over the claims of the instant application.

3. Restriction for examination purposes as indicated is proper because all these
inventions listed in this action are independent or distinct for the reasons given above
and there would be a serious search and examination burden if restriction were not
required because one or more of the following reasons apply:

(a) the inventions have acquired a separate status in the art in view of their
different classification;

(b) the inventions have acquired a separate status in the art due to their
recognized divergent subject matter;

(c) the inventions require a different field of search (for example, searching
different classes/subclasses or electronic resources, or employing different
search queries);

(d) the prior art applicable to one invention would not likely be applicable to
another invention;

(e) the inventions are likely to raise different non-prior art issues under 35 U.S.C.

101 and/or 35 U.S.C. 112, first paragraph.
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Applicant is advised that the reply to this requirement to be complete must
include (i) an election of a invention to be examined even though the requirement
may be traversed (37 CFR 1.143) and (ii) identification of the claims encompassing
the elected invention.

The election of an invention may be made with or without traverse. To reserve a
right to petition, the election must be made with traverse. If the reply does not distinctly
and specifically point out supposed errors in the restriction requirement, the election
shall be treated as an election without traverse. Traversal must be presented at the time
of election in order to be considered timely. Failure to timely traverse the requirement
will result in the loss of right to petition under 37 CFR 1.144. If claims are added after
the election, applicant must indicate which of these claims are readable on the elected
invention.

If claims are added after the election, applicant must indicate which of these
claims are readable upon the elected invention.

Should applicant traverse on the ground that the inventions are not patentably
distinct, applicant should submit evidence or identify such evidence now of record
showing the inventions to be obvious variants or clearly admit on the record that this is
the case. In either instance, if the examiner finds one of the inventions unpatentable
over the prior art, the evidence or admission may be used in a rejection under 35 U.S.C.
103(a) of the other invention.

4. During a telephone conversation with Mr. Karl F. Kenna on 01/15/2009 a

provisional election was made without traverse to prosecute the invention of Group |,
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claims 1-11 and 20. Affirmation of this election must be made by applicant in replying to
this Office action. Claims 12-19 are withdrawn from further consideration by the
examiner, 37 CFR 1.142(b), as being drawn to a non-elected invention.
Claim Objections

5. Claims 1, 3, 6 and 20 are objected to because of the following informalities:

As per claim 1, the term "primary coil" should read as --primary coils--(line 7).

As per claim 3, term "primary coil" should read as --primary coils-- (line 3) and the
term "a mobile device" should read as -- the mobile device-- (line 2).

As per claim 6, the term "a mobile device" should read as -- the mobile device--
(line 3).

As per claim 20, the limitation “a plurality of one or more primary coils" is
indefinite.

Appropriate correction is required.

Double Patenting

6. The nonstatutory double patenting rejection is based on a judicially created
doctrine grounded in public policy (a policy reflected in the statute) so as to prevent the
unjustified or improper timewise extension of the “right to exclude” granted by a patent
and to prevent possible harassment by multiple assignees. A nonstatutory
obviousness-type double patenting rejection is appropriate where the conflicting claims
are not identical, but at least one examined application claim is not patentably distinct
from the reference claim(s) because the examined application claim is either anticipated
by, or would have been obvious over, the reference claim(s). See, e.g., In re Berg, 140
F.3d 1428, 46 USPQ2d 1226 (Fed. Cir. 1998); In re Goodman, 11 F.3d 1046, 29
USPQ2d 2010 (Fed. Cir. 1993); In re Longi, 759 F.2d 887, 225 USPQ 645 (Fed. Cir.
1985); In re Van Ornum, 686 F.2d 937, 214 USPQ 761 (CCPA 1982); In re Vogel, 422
F.2d 438, 164 USPQ 619 (CCPA 1970); and In re Thorington, 418 F.2d 528, 163 USPQ
644 (CCPA 1969).

A timely filed terminal disclaimer in compliance with 37 CFR 1.321(c) or 1.321(d)
may be used to overcome an actual or provisional rejection based on a nonstatutory
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double patenting ground provided the conflicting application or patent either is shown to
be commonly owned with this application, or claims an invention made as a result of
activities undertaken within the scope of a joint research agreement.

Effective January 1, 1994, a registered attorney or agent of record may sign a
terminal disclaimer. A terminal disclaimer signed by the assignee must fully comply with
37 CFR 3.73(b).

7. Claims 1-12 are provisionally rejected on the ground of nonstatutory
obviousness-type double patenting as being unpatentable over claims 11, 13-14, 17-18,
22, 25-26, 28 and 30 are of copending Application No. 11/669,113. Although the
conflicting claims are not identical, they are not patentably distinct from each other
because the additions to the claims are obvious variations of the same invention.

This is a provisional obviousness-type double patenting rejection because the

conflicting claims have not in fact been patented.
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Present Invention

Copending Application No.
11/669,113

Claim 1: A charger system for use with
a mobile device for charging or
powering the mobile device inductively,
comprising:

a. a base unit comprising one or
more primary coils, the primary coils
having a generally planar shape, a
power supply for passing a current
through the primary coils to generate a
magnetic field in a direction
substantially perpendicular to the plane

of the primary coil;

Claim 11: A system for use with a

mobile device and/or battery for
charging or powering the mobile device
and/or battery inductively, comprising:
a. a base unit including one or more
primary coils therein, wherein each of
the one or more primary coils has a
generally planar shape so that when an
electrical current is passed through the
primary coil a magnetic field is
generated in a direction substantially
perpendicular to the plane of the

primary coil;

b. wherein the perpendicular
magnetic field is used to inductively
generate a current in one or more

secondary coils within one or more

mobile devices placed close to the
base unit, to charge or power the

mobile device.

b. wherein the perpendicular
magnetic field inductively generates an
electrical current in the receiver coil
within the mobile device and/or battery,
which is used to provide regulated
power to charge and/or power the

mobile device and/or battery.
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Claim 1 is provisionally rejected on the ground of nonstatutory obviousness-type
double patenting as being unpatentable over claim 11 of copending Application No.
11/669,113 because the underlined differences are obvious variations of the same
invention.

Similarly, claim 20 is provisionally rejected on the ground of nonstatutory
obviousness-type double patenting as being unpatentable over claims 11, respectively,
copending Application No. 11/669,113.

Claims 3 and 4 are provisionally rejected on the ground of nonstatutory
obviousness-type double patenting as being unpatentable over claims 13 and 14,
respectively, copending Application No. 11/669,113.

Claims 5 and 6 are provisionally rejected on the ground of nonstatutory
obviousness-type double patenting as being unpatentable over claims 17 and 18,
respectively, copending Application No. 11/669,113.

Claims 7 and 8 are provisionally rejected on the ground of nonstatutory
obviousness-type double patenting as being unpatentable over claims 22 and 25,
respectively, copending Application No. 11/669,113.

Claims 9, 10 and 11 are provisionally rejected on the ground of nonstatutory
obviousness-type double patenting as being unpatentable over claims 26, 28 and 23,
respectively, of copending Application No. 11/669,113.

Claims 2 and 12 are rejected because they depend from rejected claim 1.
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Claim Rejections — 35 USC § 102
8. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that

form the basis for the rejections under this section made in this Office action:

A person shall be entitled to a patent unless —

(b) the invention was patented or described in a printed publication in this or a foreign country or in public
use or on sale in this country, more than one year prior to the date of application for patent in the United
States.

9. Claims 1-6 and 9-12 are rejected under 35 U.S.C. 102(b) as being
anticipated by Hui (US 2005/0189910).

As per claims 1 and 20, Hui discloses and shows in Figs. 4a-9b, a planar
inductive battery charger for use with a mobile device (3) for charging or powering the
mobile device (3) inductively, comprising:

a housing (1) (base unit) comprising one or more primary windings (primary coils)
(fig. 4c), the primary windings having a generally planar shape (Para [0074]),

a power supply for passing a current through the primary windings to generate a
magnetic flux (field) in a direction substantially perpendicular to the plane of the primary
windings (Para [0077]); and

wherein the perpendicular magnetic flux is used to inductively generate a current
in one or more secondary windings (coils) within one or more mobile devices (3) placed
close to the housing (1), to charge or power the mobile devices (3) (Para [0070]-[0072]).

As per claim 2, Hui discloses and shows in Figs. 8 and 12b, that one or more of
the primary and secondary windings comprise substantially spiral shapes (Para [0077]).

As per claim 3, Hui discloses and shows in Figs 41-48, that a similar housing

includes a switch (109) for automatically switching the primary windings (105) on
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whenever a mobile device (203) is placed close to the primary winding (105) of the
housing and the presence of the mobile device (203) is detected (Para [0103]).

As per claim 4, Hui discloses and shows in Fig. 4(c), that the housing (1) includes
multiple primary windings that can be used to simultaneously charge multiple mobile
devices (3).

As per claims 5 and 9, Hui discloses and shows in Fig. 5(a), that the housing (1)
is formed in the shape of a pad and wherein multiple primary windings could be
distributed within overlapping layers of windings within the pad and that one or more of
the primary windings are stacked atop one another to increase the total flux (transfer
efficiency) (Para [0071]).

As per claim 6, Hui shows in Figs. 4(c)-5(b), the primary windings being allowed
to move with in a degree of freedom within their plane to more closely align the primary
winding with the secondary winding of a mobile device (3).

As per claim 10, Hui discloses that the charger or power supply senses the
location of the mobile device (3) and activates a primary winding near the mobile device
(3), by sensing a change in a resonant circuit in the charger or power supply when the
mobile device is in proximity to the primary winding (Para [0079]).

As per claim 12, Hui shows in Figs. 10(a)-10(b), that a plurality of housings (a, b,
¢, d) can be interconnected to form a larger single housing.

Claim Rejections - 35 USC § 103
10.  The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all

obviousness rejections set forth in this Office action:
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(a) A patent may not be obtained though the invention is not identically disclosed or described as set
forth in section 102 of this title, if the differences between the subject matter sought to be patented and
the prior art are such that the subject matter as a whole would have been obvious at the time the
invention was made to a person having ordinary skill in the art to which said subject matter pertains.
Patentability shall not be negatived by the manner in which the invention was made.

11. Claim 7 is rejected under 35 U.S.C. 103(a) as being unpatentable over Hui in
view of Lyon, (US2004/0145342).

Hui discloses the claimed invention except for a data storage component for
storage of data, for subsequent transmission of data to or from the mobile device.

However, Lyon discloses and shows in Fig. 2, an adaptive charging system for
inductively charging a battery driven device (204) comprising different storage
components (216, 224, 218) for subsequent transmission of data to or from the battery
driven device (204) over data communication channel (220) (Para [0020]-[0021] and
[0032]).

Lyon is evidence that ordinary workers in the art would find a reason, suggestion
or motivation to use a data storage component with the device of Hui as taught by Lyon
to provide optimum charging for a plurality of different mobile devices (Para [0020]-
[0021] and [0032]).

Therefore it would have been obvious to one of ordinary skill in the art at the time
of the invention was made to use a data storage component with the device of Hui as
taught by Lyon to provide optimum charging for a plurality of different mobile devices
(Para [0020]-[0021] and [0032]).

12. Claim 8 is rejected under 35 U.S.C. 103(a) as being unpatentable over Hui in

view of Shneidman, (US2006/0038794).
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Hui discloses the claimed invention but he does not explicitly disclose that the
base unit is integrated into a charging kiosk for occasional charging of mobile devices.

However, Shneidman discloses providing docket stations for charging mobile
devices at public kiosks (Para [0055]).

It would have been obvious to one of ordinary skill in the art at the time of the
invention was made to integrate the housing as disclosed by Hui in to a charging kiosk
as suggested by Shneidman to provide a convenient charging outlet for users and since
it has been held that forming in one piece an article which has formerly been formed in
two pieces and put together involves only routine skill in the art. Howard v. Detroit

Stove Works, 150 U.S. 164 (1893).

Conclusion
Any inquiry concerning this communication or earlier communications from the
examiner should be directed to RAMY RAMADAN whose telephone number is (571)
272-9761. The examiner can normally be reached on Mon-Fri 7:30 am-5:00 pm.
If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Akm Ullah can be reached on (671) 272-2361. The fax phone number for

the organization where this application or proceeding is assigned is 571-273-8300.
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Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a
USPTO Customer Service Representative or access to the automated information

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/Akm Enayet Ullah/ Ramy Ramadan
Supervisory Patent Examiner, Art Unit 2838 Examiner

Art Unit 2838
/IRR/
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2000, IEEE Transactions of Power Electronics, Vol. 15, No. 6, pp. 1275-1282

TANG, et al. “ Coreless Printed Circuit Board (PCB) Transformers with Multiple Secondary Windings
for Complementary Gate Drive Circuits”, May 1999, IEEE Transactions of Power Electronics, Vol. 14,
No. 3, pp. 431-437.
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TANG, et al. “ Coreless Printed Circuit Board (PCB) Transformers with High Power Density and High
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R.R/
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http://www.usatoday.com/tech/wireless/data/2006-11-16-wireless-recharging x.htm, 5 pages.
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Receipt date: 01/08/2008

Form PTO-1449 U.S. DEPARTMENT OF COMMERCE Attorney Docket Number Application/Patent Number
(Substitute) PATENT AND TRADEMARK OFFICE |-2E2A0100IUS] LLT37,067
Applicant/Patent O wner
Information Disclosure Statement Afshin Partovi
BY APPLICANT Filing/Issue Date Group Art Unit
(Use several sheets if necessary) 06/01/2007 Unknown,

NON-PATENT LITERATURE DOCUMENTS

(Include name of the author (in CAPITAL LETTERS), title of the article, title of the item (book, magazine, journal, serial, symposium, catalog,
etc.) date, pages, volume-issue number(s), publisher, city and/ or country where published.

/R.R/ MURPH, “WildCharger Charges Your Gadgetry Sans Wires”, December 2006, Misc. Gadgets, 2

pages.
, Gizmo Watch, “Pitstop: A Table Top Recharging Solution by Belkin”,

/R.RJ http://www.gizmowatch.com/entry/pitstop-a-table-top-recharging-solution-by-belkin, December 2006,
5 pages.

. /

/R.R. UNKNOWN AUTHOR, “Cutting the Cord”, April 2007, The Economist, 1 page.

RR./ BISHOP, “Microsoft Surface Brings Computing to the Table”, May 2007,

s http://seattlepinwsource.convbusiness/3 17737 msftdevic30.himl, 7 pages.

/R.R.J WILDCHARGE, “The Wire-Free Power Revolution is Only Days Away, and WildCharge, Inc. Is
Leading the Charge”, September 2007, 3 pages.

Examiner /Ramy Ramadan/ Date Considered 01/17/2009

*EXAMINER: Initial if citation considered, whether or not citation is in conformance with MPEP 609. Draw line through citation if not in
conformance and not considered. Include copy of this form with next communication to applicant.

*1 = Copy not submitted because it was submitted in prior application SN _/ , filed ,20___,relied on under 35 USC
§120.
**2 = Copy not submitted because it was submitted in prior application SN _/ , filed ,20___, relied on under 35 USC
§120.

U.S. Patent Application No. 11/757,067 -7-

Attorney Docket No.: AFPA-01001US1
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Receipt date: 02/28/2008

Form PTO-1449 U.S. DEPARTMENT OF COMMERCE Attorney Docket Number Application/Patent Number
(Substitute) PATENT AND TRADEMARK OFFICE |-2E2A0100IUS] LLT37,067
Applicant/Patent O wner
Information Disclosure Statement Afshin Partovi
BY APPLICANT Filing/Issue Date Group Art Unit
(Use several sheets if necessary) June 1, 2007 2115
U.S. PATENTS
Examiner Filing
Initial Patent Number Issue Date First Named Inventor Class Subclass Date
. /
/R.R. 6008622 12-28-1999 Nakawatase
U.S.PATENT PUBLICATIONS
Examiner Patent Application Publication Number Publication Date Applicant
Initial
/R.R/ 20020004167 01-10-2002 Jenson et al.
/R.R/ 20020067238 06-06-2002 Leu
/R.R./
20050127869 06-16-2005 Calhoon et al.
/RR/ 20050075696 04-07-2005 Forsberg et al.
/R.R/ 20050063488 03-24-2005 Troyk et al.
PENDING U.S. PATENT APPLICATIONS
Petition to
Examiner Application Number Filing Date First Named Inventor Expunge?
Initial Yes | No
FOREIGN PATENT DOCUMENTS
Trans-
Examiner Document Number Publication Date Country Class Subclass lation
Initial Yes |No
NON-PATENT LITERATURE DOCUMENTS
(Include name of the author (in CAPITAL LETTERS), title of the article, title of the item (book, magazine, journal, serial, symposium, catalog, etc.) date, pages,
volum e-issue number(s), publisher, city and/ or country where published.
PCT International Search Report dated February 14, 2008 in re International Application No.: PCT/US07/61406,
8 pages.
/ J / J
Examiner /Ramy Ramadan: Date Considered 01/17/2009
*EXAMINER: Initial if citation considered, whether or not citation is in conformance with MPEP 609. Draw line through citation if not in conformance and not
considered. Include copy of this form with next communication to applicant.
*1 = Copy not submitted because it was submitted in prior application SN _ / , filed ,20__ , relied on under 35 USC §120.
**2 = Copy not submitted because it was submitted in prior application SN , filed , 20 , relied on under 35 USC §120.

U.S. Patent Application No. 11/757,067
Attorney Docket No.: AFPA-01001
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Examiner Signature:

Date Considered:
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application PATENT APPLICATION
Inventor(s): Afshin Partovi
Appl. No.: 11/757,067 Art Unit: 2115
Confirm. No.: 2001 Examiner: Unknown
Filed: 06/01/2007
Title: POWER SOURCE CHARGING Customer No. 23910
SYSTEM AND INDUCTIVE
RECEIVER FOR MOBILE
DEVICES

TRANSMITTAL LETTER RE INFORMATION DISCLOSURE STATEMENT
UNDER 37 C.F.R. §1.56

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

Sir:

It is requested that the information identified in this statement be considered by the Examiner and
made of record in the above-identified application. This statement is not intended to represent that a search
has been made or that the information cited in the statement is, or is considered to be, material to
patentability as defined in 37 C.F.R. §1.56. If this is a continuation, divisional or continuation-in-part
application, it is understood that the Examiner will consider all information which was considered by the
Office in a parent application. MPEP §609. Such information therefore is not listed herein unless it is desired
that the information be printed on a patent issuing from the subject application.

Enclosed with this statement are the following:

_v Form PTO-1449. The Examiner is requested to initial the form and return it to the undersigned in
accordance with M.P.E.P. §609.

v/ Asallowed under 37 C.F.R § 1.98(a)(2)(ii), no copies of the U.S. patents and U.S. patent application
publications are enclosed, unless required by the office.

As allowed under 37 CFR §1.98(d), copies of cited documents noted with an asterisk are not
enclosed because they were previously submitted in U.S. Patent ApplicationNo.  / , which
is relied on for an earlier effective filing date under 35 USC §120, and which included an
Information Disclosure Statement that complies with 37 CFR §1.98(a) through (c).

v A copy of an International Search Report dated February 24, 2008 for Application No.

PCT/US07/61406.
- A copy of an International Preliminary Examination Report dated for Application No.
U.S. Patent Application No. 11/757,067 -1-

Attorney Docket No.: AFPA-01001US1
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If any of the cited/submitted documents is in a foreign language, a concise explanation of relevance
is provided pursuant to 37 C.F.R. §1.98(a)(3)(1). For foreign language documents cited in a search
report by a foreign patent office, the requirement for a concise explanation of relevance is satisfied
by the submission herewith of an English language version of the search report. MPEP §609A(3).
If a written English-language translation of a non-English language document, or portion thereof,
is within the possession, custody or control of, or is readily available to any individual designated
in §1.56(c), a copy of the translation accompanies this statement, 37 C.F.R. §1.98(a)(3)(ii), and
satisfies the requirement for a concise explanation of relevance, MPEP §609A(3).

This statement should be considered because:
v 37 C.F.R. §1.97(b). This statement qualifies under 37 C.F.R. §1.97, subsection (b) because:

¢y It is being filed within three months of the filing date of an application other than
a continued prosecution application under § 1.53(d);

- OR --
(2) It is being filed within 3 months of entry of a national stage;
—OR -
(3) It is being filed before the mailing date of the first Office Action on the merits,
- OR --

4 It is being filed before the mailing date of the first Office Action after the filing of
a Request for Continued Examination under 37 C.F.R. §1.114.

37 C.F.R. §1.97(c). Although it may not qualify under subsection (b), this statement
qualifies under 37 C.F.R. §1.97, subsection (¢) because:

e It is being filed before the mailing date of a FINAL Office Action, a Notice of
Allowance, or an action that otherwise closes prosecution in the subject application,
whichever occurs first.

-- AND (check at least one of the following) --

- (a) It is accompanied by a STATEMENT as set forth in 37 C.F.R. §1.97(e).
—-OR --

- (b) It is accompanied by the $180 fee set forth in 37 C.F.R. §1.17(p).

U.S. Patent Application No. 11/757,067 -2-
Attorney Docket No.: AFPA-01001US1
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37 C.F.R. §1.97(d). Although it may not qualify under subsection (b) or (c), this statement
qualifies under 37 C.F.R. §1.97, subsection (d) because:

ey It is being filed on or before payment of the Issue Fee;
— AND --

(2) It is accompanied by a STATEMENT as set forth in 37 C.F.R. §1.97(e);
-~ AND --

3) It is accompanied by the $180 fee set forth in 37 C.F.R. §1.17(p).

PTA Statement under 37 C.F.R. §1.704(d). Each item of information contained in the Information
Disclosure Statement was cited in a communication from a foreign patent office in a counterpart
application and this communication was not received by any individual designated in §1.56(¢) more
than thirty days prior to the filing of the Information Disclosure Statement.

37C.F.R. §1.97(e)(1). THE UNDERSIGNED ATTORNEY HEREBY STATES THAT each item
ofinformation contained in this /nformation Disclosure Statement was first cited in a communication
from a foreign patent office in a counterpart foreign application not more than three months prior
to the filing of this Information Disclosure Statement; or

37 C.FR. §1.97(e)(2). THE UNDERSIGNED ATTORNEY HEREBY STATES THAT no item of
information contained in this Information Disclosure Statement was cited in a communication from

a foreign patent office in a counterpart foreign application and, to the knowledge of the person

signing this statement after making reasonable inquiry, no item of information contained in this

Information Disclosure Statement was known to any individual designated in §1.56(c) more than

three months prior to the filing of this statement.

v Fee Authorization. The Commissioner is hereby authorized to charge any deficiencies or credit any
overpayment to Deposit Account No. 06-1325.
Respectfully submitted,

FLIESLER MEYER LLP

Date: February 28, 2008 By: /Karl F. Kenna/
Karl F. Kenna
Reg. No. 45445

Customer No. 23910

FLIESLER MEYER LLP

650 California Street, 14th Floor
San Francisco, California 94108
Telephone: (415) 362-3800

U.S. Patent Application No. 11/757,067 -3-
Attorney Docket No.: AFPA-01001US1
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Form PTO-1449 U.S. DEPARTMENT OF COMMERCE Attorney Docket Number Application/Patent Number
(Substitute) PATENT AND TRADEMARK OFFICE |-2E2A0100IUS] LLT37,067
Applicant/Patent O wner
Information Disclosure Statement Afshin Partovi
BY APPLICANT Filing/Issue Date Group Art Unit
(Use several sheets if necessary) June 1, 2007 2115

U.S. PATENTS

Examiner Filing
Initial Patent Number Issue Date First Named Inventor Class Subclass Date
6008622 12-28-1999 Nakawatase
U.S. PATENT PUBLICATIONS
Examiner Patent Application Publication Number Publication Date Applicant
Initial
20020004167 01-10-2002 Jenson et al.
20020067238 06-06-2002 Leu
20050127869 06-16-2005 Calhoon et al.
20050075696 04-07-2005 Forsberg et al.
20050063488 03-24-2005 Troyk et al.

PENDING U.S. PATENT APPLICATIONS

Petition to
Examiner Application Number Filing Date First Named Inventor Expunge?
Initial Yes | No

FOREIGN PATENT DOCUMENTS

Trans-
Examiner Document Number Publication Date Country Class Subclass lation
Initial Yes |No

NON-PATENT LITERATURE DOCUMENTS
(Include name of the author (in CAPITAL LETTERS), title of the article, title of the item (book, magazine, journal, serial, symposium, catalog, etc.) date, pages,
volum e-issue number(s), publisher, city and/ or country where published.

PCT International Search Report dated February 14, 2008 in re International Application No.: PCT/US07/61406,
8 pages.

Examiner Date Considered

*EXAMINER: Initial if citation considered, whether or not citation is in conformance with MPEP 609. Draw line through citation if not in conformance and not
considered. Include copy of this form with next communication to applicant.

*1 = Copy not submitted because it was submitted in prior application SN _ / , filed ,20__ , relied on under 35 USC §120.
**2 = Copy not submitted because it was submitted in prior application SN/ , filed , 20 , relied on under 35 USC §120.
U.S. Patent Application No. 11/757,067 -4-

Attorney Docket No.: AFPA-01001
M:\kflk\Wplafpa\1001us1\IDS 022808.wpd
Examiner Signature: Date Considered:
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Electronic Acknowledgement Receipt

EFS ID: 2927679

Application Number: 11757067

International Application Number:

Confirmation Number: 2001

POWER SOURCE, CHARGING SYSTEM, AND INDUCTIVE

Title of Invention: RECEIVER FOR MOBILE DEVICES

First Named Inventor/Applicant Name: AFSHIN PARTOVI
Customer Number: 23910
Filer: Karl Kenna/Narissa Besada
Filer Authorized By: Karl Kenna
Attorney Docket Number: AFPA-01001USH
Receipt Date: 28-FEB-2008
Filing Date: 01-JUN-2007
Time Stamp: 17:58:34
Application Type: Utility under 35 USC 111(a)

Payment information:

Submitted with Payment no

File Listing:

Document _— . File Size(Bytes) Multi Pages
Number Document Description File Name /Message Digest| Part/.zip| (if appl.)
80591
1 IDS_022808.pdf yes 4
8345cc97{313fe36e04142af9d4553319
21aal97
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Multipart Description/PDF files in .zip description
Document Description Start End
Information Disclosure Statement Letter 1 3
Information Disclosure Statement (IDS) Filed 4 4
Warnings:
Information:
IntISearchReport_ PCTUS07 2821910
2 NPL Documents 61406.p_df no 8
5dfead5atb1e99905a49f24dad0359cc8
871e0de
Warnings:
Information:
Total Files Size (in bytes): 2902501

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt
similar to a Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see
37 CFR 1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date
shown on this Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions
of 35 U.S.C. 371 and other applicable requirements a Form PCT/DO/EQO/903 indicating acceptance of the
application as a national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt,
in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary
components for an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the
International Application Number and of the International Filing Date (Form PCT/RO/105) will be issued in due
course, subject to prescriptions concerning national security, and the date shown on this Acknowledgement
Receipt will establish the international filing date of the application.
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application PATENT APPLICATION
Inventor(s): Afshin Partovi
Appl. No.: 11/757,067 Art Unit: 2115
Confirm. No.: 2001 Examiner: Unknown
Filed: 06/01/2007
Title: POWER SOURCE CHARGING Customer No. 23910
SYSTEM AND INDUCTIVE
RECEIVER FOR MOBILE
DEVICES

TRANSMITTAL LETTER RE INFORMATION DISCLOSURE STATEMENT
UNDER 37 C.F.R. §1.56

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

Sir:

It is requested that the information identified in this statement be considered by the Examiner and
made of record in the above-identified application. This statement is not intended to represent that a search
has been made or that the information cited in the statement is, or is considered to be, material to
patentability as defined in 37 C.F.R. §1.56. If this is a continuation, divisional or continuation-in-part
application, it is understood that the Examiner will consider all information which was considered by the
Office in a parent application. MPEP §609. Such information therefore is not listed herein unless it is desired
that the information be printed on a patent issuing from the subject application.

Enclosed with this statement are the following:

_v Form PTO-1449. The Examiner is requested to initial the form and return it to the undersigned in
accordance with M.P.E.P. §609.

v/ Asallowed under 37 C.F.R § 1.98(a)(2)(ii), no copies of the U.S. patents and U.S. patent application
publications are enclosed, unless required by the office.

As allowed under 37 CFR §1.98(d), copies of cited documents noted with an asterisk are not
enclosed because they were previously submitted in U.S. Patent ApplicationNo.  / , which
is relied on for an earlier effective filing date under 35 USC §120, and which included an
Information Disclosure Statement that complies with 37 CFR §1.98(a) through (c).

__ A copy of an International Search Report dated for Application No. .
_ A copy of an International Preliminary Examination Report dated for Application No.
U.S. Patent Application No. 11/757,067 -1-

Attorney Docket No.: AFPA-01001US1
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If any of the cited/submitted documents is in a foreign language, a concise explanation of relevance
is provided pursuant to 37 C.F.R. §1.98(a)(3)(1). For foreign language documents cited in a search
report by a foreign patent office, the requirement for a concise explanation of relevance is satisfied
by the submission herewith of an English language version of the search report. MPEP §609A(3).
If a written English-language translation of a non-English language document, or portion thereof,
is within the possession, custody or control of, or is readily available to any individual designated
in §1.56(c), a copy of the translation accompanies this statement, 37 C.F.R. §1.98(a)(3)(ii), and
satisfies the requirement for a concise explanation of relevance, MPEP §609A(3).

This statement should be considered because:
v 37 C.F.R. §1.97(b). This statement qualifies under 37 C.F.R. §1.97, subsection (b) because:

¢y It is being filed within three months of the filing date of an application other than
a continued prosecution application under § 1.53(d);

- OR --
(2) It is being filed within 3 months of entry of a national stage;
—OR -
(3) It is being filed before the mailing date of the first Office Action on the merits,
- OR --

4 It is being filed before the mailing date of the first Office Action after the filing of
a Request for Continued Examination under 37 C.F.R. §1.114.

37 C.F.R. §1.97(c). Although it may not qualify under subsection (b), this statement
qualifies under 37 C.F.R. §1.97, subsection (¢) because:

e It is being filed before the mailing date of a FINAL Office Action, a Notice of
Allowance, or an action that otherwise closes prosecution in the subject application,
whichever occurs first.

-- AND (check at least one of the following) --

- (a) It is accompanied by a STATEMENT as set forth in 37 C.F.R. §1.97(e).
—-OR --

- (b) It is accompanied by the $180 fee set forth in 37 C.F.R. §1.17(p).

U.S. Patent Application No. 11/757,067 -2-
Attorney Docket No.: AFPA-01001US1
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37 C.F.R. §1.97(d). Although it may not qualify under subsection (b) or (c), this statement
qualifies under 37 C.F.R. §1.97, subsection (d) because:

ey It is being filed on or before payment of the Issue Fee;
— AND --

(2) It is accompanied by a STATEMENT as set forth in 37 C.F.R. §1.97(e);
-~ AND --

3) It is accompanied by the $180 fee set forth in 37 C.F.R. §1.17(p).

PTA Statement under 37 C.F.R. §1.704(d). Each item of information contained in the Information
Disclosure Statement was cited in a communication from a foreign patent office in a counterpart
application and this communication was not received by any individual designated in §1.56(¢) more
than thirty days prior to the filing of the Information Disclosure Statement.

37C.F.R. §1.97(e)(1). THE UNDERSIGNED ATTORNEY HEREBY STATES THAT each item
ofinformation contained in this /nformation Disclosure Statement was first cited in a communication
from a foreign patent office in a counterpart foreign application not more than three months prior
to the filing of this Information Disclosure Statement; or

37 C.FR. §1.97(e)(2). THE UNDERSIGNED ATTORNEY HEREBY STATES THAT no item of
information contained in this Information Disclosure Statement was cited in a communication from

a foreign patent office in a counterpart foreign application and, to the knowledge of the person

signing this statement after making reasonable inquiry, no item of information contained in this

Information Disclosure Statement was known to any individual designated in §1.56(c) more than

three months prior to the filing of this statement.

v Fee Authorization. The Commissioner is hereby authorized to charge any deficiencies or credit any
overpayment to Deposit Account No. 06-1325.
Respectfully submitted,

FLIESLER MEYER LLP

Date: January 7, 2008 By: /Karl F. Kenna/
Karl F. Kenna
Reg. No. 45,455

Customer No. 23910

FLIESLER MEYER LLP

650 California Street, 14th Floor
San Francisco, California 94108
Telephone: (415) 362-3800

U.S. Patent Application No. 11/757,067 -3-
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Form PTO-1449 U.S. DEPARTMENT OF COMMERCE | Attorney Docket Number Application/Patent Number
(Substitute) PATENT AND TRADEMARK OFFICE |-2IFA-01001USI 11/757.067
Applicant/Patent Owner
Information Disclosure Statement Afshin Partovi
BY APPLICANT Filing/Issue Date Group Att Unit
(Use several sheets if necessary) 06/01/2007 Unknown
U.S. PATENTS
Examiner Filing
Initial Patent Number Issue Date First Named Inventor Class | Subclass Date
6906495 6-14-05 Cheng
5959433 09-28-99 Rohde
6208115 03-27-01 Binder
5952814 9-14-99 Van Lerbergne
6489745 12-03-02 Koreis
6331744 12-18-01 Chen
6040680 03-21-00 Shoichi
5734254 03-31-98 Stephens
6906495 06-14-05 Cheng
6586909 07-01-03 Trepka
6462509 10-08-02 Abe
7042196 05-09-06 Cheng
6184651 02-06-01 Fernandez
6016046 01-18-00 Kaite
7164255 01-16-07 Hui
6844702 01-18-05 Giannopoulos
6756765 06-29-04 Bruning
5367242 11-22-94 Hulman
6917182 07-12-05 Burton
6741064 05-25-04 Liu
6650088 11-18-03 Webb
6697272 02-24-04 Nanbu
U.S. Patent Application No. 11/757,067 -4-

Attorney Docket No.: AFPA-01001US1
M:\kflk\Wplafpa\1001us1\IDS 010708.wpd

Examiner Signature:

Date Considered:
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Form PTO-1449 U.S. DEPARTMENT OF COMMERCE Attorney Docket Number Application/Patent Number
(Substitute) PATENT AND TRADEMARK OFFICE |-2E2A0100IUS] LLT37,067
Applicant/Patent O wner
Information Disclosure Statement Afshin Partovi
BY APPLICANT Filing/Issue Date Group Art Unit
(Use several sheets if necessary) 06/01/2007 Unknown,

U.S. PATENT PUBLICATIONS

Examiner Patent Application Publication Number Publication Date Applicant
Initial
20030210106 11-13-03 Cheng
20050116683 06-02-05 Cheng
20050162125 07-28-05 Yu
20050140482 06-30-05 Cheng
20050017677 01-27-05 Burton
20050189910 09-01-05 Hui
20050135122 06-23-05 Cheng
20070029965 02-08-07 Hui
20070069687 03-29-07 Suzuki
20060284593 12-21-06 Nagy
20070029965 02-08-07 Hui
PENDING U.S. PATENT APPLICATIONS
Petition to
Examiner Application Number Filing Date First Named Inventor Expunge?
Initial Yes | No
FOREIGN PATENT DOCUMENTS
Trans-
Examiner Document Number Publication Country Class | Subclass | _lation
Initial Date Yes | No
W0/2005/109597 11-17-2005 | WIPO
W0/2005/024865 03-17-2005 | WIPO
WO/2004/055654 07-01-2004 | WIPO
W0/2004/038887 05-06-2004 | WIPO
WO0/2004/038888 05-06-2004 [ WIPO
U.S. Patent Application No. 11/757,067 -5-

Attorney Docket No.: AFPA-01001US1
M:\kflk\Wplafpa\1001us1\IDS 010708.wpd
Examiner Signature: Date Considered:
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Form PTO-1449
(Substitute)

U.S. DEPARTMENT OF COMMERCE Attorney Docket Number Application/Patent Number

PATENT AND TRADEMARK OFFICE |[-2fZA-1001US] 11/757,067

Applicant/Patent O wner

Information Disclosure Statement Afshin Partovi
BY APPLICANT Filing/Issue Date Group Art Unit
(Use several sheets if necessary) 06/01/2007 Unknown,

FOREIGN PATENT DOCUMENTS

Trans-

Examiner Document Number Publication Country Class Subclass lation

Initial Date Yes | No
W0O/2004/030176 04-08-2004 WIPO
WO/03/105311 12-18-2003 WIPO
WO0/03/096361 11-20-2003 WIPO

NON-PATENT LITERATURE DOCUMENTS

(Include name of the author (in CAPITAL LETTERS), title of the article, title of the item (book, magazine, journal, serial, symposium, catalog,

etc.) date, pages, volume-issue number(s), publisher, city and/ or country where published.

SAKAMOTO, et al.,, “A Novel Circuit for Non-Contact Charging Through Electro-Magnetic Coupling”, 1992,
IEEE, pp. 165-174.

ABE, et al., “A Non-Contact Charger Using a Resonant Converter with Parallel Capacitor of the Secondary Coil”,
April 2000, IEEE, Vo.l. 36, No. 2, pp. 444-451.

SAKAMOTO, et al. “Large Air-Gap Coupler for Inductive Charger”, September 1999, IEEE, Vol. 35, No. 5, pp.
3526-3528.

SAKAMOTO, et al. “A Novel Converter for Non-Contact Charging with Electromagnetic Coupling”, November
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CONTROLLING INDUCTIVE POWER TRANSFER SYSTEMS

The present invention relates to controlling inductive power transfer systems for use,

for example, to power portable electrical or electronic devices.

This .application claims priority from the applicant’s copending applications GB
0410503.7 filed on 11th May 2004 and GB 0502775.0 filed on 10" February 2005, the

entire content of each of which is incorporated herein by reference.

Inductive power transfer systems suitable for powering portable devices may consist of
two parts:

e A primary unit having at least one primary coil, through which it drives an
alternating current, creating a time-varying magnetic flux.

e A secondary dévice, separable from the primary unit, containing a secondary
coil.. When the secondary coll is placed in proximity to the time-varying flux
created by the primary coil, the varying flux induces an alternating current in the
secondary coil, and thus power may be transferred inductively from the primary

unit to the secondary device.

Generally, the secondary device supplies the transferred powér to an external load,
and the secondary device may be carried in or by a host object which includes the
load. For example the host object may be a portable electrical or electronic device
having a rechargeable battery or cell. In this case the load may be a battery charger
circuit for charging the battery or cell. Alternatively, the secondary device may be
incorporated in such a rechargeable cell or battery, together with a suitable battery

charger circuit.

A class of such an inductive power transfer systems is described in our United
Kingdom patent publication GB-A-2388716. A notable characteristic of this class of
systems is the physically “open” nature of the magnetic system of the primary unit —a
significant part of the magnetic path is through air. This is necessary in order that the
primary unit can supply power to different shapes and sizes of secondary device, and
to multiple secondary devices simultaneously. Another éxample of such an “open”
system is described in GB-A-2389720.
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Such systems may suffer from some problems. A first problem is that the primary unit
cannot be 100% efficient. For example, switching losses in the electronics and I°R
losses in the primary coil dissipate power even when there is no secondary device
present, or when no secondary devices that are present require charge. This wastes
energy. Preferably the primary unit should enter a low-power “standby mode” in this

situation.

A second problem in such systems is that it is not possible to mechanically prevent
foreign objects from being placed into proximity with the primary coil, coupling to the
coil. Foreign objects made of metal will have eddy-currents induced therein. These
eddy currents tend to act to exclude the flux, but because the material has resistance,
the flowing eddy currents will suffer I2R losses which will cause heating of the object.
There are two particular cases where this heating may be significant:

o Ifthe resistance of any metal is high, for example if it is impure or thin.

e Ifthe material is ferromagnetic, for example steel. Such materials have high
permeability, encouraging a high flux density within the material, causing large
eddy currents and therefore large I’R losses.

" Inthe present application, such foreign objects that cause power drain are termed
“parasitic loads”. Preferably the primary unit should enter a “shutdown mode” when

parasitic loads are present, to avoid heating them.
Various approaches to sblve these two problems have been proposed in the prior art. .

Solutions to the first problem, of not wasting power when no secondary device requires
charge, include:

e In EP0533247 and US 6118249 the secondary device modulates its inductive
load during charging, causing a corresponding variation in the power taken from
the primary unit. This indicates to the primary unit that it should stay out of the
standby state. '

e In EP1022840 the primary unit varies the frequency of its drive, and thus the
coupling factor to a tuned secondary unit. If the secondary unit is not taking
power, there is no difference in the power taken as the frequency is swept and
thus the primary unit goes into a standby state. 5

e In US5536979 the primary unit simply measures the power flowing in the
primary coil, and enters a pulsing standby state if this is below a threshold.
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In US5896278 the primary unit contains detecting coils which have power
coupled back into them according to the position of the secondary device. If the
device is not present the primary unit enters a standby mode.

In US5952814 the secondary device has a mechanical protrusion which fits a
slot in the primary unit, activating it. .

In U86028413 the primary unit drives two coils, and there are a corresponding
two power receiving secondary coils in the secondary unit. The primary unit
measures the power delivered from each primary coil and enters standby mode

if it is below a threshold.

Solutions to the second problem, of parasitic loads, include:

15

20

As mentioned above, in EP1022840 the primary unit varies the frequency of its
drive. In this system, the secondary device is tuned, so this frequency variation
will result in a variation of the power taken from the primary unit. If the load is
instead a piece of metal, then varying the frequency will not have as much
effect and the primary unit will enter a shutdown state.

As mentioned above, in US5952814 a key in the secondary device activates the
primary unit. The assumption is that if a secondary device is present then this
will physically exclude any foreign objects.

As mentioned above, in US6028413 the primary unit supplies power to the
secondary device by driving two primary coils. If the amount of power supplied
by the two coils is different, the primary unit assumes that the load is not a valid

secondary device and enters shutdown mode.

25  These approaches all assume a 1:1 relationship between the primary unit and the

secondary device. Therefore they are not sufficient for systems such as those

described in GB-A-2388716 where more than one secondary device at a time may be

present. For example, they would not work when there are two secondary devices

present, one requiring charge and the other not.

30

Some of these approaches also assume that the physical or electrical presence of a

valid secondary device implies that all foreign objects are physically excluded by the

secondary device. This is not necessarily the case, particularly when the secondary

devices may be positioned arbitrarily in respect of the primary unit, as in those
35 described in GB-A-2388716.
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According to a first aspect of the present invention there is provided a method of
controlling inductive power transfer in an inductive power transfer system comprising a
primary unit operable to generate an electromagnetic field and at least one secondary
device, separable from the primary unit, and adapted to couple with said field when the
secondary device is in proximity to the primary unit so that power can be received
inductively by the secondary device from the primary unit without direct electrical
conductive contacts therebetween, which‘ method comprises: setting the or each
secondary device to a no-load state in which supply of any of the power received
inductively by the secondary device to an actual load thereof is substantially prevented;
and in the primary unit, measuring a power drawn from the primary unit when the or
each secondary device is set into said no-load state, and restricting or stopping the
inductive power supply from the primary unit in dependence upon the measured power.

Because the secondary device(s) are set into thé no-load state during the power
measurement, it can be detected easily from the measured power if there is a
substantial parasitic load. If so, the primary unit can enter a shutdown mode. For
example, the if the measured power is greater than a threshold value in the no-load

state, then the power supply may be restricted or stopped.

This method is convenient because it is unnecessary for the secondary devices to
communicate their power requirements to the primary unit or for the primary unit to
carry out any summation of the power requirements: it is known that since the
secondary devices are in the no-load state their combined power requirement is zero or
at least a small value influenced by any parasitic load imposed on the priméry unit by

the secondary devices themselves.

According to a second aspect of the present invention there is provided a method of
controlling inductive power transfer in an inductive power transfer system comprising a
primary unit operable to generate an electromagnetic field and at least one secondary
device, separable from the primary unit, and adapted to couple with said field when the
secondary device is in proximity to the primary unit so that power can be received
inductively by the secondary device from the primary unit without direct electrical
conductive contacts therebetWeen, which method comprises: in the primary unit,
receiving, from the or each secondary device that is in a power-requiring state,
information relating to a power requirement of the secondary device concemned; and in

the primary unit, measuring the power drawn from the primary unit when power is being
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supplied to the or each secondary device having the power-requiring state, and
restricting or stopping the inductive power transfer from the primary unit in dependence

upon the measured power and the received power requirement information.

In this case, the inductive power supply from the primary unit may be restricted or
stopped in dependence upon a difference between said measured power and a sum of
the respective power requirements of the secondary devices having said power-
requiring state. For example, the inductive power supply may be restricted or stopped
in the event that the measured power exceeds said sum by more than a threshold

value.

