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\ (Only for new nonprovisional applications under 37 CFR 1.53(b)) Express Mail Label No. EG 902909371 US /l
Commissioner for Patents
APPLICATION ELEMENTS ADDRESS TO: P.O. Box 1450
See MPEP chapter 600 conceming utility patent application contents. Alexandria VA 22313-1450
1.[/] Fee Transmittal Form. ACCOMPANYING APPLICATION PARTS
D (PTO/SB/17 or equivalent)
2. Applicant claims small entity status. 9 Assi
. ssignment Papers.
See 37 CFR1.27. D (coverghael & docum‘e)nl(s))
3. Specification. [Total Pages 22 ] Name of Assignee

Both the claims and abstract must start on a new page
(For information on the preferred arrangement, see MPEP § 608.01(a))

4.[/] Drawing(s). (35 U.S.C. 113) [Total Sheets

5. lnventor s Oath or Declaration.  [Total Sheets 3 ] 10. D 37 CFR 3.73(c) Statement. D Power of Attorney.
Judi bstitl der 37 CFR 1.64 and ass ents serving as : .
oath ordeclaranon under 37 CF;n1 6;(3)) and assignmen ngasan (when ther is an assignee)
a. || Newly executed (original or copy) 11. (] english Translation Document.
b. A copy from a prior application (37 CFR 1.63(d)) (i applicable)
6. Application Data Sheet. “See Note below. 12, Information Disclosure Statement.
See 37 CFR 1.76 (PTO/AIA/14 or equivalent) (PTOISBIOB or PTO-1449)
E]Copies of citations attached
7.[] co-RoMorcCD-R. 13. L] Preliminary Amendment.
in duplicate, large table or Computer Program (Appendix)
[:u] ° Herres ’ 14. [/]Return Receipt Postcard.
Landscape Table on CD (MPEP § 503) (Should be specifically itemized)
8. Nucleotide and/or Amino Acid Sequence Submission. 15. Certified Copy of Priority Document(s
(if applicable, items a. — c. are required) D (if foraign pﬁoﬁfy")lsydﬂimed) Y ©
a. [_] Computer Readable Form (CRF)
b. D Specification Sequence Listing on: 16. D Nonpublication Request.
Under 35 U.S.C. 122(b)(2)(B)(i). Applicant must attach form PTO/SB/3S or
. [J cD-ROM or CD-R (2 copies); or aquivalent,
i. (] Paper 17. [/ ] Other: 1 copy of intemational Publication Number WO 2008/140333

c. D Statements verifying identity of above copies

*Note: (1) Benefit claims under 37 CFR 1.78 and foreign priority claims under 1.55 must be included in an Application Data Sheet (ADS).
(2) For applications filed under 35 U.S.C. 111, the application must contain an ADS specifying the applicant if the applicant is an
assignee, person to whom the inventor is under an obligation to assign, or person who otherwise shows sufficient proprietary

interest in the matter. See 37 CFR 1.46(b).

18. CORRESPONDENCE ADDRESS

m The address associated with Customer Number: 14443 OR D Correspondence address below

Name I

Address |

City | State | | Zip Code |

Country . Jﬁ‘elepho/n/e, l tmﬁﬂl
} Signature 3, f‘ 7: ' 7/%2 % 3 | Date | May 5, 2014 —_——"
| tomervoe) Richard F. Jaworski [mf‘,‘}ﬁg:ﬂ% 133,515 J

This collection of information is required by 37 CFR 1.53(b). The information is required to obtain or retain a benefit by the public which is to file (and by the
USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 12 minutes to
complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any
comments on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer,
U.S. Patent and Trademark Office, U.S. 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-PTO-9199 and select option 2.
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Under the Paperwork Reduction Act of 1995 no persons are reauired to resoond to a collection of information unless it displays a valid OMB control number
Complete if known
FEE TRANSMITTAL RepIton VoA [Oi.of 1285143 |
Filing Date | Concurrently Herewith |
D Applicant asserts small entity status. See 37 CFR 1.27. First Named Inventor |John Talbot BOYS |
D Applicant certifies micro entity status. See 37 CFR 1.29. Examiner Name
Form PTO/SB/15A or B or equivalent must either be enclosed or have Artuni
been submitted previously. rt Unit 2832
\JOTAL AMOUNT OF PAYMENT | ($) 2,000 Practitioner Docket No. ] 1172/69068-Div 2 i

METHOD OF PAYMENT (check all that apply)

Check |:] Credit Card D Money Order D None D Other (please identify):

[z] Deposit Account Deposit Account Number: 90-5504 Deposit Account Name:

Law Office of Richard F. Jaworski, PC

For the above-identified deposit account, the Director is hereby authorized to (check all that apply):
|:] Charge fee(s) indicated below |:| Charge fee(s) indicated below, except for the filing fee

Charge any additional fee(s) or underpayment of fee(s) Credit any overpayment of fee(s)
under 37 CFR 1.16 and 1.17
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.

FEE CALCULATION
1. BASIC FILING, SEARCH, AND EXAMINATION FEES (U = undiscounted fee; S = small entity fee; M = micro entity fee)
FILING FEES SEARCH FEES EXAMINATION FEES
Application Type u(s) S(S) M($) u(s) S(s) Mm(S) u(s) S($) M($) Fees Paid ($)
Utility 280 140* 70 600 300 150 720 360 180 $1,600
Design 180 90 45 120 60 30 460 230 115
Plant 180 90 45 380 190 95 580 290 145
Reissue 280 140 70 600 300 150 2,160 1,080 540
Provisional 260 130 65 0 0 0 0 0 0

* The $140 small entity status filing fee for a utility application is further reduced to $70 for a small entity status applicant who files the application via EFS-Web.
2. EXCESS CLAIM FEES

Fee Description Undigcounted Fee (S]  Small Entity Fee () ~ Micro Entity Fee (5]
Each claim over 20 (including Reissues) 80 40 20
Eachindependent claim over 3 (including Reissues) 420 210 105
Multiple dependent claims 780 390 195

Total Claims Extra Claims Fee ($) Fee Paid ($)

" -200r HP = 0 X = 0 Multiple Degendent Claims

HP = highest number of total claims paid for, if greater than 20. Fee ($) Eee Paid ($)
Indep. Claims Extra Claims Fee ($) Fee Paid [$)

I 30rHP= 0 X = 0

HP = highest number of independent claims paid for, if greater than 3.
3. APPLICATION SIZE FEE
If the specification and drawings exceed 100 sheets of paper (excluding electronically filed sequence or computer listings under 37 CFR 1.52(e)),

the application size fee due is $400 ($200 for small entity) ($100 for micro entity) for each additional 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).

Total Sheets Extra Sheets Number of each additionat 50 or fragtion thereof Eee (8) Fee Paid ($)
35 ~__-100= /50 = (round up to a whole number) X 0 =
4, OTHER FEE(S) Eges Pgi.('uﬂ
Non-English specification, $130 fee (no small or micro entity discount)
Non-electronic filing fee under 37 CFR 1.16(t) for a utility application, $400 fee ($200 small or micro entity) $400
Other (e.g., late filing surcharge): _-_
7 SUBMITTED BY P )z - s A2 3
- Registration No.
I Signature %’_’4_?{?% (Attorney/Agent) 33,51 5 Telephone 631 659 3608
- . . 7 ¢ 7
LName (Print/Type) |Richard F. Jaworski [ oate May 5, 2014

This collection of information is required by 37 CFR 1.136. 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 30 minutes to complete, including
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon theindividual case. Any comments on the
amount of time you requireto 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. DONOTSEND 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.

Momentum Dynamics Corporation
Exhibit 1002
Page 002



PTO/AIA/14 (03-13)
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U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Application Data Sheet 37 CFR 1.76

Attorney Docket Number

1172/69068-Div 2

Application Number

Title of Invention

Multi Power Sourced Electric Vehicle

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

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

Secrecy Order 37 CFR 5.2

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

Inventor Information:

Inventor 1

Remove

el o

City | Auckland

Legal Name
Prefix, Given Name Middle Name Family Name . Suffix
John Talbot BOYS
Residence Information (Select One) () US Residency  (® Non US Residency () Active US Military Service
City i Auckland Country of Residence | NZ
Mailing Address of Inventor:
Address 1 { 41A Dominion Street T
Address 2 §
City | Takapuna | State/Province |
Postal Code | 1309 | Country i NZ
Inventor 2 | Remove !
Legal Name
Prefi{ Given Name Middle Name Family Name : Suffix
Grant Anthony covic
Residence Information (Select One) () US Residency

(® Non US Residency QO Active US Military Service

Country of Residence |

NZ

1ning ress oflnventor:

Address 1 i 28 Haverstock Road

Address 2 )

City | Sandringham | State/Province
Postal Code | 1004 | Countryi

|NZ

All Inventors Must Be Listed - Additional Inventor Information blocks may be
generated within this form by selecting the Add button.

Correspondence Information:

EFS Web 2.2.8
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PTO/AIAJ14 (03-13)

Approved for use through 01/31/2014. OMB 0651-0032

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

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

Attorney Docket Number | 1172/69068-Div 2

Application Data Sheet 37 CFR 1.76 —
Application Number

Title of Invention | Multi Power Sourced Electric Vehicle

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

(] An Address is being provided for the correspondence Information of this application.

Customer Number 14443
Email Address rich@richardjaworski.com I [ Add Email ['Remove Email

Application Information:

Title of the Invention Multi Power Sourced Electric Vehicle
-Z{t;;néy bocket Number| 1172/69068-Div 2 Small Entity Status Claimed [ ]
Application Type Nonprovisional
Subject Matter Utility
Total Number of Drawing Sheets (if any) 5 Suggested Figure for Publication (if any)

Publication Information:
[] Request Early Publication (Fee required at time of Request 37 CFR 1.219)

Request Not to Publish. I nereby request that the attached application not be published under

35 U.S.C. 122(b) and certify that the invention disclosed in the attached application has not and will not be the
subject of an application filed in another country, or under a multilateral international agreement, that requires
publication at eighteen months after filing.

Representative Information:

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

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

Please Select One: @® Customer Number | (O US PatentPractitioner | (O Limited Recognition (37 CFR 11.9)

Customer Number 14443

Domestic Benefit/National Stage Information:

This section allows for the applicant to either claim benefit under 35 U.S.C. 119(e), 120, 121, or 365(c) or indicate
National Stage entry from a PCT application. Providing this information in the application data sheet constitutes the
specific reference required by 35 U.S.C. 119(e) or 120, and 37 CFR 1.78.

Prior Application Status| Pending [ Remove
Application Number Continuity Type Prior Application Number Filing Date (YYYY-MM-DD)
Division of 12/451436 2010-01-13
EFS Web 2.2.8
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PTO/AIA/14 (03-13)

Approved for use through 01/31/2014. OMB 0651-0032

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

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

Attorney Docket Number | 1172/69068-Div 2

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | Multi Power Sourced Electric Vehicle

Additional Domestic Benefit/National Stage Data may be generated within this form
by selecting the Add button.

Foreign Priority Information:

This section allows for the applicant to claim priority to a foreign application. Providing this information in the application data sheet
constitutes the claim for priority as required by 35 U.S.C. 119(b) and 37 CFR 1.55(d). When priority is claimed to a foreign application
that is eligible for retrieval under the priority document exchange program (PDX)' the information will be used by the Office to
automatically attempt retrieval pursuant to 37 CFR 1.55(h)(1) and (2). Under the PDX program, applicant bears the ultimate
responsibility for ensuring that a copy of the foreign application is received by the Office from the participating foreign intellectual
property office, or a certified copy of the foreign priority application is filed, within the time period specified in 37 CFR 1.55(g)(1).

FVR‘e‘;mTpLV.é‘iI
Application Number Countryi Filing Date (YYYY-MM-DD) Access Code' (if applicable)
PCT/NZ2008/000103 WO 2008-05-09
RRemove |
Application Number Countryi Filing Date (YYYY-MM-DD) Access Code (if applicable)
555128 NZ 2007-05-10
Application Number Countryi Filing Date (YYYY-MM-DD) Access Code (|f applicable)
556646 NZ 2007-07-20
Additional Foreign Priority Data may be generated within this form by selecting the
Add button.

Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition
Applications

This application (1) claims priority to or the benefit of an application filed before March 16, 2013 and (2) also

contains, or contained at any time, a claim to a claimed invention that has an effective filing date on or after March
[] 16,2013.

NOTE: By providing this statement under 37 CFR 1.55 or 1.78, this application, with a filing date on or after March

16, 2013, will be examined under the first inventor to file provisions of the AlA.

Authorization to Permit Access:

X Authorization to Permit Access to the Instant Application by the Participating Offices

b st -

EFS Web 2.2.8
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PTO/AIA/4 (03-13)

Approved for use through 01/31/2014. OMB 0651-0032

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

Under the Paperwork Reduction Act of 1895, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Attorne Do-cket Number | 1172/69068-Div 2
Application Data Sheet 37 CFR 1.76 ey otk _
Application Number

Title of Invention ~ Multi Power Sourced Electric Vehicle

= e rEmee i - —

If checked, the undersigned hereby grants the USPTO authority 1o provide the European Patent Office (EPO),
the Japan Patent Office (JPO), the Korean Intellectual Property Office (KIPO), the World Intellectual Property Office (WIPO),
and any other intellectual property offices in which a foreign application claiming priority to the instant patent application

is filed access to the instant patent application. See 37 CFR 1.14(c) and (h). This box should not be checked if the applicant
does not wish the EPO, JPO, KIPO, WIPO, or other intellectual property office in which a foreign application claiming priority
to the instant patent application is filed to have access to the instant patent application.

In accordance with 37 CFR 1.14(h)(3), access will be provided to a copy of the instant patent application with respect

to: 1) the instant patent application-as-filed; 2) any foreign application to which the instant patent application

claims priority under 35 U.S.C. 119(a)-(d) if a copy of the foreign application that satisfies the certified copy requirement of
37 CFR 1.55 has been filed in the instant patent application; and 3) any U.S. application-as-filed from which benefit is
sought in the instant patent application.

In accordance with 37 CFR 1.14(c), access may be provided to information concerning the date o f filing this Authorization.

Applicant Information:

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

Applicant 1

If the applicant is the inventor (or the remaining joint inventor or inventors under 37 CFR 1.45), this section should not be completed.
The information to be provided in this section is the name and address of the legal representative who is the applicant under 37 CFR
1.43; orthe name and address of the assignee, person to whom the inventor is under an obligation to assign the invention, or person
who otherwise shows sufficient proprietary interest in the matter who is the applicant under 37 CFR 1.46. If the applicant is an
applicant under 37 CFR 1.46 (assignee, person to whom the inventor is obligated to assign, or person who otherwise shows sufficient
proprietary interest) together with one or more joint inventors, then the joint inventor or inventors who are also the applicant should be

identified in this section.
I Clear |

(O Joint Inventor

(O Assignee (O Legal Representative under 35 U.S.C. 117

O Person to whom the inventor is obligated to assign. ‘O Person who shows sufficient proprietary interest

if applicant is the legal representative, indicate the authority to fiie the patent application, the inventor is:

I TPRRTEINRT Fyey 1)

[FRE T Py P I R RTR TR TR e e

Name of the Deceased or Legally Incapacitated Inventor : ]

IftheAppllcantlsaE Orgarization check here. 0 _———r T
oot ] MlddIeNameFamlly T, .

EFS Web 2.2.8
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PTO/AIA/14 (03-13)

Approved for use through 01/31/2014. OMB 0651-0032

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

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

Attorney Docket Number | 1172/69068-Div 2

Application Data Sheet 37 CFR 1.76 —
Application Number

Title of Invention | Multi Power Sourced Electric Vehicle

Mailing Address Information For Applicant:

Address 1

Address 2

City State/Province
Countr\f | Postal Code
Phone Number Fax Number
Email Address

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

Assignee Information including Non-Applicant Assignee Information:

Providing assignment information in this section does not subsitute for compliance with any requirement of part 3 of Title 37 of CFR to
have an assignment recorded by the Office.

Assignee 1

Complete this section if assignee information, including non-applicant assignee information, is desired to be included on the patent
application publication . An assignee-applicant identified in the "Applicant Infarmation" section will appear on the patent application
publication as an applicant. For an assignee-applicant, complete this section only if identification as an assignee is also desired on the
patent application publication.

If the Assignee is an Organization check here. X I

Organization Name Auckland Uniservices Limited

Mailing Address Information For Non-Applicant Assignee:

Address 1 Level 10, Symonds Street

Address 2

City Auckland State/Province

Countryi | NZ Postal Code 1010
Phone Number Fax Number

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

Signature:

R is form must be signed in accordance wi 33, See .4 for signature requirements an
certifications.

=1 F
Signature Date (YYYY-MM-DD) | 2014-05-05
W LA 57505

EFS Web 2.2.8
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PTO/AIA/14 (03-13)

Approved for use through 01/31/2014. OMB 0651-0032

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

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

Attorney Docket Number | 1172/69068-Div 2
Application Number

Application Data Sheet 37 CFR 1.76

Title of Invention Multi Power Sourced Electric Vehicle

First Name | Richard Last Name | Jaworski Registration Number | 33515

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

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

EFS Web 2.2.8

Momentum Dynamics Corporation
Exhibit 1002
Page 008



115

FIGURE 1

FIGURE 2

Momentum Dynamics Corporation
Exhibit 1002
Page 009



Momentum Dynamics Corporation
Exhibit 1002
Page 010



3/5

FIGURE 5

Momentum Dynamics Corporation

Exhibit 1002

Page 011



FIGURE 5A

20

22A 27

FIGURE 5B

Momentum Dynamics Corporation
Exhibit 1002
Page 012



_/
O

5/5

10

/

51 53 52

O

20

FIGURE 6

54

64

/

65

FIGURE 7

20

Momentum Dynamics Corporation
Exhibit 1002
Page 013



DocCode - SCORE

SCORE Placeholder Sheet for IFW Content

Application Number: 14120197 Document Date: 05/05/2014

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

e Drawings

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

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

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

Form Revision Date: September 17, 2013
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" 6081/81072 Page 1 of 3

DECLARATION AND POWER OF ATTORNEY

As a below-named inventor, I hereby declare that:
My residence, post office address, and citizenship are as stated below next to my name.

1 believe I am the original, first and sole inventor (if only one name is listed below) or an original, 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:

MULTI POWER SOURCED ELECTRIC VEHICLE
(Title of Invention)

the specification of which:
(check one)

is attached hereto.

X wasfiledon November 10, 2009
Application Serial No. 12/451, 436

and was amended by

(if applicable)

I hereby state that I have reviewed and understand the contents of the above-identified specification,
including the claims, as amended by any amendment referred to above.

I ackmowled'ge the duty to disclose to the Office all information known to me to be material to patentability
as defined in Title 37, Code of Federal Regulations, Section 1.56.

I hereby claim foreign priority benefits under Title 35, United States Code, Section 119 of any foreign
application(s) for patent or inventor's certificate listed below and have also identified below any foreign
application for patent or inventor's certificate having a filing date before that of the application on which
priority-is.claimed:

Prior Foreign Application(s) Priority Claimed
Number Country Filing Date Yes Neo

PCT/NZ2008/000103 PCT __ May 9, 2008 X

I55128 s NZ MaylQ 2007 X

556646 NZ July 202007 X

Momentum Dynamics Corporation
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Dia. No. 6081/81072 Page 2 of 3
Declaration and Power of Attorney

I hereby claim the benefit under Title 35, United States Code, Section 120 of any United States
Application(s) listed below and, insofar as the subject matter of each of the claims of this application is not
disclosed in the prior United States application in the manner provided by the first paragraph of Title 35,
United States Code, Section 112, I acknowledge the duty to disclose to the Office all information known to
me to be material to patentability as defined in Title 37, Code of Federal Regulations, Section 1.56 which
became available between the filing date of the prior application and the national or PCT international
filing date of this application:

And I hereby appoint Ivan S. Kavrukov (Reg. No. 25161); Christopher C. Dunham (Reg. No. 22031);
Norman H, Zivin (Reg. No. 25385); John P. White (Reg. No. 28678); Robert D. Katz (Reg. No. 30141);
Peter J. Phillips (Reg. No. 29691); Richard S. Milner (Reg. No. 33970); Richard F. Jaworski (Reg. No.
33515); Paul Teng (Reg. No. 40837), and each of them, all c/o Cooper & Dunham LLP of 1185 Avenue of
the Americas, New York, New York 10036 (Tel. 212-278-0400),

my attorneys, each with full power of substitution and revocation, to prosecute this application, to make
alterations and amendments therein, to receive the patent, to transact all business in the Patent and
Trademark Office connected herewith and to file any International Applications which are based thereon
under the provisions of the Patent Cooperation Treaty.

Please address all communications, and direct all telephone calls, regarding this application to:

Richard F. Jaworski Reg. No. 33,515
Cooper & Dunham LLP

1185 Avenue of the Americas
New York, New York 10036
Tel. (212) 278-0400

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 jfurther 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 Section 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 issued thereon. ‘

05/96
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Die. No. 6081/81072 .
Declaration and Power of Atrorney

Full name of sole or
first joint inventor John Talbot BOYS

Page 3 of 3

Inventor's signature _ _ /
Ciﬁzenship_ngamm_Laze_a{sjg_mw_e_?g_,/_m_[ﬁ_
Residence 414 Dominion Street, Takapuna Auckland 1309 (NZ)

Post Office Address_____Sape as Residence

Full name of sole or
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Dkt. 1172/69068-Div 2

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Application of : John Talbot BOYS et al.

Serial No. : Div. of 12/451,436 Examiner:
Date Filed . Concurrently Herewith GAU: 2832
For ;. MULTI POWER SOURCED ELECTRIC VEHICLE

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

PRELIMINARY AMENDMENT

Sir:

Prior to examination on the merits, please amend the above-identified application as
follows:

Amendments to the Specification begin on page 2 of this paper.

Amendments to the Claims are reflected in the listing of claims which begins on page 3
of this paper.

Remarks begin on page S of this paper.
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This listing of claims will replace all prior versions, and listings, of claims in the application:

Listing of Claims:

Please amend the claims as shown below:

Claims 1-71 (presently canceled)

72. (New) An inductive power transfer pad for transmitting wireless power to a
wireless power receiver separable from the inductive power transfer pad, the inductive power
transfer pad comprising:

a coil having at least one turn of a conductor in a first layer; and

a plurality of ferromagnetic slabs arranged in a second layer substantially parallel to that
of the coil, the ferromagnetic slabs being arranged so as to be spaced apart from one another

about the coil with their lengths extending across a longitudinal length of the coil.

73. (New) An inductive power transfer pad as claimed in claim 72, wherein at least
some of the ferromagnetic slabs are arranged such that their lengths extend radially from a

common point but spaced apart therefrom.

74. (New) An inductive power transfer pad as claimed in claim 73, wherein the coil
is substantially circular and all of the ferromagnetic slabs are arranged such that their lengths

extend radially from a center of the circular coil but spaced apart therefrom.

75. (New) An inductive power transfer pad as claimed in claim 73, wherein:

the at least some of the ferromagnetic slabs are a first subset of the ferromagnetic slabs;
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a second subset of the ferromagnetic slabs are arranged such that their length extends
radially from a different common point but are spaced apart therefrom; and

a third subset of the ferromagnetic slabs are arranged such that their length are aligned
perpendicularly to the direction of, and spaced apart from, an imaginary straight line connecting

the said common points.

76. (New) An inductive power transfer pad as claimed in claim 74, wherein the third
subset of ferromagnetic slabs are positioned equidistantly from the imaginary line but spaced

equally along its length and equally on each side of the imaginary line.

77. (New) An inductive power transfer pad as claimed in claim 72, wherein the coil
is positioned to wind around the common point such that it passes each slab at approximately a

center of the length of each slab.

78. (New) An inductive power transfer pad as claimed in claim 72, wherein the

ferromagnetic slabs are ferrite.

79. (New) An inductive power transfer system comprising two inductive power
transfer pads as claimed in claim 72, wherein the two inductive power transfer pads are used in

combination, one of the pads being used as a pickup pad and the other pad as a charging pad.
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ABSTRACT

An inductive power transfer pad for transmitting wireless power to a wireless
power receiver separable from the inductive power transfer pad. The inductive power
transfer pad includes a coil having at least one turn of a conductor in a first layer and a
plurality of ferromagnetic slabs arranged in a second layer substantially parallel to that of
the coil, the ferromagnetic slabs being arranged so as to be spaced apart from one another

about the coil with their lengths extending across a longitudinal length of the coil.

Momentum Dynamics Corporation
Exhibit 1002
Page 021



R IV EDR e

W

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

oy 1"=—
(19) World Intellectual Preperty Organization £#] uT ] Do
Iniernational Bureau J-._ 1 :"n [
e

(43) International Publication Date (10) International Publication Number

20 November 2008 (20.11.2008) PCT WO 2008/140333 A2

_.,.;.—-

(51) International Patent Classification: Not classified (74) Agent: BALDWINS; P O Box 5999, Wellesley Street,
Auckland, 1141 (NZ).

(21) International Application Number: (81) Designated States (unless otherwise indicated, for every
PCT/NZ2008/000103 kind of national protection available): AE, AG, AL, AM,
AQ, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ, CA,
(22) International Filing Datc: 9 May 2008 (09.05.2008) CH, CN, CO, CR, CU,CZ,DE, DK,DM, DO, DZ, EC, EE,
EG, ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID,
(25) Filing Language: English IL, IN, IS, JP, KE, KG, KM, HIN, KP, KR, KZ, LA, LC,
LK, LR, LS, LT, LU, LY, MA, MD, ME, MG, MK, MN,
(26) Publication Language: English MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH,
PL, PT, RO, RS, RU, SC, SD, SE, SG, SK, SL, SM, SV,
(30) Priority Data: SY, TJ, I'™M, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN,
555128 10 May 2007 (10.05.2007)  NZ ZA, ZM, ZW.
556646 20 July 2007 (20.07.2007) NZ (84) Designated States (unless otherwise indicated, for every
kind of regional protection available); ARIPO (BW, GH,
(71) Applicant (for all designated States except US): AUCK- GM, KE, LS, MW, MZ, NA, 8D, SL, SZ, TZ, UG, ZM,
LAND UNISERVICES LIMITED [NZ/NZ]; Level 10, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
70 Symonds Street, Auckland, 1010 (NZ). European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, Fl,
FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV, MC, MT, NL,
(72) Inventors; and NO, PL, PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG,
mmem (75) Inventors/Applicants (for US only): BOYS, John, Tal- CI, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).
bot [NZ/NZ]; 41A Dominion Street, Takapuna, Auckland, Published:
1309 (NZ). COVIC, Grant, Anthony [NZ/NZ]; 28 Haver- -—  without international search report and to be republished
stock Road, Sandringham, Auckland, 1004 (NZ). upon receipt of that report

(54) Title: MULTI POWER SOURCED ELECTRIC VEHICLE

FIGURE 4

(57) Abstract: An inductive power transfer (IPT) pad and system for the charging of electric and hybid electric vehicles. The batter
of such a vehicle can be sclectively coupled to a high power electrical supply for fast charging or a lower power clectrical supply for
charging using IPT. The batteries of the vehicles are used in a system to control the load demand in an electricity network through
variations of the frequency of power supplied.

Momentum Dynamics Corporation
Exhibit 1002
Page 022



10

15

20

25

30

35

WO 2008/140333 PCT/NZ2008/000103

1
MULTI POWER SOURCED ELECTRIC VEHICLE

Field of the Invention

The present invention relates to an Inductive Power Transfer (IPT) pad, a system, method
and means for charging a battery of an electric vehicle using multiple power sources and an
electric vehicle powered by said battery. More particularly, the invention relates to charging
the battery for an electric vehicle sélectively using a high power source for charging at a high
rate or a lower power source for charging at a Iowe‘r rate.

Background

In the development of pure electric vehicles (i.e., those powered solely by electricity as
opposed to hybrid vehicles), there are a number of problems to be solved before these
vehicles can gain widespread acceptance. These include the limited range compared with
more conventionally fuelled vehicles, the inconvenience of having to remember to recharge a
vehicle (even if it is possible to do so at the user's premises or home) and the severe
restrictions that occur should the vehicle not be charged. These problems have been
subjected to greater consideration in recent times due to heightened concerns about global
warming. Pure electric vehicles may have a role to play in reducing the effects of global
warming as they are clearly the lowest polluters of all vehicle types and are capable of
operating with a lower carbon ‘footprint’ than vehicles powered by more widespread and
conventional means.

Many problems with electric vehicles stem directly from the battery used to store energy to
power the vehicle. Virtually all battery types must be charged at a rate that is less than the
allowable discharge rate, they have a limited capacity, and their cycle life is not great. Thus,
it takes quite a long time to charge a vehicle, the time between charges is shorter than ideal,
and the functionality of the battery declines rapidly with age.

In use, electric vehicles are however very convenient and make ideal shopping baskets and
short trip commuter vehicles. Other tasks such as dropping off children at schools and

" running errands are also well suited. If the accumulated distance travelled in a déy is within

the range of the vehicle, then the battery may be recharged over-night, with service capable
of being resumed the next day. This is an ideal scenario. However, if the available.range is
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exceeded or the battery has not been sufficiently charged, the driver and passengers may be
left stranded, there will likely be a recovery fee, the battery will need to be fully charged over
a longer period of time than a conventional charge cycle and, when using conventional
batteries, these will almost certainly be degraded such that their available capacity is
permanently reduced from what it was previously. Opportunity charging can help to
eliminate this problem and involves partially cha'rging the vehicle whenever an opportunity
pi'esents itself.

In perhaps a more serious situation where circumstances call for the vehicle to be taken on a

long trip, there is little that can be done. Here hybrid vehicles may be a good solution as they

can travel great distances on fossil fuels and refuel at conventional petrol stations."

For these reasons con\./entional pure electric vehicles have not met all of the modem
requirements for a passenger transport vehicle.

Inductive Power Transfer (IPT) provides a useful alternative to more conventional charging.
A charger using IPT is described in New Zealand Patent Application No. 545664, entitled
“Single Phase Power Supply for Inductively Coupled Power Transfer Systems” and is
incorporated herein by reference. This charger provides many advantages in that it will
operate from a standard single phase supply typically available in the home, has an excellent
power factor and very low harmonics. As a result of this, it would be possible to operate with
several thousand of these connected to a utility network without the quality of supply being
degraded. Moreover, the use of IPT obviates the need for a user to manually connect a
cable to the battery.

Summary of the Invention

It is an object of the invention to provide an improved Inductive Power Transfer (IPT) pad.

It is an object of the invention to provide means for charging a vehicle which mitigates the
aforementioned problems associated with conventional electric vehicles.

An alternative object of the invention is to provide a system for charging an electric vehicle.

An alternative object of the invention is to provide a method of charging an electric vehicle.
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Altemnatively, it is an object of the invention to at least provide a useful choice.

According to a first aspect of the invention, there is provided an inductive power transfer
(IPT) pad comprising a coil having at least one turn of a conductor; one or more
ferromagnetic slabs; and a shield member afranged around both said coil and said
ferromagnetic slabs for channelling electromagnetic flux when in use.

Preferably, the conductor is litz wire.

Preferably, the coil comprises a plurality of turns of wire.

Preferably, the ferromagnetic slabs -are monolithic slabs.

Preferably, the ferromagnetic slabs are ferrite slabs.

Preferably, each ferromagnetic slab is arranged in substantially.the same plane.

Preferably, each ferromagnetic slab is arranged such that its Iength extends 'ra&ially'from'a
common point but spaced apart therefrom.

Preferably, each ferromagnetic slab is spaced apart from adjacent slabs by substantially the
same angle. ]

According to a preferred embodiment, the IPT pad comprises eight ferromagnetic slabs each
spaced apart from adjacent slabs by approximately 45°. Other configurations may be
selected depending on system requirements.

Alternatively, in another embodiment, the IPT pad comprises a p!urality of ferromagnetic
slabs whereby a subset of the ferromagnetic slabs extend radially from a common point but
are spaced apart therefrom, a further subset of the ferromagnetic slabs extend radially from a
different common point but are spaced apart therefrom, and a still further subset of the
ferromagnetic slabs are aligned perpendicularly to the direction of an imaginary straight line
connecting the said common points, whereby the still further subset of ferromagnetic slabs
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are positioned equidistantly from the imaginary line but spaced equally along its length and
equally on each side of the imaginary line.

Preferably, the coil is arranged ‘in.a plane substantially parallel to that of the ferromagnetic
slabs.

Preferably, the coil is positioned to wind around the common point such that it passes each
slab at approximately the centre of the length of each slab.

Preferably, the IPT pad comprises a substantially rigid backplate.
Preferably, the backplate is substantially planar,

Preferably, the plane of the backplate is substantially parallel to the planes of the
ferromagnetic slabs and the coil, with the plane of the slabs located between the planes of
the backplate and the coil.

Preferably, each ferromagnetic slab is spaced apart frorl:\ the backplate by a thermally
conductive and mechanically insulating material so as to allow the transfer of heat there
between and protect the slab from mechanical shock. According to one embodiment, each
slab may be spaced apart from the backplate using foam or rubber pads. The material
making up the slabs is brittle and such steps serve to prevent cracking in the slabs caused
by rapid temperature changes and also due to mechanical stresses exerted on the IPT pad.

According to preferred embodiments, the backplane is formed from a .material which
substantially inhibits the passage of magnetic flux therethrough. In one enibddiment, this

material is aluminium.

Preferably, the shield member is formed from a strip of material with the ends thereof joined
to form a ring. .

Preferably, the shield member is formed from aluminium.

Preferably, the shield member is coupled to the backplane.
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Preferably, the IPT pad comprises a member having spaces formed therein for holding the
ferromagnetic slabs in position and having a channel for accommodating the coil.

Preferably, the member is formed from a material which does not significantly affect magnetic
flux. In one embodiment, foam or rubber is used.

Preferably, the member is formed by a moulding process.

Preferably, the IPT pad comprises a cover plate formed from a material that is substantially
transparent to magnetic flux. In one embodiment this material is a non-toxic plastic.

According to preferred gmbodiments, the cover plate and the backplate provide front and
rear walls of a housing for the IPT pad, with side walls provided by the shield member, the
shield member preferably being configured to extend from the backplate to the cover plate.

The IPT pad according to the first aspect provides for improved performance in use by
channelling the flow of flux from the charging pad. More pa_rticularly, the backplate and the
shield member serve to direct flux upwards from the plane of the backplate with less splay of
flux in and parallel to the plane of the backplate. This not only improves the inductive
coupling but also reduces the chance that any undesired objects will be subjected to the
induced fields during use. It is important to note that if this leakage is not controlled, it can
lead to damage of such objects. For example, in the case of an electric vehicle, such
leakage may result in the wheel bearings eroding.

The IPT pad of the present invention is also beneficial in that it is relatively slimline compared
to more conventional IPT pickups. This is particularly important where pickup pads are
coupled to the underside of an electric vehicle since it is important that ground clearance is
maintained.

According to a second aspect, there is provided an inductive power transfer system
comprising two inductive power transfer pads, wherein the two inductive power transfer pads
are used in combination, one of the pads being used as a pickup pad and the other pad as a

' charging pad.
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Preferably, the charging pad is coupleable to a power supply and inductively transfers power
to the pickup pad, which is coupleable to a load, such as a battery.

According to a third aspect, there is provided an apparatus for charging a battery of an
electric or a hybrid electric vehicle, the apparatus comprising first means for selectively
coupling the battery to a high .pdwer electrical 'supply; and second means for selectively
coupling the battery to a lower power electrical supply wherein the second means for
coupling comprises a pickup pad electrically coupled to the battery, wherein power is
transferred to the pickup pad from a charging pad by inductive power transfer.

Preferably, the first means for coupling comprises a socket electrically coupled to the battery,
wherein power is transferred by plugging a cable connected to the high power electrical
supply into the socket. Thus, electrical energy may be rapidly transferred to the battery using
the first means for coupling, resulting in rapid charging.

As would be apparent to one of skill in the art, alternatively, the first means for coupling
comprises a plug electrically coupled to the battery, wherein power is transferred by plugging
the plug into a socket connected to the cable connected to the high power electrical supply.

Preferably, the second means for coupling comprises a pickup pad according to the first
aspect of the invention.

The use.of IPT avoids the need for a user to plug in a cable for opportunity charging,
including when a vehicle is parked overnight. Additionally or alternatively, a second socket
may be provided or the first socket adapted, if required, so that the battery may be connected
to a lower power supply using a cable. Again, in the alternative, the second socket may be
substituted by a plug configured to mate with a socket connected to the lower power supply.
Such embodiments provide for improved flexibility in that, where provided and where time
permits, the battery may be charged using IPT. If rapid charging is required and a high
power supply is available, the battery may be connected thereto. However, there remains
the possibility that a battery will require charging where neither an IPT charging pad or a high
power supply is available. A user could, perhaps, put the charging pad inside the vehicle
when in transit so that, as required, it could be removed from the vehicle, appropriately
positioned and used for charging. This is possible because embodiments of the invention
involving IPT preferably work to widely available household voltages but this-is inconvenient.
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Thus, the second socket may be provided, preferably on an outer surface of the vehicle, to
enable the battery to be connected, via a cable, to a lower power supply, such as via a
conventional household socket. According to preferred embodiments, the socket used for
coupling to the high power supply. may also be used to couple to a lower power supply. It is
therefore possible to charge a battery via most household circuits, with only a cable needing
to be carried in the vehicle.

