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Case Gi2i-cv-00454-ADA Documentig Filed OG/22e/2i Page Loti

AO 120 (Rev. 08/10)

Mail Stop 8 REPORT ON THE
Director of the U.S. Patent and Trademark Office FILING OR DETERMINATION OF AN

TO:

P.O. Box 1450 ACTION REGARDING A PATENT OR

Alexandria, VA 22313-1450 TRADEMARK 
In Compliance with 35 U.S.C. § 290 and/or 15 U.S.C. § 1116 you are hereby advised that a court action has been

filed in the U.S. District Court Western District of Texas on the following

(] Trademarks or (MW Patents. ( [] the patent action involves 35 U.S.C. § 292.):

DOCKET NO. DATE FILED U.S. DISTRICT COURT
6:21-cv-00454-ADA 4/30/2021 Wesiern District of Texas

PLAINTIFF DEFENDANT

SCRAMOGE TECHNOLOGYLIMITED SAMSUNG ELECTRONICSCO., LTD.; and SAMSUNG
ELECTRONICS AMERICA,INC.

a
EeA

 

 
In the above—entitled case, the following patent(s)/ trademark(s) have been included:

DATE ING TD INCLUDED BY
({ Amendment LC] Answer CL) Cross Bill L] Other Pleading

DATEOFPATENT HOLDER OF PATENT OR TRADEMARK

a(
eo

In the above—entitled case, the following decision has been rendered or judgementissued:

DECISION/IUDGEMENT

 
 
CLERK (BY) DEPUTY CLERK DATE

Copy 1—Uponinitiation of action, mail this copy to Director Copy 3—Upon termination of action, mail this copy to Director
Copy 2—Uponfiling document adding patent(s), mail this copy to Director Copy 4—Casefile copy

KELw CEG
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mase G2 )-cv-O0616-ADA Document 2 Filec O6/1S/22 Page Loti

AO 120 (Rev. 08/10)

Mail Stop 8 REPORT ON THE
Director of the U.S. Patent and Trademark Office FILING OR DETERMINATION OF AN

TO:

P.O. Box 1450 ACTION REGARDING A PATENT OR

Alexandria, VA 22313-1450 TRADEMARK 
In Compliance with 35 U.S.C. § 290 and/or 15 U.S.C. § 1116 you are hereby advised that a court action has been

filed in the U.S. District Court Western District of Texas on the following

(] Trademarks or (MW Patents. ( [] the patent action involves 35 U.S.C. § 292.):

6:21-cv-00616 6/15/2021 Western District of Texas
PLAINTIFF DEFENDANT

SCRAMOGE TECHNOLOGYLIMITED GOOGLE LLC

A

In the above—entitled case, the following patent(s)/ trademark(s) have been included:

_] Amendment LC] Answer CL) Cross Bill L] Other Pleading

Caes
Ea
Es
a
a

In the above—entitled case, the following decision has been rendered or judgementissued:

DECISION/IUDGEMENT

 

 
 
CLERK (BY) DEPUTY CLERK DATE

Copy 1—Uponinitiation of action, mail this copy to Director Copy 3—Upon termination of action, mail this copy to Director
Copy 2—Uponfiling document adding patent(s), mail this copy to Director Copy 4—Casefile copy

 
KXCSSRQqQW EXXXUoOWWi CRC
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UNITED STATES PATENT AND TRADEMARK OFFICE UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and ‘Trademark Office
Address: COMMTSSIONER, FOR PATENTS 

Alexandria, Virznia 22313-1450Wwww.uspto.gov
 
 APPLICATION NUMBER FILING OR 371(C) DATE FIRST NAMED APPLICANT ATTY. DOCKET NO/TTILE

14/901,426 12/28/2015 Seok BAE 0106.001POA1
CONFIRMATION NO.5436

151145 POA ACCEPTANCE LETTER

Shami Messinger PLLC

1000 Wisconsin Ave. NW MATA0000001 2530065.
Suite 200

Washington, DC 20007
Date Mailed: 05/05/2021

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY

This is in response to the Powerof Attorneyfiled 04/29/2021.

