TRANSMITTAL LETTER TO THE UNITED STATES | ATTORNEY’S DOCKET NUMBER

DESIGNED/ELECTED OFFICE (DO/EO/US) DANA-0049
CONCERNING A FILING UNDER 35 U.S.C. §371 U.S. APPLICATION NO. (If known, see 37 CFR 1.5)
INTERNATIONAL APPLICATION NO. | INTERNATIONAL FILING DATE PRIORITY DATE CLAIMED
PCT/KR2014/005258 16 June 2014 27 June 2013
TITLE OF INVENTION

RECEIVING ANTENNA AND WIRELESS POWER RECEIVING DEVICE INCLUDING THE
SAME

FIRST NAMED INVENTOR
Seok BAE; Donchul CHOI; and Soon Young HYUN

Applicant herewith submits to the United States Designated/Elected Office (DO/EQ/US) the following items and other information.

1. B This is an express request to begin national examination procedures (35 U.S.C.§ 371(f)). NOTE: The express request under 35
U.S.C. §371(f) will not be effective unless the requirements under 35 U.S.C. §371(c)(1). (2). and (4) for payment of the basic
national fee, copy of the International Application and English translation thereof (if required), and the oath or declaration of the
inventor(s) have been received.

2. X A copy of the International Application (35 U.S.C. §371(c)(2)) is attached hereto (not required if the International Application was
previously communicated by the International Burcau or was filed in the United States Receiving Office (RO/US)).

3. B AnEnglish language translation of the International Application as filed (35 U.S.C.§371(c)2))
a. X is attached hereto.
b. [J has been previously submitted under 35 U.S.C. §154(d)(4).
4. [0 Anoathor declaration of the inventor(s) (35 U.S.C. §371(c)4)).
a. [0 is attached.
b. [0  was previously filed in the international phase under PCT Rule 4.17(iv).
Items 5 to 8 below concern amendments made in the international phase.
PCT Article 19 and 34 amendments

5. [0 Amendments to the claims under PCT Article 19 are attached (not required if communicated by the International Bureau) (35
U.S.C. §371(c)(3)).

6. [CJ  English translation of the PCT Article 19 amendment is attached (35 U.S.C. §371(c)(3)).

7. [J  English translation of anncxes (Article 19 and/or 34 amendments only) of the Intcrnational Prcliminary Examination Report is
attached (35 U.S.C.§371(c)(5)).

Cancellation of amendments made in the international phase

8a. [0 Do not enter the amendment made in the international phase under PCT Article 19.
8b. [0 Do not enter the amendment made in the international phase under PCT Article 34.

NOTE: A proper amendment made in English under Article 19 or 34 will be entered in the U.S. national phase application absent a clear
instruction from applicant not to enter the amendment(s).

The following Items 9 to 17 concern document(s) or information included:

9. B AnInformation Disclosure Statement under 37 C.F.R. §1.97 and §1.98.

10. X A Preliminary Amendment.

11. B An Application Data Sheet under 37 CFR §1.76.

12. [0 A substitute Specification. NOTE: A substitute specification cannot include claims. See 37 CFR 1.125(b).

13. [0 A Power of Attorney and/or change of address letter.

14. [0 A computer-readable form of the sequence listing in accordance with PCT Rule 137er.2 and 37 CFR §§1.821-1.825.
15. [0  Assignment Papers (cover sheet and document(s)). Name of Assignee: LG Innotek Co.. Ltd.

16. [ 37 CFR §3.73(c) Statement (when there is an Assignee).
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U.S. APPLICATION (If known, see 37 CFR 1.5) INTERNATIONAL APPLICATION

ATTORNEY’S DOCKET NO.

PCT/KR2014/005258 DANA-0049
17. | D] | Other items or information:
PCT Request Form 101
International Search Report
The following fees have been submitted. Calculations PTO Use Only

18. X] Basic national fee (37 CFR §1.492(2)) .....ovvvvivereirereeeereeecereeeenees s $280.00 $280.00
19. X Examination fee (37 CFR §1.492(c)) $720.00
If the written opinion prepared by IDS/US or the international preliminary examination report
prepared by IPEA/US indicates all claims satisfy provision of PCT Article 33(1)-(4) .. $0
AL Other STUATIONS ...t $720.00
20. X Search fee (37 CFR §1.492(b)) $480.00
If the written opinion of the ISA/US or the International preliminary examination report prepared by
I[PEA/US indicates all claims satisfy provision of PCT Article 33(1)-(4) .......c.eeeiennie. $0
Search fee (37 CFR §1.445(a)(2)) has been paid on the international application to the USPTO as an
International Searching AUthOTILY .........c..cccooviiiiiiiiii e $120.00
International Search Report prepared by an [SA other than the US and provided to the Office
or previously communicated tothe USby the [B ..., $480.00
AlLOhEr STTUALIONS. ...ttt $600.00
TOTAL OF 18,19, and 20 = | $1,480.00
J Additional fee for specification and drawings filed in paper over 100 sheets (excluding sequence listing
in compliance with 37 CFR §1.821(c) or (¢) or computer program listing in an electronic medium) (37
CFR §1.492(j)).
The fee for each additional 50 sheets of paper or fraction thereof. ..................c..coco...... $400.00
Total Sheets | Extra Sheets | Number of each additional 50 or fraction RATE
thereof (round up to a whole number)

- 100 = /50 = x $400.00 $0.00
Surcharge of $140.00 for furnishing any of the search fee, examination fee, or the oath or declaration $140.00
later than 30 months after the date of commencement of the national stage (37 CFR §1.492(h)).

CLAIMS NUMBER FILED NUMBER EXTRA RATE
Total Claims 20-20= 0 x $80.00 $0.00
Independent Claims 3- 3= 0 x $420.00 $0.00
MULTIPLE DEPENDENT CLAIM(S) (if applicable) + $780.00 $0.00
Processing fee of $130.00 for furnishing the English language translation later than 30 months
from the carliest priority date (37 CFR §1.492(f))
TOTAL OF ABOVE CALCULATIONS = | $1,620.00
[0 | Applicant asserts small entity status. See 37 CFR §1.27. The fees indicated above are reduced by 1/2.
[0 | Applicant asserts micro entity status. See 37 CFR §1.29. The fees indicated above are reduced by 3/4.
Applicant must attach form PTO/SB/15A or B or equivalent.
SUBTOTAL = | $1,620.00
TOTAL NATIONAL FEE = | $1,620.00
Fee for recording the enclosed assignment (37 CFR §1.21¢h)). The assignment must be accompanied by an
appropriate cover sheet (37 CFR §3.28, §3.31) $40.00 per property. +
TOTAL FEES ENCLOSED = | $1,620.00
Amount to be
refunded.: $
Amount to be
charged: $
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U.S. APPLICATION (If known, see 37 CFR 1.5) INTERNATIONAL APPLICATION ATTORNEY'S DOCKET NO.

PCT/KR2014/005258 DANA-0049
a. O A check in the amount of § to cover the above fees is enclosed.
b. O Please charge my Deposit Account No. in the amount of $ to cover the above fees.
c. X The Director is hereby authorized to charge any additional fees which may be required, or credit any overpayment to Deposit
Account No. 16-0607.
i [0  any required fee.
ii. X any required fee except for excess claims fees required under 37 CFR §1.492(d) and (e) and multiple dependent claim
fee required under 37 CFR §1.492(f).

d. X Fees are to be charged to a credit card. 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. The
PTO-2038 should only be mailed or faxed to the USPTO. However, when paying the basic national fee, the PTO-2038
may NOT be faxed to the USPTO.

ADVISORY: If filing by EFS-Web, do NOT attach the PTO-2038 form as a PDF along with your EFS-Web submission. Please be
advised that this is not recommended and by doing so your credit card information may be displayed via PAIR. To protect your
information, it is recommended paying fees online by using the electronic payment method.

NOTE: Where an appropriate time limit under 37 CFR §1.495 has not been met, a petition to revive (37 CFR §1.137(a) or (b) must be
filed and granted to restore the application to pending status.

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

a

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 1: 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 AIA.

NOTE 2: A U.S. national stage application may not claim priority to the international application of which it is the national phase. The
filing date of a U.S. national stage application is the international filing date. See 35 U.S.C. §363.

Correspondence Address

X The address associated with Customer Number: 346 1 0 OR [J Correspondence address below

Name

Address

City State Zip Code

Country Telephone

Email

Signature /Daniel Y.J. Kim/ Date December 28, 2015
Name . . Registration No.

(Prlnt/’rype) Danlel YJ Klm (Anome.‘/Agent) 36, 1 86
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Electronic Patent Application Fee Transmittal

Application Number:

Filing Date:

Title of Invention:

RECEIVING ANTENNA AND WIRELESS POWER RECEIVING DEVICE INCLUDING

THE SAME

First Named Inventor/Applicant Name:

Seok BAE

Filer: Daniel Y.J. Kim/Deborah Kimberlin
Attorney Docket Number: DANA-0049
Filed as Large Entity
Filing Fees for U.S. National Stage under 35 USC 371
Description Fee Code Quantity Amount Sull)j-s'l'g(tsa\)l in
Basic Filing:
National Stage Fee 1631 1 280 280
Natl Stage Search Fee - Report provided 1642 1 480 480
National Stage Exam - all other cases 1633 1 720 720
Pages:
Claims:
Miscellaneous-Filing:
QOath/Decl > 30 Mos From 371 commencement 1617 1 140 140
Petition:
Petitioner-Samsungand-Google Ex-1004,-00




Description Fee Code Quantity Amount Sull)j-s'l'g(tsa\)l in
Patent-Appeals-and-Interference:
Post-Allowance-and-Post-Issuance:
Extension-of-Time:
Miscellaneous:
Total in USD ($) 1620
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Electronic Acknowledgement Receipt

EFS ID: 24461793
Application Number: 14901426
International Application Number: PCT/KR2014/005258
Confirmation Number: 5436
. . RECEIVING ANTENNA AND WIRELESS POWER RECEIVING DEVICE INCLUDING
Title of Invention:
THE SAME
First Named Inventor/Applicant Name: Seok BAE
Customer Number: 34610
Filer: Daniel Y.J. Kim/Deborah Kimberlin
Filer Authorized By: Daniel Y.J. Kim
Attorney Docket Number: DANA-0049
Receipt Date: 28-DEC-2015
Filing Date:
Time Stamp: 13:52:17
Application Type: U.S. National Stage under 35 USC 371
Payment information:
Submitted with Payment yes
Payment Type Credit Card
Payment was successfully received in RAM $1620
RAM confirmation Number 190
Deposit Account
Authorized User

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:

Petitioner Samsung and Google Ex-1004, 00




File Listing:

Document .. . File Size(Bytes)/ Multi Pages
Document Description File Name . . .
Number Message Digest | Part/.zip| (ifappl.)
97338
Authorization for Extension of Time all A
1 . Authorization.pdf no 1
replies
ffaabe6f38fed 1ea09fdb9905217f49566820)
Tad
Warnings:
Information:
1793542
2 Application Data Sheet ADS.pdf no 9
a9975ab061b6211320e8bfae2eb90562f8fa}
279f
Warnings:
Information:
173207
3 PreliminaryAmendment.pdf yes 9
09c5399207a839¢3385ce629fcf05 1e70a7|
800
Multipart Description/PDF files in .zip description
Document Description Start End
Preliminary Amendment 1 1
Specification 2 2
Claims 3 8
Applicant Arguments/Remarks Made in an Amendment 9 9
Warnings:
Information:
369121
4 Specification.pdf yes 22
2504a39671909eb23fe6c71d081bcc99dOft
cAfd
Multipart Description/PDF files in .zip description
Document Description Start End
Specification 1 17
Claims 18 21
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Abstract 22 22

Warnings:
Information:
256486
Drawings-only black and white line .
5 ) Drawings.pdf no 7
drawings
32c279bf78e82398058d93a31f4c5833a354)
4bc2
Warnings:
Information:
1380906
6 Specification - Not in English Publication.pdf no 20
1d549b65e1a8f02fe998ee6f27189760ae93
bSbb
Warnings:
Information:
) ) 130687
Documents submitted with 371
7 N Request101.pdf no 5
Applications
014760761b94857a71b3479fa051fd0a378
51935
Warnings:
Information:
151211
8 Transmittal Letter IDS.pdf no 2
3947042fc64a7a63fc06bc1f03f603c1517cd|
foc
Warnings:
Information:
Inf tion Discl Stat t(IDS) 172676
nformation Disclosure Statemen
9 1449.pdf no 1
Form (SB08) P
e25584ee4e029c5eeaad%77858d81bc855
62899
Warnings:
Information:
This is not an USPTO supplied IDS fillable form
Other Ref Patent/App/Search 2556080
er Reference-Paten earc
10 PP PCTSR.pdf no 5
documents
ece220fb14f795067b67bbddb7adfb1036fd
fade
Warnings:
Information:
8412042
1 Foreign Reference JP2007503715A.pdf no 16
99f56ed371d6f04dbdd4a44b2163cedel 2q|
6dfce
Warnings:
Information:
6678838
12 Foreign Reference JP2008288370A.pdf no 14
39c091b2e%af156dbc2f01095309bb4ead3
Warnings:

[} N o L/ 1 = 40N A faVal
FeUuoricr odITisurly dalil GoOo0yic EA=1UU4, UU




Information:

1757533
13 Foreign Reference W02011031473A2.pdf no 52

4273a105388349006866d95a1e6d36f1a6f|
9d923

Warnings:

Information:

15005168
14 Foreign Reference KR20100111409A.pdf no 27

37c00396ebca3ae261795dadadd8fedel54
92322

Warnings:

Information:

15171515
15 Foreign Reference KR20110124695A.pdf no 38

b542bc5e42e€a674201f100922d56c8fac94§
6b56

Warnings:

Information:

16101970
16 Foreign Reference KR20120057636.pdf no 32

6ce129e5c072e205c783576772e60a73e28
ad4b2

Warnings:

Information:

369919
17 Transmittal of New Application DANAQ0049Transmittal.pdf no 3

3c¢122c13f0ecca881e843b472686bf764e60|
6ela

Warnings:

Information:

37444
18 Fee Worksheet (SB06) fee-info.pdf no 2

220f998ce6466a0b1ec 25b80066045348a
65fof

Warnings:

Information:

Total Files Size (in bytes): 70615683
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

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

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

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

New International Application Filed with the USPTO as a Receiving Office

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

Petitioner Samsung and Google Ex-1004, 0010



Docket No.: DANA-0049 PATENT
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of Customer No.: 34610
Seok BAE; Donchul CHOI; and Soon Young HYUN

Serial No.: National Stage Application of International
Application No. PCT/KR2014 /005258

International Filing Date: June 16, 2014
U.S. National Stage Filing Date: December 28, 2015

For: RECEIVING ANTENNA AND WIRELESS POWER RECEIVING
DEVICE INCLUDING THE SAME

AUTHORIZATION TO TREAT A REPLY AS INCORPORATING
AN EXTENSION OF TIME UNDER 37 C.E.R. §1.136(a)(3)

U.S. Patent and Trademark Office
Customer Service Window, BOX PCT
Randolph Building

401 Dulany Street

Alexandria, VA 22314

Sir:

The U.S. Patent and Trademark Office 1s hereby authorized to treat any concurrent
or future reply that requires a petition for an extension of time under this paragraph for its
timely submission, as mcorporating a petition for extension of time for the appropriate
length of time under 37 C.F.R. {1.136(2)(3). The U.S. Patent and Trademark Office is
hereby authorized to charge all required extension of time fees to our Deposit Account No.
16-0607, 1f such fees are not otherwise provided for i such reply.

Respectfully submatted,
KED & ASSOCIATES, LLP
/Daniel Y.J. Kim/

Daniel Y.J. Kim
Registration No. 36,186

Correspondence Address:

P.O. Box 8638

Reston, VA 20195

703 766-3777 DYK/dak

Date: December 28, 2015

Please direct all correspondence to Customer Number 34610

Q:\Documents\2414-049\ 563328
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PTO/AIAI14 (11-15)
Approved for use through 04/30/2017. 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 o a collection of information unless it contains a valid OMB control number.