Thus, depending on requirements and which types of power supply and forms of transfer are
available, a user may selectively couple the battery to a high power supply or a lower power
electrical supply, preferably using IPT for transferring power from the lower power supply.

Preferably, the high power supply has a transfer rating between 10 kW and 500 kW.

Preferably, the lower power supply has a transfer rating between 0.5 kW and 2.5 kW so that
it may be provided by conventional household wiring. More preferably, the lower power
supply is between 1.0 kW and 2.2'kW.

Use of the word “battery” throughout the specification is not used in a limiting way and may
include one or any number of cells or batteries, or super capacitors.

Preferably, the apparatus comprises an indication means for indicating alignment between
the charging pad and the pickup pad..

Preferably, the apparatus comprises an indication means for indicating when the battery is
being charged.

According to a fourth aspect of the invention, there is provided an electric vehicle comprising
a rechargeable battery and the apparatus of the third aspect for charging said battery.

The electric vehicle may be a “pure electric vehicle” in that it may be powered only by
electrical energy. However, the invention is not limited thereto and may be applied to hybrid
vehicles which may be powered by electrical energy and at least one other energy source,
such as a combustible fuel. Thus, references to “electric vehicles” herein include both pure
electric vehicles and hybrid vehicles having electrical energy as one source of power.
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According to a fifth aspect of the invention, there is provided a method of.charging a battery
of an electric or a hybrid electric vehicle, the method comprising selectively coupling the
battery to a high power supply or a lower power supply, wherein said coupling the battery to
a lower power supply comprises positioning an inductive power transfer pickup pad
electrically coupled to the battery in close proximity to an inductive power transfer charging
pad.

Preferably, the step of connecting -the battery to the high power supply comprises mating a
plug with a socket, wherein the plug is associated with one of the battery and the high power
supply, and the socket is associated with the other one of the battery and the high power

supply.

More preferably, the pickup pad is coupled to the underside of the vehicle and the charging
pad is provided on the ground, wherein said selectively coupling the battery to the lower
power supply comprises driving the vehicle into a position such that the pickup pad is
positioned above, or operably adjacent to, the charging pad.

Preferably, the charging and pickup pads can be variably aistanced from each other. The
charging pad may be raised and lowered from the ground by a raising and lowering means.
Alternatively, the pickup pad may be raised and lowered from the underside of the vehicle by
a raising and lowering means.

Preferably, the method comprises indicating alignment between the charging pad and the
pickup pad.

. Preferably, the method comprises indicating when the battery is being charged.

Placement of an IPT pickup pad on the underside of a vehicle is preferred for aesthetic
reasons, because this arrangement provides no physical obstacle to thos:e moving around
the vehicle while it is being charged, and because it is improbable that people or other
foreign objects will be subjected to the induced fields during charging. However, the
invention is not limited to such placement. A pickup pad may be located essentially
anywhere on the vehicle with the charging pad being mounted so that IPT transfer is enabled
when the vehicle is parked in position. For example, a pickup pad may be provided on the
front or rear surface of the vehicle with the charging pad being mounted on a wall in a garage
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so that they inductively couple when the vehicle is parked. While not preferred due to the
requirement for user intervention, the invention does not preclude the mounting of the pickup
pad and/or the charging pad on a moveable mounting or ammature, whereby, following
parking of a vehicle, a user may move one or both of the pads so that'IPT transfer is
enabled. While having the drawback of requiring greater user intervention, such
embodiments do allow for greater tolerances in the parking position of the vehicle.

According to a sixth aspect, there is provided a system for charging a battery of an electric or
a hybrid electric vehicle, the system comprising: aﬁ electricity network or subnetwork having
at least one generator; cabling for transferring energy generated by the at least one
generator around the network; IPT coupling means for coupling the network to the battery;
and control means for qontrolling the power transfer from the at least one generator to the
battery.

Preferably, the network is coupled to a plurality of batteries of a corresponding plurality of
electric or hybrid electric vehicles.

Any energy source may be used by the generator(s) to genérate electrical energy. However,
according to preferred embodiments, a renewable energy source is used. Through use of
the control means, it is possible to overcome problems associated with the fluctuable nature
of power generated from renewable sources and enhance the stability of the network by
varying the power supplied to the battery so that the power demand on the network better
matches the available power. These benefits are more marked according to embodiments of
the system in which the network is coupled to a plurality of batteries of a corresponding
plurality of electric or hybrid electric vehicles.

Preferably, the control means is configured to vary the power transfer so as to optimise the
load factor. Thus, a network controller (e.g. a utility company) may vary the power transfer to
batteries connected to their network to better match supply and demand.

According to one embodiment, the batteries in the vehicles are owned by a network
controller which operates the network and are leased to the owners of the vehicles.
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The system of the sixth aspect preferably comprises at least one IPT pad according to the
first aspect and/or at least one apparatus for charging according to the third aspect and/or at
least one electric vehicle according to the fourth aspect.

Preferably, the control means is controlled by way of a communications channel.

According to a seventh aspect of ‘the invention, there is provided a method of pharging a
battery of an electric or a hybrid electric vehicle, the method comprising the steps of coupling
the battery to an electricity network or subnetwork using inductive power transfer; transferring
electrical energy to the battery via the network; and varying the power transfer according to
at least one predetermined criteria.

Preferably, the at least one predetermined criteria may comprise one or more of: a time of
day, the level of demand on the network; the level of available supply in the network, which is
particularly relevant where the energy source for the network is fluctuable. -

Preferably, the method further comprises the steps of coupling batteries of a plurality of
electric vehicles to the network and selectively transferring power to all or a subset thereof.

Preferably, the method further comprises the steps of: coupling batteries of a plurality of
electric vehicles to the network; and selectively transferring power to all batteries or a subset
thereof.

Preferably, the method comprises the step of varying the electricity mains frequency to
determine the battery load on the network.

According to an eighth aspect of the invention there is provided a system for supplying power
to an electricity network, the system comprising: an electricity network or subnetwork having
at least one generator; a plurality of batteries of a plurality of electric or electric hybrid
vehicles; cabling for transferring energy stored in the plurality of batteries; IPT coupling
means for coupling the batteries to the network; and control means for controlling the power
transfer from the plurality of batteries to the network.

According to a ninth aspect of the invention there is provided a method of supplying power to
an electricity network, the method comprising the steps of: coupling a plurality of batteries of
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a plurality. of electric or hybrid electric vehicles to the network using inductive power transfer;
transferring electrical energy to the network from the battery; and varying the power transfer
according to at least one predetermined criteria.

According to a tenth aspect of the invention there is provided a system for. controlling load
demand in an electricity network, the system cbmprising: an electricity network having at
least one generator, the frequency of power supplied by the network being allowed to vary; at
least one load connected to the .network; and control means to monitor the frequency of
power supplied by the network, the control mean's increasing or reducing power consumed
by the load dependent on the frequency.

According to an eleventh aspect of the invention there is provided a method of controlling
load demand on an electricity network, the method comprising: allowing the frequency of
power supplied by the network to vary; monitoring the frequency of power supblied by the
network; and increasing or reducing the power consumed by the load dependent on the
frequency.

Further aspects of the invention, which should be considered in all its novel aspects, will
become apparent to those skilled in the art upon reading the fol_lowing description which
provides at least one example of a practical application of the invention.
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Brief Description of the Drawings

One or more embodiments of the invention will be described below by way of example only
and without intending to be limiting with reference to the following drawings, in which:

Figure 1 is a perspective view showi‘ng a preferred relative positioning of an IPT
charging pad and an electric vehicle during charging;

Figure 2 is a perspective view of a préferred embodiment of an IPT pad;
Figures 3to 5 are alternative perspective views of the embodiment of the IPT pad of

Figure 2, with portions removed in Figures 3 and 5, and portions
shown in ghost outline in Figure 4 so as to show internal detail;

Figure 5A is a view of an alternative embodiment of an IPT pad configuration;

Figure 5B is a plan view of the alternative embodiment of the IPT pad of Figure
5A;

Figure 6 is a schematic representation of an electric vehicle being charged

according to an embodiment of the invention; and

Figure 7 is a schematic representation of an embodiment of a system according
to the invention.

Detailed Description of Preferred Embodiments

Embodiments of the invention provide for a multi-source electric vehicle that is able to
operate in most situations that may occur in terms of types, length and frequency of trips.
References to “multi-source electric vehicles” are used to refer to electric vehicles embodying
or capable of operating with embpdiments of the present invention where the batteries and/or
cells used to power the vehicle may be charged using various electrical power sources.
Embodiments of the invention provide all of the advantages of a plug-in electric vehicle in
that it can be recharged ‘at home’ overnight but, according to preferred embodiments, it does
so without the disadvantage of requiring a cable to be plugged in. More particularly,
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according to preferred embodiments, a charging pad is preferably provided on the floor
where the vehicle is usually parked, such as in the floor of a user's garage. While the vehicle
is parked, the charging pad transfers energy to the vehicle's battery by Inductive Power
Transfer (IPT) via a pickup provided on the underside of the vehicle. With nofhiﬁg to'plug in
there is nothing to remember and the battery will be fully charged dependent only on the time
available.

The charging pad provided on the floor is energised by a power supply ‘and the magnetic
field produced thereby couples power into the picku'p attached to the vehicle and charges the
on-board battery. Power transfer rates of up to around 2.2 kW are compatible with
household outputs on most utility networks. The control of this power flow may be achieved
using the technique described in US Patent No. 5,293,308, which is incorporated herein by
reference. Other methods are also within the scope of the invention.

Figure 1 shows a preferred relative positioning of charging pad 20 and vehicle 10 during
charging. The pickup pad (not shown) is preferably of the same shape and configuration of
charging pad 20 and is positioned on the underside of vehicle 10 so that it is substantially
directly above charging pad 20 when vehicle 10 is parked. The magnetic flux produced by
charging pad 20 links the two pads. There is no functional requirement for the pickup pad to
be positioned underneath the vehicle but this is preferred for aesthetic reasons and relative
ease of installation for retrofitted vehicles.

Figures 2 to 5 show alternative perspective views of charging pad 20 according to preferred
embodiments of the invention. More particularly, Figure 2 shows the outer housing of the
pad, Figure 3 shows the pad with a portion of the outer housing cut away to show interior
detail, Figure 4 corresponds to the view of Figure 3 with exterior features shown as see-
through to provide additional detail of the internal arrangement of the components, and
Figure 5 shows the pad with the top cover removed. Note that the pickup pad is of the same
configuration as charging pad 20 and description of charging pad 20 also applies to the
pickup pad, except that charging pad 20 is coupled to an electrical supply (e.g. the mains
electricity supply) and the pickup pad is attached to a load (i.e., the vehicle battery to be

- charged).

Pads 20 are preferably placed an object formed from a material which substantially limits the
passage of magnetic flux, such as a metallic backplate 21 (which is formed from aluminium in

Momentum Dynamics Corporation
Exhibit 1002
Page 035



10

15

20

25

30

35

WO 2008/140333 PCT/NZ2008/000103

14

a preferred embodiment) with 8 ferrite bars 22 displaced at 45 degrees with respect to each
other. Bars 22 are held in position by rubbery moulding 23. A coil of litz wire 27 (see: Figure
5) is linked by the magnetic flux passing through ferrite bars 22. Preferably, the coil of litz
wire 27 is located on ferrite bars 22 in region 24 of pad 20 so that the coils wind round the
generally circular body of the pad approxumately half way along the lengths of bars 22.

Aluminium strip 25 is coupled or formed |ntegral to backplate 21 to assist in controlling the
pattern of the flux generated. Cover 28 is coupled to the top of the main circular body of the
pad. Cover 28 is formed from a 'material, such as PVC, or preferably a non-toxic plastic,
which does not obstruct the passage of flux thérethrough. The particular configuration
shown enables the pads to be relatively slim-line which is particularly important for the pickup
pad when retrofitted to existing vehicles so as to maintain ground clearance. 5

More particularly, backplate 21 and strip 25 are appropriately coupled to work together to
direct flux generated by the charging pad through cover 28 in a generally perpendicular
direction to backplate 21, thereby providing for improved coupling betweén a charging pad
and a pickup pad since there is less leakage caused by the splay of flux in directions
generally parallel to backplate 21. Backplate 21 and strip 25 are electrically connected in 6ne
embodiment of the invention.

Mechanical or shock insulating pads 26, preferably formed from foam or rubber, are provided

to prevent bars 22 from coming into contact with other components of pad 20. Bars 22 are.
brittle and thermally sensitive, thus pads 26 are ideally also thermally conductive to keep the

bars 22 cool. Mechanical insulating pads 26 also limit the transfer of mechanical stresses to

bars 22 caused by knocks or impacts on pad 20 and also due to vibrations such as those

generated when pad 20 is mounted on a vehicle.

Using pads configured as shown in the drawings, with a diameter of 400 mm and a thickness
of 22 mm, power transfer at rates of up to 2 kW is readily achievable for lateral
misalignments of up to +/- 50 mm and vertical separations of 25 mm to 75 mm. Power
transfer with even larger tolerances is possible but this requires larger pads, increasing the
cost. Where a charging pad is provided on a floor to couple with a pickup pad on the
underside of a vehicle, these tolerances translate into tolerances for the parking position of
the vehicle. Relatively simple methods may be used to assist a driver in parking in the
correct position, For example, a ball on a string may be suspended from the ceiling and
aligned with a spot on the windscreen when the vehicle is in the correct position,
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Alternatively, a charging indicator may be provided in the vehicle that lights up when the
battery is charging and hence the vehicle is in the correct position. Other alternatives: will be
readily apparent to one of skill in the art and all such alternatives are within the scope of the
present invention.

According to preferred embodiments involving a fransfer rate of up to around 2 kW, bars 22
preferably have a height of 10 m':m, width of 30 mm and length of 120 mm, and coil 27
preferably comprises litz wire having 0.2 mm diameter individually insulated wires with 120
strands at 3.77 mm? or more. Strip 25 preferably has a thickness of around 4 mm and cover

28 preferably has a thickness of approximately 5 mm. It should be noted that the invention is .

not limited to these particular values and the skilled person will be aware that other values
may be selected depending on the desired operational characteristics.

According to embodiments of the invention, the power pad on the floor under the vehicle
takes the place of a ‘track’ in a more conventional IPT system and the power pad attached to
and under the vehicle is the pickup coil. Using the technique described in the above
mentioned New Zealand Patent Application. No. 545664, this arrangement of coils allows
power to be passed from the floor power pad to the vehicle power pad at high éfﬁéienf::y such
that the battery on the vehicle may be charged 6vernight.

Embodiments of the IPT system make opportunity charging of an electric vehicle possible,
not only for a single vehicle in the home, but also, for example, for a fleet 6f delivery vehicles
and the like to allow continuous operation on a 24 x 7 basis given that the work schedule
includes relatively long times where the vehicle can be parked over the floor mounted power
pad. However, the typical charging rate of 2kW does not overcome the limited range
problem of electric vehicles, where the total energy demand exceeds the available stored

energy.

To address this problem, a high power, plug-in charger may be connected to the vehicle
using a separate high power plug to provide rapid charging of the battery. Not all battery
types are capable of accepting powers of the magnitude envisaged but lithium batteries are
increasingly capable of doing this.

As noted above, the power pad intervention-free charger is a home-based IPT charging
system providing a charging power of about 2 kW to stay within the ratings of conventional
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household wiring. A typical battery in an electric vehicle may store 50 kWH of energy or 170
AH (Ampere-Hours) at 300V so that the nominal charging rate is 0.04C (where C stands for
the capacity of the battery in AH). This is a conservative and safe estimate. With a single 12
hour charge, 24 kWH of energy. may be transferred and if the vehicle operates with an
average power demand of 10 kW, it will have a range of about 2 hours of driving or
approximately 160 km per day. With a longer éharging time this range can be doubled by
having the vehicle fully charged. On the other hand, embodiments of the high power battery
charger may provide power at a rate of 10kW - 500 kW for 6 minutes corresponding to a
charging rate of 10C. Thus in 6 minutes, the battery is fully charged and the vehicle is set for
another 300 km before it needs to be charged again. Note that an electric power flow of 500
kW is high but is still low compared with the energy flow rate when pumping petrol or diesel
fuel into a tank.

This rapid charging will need to be carefully supervised, as needed for pumping petrol, and is
not suitable for home applications for a number of reasons. Few houses have access to a
500 kW utility network and at this power level the source of supply would be at a higher
voltage than the normal distribution network. There is also a degree of hazard involved so
that a commercially rated facility is required. In contrast, the IPT system is safe and easy to
use, making it suitable for installation in the home or other places a car may be parked, such
as in public car parks.

The combination of these technologies provides a vehicle with excellent characteristics. On
a daily basis it is ideal for short trips, commuting and shopping, allowing relatively low cost
travelling for typically 160 km/day with minimal maintenance and no queuing for fuel. It-may

" be used for longer trips requiring refuelling about every 300 km.

Figures 5A and 5B show an alternative embodiment of the charging pad configuration 20
according to the present invention. In Figures 5A and 5B the pad 20 is an oval shape in plan.
Oval power pads can be constructed by extending the circular power pads and adding
identical rectangular sections in the middle. The construction of both power pads is again
preferably identical. In Figure 5B it is shown that the coil 27 is lengthened and a subset of
additional ferrite or ferromagnetic bars 22A are added with similar spacing to that of the
subset of bars equivalent to those of the circular power pad described above.
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The advantage of this oval-shaped arrangement is that the tolerance of the pad to lateral
movement (in the x direction shown in Figure 5A) is improved over the circular pad. This is
advantageous as it is relatively difficult to adjust the position of a vehicle in the x direction,
corresponding to a side to side movement for the vehicle. The tolerance of the pads to pick-
up movement in the y direction, corresponding to the forward and reverse directions of a
vehicle when positioned over the pad, is less that that for the circular pad. However, this is
less critical when parking a vehicle since it is comparatively much easier to make
adjustments i this direction so as to be optimally gositioned over the pad in the y direction.

The ability to control the spacing between the charging pad and the pickup pad attached to
the vehicle is also advantageous. This can be achieved using a variety of methods. For

example, the charging pad on the floor may include means for raising and lowering it from

the floor such as a jack. The jack may be hand or electrically powered. Alternatively, the

pickup pad on the underside of the vehicle may include means for increasing or decreasing

its distancé from the underside of the vehicle. Again, this may be a jack or other known

mechanisms.

One of the primary advantages of the system described herein is one of safety. An inductive
charger means there is no plug connection between the charger and the vehicle, unlike in
alternative electric vehicle charging systems. If a user accidentally drives the vehicle away
whilst still connected in a plugged system, the apparatus may be damaged and a hazardous
situation may arise through broken current-carrying equipment. In. contrast, using an IPT
system with no requirement to first safely disengage any plugs, the vehicle would be able to
drive safely away, without fear of damage to the equipment or risk of electricity hazard.
Furthermore, in the event of flood, the IPT system can function very safely without the
obvious dangers of alternative plugged systems.

Figure 6 is a schematic drawing of battery 51 of electric vehicle 10 being charged by high
power electrical supply 52 via cable 53. During opportunity charging, battery 51 is supplied
with electricity from pickup 20 via wiring 54. High power electrical supply 52 may comprise a
high power generator or alternatively merely provides an interface or conduit between a high

" power electricity. network and cable 53. Cable 53 is provided with a plug (not 'sh'bwn) which

mates with a socket (not shown) provided in vehicle 10. Wiring between the socket and
battery 51 transfers electricity to battery 51. Preferably, the plug is provided with a safety
housing to prevent access to the electrical contacts. The socket may be provided at any
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point on vehicle 10 with wiring provided between the socket and battery 51. Thus, the
invention is not limited to the position of the socket shown in Figure 6.

Figure 7 is a schematic representation of a system, generally marked 60, according to an
embodiment of the invention. Generator 61 provides high power electricity to facility 63
which includes high power electrical supplies 52 of Figure 6. Two high. power electrical
supplies 52 are shown. Howevér, as would be apparent to one skilled in the art, the
invention is not limited thereto and facility 63 may include one or any number of supplies 52,
limited only by the available space and the capacity of generator 61. High power cabling 62
acts as a conduit for the transfer of high power electricity to facility 63 and also to transformer
64 which reduces the supply to that of a lower power, such as that conventionally found in
homes. Lower power cabling 65 then transfers lower power electricity to charging pads 20,
preferably provided in the floor -of a user's garage. Whilst single generator 61 is shown,
system 60 may include a plurality of generators and may include separate generators for the
high power supply and the lower power supply. .

An important aspect of electric vehicles is their capital cost. They are typically more
expensive than conventional motor cars due to the high cost of the battery. However,
according to embodiments of the invention, the battery and the vehicle may be owned by
different parties. More particularly, according to one embodiment of a system and method
according to the invention, the battery may be owned by a utility company and leased to an
owner of a vehicle. According to such embodiments, users of electric vehicles are clearly
provided with the benefit of having a reduced capital outlay at the time of purchasing a
vehicle. However, benefits may also be realised by utility companiés and not only through
charges levied for supplying the electricity. In particular, through appropriate control of
power supplied to the IPT charging pads, utility companies may level their electric load,
particularly overnight when a large number of batteries for electric vehicles may be charging.

With some modification to the electronics system it is also possible to transfer power in
reverse from the battery to the utility. In this way at times of peak power in the utility, power
may be taken from the vehicle battery and used to supply the peak. With a greater number of
vehicles this reverse power may be very large and may avoid power shortages. The total
energy may be small as the time that the reverse power flow occurs will likely be short.
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There are significant financial advantages to a utility company being able to have a load

" factor of 1 and this source-side control of a demand-side load would allow this ideal to be

approached, if not reached.

A communications channel may be provided between the controller of the network (typically,
the utility company) and the vehicles under chargé so as to enable monitoring of the charging
of these vehicles. A simple ceII_iphone channel may be used for this purpose. As the
available power varies the network controller may vary the battery charging demand to match
it. This would allow the utility company to operate near their maximum power with. safety as
the electric vehicle load can be varied so quickly. This is similar to but more éophisticated ,
than a ripple control system commonly used to control hot water heating. The essential
differences are that partial loads are possible, and the loads can be varied more quickly and
precisely.

The ability to manipulate the demand makes it more readily possible to integrate highly
fluctuable ‘renewable’ sources of energy into power networks. The manipulation may
alternatively be made by allowing the frequency of the network or grid to vary in response to
variations in the fluctuable source. Thus, in strong gusts of wind over a whole wind farm the
power surge may be such that the mains frequency increases by a small fraction of 1 Hz.
These variations in frequency are measured by the power supply to the IPT charging pad
and used to control the power pad or track current. In principle, the power transferred is
made proportional to the pad current so that by varying the pad current thé charging load can
be matched to the available power. The variation can take place in as short a period as one
cycle of the mains power.

For a large number of battery chargers, say 100,000, the pad current could be programmed
so that, for example, at 49.5 Hz the pad current is zero, and at a frequency 1Hz higher the
pad current is the full rated current.. If all the chargers were at full demand the charging load
would vary from 100,000 x 2 kW = 200 MW at a frequency of 50.5 Hz to zero at a frequency
of 49.5 Hz. The 49.5 Hz set-point can of course also be varied so that full power occurs at
whatever frequency is required. For example, if the set point was 49 Hz then full pov/ver
would be taken at 50Hz or higher. In this manner, high surges in power caused by strong
gusts of wind over large wind farms can be compensated for.
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On the other hand, in the integration of wind power into a power network, there are also
commonly periods where the wind completely ‘dies’. In practice, these periods must be
covered by having a separate spinning generator of the same power capacity, on standby.
Thus, if a 200 MW wind farm is to be used then 200MW of spinning reserve must be
connected to the grid, and under ideal circumstances it provides no real power at all. This
protection is very expensive and in many cases makes wind power uneconomic. According
to the present invention, this precaution is not required. If the wind ‘dies’ then all the battery
charging load drops as soon as thé mains frequenc_y reaches the given set point (e.g. 49.5 or
50 Hz). As the vehicles charge they will individually disengage themselves as soon as their
batteries are fully charged so that the actual load is indeterminate and is not simply the total
number of vehicles connected. The load could be determined using a communication
channel with each vehicle as discussed above but this would take time and a simpler option
is available. If the set point was at 49.5 Hz then all of the connected vehicles that are still
charging would be at 50% power if thé frequency was 50 Hz. If the set poiht was then
changed to 49.6 Hz then the charging vehicles would drop to 40% of their rated power and
the change in power, over the whole country, would be 10% of the connected (total) power
sink. ‘In this particular example the actual power being take_n could be increased by 6 times
this change, or reduced by 4 times. In essence, the controllable battery charging load has
been precisely determined.

In these circumstances a very high percentage of wind power and/or other fluctuable energy
sources_can now be included into the generation mix without standby generators knowing
how much power is available if the wind dies, and how much spare sink capacity is available
if there is a surge. This is a significant advantage over most wind farm integration schemes
and will allow the percentage of wind power to be increased above the presently used 6%
commonly in, for example, Ireland and Germany, with zero or minimal standby generators
necessary. Other schemes for achieving this flexibility use huge batteries locally at the wind
farm to store surplus power but it is more efficient if the energy is transferred directly to its
destination, namely the batteries in the vehicles, since this requires only or;e battery charging
operation. Batteries at wind farms are therefore significantly less efficient if the ultimate use
of the energy is in electric vehicles.

The financial justifications of the invention are interesting. If a typical battery cost $10,000 it
might be leased to the car owner for $40/week plus electricity charges of 12c/kWH charged
on the basis of what has been used. A user doing 300 km per week might use 45 kWH at a
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cost of $5.40 plus the battery Ieaée fee of $40 for a total cost of $45.40 or 15 ¢/ km. Some
form of road-user charge would also likely be involved or again added to the cost of the
electricity. This cost/km is perhaps high but is for very moderate usage and if-the distance
travelled is doubled the cost/km is significantly reduced at $50.80 for 600 km or 8.5 c/km.

Electricity generated from renewable sources other than wind power (e.g. solar, tidal etc) is
also applicable to embodiments of the invention. All of these are not particularly stable and
like wind may vary considerably over relatively short time scales. For example, measured
rates of change for wind power in New Zealand héve been as high as 200 MW in 5 minutes
from a wind farm with a nominal rating of 200MW. Thus the integration of such highly

fluctuable sources into an electricity network is a huge advantage. With the ‘source-side

control as outlined the charging load varies at a rate sufficient to match the fluctuable power
on almost a cycle by cycle basis using small changes in the frequency of supply, allowing the
use of energy that would otherwise sirhply be wasted. This energy would be génerated ata
considerably lower cost than eledricity from more conventional sources.

The invention thus allows off-peak power to be used effectively and safely for electric vehicle
charging. It also allows energy generated from renewable sources to be conveniently put to
use to charge electric vehicles. Furthermore, the invention allows load demand to be
controlled.

Unless the context clearly requires otherwise, throughout the specification, the words
“comprise”, “comprising’, and the like, are to be construed in an inclusive sense as opposed
to an exclusive or exhaus@ive sense, that is to say, in the sense of “including, but not limited
to".

It should be noted that various changes and modifications to the presently preferred
embodiments described herein.will be apparent to those skilled in the art. Such changes and
modifications may be made without departing from the spirit and scope of the invention and
without diminishing its attendant advantages. It is therefore intended tha‘t such changes and
modifications be included within the present invention.
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CLAIMS

1. An inductive power transfer pad comprising:
a coil having at least one turn of a conductor;
one or more ferromagnetic slabs; and
a shield member arranged around both 'said coil and said ferromagnetic slabs for

channelling electromagnetic flux when in use.

2. An inductive power transfer pad as claimed in claim 1, wherein the conductor is litz
wire.
3. An inductive power transfer pad as claimed in claim 1 or claim 2, wherein the coil

comprises a plurality of turns of wire.

4. An inductive power transfer pad as claimed in any one of the preceding claims,
wherein the one or more ferromagnetic slabs are monolithic.

5. An inductive power transfer pad as claimed in any one of the preceding claims,
wherein the one or more ferromagnetic slabs are ferrite.

6. An inductive power transfer pad as claimed in any one of the preceding claims,
wherein each ferromagnetic slab is arranged in substantially the same plane.

7. An inductive power transfer pad as claimed in any one of the preceding claims,
wherein each ferromagnetic slab is arranged such that its length extends radially from a
common point but spaced apart therefrom.

8. An inductive power transfer pad as claimed in any one of the preceding claims,
wherein each ferromagnetic slab is spaced apart from adjacent slabs by substantially the
same angle.

9. An inductive power transfer pad as claimed in claim 6, wherein:
a subset of the ferromagnetic slabs extend radially from a common point but are
spaced apart therefrom;
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a further subset of the ferromagnetic slabs extend radially from a different common
point but are spaced apart therefrom;

a still further subset of the ferromagnetic slabs are aligned perpendicularly to the
direction of an imaginary straight line connecting the said common points, whereby the still
further subset of ferromagnetic slabs are positioned equidistantly from the imaginary line but
spaced equally along its length and equally on each side of the imaginary line.

10. An inductive power transfer pad as claimed in claim 6, wherein the coil is arranged in
a plane substantially parallel to that of the ferromaghetic slabs.

1. An inductive power transfer pad as claimed in claims 7 and 10, wherein the coil is
positioned to wind around the common point such that it passes each slab at approximately
the centre of the length of each slab.

12. An inductive power transfer pad as claimed in claim 1, wherein the pad comprises a
substantially rigid backplate.

13. An inductive power transfer pad as claimed in claim 12, wherein the backplate is
substantially planar.

14. An inductive power transfer pad as claimed in claims 12 or 13, wherein the plane of
the backplate is substantially parallel to the planes of each of the ferromagnetic slabs and the
coil, the plane of each of the ferromagnetic slabs being located between the plane of the
backplate and the plane of the coil.

15. An inductive power transfer pad as claimed in claim 12, wherein each ferromagnetic
slab is spaced apart from the backplate by a thermally conductive and mechanically
insulating material.

16. An inductive power transfer pad as claimed in claim 15, wherein the thermally
conductive and mechanically insulating material is foam or rubber.

17. An inductive power transfer pad as claimed in claim 12, wherein the backplate is
formed from a material which substantially inhibits the passage of magnetic flux
therethrough.
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18. An inductive power transfer pad as claimed in claim 17, wherein the backplate is
formed from aluminium.

19. An inductive power transfer pad as claimed in claim 1, wherein the shield member is
formed from a strip of material with the ends thereof joined to form a ring.

20. An inductive power transfer pad as claimed in any one of the preceding claims,
wherein the shield member is formed from aluminium.

21. An inductive power transfer pad as claimed in any one of the preceding claims,
wherein the shield member is coupled to the backplate.

22. An inductive power transfer pad as claimed in any one of the preceding claims,
wherein the pad comprises a member having spaces formed therein for holding each of the
ferromagnetic slabs in position and having a channel for accommodating the coil.

23 An inductive power transfer pad as claimed in claim 22, wherein the member is
formed from a material which does not significantly affect magnetic flux.

24, An inductive power transfer pad as claimed in. claim 23, wherein the member is
formed from foam or rubber.

25. An inductive power transfer pad as claimed in claim 24, wherein the -member is
formed by a moulding process.

26. An inductive power transfer pad as claimed in any one of the preceding claims,
wherein the pad comprises a cover plate formed from a material that is substantially
transparent to magnetic ﬂux.

27. An inductive power transfer pad as claimed in claim 26, wheréin the cover plate is
formed from a non-toxic plastic.

28. An inductive power transfer pad as claimed in claims 12 and 26, wherein the cover
plate and the backplate provide front and rear walls of a housing for the pad respectively,
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with side walls provided by the shield member, the shield member preferably being
configured to extend from the backplate to the cover plate.

29. An inductive power transfer system comprising two inductive power transfer pads as
claimed in any one of the preceding claims, wherein the two inductive power transfer pads
are used in combination, one of the pads being used as a pickup pad and the other pad as a
charging pad.

30. An inductive power transfer system as claimed in claim 29, wherein the charging pad
is coupleable to a power supply and inductively transfers power to the pickup pad, which is .

coupleable to a load.

31. An inductive power transfer system as claimed in claim 30, wherein the coupling
between the charging pad and the pickup pad is such that there is a low leakage of magnetic
flux from the system.

32. An apparatus for charging a battery of an electric or a hybrid electric vehicle, the
apparatus comprising:
first means for selectively coupling the battery to a high power electrical supply; and
second means for selectively coupling the battery to a lower power electrical supply;
wherein the second means for coupling comprises a pickup pad electrically coupled to the
battery, wherein power is transferred to the pickup pad from a charging pad by inductive
power transfer.

33. An apparatus as claimed in claim 32, wherein the first means for coupling comprises
a socket electrically coupled to the battery, wherein power is transferred by plugging a cable
connected to the high power electrical supply into the socket.

34. An apparatus as claimed in claim 32, wherein the first means for coupling comprises
a plug electrically coupled to the battery, wherein power is transferred by plugging the plug
into a socket connected to the cable connected to the high power electrical supply..

35. An apparatus as claimed in claim 32, wherein the second means for coupling
comprises a pickup pad according to claim 1.
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36. An apparatus as claimed in claim 32, wherein the first means for selectively coupling
the battery to a high power electrical supply may also be used to selectively couple the
battery to a lower power supply.

37. An apparatus as claimed in claim 32, wherein the first means for selectively coupling
the battery to a high power electrical supply may be adapted to selectively couple the battery
to a lower power supply.

38. An apparatus as claimed in claim 32, wherein the apparatus comprises additional
means for selectively coupling the battery to a high power electrical supply or a:-lower power

. supply.

39. An apparatus as claimed in claim 32, wherein the high power supply has a transfer
rating between 10 kW and 500 kW.

40. An apparatus as claimed in claim 32, wherein the lower power supply has a transfer
rating between 0.5 kW and 2.5 kW.

41. An apparatus as claimed in claim 40, wherein the lower power supply has a transfer
rating between 1.0 kW and 2.2 kW.

42, An apparatus as claimed in claim 32, wherein the apparatus comprises an indication
means for indicating alignment between the charging pad and the pickup pad.

43. An apparatus as claimed in claim 32, wherein the apparatus comprises an indication
means for indicating when the battery is being charged.

44, An electric vehicle comprising:
a rechargeable battery; and
an apparatus for charging said battery as claimed in claim 32.

45. A method for charging a battery of an electric or a hybrid electric vehicle, the method
comprising:

selectively coupling the battery to a high power supply or a lower power supply,
wherein said coupling the battery to a lower power supply comprises positioning an inductive
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power transfer pickup pad electrically coupled to the battery in close proximity to an inductive
power transfer charging pad.

46. A method as claimed in claim 45, wherein the step of connecting the battery to the
high power supply comprises mating a plug with a socket, wherein the plug is associated
with one of the battery and the high power supply, and the socket is associated with the other
one of the battery and the high power supply.

47. A method as claimed in claim 45, wherein .the inductive power transfer pickup pad is
coupled to the underside of the vehicle and the inductive power transfer charging pad is.
provided on the ground, and wherein selectively coupling the battery to the lower power
supply comprises driving the vehicle into a position such that the pickup pad is positioned
above, or operably adjacent to, the charging pad.

48. A method as claimed in claim 47, wherein the pickup pad and the charging pad can
be variably distanced from each other.

49, A method as claimed in claim 48, wherein the charging pad can be raised and
lowered from the ground by a raising. and lowering means.

50. A method as claimed in claim 48, wherein the pickup pad can be raised and lowered
from the underside of the vehicle by a raising and lowering means.

51. A method as claimed in ciaim 47, wherein the method comprises indicating alignment
between the charging pad and the pickup pad.

52. A method as claimed in claim 48, wherein the method comprises indicating when the
battery is being charged.

563. A system for charging a battery of an electric or a hybrid electric vehicle, the system
comprising:
an electricity network or subnetwork having at least one generator;
cabling for transferring energy generated by the at least one generator around the
network; '
*IPT coupling means for coupling the network to the battery; and
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control means for controlling the power transfer from the at least one generator to the
battery.
54. A system as claimed in claim 53, wherein the network is coupled to a plurality of

batteries of a corresponding plurality of electric or hybrid electric vehicles.

55. A system as claimed in ¢laim 53, wherein the electricity network uses a renewable
energy source.

56. A system as claimed in claim 53, wherein the control means is configured to vary the

~ power transfer so as to optimise the load factor.