This method has the advantage over the method of the first aspect that it does not
need to set the secondary devices into the no-load state during the power
measurement. Thus, power can be supplied continuously to the actual loads of the

secondary devices.

Of course, in the method of the first aspect, the power measurement period can be
very short, so that any interruption to the power supply to the load may be
unnoticeable. If interruption of the load is a problem; it is possible to provide an energy
storage means suéh as a capacitor in the secondary device to maintain the power

supply to the actual load during the power measurement period.

In the method of the second aspect, any suitable communication method may be used
to transmit the power requirement information from each secondary device to the
primary unit. One preferred method for the or each secondary device to transmit its
power requirement information to the primary unit is an RFID method. Alternatively,
the or each secondary device may transmit its power requirement information to the

primary unit by varying a load imposed by the secondary device on the primary unit.

It will be appreciated that the methods embodying the first and second aspects of the
invention provide different ways of detecting if there is a substantial difference
between, on the one hand, a power drawn from the primary unit and, on the other
hand, a power required by the secondary device or, if there is more than one
secondary device, a combined power required by the secondary devices. Following
such detection, the inductive power supply from the primary unit can be restricted or

stopped.
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In the methods of the first and second aspects it is possible to vary a load imposed by
the secondary device on the primary unit to communicate a signal or information from
the secondary device to the primary unit. For example, the power requirement

information needed in the second aspect may be transmitted this way.

An advantage of communicating using load variation is that it can permit two or more,
or possibly all, secondary devices to supply respective items of information
simultaneously to the primary unit. For example, if any secondary device requires
power it may vary its load. If the primary unit detects no or no substantial overall load
variation it can conclude that n‘o secondary device requires power and hence enter a
standby mode. Similarly, the primary unit will detect the sum of any load variations. If
the load variation from each individual secondary device is proportional to some analog
guantity to be communicated to the primary unit, for example the power requirement or
parasitic load of the secondary device, then the sum of the respective analog quantities
will be detected by the primary unit in the power measurement. This means that the
sum can be obtained directly without the need for additional processing in the primary

unit which may be time-consuming and/or costly to implement.

It may also be desirable to detect a condition for entering a standby mode in addition to
detecting when to enter the shutdown mode. For example, in the method of the first
aspect it is possible to restrict or stop the inductive power supply in the event that the
measured power is less than a standby threshold value (different from the shutdown
threshold mentioned above). Another possibility is that the or each said secondary
device reports to the primary unit state information indicating whether the secondary
device is in a no-power-requiring state, in which an actual load of the secondary device
currently requires no power from the primary unit, or a power-requiring state in which
said active load does currently require power from the primary unit. The primary unit
then restrlcts or stops the inductive power supply therefrom in dependence upon the
state information reported by the or each secondary device. For example, the primary
unit may restrict or stop the inductive power transfer unless the state information
reported by at least one secondary device indicates that it has said power—requmng
state. Preferably, for speed of response, two or more secondary devices report their
respective state information simultaneously to the primary unit. One convenient
possibility, as noted above, is for the or each said secondary device to report its said

state information by varying a load imposed by it on the primary unit.
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In general, it is possible to carry out two or more measurements of the power drawn
from the primary unit in different measurement periods. If the secondary devices are
synchronised with the primary unit, then they can béhave differently in one
measurement period from another, so that the primary unit can detect two or more

different conditions under which power restriction or stopping is appropriate.

One preferred embodiment has three measurement periods. In the first period, each
secondafy device turns off a dummy load. In the second period, each secondary
device that requires power turns on its dummy load. The other secondary devices turn
their dummy loads off. In the third period, each secondary device turns on its dummy
load. The primary unit can detect from a comparison of the power measurements in
the three periods whether there is a substantial parasitic load requiring shutdown or no

device requiring power so that standby is appropriate.

It is also possible to vary the load during a measurement period. For example, the
amplitude of the load change may be fixed but the duration may be varied to supply

information.

The primary unit m.ay have registered therein a power requirement of at least one said
secondary device. In this case the power requirement information transmitted from that
secondary device may simply be information identifying the secondary device. The
primary unit employs the identifying information to retrieve the registered power
requirement for the device. The identifying information can be a code or a type, model
or serial number assigned to the secondary device. This can reduce the amount of
information to be transmitted to the primary unit and also improve speed of response

and reliability.

Although each secondary device that is in the power-receiving state transmits power
requirement information to the primary unit in the method of the second aspect, the or
each said secondary device not having the power-requiring state may also transmit
such power requirement information to the primary unit, if desired. One possibility is for
the power requirement information transmitted by the or each said secondary device
not in said power-requiring state to be representative of a parasitic load imposed on the

primary unit by the secondary device. This can then be used to make the shutdown

®au
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detection more reliable. It is also possible for the power requirement information to be
the sum of power requirement of the actual load and the parasitic load of the secondary
device when in the power-requiring state and just the power requirement of the

parasitic load when not in that state.

Generally, it is desirable for the detection of the conditions for restricting or stopping the
inductive power supply to take account of any losses in the primary unit and the

secondary devices. There are a number of ways of doing this.

One way is to employ, when carrying out said detection, first compensation information
relating to losses in the primary unit itself so as compensate for said losses. ltis
possible to derive part or all of said first compensation information from measurements
taken by the primary unit when it is effectively in electromagnetic isolation. The first

compensation information may be stored in a calibration unit of the primary unit.

Another way is to employ, when carrying out said detection, second compensation
information relating to a parasitic load imposed on the primary unit by the or each
secondary device so as to compensate for said parasitic load of the or each secondary
device. The or each said secondary device preferably communicates its said second
compensation information directly to said primary unit or communicates to the primary
unit other information from which the primary unit derives said second compensation
information. The secondary device may communicate its said second compensation
information or its said other information to the primary unit by varying a load imposed

by it on the primary unit, as mentioned above.

A particularly convenient and efficient way is for the or each said secondary device to
have a dummy load, representative of its said parasitic load, which it imposes‘on said

primary unit to vary the load imposed by it on the primary unit.

Part or all of said first compensation information and/or part or all of said second
compensation information may be information stored in the primary unit during

manufacture and/or testing of the primary unit.

[t may be advantageous to vary one or both of said first and second compensation
information when one or more operating conditions (e.g. temperature) of the primary

unit varies. A secondary device may be capable of being used either by itself or
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combination with another object. For example, the secondary device may be
removable from a host object. If it can be powered when removed or when installed in
the host object, the parasitic load of the device alone is likely to be quite different from
the parasitic load of the device and host object together. To deal with this situation, the
second compensation information may be varied in dependence upon whether the

device is used by itself or in combination with another object.

In many implementations, the secondary devices need to operate in synchronism with
primary unit. It is therefore preferable to transmit a synchronising signal from the
primary unit to the or each said secondary device, or from the or each said secondary
device to the primary unit, to synchronise operation of the primary unit and the or each
said secondary device. This is conveniently done by modulating a drive signal applied
to a primary coil in the primary unit. Frequency, amplitude or phase modulation, or a

combination thereof, may be used.

Many different techniques can be used to measure the power drawn from the primary
unit by the secondary devices. Inone technique, the electromagnetic field is generated
by a primary coil driven by an electrical drive unit, and electrical power for the drive unit
is supplied from a power supply of the primary unit to a power input of the drive unit.
The power drawn from the primary unit is measured by temporarily disconnecting the
power supply and detecting a change at said power input during the disconnection.
The change may be a voltage decay. The advantage of this technique is that there is
no series resistance through which the current for drive unit passes. Such a series

resistance dissipates significant power.

It is preferable to store energy in an energy storage unit such as a capacitor connected
to said power input so that power can continue to be supplied to said power input whilst

said power supply is disconnected.

Another way to measure the power drawn may be available if the electrical drive unit
has a feedback circuit to control the current or power of the drive to the primary coil. In
this case, a feedback signal in the feedback circuit may provide a measure of the

power being drawn without the need to add in a power measurement unit at ail.

Another way to measure the power involves causing a circuit including said primary coil

to operate, during a measurement period, in an undriven resonating condition in which
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the application of drive signals to the primary coil is suspended so that energy stored in
the circuit decays over the course of said period. One or more measures of such
energy decay are then taken during said period and employed to measure said power

drawn from the primary unit.

Two or more power measurements may be taken under the same conditions and the

results averaged to improve accuracy.

In operation it may be desirable to set the field magnitude of the electromagnetic field
to a value lower than the maximum value even in the operating mode. Inthe method of
the second aspect the primary unit has the power requirement information from each
secondary device and can therefore easily set the field magnitude in dependence upon
the power required by the secondary device or, if there is more than one secondary
device, the combined power reqwred by the secondary devices. In this way a
minimum power output for powerlng the secondary devices can be found. However,
there are other ways to achieve a similar result. For example, a secondary device that
is not getting enough power may modulate its load in some way. The primary unit may
start operating at maximum power and reduce the power until the load modulation is
detected from at least one secondary device. This enables minimum power to be

determined in a simple and quick way.

According to a third aspect of the present invention there is provided an inductive
power transfer system comprising: a primary unit operable to generate an
electromagnetic field; at least one secondary device, separable from the primary unit,
and adapted to couple with said field when the secondary device is in proximity to the
primary unit so that power can be received inductively by the secondary device from
the primary unit without direct electrical conductive contacts therebetween; means for
detecting if there is a substantial difference between, on the one hand, a power drawn
from the primary unit and, on the other hand, a power required by the secondary device
or, if there is more than one secondary device, a combined power required by the
secondary devices; and means operable, following such detection, to restrict or stop

the inductive power supply from the primary unit.

According to a fourth aspect of the present invention there is provided a primary unit,
for use in an inductive power transfer system that also has at least one secondary

device separable from the primary unit, the primary unit comprising: means for
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generating an electromagnetic field which couples with said at least one secondary
device when it is in proximity to the primary unit so that power can be received
inductively by the secondary device from the primary unit without direct electrical
conductive contacts therebetween; means for detecting if there is a substantial
difference between, on the one hand, a power drawn from the primary unit and, on the
other hand, a power required by the secondary device or, if there is more than one
secondary device, a combined power required by the secondary devices;, and means
operable, following such detection, to restrict or stop the inductive power supply from

the primary unit.

According to a fifth aspect of the present invention there is provided.a secondary
device, for use in an inductive power transfer system that comprises a primary unit
which generates an electromagnetic field, the secondary device comprising: a
secondary coil adapted to couple with said field generated by said primary unit when
the secondary device is in proximity to the primary unit so that power can be received
inductively by the secondary device from the primary unit without direct electrical
conductive contacts therebetweén; load connection means, connected to said
secondary coil and adapted to be connected when the secondary device is in use to a
load requiring power from the primary unit, for supplying such inductively-received
power to the load; detecting means for detecting a synchronisation signal transmitted
by the primary unit; and control means, responsive to the detection of the
synchronisation signal, to set the secondary device into a no-load state in which supply
by the load connection means of any of the inductively-received power to said load is

substantially prevented.

This can provide a secondary device adapted for use in the method embodying the first

aspect of the invention described above.

According to a sixth aspect of the present invention there is provided a secondary
device, for use in an inductive power transfer system that comprises a primary unit
which generates an electromagnetic field, the secondary device comprising: a
secondary coil adapted to couple with said field generated by said primary unit when
the secondary device is in proximity to the primary unit so that power can be received
inductively by the secondary device from the primary unit without direct electrical
conductive contacts therebetween; load connection means, connected to said

secondary coil and adapted to be connected when the secondary device is in use to a
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load requiring power from the primary unit, for supplying such inductively-received
power to the load; and RFID communication means operable to supply to the primary
unit, using an RFID communication method, information relating to a power

requirement of the secondary device.

This can provide a secondary device adapted for use in the method embodying the
second aspect of the invention described above. In this case the load connection

means does not disconnect the actual load during the power measurement.

According to a seventh aspect of the present invention there is provided a method of
controlling conductive power transfer in an inductive power transfer system comprising
a prima{ry unit operable to generate an electromagnetic field and at least one
secondary device, separable from primary unit, and adapted to couple with said field
when the secondary device is in proximity to the primary unit so that power can be
received inductively by the secondary device from the primary unit without direct
electrical conductive contacts therebetween, which method comprises: in an
information supplying phase, permitting two or more secondary devices to supply
simultaneously to the primary unit information relating respectively to the secondary
devices concerned; and interpreting the simultaneously-supplied information at the
primary unit and determining based on the interpreted information whether to restrict or

stop the inductive power supply from the primary unit.

This method can permit rapid supply of information or signals from the secondary
devices to enable restriction or stopping of the power supply to be achieved quickly.

In one embodiment, the information supplied from each secondary device indicates
whether or not the secondary device concerned is in a power-requiring state in which
an actual load of the secondary device requires power from the primary unit, and the
primary unit determines that the inductive power supply therefrom should be restricted
or stopped unless the information supplied in said information supplying phase by at

least one of the secondary devices indicates that it has said power-receiving state.

The information supplied from each secondary device may represent an analog
quantity of the secondary device concerned. In this case, the primary unit can derive
directly from the simultaneously-supplied information a sum of the respective analog

quantities of the secondary devices.
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The analog quantity may be representative of a parasitip load imposed on the primary

unit by the secondary device itself.

The analog quantity may be representative of a power requirement of an actual load of

the secondary device.

The analog quantity may be representative of a total load imposed on the primary unit
by the secondary device, said total load including an actual load of the secondary
device and a parasitic load imposed on the primary unit by the secondary device itself.

In one embodiment, each said secondary device supplies its said information by
varying a load imposed by it on the primary unit. For example, each said secondary
device may have a dummy load which it imposes selectively on the primary unit during
said information supplying phase. The dummy load is preferably representative of
said analog quantity. Different dummy loads may be used to represent different analog

quantities, for example a power requirement and a parasitic load.

In one embodiment each said secondary device has its said information supplying

phase at a time determined by the primary unit.

According to an eighth aspect of the present invention there is provided a method of
controlling inductive power transfer in an iﬁductive power transfer system comprising a
primary unit operable to generate an electromagnetic field and at least one secondary
device, separable from the primary unit, and adapted to couple with said field when the
secondary device is in proximity to the primary unit so that power can be received
inductively by the secondary device from the primary unit without direct electrical
conductive contacts therebetween, in which method: in a reporting phase the or each
said secondary device reports to the primary unit information indicating whether the
secondary device is in a no-power-requiring state, in which an actual load of the
secondary device currently requires no power from the primary unit, or a power-
requiring state in which said active load does currently require power from the primary
unit: and the primary unit determines that the inductive power supply therefrom should
be restricted or stopped in dependence upon the information reported by the or each

secondary device in said reporting phase.
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Preferably, the or each said secondary device has its said reporting phase at a time

determined by the primary unit.

In one embodiment there are at least two secondary devices and each said secondary

device has its said reporting phase at the same time.

The or each said secondary device may report its said information by varying'a load
imposed by it on the primary unit. For example, the or each said secondary device
may have a dummy load which it imposes selectively on the primary unit during its said

reporting phase.

In one embodiment, the or each said secondary device that has said power-requiring
state imposes its said dummy load during said reporting phase and the or each said
secondary device that has said non-power-requiring state does not impose its said

dummy load during said reporting phase. -

- According to a ninth aspect of the present invention there is provided a secondary

device, for use in an inductive power transfer system that comprises a primary unit
which generates an electromagnetic field, the secondary device comprising: a
secondary coil adapted to couple with said field generated by said primary unit when
the secondary device is in proximity to the primary unit so that power can be received
inductively by the secondary device from the primary unit without direct electrical
conductive contacts therebetween; load connection means, connected to said
secondary coil and adapted to be connected when the secondary device is in use to a
load requiring power from the primary unit, for supplying such inductively-received
power to the load; and communication means operable to communicate to the primary
unit information relating to a parasitic load imposed on the primary unit by the

secondary device.

Such a secondary device can communicate its parasitic load to the primary unit for the
primary unit to use to compensate for that load. For example, the communicated
parasitic load can be used when detecting conditions for restricting or stopping

inductive power transfer from the primary unit.
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Any communication method can be used, and the method is not limited to load
variation. For example, infrared or ultrasonic communication can be used. RFID can

also be used.

In one embodiment, said communication means are operable to communicate said
information by imposing a dummy load on said primary unit. The communication
means may be operable to impose a first dummy load on the primary unit at a first time
and a second dummy load, different from said first dummy load, at a second time, a
difference between said first and second dummy loads being set in dependence upon

said parasitic load. One of said first and second dummy loads may be zero.

According to a tenth aspect of the present invention there is provided a portable
electrical or electronic device comprising: a load which at least at times requires power
from said primary unit; and a secondary device embodying the aforesaid fifth, sixth or
ninth aspect of the present invention, said load connection means of said secondary
device being connected to said load for supplying such inductively-received power to

the load at said times.

According to an eleventh aspect of the present invention there is provided a method of
controlling inductive power transfer in an inductive power transfer system comprising a
primary unit, having a primary coil to which electrical drive signals are applied to
generate an electromagnetic field, and also comprising at least one secondary device,
separable from the primary unit and having a secondary coil adapted to couple with
said field when the secondary device is in proximity to the primary unit so that power
can be transferred inductively from the primary unit to the secondary device without
direct electrical conductive contacts therebetween, which method comprises: causing a
circuit including said primary coil to operate, during a measurement period, in an
undriven resonating condition in which the application of said drive signals to said
primary coil is suspended so that energy stored in the circuit decays over the course of
said period; taking one or more measures of such energy decay during said period;
and restricting or stopping inductive power transfer from the primary unit in

dependence upon said one or more energy decay measures.

Such a method can enable either or both of parasitic load and standby detection to be
achieved in a robust and cost-effective manner. It is particularly advantageous in
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systems which may have multiple secondary devices and/or whose open magnetic

nature makes it easy for parasitic objects to couple to the primary coil.

Reference will now be made, by way of example, to the accompanying drawings in

which:

Figure 1 is a block diagram showing parts of an inductive power transfer system

embodying the present invention;

Figure 2 is a flowchart for use in explaining a first method of detecting a shutdown

condition in accordance with the present invention;

Figure 3 is a flowchart for use in explaining a first method of detecting a standby

condition in accordance with the present invention;

Figure 4 is a block diagram showing parts of an inductive power transfer system

according to a first embodiment of the present invention;

Figure 5 shows waveform diagrams for use in explaining operation of the Figure 4

system;

Figures 6 show waveform diagrams showing the timing of the various signals within the
Figure 4 system: Figure 6(a) shows a frequency of an AC voltage signal applied to a
primary coil; Figure 6(b) shows a power drawn from the primary unit; Figure 6(c) shows
a state of a switch in the primary-unit; and Figure 6(d) shows the voltage across the

switch in the primary unit;

Figure 7 is a diagram showing the load drawn during three different measurement

operations;
Figure 8 is a diagram illustrating different modes of bperation in the Figure 4 system;

Figure 9 is a block diagram showing parts of a primary unit in a power transfer system

according to a second embodiment of the present invention;
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Figure 10 is a flowchart for use in explaining a second method of detecting a shutdown -

condition in accordance with the present invention; and

Figure 12 is a block diagram showing parts of a power transfer system according to a

third embodiment of the present invention.

Figure 1 illustrates parts of an inductive power transfer system embodying the present
invention. The system 1 comprises a primary unit 10 and at least one secondary
device 30. The primary unit 10 has a primary coil 12 and an electrical drive unit 14
connected to the primary coil 12 for applying electrical drive signals thereto so as to
generate an electromagnetic field. A control unit 16 is connected to the electrical drive
unit 14. This control unit generates an AC voltage signal 106. The electrical drive unit
takes the AC voltage signal 106 and converts it to an AC current signal in the primary
coil 12, so as to generate an induced electromagnetic field in the proximity of the

primary coil 12.

The primary unit 10 may have any suitable form but one preferred form is a flat
platform having a power transfer surface on or in proximity to which each secondary
device 30 can be placed. In this case, the field may be distributed over a power
transfer area of the surface, as described in GB-A-2388716.

The secondary device 30 is separable from the primary unit 10 and has a secondary
coil 32 which couples with the electromagnetic field generated by the primary unit 10
when the secondary device 30 is in proximity to the primary unit 10. In this way, power
can be transferred inductively from the primary unit 10 to the secondary device 30

without direct electrical conductive contacts therebetween.

The primary coil 12 and the secondary coils 32 can have any suitable forms, but may
for example be copper wire wound around a high-permeability former such as ferrite or

amorphous metal.

The secondary device 30 is usually connected to an external load (not shown - also
referred to herein as the actual load of the secondary device) and supplies the
inductively-received power to the external load. The secondary device 30 may be
carried in or by an object requiring power such as a portable electrical or electronic

device or a rechargeable battery or cell. Further information regarding designs of
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secondary device 30 and the objects which can be powered using the secondary
devices 30 can be found in GB-A-2388716.

The primary unit 10 in the Figure 1 system also comprises a power measurement unit
100 connected to the control unit 16. The power measurement unit 100 performs a
measurement of the electrical power drawn by the electrical drive unit 14, on receipt of
a signal provided by the control unit 16. The power measurement unit 100 prowdes an
output representative of the electrical power drawn by the electrical drive unit 14 to the
control unit 16. The power drawn by the electrical drive unit 14 is representative of the
power drawn by the primary coil 12 and hence also the power drawn by all the

secondary devices 30 plus other losses.

in the Flgure 1 system it is desirable to detect certain conditions and restrict or stop the

inductive power supply from the primary unit under those conditions.

One such condition is the presence of a substantial parasitic load in the vicinity of the
primary unit. In this case, the control unit 16 may enter a shutdown mode in which the
drive to the primary coil 12 is reduced or stopped, preventing heating of the parasitic

load.

Another such condition is when no secondary device 30 of the system is present in.the
vicinity of the primary unit 10. Another such condition is when there is at least one
secondary device 30 present but none of the devices has a load currently requiring
power. A load does not require power, for example, when turned off or when, in the
case of a rechargeable battery or cell, the battery or cell is fully charged. Under both
these conditions the control unit 16 may enter a standby mode in which the drive to the
primary coil 12 is reduced or stopped, preventing unnecessary power consumption in

the primary unit 10.

Fig. 2 is a flowchart for use in explaining a first method for detecting the presence of a
substantial parasitic load in the vicinity of the primary unit in accordance with the

present invention.

In this first method, when the system of Fig. 1 is in use, from time to time all of the
secondary devices in the vicinity of the primary unit are deliberately set to a no-load
state. In this no-load state, supply of any of the power received inductively by the
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secondary device to an actual load thereof (the external load mentioned above) is

prevented.

In step S2, with all of the secondary devices in the no-load state, the power
measurement unit 100 in the primary unit measures the power drawn by the secondary
devices from the primary unit. In step S3, the control unit 16 in the primary unit
determines, in dependence upon the power measured in step S2, whether to restrict or

stop the inductive power supply from the primary unit.

In the simplest case, in step S3 the control unit 16 simply compares the measured
power with a predetermined shutdown threshold. If the measured power exceeds the
shutdown threshold value, the control unit 16 determines that the inductive power
supply from the primary unit should be restricted or stopped. As described in more
detail below, however, it is preferable to take into account losses which inevitably occur
in the power transfer system. In particular, these losses include losses in the primary
unit itself and/or any secondary devices/host objects present. These losses include
inefficiencies in the primary coil itself and any other components associated with the
primary coil such as the electrical drive unit, for example 1°R losses in the copper of the
coil or effective series resistance of any resonating capacitor. The losses also include
any magnetic losses in the primary unit and the secondary devices, for example
magnetic is hysteretic loop losses in any coils associated with the primary unit and/or
secondary devices. According, the control unit 16 may employ, in addition to the -
measured power, first compensation information relating to losses in the primary unit
itself, so as to compensate for those losses in step S3. Alternatively, or in addition, the
control unit 16 may employ, in addition to the measured power, second compensation
information relating to a parasitic load imposed on the primary unit by the or each
secondary device, so as to compensate for the parasitic load of the or each secondary

device in step S3.

If it is determined in step S3 that the power supply should be restricted or stopped, then
in step S4 the control unit 16 places the primary unit in a shutdown mode in which the

inductive power supply from the primary unit is restricted or stopped.

The primary unit will remain in the shutdown mode until it is reset in some way. Such a -

reset could be manually initiated by a user of the primary unit, or alternatively the
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control unit 16 could periodically start to supply inductive power again and repeat steps

S1 to S3 to determine whether to remain in the shutdown mode or not.

In step S3, if the control unit 16 determines that the power supply does not need to be
restrictéd or stopped, then in step S6 secondary devices requiring power resume
receiving power from the primary unit.- Processing then returns, for example after a

predetermined interval, to step S1 again.

Next, a first method of detecting the conditions for entering the standby mode will be

described with reference to Fig. 3.

In Fig. 3, as shown in step S11, from time to time each secondary device (if any) that is
present in the vicinity of the primary unit 10 has a reporting phase. All of the secondary
devices which are present may enter a reporting phase simultaneously. Alternatively,
each of the secondary devices in turn may enter the reporting phase individually.. In -
either case, in the reporting phase each secondary device reports to the primary unit
state information indicating whether the secondary device is in a no-power-requiring
state or a power-requiring state. In the no-power-requiring state, an actual load of the
secondary device currently requires no power from the primary unit. In the power-
requiring state, on the other hand, the actual load does currently require power from

the primary unit.

In step S12 the control unit 16 in the primary unit determines if the inductive power
supply therefrom should be restricted or stopped in dependence upon the state
information reported in step S11. In particular, unless at least one se;:ondary device
reports in the reporting phase to the primary unit that it is in the power—reduiring state
the control unit 16 determines that the inductive power supply should be restricted or
stopped and processing proceeds to step S13 in which the primary unit is set into the
standby mode. Of course, if no secondary device is present in the vicinity of the
primary unit at all, so that in step S11 no or no valid state information is received by the
primary unit, then the control unit 16 also sets the primary unit into the standby mode.

As described above in relation to step S5 of the method of Fig. 2, once the primary unit
has been set into the standby mode it may be reset into an operating mode again

either by manual intervention from a user or automatically.
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If in step S12 the control unit 16 determines that the inductive power supply should not
be restricted or stopped based on the reported state information, then processing
returns to step S11, for example after a predetermined interval. In this way, each
secondary device present periodically has a reporting phase in which it reports its state

information to the primary unit.

The methods of Figs. 2 and 3 may be carried out independently of one another. ‘
However, it is preferable for the control unit 16 of the primary unit to be able to detect
both when to enter the shutdown mode and to enter the standby mode. This can be
achieved by a combination of the methods of Figs. 2 and 3 as will now be described

with reference to Fig. 4.

Figure 4 shows parts of an inductive power transfer system according to a first
embodiment of the present invention. The system 1 has a primary unit 10 and a
secondary device 30. Figure 4 also shows a parasitic load 500 on the primary unit,
caused for example by a foreign object placed in the vicinity of the primary unit 10. The
secondary device 30 in this case is assumed to be carried in or by a host object such
as a portable electrical or electronic device. As explained hereinbefore the secondary
device 30 and/or host object also inevitably imApose a “friendly” parasitic load 501 6n

the primary unit 10.

As described earlier with reference to Figure 1, the primary unit 10. comprises a primary
coil 12, an electrical drive unit 14, a control unit 16 and a power meaéurement unit 100.
The electrical drive unit 14 has an input connected to an output of the control unit 16
supplying the AC voltage signal 106. The output nodes of the electrical drive unit 14
are connected to the primary coil 12. The electrical drive unit is connected to the
power supply 105, via the power measurement unit 100. The power supply 105
supplies direct current to the electrical drive unit 14. The electrical drive unit 14
presents a high input impedance for the AC voltage signal 106, so that essentially all

" the load current is drawn from power supply 105.

The control unit 16 is a microprocessor in this embodiment. The microprocessor has
an inbuilt digital-to-analogue converter (not shown) to drive the output supplying the AC
voltage signal 106. Alternatively, an ASIC could be used to implement the control unit

16, as well as some or all of the other circuit elements of the primary unit.
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The control unit 16 in this embodiment is adapted to modulate the AC voltage signal
106 for transmitting a synchronisation signal to a secondary device. The modulation is
a frequency modulation of the AC voltage signal. Other modulation techniques such as
amplitude or phase modulation may also be used. The control unit 16 is adapted to
send a syhchronisation signal to any secondary devices 30 present. The secondary
devices 30 alter their load conditions in response to the synchronisation signal. This
information is used to detect the conditions for entering the shutdown and standby

modes.

It is desirable for the power measurement unit 100 to be operative without the need to
disconnect the electrical supply to the primary coil 12, as this means that supply to the
secondary device 30 is not interrupted and it reduces stray electromagnetic
interference into the surrounding e’nvironn;ent. This is challenging because there is a
lot of noise and the measurement is required in a short time.

The power measurement unit 100 comprises a switch 102 between the 0V supply in 1
the power supply 105 and the ground terminal of the electrical drive unit 14. The switch -
102 is controlled by the control unit 16. The power measurement unit also comprises a
capacitor 101 connected between the positive and ground terminals of the electrical
drive unit 14. The capacitor functions as an energy storage unit. There is a differential
amplifier 103 with inputs either side of the switch 102 which has an output coupled to
an analogue-to-digital converter 104. The analogue-to-digital converter output is

coupled to the control unit 16.

When the switch 102 is closed, the power measurement unit 100 is not operative and
the power is directly coupled from the power supply 105 to the electrical drive unit 14. A
power measurement is performed when the switch 102 is opened. The capacitor 101 is
now disqonnected from the OV rail on the power supply 105, but still retains its charge.
The electrical drive unit 14 meanwhile continues to draw current and therefore |
discharges the capacitor 101. In so doing the voltage across the capacitor 101 decays
slightly and consequently the voltage at the point between the capacitor 101 and switch
102 rises slightly above 0V. The reservoir capacitor 107 ensures that the positive
supply voltage remains constant. The differential amplifier 103 measures the voltage
across the switch 102 and the resulting measurement is converted into a digital signal

by the analogue-to-digital converter 104 and passed to the control-unit 16. The smali
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temporary voltage drop across the electrical drive unit 14 does not have any noticeable

effect on the power transfer to the secondary devices 30.

Whilst the switch 102 is open, two separate measurements are taken at time ¢ and &,

" giving measurements V; and V; respectively, shown in Figure 5. There is a delay

after the switch is opened to allow transient effects to stabilise. The power, P is then

given by

P =CViV—:C(V* o +V;))<Vz T _ oy o=V
2 (t,—1) t, —1)

dt
where V' is the supply voltage, assuming Vj, V, << V'. It is advantageous to sample
the voltage level at the same point in the cycle, so that the periodic perturbation in
volfage is removed (also shown in Figure 5). The switch 102 is then closed again to

reconnect the power supply 105 to the electrical drive unit 14.

Incidentally, instead of the capacitor 101 an inductor could be used as an energy
storage unit. In this case, the change measured by the circuitry during the
disconnection of the power supply might be a change in current, for example measured

as a voltage drop across a series resistor.

The primary unit 10 further comprises a calibration unit 29 in this embodiment. The
calibration unit 29 stores compensation information about the losses in the primary unit
(e.g. electrical or magnetic losses). By design, at manufacture, and/or periodically
thereafter, the losses in the primary unit may be calibrated and stored within the
calibration unit 29. The calibration unit 29 supplies the stored information to the control
unit 16 to enable the control unit 16 to subtract the losses from the total measurement,
thus calculating a number for the loss due to parasitic loads alone. This calibration unit
29 may vary the compensation information to cope with variable losses in the primary

unit, for example losses which vary with temperature.

The secondary device 30 comprises a secondary coil 32, a rectifier 34, a secondary
control unit 36, a dummy load switch 38, a dummy load 40, a load switch 42, a storage
unit 44 and an actual load 46. The dummy load switch 38 and the load switch 42 may
each be an FET, for example. The dummy load 40 |s for example, a resistor. The

storage unit 44 is a capacitor in this embodiment but an inductor could be used instead.
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The actual load 46 is external to the secondary device 30 in this embodiment and is
part of the host object. It could be a battery charge controller for a Lithium-ion cell.

There is also a detection unit 200 for detecting a modulation imposed on the received
AC signal. To detect a frequency modulated signal, the detection unit 200 may be a
zero crossing detector which passes a signal to the control unit every time the AC
signal crosses zero volts. The control unit 36 may then comprise an internal clock and
counter circuit (not shown). The clock and counter circuit may be used to measure the
time interval between successive zero crossings and hence derive the frequency of the
AC signal 106 imposed by the primary unit control unit 16. Hence, the secondary unit
may detect a change in frequency and respond by altering its load conditions by

adjusting switches 42 and 38.

Other forms of load detection circuit 200 may comprise a threshold detector for digital
amplitude modulation or an analogue-to-digital converter for multiple level amplitude

modulation or a phase detector for phase modulation or any combination thereof.
Operation of the system will now be described.

in an “operating mode” of the system, the host object incorporating the secondary
device 30 is placed on or in proximity to the primary unit 10. Switch 102 is closed. The
control unit 16 applies an AC voltage signal 106 to the electrical drive unit 14. The
electrical drive unit 14 takes DC power from the power supply 105 and amplifies the AC

voltage signal 106 and applies it to the primary coil 12.

In the operating mode, the pﬁmary coil 12 generates an electromagnetic field in the
vicinity of the primary unit 10. The secondary coil 32 couples with this field and an
altérnating current is induced in the coil by the field. The dummy load éwitch 38is
open and the load switch 42 is closed. The alternating current induced in the
secondary coil 32 is rectified by the rectifier 34 and the rectified current is supplied via
the load switch 42 to the storage unit 44 and the actual load 46. In this way, power is
transferred inductively from the primary unit 10 to the secondary device 30 and from
there to the load 46. The storage unit 44 stores energy in the operating mode.

Whilst in the operating mode, from time to time the controf unit 16 in the primary unit 10
initiates a measurement. The measurement starts with the primary unit 10 sending a
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synchronisation signal to the secondary unit 30 by applying a momentary frequency
change to the AC drive voltage signal 106. The secondary devices 30 receive the AC
voltage signal and in each receiving secondary device the detection unit 200 in
conjunction with the control unit 36 determine when the synchronisation signal has
occurred. In response to a synchronisation signal, the secondary units present alter
their load conditions for a éet time period and the primary‘unit 10 measures the total

load (power drawn) within this time period.

The secondary device 30 uses the storage unit 44 to store energy from the primary unit
10 during normal operation. During the.measurement, the actual load 46 is
disconnected by opening switch 42. The energy stored in the storage unit 44 of the
secondary device gradually decays as energy is delivered to the load. Provided that
the storage unit has sufficient capacity, and is sufficiently well-charged before a
measurement commences, the storage unit can deliver continuous power to the
secondary device load throughout the measurement, so the actual load 46 is not

interrupted.

In this embodiment the primary unit 10 initiates a series of three power measurements
for the purposes of determining: 1) whether the there is a parasitic metal present
requiring it to enter the shutdown mode to prevent overheating and 2) if there are no
devices requiring any power, such that the unit can enter the standby mode. The
behaviour of the primary unit 10 and the secondary device 30 is slightly different in

each of the three measurements of the series.

During the first measurement, the secondary control unit 36 has the dummy load switch
38 open so that the dummy load 40 is not connected to the secondary coil 32. As a
result, the first measurement is a measure of the power delivered to any parasitic
loads 500 from foreign objects in the vicinity of the primary unit and any parasitic load
501 imposed by losses in the secondary device and/or its host object and any losses in
the primary unit itself. Thus, operation during the first measurement corresponds to the

steps S1 to S3 of Figure 2 above.

During the second measurement, the secondary control unit 36 selectively closes the
dummy load switch 38. The secondary control unit 36 decides whether to have the
dummy load switch 38 open or closed during the second measurement based on the

power requirement of the actual load 46. If the load 46 does not require any power at
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the present time, for example because it has a rechargeable battery which is presently
fully charged, then the dummy load switch 38 is kept open during the second
measurement. If, on the other hand, the load 46 does require power at the present
time, then the dummy load switch 38 is closed so that the dummy load 40 is connected

to the primary coil 32.

The control unit 16 produces another measure of the power load during the second
measurement. If the second power measurement is substantially different from the first
power measurement, the control unit 16 detects that a secondary device requiring
power is present in the viéinity of the primary unit. Thus, operation during the second
measurement corresponds to steps S11 and $12 of Figure 3 above.

During the third measurement, the secondary control unit 36 always closes the dummy

load switch 38 so that the dummy load 40 is connected to the secondary coil 32.

Another power measure is taken by the control unit 16 in the primary unit. In this case,
the measurement is the sum of the parasitic loads 500, the parasitic load 501 of the
secondary device and/or host object, primary unit losses, and the dummy load 40.
Based on the difference between the first and third power méasurements, the control
unit calculates the value of the total of the dummy loads 40 in all of the secondary

devices present in the vicinity of the primary unit.

The timing of the various signals and measurements is illustrated diagrammatically in

Figures 6 (not to scale). Figure 6(a) represents the frequency of the drive applied to the
primary coil 12, Figure 6(b) represents the load presented by the secondary device 30,
Figure 6(c) represents the state of the switch 102 in the primary unit 10 and Figure 6(d)

represents the voltage across the switch 102.

At the start of each measurement, the primary unit 10 first momentarily changes the
frequency of the drive to the primary coil 510, 511, 512, for the first, second and third
measurements respectively. Then each secondary device 30 isolates its actual load
513, 514, 515 and depending on the circumstances introduces a dummy load 514, 515.
Within this time frame, the switch 102 in the primary unit opens 516, 517, 518. Within
the window of the switch opening, the voltage across the switch 106 ramps up 519,
520, 521. This voltage is sémpled at several points within this window to measure the

power. On the first measurement, there is no dummy load 513, on the second
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measurement each device only connects the dummy load if its actual load requires

power 514, on the third measurement the dummy load is always connected 515.

The secondary device 30 knows which measurement is which by the order in which
they occur. If there has been a long gap of say a few ms since the last synchronisation
signal then the secondary device knows that it must be the first measurement. The
secondary device can count the number of periods in the received alternating current to
determine this. The secohd and third measurement synchronisation signals naturally
follow in that order within a set number of cycles. In order to get more accurate
measurements, it is possible to average each measurement over a number of

sequences.

Each dummy load 40 in a secondary device 30 in the system of this embodiment is set
to a particular value (at manufacture or during calibration or testing) so that the value
represents the parasitic load 501 imposed by the secondary device concerned and/or

by its host object.

Thus, the total dummy load for all secondary devices present, as calculated by the
control unit 16, can be used by the control unit 16 as second compensation information
to compensate for the parasitic loads 501 of the secondary devices present. For
example, if the control unit 16 detects that a substantial parasitic load 500 is present in
the vicinity of the primary unit when the measured power exceeds some threshold, the
threshold may be increased by an amount dependent on the total parasitic load 501 of
all the secondary devices present, so that the detection of parasitic loads 500 from

foreign objects is not influenced by the number of secondary devices present.

Figure 7 shows diagrammatically the load drawn for the three measurements. The load
drawn is the sum of: the losses associated with the primary coil in the primary unit
(pad) 543, the parasitic load associated with foreign metal objects 542, ‘friendly
parasitics’ of metal associated with host object (portable device) to be powered 541
and the current load associated with all the secondary devices 540. The first
measurement 530 has all of these components except the load 540. If no devices
require power then the second measurement 531 will be the same as the first
measurement 530, so the primary unit can be blaced into the standby mode (step 84 in
Figure 3). However, if at least one device requires power then the second
measurement 531 will be greater than the first measurement 530, and power is
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required. On the third measurement, each secondary device 30 connects its dummy
load. The dummy load of each device 40 is made equal to that device’s ‘friendly
parastics’. By subtracting the first measurement from the third measurement, the result
is the ‘friendly parasitics’ 541. The primary unit loss 543 is known (and stored in the
calibration unit 29). To produce a measure of the total parasitic load 542 present, the
calculated friendly parasitics’ 541 and the known primary unit loss 543 may be
subtracted from the first measurement 530. If this figure is above a certain threshold
then the unit can be placed into the shutdown mode (step S4 in Figure 2).

A system embodying the present invention is capable of measuring loads imposed on
the primary unit sensitively, for example to within 50mW or so. With this degree of
sensitivity, it is possible to ensure that very little power is coupled into parasitic loads

500 such as foreign objects.

Figure 8 is a diagram illustrating the different modes of operation in the Figure 4
system and the conditions for switching between these different modes. The three
modes of operation are an operating mode, a shutdown mode and a standby mode.

In the operating mode, the primary unit is in the normal state (driven condition) most of
the time, but periodically does a sequence of three measurements as described above.
If the result of the measurement sequence is that no secondary device requires power,
the primary unit goés into a standby mode. If the result of the measurement sequence

is that a significant parasitic load 500 is present, the primary unit goes into a shutdown

mode.

In the standby mode, the electrical drive unit 14 is stopped for most of the time, thus
consuming little power. Periodically the primary unit enters the normal mode, then does
a séries of measurements in respective probing periods, to check whether it should
enter either the operating mode or the shutdown mode. Otherwise it remains in the

standby mode.

The shutdown mode is functionally identical to standby mode. However, the two
modes may be distinguished by some user-interface feature such as an LED to prompt

the user to remove any substantial parasitic load 500.
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In addition to this first embodiment of the invention, there are many other possible
embodiments and combinations of features that may be utilised to advantage.

There are other inductive power transfer systems, which rather than have a single
primary coil 12 have a plurality of coils, for instance as described in GB-A-2398176. In
such a system there may be two sets of coils which are arranged orthogonally to each
other. They may each be driven with the same AC voltage signal, but driven in
quadrature (i.e. separated in phase by 90°), such that the induced magnetic field
rotates with time. This allows the secondary device 30 to be placed at any orientation
and still be able to receive electrical power. The present invention may be used in such
a configuration directly. The electrical drive unit 14 not only supplies the AC current
drive to the first coil, but also to the second coil. The transmitted synchronisation
signals will be present on both coils. Furthermore, since the current measurement is
performed by determining the current drawn from the power supply, the power
measurement will be the total sum of all the load drawn regardless of what proportion is
drawn by each coil. In such a 2 channel rotating system, the orientation of the
secondary device 30 is arbitrary. Therefore the secondary device 30 will see a +/- 180°
phase difference relative to the primary unit. Therefore the secondary devices 30, must
each lift their load for at least 1/2 cycle each side of the primary unit's measurement

period.

In addition to the three measurements described, a fourth measurement may be made.
This measﬂre is initiated by the control unit 16 in the primary unit 10, and results in the
power measurement unit 100 taking a power measurement, but without any
synchronisation signal being sent to the primary' coil 12. The secondary units 30 do not
alter their load conditions and this is therefore a measurement of the power whilst in
the operating state. This measurement can be performed at any time other than during
a measurement sequence of the first three measurements. This fourth measurement is
used to determine if the total load drawn is greater than the power specification of the
device and hence put the primary unit into an ‘overload state’. The ‘overload’ state is
functionally identical to the ‘shutdown state’, but may be distinguished by some use-

interface feature such as an LED.

Another possibility is for the electrical drive unit 14 to be adapted to modify the
magnitude of its output current into the primary coil for the purpose of varying the field
magnitude of the generated magnetic field. This would allow the field magnitude to be
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reduced for small loads, thereby conserving electrical power. An implementation of this
feature is to use the first and second measurements in a different way, not only to
detect if devices require power, but also to set the required field magnitude. Instead of
switching in the dummy load 40 during the second measurement if it needs power, a
secondary device could switch in its dummy load if it is not getting sufficient power.
The presence of a difference between the first and second measurements would then
be taken by the primary unit as a “not enough power” signal. The primary unit 10 could
periodically bring the field up to maximum magnitude and then gradually reduce it until
the difference between the first and second measurements was greater than a certain
threshold (“not enough power” signal). This way the brimary unit would always be

operating at the lowest possible field magnitude.

In another embodiment, the secondary devices are adapted for changing the
magnitude of their dummy loads dynamically. This could be achieved for instance by
incorporating a load which may be altered in value by a control means. A simple
example might be a resistor ladder with an array of switches, which may be arranged
with values in binary increments. The load may be adapted to have a continuously
variable magnitude by use of a transistor circuit or by incorporation of some other
nonlinear element. Another way of dynamically changing the load is to modulate the
switch 40 which connects the load, such that when the power measurement is
averaged over the measurement time interval, the effective load is altered. The pulse

width or duty cycle could be altered to change the effective load magnitude.