Attorney Docket Number | DANA-0049

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | RECEIVING ANTENNA AND WIRELESS POWER RECEIVING DEVICE INCLUDING THE SAME

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

Legal Name
Prefix| Given Name Middle Name Family Name Suffix
| fseok BAE +]
Residence Information (Select One) US Residency e Non US Residency Active US Military Service
city |Feoul ||Country of Residence i KR |

Mailing Address of Inventor:

Address 1 Seoul Square, 416, Hangang-daero, Jung-gu
Address 2
City Seoul State/Province I I
Postal Code 100-714 Countryi | KR
Inventor 2 Remave
Legal Name
Prefix| Given Name Middle Name Family Name Suffix
~| Ponchul CHOI v
Resi_dence Information (Select One) US Residency (8 Non US Residency Active US Military Service -
City |peoul Country of Residence | KR |

Mailing Address of Inventor:

Address 1 Seoul Square, 416, Hangang-daero, Jung-gu

Address 2

City Seoul State/Province | |

Postal Code 100-714 Countryi | |KR

Inventor 3 Remove
Legal Name

Petitioner Samsung and Google Ex-1004, 0012
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PTO/AIAI14 (11-15)

Approved for use through 04/30/2017. 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 o a collection of information unless it contains a valid OMB control number.

Attorney Docket Number | DANA-0049
Application Number

Application Data Sheet 37 CFR 1.76

Title of Invention | RECEIVING ANTENNA AND WIRELESS POWER RECEIVING DEVICE INCLUDING THE SAME

Prefix| Given Name Middle Name Family Name Suffix

|| Ioon Young HYUN E
Residence Information (Select One) US Residency (@) Non US Residency Active US Military Service

City |peoul ||Country of Residence i KR |

Mailing Address of Inventor:

Address 1 Seoul Square, 416, Hangang-daero, Jung-gu

Address 2

City | Seoul State/Province | |

Postal Code | [100-714 Countryi | KR

All Inventors Must Be Listed - Additional Inventor Information blocks may be

generated within this form by selecting the Add button.

Correspondence Information:

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 34610
Email Address ked-docket@ked-iplaw.com | AddEmail |  [Remove Email

Application Information:

Title of the Invention RECEIVING ANTENNA AND WIRELESS POWER RECEIVING DEVICE INCLUDING THE SAME
Attorney Docket Number| [DANA-0049 Small Entity Status Claimed [ |

Application Type onprovisional v
Subject Matter Utility v
Total Number of Drawing Sheets (if any) 7 Suggested Figure for Publication (if any)

Filing By Reference:

Only complete this section when filing an application by reference under 35 U.S.C. 111(c) and 37 CFR 1.57(a). Do not complete this section if
application papers including a specification and any drawings are being filed. Any domestic benefit or foreign priority information must be
provided in the appropriate section(s) below (i.e., “Domestic Benefit/National Stage Information” and “Foreign Priority Information”).

For the purposes of a filing date under 37 CFR 1.53(b), the description and any drawings of the present application are replaced by this
reference to the previously filed application, subject to conditions and requirements of 37 CFR 1.57(a).

Application number of the previously Filing date (YYYY-MM-DD) Intellectual Property Authority or Country N
filed application

Petitioner Samsung and Google Ex-1004, 0013
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PTO/AIA/14 (11-15)

Approved for use through 04/30/2017. 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 o a collection of information unless it contains a valid OMB control number.

Attorney Docket Number | DANA-0049

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | RECEIVING ANTENNA AND WIRELESS POWER RECEIVING DEVICE INCLUDING THE SAME

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

Req uest Not to Publish. | hereby request that the attached application not be published under

35 U.S.C. 122(b) and certify that the invention disclosed in the attached application has not 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 US Patent Practitioner (O Limited Recognition (37 CFR 11.9)
Customer Number 34610

Domestic Benefit/National Stage Information:

This section allows for the applicant to either claim benefit under 35 U.S.C. 119(e), 120, 121, 365(c), or 386(c) or indicate
National Stage entry from a PCT application. Providing benefit claim 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.

When referring to the current application, please leave the “Application Number” field blank.

Prior Application Status | Pending v Remove |
Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)
F 371 of international +] PCT/KR2014/005258 2014-06-16
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. 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(i)}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).

Petitioner Samsung and Googie Ex-1004, 00
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PTO/AIA/14 (11-15)
Approved for use through 04/30/2017. 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 o a collection of information unless it contains a valid OMB control number.

Application Data Sheet 37 CFR 1.76

Attorney Docket Number | DANA-0049

Application Number

Title of Invention | RECEIVING ANTENNA AND WIRELESS POWER RECEIVING DEVICE INCLUDING THE SAME

Remove |
Application Number Country' Filing Date (YYYY-MM-DD) Access Code' (if applicable)
[10-2013-0074620 KR P013-06-27
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 2212
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PTO/AIA/4 (11-15)

Approved for use through 04/30/2017. OMB 0651-0032

U.S. Patent and Trademark Cffice; 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 | DANA-0049
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention RECEIVING ANTENNA AND WIRELESS POWER RECEIVING DEVICE INCLUDING THE SAME

Authorization or Opt-Out of Authorization to Permit Access:

When this Application Data Sheet is properly signed and filed with the application, applicant has provided written
authority to permit a participating foreign intellectual property {IP) office access to the instant application-as-filed (see
paragraph A in subsection 1 below) and the European Patent Office {(EPO) access to any search results from the instant
application (see paragraph B in subsection 1 below).

Should applicant choose not to provide an authorization identified in subsection 1 below, applicant must opt-out of the
authorization by checking the corresponding box A or B or both in subsection 2 below.

NOTE: This section of the Application Data Sheet is ONLY reviewed and processed with the INITIAL filing of an
application. After the initial filing of an application, an Application Data Sheet cannot be used to provide or rescind
authorization for access by a foreign IP office(s). Instead, Form PTO/SB/39 or PTO/SB/69 must be used as appropriate.

1. Authorization to Permit Access by a Foreign Intellectual Property Office(s)

A. Priority Document Exchange (PDX) - Unless box A in subsection 2 (opt-out of authorization) is checked, the
undersigned hereby grants the USPTO authority to provide the European Patent Office (EPQ), the Japan Patent Office
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Docket No.: DANA-0049 PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
In re Application of Confirmation No.: To Be Assigned
Seok BAE; Donchul CHOI; and Soon Young HYUN Group Art Unit:  To Be Assigned

Serial No.: National Stage Application of International Examiner: To Be Assigned
Application No. PCT/KR2014 /005258

International Filing Date: June 16, 2014 Customer No.: 34610
U.S. National Stage Filing Date: December 28, 2015

For: RECEIVING ANTENNA AND WIRELESS POWER RECEIVING
DEVICE INCLUDING THE SAME

PRELIMINARY AMENDMENT

U.S. Patent and Trademark Office
Customer Service Window, MAIL STOP AMENDMENT
Randolph Building
401 Dulany Street
Alexandria, VA 22314
Sir:
Prior to initial examination on the merits, please amend the above-identified
application as follows:
Amendments to the Specification are reflected n this paper.

Amendments to the Claims are reflected in the listing of claims.

Remarks/Arguments begin after the listing of the claims.
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National Stage Application of Docket No. DANA-0049
International Application No. PCT/KR2014 /005258

AMENDMENTS TO THE SPECIFICATION

Please add the following new paragraph after the title:

CROSS-REFERENCE TO REIATED PATENT APPLICATIONS

[0001]  'This application 1s a U.S. National Stage Application under 35 U.S.C. {371 of
PCT Application No. PCT/KR2014/005258, filed June 16, 2014, which claims priority to
Korean Patent Application No. 10-20130074620, fied June 26, 2013, whose entire

disclosures are hereby mcorporated by reference.
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National Stage Application of Docket No. DANA-0049
International Application No. PCT/KR2014 /005258

AMENDMENTS TO THE CLAIMS

This Iisting of claims will replace all prior versions, and listings, of claims in

the application:

Listing of Claims:

1. (Currently Amended) A recetving antenna of a wireless power recetving
device wirelessly charging electric power, the recetving antenna comprising:
a substrate;
a soft magnetic layer stacked on the substrate;
a recerving coil wound 1n parallel with a plane of the soft magnetic layer, and
formed mside of the soft magnetic layer; and
an msulatme adhesive layer formed between the soft magnetic layer and the

recetving coil.

2. (Currently Amended) The receiving antenna of claim 1, farthercomprising:

eottwherein the adhesive layer includes a first adhesive layer formed on the soft magnetic

3
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layer, an msulating layer formed on the first adhesive layer, and a second adhesive layer

formed on the msulating layer.

3. (Currently Amended) The receiving antenna of claim 1, wherein the insulating

layer #reludes-is a film including a polyethylene terephthalate (PET) material.

4. (Currently Amended) 'The receiving antenna of claim 1, wherein the soft

magnetic layer includes a-plarahityofstacked-sheetstneladme-a soft magnetic metal powder

and a polymer resm.

5. (Original) The receiving antenna of claim 1, wherein the soft magnetic layer

mncludes a groove portion.

6. (Original) The receiving antenna of claim 5, wherein the receiving coil 1s

accommodated m the groove portion.

7. (Original) The receiving antenna of claim 1, further comprising a support

means stacked on the recetving coil.

8. (Original) The recetving antenna of claim 1, wherein the receiving coil i1s

embedded 1n one surface of the soft magnetic layer.

4
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9. (Currently Amended) A method of fabricating a recewving antenna, the

method comprising:

stacking a plurality of sheets including a soft magnetic metal powder and a
polymer resin;

forming an mswlatne-adhesive layer on an upper plane of the plurality of
sheets;

disposing a recetving coil on the msulating adhesive layer; and

compressing the plurality of sheets, the mswlattre adhesive layer, and the

recetving coil to form the recetving coil inside of the plurality of sheets.

10.  (Currently Amended) 'The method of claim 9, wherein the soft magnetic

metal powder mcludes an Fe-silicon-based alloy.

11.-12. (Cancelled)

13.  (Currently Amended) A wireless power recerving device wirelessly charging
electric power, comprising:
a substrate;

a soft magnetic layer stacked on the substrate;

5
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a recerving coil wound 1n parallel with a plane of the soft magnetic layer, and
formed mside of the soft magnetic layer;

an msuatme-adhesive layer formed between the soft magnetic layer and the
recetving coil;

a circutt unit connected to the receiving coil, and configured to convert
electromagnetic energy mto electrical energy; and

a storage unit configured to store the electrical energy.

14. (New) The receiving antenna of claim 4, wherein the soft magnetic layer
mcludes a plurality of stacked sheets including the soft magnetic metal powder and the

polymer resm.

15, (New) The receiving antenna of claim 14, wherein the soft magnetic metal

powder mcludes an Fe-silicon-based alloy.

16.  (New) The receiving antenna of claim 15, wherein the polymer resin includes
at least one of a rubber-based polymer resmn, an epoxy-based polymer resin, and a silicon-

based polymer resin.
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17. (New) The method of claim 9, wherein the adhesive layer includes a first
adhestve layer formed on the plurality of sheets, an msulating layer formed on the first

adhestve layer, and a second adhesive layer formed on the msulating layer.

18. (New) The method of claim 10, wherein the polymer resin includes at least
one of a rubber-based polymer resin, an epoxy-based polymer resin, and a silicon-based

polymer resm.

19.  (New) The method of claim 9, further comprising fabricating the plurality of
sheets mcluding the soft magnetic metal powder and the polymer resin,
each sheet 1s fabricated by performing film casting on mk including a solvent,

the soft magnetic metal powder and the polymer resm.

20. (New) The wireless power receiving device of claim 13, wherein the adhesive
layer mcludes a first adhesive layer formed on the soft magnetic layer, an msulating layer
formed on the first adhesive layer, and a second adhesive layer formed on the insulating

layer.

21. (New) The wireless power receiving device of claim 13, wherein the soft

magnetic layer includes a soft magnetic metal powder and a polymer resin.
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22. (New) The wireless power receiving device of claim 21, wherein the soft
magnetic layer includes a plurality of stacked sheets including the soft magnetic metal

powder and the polymer resin.
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REMARKS
Clamms 1-10 and 13-22 are pending. By this Amendment, the specification has been
amended to mclude the prior application mformation, claims 1-4, 9, 10, and 13 have been
amended, claims 11 and 12 have been canceled without prejudice or disclaimer, and new
claims 14-22 have been added. Prompt exammation and allowance m due course are

respectfully solicited.

CONCLUSION

Should the Examiner have any questions regarding the above-identified application,
the Examiner 1s invited to contact the undersigned attorney, Daniel Y.J. Kim, at the
telephone number listed below.

To the extent necessary, a petition for an extension of time under 37 C.F.R. §1.136 i1s
hereby made. Please charge any shortage m fees due in connection with the filing of this,
concurrent and future replies, including extension of time fees, to Deposit Account 16-0607
and please credit any excess fees to such deposit account.

Respectfully submatted,
KED & ASSOCIATES, LLP

/Daniel Y.J. Kim/

Correspondence Address: Daniel Y.J. Kim

P.O. Box 8638 Registration No. 36,186
Reston, VA 20195

703 766-3777 DYK/dak

Date: December 28, 2015

Please direct all correspondence to Customer Number 34610
Q:\Documents\2414-049\563329
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[DESCRIPTION]

[Invention Title]

RECEIVING ANTENNA AND WIRELESS POWER RECEIVING DEVICE INCLUDING

THE SAME
[Technical Field]

[0001] The present invention relates to wireless charging, and more particularly,
to a receiving antenna for wireless charging and a wireless power receiving device
including the same.

[Background Art]

[0002] According to the development of wireless communication technology,
interest in wireless power transceiving technology which provides electric power to
electronic devices wirelessly is increasing. The wireless power transceiving technology
may be diversely applied to a power supply for household electronic products and for
electric cars or subway trains, as well as battery charging of portable terminals.

[0003] General wireless power transceiving technology uses a principle of
magnetic induction or magnetic resonance. For example, when electrical energy is
applied to a transmission antenna of a wireless power transmission device, the
transmission antenna may convert the electrical energy into electromagnetic energy and
emit the electromagnetic energy to the surroundings. And a receiving antenna of a
wireless power receiving device may receive the electromagnetic energy emitted from
the transmission antenna and convert it to the electrical energy.

[0004] |In that case, it is necessary to minimize an energy loss between the

wireless power transmission device and the wireless power receiving device to increase
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power transceiving efficiency. For this, the transmission antenna and the receiving
antenna may need to be mutually arranged within an effective distance. Further, a soft
magnetic material may be disposed around the transmission antenna and the receiving
antenna to focus the electromagnetic energy emitted from the transmission antenna
toward the receiving antenna.

[0005] For this, a receiving coil is formed on a soft magnetic layer. In that case,
an air layer is formed between the receiving coil and the soft magnetic layer, and
therefore there may be a problem that guiding effect of a magnetic field of the soft

magnetic layer is reduced.

[Disclosure]

[Technical Problem]

[0006] The present invention aims to provide a structure of a receiving antenna
capable of improving a wireless power receiving efficiency of a wireless power receiving

device.

[ Technical Solution]

[0007] According to an embodiment of the present invention, a receiving antenna
of a wireless power receiving device wirelessly charging electric power includes a
substrate, and a soft magnetic layer stacked on the substrate, and a receiving coil
wound in parallel with a plane of the soft magnetic layer and formed inside of the soft
magnetic layer. An insulating layer is formed between the soft magnetic layer and the

receiving coil.
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[0008] The receiving antenna may further include a first adhesive layer formed
between the soft magnetic layer and the insulating layer, and a second adhesive layer
formed between the insulating layer and the receiving coil.

[0009] The insulating layer may include a poly ethylene terephthalate (PET)
material.

[0010] The soft magnetic layer may include a plurality of stacked sheets including
a soft magnetic metal powder and a polymer resin.

[0011] The soft magnetic layer may include a groove portion.

[0012] The receiving antenna may further include a support means stacked on
the receiving coil.

[0013] According to another embodiment of the present invention, a method of
fabricating a receiving antenna includes stacking a plurality of sheets including a soft
magnetic metal powder and a polymer resin, forming an insulating layer on an upper
plane of the plurality of sheets, disposing a receiving coil on the insulating layer, and
compressing the plurality of sheets, the insulating layer, and the receiving coil to form
the receiving coil inside of the plurality of sheets.