57. A system as claimed in claim 56, wherein the batteries of the electric or hybrid
vehicles are owned by a network controller.

58. A system as claimed in claim 53, wherein the system comprises at least one
inductive power transfer pad according to claim 1 and/or at least one apparatus for charging
according to claim 32 and/or at least one electric vehicle according to claim 44.

59. A system as claimed in claim 53, wherein the control means is controlled by way of a
communications channel.

60. A method of charging a battery of an electric or a hybrid electric. vehicle, the method
comprising the steps of:

coupling the battery to an electricity network or subnetwork using. inductive power
transfer;

transferring electrical energy to the battery via the network; and

varying the power transfer according to at least one predetermined criteria.

61. A method as claimed in claim 60, where the ‘at least one predetermined criteria may
comprise one or more of:

the time of day;

the level of demand on the network; and

the level of available supply in the network.
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62. A method as claimed in claim 60, wherein the method further comprises the steps of:
coupling batteries of a plurality of electric vehicles to the network; and '
selectively transferring power to all batteries or a subset thereof.

63. A method as claimed in claim 62, wherein the method comprises the step of varying
the electricity mains frequency to determine the battery load on the netwoik.

64. A system for supplying power to an electricity network, the system comprising:

an electricity network or subnetwork having at least one generator;

a plurality of batteries of a plurality of electric or electric hybrid vehicles;

cabling for transferring energy stored in the plurality of batteries;

IPT coupling means for coupling the batteries to the network; and

control means for controlling the power transfer from the plurality of batteries to the
network.

65. A method of supplying power to an electricity network, the method comprising the
steps of:

coupling a plurality of batteries of a blurality of electric or hybrid electric vehicles to
the network using inductive power transfer;

transferring electrical energy to the network from the battery; and

varying the power transfer according to at least- one predetermined criteria.

66. A system for controlling load demand in an electricity network, the system comprising:
an electricity network having at least one generator, the frequency of-power supplied
by the network being allowed to vary;
at least one load connected to the network; and
control means to monitor the frequency of power supplied by the network, the control

means increasing or reducing power consumed by the load dependent on the frequency.

. 67. A method of controlling load demand on an electricity network, the method

comprising:
allowing the frequency of power supplied by the network to vary;
monitoring the frequency of power supplied by the network; and
increasing or reducing the power consumed by the load dependent on the frequency.
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68. An inductive power transfer pad substantially as hereinbefore described with
reference to any one of the embodiments shown in the drawings.

69. A method for charging a battery of an electric or a hybrid electric vehicle substantially
as hereinbefore described with reference to any one of the embodiments shown in the
drawings.

70. Apparatus for charging a battery of an electric or a hybrid electric vehicle substantially
as hereinbefore described with reference to any one of the embodiments shown in the

_drawings.

71. A method of controlling load demand on an electricity network substantially as herein
described. '
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MULTI POWER SOURCED ELECTRIC VEHICLE

Eield of the Invention

The present invention relates to an Inductive Power Transfer (IPT) pad, a system, method and
means for charging a battery of an electric vehicle using multiple power sources and an electric
vehicle powered by said battery. More particularly, the invention relates to charging the battery
for an electric vehicle selectively using a high power source for charging at a high rate or a lower
power source for charging at a lower rate.

Background

In the development of pure electric vehicles (i.e., those powered solely by electricity as opposed
to hybrid vehicles), there are a number of problems to be solved before these vehicles can gain
widespread acceptance. These include the limited range compared with more conventionally
fuelled vehicles, the inconvenience of having to remember to recharge a vehicle (even if it is
possible to do so at the user’s premises or home) and the severe restrictions that occur should
the vehicle not be charged. These problems have been subjected to greater consideration in
recent times due to heightened concerns about global warming. Pure electric vehicles may have
a role to play in reducing the effects of global warming as they are clearly the lowest polluters of
all vehicle types and are capable of operating with a lower carbon ‘footprint’ than vehicles
powered by more widespread and conventional means.

Many problems with electric vehicles stem directly from the battery used to store energy to
power the vehicle. Virtually all battery types must be charged at a rate that is less than the
allowable discharge rate, they have a limited capacity, and their cycle life is not great. Thus, it
takes quite a long time to charge a vehicle, the time between charges is shorter than ideal, and
the functionality of the battery declines rapidly with age.

In use, electric vehicles are however very convenient and make ideal shopping baskets and
short trip commuter vehicles. Other tasks such as dropping off children at schools and running
errands are also well suited. If the accumulated distance travelled in a day is within the range of
the vehicle, then the battery may be recharged over-night, with service capable of being
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resumed the next day. This is an ideal scenario. However, if the available range is exceeded or
the battery has not been sufficiently charged, the driver and passengers may be left stranded,
there will likely be a recovery fee, the battery will need to be fully charged over a longer period of
time than a conventional charge cycle and, when using conventional batteries, these will almost
certainly be degraded such that their available capacity is permanently reduced from what it was
previously. Opportunity charging can help to eliminate this problem and involves partially

charging the vehicle whenever an opportunity presents itself.

In perhaps a more serious situation where circumstances call for the vehicle to be taken on a
long trip, there is little that can be done. Here hybrid vehicles may be a good solution as they
can travel great distances on fossil fuels and refuel at conventional petrol stations.

For these reasons conventional pure electric vehicles have not met all of the modern
requirements for a passenger transport vehicle.

Inductive Power Transfer (IPT) provides a useful alternative to more conventional charging. A
charger using IPT is described in New Zealand Patent Application No. 545664, entitled “Single
Phase Power Supply for Inductively Coupled Power Transfer Systems” and is incorporated
herein by reference. This charger provides many advantages in that it will operate from a
standard single phase supply typically available in the home, has an excellent power factor and
very low harmonics. As a result of this, it would be possible to operate with several thousand of
these connected to a utility network without the quality of supply being degraded. Moreover, the
use of IPT obviates the need for a user to manually connect a cable to the battery.

Summary of the Invention

It is an object of the invention to provide an improved Inductive Power Transfer (IPT) pad.

It is an object of the invention to provide means for charging a vehicle which mitigates the
aforementioned problems associated with conventional electric vehicles.

An alternative object of the invention is to provide a system for charging an electric vehicle.
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An alternative object of the invention is to provide a method of charging an electric vehicle.

Alternatively, it is an object of the invention to at least provide a useful choice.

According to a first aspect of the invention, there is provided an inductive power transfer (IPT)

pad comprising a coil having at least one turn of a conductor; one or more ferromagnetic slabs;

and a shield member arranged around both said coil and said ferromagnetic slabs for

channelling electromagnetic flux when in use.

Preferably, the conductor is litz wire.

Preferably, the coil comprises a plurality of turns of wire.

Preferably, the ferromagnetic slabs are monolithic slabs.

Preferably, the ferromagnetic slabs are ferrite slabs.

Preferably, each ferromagnetic slab is arranged in substantially the same plane.

Preferably, each ferromagnetic slab is arranged such that its length extends radially from a
common point but spaced apart therefrom.

Preferably, each ferromagnetic slab is spaced apart from adjacent slabs by substantially the
same angle.

According to a preferred embodiment, the IPT pad comprises eight ferromagnetic slabs each
spaced apart from adjacent slabs by approximately 45°. Other configurations may be selected
depending on system requirements.

Alternatively, in another embodiment, the IPT pad comprises a plurality of ferromagnetic slabs
whereby a subset of the ferromagnetic slabs extend radially from a common point but are
spaced apart therefrom, a further subset of the ferromagnetic slabs extend radially from a
different common point but are spaced apart therefrom, and a still further subset of the
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ferromagnetic slabs are aligned perpendicularly to the direction of an imaginary straight line
connecting the said common points, whereby the still further subset of ferromagnetic slabs are
positioned equidistantly from the imaginary line but spaced equally along its length and equally

on each side of the imaginary line.

Preferably, the coil is arranged in a plane substantially parallel to that of the ferromagnetic slabs.

Preferably, the coil is positioned to wind around the common point such that it passes each slab
at approximately the centre of the length of each slab.

Preferably, the IPT pad comprises a substantially rigid backplate.

Preferably, the backplate is substantially planar,

Preferably, the plane of the backplate is substantially parallel to the planes of the ferromagnetic
slabs and the coil, with the plane of the slabs located between the planes of the backplate and
the coil.

Preferably, each ferromagnetic slab is spaced apart from the backplate by a thermally
conductive and mechanically insulating material so as to allow the transfer of heat there between
and protect the slab from mechanical shock. According to one embodiment, each slab may be
spaced apart from the backplate using foam or rubber pads. The material making up the slabs
is brittle and such steps serve to prevent cracking in the slabs caused by rapid temperature
changes and also due to mechanical stresses exerted on the IPT pad.

According to preferred embodiments, the backplane is formed from a material which
substantially inhibits the passage of magnetic flux therethrough. In one embodiment, this

material is aluminium.

Preferably, the shield member is formed from a strip of material with the ends thereof joined to
form aring.

Preferably, the shield member is formed from aluminium.
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Preferably, the shield member is coupled to the backplane.

Preferably, the IPT pad comprises a member having spaces formed therein for holding the
ferromagnetic slabs in position and having a channel for accommodating the coil.

Preferably, the member is formed from a material which does not significantly affect magnetic
flux. In one embodiment, foam or rubber is used.

Preferably, the member is formed by a moulding process.

Preferably, the IPT pad comprises a cover plate formed from a material that is substantially
transparent to magnetic flux. In one embodiment this material is a non-toxic plastic.

According to preferred embodiments, the cover plate and the backplate provide front and rear
walls of a housing for the IPT pad, with side walls provided by the shield member, the shield
member preferably being configured to extend from the backplate to the cover plate.

The IPT pad according to the first aspect provides for improved performance in use by
channelling the flow of flux from the charging pad. More particularly, the backplate and the
shield member serve to direct flux upwards from the plane of the backplate with less splay of flux
in and parallel to the plane of the backplate. This not only improves the inductive coupling but
also reduces the chance that any undesired objects will be subjected to the induced fields during
use. It is important to note that if this leakage is not controlled, it can lead to damage of such
objects. For example, in the case of an electric vehicle, such leakage may result in the wheel
bearings eroding.

The IPT pad of the present invention is also beneficial in that it is relatively slimline compared to
more conventional IPT pickups. This is particularly important where pickup pads are coupled to
the underside of an electric vehicle since it is important that ground clearance is maintained.
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According to a second aspect, there is provided an inductive power transfer system comprising
two inductive power transfer pads, wherein the two inductive power transfer pads are used in
combination, one of the pads being used as a pickup pad and the other pad as a charging pad.

Preferably, the charging pad is coupleable to a power supply and inductively transfers power to
the pickup pad, which is coupleable to a load, such as a battery.

According to a third aspect, there is provided an apparatus for charging a battery of an electric or
a hybrid electric vehicle, the apparatus comprising first means for selectively coupling the battery
to a high power electrical supply; and second means for selectively coupling the battery to a
lower power electrical supply wherein the second means for coupling comprises a pickup pad
electrically coupled to the battery, wherein power is transferred to the pickup pad from a
charging pad by inductive power transfer.

Preferably, the first means for coupling comprises a socket electrically coupled to the battery,
wherein power is transferred by plugging a cable connected to the high power electrical supply
into the socket. Thus, electrical energy may be rapidly transferred to the battery using the first
means for coupling, resulting in rapid charging.

As would be apparent to one of skill in the art, alternatively, the first means for coupling
comprises a plug electrically coupled to the battery, wherein power is transferred by plugging the
plug into a socket connected to the cable connected to the high power electrical supply.

Preferably, the second means for coupling comprises a pickup pad according to the first aspect
of the invention.

The use of IPT avoids the need for a user to plug in a cable for opportunity charging, including
when a vehicle is parked overnight. Additionally or alternatively, a second socket may be
provided or the first socket adapted, if required, so that the battery may be connected to a lower
power supply using a cable. Again, in the alternative, the second socket may be substituted by
a plug configured to mate with a socket connected to the lower power supply. Such
embodiments provide for improved flexibility in that, where provided and where time permits, the
battery may be charged using IPT. If rapid charging is required and a high power supply is
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available, the battery may be connected thereto. However, there remains the possibility that a
battery will require charging where neither an IPT charging pad or a high power supply is
available. A user could, perhaps, put the charging pad inside the vehicle when in transit so that,
as required, it could be removed from the vehicle, appropriately positioned and used for
charging. This is possible because embodiments of the invention involving IPT preferably work
to widely available household voltages but this is inconvenient. Thus, the second socket may be
provided, preferably on an outer surface of the vehicle, to enable the battery to be connected,
via a cable, to a lower power supply, such as via a conventional household socket. According to
preferred embodiments, the socket used for coupling to the high power supply may also be used
to couple to a lower power supply. It is therefore possible to charge a battery via most

household circuits, with only a cable needing to be carried in the vehicle.

Thus, depending on requirements and which types of power supply and forms of transfer are
available, a user may selectively couple the battery to a high power supply or a lower power
electrical supply, preferably using IPT for transferring power from the lower power supply.

Preferably, the high power supply has a transfer rating between 10 kW and 500 kW.

Preferably, the lower power supply has a transfer rating between 0.5 kW and 2.5 kW so that it
may be provided by conventional household wiring. More preferably, the lower power supply is
between 1.0 kW and 2.2 kW.

Use of the word “battery” throughout the specification is not used in a limiting way and may
include one or any number of cells or batteries, or super capacitors.

Preferably, the apparatus comprises an indication means for indicating alignment between the
charging pad and the pickup pad.

Preferably, the apparatus comprises an indication means for indicating when the battery is being
charged.

According to a fourth aspect of the invention, there is provided an electric vehicle comprising a
rechargeable battery and the apparatus of the third aspect for charging said battery.
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The electric vehicle may be a “pure electric vehicle” in that it may be powered only by electrical
energy. However, the invention is not limited thereto and may be applied to hybrid vehicles
which may be powered by electrical energy and at least one other energy source, such as a
combustible fuel. Thus, references to “electric vehicles” herein include both pure electric

vehicles and hybrid vehicles having electrical energy as one source of power.

According to a fifth aspect of the invention, there is provided a method of charging a battery of
an electric or a hybrid electric vehicle, the method comprising selectively coupling the battery to
a high power supply or a lower power supply, wherein said coupling the battery to a lower power
supply comprises positioning an inductive power transfer pickup pad electrically coupled to the
battery in close proximity to an inductive power transfer charging pad.

Preferably, the step of connecting the battery to the high power supply comprises mating a plug
with a socket, wherein the plug is associated with one of the battery and the high power supply,
and the socket is associated with the other one of the battery and the high power supply.

More preferably, the pickup pad is coupled to the underside of the vehicle and the charging pad
is provided on the ground, wherein said selectively coupling the battery to the lower power
supply comprises driving the vehicle into a position such that the pickup pad is positioned above,
or operably adjacent to, the charging pad.

Preferably, the charging and pickup pads can be variably distanced from each other. The
charging pad may be raised and lowered from the ground by a raising and lowering means.
Alternatively, the pickup pad may be raised and lowered from the underside of the vehicle by a
raising and lowering means.

Preferably, the method comprises indicating alignment between the charging pad and the pickup
pad.

Preferably, the method comprises indicating when the battery is being charged.
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Placement of an IPT pickup pad on the underside of a vehicle is preferred for aesthetic reasons,
because this arrangement provides no physical obstacle to those moving around the vehicle
while it is being charged, and because it is improbable that people or other foreign objects will be
subjected to the induced fields during charging. However, the invention is not limited to such
placement. A pickup pad may be located essentially anywhere on the vehicle with the charging
pad being mounted so that IPT transfer is enabled when the vehicle is parked in position. For
example, a pickup pad may be provided on the front or rear surface of the vehicle with the
charging pad being mounted on a wall in a garage so that they inductively couple when the
vehicle is parked. While not preferred due to the requirement for user intervention, the invention
does not preclude the mounting of the pickup pad and/or the charging pad on a moveable
mounting or armature, whereby, following parking of a vehicle, a user may move one or both of
the pads so that IPT transfer is enabled. While having the drawback of requiring greater user
intervention, such embodiments do allow for greater tolerances in the parking position of the
vehicle.

According to a sixth aspect, there is provided a system for charging a battery of an electric or a
hybrid electric vehicle, the system comprising an electricity network or subnetwork having at
least one generator; cabling for transferring energy generated by the at least one generator
around the network; IPT coupling means for coupling the network to the battery;, and control
means for controlling the power transfer from the at least one generator to the battery.

Preferably, the network is coupled to a plurality of batteries of a corresponding plurality of
electric or hybrid electric vehicles.

Any energy source may be used by the generator(s) to generate electrical energy. However,
according to preferred embodiments, a renewable energy source is used. Through use of the
control means, it is possible to overcome problems associated with the fluctuable nature of
power generated from renewable sources and enhance the stability of the network by varying
the power supplied to the battery so that the power demand on the network better matches the
available power. These benefits are more marked according to embodiments of the system in
which the network is coupled to a plurality of batteries of a corresponding plurality of electric or
hybrid electric vehicles.

Momentum Dynamics Corporation
Exhibit 1002
Page 072



10

15

20

25

30

Preferably, the control means is configured to vary the power transfer so as to optimise the load
factor. Thus, a network controller (e.g. a utility company) may vary the power transfer to
batteries connected to their network to better match supply and demand.

According to one embodiment, the batteries in the vehicles are owned by a network controller

which operates the network and are leased to the owners of the vehicles.

The system of the sixth aspect preferably comprises at least one IPT pad according to the first
aspect and/or at least one apparatus for charging according to the third aspect and/or at least
one electric vehicle according to the fourth aspect.

Preferably, the control means is controlled by way of a communications channel.

According to a seventh aspect of the invention, there is provided a method of charging a battery
of an electric or a hybrid electric vehicle, the method comprising the steps of coupling the battery
to an electricity network or subnetwork using inductive power transfer; transferring electrical
energy to the battery via the network; and varying the power transfer according to at least one

predetermined criteria.

Preferably, the at least one predetermined criteria may comprise one or more of: a time of day;
the level of demand on the network; the level of available supply in the network, which is
particularly relevant where the energy source for the network is fluctuable.

Preferably, the method further comprises the steps of coupling batteries of a plurality of electric
vehicles to the network and selectively transferring power to all or a subset thereof.

Preferably, the method further comprises the steps of. coupling batteries of a plurality of electric
vehicles to the network; and selectively transferring power to all batteries or a subset thereof.

Preferably, the method comprises the step of varying the electricity mains frequency to
determine the battery load on the network.
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According to an eighth aspect of the invention there is provided a system for supplying power to
an electricity network, the system comprising: an electricity network or subnetwork having at
least one generator; a plurality of batteries of a plurality of electric or electric hybrid vehicles;
cabling for transferring energy stored in the plurality of batteries;, IPT coupling means for
coupling the batteries to the network; and control means for controlling the power transfer from
the plurality of batteries to the network.

According to a ninth aspect of the invention there is provided a method of supplying power to an
electricity network, the method comprising the steps of: coupling a plurality of batteries of a
plurality of electric or hybrid electric vehicles to the network using inductive power transfer;
transferring electrical energy to the network from the battery, and varying the power transfer
according to at least one predetermined criteria.

According to a tenth aspect of the invention there is provided a system for controlling load
demand in an electricity network, the system comprising: an electricity network having at least
one generator, the frequency of power supplied by the network being allowed to vary; at least
one load connected to the network; and control means to monitor the frequency of power
supplied by the network, the control means increasing or reducing power consumed by the load
dependent on the frequency.

According to an eleventh aspect of the invention there is provided a method of controlling load
demand on an electricity network, the method comprising: allowing the frequency of power
supplied by the network to vary; monitoring the frequency of power supplied by the network; and
increasing or reducing the power consumed by the load dependent on the frequency.

Further aspects of the invention, which should be considered in all its novel aspects, will become
apparent to those skilled in the art upon reading the following description which provides at least
one example of a practical application of the invention.

Momentum Dynamics Corporation
Exhibit 1002
Page 074



10

15

20

25

30

Brief Description of the Drawings

One or more embodiments of the invention will be described below by way of example only and
without intending to be limiting with reference to the following drawings, in which:

Figure 1 is a perspective view showing a preferred relative positioning of an IPT
charging pad and an electric vehicle during charging;

Figure 2 is a perspective view of a preferred embodiment of an IPT pad,;
Figures 3to 5 are alternative perspective views of the embodiment of the IPT pad of

Figure 2, with portions removed in Figures 3 and 5, and portions shown in
ghost outline in Figure 4 so as to show internal detail;

Figure 5A is a view of an alternative embodiment of an IPT pad configuration;
Figure 5B is a plan view of the alternative embodiment of the IPT pad of Figure 5A,
Figure 6 is a schematic representation of an electric vehicle being charged

according to an embodiment of the invention; and

Figure 7 is a schematic representation of an embodiment of a system according to
the invention.

Detailed Description of Preferred Embodiments

Embodiments of the invention provide for a multi-source electric vehicle that is able to operate in
most situations that may occur in terms of types, length and frequency of trips. References to
“multi-source electric vehicles” are used to refer to electric vehicles embodying or capable of
operating with embodiments of the present invention where the batteries and/or cells used to
power the vehicle may be charged using various electrical power sources. Embodiments of the
invention provide all of the advantages of a plug-in electric vehicle in that it can be recharged ‘at
home’ overnight but, according to preferred embodiments, it does so without the disadvantage of

Momentum Dynamics Corporation
Exhibit 1002
Page 075



10

15

20

25

30

requiring a cable to be plugged in. More particularly, according to preferred embodiments, a
charging pad is preferably provided on the floor where the vehicle is usually parked, such as in
the floor of a user’s garage. While the vehicle is parked, the charging pad transfers energy to
the vehicle’s battery by Inductive Power Transfer (IPT) via a pickup provided on the underside of
the vehicle. With nothing to plug in there is nothing to remember and the battery will be fully

charged dependent only on the time available.

The charging pad provided on the floor is energised by a power supply and the magnetic field
produced thereby couples power into the pickup attached to the vehicle and charges the on-
board battery. Power transfer rates of up to around 2.2 kW are compatible with household
outputs on most utility networks. The control of this power flow may be achieved using the
technique described in US Patent No. 5,293,308, which is incorporated herein by reference.
Other methods are also within the scope of the invention.

Figure 1 shows a preferred relative positioning of charging pad 20 and vehicle 10 during
charging. The pickup pad (not shown) is preferably of the same shape and configuration of
charging pad 20 and is positioned on the underside of vehicle 10 so that it is substantially
directly above charging pad 20 when vehicle 10 is parked. The magnetic flux produced by
charging pad 20 links the two pads. There is no functional requirement for the pickup pad to be
positioned underneath the vehicle but this is preferred for aesthetic reasons and relative ease of
installation for retrofitted vehicles.

Figures 2 to 5 show alternative perspective views of charging pad 20 according to preferred
embodiments of the invention. More particularly, Figure 2 shows the outer housing of the pad,
Figure 3 shows the pad with a portion of the outer housing cut away to show interior detail,
Figure 4 corresponds to the view of Figure 3 with exterior features shown as see-through to
provide additional detail of the internal arrangement of the components, and Figure 5 shows the
pad with the top cover removed. Note that the pickup pad is of the same configuration as
charging pad 20 and description of charging pad 20 also applies to the pickup pad, except that
charging pad 20 is coupled to an electrical supply (e.g. the mains electricity supply) and the
pickup pad is attached to a load (i.e., the vehicle battery to be charged).
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Pads 20 are preferably placed an object formed from a material which substantially limits the
passage of magnetic flux, such as a metallic backplate 21 (which is formed from aluminium in a
preferred embodiment) with 8 ferrite bars 22 displaced at 45 degrees with respect to each other.
Bars 22 are held in position by rubbery moulding 23. A coil of litz wire 27 (see Figure 5) is linked
by the magnetic flux passing through ferrite bars 22. Preferably, the coil of litz wire 27 is located
on ferrite bars 22 in region 24 of pad 20 so that the coils wind round the generally circular body
of the pad approximately half way along the lengths of bars 22. Aluminium strip 25 is coupled or
formed integral to backplate 21 to assist in controlling the pattern of the flux generated. Cover
28 is coupled to the top of the main circular body of the pad. Cover 28 is formed from a material,
such as PVC, or preferably a non-toxic plastic, which does not obstruct the passage of flux
therethrough. The particular configuration shown enables the pads to be relatively slim-line
which is particularly important for the pickup pad when retrofitted to existing vehicles so as to

maintain ground clearance.

More particularly, backplate 21 and strip 25 are appropriately coupled to work together to direct
flux generated by the charging pad through cover 28 in a generally perpendicular direction to
backplate 21, thereby providing for improved coupling between a charging pad and a pickup pad
since there is less leakage caused by the splay of flux in directions generally parallel to
backplate 21. Backplate 21 and strip 25 are electrically connected in one embodiment of the
invention.

Mechanical or shock insulating pads 26, preferably formed from foam or rubber, are provided to
prevent bars 22 from coming into contact with other components of pad 20. Bars 22 are brittle
and thermally sensitive, thus pads 26 are ideally also thermally conductive to keep the bars 22
cool. Mechanical insulating pads 26 also limit the transfer of mechanical stresses to bars 22
caused by knocks or impacts on pad 20 and also due to vibrations such as those generated
when pad 20 is mounted on a vehicle.

Using pads configured as shown in the drawings, with a diameter of 400 mm and a thickness of
22 mm, power transfer at rates of up to 2 kW is readily achievable for lateral misalignments of up
to +/- 50 mm and vertical separations of 25 mm to 75 mm. Power transfer with even larger
tolerances is possible but this requires larger pads, increasing the cost. Where a charging pad
is provided on a floor to couple with a pickup pad on the underside of a vehicle, these tolerances
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translate into tolerances for the parking position of the vehicle. Relatively simple methods may
be used to assist a driver in parking in the correct position. For example, a ball on a string may
be suspended from the ceiling and aligned with a spot on the windscreen when the vehicle is in
the correct position. Alternatively, a charging indicator may be provided in the vehicle that lights
up when the battery is charging and hence the vehicle is in the correct position. Other
alternatives will be readily apparent to one of skill in the art and all such alternatives are within
the scope of the present invention.

According to preferred embodiments involving a transfer rate of up to around 2 kW, bars 22
preferably have a height of 10 mm, width of 30 mm and length of 120 mm, and coil 27 preferably
comprises litz wire having 0.2 mm diameter individually insulated wires with 120 strands at 3.77
mm?or more. Strip 25 preferably has a thickness of around 4 mm and cover 28 preferably has a
thickness of approximately 5 mm. It should be noted that the invention is not limited to these
particular values and the skilled person will be aware that other values may be selected
depending on the desired operational characteristics.

According to embodiments of the invention, the power pad on the floor under the vehicle takes
the place of a ‘track’ in a more conventional IPT system and the power pad attached to and
under the vehicle is the pickup coil. Using the technique described in the above mentioned New
Zealand Patent Application No. 545664, this arrangement of coils allows power to be passed
from the floor power pad to the vehicle power pad at high efficiency such that the battery on the
vehicle may be charged overnight.

Embodiments of the IPT system make opportunity charging of an electric vehicle possible, not
only for a single vehicle in the home, but also, for example, for a fleet of delivery vehicles and
the like to allow continuous operation on a 24 x 7 basis given that the work schedule includes
relatively long times where the vehicle can be parked over the floor mounted power pad.
However, the typical charging rate of 2kW does not overcome the limited range problem of
electric vehicles, where the total energy demand exceeds the available stored energy.

To address this problem, a high power, plug-in charger may be connected to the vehicle using a

separate high power plug to provide rapid charging of the battery. Not all battery types are
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capable of accepting powers of the magnitude envisaged but lithium batteries are increasingly
capable of doing this.

As noted above, the power pad intervention-free charger is a home-based IPT charging system
providing a charging power of about 2 kW to stay within the ratings of conventional household
wiring. A typical battery in an electric vehicle may store 50 kWH of energy or 170 AH (Ampere-
Hours) at 300V so that the nominal charging rate is 0.04C (where C stands for the capacity of
the battery in AH). This is a conservative and safe estimate. With a single 12 hour charge, 24
kWH of energy may be transferred and if the vehicle operates with an average power demand of
10 kW, it will have a range of about 2 hours of driving or approximately 160 km per day. With a
longer charging time this range can be doubled by having the vehicle fully charged. On the
other hand, embodiments of the high power battery charger may provide power at a rate of
10kW - 500 kW for 6 minutes corresponding to a charging rate of 10C. Thus in 6 minutes, the
battery is fully charged and the vehicle is set for another 300 km before it needs to be charged
again. Note that an electric power flow of 500 kW is high but is still low compared with the
energy flow rate when pumping petrol or diesel fuel into a tank.

This rapid charging will need to be carefully supervised, as needed for pumping petrol, and is not
suitable for home applications for a number of reasons. Few houses have access to a 500 kW
utility network and at this power level the source of supply would be at a higher voltage than the
normal distribution network. There is also a degree of hazard involved so that a commercially
rated facility is required. In contrast, the IPT system is safe and easy to use, making it suitable

for installation in the home or other places a car may be parked, such as in public car parks.

The combination of these technologies provides a vehicle with excellent characteristics. On a
daily basis it is ideal for short trips, commuting and shopping, allowing relatively low cost
travelling for typically 160 km/day with minimal maintenance and no queuing for fuel. It may be
used for longer trips requiring refuelling about every 300 km.

Figures 5A and 5B show an alternative embodiment of the charging pad configuration 20
according to the present invention. In Figures 5A and 5B the pad 20 is an oval shape in plan.
Oval power pads can be constructed by extending the circular power pads and adding identical

rectangular sections in the middle. The construction of both power pads is again preferably
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identical. In Figure 5B it is shown that the coil 27 is lengthened and a subset of additional ferrite
or ferromagnetic bars 22A are added with similar spacing to that of the subset of bars equivalent
to those of the circular power pad described above.

The advantage of this oval-shaped arrangement is that the tolerance of the pad to lateral
movement (in the x direction shown in Figure 5A) is improved over the circular pad. This is
advantageous as it is relatively difficult to adjust the position of a vehicle in the x direction,
corresponding to a side to side movement for the vehicle. The tolerance of the pads to pick-up
movement in the y direction, corresponding to the forward and reverse directions of a vehicle
when positioned over the pad, is less that that for the circular pad. However, this is less critical
when parking a vehicle since it is comparatively much easier to make adjustments in this

direction so as to be optimally positioned over the pad in the y direction.

The ability to control the spacing between the charging pad and the pickup pad attached to the
vehicle is also advantageous. This can be achieved using a variety of methods. For example,
the charging pad on the floor may include means for raising and lowering it from the floor such
as a jack. The jack may be hand or electrically powered. Alternatively, the pickup pad on the
underside of the vehicle may include means for increasing or decreasing its distance from the
underside of the vehicle. Again, this may be a jack or other known mechanisms.

One of the primary advantages of the system described herein is one of safety. An inductive
charger means there is no plug connection between the charger and the vehicle, unlike in
alternative electric vehicle charging systems. If a user accidentally drives the vehicle away whilst
still connected in a plugged system, the apparatus may be damaged and a hazardous situation
may arise through broken current-carrying equipment. In contrast, using an IPT system with no
requirement to first safely disengage any plugs, the vehicle would be able to drive safely away,
without fear of damage to the equipment or risk of electricity hazard. Furthermore, in the event of
flood, the IPT system can function very safely without the obvious dangers of alternative plugged
systems.

Figure 6 is a schematic drawing of battery 51 of electric vehicle 10 being charged by high power
electrical supply 52 via cable 53. During opportunity charging, battery 51 is supplied with

electricity from pickup 20 via wiring 54. High power electrical supply 52 may comprise a high
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power generator or alternatively merely provides an interface or conduit between a high power
electricity network and cable 53. Cable 53 is provided with a plug (not shown) which mates with
a socket (not shown) provided in vehicle 10. Wiring between the socket and battery 51 transfers
electricity to battery 51. Preferably, the plug is provided with a safety housing to prevent access
to the electrical contacts. The socket may be provided at any point on vehicle 10 with wiring
provided between the socket and battery 51. Thus, the invention is not limited to the position of
the socket shown in Figure 6.

Figure 7 is a schematic representation of a system, generally marked 60, according to an
embodiment of the invention. Generator 61 provides high power electricity to facility 63 which
includes high power electrical supplies 52 of Figure 6. Two high power electrical supplies 52 are
shown. However, as would be apparent to one skilled in the art, the invention is not limited
thereto and facility 63 may include one or any number of supplies 52, limited only by the
available space and the capacity of generator 61. High power cabling 62 acts as a conduit for
the transfer of high power electricity to facility 63 and also to transformer 64 which reduces the
supply to that of a lower power, such as that conventionally found in homes. Lower power
cabling 65 then transfers lower power electricity to charging pads 20, preferably provided in the
floor of a user’s garage. Whilst single generator 61 is shown, system 60 may include a plurality
of generators and may include separate generators for the high power supply and the lower
power supply.

An important aspect of electric vehicles is their capital cost. They are typically more expensive
than conventional motor cars due to the high cost of the battery. However, according to
embodiments of the invention, the battery and the vehicle may be owned by different parties.
More particularly, according to one embodiment of a system and method according to the
invention, the battery may be owned by a utility company and leased to an owner of a vehicle.
According to such embodiments, users of electric vehicles are clearly provided with the benefit
of having a reduced capital outlay at the time of purchasing a vehicle. However, benefits may
also be realised by utility companies and not only through charges levied for supplying the
electricity. In particular, through appropriate control of power supplied to the IPT charging pads,
utility companies may level their electric load, particularly overnight when a large number of
batteries for electric vehicles may be charging.
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With some modification to the electronics system it is also possible to transfer power in reverse
from the battery to the utility. In this way at times of peak power in the utility, power may be
taken from the vehicle battery and used to supply the peak. With a greater number of vehicles
this reverse power may be very large and may avoid power shortages. The total energy may be
small as the time that the reverse power flow occurs will likely be short.

There are significant financial advantages to a utility company being able to have a load factor of
1 and this source-side control of a demand-side load would allow this ideal to be approached, if
not reached.

A communications channel may be provided between the controller of the network (typically, the
utility company) and the vehicles under charge so as to enable monitoring of the charging of
these vehicles. A simple cell-phone channel may be used for this purpose. As the available
power varies the network controller may vary the battery charging demand to match it. This
would allow the utility company to operate near their maximum power with safety as the electric
vehicle load can be varied so quickly. This is similar to but more sophisticated than a ripple
control system commonly used to control hot water heating. The essential differences are that
partial loads are possible, and the loads can be varied more quickly and precisely.

The ability to manipulate the demand makes it more readily possible to integrate highly
fluctuable ‘renewable’ sources of energy into power networks. The manipulation may
alternatively be made by allowing the frequency of the network or grid to vary in response to
variations in the fluctuable source. Thus, in strong gusts of wind over a whole wind farm the
power surge may be such that the mains frequency increases by a small fraction of 1 Hz. These
variations in frequency are measured by the power supply to the IPT charging pad and used to
control the power pad or track current. In principle, the power transferred is made proportional
to the pad current so that by varying the pad current the charging load can be matched to the
available power. The variation can take place in as short a period as one cycle of the mains
power.

For a large number of battery chargers, say 100,000, the pad current could be programmed so
that, for example, at 49.5 Hz the pad current is zero, and at a frequency 1Hz higher the pad

current is the full rated current. If all the chargers were at full demand the charging load would
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vary from 100,000 x 2 kW = 200 MW at a frequency of 50.5 Hz to zero at a frequency of 49.5
Hz. The 49.5 Hz set-point can of course also be varied so that full power occurs at whatever
frequency is required. For example, if the set point was 49 Hz then full power would be taken at
S0Hz or higher. In this manner, high surges in power caused by strong gusts of wind over large
wind farms can be compensated for.

On the other hand, in the integration of wind power into a power network, there are also
commonly periods where the wind completely ‘dies’. In practice, these periods must be covered
by having a separate spinning generator of the same power capacity, on standby. Thus, if a 200
MW wind farm is to be used then 200MW of spinning reserve must be connected to the grid, and
under ideal circumstances it provides no real power at all. This protection is very expensive and
in many cases makes wind power uneconomic. According to the present invention, this
precaution is not required. If the wind ‘dies’ then all the battery charging load drops as soon as
the mains frequency reaches the given set point (e.g. 49.5 or 50 Hz). As the vehicles charge
they will individually disengage themselves as soon as their batteries are fully charged so that
the-actual load is indeterminate and is not simply the total number of vehicles connected. The
load could be determined using a communication channel with each vehicle as discussed above
but this would take time and a simpler option is available. If the set point was at 49.5 Hz then all
of the connected vehicles that are still charging would be at 50% power if the frequency was 50
Hz. If the set point was then changed to 49.6 Hz then the charging vehicles would drop to 40%
of their rated power and the change in power, over the whole country, would be 10% of the
connected (total) power sink. In this particular example the actual power being taken could be
increased by 6 times this change, or reduced by 4 times. In essence, the controllable battery
charging load has been precisely determined.