The Powerof Attorneyin this application is accepted. Correspondencein this application will be mailed to the
above address as provided by 37 CFR 1.33.

Questions about the contents of this notice and the

requirementsit scts forth should be dirccted to the Office
of Data Management, Application Assistance Unit,at
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.

/agizaw/
 

page 1 of 1

Ex.1002

APPLEINC./ Page 3 of 825



Ex.1002 
APPLE INC. / Page 4 of 825

UNITED STATES PATENT AND TRADEMARK OFFICE UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and ‘Trademark Office
Address: COMMTSSIONER, FOR PATENTSPC. Box 1450

Alexandria, Virgnia 22313-1450Wwww.uspto.gov
 

APPLICATION NUMBER FILING OR 371(C) DATE  

 
FIRST NAMED APPLICANT ATTY. DOCKET NO/TITLE

14/901,426 12/28/2015 Seok BAE DANA-0049
CONFIRMATION NO.5436

34610 POWEROF ATTORNEYNOTICE

KED & ASSOCIATES, LLP

P.O. Box 8638 MATA
Reston, VA 20195 0000001 25300637

Date Mailed: 05/05/2021

NOTICE REGARDING CHANGE OF POWER OF ATTORNEY

This is in response to the Powerof Attorney filed 04/29/2021.

«The Powerof Attorney to youin this application has been revoked by the assignee whohasintervened as
provided by 37 CFR 3.71. Future correspondencewill be mailed to the new addressof record(37 CFR 1.33).

Questions about the contents of this notice and the

requirements it sets forth should be directed to the Office
of Data Management, Application Assistance Unit, at
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.

/agizaw/

 

page 1 of 1

Ex.1002

APPLEINC./ Page 4 of 825



Ex.1002 
APPLE INC. / Page 5 of 825

Case 6:21-cv-00454-ADA Document? Filed Q4/s0/21 Page 1 of 2

AO 120 (Rev. 08/10)

Mail Stop 8 REPORT ON THE
Director of the U.S. Patent and Trademark Office FILING OR DETERMINATION OF AN

TO:

P.O. Box 1450 ACTION REGARDING A PATENT OR

Alexandria, VA 22313-1450 TRADEMARK 
In Compliance with 35 U.S.C. § 290 and/or 15 U.S.C. § 1116 you are hereby advised that a court action has been

filed in the U.S. District Court Western District of Texas onthe following

(] Trademarks or (Patents. ( [] the patent action involves 35 U.S.C. § 292.):

DOCKETNO, DATE FILED U.S. DISTRICT COURT
6:21-cv-00454 4/30/2021 Western District of Texas
PLAINTIFF DEFENDANT

SCRAMOGE, LTD. SAMSUNG ELECTRONICS CO., LTD.; and SAMSUNG
ELECTRONICS AMERICA,INC.

 

 
In the above—entitled case, the following patent(s)/ trademark(s) have been included:

DATE INCLUDED INCLUDED BY

_] Amendment LC] Answer CL) Cross Bill L] Other Pleading
PATENT OR DATEOF PATENT

TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK 
In the above—entitled case, the following decision has been rendered or judgementissued:

DECISION/IUDGEMENT

CLERK (BY) DEPUTY CLERK DATE

Copy 1—Uponinitiation of action, mail this copy to Director Copy 3—Upon termination of action, mail this copy to Director
Copy 2—Uponfiling document adding patent(s), mail this copy to Director Copy 4—Casefile copy
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Bac Cade: PA..
DoourmenmDescription Power of Aiormey  
 

 &u
requires bo resend 1c

wu Patentang 7
ection ot in  Linder the Saparwork Reductan Actof 845, no gacqare

Application Number

yaed wRihe folloy
as Patani anc Trademark Shee canned

POVRUASEA) oF identified anv:

ast Pretaone!erie} neers fin the athiched fist (form PYCUALAYni and Trademark Office connected theraatth :
ALVEZA) oF ide: move. (Note: Compleie form PTOIARVEZS 5

Please recognize or change the correspondence address for the application identified in the attached transmiftal
letter ay the boxes above to:

ad with the above-mantions stories Rismoer

1 Custerigr Number 
amoge Technology Limited  g
 
 
 