[0014] According to still another embodiment of the present invention, a wireless
power receiving device wirelessly charging electric power includes a substrate, a soft
magnetic layer stacked on the substrate, a receiving coil wound in parallel with a plane
of the soft magnetic layer, and formed inside of the soft magnetic layer, a circuit unit
connected to the receiving coil, and converting electromagnetic energy into electrical
energy, and a storage unit for storing the electrical energy. An insulating layer is formed

between the soft magnetic layer and the receiving coil.
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[Advantageous Effects]

[0015] According to embodiments of the present invention, the performance of
electromagnetic energy focusing of a receiving antenna in a wireless power receiving
device can be increased, and therefore wireless power transceiving efficiency can be
maximized. Particularly, an air layer between a receiving coil and a soft magnetic layer
is removed, and therefore guiding effect of a magnetic field of the soft magnetic layer
becomes high, and an improved power transmission efficiency can be obtained by
decreasing a thickness of the receiving antenna and decreasing a distance between a
transmission antenna and the receiving antenna.

[0016] Accordingly, an electromagnetic energy focusing effect of a required
standard even with a thin thickness can be obtained, and therefore the present
invention can be applied to various electronic devices of the slimness trend such as a
TV, a portable terminal, a notebook, a tablet PC, etc.

[0017] Further, the wireless power receiving device according to the
embodiments of the present invention has an excellent electromagnetic energy focusing
performance and can use inexpensive materials, and therefore, can be applied to a
large application field such as electric cars, subway trains, etc.

[0018] Further, the probability of an electrical short between the soft magnetic
layer and the receiving colil is reduced, and therefore reliability of the receiving antenna

may be improved.
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[Brief Description of Drawings]

[0019] FIG. 1 is a block diagram illustrating a wireless power transceiver system
in accordance with an embodiment of the present invention.

[0020] FIG. 2 is a diagram illustrating a part of a wireless power transmission
device, and FIG. 3 is a diagram illustrating a part of a wireless power receiving device.

[0021] FIG. 4 is a cross-sectional view illustrating a soft magnetic layer and a
receiving coil.

[0022] FIG. 5 is a cross-sectional view illustrating a soft magnetic layer and a
receiving coil in accordance with an embodiment of the present invention.

[0023] FIG. 6 is a cross-sectional view illustrating an adhesive layer in
accordance with an embodiment of the present invention.

[0024] FIG. 7 is a flowchart illustrating a method of embedding a receiving coil in
a soft magnetic layer in accordance with an embodiment of the present invention.

[0025] FIG. 8 is a cross-sectional view illustrating an example of disposing a
receiving coil on an upper plane of a plurality of sheets and performing compression on
the receiving coil after compressing the plurality of sheets at a high temperature.

[0026] FIG. 9 is a cross-sectional view illustrating a soft magnetic layer and a
receiving colil in accordance with a comparative example and an example of the present
invention, and FIG. 10 is a graph illustrating a measurement result of a transmission
efficiency in accordance with a comparative example and an example of the present

invention.
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[Mode for Invention]

[0027] While the inventive concept is susceptible to various modifications and
alternative forms, specific embodiments thereof are shown by way of example in the
drawings and will herein be described in detail. It should be understood, however, that
there is no intent to limit the inventive concept to the particular forms disclosed, but on
the contrary, the inventive concept is to cover all modifications, equivalents, and
alternatives falling within the spirit and scope of the inventive concept.

[0028] It will be understood that, although the terms "first," "second," etc. may be
used herein to describe various components, these components should not be limited
by these terms. These terms are only used to distinguish one component from another
component. Thus, a first component discussed below could be termed a second
component and the second component discussed below could be termed the first
component without departing from the teachings of the present inventive concept. The
"and / or" includes each and all combinations of one or more of the items mentioned.

[0029] It will be understood that when an element is referred to as being
‘connected” or “coupled’ to another element, it can be directly connected or coupled to
the other element or intervening elements may be present. In contrast, when an
element is referred to as being “directly connected” or “directly coupled” to another
element, there are no intervening elements. Other words used to describe relationships
between elements should be interpreted in a like fashion (i.e., “between” versus “directly

” o

between,” “adjacent” versus “directly adjacent,” etc.).
[0030] The terminology used herein to describe embodiments of the inventive

concept is not intended to limit the scope of the inventive concept. Elements of the
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inventive concept referred to in the singular may number one or more, unless the
context clearly indicates otherwise. It will be further understood that the terms
‘comprise”, “have”, etc. when used herein, specify the presence of stated features,
numbers, steps, operations, elements, components, and/or groups thereof, but do not
preclude the presence or addition of one or more other features, numbers, steps,
operations, elements, components, and/or groups thereof.

[0031] Unless otherwise defined, all terms (including technical and scientific
terms) used herein are to be interpreted as is customary in the art to which this
inventive concept belongs. It will be further understood that terms in common usage
should also be interpreted as is customary in the relevant art and not in an idealized or
overly formal sense unless expressly so defined herein.

[0032] Hereinafter, example embodiments are described with reference to the
attached drawings, and same or corresponding elements regardless of drawing symbols
will be given the same reference numbers, and overlapping descriptions will be omitted.

[0033] FIG. 1 is a block diagram illustrating a wireless power transceiver system
in accordance with an embodiment of the present invention.

[0034] Referring to FIG. 1, the wireless power transceiver system may include a
wireless power transmission device 100 and a wireless power receiving device 200.
The wireless power transmission device 100 connected to a power supply applies
electrical energy to a transmission antenna, and the transmission antenna converts the
electrical energy into electromagnetic energy and emits the electromagnetic energy to
the surroundings. The wireless power receiving device 200 receives the

electromagnetic energy emitted from the transmission antenna using a receiving
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antenna, converts the electromagnetic energy into the electrical energy, and performs
charging.

[0035] Here, the wireless power transmission device 100 may be, for example, a
transmission pad. Further, the wireless power receiving device 200 may be a part of a
structure of a portable terminal, household/personal electronic products, a
transportation means, etc to which wireless power transceiving technology is applied.
The portable terminal, household/personal electronic products, a transportation means,
etc. to which the wireless power transceiving technology is applied may be set to
include only the wireless power receiving device 200, or to include both the wireless
power transmission device 100 and the wireless power receiving device 200.

[0036] Here, the wireless power transmission device 100 may transmit electric
power using an electromagnetic induction method or a resonance method. Similarly,
the wireless power receiving device 200 may receive the electric power using the
electromagnetic induction method or the resonance method.

[0037] Meanwhile, the wireless power receiving device 200 may include a
module which simultaneously has a wireless power conversion (WPC) function and a
near field communication (NFC) function. Here, the wireless power receiving device
200 may perform NFC with an external device 300 including an NFC module.

[0038] FIG. 2 is a diagram illustrating a part of a wireless power transmission
device, and FIG. 3 is a diagram illustrating a part of a wireless power receiving device.

[0039] Referring to FIG. 2, the wireless power transmission device 100 may
include a transmitting circuit (not shown), a soft magnetic core 110, a transmitting

antenna 120, and a permanent magnet 130.
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[0040] The soft magnetic core 110 may include a soft magnetic material having a
thickness of several mms. Further, the transmitting antenna 120 consists of a
transmitting coil, and the permanent magnet 130 may be surrounded by the transmitting
antenna 120. Here, the permanent magnet 130 is not an essential element and may be
omitted according to specifications.

[0041] Referringto FIG. 3, the wireless power receiving device 200 may include a
receiving circuit (not shown), a soft magnetic layer 210, and a receiving coil 220. The
soft magnetic layer 210 may be formed on a substrate (not shown). The substrate may
include many layers of fixed sheets, and may be connected to the soft magnetic layer
210 to fix the soft magnetic layer 210.

[0042] The soft magnetic layer 210 focuses the electromagnetic energy emitted
from the transmitting antenna 120 of the wireless power transmission device 100.

[0043] The soft magnetic layer 210 may include a metallic material or a ferrite
material, and may be implemented in various forms of a pellet, a plate, a ribbon, foil, a
film, etc. In an example embodiment, the soft magnetic layer 210 may be a form in
which a plurality of sheets including a single metal or an alloy powder having soft
magnetism (hereinafter, referred to as a soft magnetic metallic powder) and a polymer
resin are stacked. In another example embodiment, the soft magnetic layer 210 may be
an alloy ribbon, a stacked ribbon, foil, or a film including at least one of Fe, Co, and Ni.
In still another example embodiment, the soft magnetic layer 210 may be a composite
including 90 wt% or more of FeSiCr flakes and 10 wt% or less of a polymer resin. In yet
another example embodiment, the soft magnetic layer 210 may be a sheet, a ribbon, foil,

or a film including nickel-zinc (Ni-Zn) ferrite.
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[0044] The receiving coil 220 may be stacked on the soft magnetic layer 210.
The receiving coil 220 may be wound in a direction parallel to a plane of the soft
magnetic layer 210 on the soft magnetic layer 210. For example, a receiving antenna
applied to a smart phone may have a form of a spiral coil which has an outer diameter
of no more than 50 mm and an inner diameter of 20 mm or greater. The receiving
circuit converts the electromagnetic energy received through the receiving coil 220 into
the electrical energy, and charges a battery (not shown) with the converted electrical
energy.

[0045] Although not shown, a heat dissipation layer may be further included
between the soft magnetic layer 210 and the receiving coil 220. In this specification, the
soft magnetic layer 210 and the receiving coil 220 together may be referred to as the
receiving antenna.

[0046] When the wireless power receiving device 200 simultaneously has the
WPC function and the NFC function, an NFC coil 230 may be further stacked on the soft
magnetic layer 210. The NFC coil 230 may be formed to surround an outer portion of
the receiving coil 220.

[0047] Further, the receiving coil 220 and the NFC coil 230 may be electrically
connected to each other through a terminal 240.

[0048] FIG. 4 is a cross-sectional view illustrating a soft magnetic layer and a
receiving coil.

[0049] Referring to FIG. 4, an adhesive layer 410 is formed on a soft magnetic

layer 400, a receiving coil 420 is formed on the adhesive layer 410, and a support film

10
Petitioner Samsung and Google Ex-1004, 0039



430 is formed on the receiving coil 420. The support film 430 supports the receiving coil
420, and may include a polyethylene terephthalate (PET) material.

[0050] As described above, when the soft magnetic layer 400 and the receiving
coil 420 is bonded through the adhesive layer 410, an air layer A is formed, and guiding
effect of a magnetic field of the soft magnetic layer 400 may be reduced.

[0051] According to embodiments of the present invention, an air layer in a
receiving antenna of a wireless power receiving device is removed and power
transmission efficiency is increased.

[00562] FIG. 5 is a cross-sectional view illustrating a soft magnetic layer and a
receiving coil in accordance with an embodiment of the present invention.

[0063] Referring to FIG. 5, an adhesive layer 510 is formed on a soft magnetic
layer 500, a receiving coil 520 is formed on the adhesive layer 510, and a support
means 530 is formed on the receiving coil 520. The support means 530 supports the
receiving coil 520, and may include a polyethylene terephthalate (PET) material, and
may have a form of film. Here, the receiving coil 520 may be formed inside of the soft
magnetic layer 500. For example, the receiving coil 520 may be embedded in an upper
surface of the soft magnetic layer 500. Accordingly, the air layer formed between the
receiving coil 520 and the soft magnetic layer 500 is removed and power transmission
efficiency can be increased.

[0054] For this, the soft magnetic layer 500 includes a groove portion to
accommodate the receiving coil 520 inside of the soft magnetic layer 500, and may

bond the receiving coil 520 in the groove portion using the adhesive layer 510.
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[0055] Further, after the receiving coil 520 is disposed on the upper surface of the
soft magnetic layer 500, the receiving coil 520 may be embedded inside of the soft
magnetic layer 500 by compressing the soft magnetic layer 500 and the receiving coll
520. For facilitating compression and embedment of the receiving coil 520, the soft
magnetic layer 500 may include sheets including a soft magnetic metal powder and a
polymer resin. Specific methods will be described below.

[0056] Meanwhile, the adhesive layer 510 may have a double-sided structure
including an insulating layer.

[0067] FIG. 6 is a cross-sectional view illustrating an adhesive layer in
accordance with an embodiment of the present invention.

[0068] Referring to FIG. 6, the adhesive layer 510 may include a first adhesive
layer 512, an insulating layer 514 formed the first adhesive layer 512, and a second
adhesive layer 516 formed on the insulating layer 514.

[0059] Here, the insulating layer 514 may include, for example, a polyethylene
terephthalate (PET) material. Therefore, even when the first adhesive layer 512 or the
second adhesive layer 516 is broken down in the process of forming or embedding the
receiving coil 520 inside of the soft magnetic layer 500, an electrical short between a
metal in the soft magnetic layer 500 and the receiving coil 520 can be prevented.

[0060] FIG. 7 is a flowchart illustrating a method of embedding a receiving coil in
a soft magnetic layer in accordance with an embodiment of the present invention. Here,
the soft magnetic layer is assumed to include sheets including a soft magnetic metal

powder and a polymer resin.
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[0061] Referring to FIG. 7, sheets including a soft magnetic metal powder and a
polymer resin are fabricated (S700). For this, sheets with a thin form may be fabricated
by performing film casting on ink including a solvent, a soft magnetic metal powder and
a polymer resin. Here, the soft magnetic metal powder may include, for example, an
Fe-silicon-based alloy. Further, the polymer resin may include, for example, at least
one of a rubber-based polymer resin, an epoxy-based polymer resin, and a silicon-
based polymer resin.

[0062] Next, after a plurality of sheets are stacked (S710), then an adhesive layer
is formed on an upper surface of the plurality of sheets (S720), a receiving coil is
disposed on the adhesive layer (S730), and the plurality of sheets, the adhesive layer,
and the receiving coil are simultaneously compressed at a high temperature (S740).
Here, the compression process may be performed for one to four hours at a
temperature of 80 to 250°C and at a pressure of 100 to 300 kgf/lcm?. Preferably, the
compression process may be performed for two to three hours at a temperature of 150
to 200°C and at a pressure of 150 to 250 kgf/cm?.

[0063] As described above, when the plurality of sheets and the receiving coil are
simultaneously compressed, due to mobility of the polymer resin included in the sheets,
the groove portion is formed on a boundary surface between the sheets and the
receiving coil, and the polymer resin permeates into a space between receiving coils
and the air layer is not formed. Therefore, a problem of reducing of the guiding effect of
a magnetic field due to the air layer between the receiving coil and the soft magnetic

layer can be prevented.
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[0064] On the contrary, when the plurality of sheets and the receiving coil are not
simultaneously compressed, but the plurality of sheets are first compressed at a high
temperature and then the receiving coil is disposed on an upper surface of the sheets
and compressed again, a convexo-concave structure may be formed at a rear surface
502 of the soft magnetic layer due to a mechanical pressure difference as shown in FIG.
8. This may induce reducing of guiding of the magnetic field.

[0065] Further, the groove portion formed on a boundary surface between the
sheets and the receiving coil is thermally hardened in the process of compressing at a
high temperature, and therefore stable implementation is possible.

[0066] Further, the polymer resin included in the sheets becomes an insulating
material having high thermal stability through compression at a high temperature, and
therefore the polymer resin can perform an insulating function required between soft
magnetic metal powders, and can prevent corrosion of the soft magnetic metal powders
even at severe environments.

[0067] Further, as described above, when the adhesive layer is formed to have a
double-sided structure including an insulating layer, an electrical short can be prevented
even when a part of the adhesive layer is peeled in the process of compression of the
plurality of sheets and the receiving coil at a high temperature.

[0068] Hereinafter, test results of transmission efficiency based on dispositions of
the receiving coil and conditions of embedment are described.

[0069] FIG. 9 is a cross-sectional view illustrating a soft magnetic layer and a
receiving colil in accordance with a comparative example and an example of the present

invention, and FIG. 10 is a graph illustrating a measurement result of a transmission
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efficiency in accordance with a comparative example and an example of the present
invention.

[0070] Referring to Comparative Example of FIG. 9A, an adhesive sheet 910
having a thickness of 0.03 mm is disposed on a magnetic sheet 900 having a thickness
of 4 mm, a receiving coil 920 having a thickness of 0.13 mm is disposed on the
adhesive sheet 910, and a Pl film 930 having a thickness of 0.03 mm is disposed on the
receiving coil 920.