In these circumstances a very high percentage of wind power and/or other fluctuable energy
sources can now be included into the generation mix without standby generators knowing how
much power is available if the wind dies, and how much spare sink capacity is available if there
is a surge. This is a significant advantage over most wind farm integration schemes and will
allow the percentage of wind power to be increased above the presently used 6% commonly in,
for example, Ireland and Germany, with zero or minimal standby generators necessary. Other
schemes for achieving this flexibility use huge batteries locally at the wind farm to store surplus
power but it is more efficient if the energy is transferred directly to its destination, namely the
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batteries in the vehicles, since this requires only one battery charging operation. Batteries at
wind farms are therefore significantly less efficient if the ultimate use of the energy is in electric

vehicles.

The financial justifications of the invention are interesting. If a typical battery cost $10,000 it
might be leased to the car owner for $40/week plus electricity charges of 12c/kWH charged on
the basis of what has been used. A user doing 300 km per week might use 45 kWH at a cost of
$5.40 plus the battery lease fee of $40 for a total cost of $45.40 or 15 ¢ / km. Some form of
road-user charge would also likely be involved or again added to the cost of the electricity. This
cost/km is perhaps high but is for very moderate usage and if the distance travelled is doubled
the cost/km is significantly reduced at $50.80 for 600 km or 8.5 c/km.

Electricity generated from renewable sources other than wind power (e.g. solar, tidal etc) is also
applicable to embodiments of the invention. All of these are not particularly stable and like wind
may vary considerably over relatively short time scales. For example, measured rates of change
for wind power in New Zealand have been as high as 200 MW in 5 minutes from a wind farm
with a nominal rating of 200MW. Thus the integration of such highly fluctuable sources into an
electricity network is a huge advantage. With the source-side control as outlined the charging
load varies at a rate sufficient to match the fluctuable power on almost a cycle by cycle basis
using small changes in the frequency of supply, allowing the use of energy that would otherwise
simply be wasted. This energy would be generated at a considerably lower cost than electricity

from more conventional sources.

The invention thus allows off-peak power to be used effectively and safely for electric vehicle
charging. It also allows energy generated from renewable sources to be conveniently put to use

to charge electric vehicles. Furthermore, the invention allows load demand to be controlled.

Unless the context clearly requires otherwise, throughout the specification, the words
“‘comprise”, “comprising”, and the like, are to be construed in an inclusive sense as opposed to

an exclusive or exhaustive sense, that is to say, in the sense of “including, but not limited to”.

It should be noted that various changes and modifications to the presently preferred
embodiments described herein will be apparent to those skilled in the art. Such changes and
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modifications may be made without departing from the spirit and scope of the invention and
without diminishing its attendant advantages. It is therefore intended that such changes and
modifications be included within the present invention.
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Amendments to the Specification:

Please add the following new paragraph after the title on page 1:

REFERENCE TO RELATED APPLICATIONS

The present disclosure is a Divisional Application of co-pending U.S. Patent Application
Serial No. 12/451,436 filed January 13, 2010 which is based on and claims benefit from
International Application Number PCT/NZ2008/000103 filed on May 9, 2008 which claims
benefit from New Zealand applications 555128 filed May 10, 2007 and 556646 filed July 20,

2007, the entire contents of each of which are herein incorporated by reference.

Please add the attached sheet entitled “ABSTRACT” to the end of the specification of the

present application.
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REMARKS

Claims 72-79 are pending in this application, with claims 72 and 79 being in independent
form. Claims 1-71 have been canceled without prejudice and claims 72-79 have been added. It
is submitted that no new matter has been added and no new issues have been raised by the
present Amendment.

Any additional fees required for consideration of this Preliminary Amendment may be
charged to Deposit Account No. 50-5504.

If a petition for an extension of time is required to make this response timely, this paper
should be considered to be such a petition, and the Commissioner is authorized to charge the
requisite fees to our Deposit Account No. 50-5504.

If a telephone interview could advance the prosecution of this application, the Examiner
is respectfully requested to call the undersigned attorney.

Entry of this amendment and allowance of this application are respectfully requested.

Respectfully submitted,

RICHARD F. JAWORSKI
Reg. No. 33,515

Attorney for Applicant
The Law Office of
Richard F. Jaworski, P.C.
Tel.: (631) 659-3608
Customer No. 14443
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A:;F;Pé'lgﬁtlgN))S'ZE FEE for small entity) for each additional 50 sheets or
( 16(s 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

APPLICATION AS AMENDED - PART I

*** 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.

(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER
— 05/05/2014 | Arrer PREVIOUSLY PRESENT EXTRA RATE ($) ADDITIONAL FEE ($)
E AMENDMENT PAID FOR
= Total 7 o - 8 Mminus | = 20 -0 x $80 - 0
Ind dent - i wxk
E (2760‘;?1 ?Sn(h)) 1 Minus 3 =0 x $420 = 0
3 [_] Application Size Fee (37 GFR 1.16(s))
D FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j))
TOTAL ADD’L FEE 0
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER
AFTER PREVIOUSLY PRESENT EXTRA RATE (3) ADDITIONAL FEE ($)
— AMENDMENT PAID FOR
E T?stﬁ)lj (37 CFR * Minus f| ** = X$ =
Independent . I o
g (37 CF;R1.16(h)) Minus = X$ =
&l L Appiication size Fee (37 GFR 1.16(s)
b=
<C D FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j))
TOTAL ADD’L FEE
* If the entry in column 1 is less than the entry in column 2, write “0” in column 3. LDRC
**|fthe “Highest Number Previously Paid For” IN THIS SPACE is less than 20, enter “20”.
/ANDREW JAMES JR/

This collection of information 1s required by 37 GFR 1.16. The information ts required to obtam or retain a beneftt 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. DONOT 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-PT O-9199 and select option 2.
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PTO/SB/06 (09-11)
Approved for use through 1/31/2014. OMB 0651-0032

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

o (T FE

L U] AR aV1=] N L

o
PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number Filing Date
Substitute for Form PTO-875 14/120,197 05/05/2014 | [ To be Mailed
eNTITY: [X]LARGE []smALL [] micro

APPLICATION AS FILED - PART |

(Column 1) (Column 2)
FOR NUMBER FILED NUMBER EXTRA RATE ($) FEE ($)
O easic Fee N/A N/A N/A
(37 CFR 1 16(3) (b) or(c)
D SEARCH FEE N/A N/A N/A
(37 CFR 1.16(k) (i) or (m))
I:l EXAMINATION FEE
(37 CFR 1.16(0), (p), or (g.)) N/A N/A N/A
TOTAL CLAIMS . ,
(37 CFR 1.16(1)) minus 20 = X $ =
INDEPENDENT CLAIMS . N
(37 CFR 1.16(h) minus 3 = X $ =
If the specification and drawings exceed 100 sheets
m of paper, the application size fee due is $310 ($155
'L\S';PCL;%/???N SIZE FEE for small entity) for each additional 50 sheets or
( 18(s)) fraction thereof. See 35 U.S.C. 41(a)(1 (G) and 37
CFR 1.16(s).
] MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)
* If the difference in column 1 is less than zero, enter “0” in column 2. TOTAL
APPLICATION AS AMENDED - PART Il
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER
— | 05/05/2014 ) Arrer PREVIOUSLY PRESENT EXTRA RATE ($) ADDITIONAL FEE ($)
5 AMENDMENT PAID FOR
g I?gﬁl)l) (37 CFR 8 Minus | =+ 20 - X $ =
5 (27%€gr11.1et?(h)) =1 Minus | =3 = X $ =
<§t ] Application Size Fee (37 GFR 1.16(s))
D FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16()))

TOTAL ADD'L FEE

(Column 1) (Column 2) (Column 3)
CLAIMS HIGHES |
REMAINING NUMBER
AFTER PREVIOUSLY PRESENT EXTRA RATE ($) ADDITIONAL FEE ($)
AMENDMENT PAID FOR
1.16(i)) " Minus § = = X $ =
" * Minus | *** = X $ =

(37 CFR 1.16(h)

. ——————
Application Size Fee (37 CFR 1.16(s))

AMENDMENT

D FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j))

* If the entry in column 1 is less than the entry in column 2, write “0” in column 3.

**fthe “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.

Uy o U T T TO IIE o
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. DONOT 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-PT O-9199 and select option 2.

TOTAL ADD’L FEE

LDRC

/ANDREW JAMES JR/
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PTO/SB/06 (09-11)

Approved for use through 1/31/2014. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Pa&)erwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

PATENT APPLICATION FEE DETERMINATION RECORD | Arplication or Docket Number
Substitute for Form PTO-875 14/120,197

Filing Date
05/05/2014

[] 7o be Mailed

APPLICATION AS FILED - PART |

enTITY:  [X] LARGE [ ] smALL [] mMicRO

(Golumn 1) (Column 2)
FOR NUMBER FILED NUMBER EXTRA RATE (%) FEE (§)

L] Basc Fee N/A N/A N/A

(37 CFR 1.16(a), (b), or (c))
[ searcH FeE N/A N/A N/A

(37 CFR 1.16(k), (i), or (m))

| e—

] examiNATION FEE N/A N/A N/A

(37 CFR 1.16(0), (p), or (9))

¥
TOTAL CLAIMS ) .
(37 CFR 1.16(i)) minus 20 = X $ =
INDEPENDENT CLAIMS . .
(37 CFR 1.16()) minus 3 = X $ =
If the specification and drawings exceed 100 sheets
n of paper, the application size fee due is $310 ($155
A:;F;Pé'lgﬁtlgN)S'ZE FEE for small entity) for each additional 50 sheets or
( 18(5)) 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

APPLICATION AS AMENDED - PART I

*** 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.

(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER
— 05/05/2014 | Arrer PREVIOUSLY PRESENT EXTRA RATE ($) ADDITIONAL FEE ($)
E AMENDMENT PAID FOR
= Total 7 o - 8 Mminus | = 20 -0 x $80 - 0
Ind dent - i wxk
E (2760‘;?1 ?Sn(h)) 1 Minus 3 =0 x $420 = 0
3 [_] Application Size Fee (37 GFR 1.16(s))
D FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j))
TOTAL ADD’L FEE 0
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER
AFTER PREVIOUSLY PRESENT EXTRA RATE (3) ADDITIONAL FEE ($)
— AMENDMENT PAID FOR
E T?stﬁ)lj (37 CFR * Minus f| ** = X$ =
Independent . I o
g (37 CF;R1.16(h)) Minus = X$ =
&l L Appiication size Fee (37 GFR 1.16(s)
b=
<C D FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j))
TOTAL ADD’L FEE
* If the entry in column 1 is less than the entry in column 2, write “0” in column 3. LDRC
**|fthe “Highest Number Previously Paid For” IN THIS SPACE is less than 20, enter “20”.
/ANDREW JAMES JR/

This collection of information 1s required by 37 GFR 1.16. The information ts required to obtam or retain a beneftt 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. DONOT 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-PT O-9199 and select option 2.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address. COMMISSIONER FOR PATENTS

PQ Box 1450

Alexandria, Virginia 22313-1450

Wwww uspto.gov

| APPLICATION NUMBER I FILING OR 371(C) DATE I FIRST NAMED APPLICANT I ATTY. DOCKET NO/TITLE
14/120,197 05/05/2014 John Talbot Boys 1172/69068-Div 2
CONFIRMATION NO. 4659
14443 FORMALITIES LETTER
The Law Office of Richard F. Jaworski, PC
273 Walt Whitman Road LALLM AMLRL DRI I
Suite 327 000000068501 169

Huntington Station, NY 11746-4149
Date Mailed: 05/16/2014

NOTICE TO FILE CORRECTED APPLICATION PAPERS
Filing Date Granted

An application number and filing date have been accorded to this application. The application is informal since
it does not comply with the regulations for the reason(s) indicated below. Applicant is given TWO MONTHS
from the date of this Notice within which to correct the informalities indicated below. Extensions of time may be
obtained by filing a petition accompanied by the extension fee under the provisions of 37 CFR 1.136(a).

The required item(s) identified below must be timely submitted to avoid abandonment:

* Replacement drawings in compliance with 37 CFR 1.84 and 37 CFR 1.121(d) are required. The drawings
submitted are not acceptable because:
* The drawings submitted to the Office are not electronically reproducible because portions of figures 1-5B
are missing and/or blurry.

Applicant is cautioned that correction of the above items may cause the specification and drawings page count to
exceed 100 pages. If the specification and drawings exceed 100 pages, applicant will need to submit the required
application size fee.

Items Required To Avoid Processing Delays:

Applicant is notified that the above-identified application contains the deficiencies noted below. No period for
reply is set forth in this notice for correction of these deficiencies. However, if a deficiency relates to the inventor's
oath or declaration, the applicant must file an oath or declaration in compliance with 37 CFR 1.63, or a substitute
statement in compliance with 37 CFR 1.64, executed by or with respect to each actual inventor no later than the
expiration of the time period set in the "Notice of Allowability" to avoid abandonment. See 37 CFR 1.53(f).

A new inventor's oath or declaration that identifies this application (e.g., by Application Number and filing
date) is required. The inventor's oath or declaration does not comply with 37 CFR 1.63 in that it:
+does not state that the above-identified application was made or authorized to be made by the person
executing the oath or declaration.
John Talbot Boys
Grant Anthony Covic
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Replies must be received in the USPTO within the set time period or must include a proper Certificate of Mailing
or Transmission under 37 CFR 1.8 with a mailing or transmission date within the set time period. For more
information and a suggested format, see Form PTO/SB/92 and MPEP 512.

Replies should be mailed to:

Mail Stop Missing Parts
Commissioner for Patents
P.O. Box 1450

Alexandria VA 22313-1450

Registered users of EFS-Web may alternatively submit their reply to this notice via EFS-Web, including a copy
of this Notice and selecting the document description "Applicant response to Pre-Exam Formalities Notice".
https//sportal.uspto.qov/authenticate/AuthenticateUserLocalEPF.html

For more information about EFS-Web please call the USPTO Electronic Business Center at 1-866-217-9197 or
visit our website at http://www.uspto.gov/ebc.

If you are not using EFS-Web to submit your reply, you must include a copy of this notice.

/tnguyen/

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101
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PATENT APPLICATION FEE DETERMINATION RECORD

Application or Docket Number

* If the entry in column 1 is lessthan the entry in column 2, write "0" in column 3.
** |fthe "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20".
*** |f 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 highestfound in the appropriate box in column 1

Substitute for Form PTO-875 14/120,197
APPLICATION AS FILED - PART | OTHER THAN
(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($)
ST FEE
(@7 GFR 1.16(a), (b) or (c) N/A N/A N/A N/A 280
SEARCH FEE
(@7 CFR 1 16(K). i, or () N/A N/A N/A N/A 600
- EXAMINA TTON FEE
(37 CFR1.16(0), (p), o (@) N/A N/A N/A N/A 720
TOTAL CLANVS -
(37 CFR 1.16(i)) 8 minus 20= OR |« 80 - 0.00
EPENDENT CLAIVIS
(37 CFR 1.16(h) 1 minus 3 < x 420 = 0.00
If the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
FEE $310 ($155 for small entity) for each additional 0.00
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G)and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00
* |f the difference in column 1 is less than zero, enter "0" in column 2. TOTAL TOTAL 1600
APPLICATION AS AMENDED - PART Il
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHES T
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
< AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE(S) FEE($)
E AMENDMENT PAID FOR
L =Total i =
S (37 CL‘:{[?JGU)) pAnes X = OR [«x -
2 Independent Minus ” =
E (37CFpR 1.16(h)) X = OR |x -
<§( Application Size Fee (37 CFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j) OR
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
o AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE(S) FEE(S)
E AMENDMENT PAID FOR
L Toa Winus = X —
= (a7 CF?{ ?,160)) OR [x -
S T s = , _ OR |«x -
w (37CFR 1.16(h)) = -
<§( Application Size Fee (37 CFR 1.16(s))
OR
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j))
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
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UNITED STATES PATENT AND TRADEMARK OFFIGE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address. COMMISSIONER FOR PATENTS

PO Box 1450

Alexandria, Virginia 22313-1450

WWW uspto.gov

APPLICATION FILING or GRP ART
NUMBER 371(c) DATE UNIT FIL FEE REC'D ATTY.DOCKET.NO l‘OT CLAIMS lND CLAIMS
14/120,197 05/05/2014 3742 2000 1172/69068-Div 2 8 1
CONFIRMATION NO. 4659
14443 FILING RECEIPT
The Law Office of Richard F. Jaworski, PC
273 Walt Whitman Road RO AR LDV
Suite 327 000000068501 168

Huntington Station, NY 11746-4149
Date Mailed: 05/16/2014

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE,
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Inventor(s)

John Talbot Boys, Auckland, NEW ZEALAND;

Grant Anthony Covic, Auckland, NEW ZEALAND;
Applicant(s)

John Talbot Boys, Auckland, NEW ZEALAND;

Grant Anthony Covic, Auckland, NEW ZEALAND;
Assignment For Published Patent Application

Auckland Uniservices Limited, Auckland, NEW ZEALAND

Power of Attorney:

Christopher Dunham--22031 Robert Katz--30141

Ivan Kavrukov--25161 Richard Jaworski--33515
Norman Zivin--25385 Richard Milner--33970
John White--28678 Paul Teng--40837

Peter Phillips--29691

Domestic Priority data as claimed by applicant
This application is a DIV of 12/451,436 01/13/2010

Foreign Applications for which priority is claimed (You may be eligible to benefit from the Patent Prosecution
Highway program at the USPTO. Please see http://www.uspto.gov for more information.) - None.

Foreign application information must be provided in an Application Data Sheet in order to constitute a claim to
foreign priority. See 37 CFR 1.55 and 1.76.

Permission to Access - A proper Authorization to Permit Access to Application by Participating Offices
(PTO/SB/39 or its equivalent) has been received by the USPTO.
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If Required, Foreign Filing License Granted: 05/16/2014

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 14/120,197

Projected Publication Date: To Be Determined - pending completion of Corrected Papers
Non-Publication Request: No

Early Publication Request: No
Title

Multi power sourced electric vehicle
Preliminary Class
219
Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition Applications: No

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent” and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http//www .stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4258).
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LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote and facilitate business investment. SelectUSA provides information assistance to the international investor
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic development organizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop
technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call
+1-202-482-6800.
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Dkt. 1172/69068-Div. 2
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Application of : John Talbot BOYS et al.

Serial No. 14/120,197

Filing Date : May 5, 2014

For : MULTI POWER SOURCED ELECTRIC VEHICLE

273 Walt Whitman Rd, Suite 327
Huntington Sta. NY 11746-4149
Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

RESPONSE TO NOTICE TO FILE CORRECTED APPLICATION PAPERS

Sir:
In Response to the Notice to File Corrected Application Papers dated May 16, 2014,
Applicants submit herewith Replacement Sheets of drawings to replace sheets 1-4 (Figs. 1-5b).

A copy of the Notice is also enclosed.

I hereby certify that this paper is being deposited
this date with the U.S. Postal Service as first class
mail addressed to the Commissioner for Patents,
P.O. Box 1450, Alexandria, VA 22313-1450

M.{,%/ Seot. 14,2019
Richard F. yaworski Date

Reg. No. 33,515
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John Talbot BOYS et al., S.N. 14/120,197 Dkt. 1172/69068-Div. 2
Page 2

Applicants also submit herewith a new inventor’s declaration to even more closely
comply with 37 CFR 1.63.

Submitted herewith is a modified page of the Application Data Sheet that has been
modified to move reference to the corresponding PCT application to its proper place. The
changes are shown by underline and strikethrough as required by the Rules.

The Commissioner is authorized to charge any additional fees as required for entry of this
Response, or to credit any overpayment, to our Deposit Account No. 50-5504.

If a petition for an additional extension of time is required to make this response timely,
this paper should be considered to be such a petition, and the Commissioner is authorized to

charge the requisite fees to our Deposit Account No. 50-5504.

Respectfully submitted,

RICHARD F. JAWORSKI

Reg. No. 33,515

Attorney for Applicants

The Law Office of Richard F. Jaworski, PC
Tel.: (631) 659-3608
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UNITED STATES PATENT AND TRADEMARK OFFICE

R —

UNITED STATES DEPARTMENT OF COMMERCE
United Statos Patent and ‘T'rademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandnia, Visginin 22313-1450

Www bsplo.gov

P APPLILA'II_ON NUMBER . FILING OR371(C) DATE i FIRSTNAMED APPLICANT | __ ATTY. DOCKETNO/TVILE

14/120,197 05/05/2014 John Talbot Boys 1172/69068-Div 2
CONFIRMATION NO. 4659

14443 FORMALITIES LETTER

The Law Office of Richard F. Jaworski, PC

273 Walt Whitman Road gt | wu]fﬂ
Suite 38127 man res Hﬂ!ﬁ!ﬂ I'I

Huntington Station, NY 11746-4149

Date Mailed: 05/16/2014

7/ R/

g/hy X!

/ety X2
NOTICE TO FILE CORRECTED APPLICATION PAPERS cofisl X3

Filing Date Granted

An application number and filing date have been accorded to this application. The application is informal since
it does not comply with the regulations for the reason(s) indicated below. Applicant is given TWO MONTHS
from the date of this Notice within which to correct the informalities indicated below. Extensions of time may be
obtained by filing a petition accompanied by the extension fee under the provisions of 37 CFR 1.136(a).

The required item(s) identified below must be timely submitted to avoid abandonment:

» Replacement drawings in compliance with 37 CFR 1.84 and 37 CFR 1.121(d) are required. The drawings
submitted are not acceptable because:
* The drawings submitted to the Office are not electronically reproducible because portions of figures 1-58
are missing and/or blurry.

Applicant is cautioned that correction of the above items may cause the specification and drawings page count to
exceed 100 pages. If the specification and drawings exceed 100 pages, applicant will need to submit the required
application size fee.

Items Required To Avoid Processing Delays:

Applicant is notified that the above-identified application contains the deficiencies noted below. No period for
reply is set forth in this notice for correction of these deficiencies. However, if a deficiency relates to the inventor's
oath or declaration, the applicant must file an oath or declaration in compliance with 37 CFR 1.63, or a substitute
statement in compliance with 37 CFR 1.64, executed by or with respect to each actual inventor no later than the
expiration of the time period set in the "Notice of Allowability” to avoid abandonment. See 37 CFR 1.53(f).

A new inventor's oath or declaration that identifies this application (e.g., by Application Number and filing
date) is required. The inventor's oath or declaration does not comply with 37 CFR 1.63 in that it:
« does not state that the above-identified application was made or authorized to be made by the person
executing the oath or declaration.
John Talbot Boys
Grant Anthony Covic

page 1 0of 2
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Replies must be received in the USPTO within the set time period or must include a proper Certificate of Mailing
or Transmission under 37 CFR 1.8 with a mailing or transmission date within the set time period. For more
information and a suggested format, see Form PTO/SB/92 and MPEP 512.

Replies should be mailed to:

Mail Stop Missing Parts
Commissioner for Patents
P.O. Box 1450

Alexandria VA 22313-1450

Registered users of EFS-Web may alternatively submit their reply to this notice via EFS-Web, including a copy
of this Notice and selecting the-document description "Applicant response to Pre-Exam Formalities Notice".

Dttps//sportaluspto gov/authenticate/AuthenticateUserL.ocalEPE html
For more information about EFS-Web please call the USPTO Electronic Business Center at 1-866-217-9197 or
visit our website at http://www.uspto.gov/ehc.

If you are not using EFS-Web to submit your reply, you must include a copy of this notice.

/tnguyen/

Office of Data Management, Application Assistance Unit (57 1) 272-4000, or (571) 272-4200, or 1-888-786-0101

page 2 of 2
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de: Oath PTO/AIA/8 (08-12)

ent Description: Oath or declaration filed Approved for usethrough 01/31/2014. OMB 0651-0032
U.S. Patentand Trademark Office; U.S. DEPARTMENT OF COMMERCE

Underthe Papmwork Reduction Act of 1895, no persons are required to respond to a collection of information unless It contalins a valid OMB control number.

DECLARATION FOR UTILITY OR ioper =" [1172/69068-Div2
PATENT APPLICATION First Named Inventor | john Talbot BOYS
(37 CFR 1 .63) COMPLETE |F KNOWN
Declaration Declaration Application Number._ 1_ 4/120,197
O gomitd oR B Fiing(ascnarge  |-ime Date May 5, 2014
Filing (37 CFR 1.16(f) Art Unit 3742
A required) - - .
N\ | Examiner Name Y,

MULTI POWER SOURCED ELECTRIC VEHICLE

(Title of the Invention)

As a below named inventor, | hereby declare that:

This declaration is directed to:

D The attached application,
OR

’

14/120,197

D United States Application Number or PCT International application number

}d,o/May 5,2 14

The above-identified application was made or authorized to be made by me.

| believe | am the original inventor or an original joint inventor of a claimed invention in the application.

| hereby acknowledge that any willful false statement made in this declaration is punishable under 18 U.S.C. 1001
by fine or imprisonment of not more than five (5) years, or both.

Authorization To Permit Access To Application by Participating Office

If checked, the undersigned hereby grants the USPTO authority to provide the European Patent Office (EPO), the
Japan Patent Office (JPO), the Korean Intellectual Property Office (KIPO), the World Intellectual Property Office (WIPO), and
any other intellectual property offices in which a foreign application claiming priority to the above-identified patent application is
filed access to the above-identified patent application. See 37 CFR 1.14(c) and (h). This box should not be checked if the
applicant does not wish the EPO, JPO, KIPO, WIPO, or other intellectual property office in which a foreign application claiming
priority to the above-identified patent application is filed to have access 10 the above-identified patent application.

In accordance with 37 CFR 1.14(h)(3), access will be provided to acopy of the above-identified patent application with respect
to: 1) the above-identified patent application-as-filed; 2) any foreign application to which the above-identified patent application
claims priority under 35 U.S.C. 119(a)-(d) if a copy of the foreign application that satisfies the certified copy requirement of

37 CFR 1.55 has been filed in the above-identified patent application; and 3) any U.S. application-as-filed from which benefit is
sought in the above-identified patent application.

In accordance with 37 CFR 1.14(c), access may be provided to information concerning the date of filing the Authorization to
Permit Access to Application by Participating Offices.

Page 701 2]
This callection of infarmation is requnred by 35 U.S.C. 115 and 37 CFR 1.63. The information is required to obtain or retain a benefit by the pubhc which i is to file (and by
the USPTO to process) an app fid lity is g d by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is d totake 21 t

complete, including gathering, prapurmg, 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. DONOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandiia, VA 22313-1450.

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

Momentum Dynamics Corporation
Exhibit 1002
Page 106



PTO/AIA/D8 (06-12)

Approved for use through 01/31/2014. OMB 0651-0032

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

Under the Paperwork Reduction Act of 1995, no persons are required to respondto a collaction of Ink unless it ins avalfid OMB control number.

DECLARATION — Utility or Design Patent Application

The address Correspondence

Direct all . . | 1
correspondence to: @ associated with ) I 1 4443 I OR D address below
Customer Number:

Narfie

Address

City State Zip

Country ‘Telephone Emall

WARNING:

Petitioner/applicant is cautioned to avoid submitting personal information in documents filed in a patent application that may s
contribute to identity theft. Personal information such as social security numbers, bank account numbers, or credit card numbers
(other than a check or credit card authorization form PTO-2038 submitted for payment purposes) is never required by the USPTO
to support a petition or an application. If this type of personal information is included in documents submitted to the USPTO,
petitioners/applicants should consider redacting such personal information from the documents before submitting them to the
USPTO. Petitioner/applicant is advised that the record of a patent application is available to the public after publication of the
application (unless a non-publication request in compliance with 37 CFR 1.213(a) is made in the application) or issuance of a
patent. Furthermore, the record from an abandoned application may also be available to the public if the application is
referenced in a published application or an issued patent (see 37 CFR 1.14). Checks and credit card authorization forms
PT0O-2038 submitted for payment purposes are not retained in the application file and therefore are not publicly available.
Petitioner/applicant is advised that documents which form the record of a patent application (such as the PTO/SB/01) are placed
into the Privacy Act system of records DEPARTMENT OF COMMERCE, COMMERCE-PAT-7, System name: Patent Application
Files . Documents not retained in an application file (such as the PTO-2038) are placed into the Privacy Act system. of
COMMERCE/PAT-TM-10, System name: Deposit Accounts and Electronic Funds Transfer Profiles .

LEGAL NAME OF SOLE OR FIRST INVENTOR:
(&.9.. Given Name (first and middle (f any)) and Family Name or Surname)

John Talbot BOYS |

Inventor’s Signature g A Date {Optionai)
) ‘f /7 - 7 - -2@ /Lf-

| Residencer City (__/ State Country

Auckland New Zealand
J Mailing Address

16 Campbell Road, Takapuna

City State Country

Auckland Z'p 0622 New Zealand

[i] Additional inventors are being named on the 1 supplemental shest(s) PTO/AIA/10 attached hersto

—
TPage 2 o12]
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PTO/AlA/10 (06-12)
Approved for use through 01/31/2014. OMB 0661-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the PEE. work Reduction Act of 1985, no persons are reguired to resemndto a collection of information unless it contains a valid OMB control number.
IT! 3
SUPPLEMENTAL SHEET FOR DECLARATION | supptemental Sheet (for PTOIAIA’O&OQ) 3 3
F

Legal Name of Additional Joint Inventor, if any:
(E.g.. Given Name (first and middle (if any)) and Family Name or Surname)

Grant Anthony COVIC

Inventor's * ’5/: g . o/% 18/ y.
Signature Date (Optl

/Auckland New Zealand

Residence: City State Country

42 Lloyd Ave., Mr. Albert

Mailing Address

Auckland 1025 I New Zealand
y State Zip Country

Legal Name of Additional Joint Inventor, if any:
(£.g., Given Name (first and middle (if any)) and Family Name or Surname)

Inventor's
Signature Date (Optional)

Residence: City State Country

Mailing Address

City + | State Zip Country
Legal Name of Additional Joint Inventor, if any:
(E.g.. Given Name (first and middle (ifany)) and Family Name or Sumame)
Inventor's
Signature Date (Optional)
Residence: City State Country
Mailing Address
City State Zip Country
n [Srequiredby e mtarmahon s required to obtain or retain a benefit by the public which isto file

(and by the USPTO %o process) an application. Conﬁdentlalny is gwemed hy 35U.S.C. 122 and 37 CFR 1.11 and 1.14. This ccllection is estimated to teke 21
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 farm and/or suggestions for reducing this burden, should be sent to the Chief Information
Officer, U.S. Patent and Tredemark 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.

ifyouneed assistance in completing the form, cafl 1-800-PT0-9199 (1-800-786-9199) and select option 2.
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vpdeted ‘A‘Q@I;C@jﬁon Vet Shee}

LAAY 4 i
U, / L PTO/AIA/14 (03-13)
15.’ /‘}QQ )ﬂ —S;//') Yr2 0,197 Appraved for use through 01/31/2014. OMB 0651-0032
1 g 'l “ ) U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
SEP . Undtr the Paperwork Reduction Actof 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Attorney Docket Number | 1172/69068-Div 2
iy

é&gﬂ&@ﬁn Data Sheet 37 CFR 1.76
S D

Application Number

Title of Invention | Multi Power Sourced Electric Vehicle

Application Number Continuity Type | Prior Application Number | Filing Date (YYYY-MM-DD)
- a 371 of international | PCT/NZ2008/000103 2008-05-09

Additional Domestic Benefit/National Stage Data may be generated within this form
by selecting the Add button.

Foreign Priority Information:

This section allows for the applicant to claim priority to a foreign application. Providing this information in the application data sheet

constitutes the claim for priority as required by 35 U.S.C. 119(b) and 37 CFR 1.55(d). When priority is claimed to a foreign application
that is eligible for retrieval under the priority document exchange program (PDX)I the information will be used by the Office to
automatically attempt retrieval pursuant to 37 CFR 1.55(h)(1) and (2). Under the PDX program, applicant bears the ultimate
responsibility for ensuring that a copy of the foreign application is received by the Office from the participating foreign intellectual
property office, or a certified copy of the foreign priority application is filed, within the time period specified in 37 CFR 1.55(g)(1).
[ Remaye |
Application Number | CountryI Filing Date (YYYY-MM-DD) | Access Code (if applicable)
—PETNRIGOMEHHE— -— W —ERRI-SEE |
TP T it = |
| Re
Application Number CountryI Filing Date (YYYY-MM-DD) Access Codé (if applicable)
555128 NZ 2007-05-10
| Ré’r_riév.igﬂ[
Application Number CountryI Filing Date (YYYY-MM-DD) Access Code (if applicable)
556646 NZ 2007-07-20
Additional Foreign Priority Data may be generated within this form by selecting the
Add button.

Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition
Applications

This application (1) claims priority to or the benefit of an application filed before March 16, 2013 and (2) also

contains, or contained at any time, a claim to a claimed invention that has an effective filing date on or after March
[] 16,2013.

NOTE: By providing this statement under 37 CFR 1.55 or 1.78, this application, with a filing date on or after March

16, 2013, will be examined under the first inventor to file provisions of the AlA.

EFS Web 2.2.8
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T/

Dkt. 1172/69068-Div. 2

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

pplication of: John Talbot BOYS et al.
Serial No. ; 14/120,197
Date Filed May 5, 2014
For : MULTI POWER SOURCED ELECTRIC VEHICLE

273 Walt Whitman Rd., Suite 327
Huntington Sta. NY 11746-4149

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

PETITION FOR EXTENSION OF TIME

Sir:
It is respectfully requested that the period for filing a response to the Notice to File

Corrected Application Papers dated May 16, 2014, be extended by two month(s), i.e. from July 16,
2014 to September 16, 2014.
The $600.00 statutory extension fee for filing a response within the second month pursuant
to 1.136(a) by (other than) a small entity may be charged to the below indicated deposit account.
The Commissioner is authorized to charge any additional fees, or credit any overpayment,

to our Deposit Account No. 50-5504.

Respectfully submitted, _
I hereby certify that this paper is being RICHARDE.]J AWORSKI
depo.sited this date with _the U.S. Postal Registration No. 33,515
Service as first class mail addressed to: Att for Applicant
Commissioner for Patents, P.O. Box 1450, orney lor Applica
Alegandsa, 13.4 450 The Law Office of .
M .&f ' Ihiﬁfﬁ’ Richard F. JawofKi32eds HVUONG? P@@AARR4 585584 141281
Richard F. JawGrsk Datc Tel.: (631) 659-3008: 1252 £08.80 DA
Beg Mo 33,515

Momentum Dynamics Corporation
Exhibit 1002
Page 110



PATENT APPLICATION FEE DETERMINATION RECORD

Application or Docket Number

Substitute for Form PTO-875 14/120,197
APPLICATION AS FILED - PART | OTHER THAN
(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY
FOR NUMBERFILED | NUMBER EXTRA RATE($) FEE($) RATE($) FEE($)
BASIC FEE
(@7 GFR 1.16(a), (b). or (c) N/A N/A N/A N/A 280
SEARCH FEE
(37 CFR 1.16(k), (i), or (m) N/A N/A N/A N/A 600
EXAMINATION FEE
(37 CFR 1.16(0). (p). or (q)) N/A N/A N/A N/A 720
TOTAL CLAIMS )
(37 CFR 1.16(i)) 8 minus 20= OR |« 80 - 0.00
INDEPENDENT CLAIMS
(37 CFR 1.16(h) 1 minus 3 < x 420 = 0.00
If the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
FEE $310 ($155 for small entity) for each additional 0.00
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G)and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00
* |f the difference in column 1 is less than zero, enter "0" in column 2. TOTAL TOTAL 1600
APPLICATION AS AMENDED - PART Il
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHES T
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
< AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE(S) FEE($)
E AMENDMENT PAID FOR
w ot : = —
S (37 CF?{ ?,160)) Minus X = OR [«x -
2 Independent Minus R =
E (37CFpR 1.16(h)) X = OR [«x =
<§( Application Size Fee (37 CFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
o AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE(S) FEE(S)
E AMENDMENT PAID FOR
1N} Total Minus = X =
= (a7 CF?{ ?,160)) OR [x -
% Tndependent Minus . = X = OR |x =
w (37CFR 1.16(h))
<§( Application Size Fee (37 CFR 1.16(s))
OR
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE

* If the entry in column 1 is lessthan the entry in column 2, write "0" in column 3.