 
 

 

 

 
 

of ar Joint Inve tain?

i Representative of a Deceased ar Lugaily incapacitated Inventor (ithe not required bedow)

 f Person to Yynom the fiventor is Under an © ant ic aes nm (provide signers tile F angdicant im a
 

TFRLS) was granted in the
pplicant is a uristic antiy)
 

jiIELPELPEPAAPLIUSAELELELLETOLEEPIRPTPETIALES
  & DURE oF redaar oit 8 thi8 coltantic

   » Ree 4468, Maxandria, VA 27349-2451
3 vou need aasiatance in carinleting the form, calf 1-800PT-9 189 anc sefrel onion 2.

 Yor Potente, P

Ex.1002

APPLEINC./ Page 6 of 825



Ex.1002 
APPLE INC. / Page 7 of 825

Doc Code: PA..
PTO/AIA/82A (07-13)

Document Description: Powerof Attorney Approvedfor use through 01/31/2018. OMB 0651-0035
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Underthe Paperwork Reduction Act of 1995, no persons are required to respondto a collection of information unlessit displays a valid OMB control number.

TRANSMITTAL FOR POWER OF ATTORNEY TO ONE OR MORE

REGISTERED PRACTITIONERS

NOTE: This form is to be submitted with the Powerof Attorney by Applicant form (PTO/AIA/82B)to identify the application to which the
Powerof Attomeyis directed, in accordance with 37 CFR 1.5, unless the application numberandfiling date are identified in the Powerof
Attorney by Applicant form. If neither form PTO/AIA/82A nor form PTO/AIA82B identifies the application to which the Powerof Attorneyis
directed, the Powerof Attorneywill not be recognized in the application.

Application Number 14/901,426

Filing Date 12-28-2015

First Named Inventor Seok BAE

RECEIVING ANTENNA AND WIRELESS POWER RECEIVING DEVICE

INCLUDING THE SAME

Art Unit 2859

Examiner Name DIAO, M BAYE

Attorney Docket Number 10106.001POA1

licant or Patent Practitioner

Signature /Khaled S h am i/ Date (Optional)

Name Khaled Shami Registration
Number

 

Title (if Applicant is a
juristic entity)

Applicant Name(if Applicant is a juristic entity)

 
NOTE: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4(d) for signature requirements and certifications. If
more than one applicant, use multiple forms.

[| *Total of forms are submitted.

   
This collection of information is required by 37 CFR 1.131, 1.32, and 1.33. The information is required to obtain or retain a benefit by
the public whichis to file (and by the USPTOto process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR
1.11 and 1.14. This collection is estimated to take 3 minutes to complete, including gathering, preparing, and submitting the completed
application form to the USPTO. Timewill vary depending upon theindividual case. Any comments on the amountof time you require
to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMSTO THIS ADDRESS. SEND TO: Commissionerfor Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

Ifyou need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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PTO/AIA/123 (08-12)
Approved for use through 03/31/2021. OMB 0651-0035

U.S. Patent and trademark ofnee:U. S. DEPARTMENT OF COMMERCE
Patent Number 9,997,962 

CHANGE OF Issue Date
CORRESPONDENCE ADDRESS 06-12-2018

Patent Application Number 14/901,426
Filing Date

Addressto: g 12-28-2015
Mail StopPost Issue First Named Inventor
Commissioner for Patents Seok BAE
P.O. Box 1450

Alexandria, VA 22313-1450 Attorney Docket 0106.001POA1Number

 

 

 

Please change the Correspondence Addressfor the above-identified patent to:

The address associated with Customer Number: 151145

OR

Firm or
Individual Name

Address

City

Country

Telephone

This form cannot be used to change the data associated with a Customer Number. To change the data associated with an
existing Customer Number use "Request for Customer Number Data Change" (PTO/SB/124).

This form will not affect any "fee address" provided for the above-identified patent. To change a "fee address" use the "Fee
AddressIndication Form" (PTO/SB/47).

| am the:

[| Patentee.
[] If the Patentee was not the applicant for patent (37 CFR 1.42), then a Statement under 37 CFR 3.73(c)

(Form PTO/AIA/96 or equivalent) is enclosed or wasfiled on . See 37 CFR 3.71.