[0071] Referring to Example 1 of FIG. 9B, a magnetic sheet 900 having a
thickness of 4 mm, an adhesive sheet 910 having a thickness of 0.03 mm, a receiving
coil 920 having a thickness of 0.13 mm, and a PI film 930 having a thickness of 0.03
mm are sequentially stacked, and the receiving coil 920 is embedded in the magnetic
sheet 900. As shown in Example 1 of FIG. 9B, to embed the receiving coil 920 in the
magnetic sheet 900, one sheet of aluminum duo-foil with 1.2 mmT, one sheet of a lower
cover (FR-25DM), a structure of Comparative Example of FIG. 9A, one sheet of an
upper cover (FR-250M), one sheet of aluminum foil with 1.2 mmT, two sheets of PVC
with 520 mm * 360 mm and 1.2 mmT (for high temperature), two sheets of kraft with
530 mm * 420 mm, one sheet of aluminum duo-foil with 1.2 mmT are sequentially
stacked, and then heat treatment and compression are performed according to
conditions of FIG. 11.

[0072] Referring to Example 2 of FIG. 9C, a magnetic sheet 900 having a
thickness of 4.3 mm, an adhesive sheet 910 having a thickness of 0.03 mm, a receiving

coil 920 having a thickness of 0.13 mm, and a PI film 930 having a thickness of 0.03
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mm are sequentially stacked, and the receiving coil 920 is embedded in the magnetic
sheet 900.

[0073] Referring to Example 3 of FIG. 9D, a magnetic sheet 900 having a
thickness of 4 mm, an adhesive sheet 910 having a thickness of 0.03 mm, a receiving
coil 920 having a thickness of 0.16 mm, and a PI film 930 having a thickness of 0.03
mm are sequentially stacked, and the receiving coil 920 is embedded in the magnetic
sheet 900.

[0074] FIG. 9B has a thickness of 0.56 mm, and is thinner than FIG. 9A having a
thickness of 0.59 mm. Each of cross-sections of FIG. 9C and FIG. 9D is 0.59 mm, and
is fabricated with the same thickness as FIG. 9A.

[0075] Referring to FIG. 10A which compares transmission efficiency of
Comparative Example and Example 1, a section showing high efficiency (Max%)
according to Example 1 is broader compared with Comparative Example. Accordingly,
it can be noted that the transmission efficiency of Example 1 is higher than that of
Comparative Example.

[0076] Referring to FIG. 10B which compares transmission efficiency of
Comparative Example and Example 2, the transmission efficiency of Example 2 is
similar to that of Comparative Example. However, in Example 2, the magnetic sheet is
thick and therefore magnetic shielding effect may increase.

[0077] Referring to FIG. 10C which compares transmission efficiency of
Comparative Example and Example 3, it can be noted that the transmission efficiency of

Example 3 is excellent compared with that of Comparative Example. Particularly, in
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Example 3, as a driving power becomes higher, a drop phenomenon of the transmission
efficiency becomes decreased.

[0078] This written description sets forth the best modes of the invention. It will
be understood by those skilled in the art that various modifications can be made without
departing from the scope of the present invention and without changing essential

features.
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[CLAIMS]

1. A receiving antenna of a wireless power receiving device wirelessly
charging electric power, the receiving antenna comprising:
a substrate;
a soft magnetic layer stacked on the substrate;
a receiving coil wound in parallel with a plane of the soft magnetic layer,
and formed inside of the soft magnetic layer; and
an insulating layer formed between the soft magnetic layer and the

receiving coil.

2. The receiving antenna of claim 1, further comprising:
a first adhesive layer formed between the soft magnetic layer and the
insulating layer; and
a second adhesive layer formed between the insulating layer and the

receiving coil.

3. The receiving antenna of claim 1, wherein the insulating layer includes a

polyethylene terephthalate (PET) material.

4. The receiving antenna of claim 1, wherein the soft magnetic layer includes

a plurality of stacked sheets including a soft magnetic metal powder and a polymer resin.
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. The receiving antenna of claim 1, wherein the soft magnetic layer includes

a groove portion.

6. The receiving antenna of claim 5, wherein the receiving coil is

accommodated in the groove portion.

7. The receiving antenna of claim 1, further comprising a support means

stacked on the receiving coil.

8. The receiving antenna of claim 1, wherein the receiving coil is embedded

in one surface of the soft magnetic layer.

9. A method of fabricating a receiving antenna, the method comprising:
stacking a plurality of sheets including a soft magnetic metal powder and a
polymer resin;
forming an insulating layer on an upper plane of the plurality of sheets;
disposing a receiving coil on the insulating layer; and
compressing the plurality of sheets, the insulating layer, and the receiving

coil to form the receiving coil inside of the plurality of sheets.

10.  The method of claim 9, wherein the soft magnetic metal powder includes
an Fe-silicon-based alloy, and the polymer resin includes at least one of a rubber-based

polymer resin, an epoxy-based polymer resin, and a silicon-based polymer resin.
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11. A receiving antenna of a wireless power receiving device wirelessly
charging electric power, the receiving antenna comprising:
a substrate;
a soft magnetic layer stacked on the substrate;
a receiving coil wound in parallel with a plane of the soft magnetic layer,
and formed inside of the soft magnetic layer; and
an adhesive layer formed between the soft magnetic layer and the

receiving coil.

12.  The receiving antenna of claim 11, wherein the adhesive layer includes a
first adhesive layer formed on the soft magnetic layer, an insulating layer formed on the

first adhesive layer, and a second adhesive layer formed on the insulating layer.

13. A wireless power receiving device wirelessly charging electric power,
comprising:
a substrate;
a soft magnetic layer stacked on the substrate;
a receiving coil wound in parallel with a plane of the soft magnetic layer,
and formed inside of the soft magnetic layer,;
an insulating layer formed between the soft magnetic layer and the

receiving coil;
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a circuit unit connected to the receiving coil, and configured to convert
electromagnetic energy into electrical energy; and

a storage unit configured to store the electrical energy.
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[ABSTRACT]

A receiving antenna of a wireless power receiving device wirelessly charging
electric power according to an embodiment of the present invention includes a substrate,
a soft magnetic layer stacked on the substrate, and a receiving coil configured to
receive electromagnetic energy emitted from a wireless power transmission device,
wound in parallel with a plane of the soft magnetic layer, and formed inside of the soft
magnetic layer, and an insulating layer is formed between the soft magnetic layer and

the receiving coil.
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[35] 71 A, 4 AE FA G 100), o2 EYW F4) ) =(pad)el ). 18] a1,
A H Al AA200)= A A H Sl Vol A8 Frol B,
& T s o 4 A A a2

T
7FAR-E/7NN 8 AAAE, &5 T o dF
= Z

3

[36] ojm, F-A1 = &4 4X(100)= A AL7] - 5 (electromagnetic induction) 2]
I+ & X(resonance) WA & o] &30 A& 21T 4= ). o] o) v TR &
T J e A A X](200)= A AT F- S (electromagnetic induction) 2] =
& 7l (resonance) WA 2 o] &5t HH-& 41 5 ATt

[37] SHH, A ™ A AX](200)= FA A E F9221(Wireless Power Conversion,
WPC) 7153 A 2] £ 5-21(Near Field Communication, NFC) 7] 52 & A] |

58 X85t E A E 5 ot oju], 7 1Y 4 A X(200)+=

X
NFC E5-& 2938h= 9 A @00)e F71e 74 S4ls 7382 55 9)

H

[38] 52k A AE 4 X AR-E Vel Belar, k3L Al A
Al A o) A2 el me)
[39] =28 Fashd, T4 AY 2l 4210003 F2 F 2D, AR

FoY(110), 521 FEIVH(120) 2 3 XA (130)2 &g

[40] A Zo(110)= 7 mm T2 2] AL LA R o] Fo] A = Qlvt. 1] AL,
A1 QFEI U (120) = £ U R o] Fo) X, o 7 A4 (130)2 541
el U120yl ol st Eeld o= Aok G A4 (130)2 ARSFol] wlhe) Al e

A
[41] =32 Fashd, A A8 Al g R11200)= AL 2 E=AD, A4 F210)

21(220)& 33t} AXA Z=(210)2 7] FH(H]| = A]) Ael] &A= 4=
ER o

|74 o= a1, A 521003
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[42] A4 5 210)= 721 AH A1 A= 100)e] 4 e Y(120) =2 E WAL =
AR7] WA & H &7t

[43] N2 T 210)E =& Al R Bz eho] Eferrite) 2 AR o]0 3 5= lon,
A2 F(210)> A Al(pellet), 3= ¢l °] E(plate), ©] -, & 2 (foil), 2 F(film) 5 <]
UFd gEle Tad 5 Aok A dd®, AL 210 Oﬂxw S HE=vd
T AT g (el 3h A A el g fhth) R ) A
EFehE el ARV A TE FEld = At thE el 2, A 52100 Fe,

Co.Ni 5 #0)5: b 33l i el 45 el 2ol mi= U F
AT} I T o 82, A A E(210)2 FeSiCr =4 o] = 90wt% ©| 4 E&Fs)ar,
LA AL E 10wt% ©] B E 3 A XA EQ 4 Qu), W thE o &2
A2 ZE210)3 Ni-Zn Al gl EE X 3)8l= A E, ¢]i S d == 35d
o] 1:]‘

[44] A2 F(210) ol = 221 A 20)0] FA €Tk 424 3912200

A A F(210) el A °—' A E 2100 HH 7} 33 et vigko g 7+ AE 4= Q).
AnpEFE ALy 4A 1AL o2 S, 2] 4 50mm ©) W, W 4 20mm
ol’d2] 1123 3 A(spiral coil) @] FHERA 4= AT 41 3 2= 4 A 2200
F8le] Al HA ] ol d A E A7) ol A2 A Es ], HEGE % =3
vl ul(UlE»’\l)oll Eaikia=

[45] LAl E A gl on), A F (21007 41 52U(220) Abolell = WE F ol U
x5k 4 Qo) ¥ WA A O A, AR F (21007 FA Z (22002 G4
hel kel ar x4 & 4= ok

[46] T4 18 5241 A4=](200)7F WPC 71°5 7 NFC 7]5-& A9l 7FA = 74 5,

A A} A F(210) el = NFC :22(230)°] ©] 4359 5= 9lth NFC 4 (230)>
=2l :4%1(220)4 S SEAEE A E 5=

ﬂJQ o }'ﬂ

[47] 1e)ar, 24 «705(220)% NFC 52 (230) Z}7-2 @ 2H240) F &5} o
*17I¢!°a°ﬂﬁa1—’ﬁ =3

[48] S 4z A F I A 29 e GRS eI

[49] 45 FEsh, AR 5(400) Aol 3= %(410)01 @A ¥ o, 25 (410)

el =4l A 420)0] FA B, G4 51 (420) el XA HE(430)°]
FAET AX 52 74 ZUE20)0= A A sH7] 913 31 2 =, PET(polyethylene
terephthalate) A~ Al & 32$He 4= 21},

[50] o] 2} o], A2 F(400) 7 4] AL @20)0] HAF(410)S 5kl A=
A5, =21 A 420) Alelell F71F(A)°] RHEO A A A F(400) ] 274
Sl &3 7F =5 5 Ak

[51] ol o] A A]oof] wp=d, A AE G220 Gx| o] A QbELel A T 5
AAst] e S &S *@01.1_'4 Ela=g

[52] 55 Eog o] gk AA]oo] uhE AL F ) A mde g e s
LheRIT]
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[53] 555 Fashd, A4 F(500) el A AE510)0] FAE A, H A F(510)
¥, =2 5(520) el A A GeH(530)°]

FA T A A e G40 3104(520) A A 8k7] 918 A=, PET(polyethylene
terephthalate) Al & £33 5= 9l o, A Fo e 5 ) oA 7] A, 4]
U520 AR F(500)2] Wi-oll AT ol & S, 74 U520
A2 F(500) ] el vl HE 4= At o) ol whet, 241 ZA 52003
AAAF(500) Akololl A= TS0l AANS, 8 HE A &S Y 5

At}

[54] ol = flstel, 1A 5(500) LH—‘?—oﬂ 72 ZAGB200S 857 AT FHE
FEgeh, A1 AF (51002 o183k F LHOﬂ T ZAG2002 F AT =

(551  EERE AR FG00 9] el =41 a91(520) A & F 144 F(500) R
T4 FA (52005 FESHA, 5241 (52001 QA Z(500)2] ol v
5 Ak AR F(500) H G4 ZA520)9] A R v HE o)A 817
2151, AR Z(500)2 AAA] F4 B D m R A =R 2 ¥ A ER
olFold = At Al A& v sk A ARl & FEdnt

[56] gk, A ai (5100 AAS& Eihsh=z & =2 5 vk

[57] E6 v g o] g AAldof whE 3 3ol v 501

[58] 6% %L% b, #3510 A1 3 2HE61 ), zﬂl AS(512) Aol A%
AASG514) H AAF514) el B35 A2 125 G516)e 2t

[59] o7, BAZTGIHE, o5 EHP T(polyethylene terephthalate) 4> Al & 3£ &3t

= hek. of ol whet, =4l 7":1(52 )2 A F(500) 2 el A skt

v #1571 913k 14-*4 ol A A1 A2 S(512) Bz A2 | 25 (516)0] v H Ul els,

AR S(500) ol 53} =4l 51 Alel o] A 714 Q1 T owre 4= vk
[60] 572 g o] g A Ajof|of) uhe} AP Sl A ZAd S vl fshs WS

el SA0 T o] 714, AR S I FE Wl W A H B
].

EPshiz A E o] Fol A3z A& 7HgFch,
(611 572 Fnshd, A4 35 e ¥R 548 Ees AES
Al 231 EH(S700). ©) & 13hel, v, A F PP A x) B

¥ 3ol JAE A E ME"ste] e AJEE WS 5 Ut} o 7] A, AR
T:IL:T E'?—_}_'O ol 2 59 Fe-A ] 24 9] 32 ¥8kst 4= Q) 1e]ar, a1 ¥-2
041 =9 1‘2‘1(rubber)7fﬂ, o Z A A B A3 A T A o]t 9

F(S710), 2] Al E l’a}“ﬂf)ﬂ A&RFE
A& ) X3 F(S730). H] A E, HERF
U A 3CH(S740). 1 714, FEF TS
80~2507°1 A 1A] ZF W =] 44] ZF E<F 100 WA 300kgf/cm22] 1] sholl A 8 s 2
= A vt vhgA skAl =, 150~2007¢0 12 17 W =] 341 7F &-<F 150 #] 250kgf/em?
o] ot& Flol| A A 5= 9lt).

[62] UP%PJ&, a2l Al _‘:_—% 41‘%?'{
A - /}
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631 olsk ol o] AlE s} el BAlS] Ak, A= o) %3
A A9l §5 A 0% Qlske] Al ESE 541 ele] 470§t

Al =
FAEY, 52 ZA Aol & A A 7F A Eo] g7 Fe]
¥t o]l ﬂJrEh FAl LAk AAY T Abol o] FUS o Q1E MzP OHH

W BAE e 4 ok,

(641 WFA, B5o] AlESE 22 A g FAle) ShEbehA @, el AEE WA
28 GhA L F A @A o) R she] ) At sha, K 83k o) /1414

_._CL' .