** |fthe "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20".
*** |f 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 highestfound in the appropriate box in column 1
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:E‘

.'f" ’F \" UNITED STATES PATENT AND TRADEMARK OFFICE

'! UNITED STATES DEPARTMENT OF COMMERCE
@ ; United States Patent and Trademark Office
. Address COMMISSIONER FOR PATENTS
:_I.# %Ea%%:gs&@;a 22313-1450
APPLICATION FILING or GRP ART
NUMBER 371(c) DATE UNIT I FIL FEE RECD ATTY.DOCKET.NO TOT CLAIMS JIND CLAIMS
14/120,197  05/05/2014 3742 2000 1172/69068-Div. 2 3 1
CONFIRMATION NO. 4659
14443 UPDATED FILING RECEIPT
The Law Office of Richard F. Jaworski, PC
273 Walt Whitman Road LR TR
Suite 327 000000071031887

Huntington Station, NY 11746-4149
Date Mailed: 09/29/2014

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE,
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Inventor(s)

John Talbot Boys, Auckland, NEW ZEALAND;

Grant Anthony Covic, Auckland, NEW ZEALAND;
Applicant(s)

John Talbot Boys, Auckland, NEW ZEALAND;

Grant Anthony Covic, Auckland, NEW ZEALAND;
Assignment For Published Patent Application

Auckland Uniservices Limited, Auckland, NEW ZEALAND

Power of Attorney:

Christopher Dunham--22031 Robert Katz--30141

Ivan Kavrukov--25161 Richard Jaworski--33515
Norman Zivin--25385 Richard Milner--33970
John White--28678 Paul Teng--40837

Peter Phillips--29691

Domestic Priority data as claimed by applicant
This application is a DIV of 12/451,436 01/13/2010 PAT 8749334

Foreign Applications for which priority is claimed (You may be eligible to benefit from the Patent Prosecution
Highway program at the USPTO. Please see http://www.uspto.qov for more information.) - None.

Foreign application information must be provided in an Application Data Sheet in order to constitute a claim to
foreign priority. See 37 CFR 1.55 and 1.76.

Permission to Access - A proper Authorization to Permit Access to Application by Participating Offices
(PTO/SB/39 or its equivalent) has been received by the USPTO.

page 1 of 3
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If Required, Foreign Filing License Granted: 05/16/2014

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 14/120,197

Projected Publication Date: 01/08/2015
Non-Publication Request: No

Early Publication Request: No
Title

Multi power sourced electric vehicle
Preliminary Class
219
Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition Applications: No

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent” and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http//www .stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4258).

page 2 of 3
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LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote and facilitate business investment. SelectUSA provides information assistance to the international investor
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic development organizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop
technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call
+1-202-482-6800.

page 3 of 3

Momentum Dynamics Corporation
Exhibit 1002
Page 114



=

T
Jf L Q‘E"u. UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE

il S i
A %‘Lf Fy United States Patent and Trademark Office
' Address. COMMISSIONER FOR PATENTS
l\w&a_: __‘:Hl": PO Box 1450
A, o Alexandria, Virginia 22313-1450
Www uspto.gov
I APPLICATION NUMBER I FILING OR 371(C) DATE FIRST NAMED APPLICANT [ ATTY. DOCKET NO/TITLE
14/120,197 05/05/2014 John Talbot Boys 1172/69068-Div. 2

CONFIRMATION NO. 4659
14443 IMPROPER CFR REQUEST

The Law Office of Richard F. Jaworski, PC
ARG MO R
000 032016

273 Walt Whitman Road H
Suite 327 00007

Huntington Station, NY 11746-4149
Date Mailed: 09/29/2014

RESPONSE TO REQUEST FOR CORRECTED FILING RECEIPT

Power of Attorney, Claims, Fees, System Limitations, and Miscellaneous

In response to your request for a corrected Filing Receipt, the Office is unable to comply with your request
because:

» The ADS submitted on 09-19-2014 was not properly signed. An application data sheet must be signed in
compliance with 37 CFR 1.33(b). An unsigned application data sheet will be treated only as a transmittal letter.

See 37 CFR 1.76(e).

/lgchau/

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101
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Dkt. 1172/69068-Div. 2 ) ///L‘/

& IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

<&
MApplication of : John Talbot BOYS et al.

Serial No. : 14/120,197 Examiner:
Date Filed : May 5,2014 GAU: 3742
For ; MULTI POWER SOURCED ELECTRIC VEHICLE

273 Walt Whitman Rd.
Suite 327
Huntington Station, NY 11746

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

INFORMATION DISCLOSURE STATEMENT

The information listed in the attached form PTO-1449 is brought to the attention of the
Examiner. In accordance with 37 C.F.R. §1.92(a)(2)(ii), copies of U.S. Patents listed herein need
not be provided.

The cited documents were both third party submissions in a corresponding Japanese
patent application. In addition, document WO 03/105308 was recently cited by the EPO in an

extended European Search Report.

It is respectfully requested that the information cited in annexed Form PTO-1449 be
considered by the Examiner in connection with the above-identified patent application, and that

such art be made of record in said application.

I hereby certify that this paper is being deposited this date with the U.S.
Postal Service as first class mail addressed to the Commissioner for Patents,

P.O. 1450, Alexandria, Vg 229.3-1450
f%/ Lov. 19,30l
Richard F. Jaworsk Dane

Reg, Mo, 33,5135
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John Talbot BOYS et al. 1172/69068-Div. 2
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The citation of the listed items is not a representation that they constitute a complete or
exhaustive listing of the relevant art or that these items are prior art. The items listed are
submitted in good faith, but are not intended to substitute for the Examiner's search. It is hoped,
however, that in addition to apprising the Examiner of the particular items, they will assist in
identifying fields of search and in making as full and complete a search as possible.

The filing of this Information Disclosure Statement is not an admission that the
information cited herein is, or is considered to be, material to patentability as defined in 37
C.F.R. §1.56(b).

This Information Disclosure Statement is being submitted prior to receipt of an action on
the merits. Accordingly, it is believed that no fee is required for consideration of the present
Information Disclosure Statement. However, if a fee is deemed to be required, the Office is
authorized to charge any fees to Deposit Account 50-5504.

Early and favorable consideration of the case is respectfully requested.

Respectfully submitted,

RICHARD F AAWORSK!

Registration No. 33,515

Attorney for Applicant

Customer No. 14443

The Law Office of Richard F. Jaworski, PC
Tel. (631) 659-3608
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DESCRIPTION JP2006042519

(0001]

The present invention relates to non-contact power transmission apparatus capable of, such as between a
charger and a portable terminal such as a mobile phone to carry out a non-contact power transmission.

[0002)

Conventionally, as a non-contact power transmission device of this type, regardless of the shape of the bottom of
the unit of the portable communication device, and the non-contact power transmission using electromagnetic
induction between the power receiving coil of the charging unit and the power transmission coil of the charging
unit (for example, see Patent Document 1, Patent Document 2) which was set to improve efficiency is known.

The transmitting coil is wound to the transmitting coil core, the receiving coil is wound in a receiving coil core.

Also, both are composed of rod-like body and the receiving coil and the transmitting coil core core, in use, the
end faces of the two cores is in opposition.

10-14124 No. 10-4639 JP Hei
[0003)

Meanwhile, the receiving coil power transmission coil that is used for non-contact power transmission device of
the prior art is wound on the core either.

In this case, since the most concentrated on the core, unnecessary radiation due to the magnetic field is
negligible, the magnetic field generated from the coil is not particularly necessary to take measures to suppress
unnecessary radiation.

However, in order to focus on their core a magnetic field generated from the coil, as described above, it is
necessary to structure such as to face the end surfaces simultaneously for the both cores in use.

[0004]

Therefore, as in the prior art, when it is used by winding the core to a different power receiving coil and the
transmitting coil, because there are restrictions on the structure and form of the coils, it is difficult to achieve
planar thinner and there is a problem that.

Therefore, it is conceivable to realize the thickness of the receiving coil and the transmitting coil, thereby
planarization of the two coils, the use of the core is not possible in plan of the same, magnetic field generated
from the coil some suppression of unnecessary radiation by, and is necessary to improve the efficiency of power
transmission.

(0005)

When In view of the above, to achieve planarization of the receiving coil and the transmitting coil is used for
contactless power transmission, suppression of unwanted radiation from the coil, and an object of the present
invention, improve the efficiency of power transmission The present invention is to provide a non-contact power
transmission apparatus capable.

(0006)

In order to achieve the object of the present invention to solve the above problem, the invention comprises the
following configuration.

That is, the first aspect of the present invention, and a power transmission device including a first coil and a
power receiving device including a secondary battery and a second coil, wherein the power transmission device
is electromagnetically coupled to the second coil, wherein the first coil When it has a transmission means for
generating a supply alternating current to the first coil, when the second coil is electromagnetically coupled to the
first coil, the power receiving device, alternating current is induced in the second coil and a receiving means for
charging the secondary battery by direct current is converted to direct current and converted this further, the
second coil and the first coil, so that its plane faces and a spiral the surface opposite the surface on which both of
them are opposed to each other and consisting of the second planar coil and the first planar coil is in, said
second planar coil and said first planar coil is provided each magnetic sheet was on.

(0007]

The second invention, in the first invention, the outer surface of the magnetic sheet provided on the second
planar coil and said first planar coil was further be provided so as to overlap each metal sheet.
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In the first or second invention, the second coil constituting the power receiving device, the receiving means, and
one of the secondary battery, according to the third invention, integral to the secondary battery and the second
coil of at least ized.

[0008]

In the first or second invention, the second coil constituting the power receiving device, the receiving means, and
one of the secondary battery, the fourth invention, the secondary battery and the second coil at least, | was to be
solidified or accommodated in the case within a given.

In the invention of any one of the fourth and the power receiving device, a fifth aspect of the presentinvention,
and so as to mobile phones through the first.

[0009)

A power transmission device comprising a first coil, and transmission and receiving compatible apparatus
including a secondary battery of the first and second coils, a sixth invention, a power receiving device including a
secondary battery of the second and third coil and a, when the first coil is electromagnetically coupled to the third
coil or the second coil, and a transmission means for generating a supply alternating current to the first coil,
wherein the power transmission device, the transmission and receiving combined when the second coil is
electromagnetically coupled with said third coil, and a transmission means for generating the supplied AC to the
second coil by using a battery as a power supply secondary of said first device, said second coil When you try to
electromagnetically coupled with said first coil, and a power receiving means for charging the secondary battery
according to claim 1 by a DC that converts alternating current into direct current induced in the second coil, and
the transformed , when the third coil electromagnetically coupled to the second coil or the first coil, the power
receiving device, the second by a DC that converts alternating current into direct current which is induced in the
third coil, and the transformed and a receiving means for charging the secondary battery 2, further wherein the
first coil, the second coil, and the third coil, the plane so as to face each other and a spiral and, and a third planar
coil first planar coil yl, and the second planar coil, wherein the first planar coil,On the opposite side of the surface
facing each of the second planar coil, and the third planar coil was provided to the magnetic sheet.

(0010)

In the sixth invention, the first planar coil, said second planar coil, and the outer surface of the magnetic sheet
provided on the third planar coil, further, a seventh aspect of the present invention, provided so as to overlap
each metal sheet was so.

Aspect 7 or 6, wherein the second coil constituting the transmission and receiving compatible apparatus, the
power transmission means, said receiving means, and of the secondary battery of the first, the eighth invention,
the at least In and integrated rechargeable battery of the first and second coil, the third coil which constitutes the
power receiving device, the receiving means, and of the secondary battery of said second and said third coil at
least | have integrated a secondary battery of the second.

[0011]

Aspect 7 or 6, wherein the second coil constituting the transmission and receiving compatible apparatus, the
power transmission means, said receiving means, and of the secondary battery of the first, the ninth invention,
the at least In and, so as to solidify or housing, the third coil which constitutes the power receiving device, the
receiving means, and the secondary battery of the firstand second coil 2 and the second in the case of the given
Which of the following cell, secondary battery and the second and the third coil is set to be solidified or housed in
the case at least a predetermined.

[0012]

In the invention of any one of the ninth to the power receiving device and the transmission and receiving
compatible apparatus, a tenth aspect of the present invention, and so as to mobile phones through 6
respectively.

According to the present invention with the structure as described above, and the power receiving coil and power
transmission coil that is used for contactless power transfer is made from the planar coil, at the time of use,
although they form a transformer, It can be suppress unnecessary radiation due to the magnetic field such that
both coils occurs, it is possible to achieve the efficiency of power transmission.

[0013]

Hereinafter, embodiments of the present invention will be described with reference to the drawings.
[0014]

(First embodiment)

The configuration of the first embodiment of the non-contact power transmission apparatus of the present
invention will be described with reference to Figure 1.
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Non-contact power transmission apparatus according to the first embodiment is, for example, it is applied to a
mobile phone, as shown in Figure 1, the power transmitting device 11 which functions as a charger, 2 as the
power of the cellular phone unit 12 | and a power receiving device 13 including: a battery.

(0015)

The power receiving device 13 and the power transmission device 11, by binding electromagnetically, and is
adapted to form a non-contact power transmission apparatus that performs transmission power without contact
as described below.

As shown in Figure 1, the AC / DC converter 111, a transmission circuit 112, the power transmission device 11,
and a transmitting coil 113.

It is intended for converting a predetermined DC voltage to AC voltage of 100 [V] for example is supplied to the
home, AC / DC converter 111 is adapted to supply to the transmission circuit 112 and the DC voltage converted .
This is a circuit that generates an AC voltage of a predetermined frequency using the DC voltage from the AC /
DC converter 111, transmission circuit 112 is adapted to supply to the transmitting coil 113 to the AC voltage
generated.

[0016]

As shown in Figure 1, the power receiving device 13 includes a receiving coil 131, a receiving circuit 132, the
charge and discharge control circuit 133, and a secondary battery 134.

Can be housed in a single container together, the secondary battery 134 receiving coil is a component 131,
receiving circuit 132, and discharge control circuit 133, or the power receiving device 13, and synthetic
thermosetting resin By using integrally modularized was (solidified), it is arranged to form a module powered
device (battery pack).

[0017]

The receiving coil 131, when it is used to be close to the power transmission coil 113 of the power transmission
device 11, the two coils 131,113 is adapted to form a transformer between them by electromagnetic coupling.

AC voltage induced in the receiving coil 131 by electromagnetic coupling, are supplied to the receiving circuit
132.

Receiving circuit 132 is a circuit that outputs a DC voltage by rectifying the AC voltage induced in the receiving
coil 131.

Is supplied to the secondary battery 134 via the discharge control circuit 133, the DC voltage output from the
power receiving circuit 132 is adapted to charge the secondary battery 134.

[0018]

And performs control of the charge in the case of charging the secondary battery 134 by the output from the
receiving circuit 132, discharge control circuit 133, discharge when operating the mobile phone unit 12 is the load
at the secondary battery 134 is a circuit for controlling the.

Secondary battery 134 is a battery such as a lithium ion battery, it can be used repeatedly by charging after
discharge.

[0019]

Next, the specific structure of the power receiving coil 131 of the power receiving device 13 and the power
transmission coil 113, the power transmitting device 11, will be described with reference to FIGS.

As shown in Figure 2, the planar spiral coil 113a, the magnetic sheet 113b, the power transmission coil 113 is
made of a metal sheet 113c.

Then, as shown in Figure 3, the outer surface of the flat spiral coils 113a, so as to cover the outer surface
entirety, and is provided in a state in which the metal sheet 113c and the magnetic sheet 113b is stacked.

[0020]

Therefore, as shown in Figure 3, is configured to be larger in the order of metal sheet 113c planar spiral coil
113a, and magnetic sheet 113b,, the components of the power transmission coil 113, a suitable means such as
adhesives are and fixed contact or, together.

In addition, as shown in Figure 2, the planar spiral coil 131a, the magnetic sheet 131b, receiving coil 131 is made
of a metal sheet 131c.

Then, as shown in Figure 3, the outer surface of the flat spiral coils 131a, so as to cover the outer surface
entirety, and is provided in a state in which the metal sheet 131c and the magnetic sheet 131b is stacked.

(0021]
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Theretfore, as shown in Figure 3, is configured to be larger in the order of metal sheet 131c planar spiral coil
131a, and magnetic sheet 131b,, the components of the receiving coil 131, a suitable means such as adhesives
are and fixed contact or together.

In addition, a planar spiral coil 113a of the power transmission coil 113 side and the planar spiral coil 131a of the
receiving coil 131 side, in use, to form a transformer its inner side each other to face, as shown in Figure 3 has
become.

For this reason, when in use, can suppress unnecessary radiation by the magnetic field planar spiral coil 113a,
131a occurs, metal sheet 113c, the 131c, magnetic sheet 113b, 131b is due to the electric field planar spiral coil
113a, 131a occurs | have been able to suppress unnecessary radiation.

(0022]

Here, in which the planar spiral coils 113a, 131a is made of insulated wires, such as twisted or single wire, wound
spirally in the same plane as shown in Figures 2 and 3 the wire .

Moreover, it becomes a magnetic material plate-like or sheet-like, magnetic sheet 113b, 131b is used, magnetic
silicon steel sheet, amorphous metal.

(0023]

The metal sheet 113c, the 131c, is made of a metallic material or sheet-like plate, and aluminum is used.

Next, a specific example of incorporating each cell phone case and the case of the charger, and a power
receiving unit 13 and the power transmission device 11 having a structure as shown in Figures 1 to 3, with
reference to Figure 4 described.

[0024]

Each element is built into the case 21 of the charger shown in Figure 4, which constitute the power receiving
device 13 shown in Figure 1, each element constituting the power transmission device 11 shown in Figure 1, a
cell phone case shown in Figure 4 It is built into the 31.

Case 21 of the charger, as shown in Figure 4, on the upper side, | have provided a mobile phone accommodating
portion 211 of the case 31 of the mobile phone is accommodated when charging the mobile phone.

Also, with the power transmission coil receiving portion 212 on the lower side of the mobile phone housing
portion 211, to the power transmission coil receiving portion 212, case 21 of the charger in a state where the
power transmission coil 113 shown in Figure 3, for example sealed are housed.

Furthermore, the case 21 of the charger, the circuitboard 22 mounted with components such as power
transmission circuit 112 and the AC / DC converter 111 of the power transmission device 11 is accommodated.

[0025]

Case 31 of the cellular phone, as shown in Figure 4, in its lower part, a housing portion 311 which houses a
power receiving device module 32 modularized the power receiving device 13 shown in Figure 1, the exchange
of the power receiving device module 32 and a, a lid 312 for opening and closing of the housing portion 311
when.

Here, as described above, the power receiving device module 32 is housed in one container together, the
secondary battery 134 constituting the power receiving device 13, the receiving coil 131, receiving circuit 132,
and discharge control circuit 133, , or is obtained by modularized together with the synthetic resin and
thermosetting.

[0026]

As shown in the figure, the power receiving device module 32 shown in Figure 4, the case 321 such secondary
battery 134 receiving circuit 132, and discharge control circuit 133, is, and is housed in a case 321 of a
rectangular-shaped thin The receiving coil 131 is integrally attached to the casing 321 of the lower surface.

Also, the case 31 of the portable phone, the circuit board 33 mounted with electronic components of the various
circuits making up the main body of the cellular phone 12 is housed.

(0027

Next, an operation example of the first embodiment having such a configuration will be described with reference
to FIGS.

Will be described as being charged using the power transmission device 11, the secondary battery 134 of the
power receiving device 13.

In this case, to a state brought close to the power transmission coil 113 of the power transmission device 11 and
the receiving coil 131 of the power receiving device 13, for electromagnetic coupling of two coils 131,113.

In this case, the receiving coil 131 and the power transmission coil 113, for example, | will state shown in Figure 4
or Figure 3.
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[0028]

Thus, the receiving coil 131 and the power transmission coil 113 is electromagnetically coupled to the secondary
battery 134 of the power receiving device 13, charging by the power transmitting device 11 is started.

This charging time, charging of the secondary battery 134 is performed by receiving circuit 132.

This charging time, electric field and magnetic field is generated in the receiving coil 131 and the transmitting coil
113, there is the unnecessary radiation.

However, as shown in Figure 3, the magnetic sheet 113b, the 131b, it is possible to suppress unnecessary
radiation due to magnetic fields flat spiral coils 113a, 131a is generated, the metal sheet 113c, 131c is generated
planar spiral coil 113a, the 131a to suppress unnecessary radiation due to the electric field to be.

[0029)

Monitors the state of charge of the secondary battery 134, the charging is terminated, the charge and discharge
control circuit 133 stops the charging of the secondary battery 134 by the receiving circuit 132.

In this way, when the charging is completed to the secondary battery 134, and away from the power transmission
coil 113 of the power transmission device 11 and the receiving coil 131 of the power receiving device 13,
whereby the main body of the cellular phone 12, 2, which is charged the | can be used as a power source to the
next battery 134.

[0030]

As described above, in this first embodiment, the receiving coil 131 and the power transmission coil 113 is used
for contactless power transfer is made from the planar coil, In use, they form a transformer, but both power
transmission and efficient, can suppress unnecessary radiation due to the electric field and magnetic field from
the coil can be.

[0031]

(Second Embodiment)

The configuration of the second embodiment of the non-contact power transmission apparatus of the present
invention will be described with reference to FIG.

[0032]

Non-contact power transmission apparatus according to the second embodiment is, for example, it is applied to a
mobile phone, as shown in Figure 5, the power transmitting device 11 which functions as a charger, 2 as the
power of the cellular phone unit 12 and a transmission and receiving device 14 combined, including the
secondary battery as a power source of the mobile phone unit 15 and the power receiving device 13, including: a
battery, functions as a charger.

Then, the power transmission device 11 is included in it when it was formed, respectively, non-contact power
transmission equipment by the electromagnetically coupled to the powered device 13 or transmission and
receiving compatible apparatus 14, was combined with the transmission and receiving compatible apparatus 14 It
can be charged by a secondary battery that is included in it if it is possible to charge the battery 2, bound to the
powered device 13.

Also form a non-contact power transmission system by binding electromagnetically power receiving apparatus
13, transmission and receiving compatible apparatus 14 is enabled to charge the storage batteries included in the
power receiving device 13 at this time.

[0033]

Next, the specific configuration of each part of the second embodiment will be described with reference to FIG.

Power receiving device 13 andthe power transmission device 11, so thatthe same structure as the power
receiving device 13 and the power transmission device 11 shown in Figure 1, and the same reference numerals
are added to the same components, description of the configuration is omitted here .

As shown in Figure 5, a transmission circuit 141, a receiving circuit 142, a secondary battery 143, the charge and
discharge control circuit 144, the transmission and receiving coil 145, transmission and receiving device 14
combined, the selector switch SW1~SW3 and, I'm provided with a setting device 146, a control circuit 147, and a
display 148.

[0034]

141, 143 incoming circuit 142,2 battery, 144 charge and discharge control circuit, transmission and receiving coil
145, the changeover switch SW1~SW3, setting device 146, the transmission and receiving compatible apparatus
14, control circuit power transmission circuit, which is a component of the display 148, or is contained in a single
container together, each component other than the display unit 148 and the setting device 146, modularized
together or by using a synthetic thermosetting resin and 147, and then (solidified), it is arranged to form a
transmission and receiving module compatible apparatus.
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[0035])

Here, it is basically the same as the power receiving device module has a module of the power receiving device
13 shown in Figure 1, the transmission and receiving compatible apparatus module is formed similarly to the
power receiving device module 32, for example, shown in Figure 4 that.

In operation, generates an AC voltage of a predetermined frequency using the DC voltage supplied from the
secondary battery 143, transmission circuit 141 is a circuit for supplying to the transmission and receiving coil
145 of the AC voltage generated.

If the power is transmitted thereto from the power transmitting device 11 transmission and receiving coil 145 is
electromagnetically coupled with the power transmission coil 113 of the power transmission device 11, the
receiving circuit 142 rectifies the AC voltage induced in the transmission and receiving coil 145 circuit for
generating a DC voltage, that the AC - DC converter is a circuit.

Is supplied to the secondary battery 143 via the discharge control circuit 144, the DC voltage generated by the
power receiving circuit 142 is adapted to charge the secondary battery 143.

[0036]

Secondary battery 143 is a battery such as a lithium ion battery, it can be used repeatedly by charging after
discharge.

Performs control of the charging (monitoring) in the case of charging the secondary battery 143 through 142
receiving circuit, the charge and discharge control circuit 144 operates the mobile phone unit 15 is a load and
power transmission circuit 141 in the secondary battery 143 is a circuit for controlling the discharge (monitor)
when.

[0037]

The transmission and receiving coil 145, when it is used to be close to the power transmission coil 113 of the
power transmission device 11, the two coils 145,113 is adapted to form a transformer between them by
electromagnetic coupling .

Also, the transmission and receiving coil 145, in the case of using is brought close to the receiving coil 131 of the
power receiving device 13, the two coils 145,131 are adapted to form a transformer between them by
electromagnetic coupling have.

In other words, the receiving coil 131 transmitting coil 113, and the transmission and receiving coil 145, is
adapted to be separated from each other and can be electromagnetically coupled to each other.

(0038)

SW1, SW2 select switch is configured to perform a selective connection with the transmission and receiving coil
145, and the receiving circuit 142 or the power transmission circuit 141,

Also, changeover switch SW3 is configured to perform a selective connection between the secondary battery
143, and the receiving circuit 142 or the power transmission circuit 141.

Normally, the contacts of the changeover switch SW1~SW3 These are connected to the power receiving side
circuit 142, for example as shown.

[0039]

The setting unit 146, and is intended user to selectively set the use of the receiving circuit 142 or the power
transmission circuit 141, the configuration data are inputted to the control circuit 147.

According to the setting data from the setting device 146, the control circuit 147 is a circuit that causes the
display unit 148 displays the operation state to control the switching of the contacts of the changeover switch
SW1~SWa3.

The display 148 is made of a liquid crystal display device, predetermined information is intended to be displayed
as described above.

[0040)

Next, a specific configuration of the transmission and receiving coil 145 113, and receiving coil 131, the power
transmission coil shown in FIG 5, will be described with reference to FIG.

Receiving coil 131 and the transmitting coil 113 shown in Figure 5, configured in the same manner as the
receiving coil 131 and the transmitting coil 113 of the first embodiment shown in FIG.

Also, transmission and receiving coil 145 shown in Figure 5 is configured in the same manner as the receiving
coil 131 or the transmitting coil 113 for example shown in Figure 3.

[0041]
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With this configuration, in use, to form a transformer coils two of which are electromagnetically coupled to each
other, receiving coil 131 113, and the transmission and receiving coil 145, the power transmission coil shown in
Figure 5, when the thus power transmission efficiency by suppressing unnecessary radiation caused by an
electric field or a magnetic field generated by each coil.

Next, an operation example of the second embodiment having such a configuration will be described with
reference to FIG.

[0042]

Here, in the second embodiment, similarly to the first embodiment, it may be charged by the power transmitting
device 11 and 134 secondary battery of the power receiving device 13, but in this case because it is already
explained, the following | The operation of other cases.

First, a description will be given when charging with the power transmitting device 11, the secondary battery 143
of the transmission and receiving compatible apparatus 14 mounted on a main body of the cellular phone 15.

In this case, it is in a state where it is brought close to the power transmission coil 113 of the power transmission
device 11 and transmission and receiving coil 145 of the transmission and receiving device 14 combined, both
coils 145,113 are electromagnetically coupled.

[0043)

In this state, the setting unit 146, the setting is made to the effect that charging the secondary battery 143 using
the power transmission device 11, the setting data is input to the control circuit 147.

Accordance with the configuration data, causes the display unit 148 to display to that effect, the position shown in
Figure 5, the contact of the changeover switch SW1~SW3, that is, the control circuit 147, is connected to the
receiving circuit 142 side.

[0044]

As a result, the secondary battery 143 of the transmission and receiving compatible apparatus 14, charging by
the power transmitting device 11 is started.

This charging time, charging of the secondary battery 143 is performed by receiving circuit 142.

In addition, the charging time, electric field and magnetic field is generated by the 145 transmission and receiving
coil and the transmitting coil 113, there is the unnecessary radiation.

However, at this time, the transmission and receiving coil 145 and the power transmission coil 113 is configured
in the same manner as the receiving coil 131 and the power transmission coil 113 shown in Figure 3 as
described above.

For this reason, in the same manner as the receiving coil 131 and the transmitting coil 113 shown in Figure 3,
transmission and receiving coil 145 and the transmitting coil 113 can suppress unnecessary radiation due to the
electric field and magnetic field coil generates.

[0045)

Monitors the state of charge of the secondary battery 143, the charging is terminated, the charge and discharge
control circuit 144 stops the charging of the secondary battery 143 by the receiving circuit 142.

Then, 134 secondary battery of the power receiving device 13 to be mounted on the mobile phone unit 12 is

unusable, by using the transmission and receiving compatible apparatus 14 mounted on a main body of the
cellular phone 15, the charging of the secondary battery 134 will be described to be charged.

[0046)

In this case, it is in a state where it is brought close to the transmission and receiving coil 145 of the transmission
and receiving unit 14 serves a receiving coil 131 of the power receiving device 13, both coils 131,145 are
electromagnetically coupled.

In this state, it is performed in the setting unit 146 to set the effect that charging the secondary battery 134 by the
transmission and receiving device 14 combined, the setting data is input to the control circuit 147.

In accordance with the setting data, and causes the display 148 to display to that effect, the position opposite to
the position shown in the figure, the contact of the changeover switch SW1~SW3, that is, the control circuit 147
switches the power transmission circuit 141 side .

[0047)

As aresult, 134 secondary battery powered device 13, charging by the transmission and receiving compatible
apparatus 14 is started.
This charging time, charging of the secondary battery 134 is performed by receiving circuit 132.

In addition, the time of charging, electric field and magnetic field is generated by the transmission and 145
receiving coil and the receiving coil 131, there is the unwanted radiation.
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However, at this time, the transmission and receiving coil 145 and receiver coil 131 is configured in the same
manner as the receiving coil 131 and the power transmission coil 113 shown in Figure 3 as described above.
Similar to the receiving coil 131 and the transmitting coil 113 shown in Figure 3, transmission and receiving coil
and 145 ,, receiving coil 131 can suppress unnecessary radiation due to the electric field and magnetic field coil
generates for this.

(0048]

Monitors the state of charge of the secondary battery 134, the charging is terminated, the charge and discharge
control circuit 133 stops the charging of the secondary battery 134 by the receiving circuit 132.

As described above, in this second embodiment, the receiving coil 131 113, and the transmission and receiving
coil 145, power transmission coils to be used for non-contact power transmission is changing suddenly planar
coil, In use, the two of which transformer is formed by the coil of Tsu, it can be, and can suppress unnecessary
radiation due to magnetic or electric fields from the coils forming the transformer, to improve the efficiency of
power transmission.

(0049)

Also, in this second embodiment, it is mounted on a portable phone unit 15 and transmission and receiving
compatible apparatus 14 including a secondary battery 143 functions as a charger, the mobile phone body 12 to
the power receiving device 13 including a secondary battery 134 was like to be mounted on.

Therefore, according to the second embodiment, a mobile phone equipped with the power receiving device 13
becomes unavailable, 134 secondary battery of the power receiving device 13 using a mobile phone equipped
with a transmission and receiving compatible apparatus 14 it is possible to charge, it is very convenience.

[0050]

Furthermore, in the transmission and receiving compatible apparatus 14 of the second embodiment, when used
as abattery charger or when used as a secondary battery, on which can be set freely its use, display unit user
the setting state it can be easily recognized by, it is possible to prevent malfunction due to the misconfiguration.
Other Embodiments

In the first embodiment, as shown in Figures 2 and 3, composed of a metal sheet 113c planar spiral coil 113a,
and magnetic sheet 113b,, the receiving coil 131, the power transmission coil 113, the planar spiral coil 131a, |
was to be made of a metal sheet and 131c magnetic sheet 131b,.

However, the receiving coil 131 and the transmitting coil 113 may be omitted each metal sheet 113c, and 131c.

[0051]

The configuration of this point, it is the same for each component of the receiving coil 131 power transmission
coils in the second embodiment 113, and transmission and receiving coil 145,.

In the firstembodiment, the power receiving device 13, and integrating the secondary battery 134 receiving coil is
a component 131, receiving circuit 132, and discharge control circuit 133, it is arranged to form a power receiving
device module This integration may be any secondary battery 134 and the receiving coil 131 at least.

(0052]

Furthermore, in the second embodiment, transmission and receiving device 14 combined, 141, 143 receiving
circuit battery 142,2, 144 charge and discharge control circuit, transmission and receiving coil 145, the selector
switch SW1~SW3 transmission circuit which is a component , of the display device 148 set 146, and a control
circuit 147, and integrating the components other than the display unit 148 and the setting device 146, it is
arranged to form a transmission and receiving compatible apparatus module.

However, this integration may be any secondary battery 143 and the transmission and receiving coil 131 at least.

[0053]

In the second embodiment and the first embodiment has been described as being applied to a mobile phone, but
can be applied to a portable device such as a video camera or mobile terminals, such as portable computers and
in place of this.

[0054]

Is a block diagram showing a configuration of a first embodiment of the present invention.
Is an exploded perspective view of each component of the receiving coil and the transmitting coil.
Is a cross-sectional view showing the structure of a receiving coil and transmitting coil.

Is a cross-sectional view showing a state incorporated in the cell phone case and the case of the charger,and a
power transmitting apparatus and the power receiving apparatus.

Is a block diagram showing the configuration of a second embodiment of the present invention.
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(0055)

11 ... the power transmission device, 12 and 15 ... mobile phone body, 13 ... powered device, 14 ... transmission
and receiving compatible apparatus, 32 ... powered device module, 113 ... power transmission coil, 113a, 131a
.-+ planar spiral coil, 113b, 131b --- magnetic sheet, 113c, 131c --- metal sheet, 112,141 ... power transmission
circuit, 131 ... receiving coil, 132, 142 ... incoming circuit, 134,143 ... secondary battery, 145 ... transmission and
receiving coil.

CLAIMS JP2006042519

[0001)

And a power transmission device including a first coil and a power receiving device including a secondary battery
and a second coil,

When the first coil is electromagnetically coupled to the second coil, wherein the power transmission device has a
transmission means for generating an alternating current supplied to the first coil,

When the second coil is electromagnetically coupled to the first coil, the power receiving device, for charging of
the secondary battery by a DC that converts alternating current into direct current induced in the second coil, and
the transformed and a receiving means,

Further, the second coil and the first coil consists second planar coil and the first planar coil that plane is adapted
to face a spiral,

And said second planar coil and the first planar coil, the non-contact power transmission device to the surface
opposite to the surface in which the two faces, and characterized by providing each of the magnetic sheet.

[0002)

The outer surface of the magnetic sheet provided on the second planar coil and the first planar coil, further, the
non-contact power transmission device according to claim 1, characterized in that is provided to overlap each
metal sheet.

[0003])

The second coil constituting the power receiving device, the receiving means, and one of the secondary battery,
to claim 1, characterized in that it is integrated to the secondary battery and the second coil of at least non-
contact power transmission device according.

[0004)

The second coil constituting the power receiving device, the receiving means, and one of the secondary
batteries, the secondary battery and the second cail, it has to be solidified or accommodated in a case at least a
predetermined The contactless power transmission apparatus according to claim 1, wherein the.

[0005)

The power receiving device, the non-contact power transmission apparatus according to claim 1 of any one of
claims 1 to 4, characterized in that it was mounted on a cellular phone.

[0006)

And a power transmission device including a first coil, and the transmission and receiving combined device
including a secondary battery of the first and second coil and a power receiving device including a secondary
battery of the second and third coil,

The power transmission device,

When electromagnetically coupled to the third coil of the first coil or the second coil, and a transmission means
for generating an alternating current supplied to the first coil,
The transmission and receiving compatible apparatus is,

when the second coil is electromagnetically coupled with said third coil, and a transmission means for generating
an alternating current supplied to the second coil by using a battery as a power supply of the secondary first,
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when the second coil is electromagnetically coupled to the first coil, and receiving means for charging the
secondary battery according to claim 1 by a DC that converts alternating current into direct current induced in the
second coil, and the transformed and a door,

The powered device,

When electromagnetically coupled to the second coil and the third coil or the first coil, the secondary battery and
the second by a DC that converts alternating current into direct currentwhich is induced in the third coil, and the
transformed and a receiving means for charging,

Further, the first coil, the second coil, and the third coil, the third planar first planar coil the plane is in opposition
to each other a spiral, and the second planar coil, and a coil,

And wherein the first planar coil, the second planar coil, and the third planar coil, the non-contact power
transmission apparatus is characterized in that a surface opposite to a surface facing, respectively, and provided
with a magnetic sheet.

[0007]

The first planar coil, said second planar coil, and the outer surface of the magnetic sheet provided on the third
planar coil, further, according to claim 6, characterized in that is provided to overlap each metal sheet non-
contact power transmission equipment.

[o008]

The second coil constituting the transmission and receiving compatible apparatus, said power transmission
means, said receiving means, and of the secondary battery according to claim 1, the integrated rechargeable
battery of the first and the second coil, at least,

And the third coil which constitutes the power receiving device, the receiving means, and of the secondary
battery and the second, characterized in that it has integrated rechargeable battery and the second and the third
coil at least The contactless power transmission apparatus according to claim 6 or 7.