Attorney or agent of record. Registration Number 38,745

Patent practitioner acting in a representative capacity whose correspondenceaddressis the correspondence
address of record. Notice has been given to the patentee or owner. Registration Number 38,745

Signature /Khaled Shami/
Typed or
Printed Name KHALED SHAMI

Date April 28, 2021 Telephone 202-516-6901
NOTE:This form must be signed in accordance with 37 CFR 1.33. See 3/ CFR 1.4(d) for signature requirements and certifications.
Submit multiple forms if more than one signature is required, see below”.

| *Total of forms are submitted.

 
This collection of information is required by 37 CFR 1.33. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO
to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 3 minutes to complete,
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on
the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Mail Stop Post Issue, Commissionerfor Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

Ifyou need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection
with your submission of the attached form related to a patent application or patent. Accordingly,
pursuantto the requirements of the Act, please be advised that: (1) the general authority for the
collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary;
and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark
Office is to process and/or examine your submission related to a patent application or patent. If you do
not furnish the requested information, the U.S. Patent and Trademark Office may not be able to
process and/or examine your submission, which may result in termination of proceedings or
abandonmentof the application or expiration of the patent.

The information provided by youin this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed underthe
Freedom of Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from
this system of records may be disclosed to the Department of Justice to determine whether
disclosure of these records is required by the Freedom of Information Act.
A record from this system of records may bedisclosed,as a routine use, in the course of
presenting evidence to a court, magistrate, or administrative tribunal, including disclosures to
opposing counselin the course of settlement negotiations.
A record in this system of records may be disclosed, as a routine use, to a Memberof
Congress submitting a request involving an individual, to whom the record pertains, when the
individual has requested assistance from the Member with respect to the subject matter of the
record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the
Agency having needfor the information in order to perform a contract. Recipients of
information shall be required to comply with the requirements of the Privacy Act of 1974, as
amended, pursuant to 5 U.S.C. 552a(m).
A record related to an International Application filed under the Patent Cooperation Treaty in
this system of records maybe disclosed, as a routine use, to the International Bureau of the
World Intellectual Property Organization, pursuant to the Patent Cooperation Treaty.
A record in this system of records may be disclosed, as a routine use, to another federal
agencyfor purposes of National Security review (35 U.S.C. 181) and for review pursuant to
the Atomic Energy Act (42 U.S.C. 218(c)).
A record from this system of records may be disclosed, as a routine use, to the Administrator,
General Services,or his/her designee, during an inspection of records conducted by GSA as
part of that agency’s responsibility to recommend improvements in records management
practices and programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall
be made in accordancewith the GSA regulations governing inspection of recordsfor this
purpose, and any otherrelevant(i.e., GSA or Commerce) directive. Such disclosure shall not
be used to make determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after
either publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent
pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37
CFR1.14, as a routine use, to the public if the record wasfiled in an application which
became abandonedorin which the proceedings were terminated and which applicationis
referenced byeither a published application, an application open to public inspection or an
issued patent.
A record from this system of records may be disclosed, as a routine use, to a Federal, State,
or local law enforcement agency,if the USPTO becomes aware ofa violation or potential
violation of law or regulation.
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PTO/AIA/96 (08-12)
Approved for use through 11/30/2020. OMB 0651-0031

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

STATEMENT UNDER37 CFR3.73(c)

Applicant/Patent Owner: SCRAMOGE TECHNOLOGYLIMITED
Application No./Patent No.: 9,997,962 Filed/Issue Date: 06-12-2018
Titled. RECEIVING ANTENNA AND WIRELESS POWER RECEIVING DEVICE INCLUDING THE SAME

SCRAMOGE TECHNOLOGYLIMITED _ g Corporation

 

  

 

 

(Nameof Assignee) (Type of Assignee, e.g.. corporation, partnership, university, government agency,etc.)

states that, for the patent application/patent identified above, it is (choose one of options 1, 2, 3 or 4 below):

1. The assigneeof the entire right, title, and interest.

2. [| An assignee of less than the entire right, title, and interest (check applicable box):

[| The extent (by percentage)of its ownership interestis %. Additional Statement(s) by the owners
holding the balance of the interest must be submitted to account for 100% of the ownership interest.