(651 I AE 2 mle] AARe] FAH FRE neolA gHEhe
ol A Ao R el m R, kg # <l & o] 7}F sl

[66] EEk A Eo) £3E 2 A= a1 FENS Edlo] i o] e Al
Ao ¥ g AR F4 B AlololAd B ad A Ve S =36
Qo] 7= FA A S AR FE el A S g 4= QY

[67] Eh Aadtvule) go], HAF S AAFT S Wil sk S A s
FASHA, B4 A Ee) =4 Ao a1 b3 Al FFF9 At

WA X G e s A 7] A Q) vhake- kx| gk 4= 9l

[68] ol &}, 4=Al ol v x| R v H 7o) b E A FHS A A=
A g gl

[69] 593z Hlate]] F AA] o)) whE A FH) 422 md el o), 10
bl @ AAjde] AF 58 54 d9E el = 28 Eo| o

[70] % 9(a)e] vl ald & sk, 4mm T 9] 2 A E(900) 2ol 0.03mm 7] €]

A ZAVE(910)7F vl X =] 51, & ZFA] E(910) “dell 0.13mm T4 2] =41 5.21(920)°]
Hl) ) ] v] | G=A1 52.21(920) 4ol 0.03mm 77 2] PI & 3(930)°] vl x] ¥l T},

[71] LS9yl AAldl 12 3, 4mm 771 2] A4 A E.(900), 0.03mm 77| €]
A ZPAL E(910), 0.13mm 77 2] 5241 5721(920) 2 0.03mm 71| 2] PI 2 5(930)°]
TAFA] O 8 A F v 5220 51.21(920)-2> A4 A E(900) el v HEI T X 9(b) <]
2 Al e 13 o] F=2] 10‘(920); A4 Al E(900) W ol vl &5} 7] 951,
v H $ 2l(Aluminum Duofoil 1.2mmT) 1-8, sHE# B (FR-25DM) 14, &=
9(a)2] H]alef o] -2, A F Bl(FR-250M) 174, &3] H =< 1.2mmT 1%, PVC
520mm*360mm 0.22mmT(2L-2--&) 273, =12 3= (kraft) 530mm*420mm 2%,
STl &2 (Aluminum Duofoil 1.2mmT) 1488 24 02 A 53 3 5 119
Zef wpel A el 2 7rsetssic

[72] T 9(0)2] A A 28 FHZ3PH, 4.3mm 57 & 2} A A E(900), 0.03mm 7 2]
A ZAIE(910), 0.13mm 7] 2] =41 52(920) 2 0.03mm 57 2] PI Z 5(930)°]

FapA o A FE Y, G240 52A(920) A A E(900) wHell v # E ot

[73] oo AA¢) 32 FE5HE, 4mm 7 9] z}“ A] E(900), 0.03mm 7 2]

HZAIE910), 0.16mm T2 2] 541 22(920) 2 0.03mm 771 2| P1 & 5(930)°]
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FabA o 2 A E ], 5220 522 (920)-2 A AT E(900) Wl vl HE Tl

[74] S 9(b)e] T2 = 0.566mmS =, 0.59mme] T & 74| = & 9(a)ol] H]5Fe] gFr.
283, 2 9(0) 2 E 9d)e] ¢S 0.59mm O 2, ¥ 9(a)¢ TAE FAR
A 2= Aot

[75] vl Lo e} Ao 19] AE a8 1]
= 28 & (Max%) 7 7-1ko] B

p—)

Aol 191 A% frol H] walol w3t %—%% o 2 9l
[76] Hlal o] o} A AJe]] 28] AF & 8-2 Blalshs 5 10(b)E FH=shd, 2 Al o 29
WE A A 8] e b FALSHE, ThRy, AL o 200 M = A E o] T 7}

Hone, XWV}J%L&J%ﬂ S 7FaHAl ®

[77] Hl aLof| of Al o]l 32] HE &85 ¥ k= 5 10(0) & F=shd, Al o
304 = Bl e o] ]o}cﬂ As m&o] w92 & 5 v 53], A Al
3ol M 3= - A= o] ol el el HE B &2 = (drop) Bl Fot & o
T 3

[78] A7V A= g o] uh A R A Ao E Fxste] st ARE sl E V=
okl s E FdA= shr1 e 535 Aol Mool ZIAlE 2 o] A H
Ao =N E Blojuhx] o= e el A 2 g s kst g R RAAI A
T 3
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[78-73 1] TR AYE F4A8= T4 A9y 41 X 2] 4241 be| o]l
Ao A
71 3k,
371 712 Aol AT E = AR F,
371 AAd T2l Bt g g A] AR AL, 7] AApd F 9
Aol FAdE 4 =, T1e]ar
B AR T A7 A 2D Aol FAE AASS
E 3= 474l gbEL
177 2] A1kl gloy A,

A7 AR F 3 A7 A S Abololl FAE = Al HEAE, 18]la
371 AAS T -@M G4l 1%‘ Abololl A ¥ = A2 ]2

< U ¥3sh= 41 FEILL
(97 3) Aol O'cw
7] 4 1752 PET(polyethylene terephthalate) 4~ Al 5 32§38}~
G4 QFeE L
[T 4] Aol oA,
B AAA S AAA B Y DA A 2 F ek
Ea=2] A E(sheet)7} 2] T ¥ 4] Qe
[ 7% 5] A 13}l QoA
71 AAAL FE FHF 8= A QEE| L
[ T4 6] A5l oA,
F71 F45 el 7] Al o] g E = 4l /bR
(97 7) Aol ei Al
A7 G ZY el A FE A A S vl E9EEE 574 QFEL
[ 7% 8] A1kl loj A,
B7 A BALE 7] AAE Sl § Hell v HE = 4] Qe
(87 9] 520 eelvhe] A% ol oA,

AAD S R A A E ESehs B AlEE

7(-1_7.-_ ‘].}_-]___ 1;‘_};“7

}7] o] AlEo] i) AdEFS FAEE &,
}7] AAF Aol =21 P& vl A 8hi= whA, 1ela
@/1 %?4 AE, A7 A S 2 A7 4 298 8] 7]
T4l FUE A7 H9 A E o) sk dHA
5 E§shis Az WY
[7d 7€ 10] A|9g}e] 2o A
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LA} 52203 el rubber) 2] 13-4 2], ol B A A a1k} 524
R A A 03 £ F Aol SR Litshs A% 3
T 1] TAeR AN FASE TA A 54 AA ) 52 Heutol
21014
7%,
7] 7% el HFE = A4 F,

37 AR F o] B FASA BAA 1, 7] A4 F o
Wil B 4l w9l el

37 DA E T 47 7 2 Abelol AR HHEF S
Z3ehiz =2 e,

T8 12] Al 118kel] 1o A,
A7 RAESTE A7 QAT Zdel A E = Al HEE, 7] Al
HES el FAE = AAS, 18]ar 7] AAS el AAH =
A2 A 2E8 E£3H5= 5221 FEL

T8 13) FAo s A8g FAsHs F4 A8 5241 AR o] 9lo] A

714,
7] 719k ol A= XA E,

871 AT B B YFHA AAX AL, V] AR T

(=] - o

ol B = 44 2,

71 AZRAA Z 3 A7) A 2 Aol AR AN

7] A 2l 7 ?‘@.EJUI AF7] A RF7] ol A = A 7] ol A &
H3ksl = g2, 1A

B71 A7) el YA & A sk AT

E 283 54 "™ 54 A
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Docket No.: DANA-0049 PATENT
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of Confirmation No.: To Be Assigned
Seok BAE; Donchul CHOI; and Soon Young HYUN Group Art Unit:  To Be Assigned
Serial No.:  National Stage Application of International =~ Examiner: To Be Assigned

Application No. PCT/KR2014 /005258

International Filing Date: June 16, 2014 Customer No.: 34610
U.S. National Stage Filing Date: ~ December 28, 2015

For:  RECEIVING ANTENNA AND WIRELESS POWER RECEIVING DEVICE
INCLUDING THE SAME

INFORMATION DISCLOSURE STATEMENT

U.S. Patent and Trademark Office
Customer Service Window, BOX PCT
Randolph Building

401 Dulany Street

Alexandria, Virginia 22314

S

Pursuant to 37 C.F.R. §1.56, the attention of the Patent and Trademark Office is hereby directed to
the references listed on the attached PTO-1449. One copy of each non-U.S. reference 1s attached. It is
respectfully requested that the information be expressly considered during the prosecution of this application,
and that the reference(s) be made of record therein and appear among the “References Cited” on any patent
to 1ssue therefrom.

Applicants have listed publication dates on the attached PTO-1449 based on information presently
available to the undersigned. However, the listed publication dates should not be construed as an admission
that the information was actually published on the indicated date. Applicants reserve the right to establish the
patentability of the claimed invention over any of the mformation provided herewith, and/or to prove that
this information may not be prior art, and/or to prove that this information may not be enabling for the
teachings purportedly offered. This statement should not be construed as a representation that a search has
been made, that information cited in the statement is considered to be and/or 1s material to patentability, or
that mformation more material to the examination of the present patent application does not exist. The
Examiner 1s specifically requested not to rely solely on the material submitted herewith. It is further
understood that the Examiner will consider information that was cited or submitted to the U.S. Patent and
Trademark Office in a prior application relied on under 35 U.S.C. §120. 1138 OG 37, 38 (May 19, 1992).

X 1. This Information Disclosure Statement is being filed (i) within three months of the U.S.
filing date of a U.S. application other than a CPA continued prosecution application under §1.53(d)
OR (1) within three months of the date of entry of the national stage as set forth in §1.491 in an
international application OR (i) before the mailing date of a first Office Action on the merits OR
(iv) before the mailing of a first Office Action after the filing of a Request for continued examination
under §1.114. No certification or fee 1s required. 37 C.FR. §1.97(b).

Ol 2. This Information Disclosure Statement is being filed more than three months after the U.S.
filing date AND after the mailing date of the first Office Action on the merits, but before the mailing
date of a Final Rejection OR Notice of Allowance OR an action that otherwise closes prosecution in
the application. 37 C.F.R. §1.97(c).

Ol a. I hereby state that each item of information contained in this Information
Disclosure Statement was first cited i a communication from a foreign patent office i a
counterpart foreign application or from the U.S. Patent Office in a related U.S. application,
not more than three months prior to the filing of this Information Disclosure Statement. 37
C.FR. §1.97(e)(1). No fee 1s required.

Petitioner Samsung and Google Ex-1004, 0084



National Stage Application of International Docket No. DANA-0049
Application No. PCT/KR2014 /005258

UJ b. I hereby state that no item of information in this Information Disclosure Statement
was cited n a communication from a foreign patent office in a counterpart foreign
application and, to my knowledge after making reasonable inquiry, was known to any
individual designated in 37 C.F.R. §1.56(c) more than three months prior to the filing of this
Information Disclosure Statement. 37 C.F.R. §1.97(e)(2).

O c. Please charge our Credit Card in the amount of $180.00 in payment of the fee under
37 CEFR. §1.17(p) per the attached PTO 2038 form. Please credit or debit Deposit Account
No. 16-0607 as needed to ensure consideration of the disclosed information.

O] 3. This Information Disclosure Statement is being filed after the mailing date of a Iinal
Rejection OR Notice of Allowance OR an action that otherwise closes prosecution in the
application, but on or before payment of the Issue Fee. Please charge our Credit Card in the amount
of $180.00 in payment of the fee under 37 C.F.R. §1.17(p) per the attached PTO 2038 form. Please
credit or debit Deposit Account No. 16-0607 as needed to ensure consideration of the disclosed
mformation. 37 C.F.R. §1.97(d).

O] a. I hereby state that each item of information contained in this Information
Disclosure Statement was first cited in a communication from a foreign patent office in a
counterpart foreign application or from the U.S. Patent Office mn a related U.S. application,
not more than three months prior to the filing of this Information Disclosure Statement. 37
CFR. §1.97()(1).

O b. I hereby state that no item of information in this Information Disclosure Statement
was cited n a communication from a foreign patent office in a counterpart foreign
application or, to my knowledge after making reasonable inquiry, was known to any
individual designated in 37 C.F.R. §1.56(c) more than three months prior to the filing of this
Information Disclosure Statement. 37 C.F.R. §1.97(e)(2).

X 4. To the extent necessary, a petition for an extension of time under 37 C.F.R. §1.136 is hereby
made. Please charge any shortage in fees due in connection with the filing of this paper, including
extension of time fees, to Deposit Account 16-0607 and please credit any excess fees to such deposit
account.

Respectfully submitted,
KED & ASSOCIATES, LLP

/Daniel Y.J. Kim/

Dantel Y J. Kim
Registration No. 36,186
Correspondence Address:
P.O. Box 8638
Reston, VA 20195
Telephone: (703) 766-3777

Date: December 28, 2015
DYK/dak

Please direct all correspondence to Customer Number 34610
\\ked2\Documents\2414\2414-049\563330.docx
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ATTORNEY. DOCKET NO. APPLICATION SERIAL NO.
LIST OF ART CITED BY APPLICANT DANA-0049 National Stage of
PCT/KR2014/005258
(PTO-1 449) APPLICANT(S)
Seok BAE; Donchul CHOI; and Soon Young HYUN
FILING DATE GROUP
December 28, 2015 To Be Assigned
U.S. PATENT DOCUMENTS
EXAMINER'S
INITIALS *PATENT NO. *ISSUE DATE *INVENTOR NAME CLASS | SUBCLASS FILING DATE
U.8. PATENT APPLICATION PUBLICATIONS
EXAMINER'S | *APPLICATION PUBLICATION | *PUBLICATION
INITIALS NO. DATE *INVENTOR CLASS | SUBCLASS FILING DATE
U:S::PATENT APPLICATIONS
EXAMINER'S
INITIALS *APPLICATION NO. *FILING DATE *INVENTOR CLASS | SUBCLASS FILING DATE
FOREIGN: PATENT: DOCUMENTS
EXAMINER'S PUBLICATION Translation
INITIALS PATENT NO. DATE COUNTRY CLASS | SUBCLASS | Yes No
JP 2007-503715 A 02/22/2007 | Japan (English Abstract X
and Full Japanese Text)
JP 2008-288370 A 11/27/2008 | Japan (English Abstract X
and Full Japanese Text)
KR 10-2010-0111409 A | 10/15/2010 | Korea (English Abstract X
and Full Korean Text)
WO 2011/031473 A2 | 03/17/2011 | WIPO (Full English X
Text) (related to KR 10-
2012-0057636 A below)
KR 10-2011-124695 A | 11/17/2011 | Korea (English Abstract X
and Full Korean Text)
KR 10-2012-0057636 A | 06/05/2012 | Korea (English Abstract X
and Full Korean Text)
(WO 2011/031473 A2
above)
OTHER: ART (Including Author;:Title; Date; Pertinent:Pages;:Publisher; Place:of: Publication; Efc:)
International Search Report dated September 18, 2014 issued in Application No. PCT /KR2014/005258.
EXAMINER DATE CONSIDERED

EXAMINER: Initial if reference has been considered, whether or not citation is in conformance with MPEP 609; draw line through citation if not in
conformance and not considered. Include copy of this form with next communication to Applicant.
\\ked2\Documents\2414\2414-049\563331.docx
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Prirted Circult Board with integraled
inductorn. in today's electronic devices
components such as induntors are 3
required having & small building height. According to the present invention, a core of an
inductor may be realized by ferrite plates glued onto a substrate. A winding of the
inductor is provided in the substrate. Advantageously, this may allow o provide an
inductor having a simple arangement and a reduced building height
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FLUX CONCENTRATOR AND METHOD OF

MAKING A MAGNETIC FI.UX CONCENTRATOR

BACKGROUND OF THE INVENTION

[0001] The present invention generally relates to magnetic flux concentrators and
methods of manufacturing magnetic flux concentrators.

[0002] Magnetic flux concentrators, sometimes referred to as flux guides, flux focusers,
flux intensifiers, flux diverters, flux controllers, flux reflectors and other names, are generally
known and have been used in inductive heating and inductive power transfer applications. Flux
concentrators intensify the magnetic field in certain areas and can assist in increasing efficiency
in power or heat transfer. Without a concentrator, the magnetic field is more likely to spread
around and intersect with any electrically conductive surroundings. In some circumstances, a
magnetic flux shield can be a type of magnetic flux concentrator.

[0003] Soft magnetic materials, that is materials that are magnetized when an external
magnetic field is applied, are sometimes used in manufacturing flux concentrators. Soft
magnetic materials have magnetic domains that are randomly arranged. The magnetic domains
can be temporarily arranged by applying an external magnetic field.

[0004] One of the most common soft magnetic materials used in manufacturing flux
concentrators is ferrite. Ferrite flux concentrators are dense structures typically made by mixing
iron oxide with oxides or carbonates of one or more metals such as nickel, zinc, or manganese.
The variety of “ferrites” is extremely diverse, because of the numerous combinations of metal
oxides, including some that contain no iron. Typically, they are pressed, then sintered in a kiln at
high temperature and machined to suit the coil geometry. Ferrites generally have very high

magnetic permeability (typically over pn,=2000) and low saturation flux density (typically
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between 3000 to 4000 Gauss). The main drawbacks of ferrite flux concentrators are that they are
often brittle and tend to warp when manufactured in thin cross sections. Ferrites also typically
have a low saturation flux density and therefore become saturated easily and thus are no longer
significantly more permeable to magnetic fields than air in the presence of other magnetic fields,
which may be undesirable in some applications. Ferrite flux concentrators are sometimes made
thicker to compensate for the brittleness and poor saturation flux density. Ferrite flux
concentrators may be machined thinner, though the hardness can make it difficult. However,
machining thin components will not resolve the saturation issues or volume manufacturability.
Further, machining components can make mass production expensive and difficult.