[0009)

The second coil constituting the transmission and receiving compatible apparatus, said power transmission
means, said receiving means, and of the secondary battery according to claim 1, the secondary battery of the
first and the second coil is at least a predetermined and so as to solidify or housed in the case,

And the third coil which constitutes the power receiving device, the receiving means, and of the secondary
battery of the second secondary battery and the second and the third coil is housed within a case at least a
predetermined or the non-contact power transmission apparatus according to claim 6, characterized in that it is
arranged to solidify.

[0010]

The power receiving device and the transmission and receiving combined device, non-contact power
transmission apparatus according to claim 1 any one of claims 9 to claim 6, characterized in that it was mounted
on a cellular phone, respectively.
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_BLANAR INDUCTIVE BATIERY CHARGER

FIELD OF THE INVENTION
This invention relates to a battesy charger, and in particular to a baitery charger
having a planar surface on which one or more battery powered devices may be placed
for battery recharging through ioduction. The invention also extends to a battery
charging system for usc with conventional electronic devices and that allows
conventiooal electronic devices to be charged using the battery charging system of the

present invention.

BACKGROUND OF THE INVENTION

Portable electronic equipment such as mobile phones, handheld computers,
personal data assistants, and devices such as a wireless computer mouse, are normally
powesed by battcries. [n many cases, rechargeable batteries are preferred because of
environmental apd economical concerns. The most common way to charge rechargeable
batteries is to use a conventional charger, which normally consists of an AC-DC power
supply (in case of using the ac mains) ot a DC-DC power supply (in case of using a car
battery). Conventional chargers normally use a cord (an electric cable for a physical
electrical connection) fo oonnect the charger circuit (a power supply) ¢ the baltery
located in the portable electronic equipment. The basic schematic of the conventional

battery charger is shown in Fig.1,

PRIOR ART
Inductive electronic chargers without direct physical electrical connection have

been developed in some portable electronic equipment such as electric toothbsushes
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" where because they are designed to be used in the bathroam in the vicinity of siaké and

water, it is not safe to provide a conventional electrical connection. US6,356,049,
US6301,128, 1756,118,249, also all describe various forms of inductive chasgers. These
inductive type chargers, however, us¢ traditional transformer designs with windings
wound around ferrite magpetic coses as shown in Fig.2. The main ‘magnetic flux
between the primary winding and secondary winding h3s to go through the magnetic
core materials. Other contactless chargers proposed also use magnetic cores as the main
structure for the covpled transformer windings.

A contactless charger ilsi.ng a single primary printed winding without any EMI
shfelding has been proposed by Choi et al in “A new contactless battery charger for
portable telecommunications/computing electronics” ICCE International Conference on
Consumer Blectronics 2001 Pages 58-59. However, the magnetic fux distribution of a
single spiral winding has a major problem of non-uniform magnetic flux -distribution.
As illustrated further below, the magnitude of the magnetic field in the centre of the
core of a spiral winding is highest and decreases from the centre. This means that if the
portable electronic device is not placed properly in the central region, the charging
effect is not effective in this non-uniform field distribution. Furthermore, without proper
EMI shielding, undesirable induced curreuts may flow in other metallic pars of the

portable electronic equipment.

SUMMARY OF THE INVENTION

According to the present invention there is provided a battery chasger system

‘comprising a charging module comprising a primary charging circuit and being formed

with a placar charging surface adapted to reccive an electronic device to be charged,

wherein said primary charging circuit includes the primary winding of a transformer,

JE R Rk 08, 27 3

3
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said primary winding being substantially parallel to said plarm'sr charging surface,

wherein said primary winding is provided with electromagnexc shielding on the side of
said winding opposite from said planar charging surface, and wherein said electronic
device is fortned with a secondary winding,

In a preferred embodiment the primnry winding is formed on a planar printed
circuitboard. l -

Preferably the magnetic flux generated b& the primary winding is substantially

unifortn over at least a major past of the planar charging surface. In this way the precise.

position and orientation of the electronic device on thc chargl:ug s.urface is not critical.
To achieve this the charging module may comprise a plurality of prim;u'y windings,
which raay preferably be. disposed in a regular array.

In a preferred embodiment the primary winding is provided with

electromagnctic- shielding on the side of said winding opposite from said planar

- charging surface. This shielding may include a sheet of ferritc matexial, and more

preferably also may further include a sheet of- conductive material such as copper or
gluminium

It is an advantage of the pre.sent invention that in preferred embodiments the
planar cha:gmg surface may be farge enough to receive two or more electronic devices,

and the primary charging circuit is adapted to charge two or more devices

simultaneously. In this way it is possible to charge more than one device simultaneously. *

For example the planar charging surface xﬂay be divided into a plurality of chargix{g
regions, which regions may be defined by providing a plurality of prﬁnary transformer
windings arranged in a regular array and connecting the windings in groups to define
said charging regions. A further, advamage of the ;;resent 'ipvemion is that it enables the

possibility of allowing a device 1o move over the chasging surfaco while being charged
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at the same time. This possibility is particularly useful to a device which is designed to
be moved such as a wireless computer mouse
Viewed from another aspect the present invention provides a battery charging

system comprising a charging module comprising a primary charging circuit and being

formed with a charging surface for receiving an electronic device to be charged, -

wherein said charging module comprises a plurality of transformer primary windings
arranged in a regular array. . .

In addition to the battery charging system, the invention also extends to a battery
powered portable electronic device comprising a rechargeable battery, and wherein the
device includes a planar sea;ndary winding for receiving electrical energy from a
battery charger, and electromagnetic shielding between the winding ax;d the m;jor
clectronic components of said device.

Preferably" the shielding comprises a sheet of ferrite material and a sheet of
conductive material such as copper.

Preferably the winding is formed integrally with a back cover of said device.

An important aspect of the present invention is that it provides a battery
charging system that employs a localised charging coacept. In particular, when there is
an array of primary .coils, it will be understood that energy is only transferred from

those primary coils that ate adjacent the secondary coil located in the device being

charged. In other wards, when a device is placed on a planar charging surface that is -

greater in size tha.n the device, énergy is only transferred from that part of the planar
charging surface that is directly beneath the device, and possibly also immediately
adjacent areas that are still able tcol couple 1o the secondary coil.

Viewed from another aspect the present invention provides a battery charging

system comprising a primary module and at least one secondary module, said primary

¢
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. module comprising means for connecting to a mains supply, and at least one primary
winding adjacent to a charging surface of said primary module, and whasein said
secondary module comprises a secondary winding adjacent fo a surface of said
secondary module, circuit means for converting altemsding current geperated in said
secondary winding to a regulated DC output, and a charging conuector for connection {o
the charging socket of an electronic device.

According {o another as‘pect the invention also extends to a secondary module
for a battery charging system, comprising: a housing having at least one charging
surface, a winding provided in said housing adjacent to said surface and adapted to
receive magnetic flux when said surface is brought adjacent fo a primary winding,

circuit means for converting alternating current in said secondary winding to a regulated

. DCoutput, and a connector means for connecting said DC output (o the charging socket

of an electronic device.

BRIEF DESCRIPTION OF THE DRAWINGS

Some embodiments of the invention will now be described by way of example
and with reference to the accompanying drawings, in which:-

Fig.1 is a schematic view of a conventional prior art battery charger with direct

electrical counection,

Fig.2 is a schematic view of a conventional magnetic core-based trat-xsformer as

used in prior art inductive battery charger systems,

Fig.3 is a schematic view of a planar wransformer with shiciding,

Figs.4(a)~(c) are (a) a pesspective view of a battery charger system accosding to

an embodiment of the present invention, (b) a view similar to (a) but showing

Momentum Dynamics Corporation
Exhibit 1002
Page 147



[(%57]2010-507347 [Zft B ]FEp26. 08. 22

-10

15

20

25

W0 03/105308 W

prom—— L .-

_ ., PCT/AU03/00721

the structure of the primary charging system, and (c) a view similar to (a) and (b)

but showing the top cover ramoved for clarity,

Figs.5(a) & (b) show the structure of the primary charger with the top cover

removed for clarity, and in Fig.5(a) with the structure shown in exploded view,
Figs.6(a) & (b) show (a) a single spiral PCB winding, and (b) the measured
magpnetic field distribution of a single spiral winding,

Figs.7(a) & (b) illustrate’ the use of a magnetic core to control magnetic field
distribution, .

Fig8 shows an embodiment of the inveniion in which a plurality of primary
windings are aranged in an array structure, .

Fige.9(a) & (b) shows (a)a 4x 4 primary winding array, and (b) the resul}ing
magnetic field distribution,

Figs.10(a)-(c) illustrate an embodiment. of .the invention in which primary

. windings are asranged in groups with Fig.10(c) showing the equivalent circuit,

Fig.11 shows an example of the back cover of an electronic device designed to
be recharged using an embodiment of the present invention,

Figs.12(a)-(d) show exploded vicws of the back cover of Fig.11,

Figs.13(a) & (b) show views of a watch that may be recharged in accordance
with an embodiment of the invention,

Fig.14 shows a charging module in accordance with an alternative embodiment
of the invention,

Fig.15 shows a first layer of a 4xS5 winding array for use in a multi-layer
embodiment,

Fig.16 shows a second layer of a 3x4 winding array for use in conjunction with

the layer of Fig.15 in a multi-layer embodiment,
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Fig.17 shows the layers of Fig.15 and Fig.16 in the two-layer sl;'uctui'c,
Fig.18 is simplified version of Fig.15,

Fig.19 is a simplified version of Fig,16,

Fig.20 is a simplified version of Fig.17,

Fig.21 is a plot showingthe smoothing effect of the two-layer structure,
Pig.22shows a hexagonal spiral winding,

Fig.23 is- a simplified form of Fig.22,

Fig.24 shows a single-layer of hexagonal spiral windings,

Pig.25 shows two adjacent hexagonal spirat windings,

Fig.26 shows the mmfdiskibution of the adjacent windings of Fig 25,

Fig.27 shows threc adjacent hexagonal spiral windings and the pcaks and

minima of the flux distribuson,

Fig.28 shows two overlapped layers of hexagonal spiral windings,

Fig.29 shows the location of the peak flox in the structure of Rig.28,

Fig.30 corresponds to ﬁg.29bug also shows the locatjon of the flux minima,
Fig.31 shows an embodiment of the invention formed with three overlapped
layers,

Fig 32 corresponds to¥ig.31 but shows the location of the ﬂux'peaks,

Fig.33 is a plot showing the uniﬁormit; of the flux distribution along a line,
Fig.34 shows a square spiral winding, '
Fig35 is a simplified version of l.{ig.34,

Fig.36 shows a first layer of sciuare spiral windings;

Fig.37 corresponds to Fig.36 but shows the location of the flux maxima and

‘minima,

S oTmeTemn oMo, ) EE—
.
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Fig.38 shows two overlapped Iayers of square spiral windings including the
Jocation of the flux maxims and minima,

Fig.39 shows three overlapped layers of square spiral windings including the

location of the flux maxima and minima,

. Fig.d0 shows four overlapped layers of square spiral windings including the

location of the flox maxima and minima,

Fig.cii illustrates a battery charging system according to a further embodiment

of the invention,

- Fig#42 is a view similar to Fig41 but pait broken away to show the primary

winding,
Fig43 is a view similar to Fig42 but of an alternate embodiment,

Figs.44(a) and (b) illustrate possible magnetic cores for vse in the embodiment

of Fig.42,

Fig.45 shows an equivalent circuit for the charging system of an embodiment of

the invention,

‘Fig.46 illustrates an example of a secondary module for use in an embodiment

of the invention,

Fig.47 shows a part broken away vicw of secondary module of an embodiment
of the invention, .

Fig.48 is a view similar to Fig.47 but of a further embodiment,

Fig49 is a view showing the complete charging system according to an
embodiment of the invention, .

Fig.50 is a view similar to Fig.49 but showiﬁg-ho“.r the charging system
according 1o an embodiment of the ifvention can be used to charge multiple

devices having different forms of chméing connections, and

s
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Fig.51 is a view illustrating how an embodiment of the present invention can be
used to enable a conventional electronic device to be charged using an inductive

charging platform as shown in Fig.4.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
The present invention will now be described in respect of a preferred
embodiment in the form of an inductive battery charger for portable electrenic
equipment such as mobile phones, handheld computers and personal digital assistants
(PDA), and devices such as a wireless computer mouse.
Refersing firstly to Figd, the inducive charger system comprises two modules,
a power delivering charger module that contains the primary circuit of a planar isolation

transformer and a secondary circuit that is located in the portable electronic equipment

to be charged. In this embodiment of the invention, the charger circuit is located within

a housing 1 that is formed with a flat charging susface 2. The secondary circuit is
formed in the portable equipment to be charged (in this example a mobile phone 3) and
the equipment is formed with at least one planar surface. As will be seen from the
“following description the equipment is charged simply by placing the equipment on the
surface so that the planar surface on the equipment is broug_hl into contact with the flat
charging surface 2. It is a particularly preferred aspect of the present invention that the
\equipmem to be charged does not have to be positioned on the charging surface in any
special orientation. Furthermore, in preferred embodiments of the invention 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 irto a

computer mouse pad). It will also be seen from the following description that the energy
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transfer is “localised” in the sense that energy is only transferred from the charging
surface to the device from that part of the charging surface that is ditectly beneath the
device (and possibly to a lesser extent regions adjacent thereto).

Referring in particular to Fig.4(b) the primary charging module comprises a
printed circuit board 4 formed with at least one spiral conductive track formed theréon
os a primary winding. It will be understood, however, that the primary winding need not
necessanly be formed on a PCB and could be formed separately. Altematively, muitiple
PCRBs each formed with at least one winding could be "stacked" on top of each other to
increase the total flux. Preferably, as will be described further below, there are in fact a
plurality of such spiral tracks disposed in an array as shown in Fig.4{c) in which a top

insulating sheet has been removed for clarity (Beneath the PCB 4 (ie tlig 5ide of the PCB)

. {EWay from the"charging Strfacey is provided  BMT sliieldifif Thiprising Dirstly @ fermite)
F be PCB 47 and tlieri @ conductive sticet 6 which m this

(@ copper_EliectBeneath the copper sheet 6 may be provided any suitable form of

substrate material 7, eg a plastics material. Above the PCB 4 may be provided a sheet of
insulating material 8 which forms the charging surface. Preferably the PCB 4, the EMI
shielding sheets §,6, the substrate 7 and the insulating cover sheet 8 may also be
generally the same size and shape, for example rectangular, so &s to form the primary
charging module with the charging surface being large enough to accommodate at least
one, and more preferably two or more, devices to be charged. Figs.5(a) and (b) also
show the strocture of the charging module without the cover sheet and without any
devices to be charged thereon for the sake of clarity.

As shown in Fig.4, thcf. primary transformer circuit module transmits electrical
emergy at high frequency through a flat charging surface that contains the primary

transformet windings. The secondary wingding is also planar and is located in the
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portable electronic equipment and couples this energy, and a rechifier within the
portable cquipment rectifies the high-frequency secondary AC voltage into a DC
voltage for.charging the battery inside the portable equipment either directly or via a
charging circuit. The rectified DC voltage is applied to the batlery via mechabical
contacts provided in an integrated back cover as will be described further below. No
physical electrical connection between the primary charger circuit and the portable
electronic equipment is needed.

The primary charger circuithas (1) a switched mode power electronic circuit, (2)
the primary side of a planar transformer that consists of a group of primary windings

conpected in series or in parallel or a combination of both, (3) an EMI shield and (4) a

- flat interface surface on which one or more portable electronic devices can be placed

and charged simultaneously. The schematic of the primary charger system is shown in
Fig.5(a) and (b) without the insulating cover.

The battery charging system can be powered by AC or DC power sources. I the
power supply is the AC maiuns, the switched mode power electronic circuit should
perform a low-frequency (50 or 60Hz) AC to DC power convession and then DC to
high-frequency (typically in the range from 20kHz to 10MHz) AC power convetsion.
This high-frequency AC voltage will feed the primary planar windings of the primary
charger circuit. If the power supply is a bateery (e.g. a car baltery), the switched mode
power supply should perform a DC to high-frequency AC power conversion. The high-
frequency voltage is fed to the primary windings of the plai:ar transformer.

Preferably, the chasger should be able to charge one or more than one items of

portable electronic equipment at the same time. In order to achieve such a function, the

AC magnetic flux experienced by each item of portable equipment placed on the.

charging surface should be as even as possible. A standard planar spiral winding as
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shown in Fié.G(a) is not suitable to meet this requirement because its flux distribution is
ot uniform as shown in Fig.6(b) when the winding is excited by an AC power source.
The reason for such non-uniform magnelic flux distribution is that the number of turns
in the central region of the single spiral winding is largest. As the magnilude‘.of the
magpetic flux and the magnetomotive force (mmf) is pmpbr(ional to the product of the
number of tum aed the current in the winding, the magnetic flux is highest in the centre
of the winding.

One method to ensure.uniform magnetic flux or mmf distribution is to use a
copcentric primary winding with a planar magnetic core as shown in Fig.7(a). This
maguelic core-based approach allows the magnetic flux to concentrate inside the core
and typical magnetic flux distribution is shown in Fig.7(b). In general, the flat charging
interface surface of the primary charger should be larger than the t?tal area of the
portable electronic equipraent. -

In order to ensure that more than one item of portable electronic equipment can
be placed on the flat charging surface and charged simultaneously, a second and more

preferred method proposed is to ensure that the magnetic flux distribution ciperienced

by each items of portable ‘electronic equipment is as uniform as possible. This method

can be realized by using a “distributed” primary planar ransformer winding array
structure as shown in Fig.8. This planar winding array consists of many printed spiral
windings formed on the PCB, These printed spiral windings can be hexagonal, circular,
square or rectangular spirals, and can be connected in series, in parallel or a
combination of both to the high-frequency Aé voltage genersated in the power supply in
the primary charger circuit. The array should comprisas relatively closely sﬁaood coils
SO s to be able to generate the required neas-uniforrn magnetic flux distribu(ion; as an

array of widely spaced apart coils may not generate such a near-unifonn field.
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Fig9(a) shows a practical example with the. transforl'mer wlnfling array
connected in series so that all the fluxes created in the windings point to the same
direction. Fig.9%(b) show the measured flux distribution of one planar transformer when
the windings in the transformer array are counected in series. This measurement
confinus the ncar uniform magnetic flux distribution of the array structure. Comparison
of Fig.6(b) and Fig9(b) confirms the improvement of the uniform magnetic Seld
diswibution using the transforraer array structure. In addilion, this transformer array
structure prdvides for the possibility of ml_lltiple primary - transformer windings being
provided for localized chargiﬁgas will now be explained.

The primary transformer windings can also taicc the form of a 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. Assume that the transformer asay is divided into 4

2ones (A, B, C, and D). The transformer windings within each zone are connecled in °

series to form one primary winding group with the distributed magnetic flux feature.
There will be four primary windings in the equivalent cir;:uit as shown in Fig.10(c). If
the portable electronic cquipment is placed on Zones A and B as shown in Fig.10(b), the

equivalent electrical circuit is shown in Fig.10(c). Only the parallel primary transformer

;Winding groups for Zones A and B are loaded because they can sense a nearby

secondary winding circuit in the portable electronic equipment. Therefore, they will
generate magnetic flux in Zones A and B. Primary transformer windings C and D are
0ot loaded because they have no secondary transformer circuit close to them and their

equivalent secondary circuits are simply an open-circuit (Fig.10(c)). As a result, power

transfer between the primary charger circuit and the secondary windings inside the
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14

' 'ponﬁble electronic equipment takes place bnsicélly 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 virtvally no enmergy. This spscial-
design avoids unnecessary electromagnetic interference. A further advantage of this
localised energy transfer concept, is that it enables a movable device (such as a wireless
computer mouse) to be continually charged as it moves over the cha;gilig surface. In the
case of a wireless computer mouse, for example, the primary charging circuitcould be
integrated into a mousepad and the mouse may be charged as it rests on and/or moves
over the mousepad.

The back cover of the portable electronic equipment is a detachable back cover
shown in Fig.12(a) that covers the battery and which may be removed when the battery
is replaced. In preferred embodiments of the present invention, this back cover has a
built-in secondary planar transformer winding 10, a diode rectifier circuit 13 and
preferably a thin BMI shield 11,12 as shown in Fig.12(b) & (c). When the back cover
side of the portable equipment is placed near the flat charging surface of the primary
ci;arger circuit, this secondary winding couples the energy from the nearby primary
transformer winding os windings. The rectifier circuit rectifics the coupled AC voltage
into’a DC voltage for charging the battcry through mechanical, contacts 14. This rectifier
circuit also prevents the battery from discharging into the secondary winding. Iri order
to avoid induced circuil from circulating in other metal parts inside portable elecironic
circuit, it is preférable to include a thin EMI shield as past of the integrated back coves
structure as shown in Fig.12. This EMI shicld can be a thin piece of ferrite material
(such as a flexible fervite sheet developed by Siemens) or ferrite sheets, or more
preferably a combination of a ferrite sheet 11 and then a thin sheet 12 of copper of

another conductive material such as aluminium..
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It will thus be scen that, at least in its preferred forms, the present invention
provides a new planar inductive battery charger for portable electronic.equipment such
as mobile phones, handheld computers, personal data assistant (FDA) and electronic
watches, and wireless computer mice. The inductive charger system consists of two
modules, includix.xg'(l) a power delivering chaxgér circuit that contains the primary
circuit of a planar isolation transformer and a flat charging surface and (2) a separate
secondary transformer circuit that consists of a. printed winding, a rectifier and
preferably a thin EMI shield and which is located in the portable electronic equipment
to be charged.

An advantage of .the present invention, at Jeast in preferred forms, is that the
primary charger circuit system has the primary side ofa planar transformer and a flat

interface surface on which one or more portable electronic devices can be placed and

charged simultaneously. The secondary circuit can be Integrated into the beck cover of

the portablé electronic device or separately placed inside the electronic device. The
invention also ez.uénds to a back cover design with an in-built secondary circuit for the
portable equipment. The secondary winding of the planar transformer can be EMI
shielded and integrated into the back cover adjacent to the battery in the portable
electronic device. As long as the back cover sides of the portabic electronic device are
placed on the charger surface, one or more portable electronic devices can be chazged
simultaneously, regatdless of their orientations. -

Figs.13(p) and (b) show how an embodiment of the inveniion may be used to
recharge a watch battery. A watch is formed with a basic watch mechanism 20, which is

powered by a rechargeable battery 21. The watch mechanism is shielded from electrical

" interference in the charging process by an EMI shield consisting of, for exampie, a

copper sheet 22 and a ferrite sheet 23 (with the copper sheet closer to the watch

b
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mechanism than the ferrite sheet). The other side of the EMI shield is provided a planar

coreless transformer secondary winding 24 formed with electrical contacts 26 for

comnection to the battery 21 and with a rectifier circuit to prevent discharge of the

* battery. Finally, the watch structure is completed by the provision of a planar back

cover 25 formed of non-metallic material. It will be understood that the watch battery
may be recharged by placing the watch on the charging surface of a battery charging
system as described in the above embodiments such that the back cover 25 lies flat on
the planar charging surface. Electrical energy is then coupled from the primary
winding(s) in the battery charging module to the secondary winding in the watch and
then to the rechargeable battery.

In the cmbodiments described above the charging module is formed as a single

integral unit (as shown for example in Figs.4 and 5). However, in some situations it

may be desiradle to separate the elechonic charging circuit from the planar charging .

surface. This possibility is shown in Fig.14 in which the electronic charging circuit 30
is connected by a cable 31 to the charging surface 32. The charging surface 32 includes
an insulating top cover, the planar primary windings printed on a PCB, and a bottom
BMI shicld formed of ferrite and a conductive sheet such as copper. This embodirsent
has the advantage that the charging swface is relatively thin, and therefore may be
useful for example when the device W be charged is a wireless computer mouse
because the charging surface can double as a mousepad as well as a charging surface.

In the embodiments described above a gingle layer of transformer arrays is
provided. However, in order to generate a more uniform magpéﬁc field distribution,

multi-layer transformer arrays can be used. The following embodiments describe how

" multiple layers of transformer arrays may be used that can provide a very uniform

magnetic field distribution on the charging surface.

")
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Fig.15 shows a 4x$ primary planar transformer winding array which consists of -
square-sprial winding patterns. This can be fabricated on one layer of the printed circuit
board structure. It should be noted that, for an individual winding pattern in the array,
the magnitude of the magnetic flux is highest in the center of the spiral winding. The
magnitude of the magnetic flux is smallest in the small gap between adjacent winding
patterns,

A second layer with a 334 teansformer winding array is shown in Fig.16. The
individual winding patterns in both layers are identical. As shown in Fig.17, by having
the two layers of arrays arranged in such a manner that the center (region of maximum
magnetic flux magnitude) of a winding pattern on one layer is placed on the gap (region
of minimum magnetic flux magaitude) between adjacent winding patterns on the other
layer, the variation of the magnetic ficld magnitude can be minimized and the magnetic
flux magpitude can therefore be made as even s possible over the overlapped surface.
The essence of the multi-layer transformer arrays is to have a displacement betwem‘(he
individual winding pattems of the two layers so that the regions of the maximum
magnehic field me;gnitu‘de of one layer is “evened out” by the regions of the minimum
magnetic field magnitude.

In order to examine the ‘uniform magnetic field magnitude’ feature of the
proposed overlapped multi-layer transformer armrays, this ‘magpitude smoothing’
concept is illustrated in simplified -diagrams in Fig.18 to 20. Fig.18 is a simplificd
version of Fig.15. Each solid square in Fig.18 represents a square-spiral winding paltem'
in the first layer (Fig.15). Fig.19 is a simplified version of the Fig.16. Each dotted
square represents a Square-spiral winding pattern in the second layer (Fig.16). The
sinoplified version of the multi-layer array Structure is shown in Fig,20, From Fig.20, it

i
can be seen that the overlapped array structure (with correct displacement betweer the
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two layers) divides each square-spiral winding pattern into four smaller sub-regions. .

The important feature is that the four sub-regions are identical in tenns of winding
siucture. Despite that fact that the distribution of the magnetic field magnitude on the
surface of each individual square-spiral winding is not vniform, the diswribution of the
resultant magnitude field magnitude on the surface of each sub-region is more or less

identical because of the overlapped multi-layer winding structure. The concepl of the

- gencrating uniform magnetic field maguitude over the- charging surface is illustrated in

Fig.21.

In this example, a multi-layer transformg,r winding array structure that can
provide a uniform magnetic field magnitude distribution is described. This exampl;a is
based on square-spiral winding patterns. In principle, winding patterns of other shapes

can also be applied as long as the resultant magnetic field magnitude distribution is as

uniform as possible.
The use of two layers of transformer arrays can reduce the variation in the

magnetic flux over the charging surface. However, there may still be some variations

and the use of a thsee or four layer structure may provide a still more uniform flux

distribution as described in the following embodiments.

Tﬁe following embodiment is a structure comprising three layess of planar
winding amxays. This PCB winding structure can écnerate magunctomotive force (mmf)
of substantially even magnitude over the charging surface. Each winding‘érray consists

of a plurality spiral windings each of which are of an hexagonal shape. A spiral winding

arranged in a hexagonal shape is shown in Fig.22. For simplicity, it will be représented

as a hexagon as shown in Fig.23. A plurality of hexagonal spiral windings can be

arrimged as an array as shown in Fig.24. These windings can be connected in parallel, in

series or a combination of both to the -electronic driving circuit. If a current passes

(]
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through each spiral winding pattcm, a magnetomotive force (/amyf), which is equal to the
product of the number of turns (V) and cuttent (/) (i.e. M), is generated. Fig.25 .r;hows
two spiral “tinding patterns adjacent to each other and the per-unit mumf plot over the
distance (dotted line) can be linearized as shown in Fig.26. It can be seen that the runf
distribution over the distance is not uniform. The maximum mmf occwrs in thc center of
the hexagonal pattem and the minimum mmf occurs in the edge of the pattem.

Fig.27 shows three adjacent windings. The maximum munf region is labelled by
a symbol ‘P’ (which stands for Peak mmf). The minimum mmf region at the junction of
two patterns is labeled as ‘V’ (which stands for Valley of the mmf distribution). In order
o generate a uniform mmf distribution over the planar charging sucface, two more
layers of PCB winding arrays should be added. This principle is explained firstly by
adding a second layer of PCB winding array to the fisst onc as shown in Fig.28. The
second layer is placed on the first one in such a way that the peak mmf positions (P) of
the patterns of one layer are placed disectly over the valley positions (V) of the pattems
in the other layer. Fig.29 highlights the peak positions of the pattems that are direcdy
overthe valley positions of the other layer for the two overlapped PCB layers in Fig.28.

It can be observed from Fig.29, however, that the use of two layers of PCB
winding arrays, while presenting an improvement over a single layer, does not offer the
optimal solution for generating uniform mmf over the inductive charging surface. For
each hexagonal paitern in the 2-layer structure, the peak posilions occopy the central
position and three (out of six) vertices of each hexagon. The remaining three vertices
are valley positions (V) that need to be filled by a third layer of PCB winding arrays.
These valley posidons are shown in Fig.30 as empty squares.

Careful examination of Fig30, shows that there are six peak positions (P)

surrounding each valley position. Therefore, a third layer ofa hexagonal PCB winding

L+
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I
array can be used to fill up all these remaining valley positions. By placing the central
positions (peak mmf positions) of the hexagonal winding patterns of the third layer of
the PCB winding arréy over the remaining valley positions of the two-Jayer structure, an
optimal three-layer structute is formed as shown in Fig.31. Fig.32 highlights the peak
mnif positions of the three-layer structure. It can be observed that all central pasitions
and vertices of al | hexagonal patkerns have peak mnrf.

In order ©o confirm that the zuf over the surface has uniform mmyf distribution,

any distance between any two adjacent peak mmf positions can be considered as

illustrated in Fig.33. If the winding patteins are excited in the same manner and polarity

-§0 that the mnif generated by each layer of the winding array are always in the same

direction at any moment, the resultant mmf is simply the sum of the nunf generated by
cach Jayer. The dotted line in Fig.33 shows that the resultant aunf over the distance
between any two adjacent peak positions in Fig.33 is equal to 1.0 per unit. This
confirms that the proposed three-layer PCB winding array structure can be used to
generate highly uniform mmf over the inductive charging surface. When used as a
contactless, inductive charging surface, this uniform mumf distribution feature cnsures

that, for a given airgap, a secondary PCB coupling winding can'always couple the same

amount.of magnetic flux regardless of the position of the secondary (coupling) PCB on.

the inductive charging surface. In addition, the voltage induced in the secondary
winding would be the same over the inductivé charging surface.

In another embodiment, the three-layer PCB winding array Structure can be
comstructed as a four-layer PCB, with one of the feur layers accommodating the return
paths of the spiral windings to the elecironic driving circuit.

~ A further embodiment is based again o square spiral winding patterns. In this

embodiment four layers of square-spiral winding arrays are used to generate highly

Y
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uniform mmf over the PCB surface. As in the hexagonal embodiment described abcve,
for convenience of illustration each squarc-spiral winding padem (Fig.34) is simplified
as a square symbol (Fig.35) in the following description.

Fig.36 shows the first layer of the square-spiral PCB winding asray. The mmf in

. the central region of each square pattern is highest. These regions are highlighted as

‘Peak’ or (P) in Fig.37. The regions of the minirowm mmsf (i.e. the valleys) occurs along
the edges of the square patierns. These regions arc higlhlightcd with dots (¢) in F;ig37.
In order to reduce the mmf ripples on the surface, the peak (P) positions of a
second layer of square-spiral PCB winding array can:p!aced over some of l.he vailey
positions (*) as shown in Fig.38, When a third layer of square-spiral PCB winding al.ray

is added to the structure in Fig.38, the resultant layoul is shown in Fig.39. It can now be

" observed that one more layer of the square-spiral PCB windings is needed to fill up all

the valleys with peaks as shown in Fig.40.

The inductive battery charging platform described above, which can be regazded
as the primary circuit of a uax;sfonner system (or the prmary inductive charging
system), c;m be used as a standard battery charging platform for portable electronic
equipment with compatiblc-inbuill secondary circuitry in the electronic equipment to be
charged. However, existing electronic equipment that is not designed for compatibility
with the abovedescribed battery charging platform cannot take advantage of the
convenience offered 'by the battery cherging platform. Another embodiment of the
present invention therefore provides both a battery charging system that can siand
independently and can be used to charge existing conventional devices, and a means by

which a conventional electronic device can be charged using the charging platform

described above.

22
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Referring firstly (o Fig.41 there Is shown therein a perspective view of a part of
a battery charging system according to an embodiment of the present invention. The
part of the charging system shown in Fig.41 may be termed the primary inductive
charging system since as will be explained below it comprises at least ooe primary
winding. The part of the battery charging system shown in Fig4l may also be
considered to be an extension system since in preferred forms it may be adapted to
charge multiple devices and is thierefore analogous to a convqntibnal extension lead that
allows multiple items of clectronic equipment to share the same power socket.

The charging system is provided with multiple chargiog slots 100,101,102 for
receiving secondary charging modules to be described further below. As will be
explained further below each charging slot is provided with a primary winding. Fig.41
shows a schematic of the primary inductive charging extension System with three
chargiog slots. However, it should be noted that the number of slots is not restricted to
three and can be & few as a single charging slot, or can be more than three. It will be
understood that the number of charging slots dictate the number of devices that can be
charged simullaneously. The primary charging extension system is counected to the
mains through a plug 103 and includes a power electronic circuit 104 that provides a
high-frequency (typically in the range of 1kHz to 2MHz) AC vollage to the primary
windings that are located under the chargiog slot surfaces. It should be goted that the
surfaces of the slo® arc flat and the slok are separated from each other by dividing
walls. Bach slot is therefore the same size as the surface of a housing of a secondary
module to be described below, and the separating walls and mechanical switches to be
described below together act to engage a secondary module and hold it in a comect

orientakon for efficient charging.
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Each primary v(inding can be a. coil 105 as showp in Fig.42 or a printed-circuit-
board (PCB) winding 106 as shown in Fig.43. ¥ the primary wind.ing is a coil 105, the
coil 105 is preferably accommodated in a space 107 defined by a maguetic structure 108
such as the two naﬁples shown in Fié.M(s) and (b) in which the cail is wound around
a magnetic core 108. If a PCB winding is used, appropriate ;Ieciromngictic (EM)
shiclding,. such as the combined use of ferrite and copper sheets described in ‘US
6501364, can be placed under the P(_:B winding in order to'ensure that the magpetic flux

generated in the PCB winding will not penetrate through the base of the primary

_inductive charging extension system. Preferably, 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 (to be
described below) is inserted in that particular slot. As discussed above, the mechanical
swilches 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. The equivalent circuit is showd in

Fig4s.

It will also be understood that the primary winding could be constructed as a
multiple layer structure as di-scussed above in order to provide a particularly preferred
even flux distribution over the charging surflace.

" Fig.46 shows a typical secondary charging module 200 for use with the primary
charging extension system shown in Fig,41. Bach secondary module has a conventionat
cable 201 and charger connecter 202 that is adapted to be received within the charging
socket of a conventional eloetonic device. It will be understood that different sacondary

charging modules 200 may be provided differing only by the type of the connector 202.

Each secondary charging module 200 is provided with a housing 203 that contains a .

.E-?"-
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secondary circuit to be described below. The housing is preferably rectangular (but of
course Aoould be any suitable shape) and of such a size that it may be received in one of
the siots 100-102 of the primary charging extension sysiem. The housing 203 should
have at least one preferably flat surface for placing on the charging slot of the primary
charging extension system. This flat surface is preferably paralle] to the plane of the
secondary winding within the housing such that when the secondary module is placed in
a slot of the primary extension system the secondary winding is substantially parallel to
the primary winding beneath the surflace of the slot. The housing 203 of the secondary
module should preferably be made of non-conductive and non-ferromagnetic material
so that no current will be induced in the housing material.

As can be seen from Figs.47 and 48 inside each secondary charging module 200
are at least one secondary winding 204 and chafget circuitry 205 that receives the
induced AC voltage in the secondary winding and provides a regulated DC ou!puE
voltage for the charging purpose. The secondary winding should be kept inside the
housing. The secondary winding can be a coil (Fig.47) or it can. be printed on a PCB
(Fig.48). The function of the sedmdary winding is to ‘act as the secondary winding of a
transformer system to pick up the changing magnetic flux generated by the primary
winding of the primary chargingextension system.

The secondary coil or PCB winding should be placed close to the (preferably flat)
surface of the housing of the secondary charging module so as to pick up maximum
changing AC magnetic flux from the primary inductive charging extension system or
platform. According to Faraday’s Law, an AC voltage will be induced across the
secondary winding if the secondary winding senses a changing magnetic flux (that can

be generatsd by the primary winding in the primary inductive charging system).