The ability to change the dummy load dynamically is useful for devices whose ‘friendly
parasitic’ load may change. For instance a self-charging battery may have a different
‘friendly parasitic’ load when charged alone, compared to when it is charged whilst
connected to a mobile phone. The control unit 36 could detect whether the phone was
attached and modify the dummy load accordingly. Alternatively, the phone could “
communicate its ‘friendly parasitics’ to the battery. Other removable attachments which
contribute additional ‘friendly parasitic’ load could also be detected and the dummy
load modified accordingly. These include for example, but are not limited to, removable

camera attachments, cases and speakers.

In addition to giving information about the load requirements and parasitic information
of the secondary device 30, this method could be used such that the primary unit 10

could deduce other information about the secondary device 30. For example the
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primary unit 10 could receive information about the serial number, model number,
power requirements or other information storéd in the secondary device. The load
could be altered dynamically either synchronously or asynchronously to achieve this.
Amplitude modulation or pulse width modulation may be used. A number of ‘bits’ or
‘symbols’ may be used (where a ‘symbol’ represents a plurality of amplitude levels or

pulse width durations and therefore more than one ‘bit’).

In another embodiment, the primary unit 10 could communicate information to the
secondary device 30, other than synchronisation signals, by means of modulating the
AC voltage signal 106 applied to the electrical drive unit. This information may include
but is not limited to information about the primary unit 10, such as cost of a charge,
power capability, codes; information about the location of the primary unit, such as
nearby facilities; and other information such as advertising material. The secondary
device 30 could receive such information by means of the detection element 200 and

the control unit 36.

It will be apparent to those skilled in the art that it is not necessary to implement all
these features simultaneously in order to gain advantage. For instance by only using
the first and second measurements, the standby detect feature may be implemented.
Similarly, by only using the first .and third measurements, the parasitic detect feature
may be imblemented. By only using the fourth measurement, the overload detect
feature may be implemented. Information about the secondary device 30 may be
deduced by the primary unit, without implementing other features. Similarly, information
may be sent from the primary unit to the secondary device without implementing other
features. Further measurements may be used to implement additional features. It
should be appreciated that the labelling of each measurement is purely for identification

purposes and the measurements may be performed in any order.

In addition to the described method of sending a synchronisation signal before each
measurement and identifying each measurement by the order in which they occur,
there are other methods of identifying each measurement. These include but are not
limited to: sending a different synchronisation signal before each measurement,
whereby synchronisation signals may differ in frequency offset, amplitude or phase; or
sending only a first synchronisation signal and deducing the timing of the other
measurements may be means of either a counter to count cycles of the received signal

or an internal clock within each secondary device. It is even possible to perform the
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" measurements back to back, with no substantial gap between them. Alternatively

measurements are initiated by the secondary device rather than the primary unit. The
secondary device could initiate a ‘preamble’ dynamic load modulation, which the
primary unit would detect and then synchronise on, so that its power measurements
coincided with the timing of the secondary device adapting its load conditions. For = -
primary units capable of simultaneously supplying power to more than one secondary
device, the ‘preamble’ could involve the use of some unique identifier, so that each
secondary device may be interrogated independently. ‘Preambles’ could also be used
in communication from the primary unit to the secondary device to address each device

independently.

As described above, the dummy load may be used to represent the friendly parasitic’
load of the host device. Of course, the ratio between the dummy load value and the
friendly parasitic load to be communicated is not limited to any particular value. For
instance the dummy load could be twice or three times the ‘friendly parasitic’ value or a
noninteger mulitiple of the value. The primary unit can deduce the total ‘friendly
parasitic load’ so long as it knows what the ratio is. Furthermore, if a device does not
have any significant ‘friendly parasitic’ load, it may be desirabie to ‘assign’ it a particular
value, so that it may be used for indicating whether the device requires charge. It may
be desirable to use more than one dummy load. A first dummy load may be used for
the second measurement and a second dummy load may be used for the third
measurement. The first dummy load would be used for standby detection and the
second dummy load would be representative of the ‘friendly parasitics’. This is
particularly advantageous if the secondary devices have widely varying parasitic loads.
The first dummy load could also be used for determining the power requirements of the
secondary devices requiring charging, rather just making a standby decision. The
dummy load value would be adapted to be representative of the power requirements of
that particular device. The first and second dummy loads may be implemented by a
single dynamically variable dummy load described above, or fixed loads may be used,

or a combination of the two.

In addition to the power measurement method and apparatus described, it will be
appreciated that there are many methods which can be used to detect the load on the
primary coil or coils. The simplest power measurement may comprise inserting a series
resistor on one supply rail. The voltage could be measured across that resistor and the
power deduced from the observed voltage and the known resistor value. With such a
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method it may be desirable to incorporate a switch across the resistor, so that during-
periods outside of the measurement time, the resistor may be short circuited, such that

there is no unnecessary power dissipation in the resistor.

Another method of power measurement is to measure the power within the electrical
drive unit. For instance, it is desirable for the electrical drive to the coil or coils to be
regulated by means of a feedback circuit. The feedback signal may be used to derive a

power measurement.

It is also possible to combine the functions of sending a synchronisation signal and
power measurement within a single element as described for instance, in the
applicant’s copending application GB 0410503.7 filed on 11" May 2004, from which
the present application claims priority. In that system, the power measurement involves
disconnecting the power to the primary coils and detecting the decay in the undriven
resonant circuit. The act of disconnecting the power to the primary coil 12 also has the
effect of modulating the signal in the primary coil and as a result the signal received in

the secondary device 30.

Figure 9 shows a second embodiment of a power transfer system according to the
present invention. This embodih’nent differs from the first embodiment of Fig. 4 mainly
in the way in which the power measurements are carried out. The primary unit 110
comprises a primary coil 112, an electrical drive unit 114, a control unit 116 and a
decay measurement unit 118. The electrical drive unit 114 in this embodiment has a
conventional half bridge configuration in which a first switch 120 is connected between
a first power supply line of the primary unit and an output node of the electrical drive
unit, and a second switch 121 is connected between the output node and a second
power supply line of the primary unit. The first and second switches 120 and 121 may,

for example, be field-effect transistors (FETSs).

The electrical drive unit 114 also comprises a drive controller 119 which applies control

~ signals to the switches 121 and 122 to turn them on and off. The drive controller 119

has a control input connected to an output of the control unit 116. The output node of
the electrical drive unit 114 is connected via a capacitor 117 to one side of the primary
coil 112.
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The control unit 116 is a microprocessor in this embodiment. Alternatively, an ASIC
could be used to implement the control unit 116, as well as some or all of the other

circuit elements of the primary unit.

The decay measurement unit 118 comprises a resistor 125 which has a first node.
connected to one side of a switch 128 and a second node connected to the second
power supply line. The resistor 125 is a low-value resistor. The decay measurement
unit 118 further comprises an operational amplifier 126 having an input connected to
the first node of the resistor 125. The decay measurement unit 118 also comprises an
analog-to-digital converter (ADC) 127 connected to an output of the operational
amplifier 126. An output of the ADC 127 is connected to a measurement input of the

control unit 116.

The other side of the switch 128 is connécted to the other side of the primary coil 112.
A snubber unit 122 is connected in parallel with the switch 128. The snubber unit 122
comprises a capacitor 123 and a resistor 124 connected in series with one another.
The calibration unit 129 is the same as the calibration unit 29 in Figure 4.

Each secondary device in this embodimeht can be substantially the same as the
secondary device 30 in Figure 4, and accordingly a description thereof is omitted here

and no secondary device is illustrated in Figure 9.
Operation of the Figure 9 system will now be described with reference to Figure 10.

Initially, the system has a normal state in which the control unit 116 causes the
electrical drive unit 114 to apply drive signals to the primary coil 112 to cause it to
oscillate. It will be appreciated that in the operating mode, the system is in this state for
almost all the time. The switch 128 is closed, and the circuit including the capacitor

117 and primary coil 112 forms a resonant tank.

The next state is a “snub” state. The application of drive signals to the primary coil 112
by the electrical drive unit 114 is suspended under the control of the control unit 116.
The drive controller 119 closes the switch 121. The control unit 116 also opens the
switch 128 at a time when most of the energy in the resonant tank resides in the
capacitor 117. The opening of the switch 128 brings the snubber unit 122 in series with
the resonant tank. The snubber unit 122 quickly dissipates any energy which remains
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in the primary coil 112, stopping it from resonating within one cycle or so. Most of the
energy stored in the resonant tank is left in the capacitor 117. The sudden cessation of
cycles is detected by the detection unit 200 and the secondary control unit 36 in the
secondary device 30. The secondary control unit 36 opens the load switch 42.
Incidentally, it will be appreciated that he detection unit 200 in Figure 4 needs to be
modified to detect the sudden cessation of cycles in the snub state in the present
embodiment. A threshold detector (as mentioned above) may be used as the detection

unit in the present embodiment.

In this embodiment, therefore, the snub state is used as the synchronisation signal to
the secondary device, though the other forms (e.g. frequency or phase modulation)
could also be used. It is not always necessary to have a synchronisation signal before

every measurement as described above.

The system then enters the decay state from the snub state. The coxntrol unit 116
closes the switch 128, removing the snubber unit 122 from the resonant tank, and thus
allowing the energy in capacitor 117 to flow again within the resonant tank. In the
decay state, the resonant tank operates in an undriven resonating condition. Energy
stored in the resonant tank decays over the course of time in the decay state. In this
embodiment, the decay measurement unit 118 measures the energy decay in the
resonant tank by measuring the current flowing through the primary coil 112. The
same current flows through the resistor 125 and generates a voltage at the first node of
that resistor. This voltage is buffered by the operational amplifier 126 and converted
into a digital signal by the ADC 127. The resulting digital signal is applied to the

measurement input of the control unit 116.

Figure 10 shows how the current flowing through the primary coil 12 varies in the
normal, snub and decay states which occur during a power measurement. In this
embodiment, the digital signals representing the current flowing in the primary colil
within a measurement period are received and processed within the control unit 16 to

calculate a measure of the rate of energy decay in the resonant tank.

An equation describing the energy stored in the resonant tank, at resonance, is:

E=Lirp=Llcp
2 2
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where E is the energy, L the inductance, I is the peak current, C is the capacitance and

Vis the peak voltage.

Therefore the energy stored in the resonant tank of the primary unit at any given
moment can be calculated if the inductance and peak current are known, or if the
capacitance and peak voltage are known, or combinations thereof. Typically the
capacitance is known by design, the peak current and voltage can be measured by
suitable circuitry, and the inductance can be deduced by observing the natural
resonant frequency during the measurement and applying the formula:
I= 1
An® £2C

The power measure, P, is given by the rate of decay of energy (and thus the loss) from
the resonant tank and can be calculated by measuring E4 at time T4 and E; at another
time T2,

E, - E
= T T

P.

Since at resonance the voltage and current in the resonant tank will be 90 degrees out
of phase with one another, a convenient method of reading the peak voltage of one is

to trigger the measurement on the zero-crossing of the other.

A second method for detecting a shutdown condition in accordance with the present
invention will be described with reference to Fig. 11. This method can be used in the

Figure 1 system.

When the Fig. 1 system is in use, from time to time each secondary device which is in
the power-requiring state supplies information to the primary unit relating to its own

‘power requirement. The power requirement information may take many different

forms. For example, the information may comprise a binary part used to indicate either
“no power‘required" or “power required”. In this case, in the event that a binary part is
“vower required”, supplemental information may be provided by the secondary device
to indicate the amount of power required. Alternatively the power requirement
information may simply be representative of the amount of power required, and “0” may
be transmitted if the device requires no power at all. It is also possible that the power
requirement of the secondary device may already be known to the primary unit. For
example, it may be known that all secondary devices of a certain type will have a
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particular power requirement. In this case, the power requirement information may
simply be a code (or some other identifying information) indicating the type of the

secondary device.

All of the secondary devices may supply the power requirement information
simultaneously to the primary unit. Alternatively, each secondary device supplies its

power requirement information individually in tum to the primary unit.

The power requirement information supplied by each secondary device that has the

power-requiring state is received by the primary unit.

In step S22, the control unit 16 in the primary unit causes the power measurement unit
100 to measure the power drawn by the secondary devices from the primary unit as
described previously. In practice, the measured power will also reflect any losses in

the system.

In step S23 the control unit 16 determines whether inductive power supply from the
primary unit should be restricted or stopped in dependence upon the measured power
in step S22 and the power requirement information received in step S21. For example,
the control unit 16 calculates a sum of the respective power requirements of all of the
secondary devices that are in the power-requiring state. This sum is compared with
the measured power found in step $22. If the measured power exceeds the sum of the
power requirements by more than a threshold value, then the control unit determines
that a substantial parasitic load m>ust be present in the vicinity of the primary unit. In
that case, processing proceeds to step S24 in which the primary unit enters the
shutdown mode and inductive power supply from the primary unit is restricted or
stopped. As described previously in relation to the method of Fig. 2, the system may

be reset manually or automatically in step S25.

If in step $23 the control unit 16 determines that the power supply need not be
restricted or stopped, then processing returns to step S21, for example after a

predetermined time interval.

To compensate for the losses in the primary unit and/or secondary devices, the
shutdown threshold employed in step $23 may be adjusted. One way in which this can

be done is for each secondary device (whether or not in the power-requiring state) to
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also supply to the primary unit information relating to its “friendly parasitic” load.
Similarly, losses as in the primary unit may be accounted for using a calibration unit as

described with reference to Fig. 4.

Fig. 12 shows parts of a power transfer system according to a third embodiment of the
present invention. This system implements the shutdown detection method of Fig. 11

using an RFID communication method.

The Fig. 12 system comprises a plurality of secondary devices 6004, 600,, ..., 600,.
The system of Fig. 12 also comprises a primary unit 700. The primary unit 700
comprises an RFID unit 710, a control unit 720 and a power measurement unit 730.
The control unit 720 corresponds generally to the control unit 16 described previously
with reference to Fig. 1, and the power measurement unit 730 corresponds generally to
the power measurement unit 100 described in reference to Fig. 1.

The features of the secondary device 600 are generally the same as those of the
secondary device 30 in Figure 4 except that the elements 38, 40, 42, 44 and 200 may
be omitted. Instead of these elements, each secondary device 600 comprises its own
load measuring unit 610 and an RFID unit 620. The load measuring unit 610 measures
the power being supplied to the actual load (46 in Fig. 4) of that secondary device. For
example, the load measuring unit 610 may measure the current and/or voltage being
supplied to the actual load 46 and may possibly integrate these measures over time for

averaging purposes. For example, the averaging period may be ten seconds.

The RFID unit 620 in each secondary device is capable of communicating with the
RFID unit 710 in the primary unit 700 using an RFID link 630. The load measure
produced by the load measuring unit 610 in each secondary device is supplied to the
RFID unit 620 in the device and then transmitted via the relevant RFID link 630 to the
RFID unit 710 in the primary unit. For example, the RFID unit 710 may poll the RFID
unit 610 in each of the secondary devices from time to time. In response, the RFID unit
620 that has been polled transmits its load measure. This load measure corresponds

to the power requirement information of step $21 in Fig. 11.

The power measurement unit 730 in the primary unit also measures the power being
drawn by the secondary devices from the primary unit, as in step S22 in Fig. 11. Then,

the control unit 720 determines, in dependence upon the measured power and the sum

Page 795 of 1081



10

15

20

25

30

35

WO 2005/109597 PCT/GB2005/001824

39

of the received load measures from the secondary devices, whether or not the power
supply to the secondary devices should be restricted or stopped. In particular, if the
measured power from the power measurement unit 730 exceeds the sum of the load
measures from the secondary devices by more than a shutdown threshold, then the
control unit 720 concludes that a substantial parasitic load must be present and places

the primary unit in the shutdown mode, as in step $24 in Fig. 11.

' It is also possible for the load measure produced by each secondary device to

represent a total load from the secondary device including the amount of power
required by the actual load and any friendly parasitic load of the secondary device/host
object. If the actual load requires no power the load measure may change to represent

only the friendly parasitic load.

Some anti-collision or collision avoidance technique is necessary in the Fig. 12
embodiment. In one known collision avoidance technique, every RFID unit 620 has an
unique code (or one Which will be practically unique based on statistics). The RFID
unit 710 in the primary unit would send out a signal requesting that all RFID units 620
within a certain range reply. The RFID units 620 send out their reply in code (e.g.
Manchester code), so that the RFID unit 710 can tell if more than one device has
replied. The primary unit gradually narrows down the range until it can uniquely identify
the code of each device present. Typically, it may halve the range of codes in each

iteration to home in quickly.

It will be appreciated that instead of RFID, any suitable communication link can be
used to permit each secondary device to communicate its power requirement
information to the primary unit. For example, infrared or ultrasound communication
could be used. Alternatively, each secondary device could vary the load it imposes on
the primary unit to communicate the power requirement information. For example,
each secondary device could impose a dummy load representing the amount of power
required by its actual load. In this technique, all the secondary devices in the power-
requiring state can impose their respective dummy loads simultaneously, so that the
primary unit can directly derive the sum of the power requirements of all the secondary
devices in one measurement. Alternatively, the dummy load may represent a total load
from the secondary device incluAding the amount of power required by the actual load

and any friendly parasitic load of the secondary device/host object.
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CLAIMS:

1. A method of controlling inductive power transfer in an inductive power transfer
system comprising a primary unit operable to generate an electromagnetic field and at
least one secondary device, separable from the primary unit, and adapted to couple
with said field when the secondary device is in proximity to the primary unit so that
power can be received inductively by the secondary device from the primary unit
without dir’ect electrical conductive contacts therebetween, which method comprises:
detecting if there is a substantial difference between, on the one hand, a power
drawn from the primary unit and, on the other hand, a power required by the secondary
device or, if there is more than one secondary device, a combined power required by
the secondary devices; and '
following such"detection, restricting or stopping the inductive power supply from

the primary unit.

2. A method as claimed in claim 1, further comprising:

setting the or each secondary device to a no-load state in which supply of any of
the power received inductively by the secondary device to an actual load thereof is
substantially prevented; and

in the primary unit, measuring a power drawn from the primary unit when the or
each secondary device is set into said no-load state, and restricting or stopping the
inductive power supply from the primary unit in dependence upon the measured power.

3. Amethod as claimed in claim 2, wherein the inductive power supply is restricted
or stopped in the event that the measured power is greater than a threshold value.

4. A method as claimed in claim 2 or 3, further comprising restricting or stopping the
inductive powér supply in the event that the measured power is less than a standby

threshold value.

5. A method as claimed in claim 1, further comprising:
in the primary unit, receiving, from the or each secondary device that is ina
power-requiring state, information relating to a power requirement of the secondary

device concerned; and
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in the primary unit, measuring the power drawn from the primary unit when power
is being supplied to the or each secondary device having the power-requiring state,
and restricting or stopping the inductive power transfer from the primary unit in
dependence upon the measured power and the received power requirement

information.

6. A method as claimed in claim 5, wherein the inductive power supply from the
primary unit is restricted or stopped in dependence upon a difference between said
measured power and a sum of the respective power requirements of the secondary

devices having said power-requiring state.

7. A method as claimed in claim 6, wherein the inductive power supply is restricted
or stopped in the event that the measured power exceeds said sum by more than a

threshold value.

8. A method as claimed in any one of claims 5 to 7, wherein the or each secondary
device transmits its power requirement information to the primary unit using an RFID

method.

9. A method as claimed in any one of claims 5 to 7, wherein the or each secondary
device transmits its power requirement information to the primary unit by varying a load

imposed by the secondary device on the primary unit.

10. A method as claimed in any one of claims 5 to 9, wherein the primary unit has
registered therein a power requirement of at least one said secondary device, and said
power requirement information transmitted from that secondary device is information
identifying the secondary device, and the primary unit employs said identifying
information to retrieve the registered power requirement for the device.

11. A method as claimed in any one of claims 5 to 10, wherein the or each said
secondary device not having the power-requiring state also transmits such power

requirement information to the primary unit.

12. A method as claimed in claim 11, wherein the power requirement information
transmitted by the or each said secondary device not in said power-requiring state is

representative of a parasitic load imposed on the primary unit by the secondary device.
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13. A method as claimed in any preceding claim, further comprising employing, when
carrying out said detection, first compensation information relating to losses in the

primary unit itself so as compensate for said losses.

14. A method as claimed in claim 13, further comprising deriving part or all of said
first compensation information from measurements taken by the primary unit when it is

effectively in electromagnetic isolation.

15. A method as claimed in any preceding claim, further comprising employing, when
carrying out said detection, second compensation information relating to a parasitic
load imposed on the primary unit by the or each secondary device so as to

compensate for said parasitic load of the or each secondary device.

16. A method as claimed in claim 15, wherein the or each said secondary device
communicates its said second compensation information directly to said primary unit or -
communicates to the primary unit other information from which the primary unit derives

said second compensation information.

17. A method as claimed in cléim 16, wherein the or each said secondary device
communicates its said second compensation information or its said other information to

the primary unit by varying a load imposed by it on the primary unit.

18. A method as claimed in claim 17, wherein the or each said secondary device has
a dummy load, representative of its said parasitic load, which it imposes on said

primary unit to vary the load imposed by it on the primary unit.

19. A method as claimed in any one of claims 13 to 18, wherein part or all of said first
compensation information and/or part or all of said second compensation information is
information stored in the primary unit during manufacture and/or testing of the primary

unit.

20. A method as claimed in any one of claims 13 to 19, further comprising varying
one or both of said first and second compensation information when one or more

operating conditions of the primary unit varies.
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21. A method as claimed in any one of claims 13 to 20, wherein the or one said
secondary device is capable of being used either by itself or combination with another
object, and said second compensation information is varied in dependence upon

whether the device is used by itself or in said combination.

22. A method as claimed in any preceding claim, wherein:

the or each said secondary device reports to the primary unit state information
indicating whether the secondary device is in a no-power-requiring state, in which an
actual load of the secondary device currently requires no power from the primary unit,

or a power-requiring state in which said active load does currently require power from

- the primary unit; and

the primary unit restricts or stops the inductive power supply therefrom in
dependence upon the state information reported by the or each secondary device.

23. A method as claimed in claim 22, wherein the primary unit restricts or stops the
inductive power transfer unless the state information reported by at least one

secondary device indicates that it has said power-requiring state.

24. A method as claimed in claim 22 or 23, wherein two or more secondary devices

report their respective state information simultaneously to the primary unit.

25 A method as claimed in claim 22, 23 or 24, wherein the or each said secondary
device reports its said state information by varying a load imposed by it on the primary

unit.

26. A method as claimed in any preceding claim, further comprising transmitting a
synchronising signal from the primary unit to the or each said secondary device, or
from the or each said secondary device to the primary unit, to synchronise operation of

the primary unit and the or each said secondary device.

27. A method as claimed in claim 26, wherein said electromagnetic field is generated
by a primary coil of the primary unit, and the synchronising signal is transmitted from
the primary unit to the or each said secondary device by modulating a drive signal

applied to said primary coil.
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28. A method as claimed in any preceding claim, wherein the electromagnetic field is
generated by a primary coil driven by an electrical drive unit, electrical power for the
drive unit is supplied from a power supply of the primary unit to a power input of the
drive unit, and the power drawn from the primary unit is measured by temporarily
disconnecting the power supply and detecting a change at said power input during the

disconnection.

29. A method as claimed in claim 28, further comprising storing energy in an energy
storage unit connected to said power input so that power can continue to be supplied to

said power input whilst said power‘supply is disconnected.

30. A method as claimed in any one of claims 1 to 27, wherein the electromagnetic
field is generated by a primary coil, and the method further comprises:

causing a circuit including said primary coil to operate, during a measurement
period, in an undriven resonating condition in which the application of drive signals to
the primary coil is suspended so that energy stored in the circuit decays over the
course of said period;

taking one or more measures of such energy decay during said period and
employing said one or more measures to measure said power drawn from the primary

unit.

31. A method as claimed in any preceding claim, further comprising varying a field
strength of said field in dependence upon the power required by the secondary device
or, if there is more than one secondary device, the combined power required by the

secondary devices.

32. Aninductive power transfer system'comprising:

a primary unit operable to generate an electromagnetic field;

at least one secondary device, separable from the primary unit, and adapted to
couple with said field when the secondary device is in proximity to the primary unit so
that power can be received inductively by the secondary device from the primary unit
without direct electrical conductive contacts therebetween;

means for detecting if there is a substantial difference between, on the one hand,
a power drawn from the primary unit and, on the other hand, a power required by the
secondafy device or, if there is more than one secondary device, a combined power

required by the secondary devices; and
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means operable, following such detection, to restrict or stop the inductive power

supply from the primary unit.

33. A primary unit, for use in an inductive power transfer system that also has at least
one secondary device separable from the primary unit, the primary unit comprising:

means for generating an electromagnetic field which couples with said at least
one secondary device when it is in proximity to the primary unit so that power can be
received inductively by the secondary device from the primary unit without direct
electrical conductive contacts therebetween;

means for detecting if there is a substantial difference between, on the one hand,
a power drawn from the primary unit and, on the other hand, a power required by the
secondary device or, if there is more than one secondary device, a combined power
required by the secondary devices; and

means operable, following such detection, to restrict or stop the inductive power

supply from the primary unit.

34. A secondary device, for use in an inductive power transfer system that comprises
a primary unit which generates an electromagnetic field, the secondary device
comprising:

a secondary coil adapted to couple with said field generated by said primary unit
when the secondary device is in proximity to the primary unit so that power can be
received inductively by the secondary device from the primary unit without direct
electrical conductive contacts therebetween,;

load connection means, connected to said secondary coil and adapted to be
connected when the secondary device is in use to a load .requiring power from the
primary unit, for supplying such inductively-received power to the load; and

detecting means for detecting a synchronisation signal transmitted by the primary
unit; and

control means, responsive to the detection of the synchrdnisation signal, to set
the secondary device into a no-load state in which supply by the load connection

means of any of the inductively-received power to said load is substantially prevented.

35. A secondary device, for use in an inductive power transfer system that comprises
a primary unit which generates an electromagnetic field, the secondary device

comprising:
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a secondary coil adapted to couple with said field generated by said primary unit
when the secondary device is in proximity to the primary unit so that power can be
received inductively by the secondary device from the primary unit without direct
electrical conductive contacts therebetween,;

5 load connection means, connected to said secondary coil and adapted to be
connected when the secondary device is in use to a load requiring power from the
primary unit, for supplying such inductively-received power to the load; and

RFID communication means operable to supply to the primary unit, using an
RFID communication method, information relating to a power requirement of the

10  secondary device.

15
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INDUCTIVE POWER TRANSFER UNITS HAVING FLUX SHIELDS

This invention relates to inductive power transfer units having flux shields.

Inductive power transfer units, as described for example in the present applicant’s
published International patent publication no. WO-A-03/096512, the entire contents
of which is hereby incorporated into the present application by reference, seek to
provide a flat or curved power transfer surface over which a substantially horizontal
alternating magnetic field flows. This field couples into any secondary devices
placed upon the power transfer surface. In some variants this field may rotate in the
plane of the surface to provide complete freedom of positioning for any secondary
device placed on the surface to receive power. The secondary devices are, for
example, built into portable electrical or electronic devices or rechargeable batteries

which can be removed from the surface when not receiving power.

Depending on the design of the flux generating unit (magnetic assembly) of such
power transfer units, they may also emit flux in directions other than desired
horizontal surface field. For example a “squashed solenoid” design of flux generating

unit emits flux symmetrically above and below it.

In Figure 1, a flux generating unit 50 comprises a coil 10 shaped into a flat solenoid
wound around a former 20. The former 20 is in the form of a thin sheet of magnetic
material. This results in a substantially horizontal field across the upper surface of
the flux generating unit, but also an equal field across the lower surface. The field
lines of both fields extend generally in parallel with one another over the respective
surfaces, substantially perpendicularly to the coil windings. A secondary device 60

is shown in place over the upper surface.

Figure 2 shows a similar arrangement to that of Figure 1, but with an additional coil
11 wound, in an orthogonal direction to the winding direction of the coil 10, around
the former 20. By driving the two coils 10 and 11 in a suitable manner, the flux

generating unit may create a field which is substantially horizontal over the power
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transfer surface (upper surface) and which rotates in the plane of that surface. In
typical usage, the flux above the upper surface provides the functionality that the
user desires (powering the secondary device 60), but the flux present at other

surfaces may not be useful and can cause undesired effects.

Figure 3 shows a side view Finite Element analysis of the flux lines generated by the
flux generating unit 50 in Figure 1 at an instant in time. The lines travel through the
centre of the solenoid and then divide to return over and under it through the air. A

secondary device 60 is shown placed on top of the unit 50.

One undesired effect occurs particularly when the primary unit is placed upon a
ferrous metal surface, for example a mild steel desk or part of a vehicle chassis. The
permeability of mild steel is sufficiently high that it provides a return path for the
flux which is of considerably lower reluctance than the alternative path through air.
Therefore the flux is “sucked” down into the metal desk. Figure 4 shows another
Finite Element analysis view when a metal desk 200 is brought under the flux
generating unit. The high permeability of the metal offers the flux lines a much
lower-reluctance path than air to return from one end of the flux generating unit 50 to
the other, and so they travel within the desk rather than through the air. This is
undesirable for two reasons:

* A significant proportion of the flux generated by the inductive power transfer
unit (primary unit) is flowing into the metal desk instead of flowing into any
secondary devices on the upper surface of the unit, therefore the system
becomes less efficient (consumes the more power) and the power received by
the secondary device varies.

* The flux flowing through the metal desk causes core losses, for example via

hysteresis and / or eddy current loss , which cause it to heat up.

It is known that when conductive materials, for example copper or aluminium, are
placed into an alternating magnetic field, the field induces eddy-currents to circulate
within them. The eddy currents then act to generate a second field which - in the

limit of a perfect conductor - is equal and opposite to the imposed field, and cancels
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it out at the surface of the conductor. Therefore these conductive materials can be
seen as “flux-shields” — the lines of flux in any magnetic system are excluded from
them. This may be used to shield one part of a system from a magnetic field and
consequently concentrate the field in another part. GB-A-2389720, which is a
document published after the priority date of the present application but having an
earlier priority date, discloses a flux generating unit in the form of a printed circuit
board having an array of spiral conductive tracks for generating flux above the upper
surface of the unit. A ferrite sheet is placed under the board, and a conductive sheet
is placed under the ferrite sheet, to provide a flux shield. The ferrite sheet and

conductive sheet are of the same dimensions, parallel to the sheets, as the board.

According to a first aspect of the present invention there is provided an inductive
power transfer unit, adapted to be placed when in use on a support surface,
comprising: a flux generating means which, when the unit is placed on the support
surface, extends in two dimensions over the support surface, said flux generating
means being operable to generate flux at or in proximity to a power transfer surface
of the unit so that a secondary device placed on or in proximity to the power transfer
surface can receive power inductively from the unit; and a flux shield, made of
electrically-conductive material, arranged so that when the unit is placed on the
support surface, the shield is interposed between the flux generating means and the
support surface, the shield extending outwardly beyond at least one edge of the flux

generating means.

According to a second aspect of the present invention there is provided an inductive
power transfer unit, adapted to be placed when in use on a support surface,
comprising: a flux generating means which, when the unit is placed on the support
surface, extends in two dimensions over the support surface, said flux generating
means being operable to generate flux at or in proximity to a power transfer surface
of the unit so that a secondary device placed on or in proximity to the power transfer
surface can receive power inductively from the unit; and a flux shield, made of

electrically-conductive material, having one or more portions which extend over one
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or more side faces of the unit or which extend between said one or more side faces

and said flux generating means.

In cases where the flux generating unit operaté_s by creating a field which alternates
back and forth in one linear dimension, the conductive shield will have induced in it
an equal and opposite alternating linear field, which acts to cancel the field near the
shield. In cases where the unit operates by creating a rotating field in the plane of its
laminar surface, the conductive shield has induced in it a field which also rotates,

again cancelling the field.

Such power transfer units are advantageous because they allow the flux to be
concentrated in directions in which it is useful, improving the flux-efficiency of the
unit, and to be shielded from directions where it can cause side-effects, for example

by coupling into a metal desk under the unit.

In addition, the flux shield increases the coupling between the flux generating unit
and the secondary device(s) by forcing most of the flux to go over the power transfer
surface. Therefore less drive current is needed in the flux generating unit to create a
given flux density in the secondary device(s). Accordingly, provided that losses in

the flux shield are minimised, the system as a whole becomes more efficient.

To ensure that the apparatus runs cool and is power-efficient, 'R losses (losses
caused by circulating currents dissipating as heat) in the conductive shield must be
kept small: _

e The conductive shield is advantageously made of a highly conductive
material, for example copper or aluminium sheet of sufficient thickness to
ensure that the eddy-currents induced therein do not suffer from excessive
resistance and therefore create heat. The flux density, and therefore the eddy
currents, may vary across different parts of the apparatus, and therefore the
necessary thickness, or material, may also vary.

e The spacing between the shield and the electrically-driven conductors of the

flux generating unit can be optimised. The larger it is (i.e. the greater the
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spacing between it and the electrically-driven conductors), the lower the
current-density induced in the conductive shield, and therefore the lower the
heating. However this must be traded-off against the larger the overall

dimensions necessary,. which may be less ergonomic.

In addition, the conductive shield must not itself be substantially ferrous, otherwise it

may provide a low-retuctance path which “shorts” the intended flux path.

In one embodiment of the present invention, the conductive shield extends in a
substantially continuous sheet substantially over all but one face of the flux
generating unit, such that only the face substantially exposed is the laminar surface
intended for power delivery to secondary devices. For example, if the generating unit
is a substantially flat rectangular shape, the shield may extend to cover the bottom
and four sides of the unit. As another example, if the flux generating unit is a
substantially flat cylinder, the shield may extend to cover the bottom and cylindrical
side of the unit. The advantage of such an arrangement is that it increases still
further, compared to a flat sheet, the path that flux would have to travel in order to

travel through a metal object underneath.the flux generating unit.

In another embodiment of the present invention, the conductive shield may enclose
all but a part of one or more faces of the flux generating unit. For example, if the flux
generating unit is a substantially flat rectangular shape, the shield may cover the
bottom, sides and outer part of the top of the flux generating unit. This may be
advantageous in controlling the flux pattern at the edge of the top of the flux

generating unit.

The conductive shield may form part of an enclosure of the inductive power transfer
unit, for example a formed or cast aluminium or magnesium casing. This may be

advantageous in reducing cost.

According to a third aspect of the present invention there is provided an inductive

power transfer unit comprising: a power transfer surface on or in proximity to which
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a secondary device can be placed to receive power inductively from the unit; flux
generating means arranged to generate flux at or in proximity to said power transfer
surface; and flux shield attachment means arranged for attaching a flux shield to the
unit such that the attached shield is arranged af c;ne or more external surfaces of the
unit other than said power transfer surface, or is arranged between said one or more
external surfaces and said flux generating means, so that the shield serves to shield
objects outside the unit, adjacent to said one or more external surfaces, from flux

generated by the flux generating means.

According to a fourth aspect of the present invention there is provided an accessory,
adapted to be attached to the outside of an inductive power transfer unit, the unit
having a power transfer surface on or in proximity to which a secondary device can
be placed to receive power inductively from the unit and also having flux generating
means arranged to generate flux at or in proximity to the power transfer surface, and
the accessory comprising: means which co-operate with the unit to attach the
accessory to the outside of the unit in a predetermined working disposition; and

a flux shield, made of electrically-conductive material, which, when the accessory is
in its said working disposition, extends at or in proximity to one or more external
surfaces of the unit other than said power transfer surface so as to shield objects
outside the unit, adjacent to said one or more external surfaces, from flux generated

by the flux generating means.

In the third and fourth aspects of the invention the conductive shield is supplied to
the user as a separate accessory to be placed under or around the power transfer unit.
Optionally it may be provided as a retainable accessory, for example a clip-on cover.
This is advantageous as it allows the bill of materials for the power transfer unit to be
kept to an absolute minimum, yet allows users to purchase the accessory if the unit is
to be used in a location where it may be necessary to constrain its field, for example

on a ferrous metal desk.

In one embodiment the flux generating unit comprises at least one means for

generating an electromagnetic field, the means being distributed in two dimensions
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across a predetermined area in or parallel to the power transfer surface so as to define
at least one power transfer area of the power transfer surface that is substantially
coextensive with the predetermined area, the charging area having a width and a
length on the power transfer-surface. Preferabiy the means is configured such that,
when a predetermined current is supplied thereto and the primary unit is effectively
in electromagnetic isolation, an electromagnetic field generated by the means has
electromagnetic field lines that, when averaged over any quarter length part of the
power transfer area measured parallel to a direction of the field lines, subtend an
angle of 45° or less to the power transfer surface in proximity thereto and are
distributed in two dimensions thereover. Preferably the means has a height measured
substantially perpendicular to the power transfer area that is less than either of the
width or the length of the power transfer area. The height is more preferably less
than one fifth, or less than one tenth, of either the width or height, so that the
inductive power transfer unit as a whole is in the form of a flat bed or platform.
When a secondary device, including at least one electrical conductor, is placed on or
in proximity to a power transfer area of the inductive power transfer unit, the
electromagnetic field lines couple with the at least one conductor of the secondary
device and induce a current to flow therein. The conductive sheet or shield is
arranged on or in the power transfer unit at a location other than the side on which

the power transfer area is located.

In the context of the present application, the word “laminar” defines a geometry in
the form of a thin sheet or lamina. The thin sheet or lamina may be substantially flat,

or may be curved.

It is to be appreciated that the conductive sheet or shield may be generally laminar,
or may include one or more edge portions that are directed towards the power

transfer surface.

The conductive sheet or shield may be exposed on the side of the power transfer unit
opposed to the power transfer surface, or may be covered with a layer of dielectric or

other material, for example by part of a casing of the unit.
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For a better understanding of the present invention and to show how it may be
carried into effect, reference shall now be made, by way of example, to the

accompanying drawings, in which:

FIGURE 1 is a perspective view showing an example of a flux generating unit

suitable for use in embodiments of the present invention.

FIGURE 2 is a perspective view showing another example of a flux generating unit

suitable for use in embodiments of the present invention.

FIGURE 3 shows a side view of the flux generating unit of Figure 1 for illustrating

flux lines generated thereby.

FIGURE 4 is a view corresponding to Figure 3 but illustrating flux lines generated

when a metal desk is present under the arrangement.

FIGURE 5 is a perspective view showing parts of an inductive power transfer unit

according to a first embodiment of the present invention.

FIGURE 6 shows a side view of the unit of Figure 5 for illustrating flux lines

generated thereby when the unit is placed on a metal desk.

FIGURE 7 is a perspective view showing parts of an inductive power transfer unit

according to a second embodiment of the present invention.

FIGURE 8 shows a side view of the unit of Figure 7 for illustrating flux lines

generated thereby when the unit is placed on a metal desk.

FIGURE 9 is a side view of an inductive power transfer unit and an accessory

therefor according to a third embodiment of the present invention.

Page 826 of 1081



WO 2005/024865 PCT/GB2004/003844

10

15

20

25

30

Figure 5 shows parts of an inductive power transfer unit according to a first
embodiment of the present invention. In this embodiment, a flux generating unit 50
has the same general construction as the flux generating unit described in the
introduction with reference to Figure 1. Of course a flux generating unit 50' as
shown in Figure 2 can be used in this (and other) embodiments of the invention,
instead. Similarly, any of the flux generating units described in WO-A-03/096512

can be used in embodiments of the present invention.

The flux generating unit 50 comprises a coil 10 wound around a former 20. The
former 20 is in the form of a thin sheet of magnetic material. When the inductive
power transfer unit is placed on a support surface 200, the flux generating unit 50

extends in two dimensions over the support surface.

A flux shield 70, made of electrically-conductive material such as copper, is
interposed between the flux generating unit 50 and the support surface 200. As
shown in Figure 5, the shield 70 extends outwardly by distances e; to e4 beyond each
edge of the flux generating unit 50. The distance e; is for example 50mm. The
distance e; is for example 50mm. The distance e; is for example 50mm. The distance

e4 is for example 50mm.

In this embodiment, the flux shield 70 is in the form of a flat sheet which extends
generally in parallel with the support surface. There is a gap of size d between the
sheet and the electrical conductors of the coil 10 extending over the lower surface of

the former 20. d is 4mm, for example.

Figure 6 shows a Finite Element analysis view of the unit of Figure 5. The support
surface 200 is assumed to be a metal desk. The shield 70 forces any flux lines
flowing through the metal desk to travel around the shield, increasing the path length
and thus the effective reluctance of the “desk™ path. As a result, the presence of the
desk has less effect, since more flux lines travel over the unit instead of going

through the desk.
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Although the flux shield 70 has extensions beyond all edges of the unit 50 in the
Figure 5 example, it will be appreciated that a worthwhile flux-shielding effect can
also be obtained even if the flux shield extends beyond one edge or only extends

beyond a pair of opposite edges.

Figure 7 shows parts of an inductive power transfer unit according to a second
embodiment of the present invention. In this embodiment a flux shield 80 having 5
sides (base 82 and side walls 84, 86, 88 and 90) is provided. The base 82 of the flux
shield 80 extends between the lower surface of the flux generating unit 50 and the
support surface 200. Because the flux shield 80 has side walls in this embodiment,
the base 82 need not extend out beyond the edges of the flux generating unit 50 by as
far as the distances e; to e, in the Figure 5 embodiment. For example, e; to e; may
each be 4mm. This can enable the overall dimensions of the power transfer unit to
be reduced while keeping the effective reluctance of the desk path high. The height
of the side walls 84, 86, 88 and 90 is exaggerated in Figure 7 for clarity. In practice,

the side walls need not extend above the upper surface of the flux generating unit 50.

The flux shield 80 may be formed from: a flat sheet of conductive material which is

cut and folded up at the edges to form a tray-form member.
Figure 8 shows a finite element analysis view of the unit of Figure 7.

Figure 9 shows patts of an inductive power transfer unit 400 according to a third
embodiment of the present invention. In this embodiment a flux generating unit 50,
similar to the flux generating units described with reference to the first and second
embodiments, is contained in a casing 410 of the unit 400. An upper surface of the
casing 410 provides the power transfer surface in this embodiment, and a secondary
device 60 is placed directly on the surface to receive power inductively from the flux

generating unit 50.

In each of the four side walls of the casing 410 a small circular recess 420 is formed.

10
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In this embodiment the flux shield 90 is an accessory which is adapted to be attached
to the outside of the inductive power transfer unit 400. The flux shield 90, which is
similar in form to the flux shield 80 shown in Figure 7, has circular projections 95
formed on the inner surfaces-of the upsianding side walls of the flux shield 90. The
projections 95 engage respectively with the recesses 420 in the casing of the
inductive power transfer unit 400. In this way, the unit 400 can be inserted into the
flux shield 90 due to the resilience of the materials of the flux shield 90 and/or casing
410. The projections and recesses serve to hold the flux shield 90 on the outside of
the unit 400 in such a way that the flux shield shields objects outside the unit,
adjacent to the external surfaces of the unit, from flux generated by the flux

generating unit 50.

The provision of a removable flux shield has several advantages. In some
applications, the flux shield is unnecessary. For example, the shield is unnecessary if
the support surface on which the unit will be placed is non-metallic. In this way, the
unit can be made as small as possible and at the lowest possible cost. Any user who
intends to use the unit on a metallic support surface can purchase the flux shield as

an optional accessory.

When the flux shield is in the form of a removable accessory, it is not necessary for
the flux shield to have the form of the first embodiment or second embodiment
described above. For example, the flux shield need not extend outwardly beyond the
edges of the flux generating unit 50; it could be coterminous with the planar area of
the flux generating unit 50 or even smaller than the planar area thereof. For example,
a flat sheet-form conductive shield could be built into the base of a tray-form plastics

housing of the accessory.

Any suitable way of attaching the flux shield to the outside of the inductive power
transfer unit may be used. Although snap-fitting is particularly convenient, the flux
shield may be attached to the unit using screws or Velcro ®. Equally, there could
simply be a tight fit between the flux shield and the casing of the unit.

11

Page 829 of 1081



WO 2005/024865 PCT/GB2004/003844

By way of example only, there now follows a set of test results for embodiments of
this invention. In the test set up the flux generating unit 50 measured approximately
175x125%x9mm. The flux shield 70 or 80 was made from a 0.6mm thick sheet of
copper. The metal desk 200 was a sheet of metal 500mm x 500mm x 0.6mm thick

5 (magnetically, this is effectively an infinite plane).

The current through the flux generating unit 50 was adjusted so that the power
delivered to a secondary device 60 was the same at the start of each test. A control

loop then held the current constant during the rest of each test.