[0005] Another soft magnetic material sometimes used in manufacturing {flux
concentrators is magnetodielectric materials (MDM). These materials are made from soft
magnetic material and dielectric material, which serves as a binder and electric insulator of the
particles. MDM flux concentrators come in two forms: formable and solid. Formable MDM is
putty-like and is intended to be molded to fit the geometry of the coil. Solid MDM is produced
by pressing a metal powder and a binder with subsequent thermal treatment. The characteristics
of an MDM flux concentrator vary based on, among other things, binder percentage. Typically,
the less binder the higher the permeability. However, in conventional arrangements, less binder
translates to more metal on metal contact, and therefore more eddy currents forming during use
of the flux concentrator. Although MDM f{lux concentrators may be manufactured with a thin
profile, it is difficult to manufacture an MDM flux concentrator with all of the desired magnetic
and thermal characteristics due to the competing effects of varying the binder percentage.

[0006] Consumer electronics, such as cell phones, mp3 players, and PDA’s, are trending

toward slimmer profiles. Simultaneously, there is increasing demand for portable devices to be
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capable of receiving wireless power. Current flux concentrators suitable for use with wireless
charging systems are generally too thick and therefore can noticeably increase the profile of
consumer devices. Accordingly, there is a desire for a method of manufacturing a thin flux
concentrator that has the desired magnetic and thermal characteristics suitable for use with a
wireless power transfer system.

SUMMARY OF THE INVENTION

[0007] The present invention provides flux concentrator and a method for manufacturing
a flux concentrator. In one embodiment, the method includes the following steps: 1) combining
a powdered soft magnetic material, a binder, a solvent, and one or more lubricants; 2) mixing at
least the powdered soft magnetic material, the binder, and the solvent for a sufficient time to
dissolve the binder in the solvent to create a mixture; 3) evaporating the solvent from the
mixture; 4) molding the mixture to form a flux concentrator; and 5) curing the flux concentrator.
Utilizing the appropriate types and amounts of materials the resultant magnetic flux concentrator
can be manufactured with magnetic and thermal characteristics suitable for use with a wireless
power transfer system. In addition, the resultant magnetic flux concentrator can be reliably
manufactured with dimensions appropriate for a wireless power transfer system. For example, in
one embodiment a magnetic flux concentrator can be manufactured with a saturation induction
greater than or equal to about 500 mT and have a minimum width to thickness dimension ratio or
a minimum height to thickness dimension ratio of about 25 to 1. These results are achievable, at
least in part, due to particle or agglomeration sizes being kept within a particular range. In some
embodiments, prior to molding, the mixture may be sieved to control the size of the particles or
agglomerations to be molded. In one embodiment the powdered soft magnetic material is

agglomerated and sieved to between about 75 and 430 microns. In an alternative embodiment,
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the powdered soft magnetic material particle size is naturally between about 75 and 430 microns,
so no agglomerations need be formed and no sieving is necessary.

[0008] The method of manufacturing a flux concentrator may include adding an external
lubricant and an internal lubricant. In embodiments including both external and internal
lubricant, the external lubricant tends to bloom to the outside surface of the agglomerated
mixture and lubricate the flow of the mixture as it fills the mold. The external lubricant may also
help during the compression of the mixture. The internal lubricant tends to lubricate the
individual soft magnetic particles, which reduces particle-to-particle contact as pressure is
applied during the molding process, resulting in fewer eddy currents forming during use of the
flux concentrator. The manufacturing process may be used to cost effectively mass produce flux
concentrators that contain small amounts of binder and exhibit suitable magnetic and thermal
characteristics. Further, a thin flux concentrator profile is readily achievable with this method.
In alternative embodiments, a single lubricant may be utilized.

[0009] In one embodiment, the raw materials of the flux concentrator includes a range of
0.001 - 2.0 percentage of external lubricant by weight, a range of 0.005 - 3.0 percentage of
internal lubricant by weight, a range of 0.5 - 3.0 percentage of binder by weight, and a balance of
soft magnetic material. In embodiments where a solvent is used, the amount of solvent depends
on the binder and the solvent selected. In the current embodiment, between 10-20 times as much
solvent as binder is used. In one embodiment, during manufacture, a plurality of agglomerations
made up lubricants, soft magnetic particles, and binder particles may be created. In
embodiments where solvent is added, substantially all of the solvent can be evaporated during
manufacture. The method of manufacture produces a mixture with agglomerations 700 microns

and below. The mixture may be sieved to a narrower particle size range to help with uniformity
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of the material during the compaction process. In the current embodiment, the act of sieving
separates the size of the agglomerations to between about 75 and 430 microns. In one
embodiment, the flux concentrator has the following magnetic, thermal, and physical
characteristics: permeability greater than 15 times the permeability of free space, saturation
greater than 30 mT, conductivity less than 1 S/m, and thickness less than 1 mm. Such a flux
concentrator may be manufactured using an embodiment of a method for manufacturing a flux
concentrator of the present invention. In alternative embodiments, the flux concentrator may be
manufactured to achieve different magnetic, thermal, and physical characteristics, depending on
the application.

[0010] The flux concentrator may be laminated and broken into multiple pieces, which
make the flux concentrator more flexible. Breaking the flux concentrator does not significantly
affect the magnetic properties. Since the permeability of the binder is very similar to that of air,
adding tiny air gaps between the fractions is not significantly different than adding more binder.

[0011] These and other features of the invention will be more fully understood and
appreciated by reference to the description of the embodiments and the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] Fig. 1 is a flowchart illustrating one embodiment of a method of manufacturing a
flux concentrator.

[0013] Fig. 2 is a flowchart illustrating another embodiment of a method of
manufacturing a flux concentrator.

[0014] Fig. 3 is an illustration of an exemplary press used for compression molding a

flux concentrator in accordance with an embodiment of the present invention.
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[0015] Fig. 4 is a top view and a side cross-sectional view of an embedded coil within
one embodiment of a flux concentrator.

[0016] Fig. 5 is a top view of an embodiment of a flux concentrator including an
embedded magnet.

[0017] Fig. 6 is a top view of an embodiment with a magnet embedded within a flux
concentrator and an insulator separating the magnet and the flux concentrator.

[0018] Fig. 7 is a side cross-sectional view of a laminated flux concentrator with an
embedded magnet.

[0019] Fig. 8 is a perspective view of a laminated flexible flux concentrator.

[0020] Fig. 9 is an exploded view and a side assembled view of a double laminated flux
concentrator.

[0021] Fig. 10 is a representative view showing one method for creating a flexible flux
concentrator.

[0022] Fig. 11 is a representative view showing a method for creating a flexible flux
concentrator using a roller.

[0023] Fig. 12 is a representative view showing a method for creating a flexible flux
concentrator using a roller.

[0024] Fig. 13 illustrates two representative views showing break-points for two different
flux concentrators.

[0025] Figs. 14 and 15 are representative views showing a method for creating a flexible
flux concentrator by scoring and laminating.

[0026] Fig. 16 is a representative view showing a method for creating a flexible flux

concentrator by molding the concentrator with a pattern.
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[0027] Fig. 17 shows a representative perspective view of a flux concentrator having an
irregular pattern, allowing for various levels of flexibility in various zones of the flux
concentrator.

[0028] Fig. 18A shows a perspective view of a trace embedded in a compression molded
magnetic flux concentrator.

[0029] Fig. 18B shows a perspective view of the trace.

[0030] Fig. 18C shows a top view of a trace embedded in a compression molded
magnetic flux concentrator connected to a stamped coil mounted on the surface of the
compression molded magnetic flux concentrator.

[0031] Fig. 18D shows a sectional view of Fig. 18C.

[0032] Fig. 19 shows a perspective view of an alternative embodiment of a trace.

[0033] Fig. 20 shows an alternative embodiment of a trace embedded in a compression
molded magnetic flux concentrator.

[0034] Fig, 21 shows a top view of one embodiment of a wireless power module.

[0035] Fig. 22 shows a bottom view of the wireless power module of Fig. 21.

[0036] Fig. 23 shows a top view of an embodiment of a wireless power module with an
array of coils.

[0037] Fig. 24 shows a top view of another embodiment of a wireless power module with
a multi-layer array of coils.

[0038] Fig. 25 shows a perspective view of an embodiment of a flux concentrator with
co-molded traces.

DESCRIPTION OF EMBODIMENTS
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[0039] A flowchart for a method for manufacturing a flux concentrator in accordance
with an embodiment of the present invention is illustrated in Fig. 1 and generally designated 100.
The method 100 generally includes the steps of 1) combining 102 soft magnetic power, binder,
solvent, lubricant (for example, external and/or internal lubricant); 2) mixing 104 at least the soft
magnetic powder, binder, solvent, lubricant for a sufficient time to dissolve the binder in the
solvent to create a mixture; 3) evaporating 106 the solvent, for example by heating and/or
applying a vacuum to the mixture; 4) molding the mixture to form a flux concentrator; and 5)
curing 110 the flux concentrator at a temperature sufficient to cure the binder. Although the
materials are all combined, the combination need not take place just before the mixing or at the
same time. For example, the lubricant(s) may be combined with the other materials anytime
before the solvent is evaporated. In embodiments with more than one lubricant, some lubricant
may be added before mixing and some after. In some embodiments, the particle size of the
mixture may be controlled before pouring the mixture into the mold cavity, for example by
sieving. Controlling the particle size of the mixture may include controlling the size of the
agglomerations in the mixture.

[0040] The flux concentrator may be manufactured using essentially any soft magnetic
material. In the current embodiment, iron powder is used because it has desirable magnetic
characteristics in a frequency range used in connection with inductive power transfer systems.
Two examples of suitable iron powder are Ancorsteel 1000C and carbonyl iron powder.
Ancorsteel 1000C,and carbonyl iron powder both have relatively high permeability, relatively
high saturation, and relatively low magnetic losses in the frequency range of S50kHz to 500kHz
when insulated or used with a binder. Ancorsteel 1000C is available from Hoeganaes

Corporation and carbonyl iron powder is available from BASF Corporation. The particle size of
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the soft magnetic material may vary depending on the application. In embodiments that utilize
carbonyl iron powder, the carbonyl iron powder particles typically range from 0.5 to 500
microns. In embodiments that utilize Ancorsteel 1000C, the Ancorsteel 1000C particles
typically range from 75 and 430 microns. Other types of iron powder or combinations of
different types of iron powder may be used in different embodiments for cost reasons or to
achieve certain desired properties of the flux concentrator.

[0041] In alternative embodiments, other soft magnetic materials may be used, such as
soft magnetic alloys, insulated metal particles, or powdered ferrites. Specific examples of soft
magnetic alloys that may be used include Moly Permalloy Powder, Permalloy, and Sendust. Use
of soft magnetic alloys may enable use of a higher binder percentage without degrading the
performance of the flux concentrator. An example of an insulated metal is phosphate coated
iron. The insulation may reduce eddy currents and corrosion. It may be appropriate to modify
the curing process to avoid inadvertently eliminating the insulation, which may be vulnerable to
temperatures used during curing.

[0042] The particle distribution may be customized based on the particular application.
In the current embodiment, a single type of soft magnetic material and binder is utilized, but in
alternative embodiments, bimodal or other customized particle distributions may be utilized. For
example, a combination of ferrite powder and carbonyl iron powder may be used to manufacture
a flux concentrator with desired characteristics for a specific application. In alternative
embodiments, blends of other powdered materials may be suitable, for example a combination of
high permeability, soft magnetic powders.

[0043] The flux concentrator may be manufactured using essentially any binder capable

of binding together the soft magnetic material to form a flux concentrator. A binder is a material
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used to bind together materials in a mixture. Examples of binders suitable for use in the present
invention include thermoset polymers, thermoplastic polymers, silicone polymers, inorganic
materials such as alumina, silica, or silicates, or any other binder capable of binding together the
soft magnetic material to form a flux concentrator. Examples of thermoset polymers include
epoxide (sometimes referred to as epoxy), Bakelite, and Formica. Epoxy is the binder used in
the current embodiment. Epoxy is formed from reaction of an epoxide resin with a polyamine.
The current embodiment uses a latent cure epoxy. It is a solid at room temperature, when the
two monomers are combined, but do not cure to a crosslinked resin until heated. The resin and
catalyst may be pre-combined or combined at the same time with the other materials before
mixing, as in the current embodiment.

[0044] A solvent may be utilized as a carrier to disperse the binder within the soft
magnetic powder. In the current embodiment, acetone is used as a solvent in order to dissolve
the epoxy binder. In alternative embodiments, a different solvent may be utilized to disperse the
binder. In the current embodiment, once the binder is dissolved in the solvent and mixed in the
process, the solvent is evaporated.

[0045] Mixing a small percentage of binder with the powdered soft magnetic material
can cause agglomerations to form in the mixture. Fine powders do not flow well and when
poured into a mold cavity the fine particles tend to trap air. Relative to fine powders
agglomerates can have better fill and flow characteristics. Depending on the makeup of the
mixture, the size of agglomerations may be within a desired range, for example between from 75
and 430 microns. Depending on the makeup of the mixture, it can be beneficial to sieve the
mixture to remove the smaller agglomerates and/or smaller particles and further improve fill and

flow characteristics. For example, sieving may be utilized to achieve agglomeration sizes
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between 75 and 430 microns. In addition, certain agglomerates can provide certain magnetic,
thermal, and mechanical properties to the resultant flux concentrator.

[0046] In embodiments that utilize external lubricants, the external lubricant can provide
lubrication between the agglomerated particles, which allows the mixture to flow more quickly
and fill the mold cavity with more uniformity. The external lubricant blooms to the outside
surface of the agglomerations as the solvent evaporates and provides lubrication, thereby
increasing the flow of the mixture and converting it into a free flowing powder.

[0047] The external lubricant can be selected to have limited compatibility with some or
all of the soft magnetic material, binder, and solvent. In one embodiment, the external lubricant
may be combined with the soft magnetic material, binder, and solvent before or during mixing.
In alternative embodiments, the external lubricant may be added after mixing, but before the
molding step. Polydimethylsiloxane may be used as an external lubricant and can be combined
with the other materials before the mixing step. In alternative embodiments, a different external
lubricant may be utilized, for example mineral oils or vegetable oils.

[0048] In embodiments that utilize internal lubricants the internal lubricant can reduce
soft magnetic particle-to-particle conductivity in the finished flux concentrator and provide
lubrication between the metal or ferrite particles during the molding operation. That is, the
internal lubricant can reduce the eddy currents that form in the flux concentrator. Examples of
suitable internal lubricants include metal soaps such as zinc stearate, and powdered waxes. The
internal lubricant does not bloom to the outside of the agglomerations. Instead, the internal
lubricant penetrates the agglomeration and gets in-between the soft magnetic powder particles,
which decrease the opportunities for the particles to collide, which could result in additional

electrical losses.

-11 -
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[0049] The lubricants used during the manufacturing process, both the internal and
external, may enable less binder to be utilized while providing similar or improved magnetic and
thermal characteristics.

[0050] The materials may be mixed in a conventional mixer and essentially any mixing
technique may be utilized that mixes thoroughly enough and for a sufficient time to dissolve the
binder in the solvent. Materials may be added in different orders and at different time
throughout the mixing process.

[0051] A variety of evaporation techniques may be used in order to evaporate the solvent.
In the current embodiment, the mixer includes a jacket where hot water or steam may be passed
to heat the material in the mixer. The mixer of the current embodiment also includes a pump to
obtain a vacuum within the mixer. As the solvent evaporates, the mixture dries into a powder,
where there may be agglomerations of binder particles and soft magnetic material particles.

[0052] The powder may be directly poured into a cavity for molding or sieved to control
the particle and/or agglomerate size. In one embodiment, powder is processed until a sufficient
amount of solvent is evaporated such that the powder is dry and may be sieved. In an alternative
embodiment, the sieving step is skipped and a less refined powder may be poured into the mold.