LJ There are unspecified percentages of ownership. The other parties, including inventors, who together own the entire
right, title and interest are:

Additional Statement(s) by the owner(s) holding the balanceof the interest must be submitted to accountfor the entire
right, title, and interest.

3. LC] The assignee of an undividedinterest in the entirety (a complete assignmentfrom oneof the joint inventors was made).
The other parties, including inventors, who together owntheentireright, title, and interest are:

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to accountfor the entire
right, title, and interest.

4. CJ The recipient, via a court proceedingor the like (e.g., bankruptcy, probate), of an undividedinterest in the entirety (a
complete transfer of ownership interest was made). The certified document(s) showing the transfer is attached.

The interest identified in option 1, 2 or 3 above (not option 4) is evidenced by either (choose one of options A or B below):

A. LE] An assignmentfrom the inventor(s) of the patent application/patent identified above. The assignment was recordedin
the United States Patent and Trademark Office at Reel , Frame , of for which a copy
thereofis attached.

B. A chain oftitle from the inventor(s), of the patent application/patent identified above, to the current assignee as follows:

1. From: BAE, SEOK to. LGINNOTEK CO., LTD.
The document was recordedin the United States Patent and Trademark Office at

Ree! 038336 , Frame 0837 , or for which a copythereofis attached.
> From: LG INNOTEK CO., LTD. To: SCRAMOGE TECHNOLOGYLIMITED

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

Reel 055335 , Frame 0652 , of for which a copythereofis attached.

[Page 1 of 2]
This collection of information is required by 37 CFR 3.73(b}. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 12 minutes to complete, including
gathering, preparing, and submitting the completed application form to the USPTO. Timewill vary depending uponthe individual case. Any comments on the amount
of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark
Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMSTO THIS ADDRESS. SEND
TO: Commissionertor Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

 

 

 
Ifyou need assistance in completing the form, cull 1-800-PTO-9199 und select option 2.
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PTO/AIA/96 (08-12)
Approved for use through 11/30/2020. OMB 0651-0031

U.S. Patent and Trademark Office; US. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respondto a collection of information unlessit displays a valid OMB control number.

STATEMENT UNDER37 CFR3.73(c)

To:

The documentwasrecordedin the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereofis attached.

To:

The document was recordedin the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereofis attached.

To:

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

Reel , Frame , or for which a copythereofis attached.

To:

The document was recordedin the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereofis attached.

 Additional documents in the chain oftitle are listed on a supplemental sheet(s).

As required by 37 CFR 3.73(c)(1)(i), the documentary evidence of the chain oftitle from the original owner to the
assignee was, or concurrently is being, submitted for recordation pursuant to 37 CFR 3.11.

[NOTE: A separate copy(i.e., a true copy of the original assignment document(s)) must be submitted to Assignment
Division in accordancewith 37 CFR Part 3, to record the assignmentin the records of the USPTO. See MPEP 302.08]

The undersigned (whosetitle is supplied below) is authorized to act on behalf of the assignee.

/Khaled Shami/ April 28, 2021
Signature Date

Khaled Shami 38,745
Printed or Typed Name Title or Registration Number

[Page 2 of 2]
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the
requirements of the Act, please be advised that: (1) the general authority for the collection of this information is 35
U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the
information is used by the U.S. Patent and Trademark Office is to process and/or examine your submission related
to a patent application or patent. If you do not furnish the requested information, the U.S. Patent and Trademark
Office may not be able to process and/or examine your submission, which mayresult in termination of proceedings
or abandonmentof the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of
Information Act (6 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records
maybe disclosed to the Departmentof Justice to determine whetherdisclosure of these recordsis
required by the Freedom of Information Act.

2. Arecord from this system of records may be disclosed, as a routine use,in the course of presenting
evidence to a court, magistrate, or administrative tribunal, including disclosures to opposing counselin the
course of settlement negotiations.