10
The power received by the secondary device was monitored and the extra power
drawn from the charger was monitored.
The results were as follows:
Test Condition Power seen by Extra power
secondary needed from
device charger
15
1a. No flux shieid 100% ow
1b. As 1a with steel under ) 123% 11W
2a. Flux shield sheet (Figure 5) immediately under 100% 1.5W
magnetic assembly
2b. Flux shield moved 4mm from assembly 100% 0.7W
2c. As 2b with steel under 110% 4.6W
3a. Flux shield box (Figure 7)around bottom and 100% 1.5W
edges (4mm gap )
3b. As 3a with steel under . 108% 2.2w

Test 1 shows the case without any flux shield. The flux lines will initially be
20  approximately as shown in Figure 3. Introducing a metal sheet under the assembly
causes the flux to travel down and through the sheet, in preference to travelling up
and over the top, as shown in Figure 4. The control loop in the generator is forced to
expend 11W to keep its coil current constant, which is not optimal since it is
inefficient and will cause the metal to warm up. In addition, the secondary device
25  sees a rise in the power it receives to 123%, because eddy currents in the metal desk

do act as a poor flux excluder even as they consume large amounts of generator

12
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power — and this is not optimal either.

Test 2 shows the case with a flat flux shielding sheet underneath as in the first
embodiment. A large (190mm. x 140mm x 0.6mm) copper sheet flux shield
immediately under the magnetic assembly (test 2a) causes the generator to have to
supply an additional 1.5W, presumably because it starts to short the coil turns in the
assembly. Moving this 4mm away from the assembly (i.e. d = 4mm in Figure 5)
reduces this drain to 0.7W (test 2b). Now introducing a metal sheet only causes the
generator to have to supply 4.6W (i.e. an additional 3.9W), and the power into the
secondary device now only changes to 110% (test 2c). This is shown in Figure 6. So

the flux shield has reduced each of the two side-effects by more than half.

Test 3 shows the case where the edges of the flux shield are brought up around the
edges of the magnetic assembly, as in the second embodiment shown in Figure 7.
The shield is kept 4mm away from the magnetic assembly on all sides (test 3a) to
avoid the phenomenon seen in Test 2a. The generator must supply an additional
1.5W to overcome the losses of the eddy currents in the shield. Now introducing a
metal sheet (test 3b) only causes the generator to have to supply an extra 2.2W (i.e.
an additional 0.7W), and the power seen by the secondary device now only changes

to 108%.

In conclusion, these test results clearly demonstrate the two key advantages of a flux
shield in reducing the side effects of metal objects: less power delivered into the steel

by the generator, and less variation in the power seen by the secondary device.

A shield extending completely around the magnetic assembly, except over the
desired power transfer surface, can reduce the effect of metal desks on the generator
by more than an order of magnitude, and on the secondary device by more than half.
In the example shown the price to pay for this advantage is an extra 1.54W of
quiescent power delivered by the generator, to overcome losses in the eddy-currents

in the flux shield.

13
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The preferred features of the invention are applicable to all aspects of the invention

and may be used in any possible combination.
Throughout the description and claims of this specification, the words "comprise"
5 and "contain" and variations of the words, for example "comprising" and

"comprises", mean "including but not limited to", and are not intended to (and do

not) exclude other components, integers, moieties, additives or steps.

14
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CLAIMS

1. An inductive power transfer unit, adapted to be placed when in use on a
support surface, comprising: ™
a flux generating means which, when thé unit is placed on the support

surface, extends in two dimensions over the support surface, said flux generating
means being operable to generate flux at or in proximity to a power transfer surface
of the unit so that a secondary device placed on or in proximity to the power transfer
surface can receive power inductively from the unit; and

a flux shield, made of electrically-conductive material, arranged so that when
the unit is placed on the support surface, the shield is interposed between the flux
generating means and the support surface, the shield extending outwardly beyond at

least one edge of the flux generating means.

2. A unit as claimed in claim 1, wherein said flux shield is in the form of a flat

sheet which extends generally in parallel with the support surface.

3. A unit as claimed in claim 1 or 2; wherein said flux shield extends outwardly

beyond each edge of the flux generating means.

4. An inductive power transfer unit, adapted to be placed when in use on a
support surface, comprising:

a flux generating means which, when the unit is placed on the support
surface, extends in two dimensions over the support surface, said flux generating
means being operable to generate flux at or in proximity to a power transfer surface
of the unit so that a secondary device placed on or in proximity to the power transfer
surface can receive power inductively from the unit; and

a flux shield, made of electrically-conductive material, having one or more
portions which extend over one or more side faces of the unit or which extend

between said one or more side faces and said flux generating means.

15
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5. A unit as claimed in any preceding claim, wherein said flux shield also
extends over an outer peripheral portion of said power transfer surface or between

said outer peripheral portion and said flux generating means.

6. A unit as claimed in any preceding claim, wherein said flux shield extends
substantially continuously around said flux generating means except for a part

thereof adjacent to said power transfer surface.

7. A unit as claimed in any preceding claim, wherein said flux shield provides at

least part of a casing of the unit.

8. A unit as claimed in any preceding claim, wherein at least part of an outer

surface of the flux shield is covered with a dielectric or other material.

9. A unit as claimed in any preceding claim, wherein a gap between said flux
shield and electrical conductors of said flux generating means is set so that flux
shielding is achieved without the flux shield unduly increasing power consumption

of the flux generating means.

10. A unit as claimed in any preceding claim, wherein said flux shield varies in

thickness from one part to another.

11. A unit as claimed in any preceding claim, wherein different parts of the flux

shield are made from different respective materials.

12. A unit as claimed in any preceding claim, wherein the flux shield is attached

removably to the unit.
13. An inductive power transfer unit comprising:

a power transfer surface on or in proximity to which a secondary device can

be placed to receive power inductively from the unit;

16
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flux generating means arranged to generate flux at or in proximity to said
power transfer surface; and

flux shield attachment means arranged for attaching a flux shield to the unit
such that the attached shield i$ arranged at one or more external surfaces of the unit
other than said power transfer surface, or is arranged between said one or more
external surfaces and said flux generating means, so that the shield serves to shield
objects outside the unit, adjacent to said one ot more external surfaces, from flux

generated by the flux generating means.

14. An accessory, adapted to be attached to the outside of an inductive power
transfer unit, the unit having a power transfer surface on or in proximity to which a
secondary device can be placed to receive power inductively from the unit and also
having flux genérating means arranged to generate flux at or in proximity to the
power transfer surface, and the accessory comprising:

means which co-operate with the unit to attach the accessory to the outside of
the unit in a predetermined working disposition; and

a flux shield, made of electrically-conductive material, which, when the
accessory is in its said working disposition, extends at or in proximity to one ot more
external surfaces of the unit other than said power transfer surface so as to shield
objects outside the unit, adjacent to said one or more external surfaces, from flux

generated by the flux generating means.

15. An accessory as claimed in claim 14, adapted to be attached removably to the

outside of the unit.

16.  An accessory as claimed in claim 14 or 15, being a clip-on cover for the unit.
17. An accessory as claimed in any one of claims 14 to 16, wherein, when the
accessory is attached to the unit in its working disposition and the accessory is placed

on a support surface, the flux generating means of the unit extend in two dimensions

over the support surface with the flux shield of the accessory interposed between the

17
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flux generating means and the support surface, and the flux shield extends outwardly

beyond at least one edge of the flux generating means,

18. An accessory as clainied in claim 17, wherein said flux shield is in the form

5  of aflat sheet which extends generally in parallel with the support surface.

19. An accessory as claimed in claim 17 or 18, wherein said flux shield extends

outwardly beyond each edge of the flux generating means.

10 20.  An accessory as claimed in any one of claims 14 to 19, wherein when said
accessory is attached to the unit in its said working disposition said flux shield also
extends over one or more side faces of the unit.

21. An accessory as claimed in any one of claims 14 to 20, wherein when said

15  accessory is attached to the unit in its said working disposition said flux shield also

extends over an outer peripheral portion of said power transfer surface of the unit.

20
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ADAPTING PORTABLE ELECTRICAL DEVICES TO RECEIVE POWER
WIRELESSLY

The present invention relates to adapting portable electrical devices to receive power

wirelessly.

Many of today’s portable devices contain an internal secondary cell or battery which
may be recharged by temporarily attaching an external adaptor to the power
connector of the device. However this is something of a nuisance for users because it
requires manual dexterity, requires both hands, and, especially, because different
manufacturers use incompatible connectors, so the right adaptor must be located for

each device.

Various means have been proposed for charging devicqs without the need to attach
an external adaptor. These include:

e A surface providing power by presenting an array of contacts which then
mate with receiving contacts on the device. Examples include:

o In academia, the “Networked Surfaces” research conducted by James
Scott and Frank Hoffman of the Laboratory for Communications
Engineering, Engineering Department, University Of Cambridge,
UK. _

o In business, the wire-free electricity base proposed by MobileWise
Inc., U.S.A.

e A surface providing power to devices By induction, without any contacts, for
example as disclosed in patent publication no. WO-A-03/96512. In this
system, the device incorporates a substantially flat element for receiving
power inductively, conditioning it and then providing it to the device’s

battery and electronics.

These solutions typically require a device design to be modified, typically by the

Original Equipment Manufacturer, in order to incorporate the power-receiving
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element during manufacture. However there are a very large number of existing
portable devices which are not already enabled. It would therefore be convenient to
have a solution whereby the user could enable an existing device by simply

retrofitting a power-receiving element to it.

According to a first aspect of the present invention, there is provided wireless power
receiving apparatus for use with a portable electrical device to enable the device to
receive power wirelessly, the apparatus comprising: a power-receiving element
adapted to be attached to the device, and also being adapted to receive power
wirelessly from a transmitter of power when the element and transmitter are in
proximity with one another; and one or more power connectors which, when the
apparatus is in use, are connected electrically to the power-receiving element and are
adapted to be connected to one or more corresponding power connectors of the

portable electrical device to deliver power received by the element to the device.

The benefit of the invention is that it enables users to add wireless power transfer

capability to their existing portable devices easily.

In use, the user simply attaches the power-receiving element to the portable device
and then connects the power connector(s) to the corresponding power connector(s)
(power-input) of the portable device, thus enabling the device to receive power
without wires from a transmitter of power (e.g. an external charger) for example by

way of electromagnetic induction.

The means of attaching the power-receiving element to the device might be an
adhesive, or might be some mechanical means such as a clip. The power receiving
element could alternatively snap-fit on the device or slide on to it. The element may

be removable or permanently attached once applied.

Yet another way of attaching the power-receiving element to the portable electrical
device is to have a rigid connection between the power-receiving element and at least

one of the power connectors. In this case, connection of that power connector or
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those power connectors to the corresponding power connector(s) on the portable
electrical device serves to attach the power-receiving element mechanically to the

device without the need for any separate attaching means such as adhesive or a clip.

Another way of attaching the power-receiving element to the portable electrical
device is to form the power-receiving element as part of a replacement cover portion
of the portable electrical device. Some devices, such as mobile phones, have
replaceable cover portions so that the user can change the appearance or “skin” of the

device.

Optionally, the power-connector(s) may be attached to the power-receiving element
by a flexible connecting member, allowing the power-connector(s) to be inserted and
removed from the device’s power-input while the power-receiving element remains
attached for convenient future use. Preferably, the flexible connecting member also
serves to connect the one or more power connectors electrically to the power-

receiving element.

In one embodiment the electrical connections (e.g. wires) extending between the
power-receiving element and power connectors are detachable from the power-
receiving element and/or from the power connectors when the apparatus is not in use.
This can enable the electrical connections and the power connectors to be removed to
protect them from possible damage whilst still leaving the power-receiving element

attached.

By having the electrical connections detachable it is also possible to offer a single
design of power-receiving element but several different designs of power connector
(or power connector plus electrical connection such as a flying lead) for use with

different portable electrical devices.

Optionally, the power-connector may itself incorporate a contact means similar to the

power-receiving input of the device, so that even when it is connected to the device,
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the device may still be plugged in to a conventional adaptor in a “pass-through”

fashion.

The portable electrical device may have first connector means adapted to connect to
corresponding second connector means of external equipment. The first connector
means provide the one or more corresponding power connectors of the portable
electrical device, possibly together with one or more further connectors for other
purposes such as signal or data input/output. In this case, the apparatus preferably
further comprises: third connector means adapted to connect to the device’s first
connector means, the third connector means providing the power connector(s) of the
apparatus; fourth connector means adapted to connect to the external equipment’s
second connector means; and a pass-through connection arrangement interconnecting
at least one connector of the third connector means and a corresponding connector of

said fourth connector means.

The third and fourth connector means may be on opposi{e faces of a power connector
unit or block so that the unit or block can be sandwiched between the ekternal
equipment (e.g. a car hands-free cradle for a mobile phone) and the portable
electrical device. It is not necessary for the pass-through connection arrangement to
interconnect the power connectors of the third and fourth connector means, although
this is preferable to enable power to be supplied from the external equipment when
available. The pass-through connection arrangement could serve just to interconnect

signal or data connectors of the third and fourth connector means.

If the power received by the power-receiving means must be power-conditioned
before being passed to the device, the power-conditioning circuitry may optionally

be incorporated into the power-receiving element or the power-connector.

Optionally, all parts of the invention, especially the adhesive, may be substantially

waterproof.
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Optionally, the power-receiving element may be coloured and textured such that,
when adhered to the device, it appears to be a part of the device. Alternatively, or
additionally, the power-receiving means may carry text or pictures, for example a

logo or advertising.

Optionally, the power-receiving element may include a substantially transparent

pocket into which pictures and the like may be slid.

In another embodiment, a part of the power-receiving element which must be placed
in proximity with the transmitter is marked or coloured or labelled distinctively. In
this way, the user can be informed of how to position or orient the power-receiving
element (attached to the portable electrical device) relative to the transmitter so that

power is transferred efficiently from the transmitter to the power-receiving element.

Optionally, a power indicator may be provided, optionally in the power-receiving
element or the power-connector, to indicate when poWer is being received and/or
being passed to the device. The indicator may produce light (perhaps an LED or

electroluminescent panel), sound or vibration.

Optionally, the power-receiving element may be applied inside the device instead of

outside, for example to the rear of the battery compartment.

Optionally, the power-connector may connect to internal power contacts within the

device, possibly to its batteries and/or battery. contacts.

Preferably, the power-receiving element is substantially flat. Alternatively, but
preferably in addition, the power-receiving element is flexible. These features make
it easy to attach the power-receiving element to the portable electrical device at a
suitable internal or external surface portion thereof. When the surface portion is an
internal one, having the power-receiving element substantially flat and/or flexible
makes it possible to fit the element conveniently even in confined spaces such as

battery compartments. When the surface portion is external, these features make it
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possible to attach the power-receiving element without significantly affecting the

overall shape and/or ergonomics of the portable electrical device.

According to a second aspect of the present invention, there is provided in
combination a portable electrical device and wireless power receiving apparatus

embodying the aforesaid first aspect of the present invention.

The following non-exhaustive list illustrates some examples of devices that can be
enabled using the present invention. Possibilities are not limited to those described
below:
* A mobile communication device, for example a radio, mobile telephone or
walkie-talkie;
e A portable computing device, for example a personal digital assistant or
palmtop or laptop computer;
e Portable entertainment devices, for example a music player, game console or
toy; |
e Personal care items, for example a toothbrush, shaver, hair curler, hair rollers;
e A portable imaging device, for example video recorder or camera;
o Containers of contents that may require heating, for example coffee mugs,
plates, cooking pots, nail-polish and cosmetic containers;
e Consumer devices, for example torches, clocks and fans;
e A battery-pack for insertion into any of the above;

e A standard-sized battery cell;

In the case of unintelligent secondary devices such as a battery cell, some
sophisticated charge-control means may also be necessary to meter inductive power
to the cell and to deal with situations where multiple cells in a device have different
charge states. Furthermore, it becomes more important for the transmitter of power to
be able to indicate a “charged” condition, since the secondary cell or battery may not

be easily visible when located inside another electrical device.
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According to a third aspect of the present invention there is provided a power-
receiving element in the form of a sticker adapted to be attached adhesively to a
surface portion of a portable electrical device, the element being adapted to receive
power wirelessly from a transmitter of power when the element and transmitter are in
proximity with one another, and having connection means from which an electrical

comnection can be made to a power connector of the device.

By providing the power-receiving element in the form of a sticker the user can

readily retrofit the power-receiving element to the portable electrical device.

For convenience of delivery and attachment, the sticker preferably has a removable
backing sheet on its adhesive side which is removed at the time of attaching the

element to the device.

The side of the sticker opposite its adhesive side may conform in appearance to
surface portions of the portable electrical device that wilfbe adjacent to that opposite
side when the sticker is attached to the device. This can enable the sticker-form
power-receiving element to be attached unobtrusively or invisibly to the outside of

the portable electrical device.

In another embodiment the sticker has, on its side opposite its adhesive side, a
substantially transparent pocket for carrying an insert. The insert may carry text or

pictures, for example a logo or advertising.

According to a fourth aspect of the present im;ention, there is provided a replacement
cover portion for a portable electrical device, the cover portion carrying or
incorporating a power-receiving element adapted to receive power wirelessly from a
transmitter of power when the element and transmitter are in proximity with one
another, and having connection means from which an electrical connection can be
made to a power connector of the device. Preferably, the replacement cover portion
has substantially the same size and shape as the cover portion which it replaces.

Alternatively, the replacement cover portion may be thicker than that which it
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replaces, or extend over the side of the portable electrical device which houses the

power connector, to allow the connection means to connect to the power connector.

In one embodiment the replacement cover portion has a power connector part
carrying one or more power connectors arranged to connect, when the replacement
cover portion is in place on the device, to one or more corresponding power
connectors of the portable electrical device. Preferably, the power connector part is
connected rigidly or semi-rigidly (e.g. resiliently) to the remaining parts of the
replacement cover portion so that fitting the replacement cover portion automatically
brings the one or more power connectors of the replacement cover portion into
electrical connection with the one or more corresponding power connectors of the

portable electrical device.

In another embodiment, the replacement cover portion covers a battery compartment
of the portable electrical device and has one or more battery connectors adapted to
connect to one or more corresponding battery connectors'!'of the device and/or to
terminals of one or more batteries installed in the device. For example, the one or
more battery connectors of the cover portion may be adapted to be interposed

between the battery terminals and the corresponding battery connectors of the device.

In another embodiment, the replacement cover portion covers a battery compartment
of the portable electrical device, and the cover portion further carries or incorporates
at least one rechargeable battery. When the replacement cover portion is in place on
the device the battery is installed operatively in the battery compartment. The
power-receiving element is connected operatively to the battery for charging the

battery when power is received wirelessly from the transmitter.

The replacement cover portion is, for example, a replacement cover portion for a

handset of a mobile communications network.

According to a fifth aspect of the present invention, there is provided a method of

adapting a portable electrical device having no wireless power receiving capability to
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have such a capability, the method comprising: attaching a power-receiving element
to the device, the element being adapted to receive power wirelessly from a
transmitter of power when the element and transmitter are in proximity with one
another; and connecting one or more power connectors, which are connected
electrically to the element, to one or more corresponding power connectors of the

device so that power received by the element can be delivered to the device.

According to a still further aspect of the present invention, there is provided an
attachable means for receiving power, the means comprising:

i) a substantially flat power-receiving means of sufficiently small
dimensions that it can attach to an existing portable device without
significantly altering its ergonomics;

ii) a power connector capable of attaching to the power input of an existing
portable device; and

iii) a means of attaching part or all of the above to a portable device.
For a better understanding of the present invention and to show how it may be
carried into effect, reference will now be made, by way of example only, to the

accompanying drawings, in which:

Figure 1a shows a schematic side view of a portable electrical device and a first

example of wireless power receiving apparatus embodying the present invention;
Figure 1b is a schematic end view corresponding to Figure 1a;

Figure 1c is a plan view corresponding to Figure 1a;

Figures 2a to 2c are respective schematic side, end and plan views of a portable
electrical device and a second example of wireless power receiving apparatus

embodying the present invention;

Figures 3a and 3b are respective schematic plan and side views of a power-receiving
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element embodying the present invention;

Figure 4 shows a circuit diagram of parts of circuitry included in apparatus according

to one embodiment of the present invention;

Figure 5 shows a schematic cross-sectional view of a power connector of apparatus

according to one embodiment of the present invention;

Figure 6 shows a schematic perspective view of a power-receiving element in the

form of a sticker according to one embodiment of the present invention;

Figure 7 shows a schematic perspective view of a power-receiving element according

to another embodiment of the present invention.

Figure 8 shows a schematic perspective view of parts of a handset for use in a mobile
communications network, a battery pack therefor and a réplacement cover portion for

the handset according to one embodiment of the presént invention;

Figure 9 shows a schematic perspective view of the handset and battery pack of
Figure 8 and a replacement cover portion for the handset according to another

embodiment of the present invention; and

Figure 10 shows a schematic perspective view of the handset of Figure 8 and a
replacement cover portion for the handset according to yet another embodiment of

the present invention.

FIGURE 1 shows parts of apparatus 150 according to a first embodiment of the
present invention, and an example portable electrical device (mobile handset) 100
with which the apparatus is used. As originally manufactured the device has no

wireless power receiving capability.

10
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As shown in side view in Figure la the device 100 has a power-connector 101 which
in this case is a socket. The apparatus 150 comprises a substantially flat power-
receiving element 200, a layer of adhesive 201, a flexible connecting member
(flexible wiring) 202 and a power-connector 203 capable of being plugged-in to the

device’s power-connector 101.

Figures 1b and 1c show end and plan views of the arrangement of Figure la. The
rear face (underside) of the mobile device 100 is uppermost in Figure 1la, and it is to

this face that the element 200 is attached.

Figures 2a to 2¢ shows corresponding views to those of Figures la to lc but for
apparatus 160 according to the second embodiment of the present invention. In this
case the device power connections (first connector means) 111a,b are contact strips
instead of a socket. These device power connections 111a,b are adapted to connect
to corresponding mating strips (second connector means — not shown) of external
equipment (not shown) such as a charger. A power'“’connector unit 213 of the
apparatus has corresponding mating strips (third connector means) 215a,b on an
inner face 214 thereof which make electrical contact with the device’s power
connections 111a,b. In addition, further connectors (fourth connector means) 217a,b
are provided on an outer face 216 of the power connector unit 213 so that other
equipment, for example an in-car hands-free unit or charger, having the second
connector means may still be connected. These further connectors 217a,b are
connected electrically to the corresponding contacts 215a,b by a pass-through
connection arrangement incorporated into the power connector unit 213. The
connectors 215a,b and 217a,b may include connectors used for purposes other than

power delivery, for example input/output of signals and data.

Figures 3a and 3b show plan and side views respectively of one example of a
substantially flat power-receiving element 200 for use in embodiments of the present
invention. A magnetic core consists of six strips of amorphous metal 400 each
measuring 50x30x0.02mm, stacked. Around these is wound a coil 300, which could

be for example of copper wire, tape, or a stamped or pressed metal. In this case, the
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coil passes around the core 30 times, with a centre-tap, providing current to three
connections 202 which connect to further circuitry described later with reference to
Figure 4. The entire element is readily flexible, which is useful in making it conform
to any non-flat part of the device to which it is applied, and also makes it less fragile,

since the entire element can be less than 0.2mm thick.

Further information regarding the power-receiving element of the example shown in
Figures 3a and 3b, and regarding further examples of suitable power-receiving
element is given in our patent publications WO-A-03/096361 and WO-A-03/096512,
the entire contents of which are incorporated herein by reference. Various designs of
a transmitter of wireless power suitable for use with the power-receiving element are

also disclosed in these patent publications.

Figure 4 shows circuitry 450 capable of converting the alternating current delivered
by the power receiving element into power suitable for. use in a portable electronic
device. A parallel-resonating capacitor 501 tunes the ébil, which allows increased
power transfer. A value of 100’s of nF is typical, depending on the exact core
materials and coil construction, and therefore inductance. The alternating current is
full-wave rectified by diodes 500. Schottky diodes with a forward voltage drop of
0.3V provide best performance. Capacitor 502 provides smoothing of the DC. The
voltage at this point is unregulated, which may be sufficient to send to subsequent
electronics within the portable device, if it is capable of taking such. Optional voltage
regulator 503 limits the voltage for devices which are not capable of taking an
unregulated supply. This regulator may be a linear or switch mode type, and may
optionally also contain other protection and system management circuitry. Optional

indicator 504 indicates that power is being received.

An alternative configuration to that shown in Figures 3a, 3b and 4 would be to use a
full bridge rectifier instead of diodes 500, removing the need for the centre-tap, but
increasing the total power loss. With this configuration, the tuning capacitor may be

parallel-resonant or series-resonant.

12
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Figure 5 shows a detail view of one implementation of a power connector 600. A
barrel-shaped protrusion carries two conducting rings 601 and 602 which mate with
contacts within the power input socket of the portable device. The circuitry 450 of
Figure 4 is contained within the power connector, and the optional power indicator
504 is visible externally. Optionally the connector 600 is removable from an end 603
of the flexible wiring 202, allowing different power connectors to be fitted to suit the

particular device, each with the appropriate circuitry (power electronics) 450.

Alternatively, one end of the flexible wiring 202 could be removable from the
power-receiving element 200 and the other end attached permanently to the power
connector 600. This would allow the power connector 600 and flexible wiring 202 to
be sold as one unit, and the power-receiving element to be sold as another unit.
Again, this would make it possible to offer different versions of the power connector
plus flexible wiring to work with different portable electrical devices, whilst offering
only a single design of power-receiving element. | The removable connections
between the flexible wiring and the power connector anci/or power-receiving element
can be made by any suitable electrical connection arrangement such as a plug and

socket.

A preferred implementation of the present invention is illustrated schematically in
Figure 6. In this implementation, the power-receiving element is in the form of a
“sticker” 700. The element 700 has a layer of adhesive 702 on one surface 701
thereof. The element is supplied with a removable backing sheet 703 which protects
the adhesive 702 prior to attachment of the element to the portable electrical device.
The backing sheet 703 is peeled off by a user‘to expose the layer of adhesive 702 on
surface 701. After peeling off the backing sheet 703 the user simply presses the

power-receiving element on its adhesive side 702 to the portable electrical device.

Figure 7 shows a schematic perspective view of a power-receiving element in
another embodiment of the present invention. In this embodiment the power-
receiving element 800 has, on its side 801 which will be visible to a user when the

element is attached to the device, a transparent pocket 802. An insert 803, for
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example a slip of paper or card, is carried within the pocket 802. The insert may bear

text or pictures, for example a logo or advertising.

Another preferred implementation of apparatus embodying the present invention is in
the form of a replacement cover portion of the portable electrical device itself. There
are several types of portable electrical device commercially available which have
replaceable cover portions. Handsets for use in mobile communications networks
made by several major manufacturers are one example. Replacement cover portions
for such devices can advantageously carry or incorporate at least the power-receiving

element of apparatus embodying the present invention.

Figure 8 shows a schematic perspective view of such a handset 900. The handset
900 has a battery compartment 902 for holding a removable battery pack 904. The
removable battery pack 904 is, for example, a rechargeable battery pack. The battery
pack 904 has terminals (not shown) which connect to corresponding battery
connectors 906 of the handset 900 within the battery vtcompartment 902 when the
battery pack 904 is installed in the battery compartment. The handset 900 also has a

power connector 908 at a bottom end 910 thereof.

A replacement cover portion 950 according to an embodiment of the present
invention is adapted to be fitted to the handset 900. The replacement cover portion
in this embodiment is a rear cover portion and covers the battery compartment 902 of
the handset 900 as well as other parts thereof. The cover portion 950 has on its inner
face or incorporated within it a power-receiving element 952. The element 952 may,
for example, be the same as the power—receivihg element 200 described hereinbefore.
The cover portion 950 is designed to extend at one end 954 beyond the bottom end
910 of the handset 900. At the end 954 the cover portion 950 has a power connector
part 956 carrying one or more power connectors 958. The power connector(s) is/are
connected in some suitable way (not shown) to the power-receiving element 952,
either directly or via power conditioning circuitry such as the circuitry 450 of Figure
4. The power connector(s) 958 is/are adapted to connect to the corresponding power

connector(s) of the handset power connector 908. This arrangement is convenient in
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that installation of the cover portion 950 on the handset 900 automatically makes the
required electrical connections between the power-receiving element 952 and the
power connector 908 of the handset. If necessary, the power connector part 956 of
the cover portion 950 may be connected semi-rigidly (e.g. resiliently) instead of
rigidly to the remaining parts of the cover portion 950. This can make it easier for the
power connector(s) 958 of the cover portion to be connected to the corresponding
power connector(s) of the handset 900 when the cover portion is being fitted to the

handset.

Figure 9 shows another embodiment in which the power-receiving element is carried
by or incorporated in a replacement cover portion. In Figure 9, a replacement cover
portion 1000 does not have the extended end 954 or the power connector part 956 of
the replacement cover portion 950 of Figure 8. Instead, an internal power connector
part 1002 is connected, preferably via power conditioning circuitry such as the
circuitry 450 of Figure 4, to the power-receiving elemeqt 952. The connection may
be made using flexible wiring 1004. The power connegtor part 1002 is sufficiently
thin to enable it to be interposed between the battery terminals of the battery pack
904 and the power connectors 906 formed within the battery compartment 902 of the
handset 900. In a similar way to that described previously with reference to Figure 2,
the power connector part 1002 has a set of contacts on both its main faces. The two
sets of contacts are connected together by a pass-through connection arrangement. -
This enables the power from the battery pack 904 to be supplied to the power
connectors 906 when the power-receiving element is not receiving power wirelessly

from a transmitter.

Figure 10 shows yet another embodiment in which a replacement cover portion 1050
carries or incorporates a rechargeable battery pack 1054 in addition to a power-
receiving element 952. The electrical connections between the power receiving
element 952 and the battery pack 1054 are made by suitable means (not shown)
incorporated in or carried by the cover portion 1050. The fitting of the replacement
cover portion 1050 to the handset 900 brings the battery terminals of the battery pack
1054 into contact with the power connectors 906 of the handset 900.
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The preferred features of the invention are applicable to all aspects of the invention

and may be used in any possible combination.
Throughout the description and claims of this specification, the words "comprise"
5 and "contain" and variations of the words, for example "comprising” and

"comprises”, mean "including but not limited to", and are not intended to (and do

not) exclude other components, integers, moieties, additives or steps.
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CLAIMS:

1. Wireless power receiving apparatus for use with a portable electrical
device to enable the device to receive power wirelessly, the apparatus comprising:

a power-receiving element adapted to be attached to the device, and also
being adapted to receive power wirelessly from a transmitter of power when the
element and transmitter are in proximity with one another; and

one or more power connectors which, when the apparatus is in use, are
connected electrically to the power-receiving element and are adapted to be
connected to one or more corresponding power connectors of the portable electrical
device to deliver power received by the element to the device.

2. Apparatus as claimed in claim 1, wherein said power-receiving
element is adapted to be attached adhesively to the device when the apparatus is in
use.

3. Apparatus as claimed in claim 1, further comprising mechanical
attachment means adapted to attach the power-receiving element mechanically to the
device when the apparatus is in use. )

4. Apparatus as claimed in claim 1, wherein said power-receiving
element forms part of a replacement cover portion of the portable electrical device.

5. Apparatus as claimed in claim 1, wherein said power-receiving
element and at least one of said power connectors of the apparatus are connected
rigidly together, whereby connection of said at least one power connector to its said
corresponding power connector of the portable electrical device serves to attach the
power-receiving element mechanically to the device.

6. Apparatus as claimed in any one of claims 1 to 4, further comprising a
flexible connecting member connecting said one or more power connectors flexibly
to said power-receiving element.

7. Apparatus as claimed in claim 6, wherein said flexible connecting
member also serves to connect said one or more power connectors electrically to the
power-receiving element.

8. Apparatus as claimed in any one of claims 1 to 5, having one or more
electrical connections extending between said power-receiving element and said one

or more power connectors, said one or more electrical connections being detachable
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from said power-receiving element and/or from said one or more power connectors
when the apparatus is not in use.

9. Apparatus as claimed in any preceding claim, wherein said portable
electrical device has first connector means adapted to connect to corresponding
second connector means of external equipment, said first connector means providing
said one or more corresponding power connectors of the portable electrical device,
and the apparatus further comprising:

third connector means adapted to connect to said first connector means of the
portable electrical device, said third connector means providing said one or more
power connectors of the apparatus;

fourth connector means adapted to connect to said second connector means of
said external equipment; and

a pass-through connection arrangement interconnecting at least one connector
of said third connector means and a corresponding connector of said fourth connector
means. ;

10. Apparatus as claimed in claim 9, wherein said first to fourth connector
means also provide connectors for purposes other than power delivery, and said pass-
through connection arrangement serves to interconnect corresponding connectors of
said third and fourth connector means used for said other purposes.

11. Apparatus as claimed in any preceding claim, further comprising:

power-conditioning circuitry operable to condition the power received by the
power-receiving element prior to delivery to the portable electrical device.

12. Apparatus as claimed in any preceding claim, wherein said power-
receiving element is small relative to said portable electrical device.

13. Apparatus as claimed in any preceding claim, wherein said power-
receiving element is thin relative to said portable electrical device.

14. Apparatus as claimed in any preceding claim, wherein a volume
occupied by said power-receiving element is small in comparison with a volume
occupied by said portable electrical device.

15. Apparatus as claimed in any preceding claim, wherein said power-
receiving element is of sufficiently small dimensions that, when attached to the

portable electrical device, it does not substantially alter the ergonomics of the device.
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16. Apparatus as claimed in any preceding claim, wherein parts of said
power-receiving element that are visible to a user of the device when the element is
attached to the device have an external appearance which conforms to an external
appearance of adjacent parts of the device.

17. Apparatus as claimed in any preceding claim, wherein a part of said
power-receiving element which must be placed in proximity with the transmitter is
marked or coloured or labelled distinctively.

18. Apparatus as claimed in any preceding claim, wherein said power-
receiving element has, at a surface thereof that is visible to a user of the portable
electrical device when the element is attached to the device, a substantially
transparent pocket for carrying an insert to be visible to the user.

19. Apparatus as claimed in any preceding claim further comprising an
indicator which produces a predetermined indication of an operating state of the
apparatus.

20. Apparatus as claimed in any preceding claim, wherein said power-
receiving element is substantially flat. )

21. Apparatus as claimed in any preceding claim, wherein said power-
receiving element is flexible.

22. In combination a portable electrical device and wireless power
receiving apparatus as claimed in any preceding claim.

23. The combination of claim 22, wherein said power-receiving element
is attached to an external surface portion of the device.

24, The combination of claim 22, wherein said power-receiving element
is attached to an internal surface portion of the device.

25. The combination of claim 24, wherein said internal surface portion is
a surface portion of a battery compartment of the device.

26. The combination of any one of claims 22 to 25, wherein said one or
more corresponding power connectors of the portable electrical device are internal
power connectors.

27. The combination of any one of claims 22 to 26, wherein said one or
more corresponding power connectors of the portable electrical device are battery

connectors.
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28. A power-receiving element in the form of a sticker adapted to be
attached adhesively to a surface portion of a portable electrical device, the element
being adapted to receive power wirelessly from a transmitter of power when the
element and transmitter are in proximity with one another, and having connection
means from which an electrical connection can be made to a power connector of the
device.

29. A power-receiving element as claimed in claim 28, wherein said
sticker has a removable backing sheet on its adhesive side which is removed at the
time of attaching the element to the device.

30. A power-receiving element as claimed in claim 28 or 29, wherein a
side of said sticker opposite its adhesive side conforms in appearance to surface
portions of the portable electrical device that will be adjacent to said opposite side
when the sticker is attached to the device.

31. A power-receiving element as claimed in any one of claims 28 to 30,

wherein said sticker has, on its side opposite its adhesive:side, a substantially

‘transparent pocket for carrying an insert.

32. A replacement cover portion for a poi‘table electrical device, the
cover portion carrying or incorporating a power-receiving element adapted to receive
power wirelessly from a transmitter of power when the element and transmitter are in
proximity with one another, and having connection means from which an electrical
connection can be made to a power connector of the device.

33. A replacement cover portion as claimed in claim 32, having a power
connector part carrying one or more power connectors connected operatively to the
power-receiving element and arranged to connect, when the replacement cover
portion is in place on the device, to one or more corresponding power connectors of
the portable electrical device.

34, A replacement cover portion as claimed in claim 32 or 33, adapted to
cover a battery compartment of the portable electrical device, and having one or
more battery connectors adapted to connect to one or more corresponding battery
connectors of the device and/or to terminals of one or more batteries installed in the

device.
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35. A replacement cover portion as claimed in claim 34, wherein said one
or more battery connectors of the cover portion are adapted to be interposed between
said battery terminals and said corresponding battery connectors of the device.

36. A replacement cover portion as claimed in claim 32 or 33, adapfed to

5  cover a battery compartment of the portable electrical device, and further carrying or
incorporating at least one rechargeable battery such that, when the replacement cover
portion is in place on a device, the battery is installed operatively in the battery
compartment, the power-receiving element being connected operatively to the
battery for charging the battery for charging the battery when power is received

10  wirelessly from the transmitter.

37. A replacement cover portion as claimed in any one of claims 32 to 36,
being a replacement cover portion for a handset of a mobile communications
network.

38. A method of adapting a portable electrical device having no wireless

15  power receiving capability to have such a capability, the method comprising:
attaching a power-receiving element to the devicé, the element being adapted
to receive power wirelessly from a transmitter of power when the element and
transmitter are in proximity with one another; and
connecting one or more power connectors, which are connected electrically to
20  the element, to one or more corresponding power connectors of the device so that

power received by the element can be delivered to the device.
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IMPROVEMENTS RELATING TO AUTOMATICALLY CONFIGURING
RECHARGEABLE DEVICES

This invention relates to a new system of managing portable rechargeable devices in
relation to their recharging stations, and a method of managing portable rechargeable

devices in relation to their recharging stations.

Portable rechargeable devices (instances of which are hereinafter referred to simply
as a “device”) are usually charged either by:
e attaching a wire from a recharger (Figure 1), or
e by dropping the device into some kind of receptive cradle connected to a
recharger, or
* by dropping the device onto a surface connected to a recharger (Figure 2)
Charging is either by via electrical contacts or a non-contact means, e.g. magnetic

induction or light-power.

Examples include:
e The Palm Pilot™ series of Personal Digital Assistants (PDAs), which sit in a
recharging cradle.
e Mobile phones, which can be dropped into a cradle in a car for recharging

and hands-free operation.

In some cases, devices charged by non-contact means may not need to be physically
touching their rechargers — just placing a device close to a recharger may be
sufficient to enable charging to take place. So hereinafter in this patent application,
when the word “on” is used in the context of recharging a device on a recharger, it
should be understood to mean that it may either touch its recharger, or be near
enough to permit recharging to take place. Likewise the wbrd “off” used in such a
context should be understood to mean that it is being taken out of contact with its

recharger, or far enough away that recharging is no longer possible.

CONFIRMATION COPY
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In some instances, today’s wire-recharged devices are able to perform certain useful

automatic actions when they:

are removed from the recharging station and/or
are replaced on the recharging station and/or

remain on the recharging station

Examples include:

10

15

20

Hagenuk™ DECT wireless cordless home phones, which if removed from
the cradle while ringing automatically go “off-hook™ (answer), and if off-
hook automatically go “on-hook”, terminating the call, as they are replaced
onto the cradle.

The Palm Pilot™, which is also able to synchronise data with a connected PC
via its recharging cradle, on command from a manual pushbutton.

Various mobile phones (e.g. Ericsson™ T68) which can detect when an
extenal hands-free set is plugged in to them, and alter their “profile” setfing
accordingly. The “profile” is a collection of seftings which affect the phone’s
behaviour, for example the volume setting and the answer mode. If the hands-
free set functionality is incorporated in an in-car charging cradle, the
combined unit has the functionality of automatically changing its profile
when dropped into the cradle, and of automatically reverting to a previous

profile when removed from the cradle.

Unrelated to the above, but of relevance to the present invention, there exist devices

powered by an external inductive field, and capable of simultaneously exchanging

25 data to and from the remote device generating that field. An example of such data

modulation combined with an inductive power source is the passive “RFID” devices

and smart labels, for example the Philips MIFARE™ smart tags, which are both

powered and interrogated by an inductive field from a nearby reader.

30 Today more and more devices are capable of obtaining their data communications

(e.g. voice data or computer data) wirelessly, for example by DECT or Bluetooth or
802.11 WiFi.
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If such devices are also made capable of being recharged without wires (e.g. by
induction-charging) then the devices become entirely wire-free, with obvious

benefits of convenience for the user.

However in this case the mechanical contact connection which today serves to
indicate to the device that it is in a cradle is not present in such inductively-charged
devicés. This removes a useful means of triggering automatic actions such as those

described above.

According to a first aspect of the present invention there is provided:
e arecharging station (“recharger”) and

a portable rechargeable device (“device”),

e the device incorporating a means for receiving power from such a
recharger without direct electrical contact (“receiver”),

e the receiver having a means for detecting when it is in proximity to
the recharger, and signalling this information to the rest of the device
(“control means™),

e the control means using this information to change the state of the

device, or to take some predetermined action.

Such a system is advantageous because it provides the device with a means of
altering its behaviour in some useful fashion as it is removed from and/or replaced on

the recharger.

According to a second aspect of the present invention, there is provided a method of
altering the settings, and/or triggering certain behaviour of a portable rechargeable
device by means of a receiver capable of detecting that it is in proximity to a
recharging station and informing the control software or electronics of the device

electronics of this fact.
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The receiver may receive power for example via an inductive loop or a photovoltaic
cell, Typically it may incorporate some kind of power-conditioning circuit, for
example a rectifier and a smoothing capacitor, and possibly a voltage regulator,
which will then typically be connected both to the power-supply input of the device
and to a rechargeable battery. There may be a separate charge-controller to control

the recharging of the battery.

The control means may be dedicated analogue or digital electronics, or a

microcontroller running a software program.

The communication from the receiver to the control means may be a simple
hardware or software binary signal indicating whether or not the device is in
proximity to the recharger, or it may be some more sophisticated hardware or
software signal indicating for example the three conditions “far from recharger /

close to recharger / on recharger”.

The receiver may detect this condition for example simply by detecting that its
received power has crossed a preset threshold. The detection may be conducted by

component already mentioned, for example a regulator or charge-controller

It will be clear to those skilled in the art that the transition from one signal state to

another (an “event”) may be a useful trigger for causing actions to take place.

Optionally, a signal indicating that the device is being brought closer to the recharger
may do any or all of the following:

e Cause the device to begin reception, transmission or synchronisation of its
data with another device, for example a personal computer (PC). The data
may be of any type, for example but not limited to calendar and contact data,
photographic data, music data.

e Cause the device, if it is interacting with the user (for example a phone “off-
hook”, or a computer streaming live video from some expensive source) to

cease the interaction (for example, the phone going ‘“‘on-hook”, or the
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computer ceasing to stream the video). Indeed the device may simply turn-
off, or appear to do so.

e Switch to a different mode of communication with other devices.

Optionally a signal indicating that the device is being taken further from the
recharger may cause the device to do any or all of the following:

e Cause the device, if it is signalling for attention from the user (for example, a
phone ringing or an alarm sounding) to change into a mode suitable for
interaction with the user (for example, the phone going “off-hook™ or the
alarm silencing). Indeed the device may simply turn-on ready to be used, for
example an electric shaver starting.

e “Finish-up” any ongoing data transfers in an ordered fashion, on the
assumption that it may be about to go out of range, e.g. leave the house.

e Switch to a different mode of communication with other devices.

e Request a security verification from the user (for example, a PIN number or
fingerprint). This would be useful in cases where a device is being recharged

in a public place, to prevent thieves from find the device useful if they steal it.

Optionally, the location and/or orientation in which the device is placed relative to
the recharger may be sensed by the device, the recharger or both, and made to control
their behaviour or state. For example, placing a phone in a particular part of the
recharger might mean “ring quietly” or “refuse calls™. Moving a device relative to its
charger might cause its light and/or a light on the recharger to illumiﬁate, making it

easier to pick-up in the dark.

Optionally, or additionally, to the control means detecting that it is close to a
recharger via the power receiver (which indicates that it may be close-enough to
actually charge), it. may detect that it is in the region of a recharger by some other
longer-range wireless interface. For example, both the recharger and the device may
have bidirectional Bluetooth or 802.11 WiFi interfaces capable of interchanging
information. This allows the control means to know when it is “close, but not close-

enough to charge”. If this is coupled with a means for detecting that the device needs
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recharging, the recharger may for example light an indicator to indicate its useful

presence.

Alternatively or additionally, the flow of power from the recharging means to the
device may be modulated to encode data upon it. It may be modulated in either
direction:
e by the recharger (e.g. by skipping power cycles) to send data to the device,
and/or
e by the device (e.g. by shorting turns during power cycles) to send data to the
~ recharger, and/or |

e both of the above.