[0053] A flowchart of another embodiment of a method for manufacturing a flux
concentrator is illustrated in Fig. 2, and generally designated 200. The method includes the steps
of 1) adding soft magnetic powder to a mixer 202; 2) adding binder to the mixer 204; 3) adding
solvent to the mixer 206; 4) adding external lubricant to the mixer 208; 5) adding internal
lubricant to the mixer 210; 6) mixing the materials until the solvent dissolves the binder 212; 7)
evaporating the solvent 214; &) sieving the mixture 216 to control particle size 216; 9)

compression molding to form a flux concentrator 218; 10) ejecting the flux concentrator 220; and

-12 -
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11) curing the flux concentrator 222. One difference between this embodiment of the method for
making a flux concentrator and the Fig. 1 embodiment is that the mixture is sieved to control the
particle size. The sieving can be a one or two stage process that can remove particles that are too
large and/or too small.

[0054] The mixture may be sieved to remove particles or agglomerates that are larger
than a threshold, smaller than a threshold, or both. Narrow particle distributions will typically
fill the mold more consistently and reliably. In one embodiment, the powder particles and
agglomerates that are below a designated threshold are removed. Removal of fine particles leads
to a better increased uniformity in filling the mold. Air can be trapped more easily by the
smaller particles, so removing them from the mixture can be beneficial to the mold filling
operation.

[0055] In one embodiment, if needed, large particles and agglomerates are removed with
a 40 mesh US Standard Sieve (430 microns) and fine particles are removed with a 200 mesh US
Standard Sieve (75 microns). Large agglomerates may be ground or crushed and added to the
mixture and the smaller particles can be recycled back into future batches. In alternative
embodiments, different size meshes or other sieving devices may be used to achieve different
size particles in the mixture.

[0056] A variety of different techniques may be used to mold the mixture to form the
flux concentrator. In the current embodiment, the mixture is compression molded. An
exemplary press 300 for compression molding is illustrated in Fig. 3. Simple or complex shapes
may be molded through interchangeable molds, which can be used in conjunction with the mold
cavity 302. The mixture, which in the current embodiment is in a powder form, is poured into

the cavity 302 of the compression mold 304. In embodiments that utilize an external lubricant,
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the external lubricant assists in ensuring that the agglomerations flow and fill the compression
mold. Generally, the powder is measured into the mold by volume, and filled by gravity.
Typically, the press 300 is kept at room temperature, but in alternative embodiments, the mold
may be heated. In performing the compression, the upper die 306 is brought down and presses
the powder to form a solid part. In the current embodiment, the pressure may range from about
10 to 50 tons per square inch. In alternative embodiments, the pressure may be increased or
decreased, depending on the application.

[0057] During the compression, pressure is applied to the agglomerations and the soft
magnetic material particles within the agglomerations. In embodiments that utilize an internal
lubricant, the internal lubricant helps the individual particles of soft magnetic material move as
they are compressed. This can help produce parts of increased density and compressibility,
decreased deformation and induced stress in the finished parts. The resultant flux concentrator
can provide better performance characteristics than those produced using prior art techniques.

[0058] Although the current method is implemented using compression molding,
alternatives to compression molding may be used. For example, extrusion techniques (such as
ram extrusion), impact molding, or Ragan Technologies Inc. High-shear compaction are all
examples of techniques that may be used instead of compression molding.

[0059] Once the compression molding is complete, the flux concentrator may be ejected
from the mold. The flux concentrator may be cured or have other post treatment processes
applied, before or after ejection. A number of post treatments may be appropriate to finalize the
flux concentrator. In the current embodiment, temperature of about 350 degrees Fahrenheit is
applied to the flux concentrator in order to cure the binder. In alternative embodiments, the part

may be partially cured through a heated mold and then receive a final cure after ejection from the
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mold. There may be other post treatments, such as heat activation, low temperature curing,
drying, moisture curing, UV curing, radiation curing, or resin impregnation. Resin impregnation
is a process where the flux concentrator is dipped or coated with a binder resin dissolved in a
solvent, if appropriate. The porous parts of the flux concentrator are they filled with the binder
resin. The solvent is evaporated, leaving the resin to give additional strength to the flux
concentrator. Depending on the binder resin, a heat process may be used to cure the binder.
Resin impregnation may be useful to increase the strength of the flux concentrator or reduce the
amount of metal corrosion that occurs over time.

[0060] As shown in Fig. 4, a coil 402 may be embedded into the flux concentrator 400
during compression molding in order to reduce the z-height (as compared to a coil stacked on top
of a flux concentrator) and increase the overall strength of the flux concentrator. To embed the
coil flush with the surface, the coil can be placed in the bottom of the mold cavity then the soft
magnetic material mixture can be placed in the cavity with the coil coil. After compression
molding, the resultant flux concentrator includes an embedded coil that is exposed and flush with
a surface of the flux concentrator. The embedded coil 402 is flush with the top surface of the flux
concentrator, which allows inductive coupling to occur on that exposed side. That is, the coil 1s
capable of being utilized as a primary or secondary coil in an inductive power transfer system
where flux may transfer from or to the embedded coil on that side, depending if the coil is being
used as a primary coil or a secondary coil. The thicker section of the flux concentrator is not
intended for inductive coupling, but instead is intended to concentrate the field to increase the
inductive coupling.

[0061] In the current embodiment, the embedded coil is a two layer stamped coil. A

stamped coil is a coil that is sheared from a sheet of metal. A multi-layer stamped coil may be
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created by layering multiple stamped coils together with a dielectric in-between Vias or another
type of connection can be utilized to connect the layers together. Although the stamped coil is
two layers in the illustrated embodiment, in alternative embodiments the stamped coil may
include additional or fewer layers. In alternative embodiments, the embedded coil may be a wire
wound coil instead of a stamped coil and the coil may be a single layer or more than two layers.

[0062] As shown in Fig. 4, the coil leads 404 can protrude out of the compression
molded flux concentrator. In alternative embodiments, the coil leads may be connected to
stamped traces embedded within the compression molded flux concentrator. One exemplary
configuration of stamped traces 1802 embedded within the compression molded flux
concentrator 1800 is shown in Figs. 18A-18D. Figs. 18A-B show a perspective view of a
compression molded flux concentrator 1800 including an embedded copper trace 1802. The
trace includes pads 1804 for making a connection to a coil 1809, as shown in Fig. 18C.

[0063] Terminals 1806 may be stamped to conform to the edges of the flux concentrator.
Connection to other circuit components may be touch-contact or soldered. The terminals might
be straight to allow for Molex connectors. Also, straight terminal would facilitate direct
soldering to a PCBA. Hole 1808, molded around/under the stamped copper facilitates the
punching out of the traces. Punch-out location 1810 in copper stamping. After molding, this
area is punched-out to break the circuit between the two traces.

[0064] Fig. 18C provides a top view of the trace configuration embedded within a
compression molded flux concentrator and connected to a surface mounted coil 1809. Fig. 18D
illustrates the reduced stack height that is attainable by embedding the trace because there is no

center wire that passes above or below coil. Instead, in the current embodiment, current is
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carried through the embedded copper traces. Of course, other metals besides copper may be
used to carry the current in alternative embodiments.

[0065] The stamped copper traces embedded in compression molded flux concentrator
can enhance the strength of the part, reduces overall assembly stack height because the trace
required for the center wire is embedded in the magnetic flux concentrator, and enhance
electrical connection of coil-flux concentrator assembly by allowing various termination types.

[0066] Fig. 19 illustrates an alternative embodiment of a trace 1902 that can be
embedded in a compression molded flux concentrator. A portion of the trace 1902 includes a
serrated or castled edge 1904 that assists with anchoring the trace in the compression molded
flux concentrator. Other anchoring geometry may be used in order to assist with anchoring the
trace in the compression molded flux concentrator.

[0067] Fig. 20 illustrates an alternative embodiment that alters the location of the
terminals 2006. The spacing between the terminals and their location may be adjusted to fit he
application. For example, the terminals may be stamped to form spades for a Molex connector
or direct soldering to a PCBA. Connection to other circuit components may be touch-contact or
soldered. The terminals might also conform to the edges of the flux concentrator.

[0068] As shown in Fig. 5, a magnet or magnetic attractor 502 may be co-molded,
bonded or pressed in the flux concentrator 500 for strength and magnetic alignment.
Alternatively, the permanent magnet or magnetic attractor insert may be inserted post process.
Post process insertion may include friction fitting or gluing the permanent magnet or magnetic
attractor in place. The materials for the flux concentrator may be selected for increased

performance near a magnet or magnetic attractor. For example, a flux concentrator with a higher
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saturation may be suitable in an embodiment with a magnet, because a permanent magnet will
locally decrease the saturation limit in the flux concentrator.

[0069] The permanent magnet or magnetic attractor may be configured so that it is
exposed on the surface intended for magnetic attraction. Alternatively, the permanent magnet or
magnetic attractor may be buried below the surface, but still capable of providing sufficient
magnetic attraction for alignment of a remote device in a wireless power transfer system.

[0070] The permanent magnet or magnetic attractor may extend through the entire flux
concentrator as illustrated in Fig. 5. Alternatively, the permanent magnet or magnetic attractor
may extend partially external to the flux concentrator or through a portion of the flux
concentrator, depending on the magnetic attraction force desired for a given application.

[0071] As shown in Fig. 6, the degraded saturation limit caused by a permanent magnet
may be counteracted by an insulating portion 604 in the flux concentrator. In the illustrated
embodiment, an air gap between the permanent magnet 602 and the flux concentrator 600
minimizes the effects of the DC field saturation typically caused by the permanent magnet. In
alternative embodiments, an insulator other than air may be utilized. For example, the insulator
could be a Mylar film or a flux guide wrap, such as an amorphous foil or a flux reflector.

[0072] As shown in Fig. 7, a layer of strengthening material 706 may be laminated on the
surface of the flux concentrator 700. The flux concentrator may be co-molded, extruded, or
laminated for strength using a suitable material. For example, carbon fiber, glass fiber,
graphene, plastic or Mylar film, amorphous magnetic material, Kevlar, or a different composite
may be co-molded, extruded, or laminated on or with the flux concentrator. In another
embodiment, small segments of steel wire are chopped up like small steel rebar like stabilizers

but not so many as to create a substantially conductive matrix across the part. An optional
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permanent magnet or magnetic attractor 702, as described above, may be incorporated into
laminated embodiments.

[0073] As shown in Fig. 9, material 902, 906 may be laminated on both surfaces of the
flux concentrator 904 to form a flexible flux concentrator 900. In some embodiments the
thickness of lamination may be the same on both sides of the flux concentrator, in other
embodiments, such as the embodiment shown in Fig. 9, the laminations may have different
thicknesses. The dimensions shown in Fig. 9 are merely exemplary. The lamination may
include adhesive on one or both sides. For example, in Fig. 9, one layer of film is single-sided
tape and the other layer of film is double-sided tape. The double-sided tape has one side that
adheres to the flux concentrator and the other side that can be adhered to the surface to be
shielded.

[0074] The laminated flux concentrator may be separated or broken into multiple pieces
in order to form air gaps between different pieces of concentrator. The air gaps created by
separating the flux concentrator into multiple pieces in conjunction with the lamination allows
the flux concentrator to become more flexible. In addition, the additional air gaps in the flux
concentrator do not significantly affect the properties of the flux concentrator. For example, in
some embodiments there are already air gaps in the flux concentrator due to the polymeric
materials included during its construction. Breaking the flux concentrator described above will
generally increase the amount of air gaps, but not in a manner that significantly affects the
properties of the flux concentrator relative to breaking up a prior art ferrite shield.

[0075] The flux concentrator may be broken or separated into uniform or non-uniform
pieces. In some embodiments, the flux concentrator is separated into generally uniform sized

portions, such as the generally uniformly sized squares shown in the flux concentrator 800 of
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Fig. 8. In another embodiment, the flux concentrator may be separated into non-uniform pieces.
For example, in Fig. 13 the flux concentrator is broken into random sized pieces and in Fig. 17
the flux concentrator is broken into an irregular pattern of different sized pieces.

[0076] There are a number of different techniques for breaking or separating the flux
concentrator. Some of the possible techniques include 1) laminating and punching; 2) laminating
and rolling; 3) scoring, laminating, and breaking; and 4) molding, laminating, and breaking.

[0077] laminating and punching includes laminating the flux concentrator and then
applying force onto a patterned die 1000 to punch the laminated flux concentrator 900 and break
it into multiple pieces corresponding to the patterned die. Utilizing this technique, the flexible
flux concentrator of Fig. 8 may be created. The die may include ridges that form a regular
repeating geometric pattern, such as squares, triangles, hexagons, etc. In one embodiment, the
ridges form a walffle pattern, as shown in Fig. 10. In alternative embodiments, the die may
include irregular patterns or may instead include no pattern or a random pattern.

[0078] Laminating and rolling includes laminating the flux concentrator and running the
flux concentrator 11000 through a roller system 1102 to break the flux concentrator into multiple
pieces. As shown in Fig. 11, a first pass through the roller 1102 breaks the flux concentrator
1100 in the direction generally parallel to the axis of the roller, resulting in a flux concentrator
with fractures generally parallel to the axis of the roller 1104. In the current embodiment, the
flux concentrator 1104 is rotated ninety degrees from the axis of the first pass through the roller
and then run through the roller 1102 a second time. The breaks imparted in the magnetic flux
concentrator on the second pass are predominantly in the direction parallel to the axis of the
rollers, resulting in flux concentrator 1106. The breaks or fractures shown in Figs. 11 and 12 are

merely representative and in practice may not be perfectly parallel to the axis of the rollers.
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Further, the break or fracture lines actually occur in the flux concentrator itself, the lines drawn
on the lamination are representative of the breaks that would occur in the flux concentrator.
Depending on the roller system, the size and shape of the breaks may vary. If a smooth roller
system is used, the flux concentrator 1300 may have breaks 1310 that are random, as shown in
Fig. 13. The sizes of the chunks will depend at least on the amount of pressure, the radius of the
roller, the spacing of the rollers, and the speed at which the flux concentrator is passed through
the rollers. If the roller has a raised pattern on its surface, then a regular geometric pattern may
be imparted to the magnetic flux concentrator during the rolling process, for example producing
a flux concentrator like the one illustrated in Fig. 8. The size and shape of the geometric pattern
may be selected based on the particular application.

[0079] A method of scoring, laminating, and breaking is illustrated in Figs. 14 and 15.
The method includes first scoring the flux concentrator before it is laminated, laminating the flux
concentrator, and then breaking the flux concentrator into multiple pieces. One method of
scoring, laminating, and breaking the flux concentrator 1400 is shown in Figs. 14 and 15 where
the scored flux concentrator includes scores 1404 that define squares 1402. The scores may
include break points 1406 where they cross. In alternative embodiment, the entire surface of the
flux concentrator may be scored, without leaving any break points. Further, in the current
embodiment one side of the flux concentrator is scored, but in an alternative embodiment the
other side of the flux concentrator may be scored. In general, the scores are deep enough such
that when the flux concentrator is broken the breaks tend to follow the scoring lines. Although
the scores are shown in a generally square like pattern, the scores may be crafted in different
patterns. In other embodiments, the scores may be replaced with perforation that cuts through

the entire flux concentrator, but leaves sections of material connected. The lamination process
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does not vary from that described above with the other embodiments. In the current
embodiment, the scored flux concentrator 1401 is laminated on one side with lamination 1408
and on the other side with a lamination 1410. Once laminated, the flexible flux concentrator
1500 is ready for use. During use, if the flux concentrator bends, it will tend to break along the
score pattern, making it flexible. Alternatively, the flux concentrator may be broken into pieces
along the score line by a user bending the flux concentrator.

[0080] The flux concentrator may be molded with a pattern in order to facilitate breaking
it into multiple pieces. A representative drawing of this technique is illustrated in Fig. 16. The
mold press 1602 may include ridges 1604 in the mold that impart scores or trenches into the flux
concentrator. The mold 1606 may also include ridges 1608 that impart scores or trenches into
the flux concentrator as well. In some embodiments, such as the illustrated embodiment, the flux
concentrator may be molded with score lines on both sides, in alternative embodiments, score
lines may be molded on just one side, for example by deleting one of the ridges 1604 or ridges
1608. After the flux concentrator is molded, it may be laminated and broke into multiple pieces
to make it flexible.