25
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The terminals of the secondary winding are connected to the inpot terminals of
an electronic circuit 205 that (1) performs the AC-DC power conversion function fi.e.
cectifying the AC voltage into DC) and (2) preferably also regulate the DC voltage to a

desited value (typically in the range from 3V to 24V) within a certain tolerance.

Through a cable and a charger, connecior for connecting to charging socket in the

portable equipment, this DC voltage can be used to chargé the portable equipment a
shownin Fig.49.

The secondary winding design (such as number of turns and dimensions of
windings), the DC regulated voltage level and the type of connector can be designed

according to the charging requirements of specific electronic products. Therefore,

_ different secondary charging modules can be designed for differert ranges of products,

but all secondary modules are compatible with the same primary charging extension
system as shown in Fig.50 in which two different types of secondary modules adapted

for charging different devices. and having different connectors 202,202’ are shown in

“adjacent slots of the primary charging extension_system. As the primary inductive

charging extension system preferably has several charging slos for accommodating the
secondary charging modules, it can be used to charge several items of conventional
portable electronic equipment simultaneously.

A further -advantage of the secondary charging module is that it allows a
conventional electronic device to be chatged using the inductive battery charging
platform described above. Although a conventional electronic device cannot be charged
by placing it directly on the charging platform surface t?ecause it does not have the in-
built secondary winding, jostead a secondary charging.‘module can be placed in the
inductive charging system and chasge the conventional device therefrom as shown in

Fig.51

&
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In principle, the housing of the secondary charging module can have more than
one preferably flat interface surface. If the housing is a cuboid it will have two large
opposed interface surfaces (eg upper and lower surfaces of a relatively thin flat cuboid

structure a shown in the Figures) and with this cuboid design, either interface surface of

the secondary module housing can be placed on the charging slots of the primary

inductive charging extension system or other charging platform. This cuboid design
makes the secondary charging xqodules very user-friendly because it does not matter
which way up the housing of the secondary module is placed on the primary charging
surface.

In summary, a preferred embodiment of the secondary charging modiile consists of

@) a non-conductive housing that has at least one surface (and prefetably two
surfaces) for placing on the charging slot of the primary charging extension
system or the charging platform and 'thal accommodates the secondary
winding and circuitry for charging the electronic equipment,

(ii) A secondary winding, that can éither be printed an a printed-circuit-board
(PCB) or a conductor coil,

(iif) an AC-DC power conversion circuit that converts the ac induced voltage
picked by the secondary winding from the primary, AC voltage excitation
into a regulated or unregulated DC voltage, typically in the range from 3V to
24V,

(iv)  a conventional cable that connects the DC voltage output of the secondary
circuitry to a connector that is compatible with the charging socket in the
conventionel electronic equipment.

It will thus be seen that, at least in preferred forms, the charging system of the

present invention including the proposed secondary charging modules offers users a
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convenient and user-friendly battery charging system for a wide ravge of portable
electronic equipment. Using the appropriate charger connectors that are compatible with
different portable equipment, the proposed charging system enables one single charging
system (that occupies only one power point or socket in the ac mains) to charge a wide
5  range of electronic equipment.

The present invention, at least in preferred forms, provides a mew charging
system allows more than one 'pieoc of equipment to be charged simultancously, and
regardless of their oricntations on the charging surface, and allows a movabie device to

be charged while it moves over the charging surface.
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CLAIMS

L

A battery charger system comprising a charging module comprising a primary
charging circujt and being formed with a planar charging surface adapted to

teceive an electronic device to be charged, wherein said primary charging circuit

" includes the primary winding of a transformer, said primary winding being

substantially parallel to said planar charging surface, wherein said primary
winding is provided with electromagnetic shielding on the side of said winding
opposite from said planar charging surface, and whetein said electronic device is

formed with a secandary winding.

A battery charger system as claimed in claim 1 wherein said transformer

primary winding is formed on a printed circuit board.

A battery charging system as claimed in claim 1 wherein the magnetic flux
generated by said primary winding is substantially uniformover at least a major

part of said planar charging surface.

A battery charging system as claimed in claim 1 wherein said charging module

comprises a phurality of primary windings.

A battery charging system as claimed in claim 4 wherein said primary windings

are disposed in a regular array,

2%

......
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6. Abattery charging system as claimed in clairo 4 wherein said primary windings
are formed in a multi-layer structure comprising at least two layers and with

each saidlayer including an array of primary windings.

5 12 A battery charging system as claimed in claim 6 wherein the array of a first said
layer is offsct relative to the array of a second said-layer whereby regions of said
first layer generating maximum magnetic flux coincide with regions of said

second layer that generate minimnm maggetic flux.

100 8. A battery charging system as claimed in claim 6 comprising three layers. of

hexagonal windings.

9. A battery charging system as ;':laimed in claim 6 comprising four layers of
square windings.
15
10. A battery charging system as claimed in claim 5 wherein said prima:y windings
‘are hexagonal, circular, réctangular, square or polygonal in shape.
11. A battery charger system as claimed in claim 1 wherein said shielding includes a
20 sheet of ferrite material.

12. A battery charging system as claimed in claim 11 wherein said shielding further

includes a second sh#et of conductive material.
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14.

15.

16. -

17.

18.

30

A battery charging system as claimed in claim 1 wherein said planar charging
surface is large enough to receive two or more electronic devices, and wherein
said primary charging circuit is adapted to charge -two or more devices

simultaneously.

A battery charging system as claimed in claiml3 wherein said planar charging

surface is divided into a plurality of charging regions.

Abanéry charging system as claimed in claim 14 wherein said primary cﬁa:ging
circuit comprises a plurality of primary transfotmer windings arranged in a
regular armay and wherein said windings are connected in groups to define said

charging regions.

A battery charging system as claimed in claim 1 wherein said primary charging
circuit comprises an array of prixg\ary windings, and wherein when a device is
pleced on said charging surface charging energy is transferred to said device

from only those primary windings closely adjacent to said device.

A battery charging system as claimed in claim 1 wherein said planar charging
surface is large enough to enable a said device to be moved over said charging

sorface while being charged,

A charging module for a battery charging system, said module comprising a

primary charging circuit and being formed with a charging surface for receiving

3
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an electronic device to-be charged, wherein said charging module eomprisés a

pluralify of transformer primary windings arranged in a regular array.

19. A chargipg module as claimed in claim 18 wherein when an electronic device to
be charged is placed on said charging swface charging energy is transfemred to

said device from only those primary windings closely adjacent to said device.

20. A charging module as claimed in claim 18 wherein said transforiner primary

windings are connected to cach other in series and/or in parallel.

21. A charging module as claimed in claim 18 wherein said primary transformer

windings are planar and substantially parallel to a planar charging surface.

22. A charging module as claimed in claim 21 wherein said primary windings are
formed in al least two planes, each said plane including an array of said

windings.

23. A charging module as claimed in claim 22 wherein the array of a first said plane
is offset relative to the array of a second said plane whereby regions of said first
array that generate maximum magpetic flux coincide with regions of said second

array that generate minimum magnetic flux.

24. A cbarging module as claimed in claim 22 comprising three layers of hexagonal

windings.
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25.

27.

28.

29.

30.

31

32.

A charging module as claimed in claim 22 comprising four layers of square

windings.

A charging module as claimed in claime 21 wherein said primery windings are

farmed on a printed circuit board.

A charging module as claimed in claim 21 wherein electromagnetic shielding is
pmvidéd an the side of said primary windings opposile from said planar

charging surface.

A charging modulé as claimed in claim 27 wherein said shielding comprises a

sheet of ferrite material.

A’ charging module as claimed in claim 28 wherein said shielding further

comprises a second sheet of conductive material.

A charging module as claimed in claim 18 wherein said charging swiface is large

enough to allow two or more devices to be charged thereon simultaneously.

A charging module as claired in claim 18’ wherein said charging surface is large
enough to allow a device to be moved over the charging surface while being
charged.

A battery powered portable electronic device comprising a rechargeable battery,

and wherein said device includes a planar seom:zdary winding for receiving

- 31
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electrical energy from a battery charger, and electromagnetic shielding between

said winding and the major electronic components of said device.

An elecwonic device as claimed in claim 32 wherein said’shielding comptises &

shect of ferrite material and a sheet of conductive matenial.

An electronic device as claimed in claim 32 wherein said winding is formed

integrally with a back cover of said device.

A battery charging system comprising a primary module and at least one
secondary module, said primary module comprising means for connecting io a
mains supply, and ai least one primary winding adjacent a charging surfacs of
said primary module, and wherein said secondary modute comprises a secondary

winding adjacent a surface of seid secomdary module, circuit means for

" converting aliernating current generated in said secondary winding to a

regulated DC outpat, and a charging connector for connection to the charging

socket of an electronic device.

A battery charging system as claimed in claim 35 wherein said primary charging
module comprises a plurality of primary windings each associated with a
respeclive charging surface whereby said primary charging module is able to

receive a plurality of secondary charging modules simultaneously.

A battery charging system as ciaimed in claim 36 wherecin said charging surfaces"

are provided with engagement means for engaging a secondary module.

s

Momentum Dynamics Corporation
Exhibit 1002
Page 175



35

[#£3F]12010-507347 1[5’%11 B ] F5%.26. 08. 22

10

15

b

WO 03/105308 ¥ ©T T PCTIAU3NOTA

38.

39.

40.

4. .

42.

43.

45.

A battery charging system as claimed in claim 37 wherein said engagement

-means include a mechanical switch whereby power is supplied to said primary

winding only when a secondary module is engaged by a charging surface.

A battery charging system as claimed in claim 35 wherein said primary winding

is formed by a coii,

A battery chaiging system as claimed in claim 39 wherein said coil is wound on

- a magnetic structure.

A battery charging system as claimed in claim 39 whetein said coil is parallel to

said charging surface.

A battery charging system as claimed in claim 35 wherein said primary winding

is printed in a printed circuit board.

A battery charging system as claimed in claim 42 wherein said printed circuit

boardis parallel to said charging surface.

A bam-.ry‘ charging system as claimed in claim 35 wherein said secondary

winding is formed by a coil.

A battery charging systerm as claimed in claim 44 wherein said coil is parallel to

said charging’surﬁaée.
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35

A Dbattery charging system as claimed in claim 1 wherein said secondary

winding is printed on a printed circuit board.

A battery charging system as claimed in claim 46 wherein said printed circuit

board is parallel to said charging surface.

A seocondary module for a battery charging system, comprising: a housing
having at least one charging surface, a winding provided in said housing
adjaccnt to said surface and adapted to receive magnetic flux when said surface
is brought adjaceat to a primary winding, circuit means for converting
alternating current in said secondary winding to a regulated DC output, ard a
connector means for connecting said IDC output to the charging socket of an

electronic device.
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information cited herein is, or is considered to be, material to patentability as defined in 37
C.F.R. §1.56(b).

This Information Disclosure Statement is being submitted prior to receipt of an action on
the merits. Accordingly, it is believed that no fee is required for consideration of the present
Information Disclosure Statement. However, if a fee is deemed to be required, the Office is
authorized to charge any fees to Deposit Account 50-5504.

Early and favorable consideration of the case is respectfully requested.

Respectfully submitted,

RICIEARD F. JAWORSKI
Registration No. 33,515

Attorney for Applicant

Customer No. 14443

The Law Office of Richard F. Jaworski, PC
Tel. (631) 659-3608
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[English Translation of JP H09-213378]

(54) CHARGE SYSTEM FOR ELECTRIC VEHICLE

(57)Abstract:

PROBLEM TO BE SOLVED: To provide a charge system for an electric vehicle
capable of facilitating charging of the electric vehicle.

SOLUTION: In an electric vehicle E, a battery 21, of main power source for a running
motor and a secondary coil 20 provided in a car body bottom part to be connected to the
battery 21 are provided. In a parking lot, a primary coil 10 and an external power unit 11
exciting this primary coil are provided, and the primary coil can be lifted by an air
cylinder 40 buried in a floor surf ace of the parking lot. In order to perform charging, the
electric vehicle is parked in the upward of the primary coil 10, the secondary coil 20 is
lifted, the primary coil is placed in a condition capable of magnetic coupling to the
secondary coil 20.

1.This document has been translated by computer. So the translation may not
reflect the original precisely.

2.*¥*%** shows the word which can not be translated.

3.In the drawings, any words are not translated.

CLAIMS

[Claim(s)]

[Claim 1]An electric vehicle with which a secondary coil which stands in a
row in an accumulating electricity device for power at a vehicle body bottom
part was provided, It is for charging according to a power supply for external
charge during the parking, A charging system for electric vehicles providing a
primary coil which stands in a row to the aforementioned power supply for
external charge in a parking part of the aforementioned electric vehicle,
carrying out inductive coupling of the primary coil to a secondary coil of a

Momentum Dynamics Corporation
Exhibit 1002
Page 235



vehicle body bottom part of the aforementioned electric vehicle, and
supplying electric power to the aforementioned accumulating electricity
device for power.

[Claim 2]A charging system for electric vehicles of a description to above-
mentioned Claim 1 currently supporting in a coil transportation device which
at least 1 side of the above-mentioned primary coil and a secondary coil can
rise-and-fall drive.

[Claim 3]The charging system for electric vehicles according to claim 1 or 2
having composition which excites the aforementioned primary coil on
condition that it detected that provided a parking position detection means to
detect that a parked electric vehicle is located in a predetermined charging
position, and the aforementioned electric vehicle was located in a charging
position.

[Claim 4]It has further a wheel guide provided with position relations to the
aforementioned primary coil, The charging system for electric vehicles
according to any one of claims 1 to 3 showing a secondary coil and the
aforementioned primary coil of an electric vehicle to an eleckromagnetic
connecting position by guiding a wheel of the aforementioned electric vehicle
with the wheel guide.

[Claim 5]A positioning apparatus which changes a relative position of the
aforementioned wheel guide and the aforementioned primary coil, A vehicle
type discriminating device which distinguishes a vehicle type of an electric
vehicle to park is provided further, The charging system for electric vehicles
according to claim 4 showing a secondary coil and the aforementioned
primary coil of the aforementioned electric vehicle to an electromagnetic
connecting position by driving the aforementioned centering control
equipment according to a vehicle type distinguished by the aforementioned
vehicle type discriminating device.

[Claim 6]A positioning apparatus which changes a relative position of the
aforementioned wheel guide and the aforementioned primary coil, A
secondary-coil position measuring device which measures positional
relationship of a secondary coil of an electric vehicle to park and a wheel is
provided further, The charging system for electric vehicles according to claim
4 showing a secondary coil and the aforementioned primary coil of the
aforementioned electric vehicle to an electromagnetic connecting position by
driving the aforementioned centering control equipment according to a
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position of a secondary coil measured by the secondary-coil position
measuring device.

- T, i T = -

DETAILED DESCRIPTION

A et = KT AT TN TR Ly o - T R Tl ™ et T T A T Y

[Detailed Description of the Invention]

[0001]

[Field of the Invention]The present invention relates to the charging system
for charging an electric vehicle.

[0002]

[Description of the Prior Art]It seems that the composition put in practical use
as this kind of a charging system is conventionally shown in Fig.22. The
vehicles side connector 2 connected to the battery for power is provided by
the vehicle body of the electric vehicle 1, and the feeding connector 3 is
connected here from the outside of a car. The feeding connector 3 is provided
from the power supply 4 for charge installed out of vehicles to cable 5 tip, the
electric power from the power supply 4 for charge is supplied to the battery
for power through both the connectors 2 and 3, and charge is performed.
[0003]

[Problem to be solved by the invention]In an above-mentioned charging
system, the feeding connector 3 is taken out from a charging equipment, this
is carried to the automobile 1 side, pulling out the cable 5, the work of
opening the connector lid la of a vehicle body, and connecting with the
vehicles side connector 2 is required, and it is fairly troublesome. And since
the conventional charge connector was the composition of having carried out
fitting contact of the terminal mutually, and establishing an energization way,
it had the problem that resistance of the fitting operation needed to perform
fitting operation of a connector by large force comparatively largely.
[0004]The present invention is made in light of the above-mentioned
circumstances, and the purpose is to provide the charging system of the
electric vehicle which can charge an electric vehicle easily.

[0005]

[Means for solving problem]

In order to attain the <invention of Claim 1> above-mentioned purpose,
invention concerning Claim 1, The electric vehicle with which the secondary
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coil which stands in a row in the accumulating electricity device for power at
a vehicle body bottom part was provided, It is for charging according to the
power supply for external charge during the parking, and the primary coil
which stands in a row to the power supply for external charge is provided in
the parking part of an electric vehicle, and it has the characteristics at the
place which carries out inductive coupling of the primary coil to the secondary
coil of the vehicle body bottom part of an electric vehicle, and supplies
electric power to the accumulating electricity device for power.
[0006]<Invention of Claim 2> and invention concerning Claim 2 have the
characteristics at the place currently supported in the coil transportation device
which at least 1 side of a primary coil and a secondary coil can rise-and-fall
drive in the charging system for electric vehicles of the description to above-
mentioned Claim 1.

Invention which relates to a <invention of Claim 3> pan at Claim 3, A parking
position detection means to detect that the parked electric vehicle is located in
a predetermined charging position in the charging system for electric vehicles
according to claim 1 or 2 is provided, and it has the characteristics at the place
considered as the composition which excites a primary coil on condition that
it detected that an electric vehicle was located in a charging position.
[0007]Invention which relates to a <invention of Claim 4> pan at Claim 4, In
the charging system for electric vehicles according to any one of claims 1 to 3,
It has further the wheel guide provided with position relations to the primary
coil, and has the characteristics by guiding the wheel of an electric vehicle
with the wheel guide at the place which shows the secondary coil and primary
coil of an electric vehicle to an electromagnetic connecting position.

Invention which relates to a <invention of Claim 5> pan at Claim 5, A
positioning apparatus which changes the relative position of a wheel guide
and a primary coil in the charging system for electric vehicles according to
claim 4, The vehicle type discriminating device which distinguishes the
vehicle type of the electric vehicle to park is provided further, and it has the
characteristics at the place which shows the secondary coil and primary coil of
an electric vehicle to an electromagnetic connecting position by driving
centering control equipment according to the vehicle type distinguished by the
vehicle type discriminating device.

[0008]Invention which relates to a <invention of Claim 6> pan at Claim 6, A
positioning apparatus which changes the relative position of a wheel guide
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and a primary coil in the charging system for electric vehicles according to
claim 4, The secondary-coil position measuring device which measures the
positional relationship of the secondary coil of the electric vehicle to park and
a wheel is provided further, It has the characteristics at the place which shows
the secondary coil and primary coil of an electric vehicle to an
electromagnetic connecting position by driving centering control equipment
according to the position of the secondary coil measured by the secondary-coil
position measuring device.

[0009]

[Function and Effect of the Invention]

If it has composition of <invention of Claim 1> Claim 1, since the secondary
coil is provided by the bottom part of the electric vehicle, by parking an
electric vehicle at a prescribed spot, both primary and secondary coils can be
made into an opposed state, and the preparatory work for charge of an electric
vehicle is very easy.

[0010]If it has composition of <invention of Claim 2> Claim 2, since the rise-
and-fall drive of the coil is carried out by the coil transportation device, both
the coils of an opposed state can be made to be able to approach sufficiently,
electromagnetic degree of coupling can be raised, and power transmission
efficiency will improve.

In the composition of <invention of Claim 3> Claim 3, since charging
operation is made on condition that an electric vehicle is located in a charging
position, what charges after the primary coil and the secondary coil have
deviated can be prevented, inductive coupling of both the coils can be carried
out correctly, and charging efficiency can be maintained at a good state.

In the composition of <invention of Claim 4> Claim 4, if you can proceed an
electric vehicle along with a wheel guide, since both coils will be guided
naturally in the electromagnetic connecting position by which inductive
coupling is carried out, the preparatory work for charge of an electric vehicle
becomes still easier, and dispersion is lost.

[0011]In the composition of <invention of Claim 5> Claim 5, the relative
position of a wheel guide and a primary coil is adjusted with a positioning
apparatus based on the discriminated result of a vehicle type discriminating
device. Therefore, even if there is a situation that the positional relationship of
the wheel and secondary coil differs variously depending on the vehicle type
of an electric vehicle, the electric vehicle of each vehicle type can be led to a
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suitable charging position according to each, and it can be considered as the
general-purpose charging system for electric vehicles independent of a vehicle
type.

In the composition of <invention of Claim 6> Claim 6, the position of the
secondary coil currently provided by the bottom part of the electric vehicle is
measured as positional relationship with a wheel, and the relative position of a
wheel guide and a primary coil is adjusted with a positioning apparatus based
on the measurement result. Therefore, the electric vehicle of each vehicle type
can be led to a suitable charging position according to each, and the effect that
the general-purpose charging system for electric vehicles independent of a
vehicle type can be provided is acquired by this.

[0012]

[Mode for carrying out the invention]

Below <a 1st embodiment> describes a 1st embodiment of the present
invention with reference to Fig.l thru/or Fig.5.Fig.1 shows the place which
makes the electric vehicle E provided with the secondary coil 20 advance into
the motor pool provided with the primary coil 10. This electric vehicle E uses
as a principal voltage supply source the battery 21 which is an accumulating
electricity device for power, electric power is supplied to it after this, and a
drive motor and various electric appliances function. The above-mentioned
secondary coil 20 is connected to this battery 21 via the charge circuit 22, the
exchange derived to the coil is converted to a direct current, and the battery 21
is charged.

[0013]the secondary coil 20 winds an electric wire around the magnetic core
made from a ferrite, for example -- flat -- it is formed in plate-like form, for
example, is accommodated in the protective case made from synthesis tree
material, and it has attached so that the axial direction of a magnetic core may
be turned perpendicularly and a ground surface may be faced in a vehicle
body bottom part. On the other hand, a motor pool is equipped with the
external power unit 11 which is a power supply for external charge, and the
primary coil unit which stands in a row in this external power unit 11 is
provided to the motor pool floor line. This primary coil unit is too provided
with the primary coil 10 which winds an electric wire around the magnetic
core made from a ferrite and which was formed flatly plate-like and
accommodated in the protective case, as shown in Fig.4, The magnetic core of
this primary coil 10 is carried out perpendicularly, and it supports at the tip of
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the driving shaft 41 of the air cylinder 40. This air cylinder 40 was provided
so that it might embed in the concave portion C formed in the floor line of a
motor pool, and only the primary coil 10 has projected it from the floor line.
Driving operation is possible up and down in the driving shaft 41 by
performing switching operation of the above-mentioned electromagnetic valve
42 with the distribution power board 12 with which compressed air was
supplied to the air cylinder 40 from the compressor 43 via the electromagnetic
valve 42, and the external power unit 11 was equipped. If the primary coil 10
will be placed at the bottom part of the electric vehicle E, and the height in
which it does not interfere if this driving shaft 41 is driven caudad, and it
drives up, it will abut in the protective cases of both the coils 10 and 20, and
the degree of magnetic combination of both the coils 10 and 20 will become
very largely. Although it is in the state where compressed air continued being
supplied to the air cylinder 40 in the state where both the coils 10 and 20
abutted, and both the coils 10 and 20 of each other were pressed, the driving
force of the cylinder 40 is set as the size of the degree which does not require
power with both the coils 10 and 20 impossible for.

[0014]Next, in this embodiment, it describes about the charge procedure of
the electric vehicle E. When making the electric vehicle E advance into a
motor pool, the driving shaft 41 of the air cylinder 40 is lowered, and it is
made not to interfere in the primary coil 10 with the bottom part of the electric
vehicle E, as shown in Fig.1 and Fig.3.Next, the electric vehicle E is parked at
a charging position, and the secondary coil 20 with which the bottom part of
the electric vehicle E was equipped is made to meet above the primary coil 10
with which the motor pool was equipped in the floor line. Since the car height
of the electric vehicle E always has fixed height to the floor line of a motor
pool, as the primary coil 10 is straddled, it only parks the electric vehicle E, it
can separate a fixed interval, and can make both the coils 10 and 20 meet in
here. Namely, since bring coils close too much, and they are made to collide
or the collision of coils is feared, it will not be in the state where coils are
detached and parked and it cannot charge. Each coil has made [ both ] the
axial direction of the magnetic core the vertical direction, since the bottom
part of the electric vehicle E is parallel to a motor pool to a floor line, the axis
of the magnetic core of a coil becomes slanting as for what kind of direction,
and it does not face the electric vehicle E each other. That is, it cannot be
based on a parking attitude, but the interval of coils and direction can be fixed,
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and parking in preparation for charge can be performed easily.

[0015]If the electric vehicle E is parked at a position, a primary coil unit will
be operated with the distribution power board 12 with which the external
power unit 11 was equipped, and the primary coil 10 will be moved up by the
air cylinder 40. Then, as shown in Fig.4 and Fig.5, each protective cases of the
secondary coil 20 currently awaited in the upper part and the primary coil 10
are held in the state where it abutted.Since the above-mentioned operation is
made by Shimo of the vehicle body of the electric vehicle E, there is no fear
of an obstacle entering between the coils which it abuts for each other. In the
state where it met and abutted, both this coil operates the external power unit
11, and excites the primary coil 10. Then, voltage occurs according to
electromagnetic induction phenomena in the secondary coil 20, and the
battery 21 of the electric vehicle E is charged by the charge circuit 22 based
on this. If the battery 21 is charged in fixed quantity, excitation of the primary
coil 10 will be stopped, the primary coil 10 will be lowered, and charging
operation will be ended.

[0016]Although the thing of the cylinder mode of an air drive is adopted as
this coil transportation device, for example, the rising and falling mechanism
of the parallel linkage 44 shown in Fig.6, the pantograph mechanism 46
shown in Fig.7, etc. may be made to drive by the motor 45 or the motor 47 in
this embodiment.In the thing provided with the above-mentioned parallel
linkage 44 or the pantograph mechanism 46, the height measurement of the
whole equipment can be low stopped compared with the cylinder mode.
Although both the coils 10 and 20 continued supplying compressed air to the
air cylinder 40 also in the state where it abutted, at this embodiment, Even if it
does not necessarily force both the coils 10 and 20 after the abutment of both
the coils 10 and 20, the composition of providing a pressure-sensitive sensor
etc., detecting the abutment of coils, and stopping motion moving, for
example to the primary coil 10 side in the contact position may be used. In
this case, the external power unit 11 can be started automatically as a trigger
of an electric power supply, and automatic battery charge of having detected
the abutment of coils can also be carried out.

[0017]<A 2nd embodiment> This embodiment is the charging system for
electric vehicles provided with a parking position detection means to detect
having parked the electric vehicle E at the charging position. Hereafter, the
contents are described with reference to Fig.8 thru/or Fig.11.The same
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primary coil 10 as 1st above-mentioned embodiment is provided by the floor
line of a motor pool, and the pressure-sensitive sensor 50 which detects what
load cut from the upper part in the floor line of the front (graphic display left-
hand side) is embedded in the concave portion. This pressure-sensitive sensor
50 is provided by the position which becomes just under that front wheel,
when the primary coil 10 and the secondary coil 20 are made to meet and the
electric vehicle E is parked. That is, a parking position detection means to
detect whether the electric vehicle E has parked this pressure-sensitive sensor
50 at the regular charging position is constituted.

[0018]The signal wire from the pressure-sensitive sensor 50 is connected to
the main control circuit 13 with which the external power unit 11 was
equipped as shown in the block diagram of Fig.9, Based on this signal, the
electromagnetic valve-opening closed circuit 14 which operates the air
cylinder 40, and the primary power supply circuit 15 which excites the
primary coil 10 are controlled. In order to make a driver know that the
pressure-sensitive sensor 50 reacts and the electric vehicle E is located in a
regular charging position, it is conwrolling by the main control circuit 13 to
switch on the light, when the lamp 51 is provided to an external power and the
pressure-sensitive sensor 50 reacts. In here, a buzzer etc. can also be used
instead of a lamp.

[0019]About other structures, it is the same as that of a 1st embodiment, and it
omits, and the description duplicate by attaching identical codes about the
same part continues, and describes operation of the above-mentioned charging
system. The electric vehicle E is parked at a motor pool. If the electric vehicle
E arrives at a regular charging position, since the front wheel of the electric
vehicle E is placed on the pressure-sensitive sensor 50, big load will act on the
agreement pressure sensor 50, and the detecting signal of an electric vehicle
will be sent to the main control circuit 13. Then, on condition that the
detecting signal was outputted, Flagg can charge, for example is set, and the
drive of the air cylinder 40 and a series of charging operation of excitation of
a coil become possible as mentioned above. If the front wheel of the electric
vehicle E does not reach on the pressure-sensitive sensor 50 or it passes, since
a detecting signal is not transmitted from the pressure-sensitive sensor 50, it
will judge that the main control circuit 13 does not have the electric vehicle E
in a predetermined charging position, and charging operation will not be made.
As [ start / therefore, / in the position from which coils deviated / charging
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operation ]

[0020]Although the system which makes the pressure-sensitive sensor 50 step
on by the front wheel of the electric vehicle E is adopted as a parking position
detection means in a 2nd embodiment, a limit switch may be made to abut the
bumper of for example, the electric vehicle E, and a parking position may be
detected. In the thing using a pressure-sensitive sensor, as shown in Fig.10,
the projection 52 may be provided to the periphery, or as shown in Fig.11,
tapered shape may drop into the periphery of an opening of the concave
portion X in which the pressure-sensitive sensor 50 is accommodated, and the
part Y may be formed.As shown in Fig.12, the stopper 53 may be installed in
a motor pool, and you may equip the side surface of the stopper 53 with the
pressure-sensitive sensor 50, and a wheel may make it abut there. As
mentioned above, in what is shown in Fig.10 thru/or Fig.12, the driver can
recognize having arrived at the regular charging position also as feeling which
it is transmitted from a tire.

[0021]<A 3rd embodiment> This embodiment is a charging system for
electric vehicles which shows a charging position to an electric vehicle with a
wheel guide. Hereafter, the contents are described with reference to Fig.13
thru/or Fig.15.Fig.13 is a perspective view showing the place which makes the
electric vehicle E advance into the motor pool provided with the above-
mentioned wheel guide 60. The wheel guide 60 changes into a symmetrical
back doubling state two rails formed in the shape of an "L" character, and is
attached to the floor line of a motor pool. The long sides 60a and 60a used as
this back doubling serve as an interval which enters inside the right and left
wheel of the electric vehicle E exactly, and the interval is narrow at the
tapered form so that that tip may tend to draw a wheel. The shorter sides 60b
and 60b are extended to the opposite direction from the long sides 60a and 60a,
and serve as length on which the right and left front wheel of the electric
vehicle E can abut, respectively. Therefore, as the above-mentioned long sides
60a and 60a are straddled with right and left both wheels, when the elecwic
vehicle E is made to advance into a motor pool, the front wheel will stop at
the position to which the shorter sides 60b and 60b are abutted. That is, with
the wheel guide 60, the direction and position will be decided uniquely and
the electric vehicle E will be parked.

[0022]The primary coil unit is attached to the floor line between the above-
mentioned long sides 60a and 60a, and when parking the electric vehicle E
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according to the above-mentioned wheel guide 60, the secondary coil 20 and
the primary coil 10 meet. The portion which a front wheel abuts in the above-
mentioned shorter side 60b is equipped with the pressure-sensitive sensor 50,
and it made it detectable that the electric vehicle E had parked a car along
with the wheel guide 60, and has incorporated into the main control circuit 13
provided with the detection information in the external power unit 11. About
other structures, it is the same as that of a 1st embodiment thru/or a 2nd
embodiment, and it omits, and the description duplicate by attaching identical
codes about the same part continues, and describes operation of the above-
mentioned charging system.

[0023]A moving direction will be restricted and shown by the long sides 60a
and 60a, if the electric vehicle E is made to advance into a motor pool as the
long side 60a of the wheel guide 60 is straddled. When the front wheel
proceeds to the position to which the shorter side 60b is abutted, it becomes
impossible for the electric vehicle E to move forward more, and the driver can
know that it is a charging position. A pressure-sensitive sensor is pushed by a
front wheel at this time, and by [ which prepared for the external power unit
11 ] carrying out lamp lighting shows that this position is a charging position.
If the electric vehicle E is stopped in this position, it will be in the state where
the secondary coil 20 and the primary coil 10 met, then with a 1st embodiment
having described, the primary coil 10 will go up, the secondary coil 20 will be
abutted similarly, and the battery of the electric vehicle E will be charged in
that state.

[0024]Thus, it becomes possible not to be influenced by a driver's parking
technology after that, but to park the electric vehicle E at a charging position
easily moreover, if it advances into a wheel guide. Although the wheel guide
and the primary coil were made separate and both were installed in position
relations in a 3rd embodiment, previously, a primary coil and a wheel guide
may be used as integral equipment, and may be attached to a motor pool. In a
3rd embodiment, although right and left both wheels of the electric vehicle E
are guided, as shown in Fig.14, the internal and external side surface of the
wheel of one side of the electric vehicle E may be restricted with the long and
slender U-shaped wheel guide 61, and it may show around. As shown in
Fig.15, this U-shaped wheel guide 61 may be provided to the right and left of
a primary coil unit, and it may suppose that it is symmetrical, and may carry
out that it is easy to make the electric vehicle E advance into the wheel guide.
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[0025]<A 4th embodiment> This embodiment is a charging system for
electric vehicles which adjusts the relative position of a wheel guide and a
primary coil automatically so that the vehicle type of the electric vehicle E to
park may be distinguished with a vehicle type discriminating device and an
electric vehicle may be led to a regular charging position according to that
vehicle type. Hereafter, it describes with reference to Fig.16 and Fig.17.Fig.16
is a perspective view showing the state of making the electric vehicle E
advancing into the motor pool provided with the above-mentioned vehicle
type discriminating device and the positioning apparatus of the wheel guide
63 and the primary coil 10. The above-mentioned primary coil 10 is made
movable up and down with the hoisting drive device with which the box-like
base 70 where the back fixed to the floor line of the motor pool is low was
equipped with, and the inside was equipped. This hoisting drive device is
settled in the base 70, when it comprises a pantograph mechanism and the
primary coil 10 is lowered, as shown in the above-mentioned Fig.7.

[0026]The long and slender U-shaped wheel guide 63 turns each opening in
the direction, and is attached to the both side surfaces of the above-mentioned
base 70. It has the function to restrict the internal and external side surface of
a wheel like the wheel guide 61 shown in Fig.15, and to show a predetermined
parking position to the electric vehicle E. To base 70 inside, at right and left
The slide drive 71 of every a couple. (For example, the thing which combined
the motor with an absolute encoder and the ball screw) is built in, and the
driving shaft 72 is made to project to both side surfaces, and it has connected
with the aforementioned wheel guide 63, and can be made to carry out to right
and left slide movement of the wheel guide 63. The slide drive 73 is similarly
built in the portion of the joint side of the "KO" character in the wheel guide
63, the driving shaft 74 is attached to the contact board 64, and it enables it to
have changed the depth of the wheel guide 63 freely. That is, it becomes
possible to position the electric vehicle E which equipped any position with
the secondary coil 20 to the base 70 which the above-mentioned slide drives
71 and 73 formed the positioning apparatus whose change of the relative
position of a primary coil and a wheel guide is enabled, resembled this, and
was therefore provided with the primary coil 10. The bottom surface of the
above-mentioned wheel guide 63 is equipped with the caster which is not
illustrated, and a bending load with the driving shaft 72 impossible for is kept
from being applied.
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[0027]The aforementioned vehicle type discriminating device is provided with
the transmitter 80 mounted on the electric vehicle E, and the receiver 81
installed in the motor pool, and has come to be, able to carry out the radio
traffic of the vehicle type information in the meantime on the other hand. The
receiver 81 stands in a row in the main control circuit 13 which is connected
to the communication control circuit 82 with which the external power unit 11
was equipped, and unifies this system. As shown in Fig.17, the memory
storage 83 which made the positional relationship of a wheel versus the
secondary coil according to vehicle type memorize is connected with the main
control circuit 13, The above-mentioned positional relationship is
incorporated into the main control circuit 13 based on the received vehicle
type information, and now, the main control circuit 13 drives the positioning
apparatus mentioned above, and it positions the wheel guide 63 so that each
electric vehicle E may be suited.