Such data may be a simple static identity number (“ID”), for example a unique ID or
class ID. In the case of devices which also have another ID for different purposes
(for example the phone number of a phone, or the Internet Protocol or Bluetooth
address of a data device), the two IDs may be the same, thus communicating the
other ID over the recharging link. The ID may even be the ID of a related item, for
example the Social Security Number or email address of the owner of a device, or

the IP address of a computer within wireless range of the recharging station.

Alternatively or additionally, such data may be a dynamic flow of novel information

between devices, for example the data needed to synchronise a PDA with a PC.
Depending on the type of power transfer, the data transfer rate may be quite slow.

A device may set its internal state (e.g. the profile of a mobile phone) differently,
and/or conduct certain actions (e.g. synchronisation) differently, dependant on the ID
of the recharger on which it is placed. For example, a mobile phone may set its
profile to ring more quietly when on a recharger with a “home” ID than on one with
a‘“car” [D).‘
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A recharger in a public place may read the phone number (or other ID) of a device so

that it can bill the user for power received, or push adverts.

Once the power is exhausted on a device, it may refuse to work again until it is

recharged on a recharger with a particular ID or class of ID’s previously-defined.

It can be difficult for users of wireless devices to configure them such that they are
able to communicate with to one another. Such devices tend to have long IDs which
must somehow be exchanged in order for a link to be established, and this normally
either has to be done by entering many numbers or letters, or by requesting a list of

all devices within range and choosing one.

It will be seen that for such deviées, for example a wireless PDA trying to
synchronise with a PC, the simple reception or exchange of such an ID may be of
great help in informing one device of the other’s address automatically, so that it may
establish a link on a separate communication means, possibly a wireless network

with higher data-rate and greater-range.

The usable distance within which a device must be of a recharger in order to recharge
is usually short and well-defined (compared to that of a typical wireless data system),
and thus it is convenient for the user to point or wave the device at the recharger, to

make it clear which device should be talking to which.

If, for example, a recharger has a separate wireless Access Point built-in, or attached
to or nearby to it (for example one using the Bluetooth or 802.11 protocols), it can
advertise the IP address of the Access Point to any devices placed on it. Without this,
much button-pushing would be required of the user to configure the device to
achieve a simple task, e.g. collecting email, at a new location such as a café or office,

which may never be visited again.
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As another example, imagine that an inductive recharger is placed on a mantelpiece
in the living room of a home, and it is set to encode a unique “living room ID” onto
its inductive field:

e If the user places a video-camera or digital camera on the recharger to
recharge it, and the video camera has a wireless link on it, this ID mechanism
can ensure that when “play” is pressed, the image is sent to the correct TV,
and not to the one in the room next door.

e Likewise if the user places a music player (e.g. an MP3 player) with a
wireless link, this ID mechanism can ensure that when “play” is pressed, the
audio is sent to the correct loudspeaker music system, and not to the one in

the room next door.

The same scenario could be imagined in a car — where a user may want to ensure that
any device they place on an in-car recharger uses their own networks and not those

e.g. of the car next door.

As another example, if every device remembers the ID of the last recharger it has
encountered (including any recharger it may currently be on), then placing the device
on the recharger, even momentarily, becomes a means of establishing a “rendezvous
ID” which can be used to exchange data by some other wireless means between two

devices.

If the recharger is capable of simultaneously recharging more than one device, the
recharging station can even become a “proxy” — an area enabling devices to

exchange data with each other.

The receiver may optionally have an alternative mode of operation where it is
capable of generating power for transfer to another device, rather than receiving it. In
such a case, two devices may exchange IDs or data as described above directly

between them without the help of any recharger.
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Any combination of all of the above may be possible.

For a better understanding of the present invention and to show it may be carried into
effect, reference shall now be made, by way of example, to the accompanying

drawing(s), in which:
FIGURE 3 shows an embodiment of the present invention.

Referring to Figure 3, a recharger uses an inductive coil to create an alternating
magneﬁc field. This field is picked-up by a device in proximity. The device rectifies
smoothes and regulates the power, before delivering it to the control means and, via a
charge-controller, to the device battery. The area bordered by a dotted line may be
considered to be the “receiver” in the present invention. So far, this is a description

typical of any inductively-charged electronic device.

‘What makes it novel is the signal line (heavy dotted line) from the regulator to the

control means. In this embodiment, the regulator is measuring the power received,
and setting the signal line high if the power received is above a threshold, and low
otherwise. The control means uses this information to change certain behaviour, for
example to set Profile A when the signal line is high and to set Profile B when the

signal line is low.

In a more sophisticated embodiment, the recharger modulates the transmitted power
with an ID number which is the ID of a local wireless access point. The receiver now
decodes this ID data from the incoming power and passes it to the control means

which makes more sophisticated use of it, for example to use it to access the Internet.

The preferred features of the invention are applicable to all aspects of the invention

and may be used in any possible combination.

Throughout the description and claims of this specification, the words "comprise"

and "contain" and variations of the words, for example "comprising" and

9
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"comprises", mean "including but not limited to", and are not intended to (and do

not) exclude other components, integers, moieties, additives or steps.

10
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CLAIMS:

1. A system for recharging portable devices comprising;:

e arecharging station (“recharger”) and

e aportable rechargeable device (“device”),

e the device incorporating a means for receiving pc')wer from such a
recharger without direct electrical contact (“receiver”),

e the receiver having a means for detecting when it is in proximity to
the recharger, and signalling this information to the rest of the device
(‘“‘control means™),

e the control means using this information to change the state of the

device, or to take some predetermined action.

2. A system as claimed in claim 1, wherein the device includes a memory
containing data, and wherein, when the control means detects increased proximity to
the charger, the control means triggers the device to begin transmission, reception or

synchronisation of the data to, from or with another computer.

3. A system as claimed in claim 1 or 2, wherein, when the control means detects
increased proximity to the charger, the control means triggers the device to cease any

ongoing interaction with a user of the device.

4. A system as claimed in any preceding claim, wherein, when the control
means detects decreased proximity from the charger, the control means triggers the

device to begin interacting with a user of the device.
5. A system as claimed in any preceding claim, wherein, when the control

means detects decreased proximity from the charger, the control means triggers the

device to finish any ongoing wireless communications.

11
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6. A system as claimed in any preceding claim, wherein the device has a user
interface and wherein, when the control means detects decreased proximity from the

charger, the control means triggers the device to lock its user interface.

7. A system as claimed in any preceding claim, wherein a behaviour or
operation of the control means changes dependant on where and/or in what rotation

the device is placed on the recharger.

8. A system as in any preceding claim, wherein a flow of power from the
recharger to the device is modulated to encode data upon it, either by the recharger,

the device or both.

9, A system as claimed in claim 8, wherein the encoded data is a static

identification number.

10. A system as in claim 9, wherein the number is a wireless network address of

the recharger or device.

11. A method of altering the settings, and/or triggering certain behaviour of a
portable rechargeable device by means of a receiver capable of detecting that it is in
proximity to a recharging station and informing the control software or electronics of

the device electronics of this fact.

12. A system for recharging portable devices, substantially as hereinbefore
described with reference to or as shown in Figures 2 and 3 of the accompanying

drawings.
13. A method of altering the settings, and/or triggering certain behaviour of a

portable rechargeable device, substantially as hereinbefore described with reference

to or as shown in Figures 2 and 3 of the accompanying drawings.

12
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Flgure 1- Conventlonal “flying lead” charger, which plugs into a mobile device to
charge it

10  Figure 2 - Wirelessly-rechargeable devices, recharged by being placed onto, or in
proximity to, a recharging pad.

Page 889 of 1081



WO 2004/038887 PCT/GB2003/004642

2/2
device e recharger
{receiver E
(] . 1
i | smooth ¢ rectify E
[} 1
i i
i regulate E
[}
S el , e
N S 4 | i | alternating
. charge | i ! | magnetic
- control i i | fields transfer
iv e | i | power from
(]
control device | | i rec(l;ar.ger to
means battery |\ T K evice

Figure 3 — Example configuration for informing control means of the proximity of
the device to a recharger
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IMPROVEMENTS RELATING TO CONTACT-LESS POWER TRANSFER

This invention relates to a new device for transferring power in a contact-less

fashion, for example electromagnetic induction.

Today’s inductively-chargeable portable devices, for example the Braun Oral B Plak
Control power toothbrush, must typically be precisely aligned with their charger in
order to charge them. This precision is necessary so that the coil in the device is
correctly aligned with the coil in the charge;r — the coils being, in effect, the two

halves of a conventional power transformer.

Some examples of typical prior art are shown in Figure 1. In Figure la, the primary
coil of the charger is aligned with the secondary coil of the device. In Figure 1b, a
horseshoe electromagnet on the charger is aligned with a similar electromagnet on
the device. Figure 1c¢ operates in a very similar way to Figure 1b: the field is created
by two coils operating in antiphase (with the lower return circuit being an air gap),
and the secondary coil is a flat wound coil. Prior art such as US4873677 works in
such a fashion. Note in all cases the precise alignment that is required in order to

achieve good coupling between the primary and secondary coils.

Referring now to Figure 2 which explains some terminology used in the present
application: Figure 2a shows some charger 201 with a surface 203, the charger 201
emitting a field, and some device 202 charging from the charger 201 (and
appreciating that in this figure the shapes of both are irrelevant). Figure 2b shows
that the device 202 may move about on (“be translated relative to”) the surface 203
of the charger 201 in two directions, depicted X and Y, which are at right angles to
one another. The device 202 may also move nearer to and further from the charger
201 in direction Z, but as this will eventually take it out of the charging field, and this

is therefore not considered here.

Figure 2c shows that in addition to the above translations, the device 202 may rotate
around the X axis (rX), the Y axis (rY) and the Z axis (rZ). In the present application,

CONFIRMATION COPY
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only rotations about rZ, and not those around rX or rY, shall be considered. Each of
these six translations and rotations is independent from (also known as “orthogonal

to”) the others, and is known as a “degree of freedom”.

Figure 2d shows an alternative translation co-ordinate system. Instead of orthogonal
(X,Y) movement, the position of the device 202 is determined by the radius (r) and
the angle (0) from some centre point. Even though 0 involves rotation, it is still a
translational degree of freedom, since the device 202 itself need not rotate about its

own axis.

For maximum user convenience a system should allow up to five degrees of freedom

- translation in the Z axis not being of practical use ~ so that a device 202 can be

‘placed without regard to its position or orientation on the charger 201.

But today’s toothbrush chargers and the like are typically much more constrained.
Systems employing the transformer configuration shown in Figure la offer one
degree of freedom (rotation in the plane of the coils), and those shown in Figure 1b
and Figure 1c offer zero degrees of freedom, since if the device is to continue to
receive adequate power it cannot be either rotated nor translated relative to the
charger. Having zero - or only a few - degrees of freedom requires precise alignment
which may be inconvenient to the user because it requires a degree of care and

manual dexterity in placing the device 202 on the charger 201.

In addition, systems lacking the translational (X and Y) degrees of freedom cannot
charge multiple devices simultaneously, because of course not more than one device

can occupy the required (X,Y) position at once.

In addition, such systems requiring precise primary:secondary alignment are also not
a universal inductive charging solution — one able to charge devices with very
different power requirements — because the different coil sizes mandated by the
power needs of different types of devices will not be a good match for any single size

of charger coil — see Figure 3.
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Various means of increasing the number of degrees of freedom have been proposed.

One simple method is to have a large coil in the charger, emitting a large field,
allowing the device to pick-up sufficient power even if it is not perfectly aligned.
Figure 4, for example, shows such a charger coil 401 and device coil 402. This is the
method adopted by various RFID devices. However the coupling between the coils
401 and 402 will be poor and highly variable dependent on position, so this solution
is inefficient and limits the power that can be transferred while still complying with
emission legislation. Therefore this solution is far from ideal in charging

applications, where efficiency is typically an important criterion.

A solution which improves upon the efficiency of such “large coil” systems, while
still offering several degrees of freedom, is to use multiple coils in the charger,
enabled as appropriate, ensuring that there is always a reasonable match between
nearby charger coils and the device coil. See Figure 5, showing multiple charger
coils 501 and single device coil 502. Prior art includes:
e A system is described in the Journal of the Magnetics Society of Japan titled
“Coil Shape in a Desk-type Contactless Power Station System” (29" Nov
2001)

An alternative solution is the present applicant’s UK patent application number
0210886.8 of 13 May 2002, which discloses a system generating a horizontal field
across the surface of the charger, in contrast to conventional solutions which generate
a vertical field out of the surface of the charger. A copy of equivalent International
patent application no PCT/GB2003/002030 is being filed with the present application
so as to form part of the file thereof, and the full contents of PCT/GB2003/002030
are hereby incorporated into the present application by reference. This offers the
same two translational degrees of freedom (X and Y) as the above multiple-coil
approach, but with better field uniformity and therefore worst-case efficiency.
Optionally, the horizontal field may be rotated in the plane of the charger, offering an

additional one degree of rotational freedom (rZ). See Figure 6 which shows a laminar
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charger 601 generating a magnetic field in the plane of the charger 602 and a device
610 capable of receiving power from such a field when it is in a certain alignment
611. If the field generated by the charger is made to rotate, as shown, then there is no

requirement to align the device in any particular orientation.

According to a first aspect of the present invention, there is provided a unit for
transferring power in an inductive manner to at least one power-receiving device, the
unit being provided with at least one electrical coil, and the power-receiving device
being capable of receiving power when placed in more than one position or rotation

on the unit.

The unit may include a pad in which the coils are disposed, the pad serving as a
surface upon which power-receiving devices may be placed in order to effect power
transfer. The unit may incorporate a power supply or be connectable to a power
supply. The pad is preferably a laminar pad, i.e. has a configuration of a lamina. In
other words, the pad is preferably generally flat, and may be substantially planar, it
being understood that the pad may take a curved form or be made conformal to a
curved surface such as the inside of a glove compartment in an automobile. This

may apply also to the further aspects of the invention set out hereinbelow.

According to a second aspect of the present invention, there is provided a unit for
transferring power in an inductive manner to at least one power-receiving device, the
unit being provided with a plurality of electrical coils, the electrical coils not all

being of the same shape.

The coils may be simple conductive loops, or may comprise a more complex
arrangement of conductors. Where a more complex arrangement of conductors is
provided, for example as disclosed in the present applicant’s co-pending UK patent
applications numbers 0210886.8 of 13™ May 2002 and 0213024.3 of 7" June 2002
(the full disclosures of which are hereby incorporated into the present application by
reference), 'the term “coil” in the context of the present application is intended to

denote each separate arrangement of conductors that defines a given charging region
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or active area on the primary unit and on which a secondary device is placed in order

to effect charging.

The plurality of electrical coils preferably in this aspect may also not all be of the

same size and/or not all enclose the same dimensional area.

According to a third aspect of the present invention, there is provided a umit for
transferring power in an inductive manner to at least one power-receiving device, the
unit being provided with a plurality of electrical coils, the electrical coils not all

being of the same size and/or not all enclosing the same dimensional area.

In some embodiments, all the coils may be of mutually different shapes and/or sizes
and/or dimensional areas. In other embodiments, two or more of the plurality of
coils may have the same shape and/or size and/or dimensional area, with the
remaining coils having one or more different shapes and/or sizes and/or dimensional

areas, or all having the same different shape and/or size and/or dimensional area.

The coils may be spatially separated from each other such that no coil is enclosed in
or overlaps with any other coil. Alternatively, one or more smaller coils may be
contained within a boundary of one or more larger coils. Where one or more smaller
coils are contained within a boundary of a larger coil, the coils may be substantially
concentric, or may have some other arrangement. For example, a plurality of smaller
coils may be contained within a boundary of a larger coil in such a way that the
smaller coils are not contained within each other or overlap with each other. Some
smaller coils may be nested within each other within the boundary of a larger coil,
with some other smaller coils not being nested within each other within the same

outer boundary.

The coils may take various shapes, including circular, elliptical, generally ovate,
triangular, rectangular, parallelogram, trapezoidal, star-shaped, regular polygonal,

irregular polygonal or amorphous.
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According to a fourth aspect of the present invention, there is provided a unit for
transferring power in an inductive manner to at least one power-receiving device, the
unit being provided with at least one plurality of nested electrical coils and also with
means for selectively activating one or more of the nested electrical coils so as to be
adaptable to provide efficient power transfer to power-receiving devices of different

sizes and/or power requirements and/or positions/rotations.

The means for selectively activating one or more of the nested coils may be adapted
automatically to sense an appropriate size and/or power requirement and/or
position/rotation determinant of the power-receiving unit (for example, a size or sizes

of secondary power-receiving coils in the power-receiving device).

The nested coils may be substantially circular, or may take any other appropriate

shape as outlined above.

In a particularly preferred embodiment, there are provided four nested sets of
electrical coils, each having a substantially right-angled triangular shape, and
arranged such that the right-angles of the four sets of coils all point towards a single
origin point such that the four sets of nested coils have an overall substantially square
or rectangular configuration. Preferably, adjacent sets of coils are driven in
antiphase so as to cause rotation of a resultant electromagnetic field about the origin
point, thereby providing a degree of rotational freedom in the positioning of a power-

receiving device on the pad.

According to a fifth aspect of the present invention, there is provided a unit for
transferring power in an inductive manner to at least one power-receiving device, the
unit being provided with an even number of electrical coils each having corner
portion, the coils being arranged such that the corner portions all point towards an
origin point, and wherein, in operation, adjacent coils are driven in antiphase so as to

cause rotation of a resulting electromagnetic field about the origin point.
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There is preferably provided four coils, which may each have a substantially right-
angled triangle shape, a quarter circular shape or any other appropriate shape. Where
more than four coils are provided, they may each have a generally triangular shape or

take the shape of a sector of a circle.

Any of the first to fourth aspects of the present invention may be combined with at

least one power-receiving unit so as to form a system for contact-less power transfer.

According to a sixth aspect of the present invention, there is provided a system for
contact-less power transfer, the system comprising a power-transmitting unit
provided‘ with a primary coil and at least one power-receiving device incorporating a
secondary coil, wherein the primary coil is generally elongate along an x-axis with
respect to an orthogonal y-axis, and wherein the secondary coil is sized so as to be
sufficiently similar in size to the primary coil with respect to the y-axis so as to
provide efficient power transfer, but smaller in size with respect to the x-axis so as to

provide a translational degree of freedom of movement along the x-axis.

In this way, several power-receiving devices may be simultaneously provided with
power by the primary coil by placing the devices adjacent each other along the x-

axis.

The primary coil may be generally rectangular, or any other appropriate shape,
including elliptical or generally ovate. The secondary coil preferably has a
corresponding rectangular (possibly square) or elliptical or ovate or other
configuration, subject to the constraints that the extent of the primary coil along the
y-axis is substantially similar to that of the secondary coil along the y-axis, and that
the extent of the primary coil along the x-axis is greater than that of the secondary
coil along the x-axis. Preferably, the extent of the primary coil along the x-axis is at
least twice, advantageously at least three or four times, that of the secondary coil

along the x-axis.
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According to a seventh aspect of the present invention, there is provided a system for
contact-less power transfer, the system comprising a power-transmitting unit
provided with at least one primary coil having a boundary portion and at least one
power-receiving device incorporating a secondary coil, wherein power transfer takes
place by way of coupling of near-field flux flowing about the boundary portion of the

at least one primary coil with windings of the secondary coil.

There may be provided just a single primary coil of appropriate configuration, or a
plurality of adjacent primary coils which will enable a plurality of power-receiving

devices to receive power simultaneously.

The at least one primary coil may be generally rectangular in shape, in which case

there is one linear degree of freedom of movement of the secondary coil.

Alternatively, the at least one primary coil may be substantially circular or elliptical

or the like, in which case a rotational degree of freedom of movement is provided.

According to an eighth aspect of the present invention, there is provided a system for
contact-less power transfer, the system comprising a power-transmitting unit
provided with first and second substantially concentric primary coils, the first being
larger than the second, and at least one power-receiving device incorporating at least
one secondary coil dimensioned so as to correspond to a distance between the first
and second primary coils, wherein power transfer takes place by way of coupling of
near-field flux flowing about the boundaries of the first and second primary coils

with generally opposed edges of the secondary coil.

The first and second primary coils in this aspect are supplied with currents flowing in
opposite directions. The coils may be generally circular, or may take any other

appropriate shape as hereinbefore described.
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Summarising the above, the table below lists the desirable characteristics of any
inductive charging system, and illustrates how those of the present invention

compare with prior art:

Today’s ' Present UK
chargers invention 0210886.8
Simple
Y Y Y
(therefore cheap to make)
Efficient and uniform field
Y Y Y
(high-power within regulations)
Simultaneous
N Y Y
(more than one device at a time)
Universal
N Y Y
(many types of devices)
Degrees of freedom 0or 0..2 of 2 (X,Y)
(convenience) 1 (rZ) XYrz) .| 3(XY,17)

5 Embodiments of the present invention may therefore provide greater simplicity (and
thus reduced cost) by offering a number of degrees of freedom which is less than that
of GB 0210886.8, but greater than that of today’s “toothbrush™ chargers, while still
preserving many of the benefits of GB 0210886.8 (Simplicity, Efficiency,
Simultaneity and Universality).

10
Additionally, this may optionally be achieved while still retaining forward
compatibility with devices and chargers of the type described in GB 0210886.8.

There shall now be described various embodiments of the present invention that fit
15  into the following three categories:
1. No degrees of freedom — the charger has different positions for different
types of device (Figure 7)
2. Only the rZ rotational degree of freedom, so the device has to be placed in the
correct position on the charger. The charger has a single location with an

20 effective coil size that alters with device needs (Figure 8 and Figure 9)

9
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3. Only one translational degree of freedom (Figure 10), either:
a. Linear translational
b. Circular translational, and rotational

Addressing each of these categories in turn:

1. No degrees of freedom

Figures 7a,7b,7c show three different types of charger configuration 701 which each
have several sizes or shapes of coil 702,703,704. Each coil could be, for example, a
multiply-wound coil of a type similar to that in Figure 1a. The coils may all be

driven simmltaneously, or only when a device is sensed.

The location and/or rotation and/or type of each coil is made clear by some indicator,
allowing the user to place their device onto the coil which best couples to it, and in

the correct orientation if such is necessary.
In Figure 7a, the coils are spatially separate (allowing multiple devices to be charged
simultaneously), in Figure 7b they are concentric, and in Figure 7¢ they are a mixture

of the two.

The coils can of course be of any shape to suit the device, and some examples are

shown in Figure 7d.

2. Only the one rZ rotational degree of freedom

Figures 1a and 8a show a prior art system with a single rotational degree of freedom
— a coil on the primary 800 couples to a corresponding coil on the device 801 in the

manner of a simple transformer.

Figure 8b shows an alternative method of achieving the same rotational degree of
freedom for a device 811 which expects a field in the manner of Figure lc. An
antiphase field is driven into sets of coils 810A and 810B such that the field rotates
from being aligned in the 810A axis to being aligned in the 810B axis and back to

10
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810A. Thus over time the device receives a significant amount of power no matter

what its orientation.

Figure 9 extends these two means of generating a rotational degree of freedom by
adding universality. A charger 901 consists of a number of such coils, arranged
concentrically, each of which can be driven independently. The charger behaves
differently depending on which type of device is present 902.

e In Figure 9a no device is present, and so no charger coils are driven.

e In Figure 9b a physically small device with correspondingly small power

requirements is present, and so only a few of the inner coils are driven.
e In Figure 9c a physically large device with correspondingly large power

requirements is present, and so many of the coils are driven.

Figures 9d,9¢,9f show a charger with a coil configuration 903 of the type shown in

Figure 8b, but again arranged concentrically as above, with similar benefits.

3a. One linear translational degree of freedom

Figure 10 shows various configurations in which the primary charger coil is larger
than the secondary device coil, but constrained in its dimensions such that it offers a
reasonably efficiency with a single translationdl degree of freedom in the X axis, and

therefore the option of simultaneous charging of multiple devices.

In Figure-10a a rectangular charger coil 1001 drives a smaller device coil 1002 by
generating a field in the Z axis. By being similar in size to the device coil in the Y
dimension, reasonable efficiency is obtained. By being significantly larger than the

device coil in the X dimension, one degree of translational freedom is achieved.

Of course the coils could be any type of shape (for example ellipsoidal) rather than

rectangular as shown — an important point is the aspect ratio.

Figures 10b and 10c achieve a similar result for devices of the Figure lc type, 1003.
In Figure 10b, a charger coil identical to Figure 10a is used. In Figure 10a it was be

11
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considered to be generating a net flux out from the centre of the coil in the Z
dimension, but it can equally be viewed “up close” to the edge of the coil as
generating a flux which is rotating around the wire(s), as shown in Figure 10b.
Therefore if a device of Figure 1c is placed across any edge of the coil, it will receive
the flux.

In Figure 10c a second coil is placed below the first 1004. If placed along the
boundary between the two, as shown, the device coil will receive power from each
coil. Of course this concept can be extended indefinitely in the Y dimension, as
shown with a dotted line, to produce any number of lines along which a device may

receive power.

3b. One circular translational degree of freedom

Figure 11a shows a large coil 1101 with a small coil 1102 inside it. The coils carry
current in opposite directions, and so will generate a net flux flowing in the Z axis
(out of the page). If a device with a coil 1103 is placed anywhere within the annulus
formed between the coils, it will receive this flux with reasonable efficiency. Thus
the device has a circular translational degree of freedom, and multiple devices can be

placed on the charger.

Figure 11b shows a similar scheme working with a device of Figure 1c type. The
device straddles the outer coil 1101 to couple with it. This could be seen as a variant
of Figure 10b.

It will be appreciated that the coils do not have to be circular.

In each of the above cases, the charger may sense if any device is present on any
particular coil, and if so what its power needs are. Possible means for doing this
include but are not limited to:
¢ Sensing the resonance (“Q”) or other characteristics of the driven coils
e Communication by modulation of data signals onto the magnetic field (e.g.
“back-scatter”, as used by RFID devices).

12
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In all embodiments of this present application, the user has limited degrees of
freedom when placing devices. Therefore it may be advantageous to indicate these

constraints to the user.

Such indications may be done in a variety of ways, for example:
e For chargers with placement restrictions, indicating the correct device
position by means of:
o Outlining of the coil area
o Filling, or patterning, the active coil area.
e For chargers with rotational restrictions, indicating the correct device rotation
by means of:

o A line or arrow, or set of such.

The indications may be rendered in any number of media, for example:
e Printing ink, perhaps of a particular colour
e Raising or lowering the charger surface.

e Overall shape of the charger, or part of it.

The device may include corresponding indications.

Some examples of possible indications are shown in Figure 12, which:

* Figure 12a shows a printed or raised outline of two devices, for chargers
which have no degrees of freedom.

» Figure 12b shows a printed or raised arrow on both the charger and the
device, for chargers with 2 translational but not rotational degrees of freedom.

e Figure 12c shows similar to 12b, but with striped indication instead of
arrows.

¢ Figure 12d shows a “target” of concentric circles on both charger and device,
for chargers with only a rotational degree of freedom.

* Figure 12e shows a charger with one circular translational degree of freedom,

designed such that the active area of the charger is obvious from its form.

13
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Prior art such as US5952814 [Philips phone charger with interlock] describes how
the casing of charger may be made to match the internal shape of the charger thus

allowing for accurate alignment of the primary and secondary coils.

It will be appreciated that in the case of a device coil designed to receive power by
picking-up flux travelling substantially in the plane of the charger, as opposed to
orthogonal to it, mﬁnerous possible designs of core are possible, for example but not
limited to:

e arod of permeable material with wire coiled around it (Figure 13a) or

e a’flat piece of permeable material with a wire coiled flat around it (Figure

13b), as in Figure lc.

Tt will alsb be appreciated that in any of the above, the precise shape of any coils in
the device and/or charger will have an effect on the efficiency and other
characteristics. For example, replacing any square coil with a circular coil may
reduce efficiency somewhat, but, thanks to the rotational symmetry of a circle,

allows the device to have a rotational degree of freedom.

The preferred features of the invention are applicable to all aspects of the invention

and may be used in any possible combination.

Throughout the description and claims of this specification, the words "comprise"
and "contain" and variations of the words, for example "comprising" and
"comprises”, mean "including but not limited to", and are not intended to (and do

not) exclude other components, integers, moieties, additives or steps.

14
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CLAIMS:

1. A unit for transferring power in an inductive manner to at least one power-
receiving device, the unit being provided with a plurality of electrical coils, the

electrical coils not all being of the same shape.

2. A unit as claimed in claim 1, wherein the electrical coils are not all of the

same size and/or do not all enclose the same dimensional area.

3. A unit for transferring power in an inductive manner to at least one power-
receiving device, the unit being provided with a plurality of electrical coils, the
electrical coils not all being of the same size and/or not all enclosing the same

dimensional area.

4, A unit as claimed in claim 3, wherein the electrical coils are not all of the
same shape.
5. A unit as claimed in any preceding claim, wherein at least one of the

electrical coils comprises a simple conductive loop.

6. A unit as claimed in any preceding claim, wherein at least one of the
electrical coils comprises a complex arrangement of conductors defining a charging

region on which a power-receiving device may be placed.

7. A unit as claimed in any preceding claim, wherein all of the electrical coils
have mutually different shapes and/or sizes and/or enclose mutually different

dimensional areas.
8. A unit as claimed in any one of claims 1 to 6, wherein two or more of the

electrical coils have the same size and/or shape and/or enclose the same dimensional

area.

15
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9. A unit as claimed in claim 8, wherein one or more of the remaining coils have
one or more different shapes and/or sizes and/or enclose different dimensional areas

than the said two or more of the electrical coils.

10. A unit as claimed in any preceding claim, wherein the electrical coils are
spatially separated from each other such that no coil is enclosed within or overlaps

any other coil.

11. A unit as claimed in any one of claims 1 to 9, wherein one or more smaller

coils are contained within a boundary of one or more larger coils.

12. A unit as claimed in any one of claims 1 to 9 and 11, wherein one or more

coils overlap with one or more other coils.

13. A unit as claimed in claim 11, wherein the smaller coils contained within a
boundary of at least one larger coil are arranged in a substantially concentric or

nested configuration.

14. A unit as claimed in claim 11, wherein the smaller coils contained within the
boundary of at least one larger coil are arranged such that the smaller coils do not

overlap each other or are not contained within each other.

15. A unit as claimed in claim 11, wherein some of the smaller coils contained
within the boundary of at least one larger coil have a nested configuration, and
wherein some other of the said smaller coils are do not have a nested configuration

within the same boundary.

16. A unit as claimed in any preceding claim, wherein the unit is provided with
means for selectively activating one or more of the electrical coils in order to provide
efficient power transfer to power-receiving devices of different sizes and/or power

requirements and/or positions or rotations.
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17. A unit for transferring power in an inductive manner to at least one power-
receiving device, the unit being provided with at least one plurality of nested ’
electrical coils and also with means for selectively activating one or more of the
nested electrical coils so as to be adaptable to provide efficient power transfer to
power-receiving devices of different sizes and/or power requirements and/or

positions/rotations.

18. A unit as claimed in claim 17, wherein at least one of the electrical coils

comprises a simple conductive loop.

19. A unit as claimed in any claim 17 or 18, wherein at least one of the electrical
coils comprises a complex arrangement of conductors defining a charging region on

which a power-receiving device may be placed.

20. A unit as claimed in claim 17, wherein there is provided four nested sets of
electrical coils, each having a substantially right-angled triangular shape, and
arranged such that the right-angles of the four sets of coils all point towards a single
origin point such that the four sets of nested coils have an overall substantially square

or rectangular configuration.

21. A unit as claimed in claim 20, wherein, in operation, adjacent sets of coils are
driven in antiphase so as to cause rotation of a resulting electromagnetic field about

the origin point.

22, A unit for transferring power in an inductive manner to at least one power-
receiving device, the unit being provided with an even number of electrical coils
each having a corner portion, the coils being arranged such that the corner portions
all point towards an origin point, and wherein, in operation, adjacent coils are driven
in antiphase so as to cause rotation of a resulting electromagnetic field about the

origin point.
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23. A unit as claimed in claim 22, the unit being provided with four coils.

24. A unit as claimed in claim 22 or 23, wherein each coil has a substantially

right-angled triangle shape or a quarter circular shape.

25. A system for contact-less power transfer, comprising a unit as claimed in any
one of claims 1 to 25 and a discrete power-receiving device including a secondary

coil for coupling inductively with the least one coil of the unit.

26. A system for contact-less power transfer, the system comprising a power-
transmitting unit provided with a primary coil and at least oné power-receiving
device incorporating a secondary coil, wherein the primary coil is generally elongate
along an x-axis with respect to an orthogonal y-axis, and wherein the secondary coil
is sized so as to be sufficiently similar in size to the primary coil with respect to the
y-axis so as to provide efficient power transfer, but smaller in size with respect to the
x-axis so as to provide a translational degree of freedom of movement along the x-

axis.

27. A system as claimed in claim 26, wherein an extent of the primary coil along
the x-axis is at least twice, advantageously at least three or four times, that of the

secondary coil along the x-axis.

28. A system for contact-less power transfer, the system comprising a power-
transmitting unit provided with at least one primary coil having a boundary portion
and at least one power-receiving device incorporating a secondary coil, wherein
power transfer takes place by way of coupling of near-field flux flowing about the

boundaty portion of the at least one primary coil with windings of the secondary coil.
29. A system as claimed in claim 28, comprising a plurality of adjacent primary

coils enabling a plurality of power-receiving devices to receive power

simultaneously.
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30. A system as claimed in claim 28 or 29, wherein the at least one primary coil
is generally rectangular in shape, so as to provide is one linear degree of freedom of

movement of the secondary coil.

31. A system as claimed in claim 28 or 29, wherein the at least one primary coil
is substantially circular or elliptical or the like, so as to provide a rotational degree of

freedom of movement of the secondary coil.

32. A system for contact-less power transfer, the system comprising a power-
transmitting unit provided with first and second substantially concentric primary
coils, the first being larger than the second, and at least one power-receiving device
incorporating at least one secondary coil dimensioned so as to correspond to a
distance between the first and second primary coils, wherein power transfer takes
place by way of coupling of near-field flux flowing about the boundaries of the first
and second primary coils with generally opposed edges of the secondary coil.

33. A system as claimed in claim 32, wherein the first and second primary coils,

in operation, are supplied with currents flowing in opposite directions.

34. A system as claimed in claim 32 or 33, wherein the primary coils are

generally circular or elliptical or the like.

35. A unit as claimed in any one of claims 1 to 24, wherein the at least one coil is
incorporated in a laminar charging pad upon which a power-receiving device may be

placed.

36. A unit as claimed in claim 35, wherein the charging pad is substantially

planar.
37. A system as claimed in any one of claims 25 to 34, wherein the at least one

coil is incorporated in a laminar charging pad upon which the power-receiving

device may be placed.

19
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38. A system as claimed in claim 37, wherein the charging pad is substantially

planar.

5 39, A unit for transferring power in an inductive manner to at least one power-
receiving device, substantially as hereinbefore described with reference to or as
shown in Figures 7 to 13 of the accompanying drawings.

40. A system for contact-less power transfer, substantially as hereinbefore

10  described with reference to or as shown in Figures 7 to 13 of the accompanying

drawings.
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IMPROVEMENTS RELATING TO RETENTION OF RECHARGEABLE
DEVICES

This invention relates to a new system for temporary attachment of portable
rechargeable devices to recharging stations, and a method of temporarily attaching

portable rechargeable devices to their charging units.

Today’s portable rechargeable devices are typically recharged by temporarily
connecting them to a recharger via a mating plug-in or clip-on connection. An
example is the typical “floating wire” connection between a mains charger and a

mobile phone (see Figure 1).

The connection serves two purposes:

1) It electrically connects the device to its recharger, allowing transfer of power.

2) It mechanically connects the device to its recharger, in a way which retains it
securely against forces from accidental knbcks and the like, but is easily
removable by the user. This mechanical connection thus allows recharging to
continue reliably until the user physically breaks the connection, and in some
cases may also keep the device conveniently available to the user. Examples of
the latter include the recharging “cradle” for the Palm Pilot® and the drop-in

“hands-free” car socket for a mobile phone.

Some of today’s portable rechargeable devices are charged by a non-contact means,
for example by inductive power transfer. An example is the Braun® electric
toothbrush, where the toothbrush must be accurately located onto a spigot on the
recharger, which retains it. However, the spigot serves only as a positioning means
and no additional force is required to separate the toothbrush from the charger other

than that required to lift the toothbrush against gravity.

But some of these non-contact charging means do not require the device and the
recharger to be so precisely aligned. Such solutions may offer significant freedoms

for the designer and for the user. For example the recharging means may be a
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laminar surface upon which a device can conveniently be placed, in any position and
any orientation, as disclosed, for example, in the present applicant’s UK patent
application no. 01283175 of 27 November 2001. This avoids the limitations of the
positive mechanical connection (e.g. cradles, connectors, clips) required by other
charging solutions, and so is more convenient to the user because it is easier to place
a device casually anywhere on a surface than precisely to align it with a mechanical
socket. Dispensing with the need for mechanical location may also allow other
benefits, such as the ability simultaneously to recharge multiple units, and/or to

recharge devices of different types on the same recharger.

However in some situations, the lack of positive mechanical retention of such a
surface may be a disadvantage for users. For example:

e A flat recharging surface must be kept substantially horizontal to prevent
devices from sliding off the surface. But this requirement may be
inconvenient to the user — for example putting the surface on a desk may
occupy otherwise-useful space. Freeing-up the surface so that it can be placed
in any orientation would give the user much more flexibility to use otherwise-
useless space — for example to mount the surface vertically on a wall, or even
on the inside of a car roof.

e If a mobile recharging surface is likely to be subject to movement (e.g. a
tabletop that may get knocked, or in a car, aeroplane or spacecraft), the

devices may fall off.

Clearly, it would be convenient to remove these potential disadvantages whilst
preserving the benefits of freedom of design and use of such surface-based charging

systems.

According to a first aspect of the present invention there is provided a system for
wireless powering or recharging of rechargeable devices, the system comprising a
charging unit and a power receiving device, wherein one or other or both of the

charging unit and the power receiving device is provided with connecting means

Page 934 of 1081



10

15

20

25

30

WO 2004/030176 PCT/GB2003/004150

adapted for temporary releasable connection of the power receiving device to the

charging unit, the connecting means not being an electrical connection.

According to a second aspect of the invention, there is provided a system for wireless
powering or recharging of rechargeable devices, the system comprising a charging
unit and a power receiving device, wherein one or other or both of the charging unit
and the power receiving device is provided with connecting means adapted for
temporary releasable connection of the power receiving device to the charging unit in

at least two positions and/or rotations of the device relative to the charging unit.

According to a third aspect of the invention, there is provided a charging unit adapted
for wireless powering or recharging of a power receiving device, wherein the
charging unit is provided with connecting means for temporary releasable connection
of a power receiving device thereto, the connecting means not being an electrical

connection.

According to a fourth aspect of the present invention, there is provided a power
receiving device adapted for wireless powering or recharging by a charging unit,
wherein the power receiving device is provided with connecting means for temporary
releasable connection of a charging unit thereto, the connecting means not being an

electrical connection.

According to a fifth aspect of the present invention, there is provided a method of
wireless powering or recharging of a power-receiving device which comprises
temporarily attaching the device to a charging unit, said method further comprising
utilising a releasable temporary connecting means attached to the charging unit
and/or the device, wherein said connecting means is adapted to enable the charging
unit and the device to be attached in one or more positions and/or orientations

relative to each other, the connecting means not being an electrical connection.

Accordingly, embodiments of the present invention provides a system for powering

or recharging rechargeable devices which has several advantages over the prior art.
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Such a system is advantageous because it provides convenient retention of the device
to the charging unit while still preserving the convenience of being able to simple
drop or press the device against the charging unit, thus greatly expanding the number

of usable places for the user to locate the charging unit.

It is to be appreciated that embodiments of the present invention are distinguished
over existing systems and methods in that there is provided a combination of wireless '
power transfer and a temporary releasable connection. Ordinary wired power
transfer systems generally incorporate a releasable physical connection such as a
plug and socket with physical mating means, but these are provided in order to
secure a good electrical connection. Ordinary wireless power transfer systems, on
the other hand, do not incorporate physical, temporary releasable physical
connections, since these have hitherto been seen as disadvantageous in a wireless
system. For the avoidance of doubt, it is hereby stated that the expression
“temporary releasable connection” is intended to cover connections that require a
predetermined degree of force for separation. In other words, a simple location
spigot such as found in wireless electn'é toothbrush chargers is not intended to be
covered by the term “temporary releasable connection”, since no particular force is
required to separate the toothbrush from the charger. Embodiments of the present
invention therefore combine a releasable physical connection with a wireless power

transfer system in a counterintuitive way that is not suggested by the prior art.

Preferably, the power receiving device is portable. Examples of portable power
receiving devices include mobile telephones, lap-top computers, and personal digital
assistants (PDA).

Examples of relative positions and/or orientations in which the charging unit and
device may be attached include:

e Any position in one translational dimension.

e Any position in an orthogonal translational dimension.

e Any rotation about one plane.

e Any rotation about a plane orthogonal to the first.
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¢ Any combination of the above.

1t will be understood that the term ‘“recharging” may also be taken to mean
“powering” for devices which do not have substantial rechargeable batteries, and
therefore can only operate while in proximity to the recharger, for example

lightbulbs, fans etc.

Preferably, the charging unit is capable of charging multiple types of device.
Preferably, the charging unit is capable of charging multiple devices simultaneously.
Preferably, the device is capable of being charged by multiple types of charging unit.

Advantageously, the connecting means comprises a means added to the surface of
the device and/or the charging unit. Examples of this type of connecting means
include hook-and-eye fasteners (such as Velcro™), suckers, reusable, self-adhesive
glue (as used in, for example, Post-It™ notes) or high stiction/friction surfaces such
as a rubbery or rough surface. The means may cover only a small portion of the

surface, or for example a complete face, or the entire device and/or charging unit.

Alternatively or in addition, the connecting means may comprise a shaping of the
surface of the device and/or the charging unit. Examples of the connecting means
used in this embodiment of the invention include bumps, ridges or grooves on the
surface of either the charging unit or the device. For example, the connecting means
may comprise a plurality of projections on one surface and a plurality of
corresponding holes on another surface, for example as used in Lego® building
blocks. Alternatively, spiked systems such as those exemplified by Stickle-Bricks(R)
or spikes with corresponding holes can be used as connecting means. Hook-and-eye

shapings may also be used as connecting means.

Alternatively or in addition, the comnecting means may comprise means added

beneath the surface of the device and/or the charging unit, said means being capable
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of acting at a distance. Examples of the connecting means in this embodiment of the
invention may include permanent magnets, and arrays of such, electromagnets, and

arrays of such or possibly electrostatically-charged terminals.

Alternatively or in addition, only the charging unit, and not the device comprises a
connecting means. In this embodiment, examples of the connecting means include
pockets. For example, the charging unit may be positioned so that it hangs vertically
on a wall and the connecting means of the charging unit may be multiple pockets to
receive one or more devices. Further examples of the connecting means of the
charging unit may include elastic bands to strap down the device(s), or indentations
or contours on the charging unit. Examples of such indentations or contours on the
charging unit include a ridge designed to hold standard AA cells for example or a

bowl shape indentation to retain a variety of differently-shaped devices.

In one embodiment, the connecting means may be adapted to enable the charging
unit and the device to be mated in a large number of different relative orientations,
for example, such that the possible relative location and rotation of the device and
charging unit are quantised into so many possibilities that there is no limitation
visible to the user. For example, the connecting means could be Velcro®, which
would enable mating between the charging unit and the device to occur in almost any
position and rotation relative to each another. Alternatively, the connecting means
may be adapted to enable the charging unit and the device to be mated in a limited
number of relative orientations only. For example, the connecting means may
comprise a plurality of projections on one surface and a plurality of corresponding
holes on another surface, such as Lego® building blocks, which may only allow
mating between the charging unit and the device in a maximum of four possible

rotations and at a finite number of discrete locations).

In particular, there may only be one possible relative orientation in which the device
and charging unit may be mated together. For example, a manufacturer selling a
device capable of being recharged by relatively large recharging surfaces may

nevertheless choose to include with the device a small, low-cost recharging surface
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which precisely fits the device, and is retained to it, for example by 4 holes in the
device and 4 corresponding bumps in the surface. Thus the user can “clip” the
surface of the charging unit to the device in a manner similar to today’s wired
charging connections, but the device is capable of being used more flexibly with
larger charging unit surfaces. In this case, the surface may be incorporated directly
into a mains-powered charging unit, providing a low-cost “no wires” easy-travel

solution onto which a device can be conveniently pressed.