[0081] In some embodiments, the breaks may be designed to allow the flux concentrator
to be shaped in a particular manner. For example, in some embodiments, the chunks of flux
concentrator may be sufficiently small that the flux concentrator can be flexed about a curved
surface. In other embodiments, the flux concentrator may include different size or shaped
pieces. For example, as shown in Fig. 17, by breaking a first section 1702 of the flux
concentrator 1700 into pieces and breaking a second section 1704 of the flux concentrator 1700

into smaller sized pieces, the flux concentrator can be manufactured to accommodate specific
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geometries. Utilizing any of the above techniques, the flux concentrator can be made to conform
to curves and other various shapes when it is adhered to an irregular surface to be shielded.

[0082] The above configurations may help enhance the desired magnetic, thermal, or
mechanical properties of the magnetic flux concentrator. One or more of the configurations may
be used in combination with the flux concentrator.

[0083] Figs. 21 and 22 illustrate one embodiment of a wireless power module 2100. The
wireless power module of the current embodiment generally includes a coil 2114, a flux
concentrator 2112, wireless power semiconductor and support components 2104, pads 2102 for
connection between the components and the module, and pads 2106 for external connection.
Embedded traces 2108 may be used to electrically connect the coil, pads 2102, and pads 2106.
The configuration of the embedded traces varies depending on the design and function of the
wireless power module. In one embodiment, traces interconnect the leads of the coil and pads
2002 which are connected to a microcontroller. Embedded traces also connect pads 2002 to the
externally located pads 2106. The wireless power module may also include configuration loops
2109, and an alignment element 2110. In the current embodiment the coil 2114 may be either
stamped, a printed circuit board configuration, or a wire wound coil. The coil may be flush with
the magnetic flux concentrator as shown in Fig. 4, or surface mounted as shown in Fig. 18A-D.

[0084] The wireless power module provides a simple package for manufacturers to
integrate wireless power into a product. The wireless power module includes all of the
components and circuitry necessary to either transmit or receive wireless power.

[0085] In the current embodiment, the wireless power semiconductor and support
components 2104 includes a rectifier and microcontroller. The rectifier converts the AC power

received from the coil into DC. The microcontroller can perform a variety of different functions.
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For example, the microcontroller may be capable of communicating with an inductive power
supply, or regulating the amount of power provided by the wireless power module.

[0086] The configuration loops 2109 may be utilized to manually change the
characteristics of the coil in the wireless power module. In one configuration, each configuration
loop includes a high conductive path, and by breaking the loop, additional resistance may be
added to the circuit. This technique is discussed in more detail in application no. 61/322,056
entitled Product Monitoring Devices, Systems, and Methods application.

[0087] The alignment element 2110 in the current configuration is a magnet. In
alternative embodiments, a different alignment element may be used or eliminated altogether.
The magnet cooperates with a magnet associated with the primary coil in order to line up the
coils and provide efficient power transfer.

[0088] The wireless power module 2100 can be manufactured by placing any
components to be embedded in the flux concentrator in a mold cavity and compression molding
the flux concentrator so as to embed those components. In the embodiment shown in Figs. 21-
22, the coil 2114, magnet 2110, traces, 2108, configuration loops 2109, pads 2102, and pads
2106 are all embedded into the flux concentrator. The wireless power semiconductor and
support components 2104 are connected to the pads 2102 after the flux concentrator is formed.
In some embodiments, the flux concentrator may include a depression so that when the wireless
power semiconductor and support components 2104 are connected they do not increase the
height of the wireless power module.

[0089] Fig. 23 illustrates an alternative embodiment of a wireless power module. This
embodiment is similar to the wireless power module described in connection with Figs. 21-22,

except that instead of a single coil, three exposed coils 2314 are included in the wireless power
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module 2312. Each coil may include an alignment element 2310. In Fig. 23, each of the coils
2314 is embedded flush with one surface of the flux concentrator providing an exposed surface
for transferring power. In alternative embodiments, the coils may be embedded flush with
different surfaces. Just as illustrated in Fig. 22, connections throughout the wireless power
module may be made using traces embedded in the wireless power module. For example, the
traces can provide an electrical connection between the coils and the wireless power
semiconductor and support components.

[0090] Fig. 24 illustrates an alternative embodiment of a wireless power module shown
in Fig. 23. In this embodiment instead of a single layer array of coils, a multi-layer coil array
assembly 2012 is embedded into the flux concentrator. The multi-layer coil array assembly 2012
includes a plurality of coils 2014 positioned in a multi-layer array, and a PCB or other non-
conductive material 2016 between one or more of the coils and the surface of the flux
concentrator. In some embodiments, alignment elements 2010 may be included

[0091] A multi-layer coil array assembly 2012 for embedding in a flux concentrator can
be created by positioning coils 2014 in a desired pattern and securing them in place. PCB or
other non-conductive material 2016 may be utilized to protect the flux concentrator from
covering the mixture during molding. During manufacture, the entire multi-layer coil array
assembly 2012 can be placed in the mold cavity, soft magnetic powder mixture can be poured on
the multi-layer coil array and be compression molded in order to embed the entire array in the
flux concentrator. When the flux concentrator is ejected from the mold, some of the coils in the
multi-layer coil array are exposed, and flush with a flux concentrator surface, other coils are
embedded deeper in the flux concentrator and are not flush with the flux concentrator surface.

However, a substantial portion of the coils that are embedded deeper in the flux concentrator are
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covered either by a coil that is flush with the flux concentrator surface or by the PCB or other
non-conductive material 2016 that is part of the multi-layer coil array assembly. In some
embodiments, such as the one shown in Fig. 24, the multi-layer coil array assembly can provide
wire routing from each of the coils. In this way, when embedded in the flux concentrator, the
wires may be routed to the edge of the flux concentrator by way of the multi-layer coil array
assembly. From there, the wires can be connected either by embedded traces or by external
connections to various wireless power semiconductor and support components located on the
wireless power module.

[0092] Although the coil arrays of Figs. 23 and 24 are described in the context of
wireless power modules that have integrated wireless power semiconductor and support
components, in alternative non-wireless power module embodiments, these coil configurations
could be utilized as flux concentrators with embedded coil arrays. For example, the embedded,
flush coil illustrated in Fig. 4 could be replaced with a single layer coil array or a multi-layer coil
array assembly as described in connection with Figs. 23 and 24.

[0093] Fig. 25 illustrates an embodiment of a flux concentrator 2500 with co-molded
traces 2502. In the current embodiment, termination points on the traces protrude above the
surface of the magnetic flux concentrator. The termination points can be crimp connections,
solder pads, or any other suitable termination structure. The coils can be aligned in the coil array
by placing them and attaching them to the appropriate termination points protruding from the
flux concentrator. In alternative embodiments, a coil array assembly, similar to the one
described above in connection with Fig. 24, and the embedded traces could be co-molded with

the flux concentrator. The coils from the coil array assembly can be connected to the embedded
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traces in the flux concentrator for routing to the wireless power semiconductor and support
components.

[0094] In embodiments including a multi-layer coil array, the coils and leads from the
multi-layer coil array can be aligned and routed utilizing one of the multi-layer shim assemblies
described in U.S. Provisional Patent Appl. No. __, entitled Wireless Power Supply
System and Multi-layer Shim Assembly, filed on August 25, 2010, which is herein incorporated
by reference.

[0095] The above description is that of current embodiments of the invention. Various
alterations and changes can be made without departing {from the spirit and broader aspects of the
invention as defined in the appended claims, which are to be interpreted in accordance with the
principles of patent law including the doctrine of equivalents. Any reference to claim elements
in the singular, for example, using the articles “a,” “an,” “the” or “said,” is not to be construed as

limiting the element to the singular.
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CLAIMS

The embodiments of the invention in which an exclusive property or privilege is
claimed are defined as follows:
1. A flux concentrator assembly comprising:

a flux concentrator having a thickness, a top surface, and a bottom surface; and

a coil embedded in said flux concentrator, wherein one side of said coil is flush
with said top surface of said flux concentrator forming an exposed side and another side of said
coil is embedded within said thickness of said compression molded flux concentrator forming an
unexposed side, wherein said coil is capable of inductive coupling on said exposed side and is
incapable of inductive coupling on said unexposed side.
2. The flux concentrator assembly of claim 1 wherein said coil is selected from said group
comprising a primary coil for transferring wireless power and a secondary coil for receiving
wireless power.
3. The flux concentrator assembly of claim 1 wherein said compression molded flux
concentrator concentrates electromagnetic field to increase inductive coupling.
4. The flux concentrator assembly of claim 1 wherein said coil is at least one of a stamped
coil and a wire coil.
5. The flux concentrator assembly of claim 1 further including a magnet or magnetic
attractor capable of providing sufficient magnetic attraction for alignment of a remote device
with a wireless power transfer system.
6. The flux concentrator assembly of claim 5 wherein said magnet or magnetic attractor is
either exposed on said flux concentrator surface or embedded below said surface of said flux
concentrator,

-D28 -

Petitioner Samsung and Google Ex-1004, 0151



WO 2011/031473 PCT/US2010/046611

7. The flux concentrator assembly of claim 1 further including a permanent magnet,
wherein said flux concentrator assembly includes an insulator between said magnet and said flux
concentrator for minimizing effects of AC field saturation caused by said permanent magnet.
8. The flux concentrator assembly of claim 1 further including a layer of strengthening
material laminated on said top surface of said flux concentrator.
9. The flux concentrator assembly of claim 1 further including a layer of material laminated
on said bottom surface of said flux concentrator, wherein said flux concentrator is breakable into
a plurality of pieces with air gaps therebetween.
10. The flux concentrator assembly of claim 9 wherein said air gaps do not significantly
affect the properties of said flux concentrator.
11. A flexible flux concentrator assembly comprising:

a flux concentrator having a thickness and a surface;

a laminate adhesively secured to at least a portion of said surface of said flux
concentrator;

wherein in response to bending said flexible flux concentrator 1) said flux
concentrator is capable of being broken into a plurality of pieces with air gaps therebetween; and
2) said laminate remain adhesively secured to said at least said portion of said surface of said

flux concentrator.

12. The flexible flux concentrator of claim 11 wherein said laminate surrounds said flux
concentrator.,
13. The flexible flux concentrator of claim 11 wherein breaking said flux concentrator does

not significantly affect the properties of said flux concentrator.
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14. The flexible flux concentrator of claim 11 wherein said flux concentrator is scored to
influence where said flux concentrator breaks in response to bending.
15. The flexible flux concentrator assembly of claim 11 including:

a coil embedded in said flux concentrator, wherein one side of said coil is flush
with said surface of said flux concentrator forming an exposed side and another side of said coil
is embedded within said thickness of said compression molded flux concentrator forming an
unexposed side, wherein said coil is capable of inductive coupling on said exposed side and is
incapable of inductive coupling on said unexposed side.

16. The flexible flux concentrator assembly of claim 11 further including a magnet or
magnetic attractor capable of providing sufficient magnetic attraction for alignment of a remote
device with a wireless power transfer system.

17. A flux concentrator comprising:

a soft magnetic material molded into a shape with a width dimension, a thickness
dimension, and a height dimension;

at least one of said height dimension and said width dimension is 25 times or
greater than said thickness dimension; and

wherein said flux concentrator has a saturation 500 mT or greater.

18. The flux concentrator of claim 17, said flux concentrator having permeability greater than

15 times permeability of free space.

19. The flux concentrator of claim 17, said flux concentrator having conductivity of 1 S/m or
less.
20. The flux concentrator of claim 17, said thickness dimension is 1 mm or less.
21. A wireless power module comprising:
-30 -
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a flux concentrator having a thickness and a surface;

a first coil embedded in said flux concentrator, one side of said first coil is flush
with said surface of said flux concentrator forming an exposed side and another side of said first
coil is embedded within said thickness of said flux concentrator forming an unexposed side,
wherein said first coil is capable of inductive coupling on said exposed side and is incapable of
inductive coupling on said unexposed side; and

wireless power circuitry surface mounted to said flux concentrator surface,
wherein said coil is electrically connected to said wireless power circuitry through traces
embedded in said flux concentrator, wherein said wireless power circuitry is electrically
connected to a wireless power module output through traces embedded in said flux concentrator.
22. The wireless power module of claim 21 including a second coil embedded in said flux
concentrator, one side of said second coil is flush with said surface of said flux concentrator and
another side of said second coil is embedded within said thickness of said flux concentrator,
wherein said second coil is capable of inductive coupling on said exposed side and is incapable
of inductive coupling on said unexposed side.

23. The wireless power module of claim 21 wherein said first coil and said second coil are
part of a single layer coil array assembly.

24. The wireless power module of claim 21 including a multi-layer coil array assembly,
wherein said first coil and one or more additional coils are positioned to form a multi-layer coil
array in the wireless power module, the multi-layer coil array assembly including a non-
conductive material between said one or more additional coils and said surface of said flux

concentrator.
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Bibllographic daty: KREPIQOGETEAS (A} — 20120888

FLIK CONCENTRATOR AND METHOD QF MAKNG A MAGHNETIC FLUX
CONCENTRATOR

Inventor(s):  BAARMAN DAVID W [US]; SCHWANNECKE JOSHUA K [US];
TAYLOR ROY M JR [US]; NORCONK MATTHEW J [US]; STONER
WILLIAM T JR [US]; TURNER KAITLYN . [US] BERWALD
THOMAS J [US]: MILES MICHAEL E [US] + (BAARMAN DAVID W,
: SCHWANNECKE JOSHUA K, : TAYLOR ROY M. JR, ; NORCONK
MATTHEW J, ; STONER WILLIAM T. JR, ; TURNER KAITLYN J, ;
BERWALD THOMAS J, ; MILES MICHAEL E)

Applicant(s): ACCESS BUSINESS GROUP INT LLT {US] « (ACCESS BUSINESS
GROUP INTERNATIONAL LLC)

Classification: - internationali HOIF27/02; HO1FI8/4; HQTF41/14; HO1F5/08
- cooperativer HOTF1/26; HOIF1/376; HOTFRT/285; HOTF27i32T;

HOIF38/14
Application KR20127007574 20100825
number:
Pricrity WO2010US46811 20100828 : UBS20090236732P 20080828 ¢

number{s) US20000267187P 20031207

Alsa L82011080382 (A1), USBEV263Q (B2), WOQRO1I031473 (AZ)
published as:  WO2011031473 (A3) TW201126551 (A} TWI451458 (B}
CN102528168 (A} CNI02538188{B) less

Abstract not avatishle for KRIDIZ008TH8R (&)
Abstract of sorrgsponding documand: USRBTTE58383 {AY}

A fux concentrator and mesthod for
manufaniunng g flux conoantrator is
prnddad. The mathod can include
corabining powdered sofl magnstic
ontarial, a Mnder, a sobverd, 8 indemal
fubricant; roixing the maleriais o orsate &
midure, svaporating e sabvent fram the
midure, molding the mixture 1o form a flux
coneprdrator, and curing the fux
coneentratorn, The fux concentralns may be faminaied and roken o muilipds discss,
which makes the fux concentrator more fexibie. Brasking the fiux concentratar doss
not significantly affect the magnelie properlies. Bince the permiealiity of the binder iz
vy simitar {0 thet of gl adding Hoy adr gaps between e fraotiony i not signifivantly
diffarent than sdding mors binder,
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(57) Abstract: A reception antenna of a wireless power reception device for wirelessly charging power, according to one embodi -
ment of the present invention, comprises: a substrate; a flexible magnetic layer stacked on the substrate; and a reception coil receiv -
ing electromagnetic energy radiated from a wireless power transmission device, and rolled in parallel to the plane of the flexible
magnetic layer and formed inside the flexible magnetic layer, wherein an insulating layer is formed between the flexible magnetic
layer and the reception coil.
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l:l Box No. VIII Certain observations on the international application

4.  The International Bureau will communicate this report to designated Offices in accordance with Rules 44bis.3(c) and 93bis.1
but not, except where the applicant makes an express request under Article 23(2), before the expiration of 30 months from
the priority date (Rule 44bis .2).

Date of issuance of this report
29 December 2015 (29.12.2015)

Authorized officer

The International Bureau of WIPO
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1211 Geneva 20, Switzerland Kihwan Moon
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