[0028]About other structures, it is the same as that of a 1st embodiment
thru/or a 3rd embodiment, and it omits, and the description duplicate by
attaching identical codes about the same part continues, and describes
operation of the above-mentioned charging system. If the electric vehicle E
approaches a motor pool, the transmitter 80 empty-vehicle species information
of the electric vehicle E will be sent. Then, the vehicle type information is
received by the receiver 81 with which the motor pool was equipped, and
vehicle type information is incorporated into the main control circuit 13. The
main control circuit 13 accesses the memory storage 83, and incorporates the
positional relationship information on a wheel and a secondary coil in the
vehicle type. The slide drives 71 and 73 are driven based on this positional
relationship information, and the relative position of the wheel guide 63 to the
primary coil 10 is made to correspond to the positional relationship of the
secondary coil of the vehicle body bottom part to a wheel. Then, the interval
of the wheel guide 63 and 63 comrades also turns into an interval of the right
and left wheel of the electric vehicle E, and will be in the state which can
advance into a motor pool about the electric vehicle E. Then, if you can
proceed the electric vehicle E to the position to which a front wheel abuts the
contact board 64 in the inner part of a wheel guide, a primary coil and a
secondary coil will meet. Hereafter, a series of same charging operation is
performed with having described by 1st embodiment thru/or a 3rd
embodiment. If this electric vehicle E leaves a motor pool and the electric
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vehicle of another vehicle type advances into a motor pool, the positional
relationship of a wheel guide and a primary coil will be readjusted in
accordance with that vehicle type.

[0029]Thus, in this charging system, it can respond to charge of two or more
vehicle types in the same motor pool. It seems that the information may be
input in a 4th embodiment with the input device with which the predetermined
part of the motor pool was equipped although vehicle type information is
incorporated into the control circuit by the means of communication. For
example, if a motor pool is equipped with the coin box 90 which collects a
charging fee as shown in Fig.18, the composition of inputting the ten key 91
empty-vehicle species information provided to the coin box 90 may be used --
it carries out and carries out by making vehicle type information record on a
prepaid card etc. together with it -- it may be made to carry out a card input. If
the wheel guide 63 is fixed to a motor pool and it enables it to move the
primary coil 10 side in this case, according to the vehicle type information
input after parking the electric vehicle E in the wheel guide 63, the primary
coil 10 can be set by the position in which the secondary coil 20 and
combination are possible. This wheel guide 63 has connected the driving shaft
72 of the slide drive which was formed in U-shape and with which that side
surface was equipped at the base 70. This wheel guide 63 is fixed to a ground
surface, and the base 70 has provided the caster at the bottom part. The
primary coil unit which possesses a hoisting drive device inside the base 70 is
supported with the slide drive at positioning **** in the direction which
intersects perpendicularly with the aforementioned driving cylinder.

[0030]As operation of the above-mentioned composition, it is as follows. In
the U-shaped wheel guide 63, the single-sided wheel of the electric vehicle E
is made to advance until it runs against the back, and it is parked. If it runs, the
lamp 51 with which that was detected by the pressure-sensitive sensor 50, and
the coin box 90 was equipped will light up, and a driver will be told. The
charge of hope is input with the ten key 91 of the coin box 90, and a driver
inputs a vehicle type, and pays the charging fee and parking fee. Or a prepaid
card may perform the above-mentioned vehicle type input and charge
payment instead of a ten key input. If charge is completed, the lamp 51 will
light up again and that will be told. When parking duration is exceeded, the
lamp 51 blinks and it may be made to warn.

[0031]About other structures, it is the same as that of a 1st embodiment
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thru/or a 4th embodiment, and the description duplicate by attaching identical
codes about the same part is omitted.

The <5th embodiment> book embodiment is a charging system for electric
vehicles which was mentioned above and which does not carry out vehicle
type distinction like a 4th embodiment, but measures the positional
relationship of the wheel of an electric vehicle, and a secondary coil with a
measuring device, and adjusts the relative position of a wheel guide and a
primary coil automatically based on the measurement result. Hereafter, it
describes with reference to Fig.19 thru/or Fig.20.Fig.19 is a perspective view
showing the state of making the electric vehicle E advancing into the motor
pool provided with the above-mentioned measuring device. This wheel guide
63 and base 70 of what was described in the modification (Fig.18) of a 4th
embodiment, and the principal part are the same, and it has the wheel position
sensor 100 which detects the position of a wheel on it, and the coil position
sensor 101 which detects the position of a secondary coil.

[0032]In [ both the above-mentioned sensors 100,101 of both arrange
photosensor in a form line, are formed, and ] the wheel position sensor 100,
As it is along the wheel guide 63, it has attached to the inner side surface, and
in the coil position sensor 101, a transverse direction is used and it has
embedded under the motor pool floor line before the base 70. Since the
reflection part (not shown) which reflects the light reflection of photosensor is
provided to the secondary coil 20 of the electric vehicle E and it is made for
the reflected light to be it largely by other portions, as for the above-
mentioned coil position sensor 101, the position of the secondary coil 20 is
detectable. Both the sensors 100,101 combine the data which each detected in
the main control circuit 13 with which the external power unit 11 was
equipped, and deduce the positional relationship of the wheel in the electric
vehicle E, and the secondary coil 20. Specifically, as shown in Fig.20, the
number for data processing is given to each photosensor, and a detecting
position is performed as follows according to the flow chart of Fig.21.
[0033]Step 200 compares whether the light income of the coil position sensor
101 is beyond the constant value K. Since it will become the light income
beyond the constant value K if the reflective mirror of the secondary coil 20
passes, this comparison result serves as "YES" and proceeds to Step 201. Step
201 -- the above -- when the reflection part with which the secondary coil 20

was equipped passes, the photosensor number "j" which was the largest is
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remembered to be a photosensor number "i" of the passing position of a wheel
when it becomes light income more than fixed level in the memories M and N.
Next, at Step 202, the quantity (X, Y) which should drive each slide drive of
the wheel guide 63 and the primary coil 10 is incorporated from the dimension
map D (M, N) with which the memory storage 83 was equipped. And based
on the data, each slide drive is driven at Step 203. At this time, it went to the
back of the wheel guide 63, and the back wall was abutted, the electric vehicle
E is parked, and the secondary coil 20 is placed above the primary coil 10
exactly.

[0034]After carrying out position ****** of the primary coil 10 as mentioned
above, a series of same charging operation is performed with having
mentioned above. About other structures, it is the same as that of a st
embodiment thru/or a 4th embodiment, and the description duplicate by
attaching identical codes about the same part is omitted.

DESCRIPTION OF DRAWINGS

Tt MRS T BT T U e e ke ors

[Brief Description of the Drawings]

[Drawing 1]It is a perspective view showing a 1st embodiment of the present
invention.

[Drawing 2]It is a plan view showing a 1st embodiment similarly.

[Drawing 3]It is a side view showing a 1st embodiment similarly.

[Drawing 4]similarly a 1st embodiment is shown -- it is an expansion side
view in part.

[Drawing S]It is a perspective view showing the state where the coil of a 1st
embodiment similarly carried out inductive coupling.

[Drawing 6]It is a side view showing the Ist modification of the coil
transportation device of a 1st embodiment similarly.

[Drawing 7]It is a side view showing the 2nd modification of the coil
transportation device of a 1st embodiment similarly.

[Drawing 8]It is a side view showing a 2nd embodiment of the present
invention.

[Drawing 9]It is a block diagram showing a 2nd embodiment similarly.
[Drawing 10]It is a side view showing the 1st modification of the parking
position detection means of a 2nd embodiment similarly.
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[Drawing 11]1It is a side view showing the 2nd modification of the parking
position detection means of a 2nd embodiment similarly.

[Drawing 12]It is a side view showing the 3rd modification of the parking
position detection means of a 2nd embodiment similarly.

[Drawing 13]It is a perspective view showing a 3rd embodiment of the present
invention.

[Drawing 14]It is a perspective view showing the 1st modification of the
wheel guide of a 3rd embodiment similarly.

[Drawing 15]It is a perspective view showing the 2nd modification of the
wheel guide of a 3rd embodiment similarly.

[Drawing 16]It is a perspective view showing a 4th embodiment of the present
invention.

[Drawing 17]It is a block diagram showing a 4th embodiment similarly.
[Drawing 18]It is a perspective view showing the modification of a 4th
embodiment similarly.

[Drawing 19]It is a perspective view showing a 5th embodiment of the present
invention.

[Drawing 20]It is an outline plan view showing the arrangement of the sensor
of a 5Sth embodiment similarly.

[Drawing 21]It is a flow chart which similarly shows positioning operation of
a 5th embodiment.

[Drawing 22]It is a side view showing the conventional charging system.
[Explanations of letters or numerals]

10 -- Primary coil

11 -- External power

20 -- Secondary coil

21 -- Battery

40 -- Air cylinder

50 -- Pressure-sensitive sensor

60 -- Wheel guide

61 -- Wheel guide

63 -- Wheel guide

71 -- Slide drive

73 -- Slide drive

80 -- Transmitter

81 -- Receiver
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100 -- Wheel position sensor
101 -- Coil position sensor
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El(L1)e o2 ©zte Zel-i DC/DC AV E(12)9] 2 M H(Vs)ol dZ et
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of vehte ddstg e AT Fel7t S0 F A9 B2 ML, M29] 29430] 15719} N 3o dojupe
e 294 Eado] Sa%s D A Fo5E A Y 5 Ao BEIE H9Y MOS 2949 T2 FH5E
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H2 o S JAYE 7 AF = O o ol JHAIEI7 AP EE Rol BFo|u}, & BFoM o8 A TAE A2 v}
o) F& olfE ol¥8A oz 1Ty A FAY AWE F(13)9} dAEtY T2 o C6(EE C61, C62)YT
o] Mgto] 719 FRE pesls Z ol vlaiA WA Yol A Hoy, A 20 37) EFF ZolRHA AHE(L
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42 HE Title of Invention

S ZE0 2Bt HIEEA SH AAE The contactless battery charging system by the
inductance coupling.

29 Abstract

222 IF0 XHE ESANH /T ZE8S S6l0 S8  The invention relates to the system for generating the

X0 HXMXIE ST6II| KA A AR 28 222, RET Z high-frequency magnetic field and charging the storage

gs 8 DFO HAI|2 1% &2 SR e HelolE

OIS AIESI0l 2 HE 20t R €5, 2X B2 1S DE
X 222 AMOI0 F1 &) HES HCHOIE AE &0 &
A %2 BHYZ AMS XM FHE60 SHED 20|

201 SHI XD AR FXI0I 2XI7t 205t S 6HU2

O, 882 /At MUX= IAE222H 24322 MI|FH H
&0l 0l MK REZE0 Yol HIZE LA 2510
EICH E8, sMXe EMYHE 28 S22 2H 1R 522
PUCE MEot= YalS MBSt RAl BWEHE O 1Xt ¥ 2k
AHS 242 20t HZ 24212 252 AOI0l S22 CHEFAIA
HXIE 22 M S4/0 4101 OIR0XIES GtRACH

E®I|, R ZE, HIZEA, DF0 B SAE QAHE, 2

S oo
d8al

i 2 & 2 (Representative drawing)

battery of the hand-held device with electricity
through the inductance coupling. And it is delivered by
without the energy for the charge is the secondary
side from the primary side the electrical contact point
the primary side of the high-frequency transformer for
the inductance coupling wound the coil using the
ferrite core of the concentric and it organized
electromagnetic induction bond with the non-contact
way. Moreover, since the mode which the state of
charge of the storage battery wirelessly delivered from
the secondary side to the primary side was used and
also the first and the secondary winding of the flat
type were wound and the some gap was placed in the
interval and it faced and it arranged the transmission
and reception were comprised.

The battery charger, the inductance coupling, the
contactless, the high frequency parallel resonant
inverter, the wireless telecommunication .
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PO HHA Scope of Claims
AP 1sh Claim 1:

ST ZE YA S AIE6I0 B 2HZFH SUE X0 &2
&8 ZMXNE SN0l HBEA S M0 A0A,AD|
M 2HE, MFM nRIYS 2 Lol AJMY2Z HE
St Z6t= MF0HAC/DC BRI, &0 RF ML 3|0
S G0] eHE NRH LS UHE0 EHots ZRIEE

DC/DC HHE; ;&) X8 RFHAYS &0t DF0 WJRIH
OF HAUGIHW ol DFM YEINE QWEH; &I DF
O &3NS oHE 0l X2 &= HIZ0IE 20f; K& Hel

The contactless battery charging system including the
low frequency AC / DC rectifier in which the low
frequency AC voltage is input to the charge parent and
which converts into the DC voltage as to the
contactless battery charging system charging the
storage battery mounted on the hand-held device from
the charge parent using the inductively coupled
method and outputted; the free voltage DC/DC
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O0IE 208 SLSERY AVLSEF A0 X121, &I
DFN NFHSES 20t R 282 Soll &) 80 &X =
o2 Mgdl= 1AM, 2 AHIGHD, A EUY &XE=, a2
HICtOIE ANE; &I 1XNHECERH &) URNHAS £
GlD| S16H0d A0 1A E0 THESIES 4D HII0IE AME
AN EXEe 2 SUE 2XAM; XA 2XAM0| 24
Bt NRMARS {NEMEOIZ HESIH EHX0 MBdls 23
It AC/DC BRI, & FH|Sl= 22 SE2Z o= HEEA
SN AAH,

33 38

M2 80l ACIM, &0l HUE BX=, &I H2A0E NE &
o) 012X 20 LFEt HelE 10 XD 4I|RFHZ
L EMSIZ0 HBLO0I &I RF ASOl o DF0H IMHAHE
g4dots 3N, S O FHIGHD, &0 88 @M=, 401 3kt
AH0l (Hgots AXI0N X% D &I RF =4 & 2X3 20
AZE 0 ¢ AFIM MAHE FU2Z 41010 &I| RF =4
% =X Z0 MES=E 4xHAY; g O FHIGlE AE SE
Z ol= HIEEA S8 A AH.

&7 58:

H 2 80l AOIM, &8I RF =4I & SX3Z=, &JIRF &S

M HOAMSE SX610] M0l 4| RF AS 2 &8N 2SS

A DN Y8 3T AHE S & FIi> 422 &

E NHEHE FHIStE XS STL2Z sl HIEEA &3 A

A,

A3 681

M1gE=H2 80 AOM, 40 D0 gEZ XS OHE
0

= 4E(L1); HHAIEI(C3); & MY MOS EXIAE (M2,
M3); & £ HY AOIESEII(AL, A2);E FHIGtD, &0l 1
XAMS K SXt & FLEI0I= &0 AEEHE S6l0 AF
HM@(Vs)0l HZg D, &) 1XHAE B 0= BE
S50 AE AD| HIMAIEIR &)1 S MOS EMXIARHS &
2le!(Drain)0l ¥ Z 0, &) & MOS EMIIAHS A4E
L XD, &) S HNOESSEI= 2= &) 122
FALMN ETAHOZRE SAME MBS EE6I0 2olotx
g, &)1 $ MOS EMXIAHS NHOIEN 22 B LE= XS
ST2Z St= HIEHA 88 AAH.

3 78h

X6 &0l AOA, &I AVESHI = &4 EXAE0NA &

converter which makes the DC voltage fixed regardless
of the size of the DC voltage and outputted; the high
frequency parallel resonant inverter receiving the fixed
DC voltage as described above and converts into the
high frequency alternating current electricity and
outputs; the ferrite core connected to the high
frequency parallel resonant inverter; and the thin
secondary winding: which is installed on the ferrite
sheet it is faced with the AC power from the primary
winding in the primary winding it is unpretending and
the high frequency AC / DC rectifier which converts
the AC power which the secondary winding is ordinary
looking into the DC power and provided to the storage
battery of the ferrite sheet: thin film type in which the
hand-held device is thin it includes the primary winding
which it delivers to the hand-held device through the
inductance coupling it receives the high frequency
alternating current electricity it is installed between
the central projecting part and outside protrusion part
of the ferrite core.

Claim 3:

As for claim 2, the contactless battery charging
system which further includes the tertiary winding
forming the high-frequency magnetic field by the radio
frequency signal the hand-held device is spaced apart
on the ferrite sheet and it is installed and it is
connected to the RF modulation and transmitting
circuit ; and the charge parent is installed at the
position facing the tertiary winding and it is connected
to the RF reception and demodulation circuit and it
wirelessly receives the high-frequency magnetic field
and further includes 4 pari-mutuel ticket for car racing
line which delivers to the RF reception and
demodulation circuit.

Claim 5:

As for claim 2, the contactless battery charging
system wherein the RF reception and demodulation
circuit comprise the high pass filter which removes the
driving frequency component of the high frequency
parallel resonant inverter inputted with the radio
frequency signal before demodulating the control signal
in the radio frequency signal.

Claim 6:

As for claim 1 or 2, the respective connected
contactless battery charging system in the gate of two
MOS transistors the high frequency parallel resonant
inverter includes inductor (L1), capacitor (C3), two
MOS transistor (M2, M3), and two gate amplifier (A1,
A2) ; the DC power supply (Vs) is connected among
the force terminal of the primary winding in the
intermediate terminal through the inductor ; the drain
of two MOS transistors and the capacitor for forming
resonance is connected in both ends person of the
primary winding ; and the source of two MOS
transistors is earthed to the altogether.

Claim 7:

As for claim 6, the contactless battery charging
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3 88h

K1 &0l ANAM, &I 22X M SLHOI '
ItAC/DC BRI &) SLEES 0ISE2ZM F HY
2c5(D8, D9)E AE5t0 M JRGI=

HEEA S8 AI2E.

a7 98h

H 180l AXA, &I 22 ES S F0| A0, &2 2F
It AC/DC BRJ1= Wl W oI =(D81, D82, D91, D92)
£ MEB0l0 dERGI=E NE S22 St HIBEA &5H

AAE.
4 108!

Rl 8 & E= M 9 B0l UM, &I| DED AC/DC BRI
401 COIRES] HRE F0I §LES HINAIE(CE)2 &I
HIHAIE! SO AL E= QISE(L2)2 PAE BEE O 2l
SIOZ Sl HIFEA S AIAH,

e HE
O}C aa So= ke

3 128:

R 8 & £= M9 &0l ANA, &I D=0t AC/DC BRI
N2 AZE ME(R5)H HIMAIE(CS)E O PHIStE XS

ST2Z St=HIBEA SN AAH,

a5 5

337 138

K1 goll AUM, a0 D=0t AC/DC EFI= S M Ctol
2=(D81,D91)% & K MHINAIE(C61,C62)E FHIGHA,
EAUMAMES MY RS HEHE SN SAN 2812 &5

(=] p=_
AlH L ERSs XS ST2Z ot= HIZEA ST AIAH.

=559

37 148

H 13 20l A0IM, a0 X0} AC/DC EFD1= &) oI
Co FIRE H0l HZ &= S M HIHAIE(C61,C62)% &
I HIMAIE SOl HEEE AHE(L2)Z *LEE 2EHEWH 7

HIgte NE ST2Z o= HIZERA & AlAE,

[ A1

HP 16%8:

Ml 15 &0l UAO{A, A1 DF0HAC/DC BEI|= Xgz oA
& X &(R5)1 HIHAIE(C5)E O FHISt= 8 S22 ot
= HIEEA S8 AAHE.

3 168:

Kl 15 &0l UO0IA, &I D0 AC/DC BRI = M@z oA
& M & (R5)0 HIMAIEH(CS5)E O FHISlE NS EXO=Z 6}

SHESA

B AAE,

system changing the voltage waveform of the
sinusoidal wave generated in the gate amplifier is the
auxiliary winding into the sphere shape wave form.

Claim 8:

As for claim 1, the contactless battery charging
system which the center point has the secondary
winding ; and it full wave-rectifies using two diode (D8,
D9) since the high frequency AC / DC rectifier uses the
center point.

Claim 9:

As for claim 1, the contactless battery charging

system which there the center pointis no secondary
winding ; and the high frequency AC / DC rectifier full
wave-rectifies using four diode (D81, D82, D91, D92).

Claim 10:

As for claim 8 or 9, the contactless battery charging
system which further includes the filter comprised of
the capacitor (C6) in which the high frequency AC / DC
rectifier is connected after the rectifier of the diode
and the inductor (L2) connected after the capacitor.

Claim 12:

As for claim 8 or 9, the resistance (R5) in which the

high frequency AC / DC rectifier is serially connected
and the contactless battery charging system which

further includes the capacitor (C5).

Claim 13:

As for claim 1, the contactless battery charging
system which the high frequency AC / DC rectifier
includes two diode (D81,D91) and two capacitor
(C61,C62) ; and it increases to two times with
obtaining the form which full wave-rectifies the output
voltage waveform and rectifies back pressure.

Claim 14:

As for claim 13, two capacitor (C61,C62) in which the
high frequency AC / DC rectifier is connected after the
rectifier of the diode and the contactless battery
charging system which further includes the filter
comprised of the inductor (L2) connected after the
capacitor.

Claim 16:

As for claim 15, the resistance (RS5) in which the high
frequency AC / DC rectifier is serially connected and
the contactless battery charging system which further
includes the capacitor (C5).

Claim 16:

As for claim 15, the resistance (RS5) in which the high
frequency AC / DC rectifier is serially connected and
the contactless battery charging system which further
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includes the capacitor (CS).

Background Art

U ’ilOiI MEBEl= BTINE HIFBALZ &
JEEE &Y AAH 28 222, HE &
EHIE‘:‘E*l R Il-’ﬁOlI .D-’F—u} RHHE 2 AIH
o 22l B2t2 A0I0I £ RE ”é.‘c‘ S6Ho
'6}-“.5 LA MSECZH FUHE FIUS A
%8}XI 9331 ERSII DI EC HI"*E‘M' & Al

[Ct,

q

s

i

= ok

i) =l

0 QxR oy ror
>4 0 Lo X

2w

3

=iyl

o

ool SUE X0

OISatEAM At +* 2

30

o 010 0%

Ols RAXIOL ZEEZI0 AHAM ALS Xt
UEZE o ACH 0|B1°* RUXE 84
SD] A E Lot AR AZGH0] FUE X2 HAX 0
Ol XI € WI336t)| «1& &8 Exﬂ)l 205t SENeE &
d 2H e RHXI0E R0 224 222 FE IOt L
O A0IM, F BE UXIE NZ HFHANU2EN 20 Tt
HEHOZ RMIE SHE = AUTE =0 ACH

pN3
o
a2

Jdedu, S8X% S8 2H 5 SXE 74 }04 EER=I\;
PSS

ot 20l SES0I Tt 012 FX &1, 35
2 OISR QLA BE e SHHE = Nl"‘ SEOI A
Ch, L8 AISXS 2322 2ol HEX 0II ©Hatol st
L S0101 =25 S8 HUXIOt 24E = UCH

ZH0IT OlH&t SHIE ol

ol 22 H& SIXIE PABIXI

6}7I 150, SHXI & 2H|

YD HESANZ ZXE = AU
£ g40 MO ASH, 27 S8 BOH(UIE 80, &S
F&, MIIHEI| )0 A 012l AUCEH 0l s FeHel HIE
R4 SH LHEE QA AFNZ SH6E BHLYI|e 1kt 82
£ &3 2H0l *dot, 2X 32 E FUE X W0l 248
2K SN 2UZFEH HUXIE Xl ZE0 251K FUE
ZXIel HMXI0 MSsot=s BAl0lcts B0ME 2 2290 3
sS&= 80 A

EA

JddU D] HIEEA S HAIS SHH2Z BYI|9 11
Bl2%o OtLIZt 2Kt 81 20T SHL FLDL A= HA0IE

DO OI2LI0{, HIHOIE DU SH 2 2L 20 FUHE
B0l ZAE JDI0) X101 M stK RotCHs =X

b AALCH

The invention relates to the lightened charging system
for contactlessly charging the storage battery used in
the hand-held device, and more specifically, to the
contactless battery charging system for nots being put
through the contact terminal and charging to the
storage battery within the hand-held device by using
the mode delivering the energy through the inductance
coupling the high-frequency magnetic field is generated
from the charge parent in the storage battery and the
thin and separated space of the flat type is put in the
interval.

In the general hand-held device, while the storage
battery is mounted and the user moves the user can
use. It is necessary to have the charge parent it
connects to the regular power in order to charge this
storage battery with electricity and for providing
energy to the storage battery of the hand-held device.
Generally, in the charge parent and storage battery,
the respective separate contact terminal is comprised
in the outside. The storage battery can be selectively
charged with electricity as necessary by connecting
two contact terminals in each other.

But if the contact terminal is organized in the storage
battery and charge parent as the contact terminal is
protruded in the outside it for the sake of appearance
is not good. The contact terminal is polluted in the
external foreign substance and it has the disadvantage
that the contacting state is bad. Moreover, if the short
circuit occurs in the storage battery due to the
carelessness of the user or the user is exposed to
moisture the charge energy can be destroyed by fire.

Conventionally, in a sense, the mode which can not
organize the respective contact terminal and which it
contactlessly can charge to to resolve the above
problems, the storage battery and such charge parent
is developed. And it is used of the some field of
application (for example, the power toothbrush, the
electric shaver etc) the primary circuit of the
transformer which this conventional non-contact type
charge method operates to the high frequency is
organized in the charge parent. It is common in point
with the invention. It is the mode which provides
energy to the storage battery of the hand-held device
from the charge parent with the magnetism bond by
organizing the secondary circuit within the hand-held
device.

But the non-contact type charge mode described in
the above has the problem that generally the ferrite
core in which weight and volume are in not only the
primary circuit of the transformer but also the
secondary circuit is used. And it is unable to be
suitable to therefore apply to the micro type
instrument like the cellular phone with weight and
volume of the ferrite core. :
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2O WS Summary of Invention

@ g Effects of the Invention

2 g0 @ UI"**A NAEE &H ZRI2 28 H 2 The contactless battery charging system according to
SIE ol S ZEs I E HoIE B9 2X &2 I the present invention made easy to organize the
a0l ?-H5HA ;‘rEH XS SHXI0 ZESGD HH St secondary side of the decoupling-type transformer

0, 52X SHAMUHE S22 & 20l LS X0of which was the inductance coupling comprised for small
2 4 AT S StALCH CE}EHd =2 20l 2 58 AlA82  and light conversion of the charging apparatus on

o2 e A8s, FUsE SWUE, MP3 Z2/0/0f St plane and mount to the storage battery of the hand-

2o S X0 L4aHo E%EJM_L}’ otdM4 O/ oo 4 held device. It wirelessly delivered the state of charge

s {8t CIXI0e O ES H2st= 010 Actn & £  of the storage battery to the charge parent and it was

oIC}. controlled. Therefore, the charging system according
to the present invention more and more obtains a big
effect providing the diversity which is to be handsome
of the design of the convenience, and safety and
aesthetics concerning the hand-held device including
the miniaturization, the lightened cellular phone, the
MP3 player etc. in the future.

JI=& WA Technical Task

2 gYS M) SHBY HZS Fldl, S 2HA FUE &  The invention provides the contactless battery

X ALOION et2tel 2t =28 &1 Il%‘-ﬁ}é HEAIRZ XIJIE2 7 charging system which makes the joint installed at the

T ZES 0/S5tH FUE 22X U BIXE §<‘-OD| #8  hand-held device with the flat type and lightened in

SX NAEHO ACM, FUHE X &0l 2X<= ZBFE B the charging system for charging the storage battery

HEOZ NG LEBHSHE HIBEA SN M*eé‘: HMZ within the hand- held device with electricity using the

a2 SH2Z Bt inductance coupling of the magnetic field which puts
the some gap for the resolution of the problem
between the charge parent and hand-held device and
changed to the high frequency.

Eah SN LM AEHE MG 2AI2I22 XI0dl=  Moreover, charge and discharge status of the storage

HIZEA Aol 20 X E N38E SHC=2 3_*['_} battery are checked and the providing is to the
purpose it controls on a real time basis.

2o 24 U HE Structure & Operation of the Invention

2 2YS A S HHES /o, R Z& YA S A3l The invention provides the contactless battery
01 M 2HZRH FUHE ZX0 FAE SMAE EHSE  charging system including the thin secondary winding:
HESA S AAE0 A0, & & 2Hl=, M0 B which is installed on the ferrite sheet it is faced with
Sy MAS Lol HRMUCE BHEs6t0l £H6t= M= the AC power from the primary winding in the primary
AC/DC BRJ|; &I 2o 3D/0f 2HA0 LE8 & winding it is unpretending and the high frequency AC /
sHe2 E‘J%O{ Z£35l= Z2|2E DC/DC HHE,; &0l 2 DC rectifier which converts the AC power which the
SHARNAS YOI DFO R MHACZ HEstH E&85t  secondary winding is ordinary looking into the DC power
DFOHBAIZZE OIHE,; M) DF0H HE 2 XS 2HE and provided to the storage battery of the ferrite
Ol 2= H20IE 20f; ¥ AD| HI2t0IE D02 FEAE sheet: thin film type in which the hand-held device is
E29 QBEER MO0 HXIS T, A DED DE @R thin it includes the low frequency AC / DC rectifier
Ol ST REO CI6H AD| BOE XX 202 Must= 14 outputted, the free voltage DC/DC converter, the high
AM;S FHIGID, M) BUHE FX=, A2 HR0IE AIE; frequency parallel resonant inverter receiving the fixed
A IXANOSEH A D2 MAS 24510 Y510 AD| QC voltage as describeq above and conv.efts into the
1RIM0 CHBSIS 2 AD| HII0IE AIE A ©X5= 22 high frequency alternating current electricity and

- aT
- - = = outputs, the ferrite core connected to the high
HOFS O R QA AMO| 248 N2 MAS X ’
HABA22nAN; R H| 2UAMH0] 8 UF HHS H frequency parallel resonant inverter, and the primary

ﬁ

rr ox 3

424 2 ‘ I prul = ~2
.= & as ;‘oug }t’iéogoqg 1OI|§0“ fﬂ_‘:’t’or‘j " A?E‘;;’%I winding it converts into the DC voltage as to the
'f-' 15 =5===0 IE55 ST A2-E contactless battery charging system charging the
Ch. storage battery mounted on the hand-held device from

the charge parent using the inductively coupled
method for the resolution of the purpose the charge
parent receives the low frequency alternating current
input voltage. The free voltage DC/DC converter makes
the DC voltage fixed regardless of the size of the DC
voltage and outputted. The primary winding is installed
between the central projecting part and outside
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B M FUHE X El
o MoiSE M5t
SIS E 20t RF é.'?ai

| FHX2 STYEHE S Atat
Ec")h_ ETMOEEZ; ¥ & Mo
Xot0 @ SEGt= RFHE %‘ =
dElZ; 8 O Pilstn, ’JI 8 2HE=, &I RFUSE
¢I5t] SX6I0 &) MOASE 2E6t01 E2Hot= RF —1‘—(;'
! EX8 2, & &) HOMSE 2ot EAE X N§§
£0f &2 EEI
S ZJocE

g ol= PWM H|019J§,
SR o= HIEELN ST AI2”E

M Bt

OlGHoIM ERE T
8tCt,

2 3 X510

T la= 2 2N 2 SX AIARO YOTA B[S K2
Ol XM E NS 5101 HIFS YHOZ OHKIS ML5H|
218t 0| VRO (HE SHBT(102)9 RS (101, 103)E
S A0l SAIBHD ACH

2 WoOlM HOEHs BF AlARS SHOIT(102)00 SAIE b
2 20l B D2AI(1) 2D SUE BXI(2) 222 LI+ 0IA
M2pet & ACH X SH(1)0l= UK 222 98 2ol
mmju 1XAH0l EXIE =M, HHE L5 TAH(4)

ZAM0| O 2AE ISR DE MAS R 2
zﬂum)e; IHEC E8, RF(DE )A_z
ATAS(6)0 MR ()] YRS 2HS S0 HXVC, &
B, RUE ZUQ)OIE UK +48 918 Ao 252
(5)0l EXISIH RFAIS S22 I8 3XAH(7)0 LES
22 £ &x€0

HOIS(101)s BHE BXI(2)0 & XIS 21240 W) A
(5, 7)S1 HEHS SAIB 201D, S E(102)= & 2FI(1)
S0l RIS ZX()E SAES SEHOIN BB BuoR
SI01 BTt &2 SAIS 0|0, BOT(103)s 23X 2K
(1)01 £l 2rate) p1op)| AM(4, 6)2 SAIB 20ICH

protrusion part of the ferrite core and which receives
the high frequency alternating current electricity and
delivered to the hand-held device with the inductance
coupling.

Moreover, the hand-held device inspects the state of
charge of the storage battery and it creates the
control signal and it further includes the charge control
circuit outputted, and the RF modulation and the
transmitting circuit. It provides the contactless battery
charging system which receives the radio frequency
signal and which demodulates and in which the charge
parent detects the control signal and which further
includes the RF reception and the demodulation circuit
outputted, and the pulse width modulation control
circuit. The RF modulation and the transmitting circuit
gets a the control signal and which is the RF signal
modulation and which it wirelessly transmits. The pulse
width modulation control circuit controls the DC
voltage by getting a the control signal and making the
pulse-width modulating signal and authorizing in the
free voltage DC/DC converter.

Hereinafter, the attached embodiment of the present
invention is explained.

At the same time, the cross-sectional view (102) and
plane views (101, 103) about the core portion for the
drawing 1a the line of magnetic force called the
principles of the transformer as to the charging system
according to the present invention to the
intermediation and delivering energy to the non
contact method are shown.

In the present invention, the charging system
suggested divides into the charge parent (1) and
hand-held device (2) as shown in the cross-sectional
view (102) and it can think. It is comprised of the
auxiliary winding (10) inducing the AC power from the
main winding (4) forming the magnetic field the primary
winding of the decoupling-type transformer for the
energy transmission is installed in the charge parent
(1) and the magnetic field formed with the main
winding. Moreover, 4 pari-mutuel ticket for car racing
line (6) for the RF (high frequency) signal receive is
equipped with space it is fixed with the primary winding
(4). In the meantime, the secondary winding (5) of the
transformer for the energy transfer is installed in the
hand- held device (2). And equipped with space the
tertiary winding (7) for the radio frequency signal
transmission is fixed.

The plane view (101) represents the form of each
transformer windings (5, 7) installed at the hand-held
device (2). And the display cutting in the state where
the cross-sectional view (102) puts on the hand-held
device (2) on the charge parent (1) centering around
the transformer is shown. And the plane view (103)
exhibits each transformer windings (4, 6) installed at
the charge parent (1).

Xl S22 |8t HIY 1X 52 5& 2H 0 S & It is implemented as the ferrite core (3) of cylinder
2(3-1)2 A2 EE2R(3-2)2 PHCE= AE- H2tolE comprised of the primary side of the transformer for
J0i(3)2 RS HSO0IE 30i1(3)A EY £25(3-1)2 the energy transmission is the central projecting part
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(3-1) in the charge parent and outside protrusion part
(3-2). The auxiliary winding (10) as the means for the
control of the main winding (4) of the primary side of
the central projecting part (3-1) of the ferrite core (3)
and the transformer for delivering energy between the
outside protrusion part (3-2) to the secondary side of
the transformer and power circuitry are reeled.

The transformer secondary winding (5) for the
corresponding energy transfer is comprised on the
ferrite sheet (8) of the hand-held device lower part. It
is perpendicularly formed in the position facing the
secondary winding (5) is the transformer primary
winding (4) for the energy transmission of the charge
parent (1) the little. This vertical gap is the be
desirable it is small. And since the ferrite sheet (8) is
mounted inside the hand-held device (2) the gap of
about 1imm in and out is therefore put with space
inevitably generated with the case outer wall thickness
of the hand-held device.

The position in which the secondary winding (5) of the
transformer for the energy transfer is reeled in the
ferrite sheet (8) is installed at the corresponding
position between the central projecting part (3-1) and
outside protrusion part (3-2) of the cylinder ferrite
core (3). Therefore, the coil of the thin film type which
is thin to the secondary winding (5) may be referred to
the be desirable it uses.

The tertiary winding (7) for the transmission of the
radio frequency signal is spaced apart on the ferrite
sheet (8) of the hand-held device (2) and it is
separately installed. And the bond it if possible
magnetics is minimized with the first or the secondary
winding. In the meantime, 4 pari-mutuel ticket for car
racing line (6) for the reception of the radio frequency
signal sets up in the charge parent (1) and it
magnetically well combines with the tertiary winding
(7). And the installation is usually possible on the PCB
substrate (9). It is installed in the purpose of this two
coils (6, 7) modulating the information about the state
of charge of the battery as the radio frequency signal
and sending and receiving. And because of noting to
deliver the transmission of electricity to the purpose it
can implement using the slender coil as the circular
form or the polygon of the small size.

The display implemented as the plan in which the
drawing 1b implements the secondary winding (5) in
terms of the coil of the thin thin film type on the thin
flexible substrate using both sides is exemplified.
Particularly, as shown in the figure, it is helpful to
obtain the property of doing with one desirable if it
forms putting the regular interval between the coil and
coil of the secondary winding (5). In the real situation,
when the user does to put on the hand-held device (2)
on the charge parent (1) so that the user charge the
storage battery within the hand-held device (2) with
electricity the task which is accurately conformed the
secondary winding (5) position of the hand-held device
(2) and put on the primary winding (4) position of the
charge parent (1) is not easy. The energy transmission
efficiency to the secondary side becomes bad in the
primary side if the position between this two coils cross

Page 8 of 17

Momentum Dynamics Corporation
Exhibit 1002
Page 279