The connecting means of the device may correspond to the connecting means of the
charging unit, such that devices will attach to charging units, but not devices to
devices nor charging units to charging units. An example of a connecting means of
this embodiment is Velcro® which comes in “male” and “female” types which stick
to each other but not to themselves. Thus, the connecting means of the device may be
Velcro® of the male type, and the connecting means of the charging unit may be

Velcro® of the female type.

Alternatively, the connecting means of the charging unit may be identical to the
connecting means of the device. This embodiment will be capable of attaching to
itself and may be used on all devices and charging units. An example is a reusable
tacky adhesive such as the glue used in Post-It® notes. A potential advantage of this
is in the case where a device is capable of performing the function of a charging unit

to another device.

In a yet further embodiment, there may be several different classes of pairs of types
of connecting means, with each pair class attaching only to the other of the pair. A
potential advantage of this is in the case that not all charging units are capable of
recharging all devices — a user can then immediately feel that a device is not

“sticking” to a (or part of a) charging unit and will not be recharged by it.

In addition to the embodiments described above, the connecting means may in
addition possess aesthetic or visual qualities to conveniently inform users that a

device is capable of being recharged, or a charging unit is available to recharge, or if
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a certain (part of the) charging unit is more appropriate for charging a particular class

of device in the manner described above.

Examples of these qualities include giving the connecting means:
e A specific reflective colour (e.g. Pantone® 123)
e A specific emissive colour (e.g. a bright red light)
e A fluorescent or luminous colour
e A specific “sheen” (e.g. glittering metallic silver)
e A specific repeated pattern (e.g. triangles)
e A specific logo design or text (e.g. “Zap™)
e An outline of the area in which a device may receive power
e A texture, which may optionally be recognisable by touch alone (e.g. fuzzy)
e A material

or combinations of the above.

These aesthetic qualities may even by used to inform users of the presence of devices
or charging units in places where they would not otherwise suspect them, for

example a charging unit embedded within part of a tabletop.

The aesthetic qualities may change their appearance or touch depending on the state
of the device and/or the charging unit. For example the surface of a device and/or
charging unit may change colour when it is powered-on, or the device is in need of
recharging, or is recharging, or is recharged, or is in need of attention (for example a

mobile phone device receiving an incoming call).

The preferred features of the invention are applicable to all aspects of the invention

and may be used in any possible combination.

Throughout the description and claims of this specification, the words "comprise"
and "contain" and variations of the words, for example "comprising" and
"comprises", mean "including but not limited to", and are not intended to (and do

not) exclude other components, integers, moieties, additives or steps.
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For a better understanding of the present invention and to show it may be carried into
effect, reference shall now be made, by way of example, to the accompanying

drawings, in which:

FIGURE 1 shows an example of a prior art recharging connection;

FIGURE 2 shows an embodiment of the present invention; and

FIGURE 3 shows an alternative embodiment of the present invention.

Referring to Figure 3, there is shown a power receiving device 1, in this embodiment
the device is a mobile phone. The mobile phone 1 has a connecting means 3 attached
to the back of the phone. In this embodiment the connecting means 3 of the device 1
is a patch of self-adhesive Velcro® of the “male” type. This is black and slightly
prickly, informing the user that the phone may be charged on a charging surface.
Figure 3 also shows a charging unit 5. In this embodiment the charging unit 5 is an
inductive recharging pad. On the surface 7 of the pad 5 is attached a patch of self-
adhesive Velcro® of the “female” type 9, which acts as the connecting means of the
charging unit. This is black and slightly fuzzy, informing the user that the pad may

charge devices.

To mate the phone 1 and the pad 5 temporarily, the user simply presses the phone 1
onto the pad 5 (or drops it, if the pad is below the phone) and the Velcro® 3, 9 holds
the phone in place on the pad . The phone can be placed onto the pad in any
orientation and in any position, and is held securely by the Velcro®. Once the phone
and the pad are attached in this way, the phone can receive power from the pad and
so can be recharged. When the phone 1 has been recharged fully, or before if desired,
it can be removed from the pad 5 easily by the user at any time, simply by pulling it
away. This disengages the Velcro® 3 from the Velcro® 9.

Figure 2 shows an alternative embodiment wherein a plurality of devices 1, (in this
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embodiment, mobile phones) are attached to a charging unit 5 (in this embodiment, a
pad). Figure 2 shows that, in this embodiment, the mobile phone 1 and the pad 5 can
be mated at various different orientations to the each other and also the mobile
phones can be positioned at different orientations relative to the other mobile phones

5 L
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CLAIMS:

1. A system for wireless powering or recharging of rechargeable devices, the
system comprising a charging unit and a power receiving device, wherein one or
other or both of the charging unit and the power receiving device is provided with
connecting means adapted for temporary releasable connection of the power
receiving device to the charging unit, the connecting means not being an electrical

connection.

2. A system as claimed in claim 1, wherein the connecting means is adapted for
temporary releasable connection of the power receiving device to the charging unit in

at least two positions and/or rotations of the device relative to the charging unit.

3. A system as claimed in claim 1 or 2, wherein the connecting means is
selected from a group comprising: hook-and-eye fasteners, suckers, reusable self-
adhesive glue, high stiction/friction surfaces, a shaped recess or projection or
plurality thereof, a permanent magnet or array of permanent magnets, an

electromagnet or array of electromagnets, and electrostatically-charged terminals.

4, A charging unit adapted for wireless powering or recharging of a power
receiving device, wherein the charging unit is provided with connecting means for
temporary releasable connection of a power receiving device thereto, the connecting

means not being an electrical connection.

5. A charging unit as claimed in claim 4, wherein the connecting means is
adapted for temporary releasable connection of the power receiving device to the
charging unit in at least two positions and/or rotations of the device relative to the

charging unit.
6. A charging unit as claimed in claim 4 or 5, wherein the connecting means is

selected from a group comprising: hook-and-eye fasteners, suckers, reusable self-

adhesive glue, high stiction/friction surfaces, a shaped recess or projection or

11
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plurality thereof, a permanent magnet or array of permanent magnets, an

electromagnet or array of electromagnets, and electrostatically-charged terminals.

7. A power receiving device adapted for wireless powering or recharging by a
charging unit, wherein the power receiving device is provided with connecting
means for temporary releasable connection of a charging unit thereto, the connecting

means not being an electrical connection.

8. A power receiving device as claimed in claim 7, wherein the connecting
means is adapted for temporary releasable connection of the power receiving device
to the charging unit in at least two positions and/or rotations of the device relative to

the charging unit.

9. A power receiving device as claimed in claim 7 or 8, wherein the connecting
means is selected from a group comprising: hook-and-eye fasteners, suckers,
reusable self-adhesive glue, high stiction/friction surfaces, a shaped recess or
projection or plurality thereof, a permanent magnet or array of permanent magnets,

an electromagnet or array of electromagnets, and electrostatically-charged terminals.

10. A method of wireless powering or recharging of a power-receiving device
which comprises temporarily attaching the device to a charging unit, said method
further comprising utilising a releasable temporary connecting means attached to the
charging unit and/or the device, wherein said connecting means is adapted to enable
the charging unit and the device to be attached in one or more positions and/or
orientations relative to each other, the connecting means not being an electrical

connection.
11. A method according to claim 10, wherein the connecting means is adapted for

temporary releasable connection of the power receiving device to the charging unit in

at least two positions and/or rotations of the device relative to the charging unit.

12
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12. A method according to claim 10 or 11, wherein the connecting means is
selected from a group comprising: hook-and-eye fasteners, suckers, reusable self-
adhesive glue, high stiction/friction surfaces, a shaped recess or projection or
plurality thereof, a permanent magnet or array of permanent magnets, an

5  electromagnet or array of electromagnets, and electrostatically-charged terminals.

13. A system for wireless powering or recharging of rechargeable devices,
substantially as hereinbefore described with reference to or as shown in Figures 2

and 3 of the accompanying drawings.

10
14. A charging unit adapted for wireless powering or recharging of a power
receiving device, substantially as hereinbefore described with reference to or as
shown in Figures 2 and 3 of the accompanying drawings.
15 15. A power receiving device adapted for wireless powering or recharging by a

charging unit, substantially as hereinbefore described with reference to or as shown

in Figures 2 and 3 of the accompanying drawings.

16. A method of wireless powering or recharging of a power-receiving device,
20  substantially as hereinbefore described with reference to or as shown in Figures 2

and 3 of the accompanying drawings.

13
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BIDIRECTIONAL WIRELESS POWER TRANSMISSION SYSTEM

The present application claims priority from UK patent application no 0213023.5,
filed on 7™ June 2002.

This invention relates to a new system for the transfer of power between devices, and

a new method for transferring power between devices.

As the use of portable devices increases, so does the use of rechargeable batteries for
powering such devices. Some portable devices can be recharged by non-conductive
means, such as magnetic fields, solar, microwaves, eliminating the need for exposed
electrical contacts. Some examples include solar powered radios and Jinductively
powered electric toothbrushes. Such non-conductive means for powering portable

devices are typically part of a two-part recharging system:

1. A charging station, typically not very portable, which takes power from some
source (for example a mains power supply, or a car power outlet) and uses it
to transmit power in such a way that it can be received by thé device. For
example: in solar power systems, the charging station may emit light; in
inductive systems, the station may emit a fluctuating magnetic field; in

microwave systems, the station may generate microwaves.

2. A device, typically more portable, which, when located near the charging
station, receives power from it via 2 charging component (which could be for
example: a photovoltaic panel, a secondary coil or antennae) using it to power

itself, and/or recharge its own batteries.

Examples of charging stations and devices of this nature are more fully explained in
the present applicant’s copending US patent application no 10/326,571 of 20™
December 2002, and also International patent applications nos PCT/GB2003/002030
and PCT/GB2003/002038 of 13™ May 2003, the full disclosures of which are hereby

incorporated into the present application by reference.
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However if users forget to recharge their portable devices, they may run out of power

when far away from the charging station, which is inconvenient.

It is possible to construct a family of such portable devices which share a common
design and/or have the same or similar charging component for receiving power, and

which therefore can all be charged at the same type of charging station.

Typically a user owning several portable, rechargeable devices will discover that one
of them runs out of power before the others. For example, a mobile phone may run
out of power before a laptop computer. When the user is not in proximity to a
charging station, he may wish to transfer some power from one device to another
device. For example, if two users both have mobile phones but one has a fully
charged battery and the other has an empty battery, they may wish to share the power
between the two.

For portable devices which have power connections (for example devices complying
to the common USB standard), it may be possible physically to connect the out-of-
power device (e.g. the mobile phone) to a device which still has power (e.g. the
laptop) via a cable, and thus power and/or recharge the out-of-power device.
However, devices powered by non-conductive means have to-date been designed
such that the module or charging component on portable devices is only able to
receive power, therefore two such devices (e.g. mobile phone and laptop) cannot

transfer power between each other.

According to a first aspect of the present invention there is provided a device capable
of exchanging power with another device, the device including at least a power
storage component and a power exchange component, wherein the power exchange

component is dynamically configurable so as selectively:

a) to receive power by wireless transmission from an external transmitter into

the power storage component; and

Page 951 of 1081



10

15

20

25

30

WO 03/105311 PCT/GB03/02475

b) to transmit power by wireless transmission from the power storage

component to an external receiver.
The external transmitter and/or receiver may be comprised as part of the power
exchange component of the other device, or may be at least incorporated generally

into the other device.

Such a device is advantageous because it allows the user conveniently to power one

device from another, even if a convenient charger is not present. This adds a useful

user feature without adding substantial additional cost.

It is desirable to have a number of devices with modules or charging components
which are not only capable of receiving power but also capable of transmitting power
and perform as a small temporary charging station. Such a family of devices would

then be able to transfer power from one to another as required by the user.

According to a second aspect of the present invention, there is provided a system
comprising at least first and second devices, each device including a power storage
component and a power exchange component, wherein the power exchange

component of the first device is dynamically configurable so as selectively:

a) to receive power wirelessly from the power storage and exchange
components of at least the second device and to direct the received power to the

power storage component of the first device; and

b) to transmit power wirelessly from the power storage component of the first
device to the power exchange and power storage components of at least the second

device.

According to a third aspect of the present invention, there is provided a method of

exchanging power between. a first device and a second device, each device including
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a power storage component and a power exchange component, wherein the power

exchange component of the first device selectively:

a) receives power wirelessly from the power storage and exchange components
of at least the second device and directs the received power to the power storage

component of the first device; and

b) transmits power wirelessly from the power storage component of the first
device to the power exchange and power storage components of at least the second

device.

According to a fourth aspect of the present invention, there is provided a method of
exchanging power between a first device and a second device, each device inclﬁding
at least a power storage component and a power exchange component, wherein the
power exchange component of each device is dynamically configurable so as

selectively:

a) to receive power by wireless transmission from an external transmitter into

the power storage component; and

b) to transmit power by wireless transmission from the power storage

component to an external receiver.

The power storage component of one or more of the devices may be a rechargeable
battery or the like. For a device that is intended only to transmit power and not to

receive power, the power storage component need not be rechargeable.

The power exchange component may operate by transmission and/or reception of
alternating electromagnetic energy, for example electromagnetic induction by way of

an alternating electromagnetic field.
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Alternatively or in addition, the power exchange component may operate by

transmission and/or reception of light energy or the like.
Further means of power exchange are outlined hereinbelow.

Advantageously, the power exchange component may include a conductor, such as a
wire or the like, wound or wrapped around or otherwise associated with a core
component. The core component may be made of a magnetic material, such as a soft
magnetic material, and in some embodiments is made of an amorphous metal

material, optionally in an “as-cast” or non-annealed state.

Amorphous metal is a metal alloy, consisting for example of iron, boron and silicon,
which has been melted and then cooled so rapidly (“quenched”) that there is no time
for it to crystallise as it solidifies, leaving it instead in a glass-like amorphous state. A
more detailed description of amorphous metals may be found in US 4,877,464, the
full disclosure of which is hereby incorporated into the present application by

reference.

The following non-exhaustive list illustrates some examples of devices that may
contain the said power-storage component and the power-exchange component.
Possibilities are not limited to those described below:
e A mobile communication device, for example a radio, mobile telephone or
walkie-talkie;
e A portable computing device, for example a personal digital assistant or
palmtop or laptop computer; ‘
e DPortable entertainment devices, for example a music player, game console or
toy;
e Personal care items, for example a toothbrush, shaver, hair curler, hair rollers;
e A portable imaging device, for example video recorder or camera;
e Containers of contents that may require heating, for example coffee mugs,
plates, cooking pots, nail-polish and cosmetic containers;

e Consumer devices;, for example torches, clocks and fans;
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e A battery-pack for insertion into any of the above;

e A standard-sized battery pack (e.g. AA, C, D);

The following non-exhaustive list illustrates some examples of media via which non-
conductive power transfer may be achieved:

e Magnetic or electromagnetic fields

e Light

o Infrared

s Microwaves

o Other frequencies of the electromagnetic spectrum

s Mechanical motion

For a better understanding of the present invention and to show it may be carried into

_effect, reference shall now be made, by way of example, to the accompanying

drawings, in which:

FIGURE 1 shows an embodiment of the present invention showing a charger (C)
transmitting power by non-conductive or wireless means (for example,
electromagnetic induction or transfer of light energy) to two portable devices (A) and
(B). Charger (C) is energising its power exchange component (1) to transfer power
to the power exchange componernts (2) of (A) and (B), which receive the power and

use it to recharge their power storage components (3).

FIGURE 2 shows the same portable device (A) with its power exchange component
(2) now configured to transmit power from its power storage component (3).
Portable device (B), configured as before, is receiving power from portable device
(A).

The preferred features of the invention are applicable to all aspects of the invention

and may be used in any possible combination.

Throughout the description and claims of this specification, the words "comprise"
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and "contain" and variations of the words, for example "comprising" and
"comprises", mean "including but not limited to", and are not intended to (and do

not) exclude other components, integers, moieties, additives or steps.
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CLAIMS:

1. A device capable of exchanging power with another device, the device
including at least a power storage component and a power exchange component,
5 wherein the power exchange component is dynamically configurable so as

selectively:

2) to receive power by wireless transmission from an external transmitter into
the power storage component; and

10
b) to transmit power by wireless transmission from the power storage

component to an external receiver.

2. A device as claimed in claim 1, wherein the power storage component is a

15  rechargeable battery.

3. - A device as claimed in claim 1 or 2, wherein the power exchange component

operates by transmission and reception of alternating electromagnetic energy.

20 4. A device as claimed in claim 3, wherein the power exchange component

includes a conductive wire wound about a magnetic core.

5. A device as claimed in claim 4, wherein the magnetic core is made of
amorphous metal.

25
6. A device as claimed in claim 1 or 2, wherein the power exchange component

operates by transmission and reception of light energy.

7. A device as claimed in claim 1 or 2, wherein the power exchange component

30  operates by transmission and reception of microwave energy.
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8. A device as claimed in any one of the preceding claims, wherein the device is

packaged in a battery pack enclosure.

0. A device as claimed in claim 8, wherein the battery pack enclosure is a

standard-sized battery pack enclosure.

10. A device as claimed in any preceding claim, in combination with the said
other device, wherein the external transmitter is incorporated into the said other

device.

11. A device as claimed in claim 10, wherein the external transmitter is part of a

power exchange component of the said other device.

12. A device as claimed in any preceding claim, in combination with the said

other device, wherein the external receiver is incorporated into the said other device.

13. A device as claimed in claim 12, wherein the external receiver is part of a

power exchange component of the said other device.

14. A system comprising at least first and second devices, each device including
a power storage component and a power exchange component, wherein the power

exchange component of the first device is dynamically configurable so as selectively:

a) to receive power wirelessly from the power storage and exchange
components of at least the second device and to direct the received power to the

power storage component of the first device; and

b) to transmit power wirelessly from the power storage component of the first
device to the power exchange and power storage components of at least the second

device.
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15. A system as claimed in claim 14, wherein the power storage component of at

least one of the first and second devices is a rechargeable battery.

16. A system as claimed in claim 14 or 15, wherein the power exchange
components operate by transmission and reception of alternating electromagnetic

energy.

17. A system as claimed in claim 16, wherein the power exchange component of
at least one of the first and second devices includes a conductive wire wound about a

magnetic core.

18. A system as claimed in claim 17, wherein the magnetic core.is made of

amorphous metal.

19. A system as claimed in claim 14 or 15, wherein the power exchange

components operate by transmission and reception of light energy.

20. A system as claimed in claim 14 or 15, wherein the power exchange

components operate by transmission and reception of microwave energy.

21. A system as claimed in any one of claims 14 to 20, wherein at least one of the

first and second devices is packaged in a battery pack enclosure..

22. A system as claimed in claim 22, wherein the battery pack enclosure is a

standard-sized battery pack enclosure.
23. A method of exchanging power between a first device and a second device,

each device including a power storage component and a power exchange component,

wherein the power exchange component of the first device selectively:

10
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a) receives power wirelessly from the power storage and exchange components
of at least the second device and directs the received power to the power storage

component of the first device; and

b) transmits power wirclessly from the power storage component of the first
device to the power exchange and power storage components of at least the second

device.

24. A method according to claim 23, wherein the power storage component of at

least one of the first and second devices is a rechargeable battery.

25. A method according to claim 23 or 24, wherein power exchange takes place

by transmission and reception of alternating electromagnetic energy.
26. A method according to claim 25, wherein the power exchange component of
at least one of the first and second devices includes a conductive wire wound about a

magnetic core.

27. A method according to claim 26, wherein the magnetic core is made of

amorphous metal.

28. A method according to claim 23 or 24, wherein power exchange takes place

by transmission and reception of light energy.

29. A method according to claim 23 or 24, wherein power exchange takes place

by transmission and reception of microwave energy.

30. A method according to any one of claims 23 to 29, wherein at least one of the

first and second devices is packaged in a battery pack enclosure.

31. A method according to claim 30, wherein the battery pack enclosure is a

standard-sized battery pack enclosure.

11
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32. A device capable of exchanging power with another device, substantially as

hereinbefore described with reference to or as shown in the accompanying drawings.

5 33. A system comprising at least first and second devices, substantially as

hereinbefore described with reference to or as shown in the accompanying drawings.

34, A method of exchanging power between a first device and a second device,
substantially as hereinbefore described with reference to or as shown in the

10  accompanying drawings.

12
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IMPROVEMENTS RELATING TO THE TRANSFER OF
ELECTROMAGNETIC POWER

The present application claims priority from UK patent applications nos 0210886.8
of 13" May 2002, 0213024.3 of 7% June 2002, 0225006.6 of 28™ October 2002 and
0228425.5 of 6™ December 2002, as well as from US patent application no
10/326,571 of 20™ December 2002. The full contents of all of these prior patent

applications is hereby incorporated into the present application by reference.

This invention relates to a new apparatus for transferring electromagnetic power,

particularly in relation to the powering of portable devices.

In a conventional electrical transformer, an input alternating current flows through a
primary coil, inducing an alternating magnetic flux within the transformer core. This

alternating magnetic flux then induces an alternating current in a secondary coil.

In certain designs of transformer, for example U-U, U-], E-I or E-E cores, there may
be an air-gap between the two halves of the transformer (see Figure 1). Therefore it
is possible to separate the transformer into two: a primary side énd a secondary side.
When brought together in the correct relative position, the alternating magnetic field
in the primary side couples to the core in the secondary side, recreating a transformer
and hence power is transferred inductively from the primary side to the secondary

side without the need for direct electrical contacts.

Referring to Figure 2, if the primary part is contained within a base unit, and the
secondary part within a portable device, then the transformer created when the
portable device is placed onto the base unit can be used to provide power to the
device without direct electrical contacts, for example to recharge a battery in the

secondary device.

Those skilled in the art will recognize that this kind of “separable two-part”

transformer system may be implemented with a variety of different core designs and

CONFIRMATION COPY
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magnetic field shapes. An alternative, for example, is the simple “axial” design
shown in Figure 3. This has poorer field coupling because the magnetic flux must

return through the air, but has the advantage of being freely rotatable about its axis.

As portable devices become smaller and thinner - particularly consumer devices in
which aesthetic qualities are particularly important - the penalties in volume and
weight of such cores makes them undesirable. Bulkiness is one of the reasons why
inductive charging has not been widely used in these applicatiohs. It is therefore
highly desirable to find an alternative magnetic core material for these applications
which is not bulky, has as little weight as possible, is not brittle and hence can be
made into a laminar (including curved) or substantially flat or planar form-factor

while being able to survive drop-tests.

Existing cores are typically made of silicon steel, ferrite or permalloy, materials
which are used because of their low cost and high saturation magnetic flux density
but which have the following disadvantages:

e Steel (even silicon steel) suffers high loss at higher frequencies (>10kHz)
because of low resistivity and hence the generation of eddy currents, and has
low permeability. The losses are less severe at low freduencies but the core
needs to be larger and more bulky

e Ferrite has high permeability and is low-loss, but is brittle

e Permalloy has a permeability which drops sharply at 10’s of kHz.

The above disadvantages make these materials inappropriate for use in thin cores for
thin devices: the low permeability of steel and permalloy means that in a flat “form
factor” they have insufficient overall permeability, and the brittleness of ferrite

means that in a flat form factor it would be unacceptably brittle, failing drop tests.

A possible alternative core material is so-called “amorphous metal”. Amorphous
metal is a metal alloy, consisting for example of iron, boron and silicon, which has
been melted and then cooled so rapidly (“quenched”) that there is no time for it to

crystallise as it solidifies, leaving it instead in a glass-like amorphous state. A more
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detailed description of amorphous metals may be found in US 4,877,464, the full

disclosure of which is hereby incorporated into the present application by reference.

A two-stage manufacturing process is used to make (prior art) amorphous metal

magnetic cores.

STEP 1 : A typical Production method for amorphous metal tape

The alloy is melted, poured onto a rotating drum and rapidly quenched. The metal
emerges in the form of a very thin ribbon, typically 16-25um thick. The resulting
amorphous metal tape is magnetically “soft”, has high permeability, has a moderate

saturation magnetic flux density and is flexible.

STEP 2 : Typical Manufacturing method of conventional bulk magnetic cores from

amorphous metal tape

To create a conventional bulk magnetic core (for example: U core, toroidal core) for
a transformer or motor, many strips of such amorphous metal tape are then laminated
(stacked or wound), usually alternated with insulating adhesive; into the shape of the
desired core. The core is then annealed (the temperature is raised and then lowered in
a controlled fashion), usually in the presence of a magnetic field. The annealing
allows controlled nano-crystallisation of the metal, improving the saturation
magnetic flux density. However a negative side-effect of nano-crystallisation is that
it increases the atomic order of the material, making it very brittle. In a bulky
adhesive-bound co.re this is often not a problem because any stress is spread

throughout the volume of the core.

However this brittleness makes the above “Step 2” core-manufacturing process
unsuitable for the production of thin magnetic cores. Throughout the present
application, the word “thin” is to be taken to describe a shape substantially smaller in

one dimension than in either of its other two dimensions, for example to describe a
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shape whose thickness is substantially less than (e.g. less than 1/5 or preferably less
than 1/10 of) both its width and length, for example a section of tape.

In most applications of amorphous material as magnetic cores in transformers; this
two-step process of first creating an amorphous ribbon, then turning it into a bulk
core is highly undesirable because it requires intermediate manufacturing steps, and
so research has been conducted to identify ways to achieve the same with a one-stage
bulk amorphous alloy production process so that the need first to create thin ribbons

is eliminated.

In a thin laminar magnetic core, any shear stress (force applied perpendicular to the
plane of the material) is naturally concentrated across a very small cross-section. Any
attempt to make a thin magnetic core using the above “Step 2” core-manufacturing
stage would result in a very brittle object which is hard to work with in subsequent
manufacturing steps, and therefore expensive. Further, such a core would be
unsuitable for use in, for example, portable devices which are exposed to very high g

forces when dropped.

According to a first aspect of the present invention there is provided a magnetic core
component for transferring power by induction to or from a device, the magnetic
core component including a thin sheet of metal in a substantially amorphous or non-
annealed state and being provided with means for transferring induced electrical

power from the core component to a device.

According to a second aspect of the present invention, there is provided a device
provided with a magnetic core component for receiving or transmitting power by
electromagnetic induction, characterised in that the magnetic core component

includes a thin sheet of metal in a substantially amorphous or non-annealed state.

The device will generally be an electronic or electrical device, usually containing a
rechargeable cell or battery. Alternatively or in addition, the device itself may be a

rechargeable cell or battery.
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The amorphous metal is preferably at least 70% amorphous or non-annealed, and

even more preferably at least 90% amorphous or non-annealed.

In preferred embodiments, the metal is what is generally known in the art as an

“amorphous metal” or alternatively a “metallic glass™.

The means for transferring induced electrical power to the device may comprise an:
electrical conductor wound around or otherwise associated with the thin sheet of
amorphous metal and having first and second terminals for connection to power

inputs of the device.

The device will generally be a portable device, although non-portable devices may

also be provided with a magnetic core component as herein described.

Embodiments of the first aspect of the present invention may be adapted for retro-
fitting to an existing device, for example being in the form of a thin patch or sticker
suitable for mounting (e.g. by way of adhesion) onto an appropriate internal or
external surface of the device and having means for connection to a power input of

the device.

The amorphous magnetic core component of embodiments of the present invention
has several advantages for use in portable devices, compared with using conventional
magnetic cores:

1. It is thin, pfeferably 0.5mm or even 0.lmm or less, allowing devices into
which it is incorporated to be ergonomic, and/or allowing more space for
other functionality within such devices

2. Itis fiexible, therefore;

a. it is not brittle, despite its thinness, and so:
i. it is suitable for use in portable devices which may be subject
to physical shock. A

il. itis easy to handle in subsequent manufacturing steps
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b. it can easily be flexed into non-flat shapes, possibly to be conformal
with the contours of a portable device such as a mobile phone or a
wireless headset.

c. it can be a component within a device which is itself flexible (for
example a watch strap or an intelligent credit-card), particularly
devices which have to flex as part of their operation — for example
battery cells tend to bulge somewhat when they are recharged.

3. Because the field travels along the thin core, if the core is placed within a
device which is itself thin relative to its length (for example a cell, headset
boom or pen), the device can be rotated freely around its axis within an axial

magnetic field.

Also of potential benefit, compared to a conventional core, is that very little tooling

is required to manufacture the core of embodiments of the present invention.

An example of the material for manufacturing the core is Metglas® 2714A as
manufactured by Honeywell. This is a cobalt-based amorphous metal with an ultra-
high permeability of >80,000 at DC in the as-cast state, supplied as ribbon on reels.

In use, the core will typically couple to external electromagnetic field lines running
in the same plane as the material. Because of its relatively high permeability, it will
concentrate nearby lines into it, so will even “capture” field lines running past it.

This is shown in Figure 5.

The core will saturate when subjected to a magnetic field above a certain threshold,
placing an upper limit on the operational power of the system. Therefore the core
must have a sufficiently large cross-section to ensure that saturation does not occur at
the desired operational power level. Saturation offers some protection from exposure
to very strong magnetic fields, as in this situation the core will saturate, limiting the

power transferred to the device.
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The core may be located within or near a device which itself contains parallel planes
of metal, for example a copper printed circuit board or an aluminium cover. In this
case, the performance of the present invention is significantly better than that of a
conventional core because the field lines through a conventional coil will suffer flux-
exclusion if the coil is placed up against the metal plane (because the lines of flux
must travel perpendicular to the plane of the core). Since in the present invention the
lines of flux travel along the plane of the core, and therefore of the metal plane,
performance is improved. See Figure 6. An additional benefit of embodiments of the
present invention compared to a conventional coil is that the core in the present
invention may act as a shield for items (e.g. electrical circuits, battery cells) in close

proximity to the magnetic core.

Because its permeability is higher than that of air, the core of the present invention
acts to concentrate magnetic flux, thus capturing more flux than would otherwise
flow through an equivalent cross-section of air. The size of the core’s “shape factor”
(the equivalent flux-capturing sphere) is determined to a first-order approximation by
the longest planar dimension of the core. Therefore if the core of the present
invention has planar dimensions with a significantly non-square aspect ratio, for
example a 4:1 rectangle instead of a 1:1 square, it will capture proportionally more of
any flux travelling parallel to the direction of its longest planar dimension. Therefore
if used in devices which have a constrained aspect ratio (for example a long thin
device such as a headset or pen), a significant increase in performance will be

experienced compared with that of a conventional coil of the same area.

The core may comprise more than one sheet of amorphous metal, the sheets being
arranged in parallel with one another (laminated). The sheets may be made of the
same amorphous metal material, or of two or more different amorphous metal

materials.

The core may be wrapped, encircled, wound or otherwise provided with a coil of
conductive wire or tape or a flexible printed circuit. This is preferably wrapped or

wound around a smallest of the planar dimensions of the sheet of amorphous metal .
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The coil may be tuned to a higher “Q” (quality factor) with a capacitor, in parallel or
series, resulting in higher amounts of energy being induced by an external magnetic
field, but also in higher dissipa’;ion in the module and the need for tuning to a precise
driving frequency. The capacitor may be made from multiple layers of amorphous

metal in the core, interposed with a dielectric material such as polythene or the like.

The coil may be connected to a half- or full-wave rectifier to convert AC into DC,
and may also be connected to an optional smoothing capacitor, an optional regulator

or a battery charge-controller.

The core may be provided with a flexible printed coil arranged such that the
amorphous core passes through the coil but in the same plane. Alternatively, the
magnetic core component may comprise at least two pieces of amorphous sheet or

ribbon laminated to each other with a coil located between the sheets or ribbons (see

Figure 9).

The core component may be formed from a substantially triangular sheet of
amorphous metal which is folded in a concertina-like manner so as to form an
elongate ribbon that is thicker in a middle part thereof than at its ends (see Figure
10). Alternatively, a similar structure may be formed by laminating successively
shorter strips of ribbon or the like on top of each other, each strip being generally
centred about a predetermined point. These structures have the advantage that there
is more amorphous metal at a thicker central part of the structure, where there is most
flux during operatidn, than at its thinner ends, where there is less flux. In this way,
saturation can be avoided at the central part of the structure while reducing the

amount of amorphous material required at the end portions.

The core may be wrapped or wound with first and second coils, the second coil being
substantially orthogonal to the first coil, so that power may be captured regardless of
a direction of an external field within the plane of the sheet or sheets forming the

core (no need for external field to rotate).
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The core may be incorporated on or within a portable device which receives and/or

transmits power using the core. The following non-exhaustive list illustrates some

examples of such devices, possibilities are not limited to those described below:

a.

Mobile communication device, for example a radio, mobile telephone

or walkie-talkie;

. Portable computing device, for example a personal digital assistant or

palmtop or laptop computer;

Portable entertainment devices, for example a music player, games
console or toy;

Personal care items, for example a toothbrush, shaver, hair curler, hair
rollers;

A portable imaging device, for example a video camcorder or a
camera;

Containers of contents that may require heating, for example coffee
mugs, plates, cooking pots, nail-polish and cosmetic containers;
Consumer devices, for example torches, clocks and fans;

Power tools, for example cordless drills and screwdrivers;

Wireless peripheral devices, for example wireless computer mouse,
keyboard and headset;

Time keeping devices, for example clock, wrist watch, stop watch and
alarm clock;

Battery-pack for insertion into any of the above;

Standard-sized battery cell.

For a better understanding of the present invention and to show how it may be

carried into

effect, reference shall now be made by way of example to the

accompanying drawings, in which:

FIGURE 1 shows a prior-art U-U core transformer;

FIGURE 2 shows how two cores of the type shown in Figure 1 may be incorporated
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into an electronic device;

FIGURE 3 shows a prior art configuration similar to that of Figure 1, but using an

axial core with air as the return path;

FIGURES 4a and 4b show a simple core component of an embodiment of the present

invention;

FIGURES 5a to 5¢ show how the core component of Figures 4a and 4b interacts with

an external magnetic field;

FIGURE 6a shows a prior art core component in an electronic device including a

metal plane;

FIGURE 6b shows a core component of an embodiment of the present invention in

the electronic device of Figure 6a;

FIGURE 7 shows a wireless headset device provided with a core of an embodiment

of the present invention;
FIGURE 8 shows an embodiment of the present invention including a coil;

FIGURE 9 shows an embodiment of the present invention comprising two sheets of

amorphous metal laminated about a printed coil;

FIGURES 10a to 10e illustrate a method of manufacturing an embodiment of the

present invention;

FIGURES 11a to 11c show three different embodiments of the present invention

incorporated into a rechargeable battery or cell;

‘FIGURE 12 shows the battery or cell of Figure 11 located near an external inductive

10
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charging unit; and
FIGURE 13 is a circuit diagram illustrating an embodiment of the present invention.

FIGURE 1 shows a prior-art U-U core transformer showing primary coil 112 through
which an alternating current induces an alternating magnetic field in primary core
111. This field then flows between the end-pieces of core 111 and the end-pieces of
secondary core 102 through the space therebetween. The field 1 flowing in 102 then

induces a current in secondary coil 101.

FIGURE 2 shows how the two cores 111 and 102 of Figure 1 may be incorporated
into a prior art electronic device 120 and a charger 130 such that the device 120 may
be brought into proximity of the charger 130 to complete a magnetic circuit and

transfer power from the charger 130 to the device 120.

FIGURE 3 shows a prior art configuration similar to Figure 1, but using axial cores
102, 111 with air as the return path.

FIGURE 4a shows a laminar sheet of amorphous, non-annealed metal 102 forming a
magnetic core component of the present invention coupling to an external magnetic
field 1.

FIGURE 4b shows the core component 102 of Figure 4a incorporated within a
portable electronic device 120. In the illustrated embodiment, the core 102 is placed

on a bottom side of the device 120.

FIGURE 5a shows the device 120 of Figure 4b in plan view and FIGURE 5b shows
the device 120 in side view. It can be seen how the high permeability of the core 102

. pulls the electromagnetic field 1 into the core 102. Because of this, a field running

predominantly under the device 120, shown most clearly in Figure 5b, will be pulled
into the device 120, thus coupling effectively to it. FIGURE 5c shows more detailed

field lines when two such cores 102 are placed onto a surface which generates a

11
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distributed horizontal field. Note how the field lines travel not only into the ends of

the cores, but also into the side surfaces.

FIGURES 6a and 6b show a device 120 which, for reasons unrelated to the present
invention, includes a metal plane 125. The flow of flux 1 vertically into a
conventional core 108 (Figure 6a) must go through the metal plane 125 and therefore
the core 108 suffers from flux exclusion. With a core 102 designed according to
embodiments of the present invention (Figure 6b), the flux 1 flows horizontally,

alongside the metal plane 125 and through the core 102 with no flux exclusion.

FIGURE 7 shows a portable electronic device 120 in the form of a wireless headset.
For ergonomic and aesthetic reasons it is important that this encloses its electronics
within a case which is as small and light as possible while conforming to a shape of a
human face or head. This makes it a complex curved three-dimensional shape. The
laminar amorphous metal core 102 of embodiments of the present invention is able to
be bent somewhat to conform to the shape of the headset 120, allowing it to extend
for a substantial part of the length of the headset 120, and thus couple very

effectively with an external field (not shown).

FIGURE 8 shows a possible arrangement of an electrically-conductive coil 101
spirally wound around a laminar amorphous metal core 102. It is to be noted that the
coil 101 is wound about a shorter dimension of the core 102, since most flux will be
captured when travelling along the longest planar dimension of the core 102 and
therefore more current will be induced in the coil 101 when wound in this

configuration.

FIGURE 9 (exploded view) shows a convenient possible method of manufacture of a
core with a winding. Two layers of amorphous metal 102, 102 have a printed-circuit
coil 101 sandwiched between them. The flux (not shown but travelling horizontally
across this Figure) will travel horizontally through thé left hand layer 102, then
vertically through the printed circuit coil 101, and then horizontally through the right
hand layer 102°. This embodiment is easy to manufacture and can be very thin.

12
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FIGURE 10a shows how magnetic field lines 101 entering the core 102 from the
ends and sides result in the field strength within the core 102 being a maximum at its
cenfre. As a result, more material is required in the centre to avoid saturation.
FIGURE 10b shows a way to fold a single triangular piece of amorphous metal 200
in a concertina-like manner along fold lines 210 to achieve this effect. FIGURE 10c
shows the resulting core 102 from above, FIGURE 10d a view from the end of the
partially-folded assembly, and FIGURE 10e a view from the side. It will be
appreciated that a similar core 102 may be constructed by cutting the sheet of
material 200 into strips along the fold lines 210 of Figure 10b and then laminating
the strips on top of each other to arrive at a core 102 similar to that of Figures 10c
and 10e. Indeed, an equivalent core 102 may be constructed simply by laminating
successively shorter strips of amorphous magnetic material on top of each other, the

strips not necessarily having been cut from a triangular sheet.

FIGURES 11a to 11c show three possible arrangements of laminar metal core 102
used within a battery cell 140, capable of inductively receiving power for recharging
the battery cell 140. In Figure 11a, the core 102 is wrapped completely around the
cell 140 as a cylinder, with a coil 101 being wound or wrapped around the core 102.
In Figure 11b, a smaller core 102 is placed on or near an outer surface of the cell 140
and bent into a curve to conform with the curvature of the cell 140, again with a coil
101 being wound or wrapped around the core 102 (but not around the cell 140 itself,
as in Figure 11a). Figure 11c shows a core 102 placed inside the cell 140 and wound

or wrapped with a coil 101.

FIGURE 12 shows an external unit in the form of a charging pad 150 generating a
substantially horizontal electromagnetic field 1 and a cell 140 containing a laminar
core component 102 in the manner of Figure 11. If the cell 140 is placed on or in
proximity to the unit 150, the field 1 generated by the unit 150 will couple to the
laminar core 102 and can thus charge the battery 140. The important point to note is
that because the cell 140 is relatively thin, and the field 1 is flowing along its length,

the cell 140 will receive power regardless of its axial rotation rA. This is particularly

13
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useful if the cell 140 has been placed in a random orientation into a battery holder

within a portable electronic device (not shown), as is often the case.

FIGURE 13 shows one possible implementation of the present invention in which an
externally-applied alternating magnetic field 1 flows into the ends of an amorphous
metal core 102. The core is composed of 6 pieces of Metglas® 2714 A cobalt-based
amorphous metal tape, each 50mm x 25mm x 0.018mm, stacked on top of one
another into a thin laminar composite core. The number of pieces is chosen to

prevent saturation at the operational field strength which oscillates at 40kHz.

Around this core 102 are wrapped 40 turns of 0.25 mm diameter enamelled copper
wire, creating a flat-wound coil 101, The number of turns is chosen in order to
develop sufficient voltage for the subsequent circuit. The gauge is chosen in order to
keep resistive (heating) losses low. A thin layer of protective material (e.g. paper or
plastic), not shown, may be interposed between the core and the windings to protect
the enamel insulation of the windings. The thickness of this entire magnetic assembly

is less than 1mm.

Optionally, capacitor C1 (150nF) increases the Q of the magnetic assembly to a
moderate value, allowing more energy to be captured from the external magnetic
field 1. Raising the Q also tunes the assembly, and increases the dissipation in the
coil 101, but this low value still leaves the assembly relatively efficient and
insensitive to variations in the frequency of the externally-applied magnetic field 1.
An alternative circuit topology would be a capacitor in series with the load (series-
resonant) rather than the parallel-resonant topology shown here. However this causes
a large current to flow through the capacitor and large voltages to be developed

across it, causing it to become hot and possibly break down due to excessive voltage.

Optionally, the power collected by the above magnetic assembly can flow directly
into a component capable of utilizing AC power directly, for example resistor R1,
which is a heating coil, providing heat to a cup-warming device (not shown) for

example. However more typically the power is converted to DC for use by

14
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conventional electric or electronic circuits.

In this regard, the coil 101 is centre-tapped and current flows from it into a full-wave
rectifier consisting of power diodes D1, D2, and thence into smoothing capacitor C2
of 1uF which smoothes the 40kHz ripple to an acceptable level, providing a DC
voltage of approximately 5V.

In some applications, the external alternating magnetic field 1 may, in addition to its-
alternation at 40kHz, also rotate approximately in the plane of the core 102, perhaps
at some lower frequency. In this case the smoothing capacitor C2 must be of
sufficient capacity to ride out the dips in voltage caused when the external field 1 is

at 90 degrees to the coil 101 and thus induces no current therein.

An optional 3-terminal regulator Q1 may be provided to convert the smoothed DC
into regulated DC.

The circuit then connects to the device 120 in/to which it is fitted, providing the
device 120 with power. For example, the entire circuit above may be fitted inside the
back casing of a mobile telephone and connected to its poWer/charging circuits,

delivering 2W to charge at the same rate as a conventional plug-in charger.

Optionally, the device 120 might be a rechargeable cell, in which case regulator Q1
might be a charge-controller integrated circuit capable of managing fast-charging,

trickle charging and the like.

The preferred features of the invention are applicable to all aspects of the invention

and may be used in any possible combination.

Throughout the description and claims of this specification, the words "comprise"
and "contain" and variations of the words, for example "comprising" . and
"comprises”, mean "including but not limited to", and are not intended to (and do

not) exclude other components, integers, moieties, additives or steps.

15
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CLAIMS:

1. A magnetic core component for transferring power by induction to or from a
device, the magnetic core component including a thin sheet of metal in a
substantially amorphous or non-annealed state and being provided with means for

transferring induced electrical power from the core component to a device.

2. A core compdnent as claimed in claim 1, wherein the metal is at least 70%

amorphous or non-annealed.

3. A core component as claimed in claim 1, wherein the metal is at least 90%

amorphous or non-annealed.

4. A core component as claimed in any preceding claim, wherein the sheet of

metal has a thickness of 0.5mm or less.

5. A core component as claimed in any one of claims 1 to 3, wherein the sheet

of metal has a thickness of 0.1lmm or less.

6. A core component as claimed in any preceding claim, wherein the sheet of

metal is flexible.

7. A core component as claimed in any preceding claim, wherein the sheet of

metal is a multilayered sheet.

8. A core component as claimed in claim 7, wherein the multilayered sheet

comprises layers of two or more different metals.

9. A core component as claiméd in any preceding claim, wherein the sheet of

metal is provided with a coil of conductive wire or tape or a flexible printed circuit.

10. A core component as claimed in claim 9, wherein the sheet of metal has a

16

Page 982 of 1081



10

15

20

25

30

WO 03/096361 PCT/GB03/02038

longer and a shorter planar dimension, and wherein the coil of conductive wire or
tape or the flexible printed circuit is wrapped or wound around the shorter planar

dimension.

11. A core component as claimed in claim 9 or 10, wherein the coil or the
flexible printed circuit is tuned to a higher quality factor (Q) with a capacitor

connected in series or in parallel.

12. A core component as claimed in claim 11 depending ultimately from claim 7,
wherein the capacitor is formed by separate metal layers of the multilayer sheet,

separated by layers of a dielectric material.

13. A core component as claimed in claim 9 or any claim depending therefrom,
wherein the coil or the flexible printed circuit is connected to a half- or full-wave

rectifier.

14. A core component as claimed in claim 9 or any claim depending therefrom,

wherein the coil or the flexible printed circuit is connected to a smoothing capacitor.

15. A core component as claimed in claim 9 or any claim depending therefrom,
wherein the coil or the flexible printed circuit is connected to a regulator or a battery

charge-controller.
16. A core component as claimed in any preceding claim, wherein the core
component includes at least two sheets of metal material laminated to each other

about a coil.

17. A core component as claimed in any preceding claim, wherein the sheet of

metal material is thicker in a central part thereof than at end parts thereof.

18. A core component as claimed in claim 17, wherein the sheet of metal material

is formed by folding a larger sheet of metal material in a concertina-like manner.
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19. A core component as claimed in claim 18, wherein the larger sheet of metal

material is generally trianglilar.

20. A core component as claimed in claim 9 or claim 16 or any claim depending
therefrom, wherein an additional coil or flexible printed circuit is provided in a

configuration substantially orthogonal to the said coil or flexible printed circuit.

21. A device provided with a magnetic core component for receiving or
transmitting power by electromagnetic induction, characterised in that the magnetic
core component includes a thin sheet of metal in a substantially amorphous or non-

annealed state.

22. A device as claimed in claim 21, wherein the metal is at least 70% amorphous

or non-annealed.

23. A device as claimed in claim 21, wherein the metal is at least 90% amorphous

or non-annealed.

24. A device as claimed in claim 22 or 23, wherein the sheet of metal has a

thickness of 0.5mm or less.

25. A device as claimed in claim 22 or 23, wherein the sheet of metal has a

~ thickness of 0.1mm.or less.

26. A device as claimed in any one of claims 21 to 25, wherein the sheet of metal

is flexible.

27.  Adevice as claimed in any one of claims 21 to 27, wherein the sheet of metal

is a multilayered sheet.

28. A device as claimed in claim 27, wherein the multilayered sheet comprises
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layers of two or more different metals.

29. A device as claimed in any one of claims 21 to 28, wherein the sheet of metal

is provided with a coil of conductive wire or tape or a flexible printed circuit.

30. A device as claimed in claim 29, wherein the sheet of metal has a longer and
a shorter planar dimension, and wherein the coil of conductive wire or tape or the

flexible printed circuit is wrapped or wound around the shorter planar dimension.

31. A device as claimed in claim 29 or 30, wherein the coil or the flexible printed
circuit is tuned to a higher quality factor (Q) with a capacitor connected in series or

in parallel.

32. A device as claimed in claim 31 depending ultimately from claim 27, wherein
the capacitor is formed by separate metal layers of the multilayer sheet, separated by

layers of a dielectric material.

33. A device as claimed in claim 29 or any claim depending therefrom, wherein

the coil or the flexible printed circuit is connected to a half- or full-wave rectifier.

34. A device as claimed in claim 29 or any claim depending therefrom, wherein

the coil or the flexible printed circuit is connected to a smoothing capacitor.

35. A device as.claimed in claim 29 or any claim depending therefrom, wherein
the coil or the flexible printed circuit is connected to a regulator or a battery charge-
controller.

36. A device as claimed in any one of claims 21 to 35, wherein the core
component includes at least two sheets of metal material laminated to each other

about a coil.

37. A device as claimed in any one of claims 21 to 36, wherein the sheet of metal
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material is thicker in a central part thereof than at end parts thereof.

38. A device as claimed in claim 37, wherein the sheet of metal material is

formed by folding a larger sheet of metal material in a concertina-like manner.

39. A device as claimed in claim 38, wherein the larger sheet of metal material is

generally triangular.

40. A device as claimed in claim 29 or claim 36 or any claim depending
therefrom, wherein an additional coil or flexible printed circuit is provided in a

configuration substantially orthogonal to the said coil or flexible printed circuit.

41. A device as claimed in any one of claims 21 to 40, wherein the sheet of metal
material is at least partially wrapped around an axis of the device such that it couples

with an electromagnetic field in any rotation about the axis.

42, A magnetic core component, substantially as hereinbefore described with
reference to or as shown in Figures 4, 5a, 5b, 5¢, 6b and 7 to 13 of the accompanying

drawings.
43, A device provided with magnetic core component, substantially as

hereinbefore described with reference to or as shown in Figures 4, 5a, 5b, 5c, 6b and

7 to 13 of the accompanying drawings.
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disclosure shall not be used to make determinations about individuals.
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to 35 U.5.C. 122(b) or issuance of a patent pursuant to 35 U.5.C. 151. Further, a record may be disclosed, subject to the limitations of 37
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POWER SQURCE, CHARGING SYSTEM, AND INDUCTIVE
RECEIVER FOR MOBILE DEVICES

inventor: Afshin Partovi

Copyright Notice
A portion of the disclosure of this patent document contains
material which is subject to copyright protection. The copyright
owner has no objection to the facsimile reproduction by anyone
of the patent document or the patent disclosure, as it appears in
the Patent and Trademark Office patent file or records, but
otherwise reserves all copyright rights whatisoever.

Claim of Priority:

[0001] This application claims the benefif of provisional patent
applications *‘MOBILE DEVICE, CHARGER, AND POWER SUPPLY",
Application No. 60/810,262, filed June 1, 2006, "MOBILE DEVICE, BATTERY,
CHARGING SYSTEM, AND POWER SUPPLY SYSTEM', Application
No.60/810,288, filed June 1, 2008; and “SYSTEM AND METHOD FOR
PROVIDING AND USING A PORTABLE INDUCTIVE POWER SOURCE”,
Application No. 80/868,674, filed December 5, 2008; each of which
applications are hereby incorporated by reference herein,

Field of the Invention:

[0002] The invention is related generally to powser supplies, power
sources, inductive power sources, charging systems, mobile devices, mobile

device chargers, and batteries.

Background:
[0003] There is currently a need for powering portable or mobile devices

for use in commercial, business, personal, consumer, and other applications.

Examples of such devices include cellular telephones, personal digital
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assistanis (PDAs), notebook computers, mobile email devices, Blackberry
devices, Bluetooth headsets, music players (for example, MP3 players),
radios, compact disk players, video game consolas, digital cameras, electric
shavers, and eleciric toothbrushes. Most of these devices include a
rechargeable internal battery that must be first charged by an external power
supply or charger, before the device itself can be used. The power supply
typically provides direct current {DC) voltage through a special connector to
the device. The power supply can then be disconnected, and the device will
continue to run for a short period of time until the battery is depleted. The
voltage and power requirements of the different devices vary, and to date
there is currently no standardized connector for the devices. As a result of
this, each mobile device is invariably sold or distributed bundled with its own
charger. The costs associated with these multiple different types and numbers
of charger are paid by the consumer indirectly by being incorporated into the
prices being charged for the mobile device.

[0004] The rapid increase in the total number and variety of mobile
products has meant that most people have several of the above-mentioned
devices. In a typical day, that user would have to separately connect their
muitiple devices to each of their appropriate chargers for charging of each
device. In addition, many people find it necessary to charge their devices in
different locations such as their offices and cars. Thus, many users have
purchased additional chargers for their offices and cars, for use in charging
thelr mobile phones, notebook computers, and music players in those
locations.

[0005] it will be evident that the above situation has caused typical
users to have a multitude of incompatible devices {i.e. power supplies and
chargers) that essentially provide the same function of charging a mobile
device, but because of the number and variety that must be kept by the user
are inconvenient to use. Inmany situations, users simply forget to charge their
devices, or else find they need to recharge their device in situations where no
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appropriate charger is available. This leads to loss of ability to use the device
when desired or needed.

[0008] in addition, when traveling way from home, mobile users have a
particular problem in that they need to pack and carry the muttiple chargers for
their devices. In many situations, these chargers are bulkier and heavier than
the devices themselves, and use of these devices in foreign countries requires
clumsy adaptors, and sometimes voltage converters. This leads to a high
degree of inconvenience for the ever-more-mobile consumer,

[0007] in addition, the power connector for the mobile devices is often
cheaply manufactured, and a source of mechanical and electrical failure. In
many applications, such as toothbrushes or applications where the device is
exposed 1o water and needs to be hermetically sealed, such a physical
connection can not be used. Thus an alternative means of powering those
types of devices must be used.

[0008] Several products have tried to address this situation. Some
companies propose the use of a universat charger that consists of a power
supply base unit, and interchangeable tips that both fit into the base unit and in
turn fit different devices. The tip includes a customized regulator that seis the
voliage required by the particular device. However, a user must carry the
muitiple tips he or she needs for each of the various devices they have, and
then charge each device serially by connecting the device to the power supply.
While this product reduces the overall weight of the charging tools the user
must carry, the user still needs to carry and exchange the tips to connect to
different devices. In addition, the charging of muitiple devices simuitaneously
is often not possible.

[0009] Realizing that a power supply typically contains a transformer for
voltage conversion, another approach is to split the fransformer into two parts:
a first part can contain the first winding and the electronics {o drive this winding
at the appropriate operating frequency, while the second part consists of a
winding where power is received and then rectified to obtain DC voltage. If
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the two parts are brought into physical proximity to each other, power is
transformed from the first part to the second inductively, i.e. by induction,
without any physical electrical connection. This is the approach that is used in
many electrical toothbrushes, shavers, and other products that are expected to
be used in wet environments. However, a common problem with such
inductive units is that the windings are bulky, which restricts their use in
lightweight portable devices. Furthermore, to achieve adeguate power
transfer, the paris must be designed to fit togsther suitably so that their
windings are closely aligned. This is typically done by molding the device
casing (for example, an electric toothbrush) and its charger/holder so that they
fit together in only one suitable way. However, the molded base and shape of
the portable device means they cannot be used in a universal fashion to power
other devices.

[0010] Some companies have proposed pad-like charging devices
based on inductive concepts, but that also ostensibly allow for different types
of devices to be charged. These pads typically includes grids of wires in an x
and y direction, that carry an electrical current, and that generate a uniform
magnetic field parallel to the surface of the pad. A sescondary coil wound
around a magnetic core lies on the surface of the pad and picks up the
magnetic field paraliel to the surface, and in this manner energy can be
transferred. However, each of these methods suffer from poor power transfer,
in that most of the power in the primary is not picked up in the secondary, and
thus the overall power efficiency of the charger is very low. In addition, the
magnetic cores used for the primary and secondary are often bulky and add to
the total cost and size of the system, and limit incorporation into many devices.
[o011] Another point o note is that, while all of the above devices aliow
a user to charge a device, they also require the charging device or base unit{o
be electrically connected to a power source, such as a power outlet or a DC
source. Inmany cases, the user may not have access to such a power source
such as when traveling, camping, or working in an area without access to
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power. However, to date, no device has been provided that is portable, and
that allows for inductive charging of multiple devices with differing power
requirements, and which itself can be intermittently or occasionally charged
either by an external power source, or by other means, or that is seif-powered

or includes its own power source.

Summary:

[0012] A power source, charging system, and inductive receiver for
mobile devices is disclosed herein. In accordance with an embodiment, a pad
or similar base unit comprises a primary, which creates a magnetic field by
applying an alternating current {0 a winding, coil, or any type of current
carrying wire. Areceiver comprises a means for receiving the energy from the
alternating magnetic field and transferring it to a mobile or other device. The
receiver can also comprise electronic components or logic to set the voltage
and current to the appropriate levels required by the mobile device, or 10
communicate information or data to and from the pad. The system may also
incorporate efficiency measures that improve the efficiency of power transfer
between the charger and receiver.

[0013] in some embodiments the receiver can also comprise electronic
components or logic {o set the voltage and current {o the appropriate levels
required by the mobile device, or to communicate information to the pad. In
additional embodiments, the system can provide for additional functionality
such as communication of data stored in the electronic device or to be
transferred to the device. Some embodiments may also incorporate efficiency
measures that improve the efficiency of power transfer between the charger
and receiver, and ultimately to the mobile device. In accordance with an
embodiment the device includes an internat battery for seff-powered operation.
In accordance with other embodiments the device can include a solar cell
power source, hand crank, or other means of power supply for occasional self
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powered operation. Other embodiments can be incorporated into charging
Kiosks, automaobiles, and other applications.

Brief Description of the Figures:

[0014] Figure 1 shows a pad using multiple receiver / energizer coils in
accordance with an embodiment of the invention.

[0015] Figure 2 shows a figure of a circuit diagram in accordance with
an embodiment of the invention.

[0016] Figure 3 shows a charging pad using muitiple coils in
accordance with an embodiment of the invention..

[0017] Figure 4 shows a charging pad using multiple overlapping coil
layers in accordance with an embodiment of the invention.

[0018] Figure 5 shows the use of multiple coll types and sizes in
overiapping pad layers in accordance with an embodiment of the invention..
[0019] Figure 6 shows a receiver with an integrated batiery in
accordance with an embodiment of the invention..

[0020] Figure 7 shows a coupling of receiver with a device to be
charged in accordance with an embodiment of the invention..

[0021] Figure 8 shows a pad allowing modular or muitiple connectivity
in accordance with an embodiment of the invention.

[0022] Figure 9 shows a figure of a circuit diagram in accordance with
an embodiment of the invention.

[0023] Figure 10 shows a figure of a circuit diagram in accordance with
an embodiment of the invention.

[0024] Figure 11 shows a figure of a circuit diagram in accordance with
an embodiment of the invention.

[0025] Figure 12 shows a figure of power transfer chart in accordance
with an embodiment of the invention.

[0026] Figure 13 shows a figure of a coil layout in accordance with an

embodiment of the invention.
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[0027] Figure 14 shows a figure of a coil layout in accordance with an
embodiment of the invention.

[0028] Figure 15 shows a figure of a charging pad with muttiple coils in
accordance with an embodiment of the invention.

[0029] Figure 16 shows a figure of a charging pad with movabie coils in
accordance with an embodiment of the invention,

[0030] Figure 17 shows a figure of a circuit diagram in accordance with
an embodiment of the invention.

[0031] Figure 18 shows an illustration of a means of stacking coils, in
accordance with an embodiment of the invention.

[0032] Figure 19 shows an illustration of a device for inductive power
charging that includes an intemnal battery for self-powered operation, in
accordance with an embodiment of the invention.

[0033] Figure 20 shows an iflustration of an inductive charger unitwith a
solar cell power source for self powered operation, in accordance with an
embodiment of the invention.

[0034] Figure 21 shows an illustration of an inductive charger unit with
an incorporated communications and/or storage unif, in accordance with an
embodiment of the invention.

[0035] Figure 22 shows an illustration of a kiosk that incorporates an

inductive charger unit in accordance with an embodiment of the invention.

Detailed Description:

[0036] A power source, charging system, and inductive receiver for
mobile devices s disclosed herein. In accordance with an embodiment, a pad
or similar base unit comprises a primary, which creates a magnetic field by
applying an aiternating current to a winding, coil, or any type of current
carrving wire. A receiver comprises a means for receiving the energy from the
alternating magnetic field and transferring it to a mobile or other device. The
receiver can also comprise electronic components or logic to set the voltage
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and current to the appropriate levels required by the maobile device, or to
communicate information or data to and from the pad. The system may also
incorporate efficiency measures that improve the efficiency of power transfer
between the charger and receiver.

[0037] In some embodiments the receiver can also comprise electronic
components or logic to set the voltage and current to the appropriate levels
required by the mobile device. n some embodiments, the receiver can also
contain circuitry to sense and determine the status of the electronic device to
be charged, the battery inside, or a variely of other parameters and to
communicate this information 10 the pad. In additional embodiments, the
system can provide for additional functionality such as communication of data
stored in the electronic device (for example, digital images stored in cameras,
telephone numbers in cell phones, songs in MP3 players) or data into the
device.

[0038] Embodiments can also incorporate efficiency measures that
improve the efficiency of power transfer between the charger and receiver, and
uitimately to the mobile device. In accordance with an embodiment, the
charger or power supply comprises a switch, (for example, a MOSFET device
or another switching mechanism), that is switched at an appropriate frequency
to generate an alternative current (AC) voltage across a primary coil, and
generates an AC magnetic field. This field in turn generates a voltage in the
coil in the receiver that is rectified and then smoothed by a capacitor to provide
power to a joad, with the result being greater efficiency.

[0039] In accordance with other embodiments the coils are mounted
such that they can move laterally within the pad and within an area of their
sagments, while continuing to be connecied o their driver electronics placed
on the edges of the area. The floating coils and the drive circuil are
sandwiched in between thin upper and lower cover layers that act to allow the
coifs lateral movement while limiting vertical movement. When a secondary is
placed on the pad, the pad senses the position of the secondary coil and
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moves the coils to the right position to optimize power transfer. Magnets can
be used to better orient the coils and improve greater power transfer efficiency.
[0040] Additional embodiments are also described herein. For example,
in accordance with an embodiment the device includes an intemal battery for
self-powered operation. Inaccordance with other embodiments the device can
inctude a solar cell power source, hand crank, or other means of power supply
for occasional self powered operation. Other embodiments can be
incorporated into charging kiosks, automobiles, computer cases, and other

electronic devices and applications.

Inductive Charging System

[0041] While the above mentioned technologies describe various

aspects of inductive charging, they do not address the basic requirements that

a consumer and manufacturer desire in such a product. These include the

following desired features:;

. The pad should be able to charge a number of devices with various
power requirements efficiently. A typical number would be 1-6 devices,
and probably up to 4 low power (up {o § W) devices simulianeously.
When multiple davices are being charged, a method for energizing only
those coils near a device is preferable.

. The same pad should be able o power low-power devices {mobile
phones, PDAs, cameras, game consoles, eic.) with power requirements
of 5 Wor less, and higher-power devices such as notebook computers
(which often have a power requirement of 60 W or higher).

. The power {ransfer efficiency between the primary coil and the
secondary shouid be maximized. Lack of efficiency in the power
tfransfer would necessitate larger and heavier AC to DC powsr supplies.
This would add cost and decrease product stiractiveness to
customers. Thus methods where the entire pad is energized are not as
atiractive.
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. A simple method for verification of the manufacturer of the secondary,
and possibly information for power requirements, should be supported
as necessary 1o ensure product compatibility and to provide means of
product registration and licensing.

. The EMI radiation from the system should be minimized, and ideally,
the system should radiate little or no EMI with no device present. A
charger should preferably not emit any power until an appropriate
device is brought close to the charger itself. In this way, electric power
is not wasted, and electromagnetic power is not emitted needlessly. In
addition, accidental effects on magnetically sensifive devices such as
credit cards, disk drives and such are minimized.

. The pad and the receiver should be reasonably simple to construct,
and cost effective.  Since both parts can be integrated intc mobile

devices, the overall size, weight, and form factor should be minimized.

[0042] As used herein, the term “charger” can refer to a device for
supplying power to a mobile or stationary device for the purpose of either
charging its battery, operating the device at that moment in time, or both. For
example, as is common in portable computers, the power supply can operate
the portable computer, or charge its batiery, or accomplish both tasks
simuitaneously.  In accordance with an embodiment, the mobile device
charger can have any suitable configuration, such as the configuration of a flat
pad. The power received by the mobile device from the mobile device charger
{such as the primary in the mobile device charger) can be rectified in the
receiver and smoothed by a capacitor before being connected to the
rechargeable battery which is represented by the load in the picture above. To
ensure proper charging of the battery, a reguiator can be placed between the
output of the receiver and the battery. This regulator can sense the
appropriate parameters of the battery {voltage, current, capacity), and regulate
the current drawn from the receiver appropriately. The battery can contain a
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chip with information regarding ifs characteristics that can be read out by the
regulator. Alternatively, such information can be stored in the regulator for the
mobile device to be charged, and an appropriate charging profile can also be
programmed into the reguiator.

[0043] Figure 1 shows a pad using multiple receiver / energizer coils in
accordance with an embodiment. In its simplest format, the mobile device
charger or power supply preferably has a substantially flat configuration, such
as the configuration of a pad 100, and comprises multiple coils or sets of wires
104. These coils or wires can be the same size as or larger than the coils or
wires in the mobile devices, and can have similar or different shapes, including
for example a spwal shape. For example, for a mobile device charger
designed to charge up to four mobile devices of similar power {up to 10 W
each) such as mobile handsets, MP3 players, stc., four or more of the coils or
wires would ideally be present in the mobile device charger. The charger pad
or pad can be powered by plugging into a power source such as a wall socket.
The pad can also be powered by another electronic device, such as the pad
being powered through the USB outiet of a laptop or by the connector that
laptops have at the bottom for interfacing with docking stations, or powering
other devices. The pad can also be incorporated into a docking station, such
as may be used by notebook computers.

[0044] A mobile device can include areceiver that includes one ormore
coils or wires o receive the power from the mobile device charger. As
described in further detail below, the receiver can be made part of the battery
in the mobile device or of the shell of the mobile device. When il is part of the
maobile device shell, the receiver can be part of the inside surface of the mobile
device shell or of the outside surface of the mobile device shell. The receiver
can be connected to the power input jack of the mobile device or can bypass
the input jack and be directly connected to the battery. In any of these
configurations, the receiver includes one or more appropriate coil or wire
geometries that can receive power from the mobile device charger when it is
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placed adjacent to the mobile device charger. In accordance with an
embodiment, the coils in the mobile device charger and/or the coils in the
mobile devices can be printed circuit board (PCB) coils, and the PCB coils can
be placed in one or more layers of PCB.

[0045] In some embodiments, the charger can also iself be built into a
mobile device. For example, a laptop computer or other portable or mobile
device can incorporate a charger section so that other mobile devices can be
charged as described above. Alternatively, using the same set of coils or
wires, or a separate set of coils or wires, any mobile device can itself be used
as a charger to power or charge other mobile devices.

[0048] in accordance with an embodiment, the mobile device charger or
pad, and the various mobile devices, can communicate with each other to
transfer data. In one embodiment, the coils in the mobile device charger that
are used for powering the mobile device, or another set of ¢oils in the same
PCB layer or in a separate layer, can be used for data transfer between the
mobile device charger and the mobile device to be charged or the battery
directly. Techniques employed in radio and network communication, such as
radio frequency identification (RFID) can be used. In one embodiment a chip
connected 1o an antenna (for example, the secondary coil or separate data
antenna) or another means of transfer of information can be used to provide
information about, for example, the presence of the mobile device, ifs
authenticity (for example its manufacturer code) and the devicesll charging
requirements (such as its required voltage, baftery capacity, and charge
algorithm profile}.

[0047] In accordance with an embodiment, a typical sequence for
charger operation can be as follows: The mobile device charger canbe in a
low power status normally, thus minimizing power usage. However,
periodically, each of the coils (or a separate data coil in another PCB layer) is
powered up in rotation with a short signal such as a short radiofrequency {RF)
signal that can activate a signal receiver in the secondary such as an RF ID
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tag. The mobile device charger then tries to identify a return signal from any
mobile device {or any secondary)} that may be nearby. Once a mobile device
{or a secondary) is detected, the mobile device charger and the mobile device
proceed to exchange information. This information can include a unique 1D
code that can verify the authenticity and manufacturer of the charger and
mobile device, the voltage requirements of the battery or the mobile device,
and the capacity of the battery. For security purposes or to avoid counterfeit
device or pad manufacture, such information could be encrypted, as is
common in some RFID tags.

[0048] in accordance with various embodiment, other protocols such as
Near Field Communications (NFC) or Felica can be used, wherein the circudry
containing the 1D and the necessary information is powered either by the
mobile device or remotely by the mobile device charger. Depending on the
particular implementation needs, Bluetooth, WiFi, and other information
transfer processes can be used. Additional information regarding the charging
profile for the battery can also be exchanged and can include parameters that
woulid be used in a pre-programmed charge profile stored in the mobile device
charger. However, the information exchanged could be as simple as an
acknowledge signal that shows the mobile device charger that a mobile device
is present. The charger can also contain means for detection and comparison
of the sirength of the signal over different locations on the charger. In this
way, it could determine the location of the mobile device on the charger, and
then proceed {o activate the appropriate region for charging.

[0049] in some embodimenis that require greater simplicity, no
communication need take place betwegen the mobile device charger and the
mobile device. In some embodiments the mobile device charger can sense the
mobile device by detecting a change in the conditions of a resonant circuit in
the mobile device charger when the mobile device is brought nearby. In other
embodiments the mobile device can be sensed by a number of proximity
sensors such as capacitance, weight, magnetic, optical, or other sensors that
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determine the presence of a mobile device near a coil in the mobile device
charger. Once a mobile device is sensed near a primary coil or section of the
mobile device charger, the mobile device charger can then activate that
primary ¢oif or section to provide power {0 the secondary ¢oil in the mobile

device's battery, shell, raceiver module, or the davice itself.

Inductive Charging Circuit

[0050] Each mobile device and #s battery has particular characteristics
{voltage, capacity, eic.). In order to facilitate these different devices with a
single universal mobile device charger, several circuit architectures are
possible, some of which are described in further detail below.

[0051] Figure 2 shows the main components of a typical inductive
power transfer system 110. The circuit illusirated is used to illustrate the
principle of inductive power transfer and is not meant to be limiting to the
prasent invention.  In accordance with an embodiment, the charger 112
comprises a power source 118, and a switch T 126 {which can be a MOSFET
or other switching mechanism) that is switched at an appropriate frequency to
generate an AC voltage across the primary coil Lp 116 and generate an AC
magnetic field. This field in {furn generates a voltage in the coit 120 in the
receiver 114 that is rectified and then smoothed by a capacitor to provide
power 122 to g load RI 124, For ease of use, areceiver can be integrated with
a mobile device, such as integrated inside the mobile device or attached to the
surface of the mobile device during manufacture, to enable the device to
receive power inductively from a mobile device charger or integrated into, or
on its battery.

[0052] The mobile device or its battery typically can include additional
rectifier(s) and capacitor(s) to change the AC induced voltage to a DC voltage.
This is then fed to a regulator chip which includes the appropriate information
for the battery and/ or the mobile device. The mobile device charger provides
power and the regulation is provided by the mobile device. The mobile device
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charger, after exchanging information with the mobile device, determines the
appropriate charging / powering conditions {o the mobile device. It then
proceeds (o power the mobile device with the appropriate parameters required.
For example, {0 set the mobile device voltage o the right value required, the
value of the voltage to the mobile device charger can be set. Alternatively, the
duty cycle of the charger switching circuit or its frequency can be changed to
modify the voltage in the mobile device. Alternatively, a combination of the
above two approaches can be followed, wherein regulation is partially provided
by the charger, and partially by the circuitry in the secondary.

Inductive Charger

[0053] To allow the operation of the mobile device charger regardless of
position of the mobile device, the total area of the mobile device charger can
be covered by coils or by another wire geomefry that creates magnetic field.
Figure 3 shows a charging pad using muitiple coils in accordance with an
embodiment of the invention. As shown in Figure 3, the pad 140 is largely
covered with individual energizer coils 144.

[0054] Figure 4 shows a charging pad using multiple overlapping coil
layers in accordance with an embodiment of the invention. This embodiment
addresses the problem of voids between the muitiple coils.  As shown in
Figure 4, any areas of the pad 150 with minimal magnetic field between a first
set of coils 152 can be filled by a second set of coils 154, that are tiled such
that the centers of this coil array fill the voids in the primary set. This second
set can be at a different layer of the same PCB, or in a different PCB. Ineach
of these geometries, the sensing circuitry can probe each location of acoitina
raster, predetermined, or random fashion. Once a mobile device on or near a
coit is detected, that coil is activated 1o provide power {0 the receiving unit
{secondary} of the appropriate device.

[0055] It can be seen from the above example that by providing more
layers of the PCB with coils, or by providing coils of different geometry or size,
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one can obtain as much resolution or coverage as desired.

[00586] in accordance with an embodiment, to power mobile devices with
power requirements that exceed maximum powers attainable by typical coils in
a surface, the mobile device, during its hand shake and verification process
can indicate its power / voltage requirements to the mobile device charger.
Several geometries for achieving power / voltage levels otherwise not
attainable from a single primary ¢oil of the mobile device charger are possible.
[00&67] In one geometry, the power receiving unit of the mobile device
has several coils or receiving units that are connected such that the power
from several primary coils or sets of wires of the mobile device charger can
add fo produce a higher total power. For example, if each primary coil is
capable of outputting a maximum of 10 Walts, by using 6 primary coils and &
secondary coils, a total output power of 60 Watls can be achieved. The
number of primary and secondary coils need not be the same, and a large
secondary coil {receiving unit) that would be able to capture the majority of
magnetic flux produced by 6 or other number of primary coils or a large
primary coil powering 6 or some other number of secondary coils can achieve
the same effect. The size and shape of the muitiple primary coils and
secondary coils aiso do not need 10 be the same. Furthermore, neither set of
primary and secondary coils need to be in the same plane or PCB tayer. For
example, the primary coils in the examples shown above could be dispersed
such that some lay on one PCB plane and the others in another plane.
[0058] in another geometry, the PCB of the mobile device charger has
muitiple fayers, wherein coils or wire patterns of certain size and power range
can be printed on one or more layers and other layers can contain coils or wire
patterns of larger or smaller size and power capability. In this way, for
example, for low power devices, a primary from one of the layers will provide
power to the mobile device. i a device with higher power requirements is
placed on the mobile device charger, the mobile device charger can detect its
power requirements and activate a larger coil or wire pattemn with higher power
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capabilities or a coil or wire pattern that is connected to higher power circuitry.
[0059] One may also achieve similar results by using a combination of
the different processes and geometries described above.

[0060] Figure 5 shows the use of mulliple coll types and sizes in
overlapping pad layers in accordance with an embodiment of the invention.. As
shown in Figure 5, the mobile device charger or pad 160 can comprise two
overlapping layers with a first layer 162 containing low power coils, and a

second layer 164 containing high power coils.

Inductive Charging Receiver
To apply the inductive charging technology to current and future
electronic devices, some of the desired characteristics include:

+« The receiver should provide sufficient power to the mobile or other
device with the device in proximity {e.g. several millimeters 1o several
centimeters) {o the pad or charging device.

« The receiver should be of low cost, and of reasonably small size in
terms of volume and weight.

s Thereceiver may in some instances be capable of being integrated into
the inside of the device by the device manufacturer, so as {o allow
customers o then use the mobile device with a charging pad.

« The receiver may in some instances contain circuilry to identify the
prasence of the receiver and the characteristics of the charging pad.

« The receiver may in some instances contain a means of communication

of information and data from the mobile device {o the pad.

[0061] As described above, the inductive charging pad is used to power
a receiver, which in turn is used {o power or to charge a portable or mobile
device. In accordance with one embodiment of the receiver, the power from
the mobile device charger is emitted at a magnitude that would be sufficient to
power any foreseeable mobile device {such as 5 or 10 W for small mobile
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devices). The receiver that is appropriate for each mobile device has a power
receiving part that when matched to the mobile device charger is able {o
receive sufficient power for the mobile device. For example a receiver for a
maobile phone requiring 2.5 Watls can be a coil with certain diameter, number
of turns, wire width, efc. to allow receipt of the appropriate power. The power is
rectified, filtered, and then fed into the battery or power jack of the device. As
discussed above, a regulator can be used before the power is provided {o the
battery or the mobile device.

[0062] To save energy, the power emitted by the mobile device charger
can be regulated. It is desirable to regulate the power emitted by the charger
because if the charger is emitting 10 W of power and the receiver is designed
to receive 5 W, the rest of the emitied power is wasted. In one embodiment,
the receiver or the mobile device can, through an electrical {(such as RF),
mechanical, or optical method, inform the charger about the voltage / current
characteristics of the device. The primary of the charger in the circuit
diagrams shown above then can be driven to create the appropriate voltage /
current in the raceiver. For example, the duty cycle of the switch in that circuit
can be programmed with a microprocessor to be changed to provide the
appropriate levels in the receiver.

[0063] In accordance with an embodiment, this can be done by a look
up table in a memory location connected to a microprocessor or by using an
algorithm pre-programmed into the microprocessor.  Alternatively, the
frequency of the switch can be changed to move the circuit into, and out of,
resonance {o create the appropriate voltage in the receiver. In an allernate
geometry, the vollage into the circuilry in the primary can be changed {o vary
the voltage output from the receiver. Furthermore, the induced voltage/current
in the mobile device can be sensed and communicated {o the charger to form
a closed-loop, and the duty cycle, frequency, and/or voltage of the switch can
be adjusted to achieve the desired voitage/current in the mobile device.
[0084] In accordance with an embodiment, the receiver is built onto or

Attorney Docket No.: AFPA-01001USY
kfiatpa/ 1001 ustiafpa_1001ust _application.doc

18

Page 1027 of 1081



into the battery for the mobile device. The receiver can include one or more
coils or wires shaped to receive power from the charger. The one or more
coils or wires can be either printed on one or more PCBs, or formed from
regular wires. As described above, the receiver can also contain rectifier(s)
and capacitor(s) to produce a cleaner DC voitage. This output can be directly,
or through a current limiting resistor, connected to one of the contacts on the
battery. To avoid overcharging the battery, a battery regulator chip can aiso
be used. This circuit then measures the various parameters of the batfery
{voitage, degree of charging, temperature, etc.) and uses an internal program
to reguiate the power drawn from the circuit to ensure over-charging does not
oceur. The circuit could also include LEDs o show the receiver being in the
presence of a magnetic field from the charger, complste charge LEDs and /or
audible signals.

[0065] in typical commercial and end-user applications such as celt
phones, PDAs, and MP3 players, the battery could be incorporated info the
battery pack or device by the original equipment manufacturer (OEM), oras an
after market size and shape compatible battery pack that can replace the
original battery pack. The battery compartment in these applications is typically
at the bottom of the device. The user can open the battery compartment, take
out the conventional battery, replace i with a modified battery in accordance
with an embodiment of the invention, and then replace the ballery lid. The
battery could then be charged inductively when the mobile device is placed
adjacent a maobile device charger.

[0066] To enhance the ability of the receiver {0 receive power, it may be
desirable to minimize the distance between the charger's primary coil and the
receivers coll or wire. In order to achieve this, in accordance with an
embodiment the receiver's coil or wire can be put on the outside of the battery
pack. Figure 6 shows areceiver with an integrated battery in accordance with
an embodiment of the invention. As shown in Figure 6, the receiver 170
comprises the battery 182, together with the secondary coil 172, and any

Attorney Docket No.: AFPA-01001USY
kfiatpa/ 1001 ustiafpa_1001ust _application.doc

19

Page 1028 of 1081



rectifiers 174, capacitors 178, regulators 180 necessary for proper operation of
the charging receiver. If the battery compartment lid of the device prevenis a
power receiving light emitting diode (LED} to be seen, the lid can itself be
replaced with a see-through lid or a lid with a light pipe that will allow the user
to see the charging indicator LED when the mobile device is placed adjacentto
the charger.

[00&67] in an alternative embodiment, the receiver battery can include a
mechanical, magnetic, or optical method of alignment of the coils or wires of
the charger and mobile device for optimum power transfer. In accordance with
an embodiment, the center of the primary in the charger contains a magnet
such as a cylinder or disk with the poles parallel to the charger surface and the
magnetic field perpendicular to the charger surface. The receiver also
containg a magnet or magnetic metal part of a similar shape behind or in front
of the center of the coil or wire receivers. When the mobile device is placed on
or adjacent to the charger, the magnets attract and pull the two parts into
alignment with the centers of the two coils or wires aligned. The magnets do
not need to be especially strong to actively do this. Weaker magnets can
provide guidance to the user's hand and largely achieve the intended results.
Alternatively, audible, or visual signs (LEDs that get brighter with the paris
aligned), or mechanical means {dimples, protrusions, €ic.) can be used for
alignment.

[0068] In another embodiment, the coil or wires and the magnet in the
charger are mechanically attached to the body of the charger such that the coil
can move to align itself appropriately with the mobile device when it is brought
into close proximity to the charger. inthis way, an aufomatic alignment of coils
or wire patterns can be achieved.

[0069] in another embodiment, the receiver electronics described above
are preferably made from flexible PCB which can be formed into & curved
shape. Such a PCB can be placed on the surface of a battery pack that is not
flat or that has a curved shape. The curve on the battery or back of a mobile

Attorney Docket No.: AFPA-01001USY
kfiatpa/ 1001 ustiafpa_1001ust _application.doc

20

Page 1029 of 1081



device battery lid can be matched {0 a curved primary in the mobile device
charger and be used for alignment. One example of usage of this embodiment
can be for example flashlights that have circular handles: the batteries canbe
charged with coils on the side of circular batteries, or circling the cylindrical
battery. Similarly, the mobile device charger can have a curved shape. For
example, the charger surface can be in the shape of a bowl or some similar
object. A mobile device that may have a flat or curved back can be placed into
the bowl. The shape of the bowl can be made to ensure that the coil of the
mobile device is aligned with a primary ¢oil 10 receive power.

[0070] in another embodiment, the primary can be incorporated into a
shape such as a cup. A mobile device can be placed into the cup standing on
end and the receiver could be built-in to the end of the mobile device (such as
a mobile phone} or on the back or circumference of the device. The receiver
can receive power from the bottom or wall of the cup.

[0071] in ancther embodiment, the primary of the charger can have a
flat shape and the mobile devices can be stood up to receive power. The
receiver is built into the end of the device in this case and a stand or some
mechanical means can be incorporated fo hold the device while being
charged.

[0072] in another embodiment, the charger can be made to be mounted
on a wall or a similar surface, vertically or at an angle (such as on a surface in
a car), so as to save space. The charger could incorporate physical features,
magnets, fasteners or the like to enable attachment or holding of mobile
devices {o be charged. The devices {o be charged can also incorporate a
retainer, magnet, or physical shape to enable them to stay onthe chargerina
vertical, slanted, or some other position, In this way, the device could be
charged by the primary while it is near or on it.

[0073] For those applications where the lid of the batiery compartment
or the bottom part of the mobile device is made from a metal, a replacement
non-rmetallic fid or backing can be used. Alternatively, the coil can be attached
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to the outside of the metal surface. This allows electromagnetic (EM) fields to
arrive atthe power receiver coil or wires. The rest of the receiver (i.e. circuitry)
can be placed behind a metal for the receiver to work. In some other
applications where the battery has metal parts, these parts may interfere with
the EM field and the operation of the coil in the receiver. In these cases, it
may be desirable to provide a distance between the metal in the battery and
the coils. This could be done with a thicker PCB or battery top surface.
Alternatively, 1o provide additional immunity, ferrite material (such as those
provided by Ferrishield Inc.} can be used between the receiver and the battery
to shieid the battery from the EM fields. These materials can be made soasto
be thin, and then used during the construction of the integrated battery /
receiver.

[0074] in another embodiment, the receiver in the batiery also inchudes
a means for providing information regarding battery manufacturer, required
voliage, capacity, current, charge status, serial number, temperature, efc. to
the charger. In a simplified embodiment, only the manufacturer, required
voltage, and/ or serial number is transmitted. This information is used by the
charger to adjust the primary 1o provide the correct charge conditions. The
ragulator in the receiver can then regulate the current and the load fo charge
the battery correctly and can end charge at the end. In anocther embodiment,
the receiver can control the charging process fully depending on the time
dependent information on battery status provided to . Alternalively, the
charging process can be controlled by the charger in a similar manner. As
described above, the information exchange between the charger and the
receiver can be through an RF link or an optical transmitter/ detector, RFID
techniques, Near-Field Communication (NFC), Felica, Bluetooth, WiFi, or
some other method of information {ransfer. Similarly, the receiver could send
signais that can be used by the charger {o determine the location of the
receiver o determine which coil or section of the charger to activate. The
communication link can also use the same coil or wires as antenna for data
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transfer or use a separate antenna. In some embodiments the received can
use the actual capabilities of the mobile device (for example, the buill-in
Bluetooth or NFC capabilities of mobile phones) to communicated with the
charging pad.

[0076] As described above, in accordance with some embodiments the
receiver can be integrated into the body of the device itself at a location that
may be appropriate and can be exposed to EM radiation from outside, The
output of the receiver can be routed to the electrodes of the battery internaily
inside the device and appropriate circuitry inside the device can sense and
regulate the power. The device can include LEDs, messages, etc. or audible
signs that indicate to the user that charging is occurring or complete or indicate
the strength of the received power (ie. alignment with a primary in the
charger) or the degree of battery charge. In other embodiments, the receiver
is built into an inner or outer surface of a component that is a part of the mobile
device's outer surface where it would be closest to the charger. This can be
done as original equipment or as an after-market item. The component can be
the lid of the batftery pack or the bottom cover of the mobile device. In yet
other embodiments, the receiver can be integrated into the back or front of the
battery compartment or an interchangeable shell for the mobile device for use
in after-market applications. For exampie, in a mobile phone application, the
back battery cover or shell can be removed and replaced with the new sheli or
battery cover with the receiver built in. Figure 7 shows a coupling of receiver
with a device {o be charged in accordance with an embodiment of the
invention. As shiown in Figure 7, the original mobile phone setup 190 includes
a device 192 with sheli 194 and power jack 188. The after-market modification
200 replaces the original shell with a2 combination shell 210 that includes the
necessary receiver coils and batter couplings. The contacts from this circuitry
can then make direct contact to the battery slectrodes inside the mobile device
or to some contact points inside the mobile device if such contacts exist or
become provisioned by the device manufacturer during manufacture.
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Alternatively, the receiver may be a component (such as a shell) that has a
connector that plugs into the input power jack of the mobile phone. The
receiver can be fixed to, or detachable from, the maobile device. This could be
achieved by having a plug that is attached either rigidly or by a wire to the
raceiver {(shell). Alternatively, the replacement receiver (shell) could be farger
than the original shell and extend back further than the original shell and
contain the plug so that when the receiver {shell} is attached, simultaneously,
contact to the input power jack is made. Alternatively, the receiver (shell) can
have a pass-through plug so that while contact is made to this input power
connector, the connector allows for an external reguiar power supply plug to
be also used as an alternative. Altemnatively, instead of a pass-through, this
part could have a power jack in another location in the back so that a regular
power supply could be used to charge the battery. In cases where the
connector o the device performs other functions such as communication to
the device, a pass-through connector can allow communication / connectivity
to the device.

[0076] in accordance with another embodiment, the replacement
receiver {i.e. the replacement shell} or the plug in unit, in addition to the power
receiver components and circuilry, can include additional circuitry that can
provide further functionalities to the mobile device. These could include, for
example, the ability {0 exchange data through Bluetooth, Wik, NFC, Felica,
WiMax, RFID, or another wireless or optical mechanism. it could aiso provide
extended functionalities such as Global Positioning System (GPS) location
information, flashing lights, flashlight, or other decorative or electronic
functions. As described above, various methods for improving coil alignment,
or jocation, battery manudacturer, or battery condition information transfer can
also be integrated into the receiver or replacement shell.

[0077] in another embodiment, the receiver is supplied inthe form of a
separate unit that is attached to the input jack of the mobile device or
integrated info a secondary protective skin for the mobile device, Many leather
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or plastic covers for mobile phones, cameras, and MP3 players already exist.
The primary purpose of these covers is to protect the device from mechanical
scratches, shocks, and impact during daily use. However, they often have
decorative or advertising applications. In accordance with one embodiment,
the receiver is formed of a thin PCB with the electronics formed thereon, and
the receiver coil or wire that is attached to the back of the device and plugs
into the input jack simitar to the shell described abova. Alternatively, it can be
connected through a flexible wire or flexible circuit board that is routed to a
plug for the input power jack.

[0078] in another embodiment, the receiver can be a separate part that
geis plugged into the input jack during charging and s placed on the charger
and can then be unplugged afier charging is finished.

[0079] in yet another embodiment, the receiver is built in the inside or
outside surface or in between two layers of a plastic, leather, silicone, or cloth
cover for the mobile device and plugs in or makes contact to the contact points
on the device.

[0080] It will be noted that certain devices such as notebooks and some
music players have metal bottom surfaces. The methods described above for
changing the back surface or use of a plug in the mobile device or a secondary
skin with an integrated receiver is particularly useful for these applications. As
described previously, the effect of the metal surface can also be minimized, if
necessary, by increasing the distance between the wires of the receiver and
the metatl surface or by placing a Ferrite layer in between the receiver and the
metal bottom.

[0081] it is also noted that the use of methods such as curving the
receiver or integrating magnets, LEDs, audio signals or messages, etc. for
alignment, or methods for location, manufacturer or charging condition
identification, as described above are possible with ali embodiments of the
present invention described above. In any of the above cases, the charger
can contain lights, LEDs, displays, or audio signals or messages o help guide
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the user to place the mobile device on a primary cail for maximum reception, {o
show charging is occurring, and to show the device is fully charged. Displays
to show how full the battery is or other information can also be incorporated.

Portable Inductive Charging Pad
[0082] In accordance with an embodiment a flexible mobile device
charger is provided in the shape of a pad that can be folded or rolled up for
carrying. In ong implementation of the invention, the electronics of the charger
are placed on a thin flexible PCB or the coils are made of wires that can be
rolied up or shaped. The electronics components made of silicon chips,
capacitors, resistors and the like may not be flexible but take up very little
space. These rigid componenis can be mounied on a flexible or rigid circuit
board, while the main section of the pad containing the coils or wires for
energy {ransfer couid be made to be flexible to allow conformity to a surface or
to be rolled up. Thus the pad resembles a thin mouse pad or the like.

[0083] in some cases, it may be advantageous to the user to have a

mobile device charger that is exiendible in functionalities. The cases include

but are not limited {o:

. A user may purchase a mobile device charger for charging a single low
power device but, at a later stage, may want {0 exiend the capability to
charge more devices simultaneously.

. A user may purchase a mobile device charger for charging one or more
low power devices but may want to charge more low power or high
power devices.

. A user may buy a mobile device charger that can charge one or more
low-power or high-power devices and later wish {0 have the
communication or local storage, or a rechargeable battery, or means of
power generation such as solar paneis or some other capability, added
to the charger.

[0084] in all of the cases above and others, it can be useful to have a
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modular approach to expand the capabilities of the mobile device charger.
Figure 8 shows a pad 220 allowing modular or multiple connectivity in
accordance with an embodiment of the invention. In this case, the user can
purchase a first unit 222 that is powered by an electric outlet 224. However,
interconnacts 226 for power and data are provided so that additional units
228, 230 can simply fit or plug into this first one directly or indirectly and
expand the capabilities as the customer's needs grow. Data communications
and storage units 234 can also be attached in a modular fashion. This
approach would enable the customer to use the technology at a low costentry
point and grow his / her capabilities over time.

[0085] Some of the electronics devices that can benefit from these
methods include: mobile phones, cordiess phones, personatl data assistants
{PDAs}, pagers, mobile electronic mail devices, Blackberry's, MP3 players, CD
players, DVD players, game consoles, headsets, Bluetooth headsets,
head-mounted displays, GPS units, Hashlights, watlches, cassetie players,
laptops, electronic address books, handheld scanning devices, toys, electronic
books, still cameras, video cameras, film cameras, portable printers, portable
projection systems, IR viewers, underwater cameras or any waterproof device,
toothbrushes, shavers, medical equipment, scientific equipment, dental
equipment, military equipment, coffee mugs, kitchen appliances, cooking pots
and pans, lamps or any battery, DC, or AC operated device.

[0086] In addition, inductive power transfer can provide power {0
devices that are not so far battery operated. For example, a mobile device
charger in the shape of a pad placed on a desk or a kitchen table can be used
to power lamps or kifchen appliances. In one embodiment for the use in a
kitchen, a flat charger, such as a pad, placed on or built into a counter can
atlow the chef to place devices on the charger to be inductively charged during
use and simply place them away after use. The devices can be, for example,
a blender, mixer, can opener, or even pot, pan, or heater. This can eliminate
the need for a separate cooking and work area. it will be noted that placement
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of a metal pan close {0 the inductive pad could directly heat the pan and the
contents while keeping the charger surface cool. Due to this reason, inductive
Kitchen ranges have been commercialized and shown to be more efficient than
the electric ranges that work by resistive heating of a coil.

[0087] In another embodiment, rather than direct heating of metal pans
by nearby inductive fields, cooking pans may include a receiver and heating or
gven cooling elements. Once placed on a charger, the pan would heat up or
cool down as desired by a dial or the like on the pan allowing precise
temperature control of the pan and the contents.

[0088] Similarly, in an office or work area setting, if a charger is readily
available for charging mobile devices, if can also be used to power up lamps
for llumination of the desk or used to power or charge office appliances, such
as fax machines, staplers, copiers, scanners, telephones, and computers. In
one embodiment, the receiver can be built into the bottom of a table lamp and
the received power would be used to power the incandescent or LED lamp.
[0089] in another embodiment, a mug, cup, glass, or other eating
appliance such as a plate can be fitted with a receiver at its bottom. The
received power can be used to heat the mug, etc. with a heatling coll thus
kesping beverages or food warm to any degree desired. Furthermore, in
accordance with an embodiment, by use of devices such as thermoelectric
coolers the contents could be cooled or heated as desired.

[0090] Similarly, many children's toys often run out of battery due to
extended use or simple forgetfuiness to fumn the device off. Often these
batteries are included inside a battery compartment that for safety reasens can
only be opened by a screwdriver.  Inclusion of the receiver into toys could
reduce the need to change the device batteries and allow racharging with a
much simpler method.

[0091] in another implementation, the receiver can be built into medical
devices that are implanted or inserted in the body. Since batieries in these
devices such as pace makers, cochiear implants, or other monitoring devices
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may need periodic charging, inductive power transfer can provide an ideal
non-contact method for charging and testing the performance of the devices
{i.e. check up) or downioading data that the devices have logged.

[0092] in another implementation, some active RFID tags include
batteries that can send out information about the status or location of a
package or shipment. An inexpensive method for charging these tags would
be to include a receiver with each tag. Thus, a charger can be used 1o power
or charge these RFID tags.

[0093] it will be noted that the effective working distance of the inductive
charger is dependent on the power and the frequency of the source. By
increasing the frequency to several or tens of MHz, one can oblain a working
distance of several inches or feet depending on the application for the
technology. It will also be noted that any of the above embodiments that
eliminate the input power jack are especially important because they add to
product reliability by removing a source of mechanical or environmental failure.
In addition, elimination of the jack is imperative for water proof applications and
for extra safety.

Efficiency Enhancements in Circuit Design

[0094] in accordance with an embodiment of the invention, in order for
the power efficiency {o be maximized and to minimize losses in the coil, the
coils should be manufactured to have as low a resistance as possible. This
can be achieved by use of more conductive material such as gold, silver, etc.
However in many applications, the cost of these materials are prehibitive. In
practice, reduced resistivily can be obtained by using thicker copper-clad
PCBs. Most common PCBs use 1-2 oz copper PCBs.  In accordance with
some embodiments the coil PCB used for the wireless charger can be made
from PCBs clad with between 2 and 4, or even 6 oz copper. The process of
manufacture of the PCB can also be optimized to achieve higher conductivity.
For example, sputtered copper has a higher conductivity than rolled copper
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and is typically better for this application. In operation, the coil and the circuitry

demonstrates a resonance at a frequency determined by the parameters of the

design of the coil {for exampile, the number of windings, coit thickness, width,
efc.). However, previous work has concentrated on circuits driven by square

waves with a MOSFET. This approach has the disadvantage that since a

square wave is not a pure sinusoid, it produces harmonics. These harmonics

are undesirable because:

. The PCB coil produces optimum power transfer efficiency at a particular
frequency. The harmonics in the primary signal are not transferred as
efficiently and decrease the overall system efficiency.

. The rapid voltage change in the leading and falling edge of the square
wave creates oscillations that create further harmonics resulting further
EML

. The harmonics radiated by the primary create higher frequency
components that contribute to the EMI that is more radiative (due fo
higher frequency). It is desirable to limit the frequency range of the
operation of the overall system to as low a frequency as possible while
maintaining the other requirements of the system (such as sufficient
working distance, etc.). So these harmonics must be avoided.

. At the instance of switch turn-on and turn-off, the change in the in-rush
current to the coil causes huge voitage swings across the coil for a
short period of time. All the power is {ransferred {o the secondary
during these times that are short.

[0095] Previous attempts to achieve 80% transfer efficiency with PCB
coil primary and receiver have used a laboratory power supply to drive their
circuit. While this approach has demonstrated the higher efficiency that can be
achieved with a sinusoidal voltage on the coil, such power supplies are
complex, costly, and {oo large to be able {0 be used for any practicat charger
application.
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[0096] in accordance with an embodiment of the present invention, a
capacitor is added in paraliel to the drain / source contacts of the MOSFET.
Figure 8 shows a figure of a circuit diagram 240 in accordance with an
embodiment. The coll in the wirgless charger system is driven by switching the
FET at the resonance frequency of the circuit when the receiver is present.
Without the receiver nearby, the circuit is detuned from resonance and
radiates minimal EML. The capacitor 244 acts as a reservoir of energy that
discharges during switch off time and enhances energy transfer.

[0097] By way of example, in accordance with an embodiment that uses
an IRFRQ220 chip as a FET and use 4 Oz. copper coils with @ furns and 1.25"
diameter, the circuit in Figure 2 above, can be loaded with RL of 10 Ohm and
tuned to operate at 1.3 MHz.  With maiching coils in the primary and
secondary, without capacitor C, total circuit efficiency of the circuit including
the clock and FET driver circuit approaches 48%. Addition of a 1600 pF
capacitor in parailel to the FET increases the total circuit efficiency to 75% (a
better than 50% increase in efficiency), while simuitaneously decreasing the
voltage across the FET and also the harmonics in the circuit. The coil to coit
transfer efficiency with the capacitor placed in parallel with the FET is
estimated to be approximately 90%. The advantages of this approach include:
- High efficiency {(~90% coil {o coil}.

. Low ringing oscillation and EMI.
. Simplicity and low cost.
. Lower FET source-drain voltage swing allowing use of a larger

selection of FETs.

[0098] in many applications, it is also desired that the pad and the
receiver are arranged so that the pad does not emit power unless the receiver
is nearby. Figures 10 and 11 show figures of circuit diagrams in accordance
with an embodiment of the invention. In addition to high efficiency, one

method that is required for minimizing EMI and maintaining high overalt

Attorney Docket No.: AFPA-01001USY
kfiatpa/ 1001 ustiafpa_1001ust _application.doc

31

Page 1040 of 1081



gfficiency is the ability to recognize the presence of a secondary nearby, and
then turning on the pad only when appropriate. Two methods for this are
shown in Figures 10 and 11.
[0099] As shown in Figure 10, in accordance with one embodiment, the
pad circuit 260 incorporates a micro control unit (MCU1) 266 that can enable
or disable the FET driver 268. The MCU1 receives input from another sensor
mechanism that will provide information that it can then use {0 decide whether
a device is nearby, what voltage the device requires, and / or {0 authenticate
the device to be charged.
[0100] One of the sensor mechanisms for this information are through
the use of an RFID reader 280 that can detect an RFID tag of circuit and
antenna in the secondary (1.e. device to be charged}. The information on the
tag can be detected to identify the voltage in the secondary requived and to
authenticate the circuit 10 be genuine or under license. The information on the
tag can be encrypted to provide further security. Once a device containing the
tag is nearby the pad, the RFID reader can be activated, read the information
on the tag memory and compare with a table to determine authenticity /
voltage required or other info. This information table can also reside on the
MCU1 memaory. Once the information is read and verified, the MCU1 can
enable the FET driver to start driving the coil on the pad and to energize the
receiver.
[0101] In ancther embodiment the MCU1 relies on a clock 270 {o
periodically start the FET driver. The current through the FET driver is
monitored through a current sensor 264.  Several methods can be
implemented with this implementation, including for example:
. A smali resistor can be placed in series with the FET {o ground contact.
The voltage across this resistor can be measured by a current sensor
chip, such as a Linear Technology Current Sense Ampilifier part number
LT1787.
. A Hall sensor, such as a Sentron CSA-1A, that measures the current
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from a wire running under it, can be placed on fop of the PCB line from
the FET to the ground to measwre the current without any electrical
connection to the circuit. The advantage of this approach is that no
extra resistor in series with this portion of the circuit is necessary
reducing the impedance.

. Other techniques may be used to measure the current.

. A Hall sensor or a Reed switch can sense a magnaetic field. If a small
magnet is placed inside the receiver unit of the system, a Hall sensor or
Reed switch can be used 0 sense presence of the magnet and ¢an be
used as a signal 1o start the FET.

. Other capacitance, optical, magnetic, or weight, etc. sensors can be
incorporated to sense the presence of @ secondary or receiver and to

begin the energy transfer process.

[0102] Figure 11 shows a figure of a circuit diagram 280 in accordance
with an embodiment of the invention. In accordance with an embodiment, the
MCU1 can periodically start the FET driver. If there is areceiver nearby, it can
power the circut. The regulator 296, or another memory chip in the circuit can
be programmed so that on power-up, it draws current in a pre-programmed
manner. An example is the integration of an RFID transponder chip in the
path, such as ATMEL 5530 or another inexpensive microcontrolier (shown
here as MCUZ2 284), that upon powsr-up modulates the current in the
secondary that can then be detected as current modulation in the primary. As
with the previous example, other sensors, such as an RFD antenna 282 can
also be used to provide positional and other information.

[0103] Figure 12 shows a figure of a power transfer chart 300 in
accordance with an embodiment of the invention, #lustrating transferred power

as a function of offset between coils.

Efficiency Enhancements in Coil Layout
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[0104] An important aspect of power transfer efficiency relates to the
atignment of coils with respect to each other. Figures 13 and 14 show figures
of a coil layout in accordance with an embodiment of the invention. If position
independence is required, the pad PCB can be patterned with a coil pattern to
cover the full area. Figure 13 shows a pad type charger 310 including a layer
of coils 312 with minimal spacing 314 between the coils. Each coil has a
center 316 associated with it. The power fransfer for a 1.25" diameter coil as
the center of the secondary is offset from the center of primary. The power
drops off {0 25% of the maximum value when the two coils are offset by a coit
radius. As described above, in order o bstter keep the coils aligned, use of
magnets centered on the primary and the secondary coil can provide an
automatic method of bringing the two parts into alignment.

[0105] In order to produce uniform fields, a number of coils around the
secondary would typicaily need to be turned on to produce a field. However,
with such a pattern, if a secondary coil is placed in between two primary coils,
the voitage s still not optimized. Research has shown that {o obtain uniform
fields, three layers of coil paiterns offset with respect to each other are
required.

[0106] Figure 14 shows a pad-type charger 320 with two of the three
layers 322, 324 required to achiave position independent magnstic field
pattern. For a secondary placed at the center of the circle, all the coils nearby
{in and around the circle 328} will need o be turned on o achieve a uniform
field in the desired location 326, While this approach solves the offset issue
and can be used to provide position independence, it does not produce high
transfer efficiency. The reason is that ten or more coils have to be turned on
near the secondary center to create the uniform field in that area, which in tum

leads to inefficient power transfer.
Efficiency Enhancements in Independent Coil Movement
[0107] in accordance with some embodiments, {echnigues are included
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to provide high transfer efficiency while maintaining position independences.
Figure 15 shows a figure of a charging pad with muitiple coils in accordance
with an embodiment of the invention. The area of the pad 330 is divided into a
plurality of, or muiltiple segmenis 332, that are bounded 336 by a wall or
physical barrier, or simply some tethering means with no physical walls but
that otherwise restrict movement to within the segment. The coils 334 are
mounted such that they can move laterally, or float, within the area of their
segments while continuing to be connected to the drive slectronics placed on
the edges of the area. In accordance with an embodiment, the floating coils
and the drive circuit are sandwiched between thin upper and lower cover
layers that act to allow the coils lateral movement while limiting vertical
movement. When a secondary is placed on the pad, the pad senses the
position of the secondary coit and moves the coils to the right position to
optimize power transfer.

[0108] Figure 16 shows a figure of a charging pad with movable coils in
accordance with an embodiment of the invention. When the mobile device, for
example a cell phone 340, is placed on the pad 330, the nearest coil moves
342 withiny its segment to better orient itself with the mobile device. In
accordance with one embodiment, the method used for achieving this is by
attaching a magnet to the bottom center of each coil in the pad. A matching
magnet at the center of the receiver coil attracts the primary magnet nearby
and centers it automatically with respect 1o the secondary.

[0109] in accordance with an embodiment, each coil in this configuration
can be suspended by the wires carrying power to the coil or by a separate wire
/ spring or by another mechanism so that each coil can move freely in the
plane of the pad while it can receive power from an individual or shared driving
circuit. in order o facilitate movement, the surface of the coils or the bottom
surface of the top layer for the base unit {the area where the coils move
against) or both layers can be made smooth by use of a low friction material,
attachment of a low friction material, or fubrication. The wire / spring or current
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carrying mechanism described above can also be used to center each coil in
an area at the center of desired movement sector for each coil. In this way,
without a secondary coil in the vicinity, each coil in the base unit stays at the
central location of its sector and responds and moves o match a secondary
coit when a device is brought nearby. Overlap of movement between adjacent
base unit coils can be controlled by limiting movement through limiting length
of current carrying wires to the coil, arrangement of the suspension, or spring,
or placement of dividing sectors, pillars or by any other mechanism.
[0110] in another embodiment, the pad will include a method for
detecting the presence of the mobile device f receiver and taking appropriate
action to turn on the coil and / or to drive the coil with the appropriate pattern to
generate the required voltage in the receiver. This can be achieved through
incorporation of RFID, proximity sensor, current sensor, etc. A sequence of
events {0 enable position independence and automatic pad turn-on can be:

. Muitiple movable coils are used to cover the pad surface area.

. The coils in the pad are normally off and periodically powered up
sequentially to sense whether the secondary is nearby by measuring
the current through the primary coil. Alternatively, proximity sensors
under each section can sense the presence of a magnet or change in
capacitance or other parameter {0 know where a device is placed.
RFID techniques with localized antennas under each section or such
can also be used.

. Once a device is identified as placed in a section, the pad can
interrogate the device through one of the processes described earlier to
authenticate and to understand ifs voltage / powaer, eic. requirements.

. The MCU1 unit uses the information received above {o set the PWM
pattern which it will use 1o drive the FET drive to produce the
appropriate voltage in the receiver,

. The board continues to 'search’ for other devices on the pad by
scanning coils or using the RFID system, etc. and then turn on other
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coils as appropriate.
. The pad aiso use the monitoring to find out when and if the first mobile
device is removed from the pad or end of charge is reached.

Efficiency Enhancements in Coil Registration and Switching

[0111] in accordance with an embodiment, a global RFID system that
would identify the approach of a mobile device o the pad can be used to ‘wake
up' the board. This can be followed by sequential polling of individual coils to
recognize where the device is placed in a manner similar to described above.
Other embodiments of the invention provide safeguards against false charging
of objects placed on the base unit. it is known that a metal object placed on
coits such as the ones in the base of the charger system would cause current
to flow in the primary and transfer power dissipated as heat o the metal
object. In practical situations, this would cause placement of keys and other
metal objects on the base unit to trigger a start and to needlessly draw current
from the base unit coit and possibly lead to failure due to over-heating. To
avoid this situation, in a system as described above, the switching of voltage to
the coif would not start unless an electronic device with a verifiable RFID tag is
nearby thereby triggering the sequence of events for recognizing the
appropriate coil to tum on and operate. In an allernate geometry, the total
system current or individual coil current is monitored, and, ¥ a sudden
unexpected drawn current is noticed, measures to investigate further or to shut
down the appropriate coil indefinitely or for a period of fime or {o indicate an
alarm would be taken.

[0112] in another embodiment, the regulators or battery charging circuit
in mobilte devices or regulator in a receiver electronics typically has a start
voltage (such as 5 V) that is required to start the charging process. Once the
battery charge circuit detects the presence of this voltage, it switches on and
then proceeds to draw current at a preset rate from the input to feed the
pattery for charging. The battery charger circuits operate such that an under
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or over voltage at the start will prevent startup. Once the startup occurs, the
voltage at the battery charger output is typically the voltage of the battery and
depends on the state of charge, but is for example 4.4 V to 3.7V or lower for
Lithium-lon batteries. With a wireless charge system such as described here,
the voltage on the secondary is highly dependent on relative position of the
primary and secondary coil as shown in Figure 5. Since typically the start
voltage of the battery charger is within a narrow range of the specified voltage,
under-voltage and over-voltage in the receiver coil due to mis-alignment or
other variation will resulf in shutdown of the battery charger circuit.

Efficiency Enhancements in Coil Voltage Clamping

[0113] Figure 17 shows a figure of a circuit diagram 350 in accordance
with an embodiment of the invention. In accordance with one embodiment, a
Zener diode 352 s incorporated to clamp the maximum voliage at the output of
the receiver prior to the regulator or battery charger circuit, as shown in Figure
17. Using a Zener allows more insensitivity {0 placement between the primary
and secondary coil while maintaining the ability {o charge the device. For
example, the drive pattern on the primary can be set so that when the primary
and secondary coil are aligned, the voltage on the secondary s above the
nominal voitage for the battery charger startup. For example, for a 5 V startup,
the voltage at center can be set for 6 or 7 volts. In this way, the Zener can be
chosen to have an appropriate value (5 V) and clamp the voitage at this value
at the input to the battery charger unit while the coils are centered or
mis-aligned. Once the battery charger starts operation after dstection of the
appropriate voltage at the input, the battery charger circuitry would pull the
voltage at this point 10 the pre-programmed voltage or voltage of the battery.
in this way, the use of Zener diode would enable less sensitivity to position and
other operational parameters in wireless chargers and would be exfremely

useful.

Attorney Docket No.: AFPA-01001USY
kfiatpa/ 1001 ustiafpa_1001ust _application.doc

38

Page 1047 of 1081



Efficiency Enhancements in Coil Stacking

[0114] Figure 18 shows an illustration of a means of stacking coils, in
accordance with an embodiment of the invention. In accordance with an
embodiment, to achieve higher flux densities, a coil is constructed with two or
more layers, for exampie by using two or more layers of printed circuit board.
Muitiple layer boards can be used to allow compact fabrication of high fiux
density coils. By altering the dimensions of the coil in each fayer {including the
thickness, width, and number of turns) and by stacking multiple layers, the
resistance, inductance, flux density, and coupling efficiency for the coils can be
adjusted so as to be optimized for a particular application.

[0115] In accordance with an embodiment, a transformer consisting of
two PCB coils separated by a distance has many parameters that are defined
by the design of the coil, including:

o
&

AN
O
NN
N

+is the primary winding resistance,
RN s:

: 15 the secondary winding resistance referred to the primary,

is the resistive load,

+18 the primary leakage inductance,

Lsels the secondary leakage inductance referred to the primary,
Lasris the primary mutual inductance,

L1 18 the primary winding capacitance,

{ris the capacitance in the secondary winding referred to the
primary,

Uiris the capacitance between primary and secondary windings, and
8 is the turns ratio.

[01186] In accordance with the embodiment shown in Figure 18, a multi-
layer PCB coil 356 is created in separate PCB layers 357, which are then
connected 358, and manufactured together via common technigues used in
PCB fabrication, for example by use of vias and contacts. The resulting overail
stack is a thin multiHayer PCB that contains many turns of the coil. In this way,
wide coils (low resistance} can be used, while the overall width of the coilis not
increased. This technigue can be particularly useful for cases where small x-y
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coil dimensions are desired, and can be used to create higher flux densities

and more efficiant power transfer.

Inductive Charger with Self-Powered Operation

0117} Figure 19 shows an illustration of a device for inductive power
charging that includes an internal battery for self-powered operation, in
accordance with an embodiment of the invention. As shown in Figure 19, an
inductive charging unit such as an inductive pad 360 includes a rechargeable
battery 364. The unit is normally operated with, or is occasionaily coupled to,
power input from an electrical outlet, or from a dc source such as a car 12 volt
de outlet, or from an outlet in an airplane or an external dc source, or from
another power source such as the USB outlet from a computer or other device.
Alternatively, the power can come from a mechanical source such as a
windmill, or & human-powered crank handle. The unit can include coils 362
that are energized {o transfer power to secondary coils in mobile electronics
devices such as mobile phones, MP3 players, radios, cd players, PDAs, and
notebook computers. At the same time, the input power charges the
rechargeable battery inside the unit itself. When the external power source to
the unit is disconnected, or when no input power is provided, the unit
automatically switches its operation from its charged intermnal battery.
Alternatively, the unitlls operation can be switch-operated by user. In this way,
users can continue to charge their devices by placement on the unit without
any cutside power source, This use can continue until the external power is
restored or until the internal battery is compleately discharged.

[0118] The ability of the unif to continue charging would depend on the
capagcity of the battery included. Thus, for example, with a 1500 mAH internal
battery, the unit would be able to charge a mobile phone with a 1000 mAH
battery completely if the losses due to conversion efficiency, operation of the
circuitry in the unit, and other losses are up to 500 mAH,

[0119] In other embodiments of the invention, the unit can be powered
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by other power sources such as a fuel cell that generates power from
methanol or other sources. The unit can also be connected to the electric grid
through an outlet or to an external DC power source such as power from an
outlet in a car or airplane or be itself charged or powered inductively by
another unit. However, when not connected to outside power, the unit can be
powered by its internal power generator from the fuel cell and can charge
devices placed on it inductively.

[0120] Figure 20 shows an illustration of an alternate embodiment of an
inductive charger unit or pad 370 with a solar cell power source for self
powered operation, in accordance with an embodiment of the invention. As
shown in Figure 20, the surface of the unit can be covered by a solar panel or
solar cell 376. In normal operation, the unit can be powered-up or charged by
connaction to an electric outlet or external DC source. But without external
electric power, the panel generates electric power that is used to power the
charger which in turn can charge devices placed on it through the inductors in
the unil. In some embodiments the unit can also include a rechargeable
battery 374 that can be charged when the unit is either connected to external
electric power or charged by the solar cells on the surface of the unit. This
battery can then operate the unit when the unit is either not connecled to
extemnal electric power or the solar celf is not generating enough power to run
the unit such as during operation at night.

[0121] Figure 21 shows an illustration of an inductive charger unit with
an incorporated communications and/or storage unif, in accordance with an
embodiment of the invention. As shown in Figure 21, in accordance with some
embodiments the charger, including for exampie the regular charger 380, and
the solar-cell powered charger 382, can further comprise an optional
communications andfor storage unit, for storage of data and transmission of
data to and from a mobile device being charged. Examples of components
that can be incorporated include Bluetooth, Near-field Communications (NFC),
WiFi, WiMax, wireless USB, and proprietary communications capabilities,
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including means of connecting to the Internst.

Inductive Charger Applications and Kiosk

fo122] The technology described herein may also be used for other
applications. In some applications, it may be desirable to build the inductive
{as described above) or wire free charger into a case for an electronic device,
a briefcase, or other carrier such as a box, holder, or container in a car or
other wise. An example can be a brief case, hand bag, or back pack where
the bottom part or the outside surface has an integrated charger. Any device
enabled to receive power from such a charger (device containing ¢oils and the
appropriate electronics to receive power or with appropriate contacts for wire
free charging) can be placed on or inside such a briefcase and be charged.
The charging circuitry can be powered by plugging the briefcase, handbag, or
back pack into an outlet power or having internal batteries that can be charged
through power from a wall plug or by themselves being inductively charged
when the briefcase, handbag, or backpack is placed on an another inductive or
wire free charger. Uses can be applied to any bag, container, or object that
can be used to essentially charge or power another device. This first object
can itseff be charged or powered through an outlet directly by wires or
wirelessly through an inductive or wire free charging system. As an
alternative, the first object (the charger) can be powered by solar cells, Fusi
cells, mechanical methods (hand cranks, pendulums, etc.).

[0123] in all of the above case, it is possible for the functions of the
inductor or wire free charger and the power source for the charger (battery,
fuel cell, solar cell, et¢.) to be separated. Furthermore, in some cases, the
charger part can be separated from a portable power source to operate it
{such as a rechargeable battery) which is in turn powered or charged by
another source {(power outlet, fuel cell, solar cell, mechanical source, efc.).
The three parts can be in the same enclosure or area or separate from each
other.
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[0124] An additional example may be an after market inductive or wire
free charger for a car where the inductive or wire free charger or pad including
a solar cell on the pad or in another area and connected to the pad by wires is
used to charge mobile devices. Such a device placed on the dashboard or
tray between seats or a special compartment can be used {0 charge anumber
of devices such as phones, MP3 players, cameras, etc. Devices such as GPS
navigation systems, radar detectors, etc. can als¢ be powered from such a
device. Inanother application, mugs, cups, or other containers with a receiver
circuitrty and means of heating or cooling the contents can be used in
combination with the inductive charger to keep the contents hotor cold. A dial
or buttons on the cup or container can set the temperature. The charging
device or pad can also confain rechargeable batieries that allow the device or
pad to store energy and operate in the absence of any external power if
necessary.

[0125] Other applications of this technology include clothing, jackets,
vests, etc. that have an integrated inductive charger such that a user can
power or charge a device by simply placing it on or near a pocket or an area
where wireless inductive power is available. The jacket or clothing can in tum
be powered by solar cells, Fuel cells, batteries, or other forms of energy. R
can also be powered by batteries that would be recharged through solar cells
sown onto the clothing or be recharged by placing or hanging the clothing item
on a rack or location where it is recharged wirelessly or inductively. By using
inductive charging. the user does not have to plug in devices into individual
wires and connectors at the appropriate jacket pocket.

[0126] In some cases, it may be desirable to build the charger or the
secondary part (receiver for a charger} into the protective case of another
device. For example, many products exist today that are after-market or
optionat items such as a skin or case for a music player, phong, PDA, or
notebook computer. In one implementation, the case or skin can contain the
glectronics and the coil necessary to allow the device to be charged or charge
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other devices or both. The charger can be powered by the device it is
attached o or can receive power from a separate source such as a solar cell,
fuel cell, etc. that is integrated with the charger or in another location and
elecirically connected to the charger. For example, in a briefcase, while the
charger is inside the briefcase and can charge devices inside, the surface of
the briefcase can have solar cells that would power the charger inside. The
briefcase can also contain rechargeable batterias that would store power
generated by the solar cells and use them when necessary to charge devices
inside. Similarly, the charger can be builf on the outside or inside surface of
the case and charge devices placed on or near the surface.

[0127] It is also possible to provide a charger with modular components
that aliow other capabilities o be added later or simultaneously as an option.
In one embodiment, an inductive charging pad that contains a rechargeable
battery can have a separate top surface module or all around cover or skin
that contains a solar cell array and would simultaneously electrically connect o
the charger pad o enable the battery internal to the unit to be charged without
any external power input. 1t is also possible {o have the cover or the outside
skin to provide other capabilities such as communications, or simply provide a
diffarent look or texture so that the pad fits in with the user's taste or décor.
[0128] Figure 22 shows an illustration of a kiosk that incorporates an
inductive charger unit in accordance with an embodiment of the invention. As
shown in Figure 22, the kiosk 390 includes a control screen 392 and an
inductive charging pad 394, to allow individuals to walk-up and purchase an
occasional charge for their mobile device. Currently, the usage model of
typical mobile user consists of charging their most essential device (phone,
MP3 player, Bluetooth headset, eic.) during the night or at the office orcar. In
cases where the user is outside their environment for a fong time such as
traveling, this may not be possible. A variety of public mobile device charging
stations have appeared that allow the user to charge their device in a public
setting by paying a fee. An inductive or wire free public charging station or
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kiosk would allow the user to place their mobile device that is 'enabled’ (i.e.
has the appropriate receiver or components to allow it {o receive power from
the charger) on or in the wire free or inductive charger station and charge the
device. The customer can pay for the service or receive the service for free
depending on the service providers' approach. The payment can be cash,
credit card, debit card, or other methods.

[0129] In accordance with an embodiment, a single pad with multiple
stations can charge muitiplicity of devices simultaneocusly. The user may be
asked to pay for the service before charging a device or the service may be for
free. Alternatively, each charging station can be in a compariment and the
device s secured by a door that can only be opened through a code given to
the device owner when charging starts or payment occurs. The door can also
be secured by a combination lock or physicai key.

[0130] Alternatively, the charging station or kiosk can be open and not
physically secure but when the user pays for the service, a code is issued.
The user proceeds to place their device to be charged but when the charging
ends or the user wants {o pick up the device, the code must be entered first. If
no code s entered, an alarm is sounded or the device is deactivated or some
other warning occurs. In this way, a thief or the wrong user can not remove
the device without attracting attention that may act as a deterrent. A
combination of the above techniques may be used in implementing a public
charging kiosk.

[0131] Since a typical charging process can take up fo 30 minutes or
more, it is possibie to also synchronize data, download songs, movies, etc. into
the device during this time. Many of current mobile devices have Bluetooth or
WiFi capability. Other communication protocols such as WiMax can increase
the data rate further. By combining the charging and information transfer
process, the service provider can charge for additional services. In addition, if
a camera is being charged and has wireless capability, it can download the
pictures or movies to a designated website or online storage area or be
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emailed to a designated email address while charging. In this way, a traveler
can simuitaneously charge a camera while downloading the contents of its
memaory {0 a location with larger memaory. This would enable the traveler to
free up limited memory space in their camera or other mobile device. Sucha
service would enable devices that have limited or short range wireless
communication capabilities {such as mobile phones, MP3 players, cameras,
efc.) fo be able to connect to the internet and send or receive data indirectly. It
is important to recognize that without the charging capability, a device
conducting such downloading or synchronization through an intermediate
device {Bluetooth to internet gateway for example) would often run out of
power due to the length of time this would take. In this manner the charging
capability of the kiosk enables a more effective operation.

[0132] The foregoing description of the present inveniion has been
provided for the purposes of illustration and description. it is not intended to
be exhaustive or to limit the invention to the precise forms disclosed. The
embodiments were chosen and described in order to best explain the
principles of the invention and its practical application, thereby enabling others
skilled in the art fo understand the invention for various embodiments and with
various modifications that are suited {o the particular use contemplated. ltis
intended that the scope of the invention be defined by the following claims and
their equivalence.

[0133] Some aspects of the present invention may be conveniently
implemented using a conventional general purpose or a specialized digital
computer, microprocessor, or electronic circuitry programmed according to the
teachings of the present disclosure. Appropriate sofiware coding can readily
be prepared by skilled programimers and circuit designers based on the
teachings of the present disclosure, as will be apparent to those skilled in the
art.

[0134] in some embodiments, the present invention includes a computer
program product which is a storage medium (media) having instructions stored
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thereon/in which can be used 10 program a computer {0 perform any of the
processes of the present invention, The storage medium can include, but is
not limited to, any type of disk including floppy disks, optical discs, DVD, CD-
ROMs, microdrive, and magneto-optical disks, ROMs, RAMs, EPROMs,
EEPROMs, DRAMs, VRAMs, flash memory devices, magnetic or optical
cards, nanosystems (including molecufar memory ICs), or any type of media or
device suitable for storing instructions and/or data.

[0135] The foregoing description of the present invention has been
provided for the purposes of illustration and description. it is not intended to
be exhaustive or to imit the invention to the precise forms disclosed. Many
modifications and variations will be apparent {0 the practitioner skilled in the
art. Particularly, while the embodiments of the sysiems and methods
described above are described in the context of charging pads, it will be
evident that the system and methods may be used with other types of
chargers. Similarly, while the embodiments described above are described in
the context of charging mobile devices, other types of devices can be used.
The embodiments were chosen and described in order to best explain the
principles of the invention and its practical application, thereby enabling others
skiled in the art to understand the invention for various embodimants and with
various modifications that are suited to the particular use contemplated. His
intended that the scope of the invention be defined by the following claims and

their equivalence.
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Claims:
What is claimed is:

1. A charger system for use with a mobile device for charging or powering
the mobite device inductively, comprising:

a base unit comprising one or more primary coils, the primary coils
having a generally planar shape,

a power supply for passing a current through the primary coils to
generate a magnetic field in a direction substantially perpendicular {o the plane
of the primary coil; and

whergin the perpendicular magnetic field is used to inductively generate
a current in one or more secondary coils within one or more mobile devices

placed close to the base unit, to charge or power the mobite device.

2. The system of claim 1 wherein one or more of the primary and

secondary coils comprise substantially spiral shapes.

3. The system of claim 1 wherein the base unit includes a switch for
automatically switching the primary coils on whenever a mobile device is
placed close to the primary coil of the base unit and the presence of the mobile

device is detected.

4, The system of claim 1 wherein the base unit includes mulfiple primary
coils that can be used to simultaneously charge multiple mobile devices.

5. The system of claim 1 wherein the base unit is formed in the shape of a
pad and wharein multiple primary coils are distributed within overlapping lavers
of ¢oils within the pad.
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8. The system of claim & wherein the multiple primary coils are allowed to
move within a degree of freedom within their plane 1o more closely align the
primary coil with the secondary coit of a mobile device.

7. The system of claim 1, further comprising a data storage component for
storage of data, for subsequent transmission of data to or from the mobile

device.

8. The system of claim 1 wherein the base unit is infegrated into a
charging kiosk for occasional charging of mobile devices.

9. The system of claim 1 wherein one or more of the primary coils are

stacked atop one another to increase transfer efficiency.

10, The system of claim 1, wherein the charger or power supply senses the
location of the mobile device and activates a primary coil near the mobile
device, by sensing a change in a resenant circuit in the charger or power
supply when the mobile device is in proximity o the primary coil.

11, Thesystem of claim 1, wherein the charger or power supply is formed in
the shape of a cup, bowl, or other container, and wherein mobile devices can

be placed inside to be charged or powered inductively,

12.  The system of claim 1, wherein a plurality of modular base units can be

interconneacted to form a larger single base unif.

13. A mobile device capabile of inductive powering or charging comprising:
a battery for powering a maobile device; and
a receiver that is one of attached to, incorporated within, or coupled to
the mobile device or the battery, wherein the receiver comprises a secondary
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coil that inductively receives energy from a substantially perpendicular
magnetic field generated by a base unit when the mobile device is placed
close o the base unit, and whersain the energy so received is usad to generate
a current in the secondary coif and to charge or power the mobile device,

14. The mobile device of claim 13, wherein the receiver is formed of a
flexible printed circuit board material and can be shaped to fit the battery or the

mobile device.

15, The mobile device of claim 13 wherein the secondary coil comprises a

substantially spiral shape.

16.  The mobile device of claim 13, wherein the mobile device is one of a
kitchen appliance, dish, toy, cup, mug, glass, cup, mug, glass, plate, cooking
pot, cooking pan, blender, mixer, can opener, office equipment lamp, printer,

computer, copier, fax machine, or scanner.

17. The mobile device of ¢claim 13, wherein the mobile device is an RFID

tag device which includes an internal battery.

18.  The mobile device of claim 13, wherein the mobile device includes an
after-market battery compatible with an original battery for the device, and
wherein the receiver is incorporated into the after-market battery and directly
powers or charges the after-market battery when used in the mobile device
and with the base unit.

19.  The mobile device of claim 13, wherein the mobile device includes a
shell covering the battery, and wherein the receiver is attached to or
incorporated within the shell and is coupled to the battery to power or charge
the battery when used in the mobile device and with the base unit.
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20. A system for simultaneocusly charging or powering a plurality of mobite
devices inductively, comprising:
a base unit comprising
a plurality of one or more primary coils, the primary coils having
a generally planar shape, and
a power supply for passing a current through the primary coils to
generate magnetic fields for each coil in a direction substantially
perpendicular to the plane of the primary coil;
a plurality of mobile devices capable of inductive powering or charging,
each mobile device comprising
a batltery for powering a mobile device, and
a receiver that is one of attached 1o, incorporated within, or
coupled to the mobile device or the baitery, wherein the receiver
comprises a secondary coil; and
wherein the substantially perpendicular magnetic fields are used to
inductively generate a current in the plurality of the secondary coils within one
or more of the mobile devices placed close {o the base unit, to charge or

power the mobile devices.
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Abstract:

A power source, charging system, and inductive receiver for mobile
devices. A pad or similar base unit comprises a primary, which creates a
magnetic field by applying an alternating current to a winding, coil, or any type
of current carrying wire. A receiver comprises a means for receiving the
energy from the alternating magnetic field and transferring it to a mobile or
other device. The receiver can also comprise glectronic components or logic
to set the voltage and current to the appropriate levels required by the mobile
device, or to communicate information or data to and from the pad. The
system may also incorporate efficiency measures that improve the efficiency of

power transfer between the charger and receiver.
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application PATENT APPLICATION

Inventor(s): Afshin Partovi Art Unit: Unassigned

Appl. No.: Not Assigned Examiner: Unassigned

Confirm. No.: Not Assigned

Filed: Herewith

Title: POWER SOURCE, CHARGING SYSTEM, AND Customer No.: 23910
INDUCTIVE RECEIVER FOR MOBILE DEVICES

DECLARATION FOR PATENT APPLICATION

As a below named inventor, I hereby declare that my residence, mailing address and citizenship are as
stated below next to my name. I believe that [ am the original, first and sole inventor (if one name is listed
below), or first and joint inventor (if plural names are listed below) of the subject matter which is claimed and
for which a patent is sought on the invention entitled:

POWER SOURCE, CHARGING SYSTEM, AND INDUCTIVE
RECEIVER FOR MOBILE DEVICES

the specification of which (check applicable ones):
v is filed herewith;
was filed with the above-identified "Filed" date and "Appl. No."

was amended on (or amended through)

I have reviewed and understand the contents of the above-identified specification, including the claims,
as amended by any amendment(s) referred to above. I acknowledge the duty to disclose information which is
material to the examination of the application in accordance with Title 37, Code of Federal Regulations, §1.56.

I hereby declare that all statements made herein of my own 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 so made are punishable by fine or imprisonment, or both,
under §1001 of Title 18 of the United States Code and that such willful false statements may jeopardize the
validity of the application or any patent issuing thereon.
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(1) Full name of sole
or first inventor: Afshin Parlgvi

(1) Residence: 1063 Maorse Ave., #5-100

Sunnyvale, CA 94089

(1) Mailing Address: Same as above

(1) Citizenship: United States

; v
(1) Inventor's signature: w7k Z ,A/L

(1) Date: ‘;/27/ brf
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Title 37, Code of Federal Regulations, §1.56

SECTION 1.56. DUTY TO DISCLOSE INFORMATION
MATERIAL TO PATENTABILITY

(a) A patent by its very nature is affected with a public
interest. The public interest is best served, and the most
effective patent examination occurs when, at the time an
application is being examined, the Office is aware of and
evaluates the teachings of all information material to
patentability. Each individual associated with the filing
and prosecution of a patent application has a duty of
candor and good faith in dealing with the Office, which
includes a duty to disclose to the Office all information
known to that individual to be material to patentability as
defined in this section. The duty to disclose information
exists with respect to each pending claim until the claim is
cancelled or withdrawn from consideration, or the
application becomes abandoned. Information material to
the patentability of a claim that is cancelled or withdrawn
from consideration need not be submitted if the
information is not material to the patentability of any
claim remaining under consideration in the application.
There is no duty to submit information which is not
material to the patentability of any existing claim. The
duty to disclose all information known to be material to
patentability is deemed to be satisfied if all information
known to be material to patentability of any claim issued
in a patent was cited by the Office or submitted to the
Office in the manner prescribed by §§1.97(b)-(d) and
1.98.* However, no patent will be granted on an
application in connection with which fraud on the Office
was practiced or attempted or the duty of disclosure was
violated through bad faith or intentional misconduct. The
Office encourages applicants to carefully examine:

(1) prior art cited in search reports of a foreign patent
office in a counterpart application, and

(2) the closest information over which individuals
associated with the filing or prosecution of a patent
application believe any pending claim patentably
defines, to make sure that any material information
contained therein is disclosed to the Office.

(b) Under this section, information is material to
patentability when it is not cumulative to information
already of record or being made of record in the
application, and

(1) It establishes, by itself or in combination with
other information, a prima facie case of unpatentability
of a claim; or

(2) It refutes, or is inconsistent with, a position the
applicant takes in:
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(i) Opposing an argument of unpatentability
relied on by the Office; or

(ii) Asserting an argument of patentability.

A prima facie case of unpatentability is established when
the information compels a conclusion that a claim is
unpatentable under the preponderance of evidence,
burden-of-proofstandard, giving each term in the claim its
broadest reasonable construction consistent with the
specification, and before any consideration is given to
evidence which may be submitted in an attempt to
establish a contrary conclusion of patentability.

(¢) Individuals associated with the filing or prosecution of
apatent application within the meaning of this section are:

(1) Each inventor named in the application;

(2) Each attorney or agent who prepares or prosecutes
the application; and

(3) Every other person who is substantively involved
in the preparation or prosecution of the application and
who is associated with the inventor, with the assignee
or with anyone to whom there is an obligation to
assign the application.

(d) Individuals other than the attorney, agent or inventor
may comply with this section by disclosing information to
the attorney, agent, or inventor.

* §§1.97(b)-(d) and 1.98 relate to the timing and manner
in which information is to be submitted to the Office.
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