3. Arecord in this system of records may be disclosed, as a routine use, to a Memberof Congress
submitting a request involving an individual, to whom the record pertains, when the individual has
requested assistance from the Memberwith respect to the subject matter of the record.

4. Arecord in this system of records may be disclosed, as a routine use, to a contractor of the Agency
having need for the information in order to perform a contract. Recipients of information shall be required
to comply with the requirements of the Privacy Act of 1974, as amended, pursuantto 5 U.S.C. 552a(m).

5. Arecord related to an International Application filed under the Patent Cooperation Treaty in this system of
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty.

6. Arecord in this system of records maybe disclosed, as a routine use, to another federal agency for
purposesof National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act
(42 U.S.C. 218(c)).

7. Arecord from this system of records may be disclosed, as a routine use, to the Administrator, General
Services,or his/her designee, during an inspection of records conducted by GSAas part of that agency’s
responsibility to recommend improvements in records managementpractices and programs, under
authority of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA
regulations governing inspection of records for this purpose, and any otherrelevant(/.e., GSA or
Commerce) directive. Such disclosure shall not be used to make determinations aboutindividuals.

8. Arecord from this system of records may be disclosed, as a routine use,to the public after either
publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C.
151. Further, a record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the
public if the record wasfiled in an application which became abandonedorin which the proceedings were
terminated and which application is referenced by either a published application, an application open to
public inspection or an issued patent.

9. Arecord from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcementagency,if the USPTO becomes aware of a violation or potential violation of law or regulation.
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Electronic AcknowledgementReceipt

a

ee

RECEIVING ANTENNA AND WIRELESS POWER RECEIVING DEVICE INCLUDING

Title of Invention: THE SAME

First Named Inventor/Applicant Name: Seok BAE

Customer Number: 34610

Khaled Shami/Susanh Perez

Filer Authorized By: Khaled Shami

Attorney Docket Number: DANA-0049

Receipt Date: 29-APR-2021

Filing Date: 28-DEC-2015

Time Stamp: 12:14:46

 
Application Type: U.S. National Stage under 35 USC 371 

Paymentinformation:

Submitted with Payment

Document Document Description File Size(Bytes)/ Multi Pages
Number P Message Digest|Part/.zip| (if appl.)

1055768

Powerof Attorney 01060000000_POASigned.pdf a163da1 e2Ma2Mb59b2385b929044750ed
33a63 
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Information:

293632

: Pat_14901426_POA_Transmitt
Transmittal Letter - — — 1

al.pdf 21940fce/ aae01962e7d6290d55698fa7co
1d3c

313159

Warnings: 

Information: 

Change of Address Pat_14901426_aia0123.pdf 133561872chc62d568731cf6b937bcSfde9|
76a24

231014

Assignee showing of ownership per 37 Pat_14901426_373_aia0096. 3
CFR 3.73 pdf of54175b57b136e5 925 3[c4e156e81 3100c 12]

O75

Information:

This Acknowledgement Receipt evidences receipt on the noted date by the USPTOofthe 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.

 
 

Warnings:

Information:  
New Applications Under 35 U.S.C. 111
If a new applicationis being filed and the application includes the necessary componentsfora 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 shownon this
AcknowledgementReceiptwill establish thefiling 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/903indicating acceptance of the application as a
national stage submission under35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.
New International Application Filed with the USPTO asa Receiving Office
If a new international application is being filed and the international application includes the necessary componentsfor
an internationalfiling date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
andof the InternationalFiling Date (Form PCT/RO/105)will be issued in due course, subject to prescriptions concerning
nationalsecurity, and the date shown onthis AcknowledgementReceiptwill establish the international filing date of
the application.
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UNITED STATES PATENT AND TRADEMARK OFFICE
UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450
Alexandria, Virginia 22313-1450
www.uspto.gov

APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.

 
14/901 426 06/12/2018 9997962 DANA-0049 5436

34610 7590 05/23/2018

KED & ASSOCIATES, LLP
P.O. Box 8638

Reston, VA 20195

ISSUE NOTIFICATION

The projected patent numberandissue date are specified above.

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(application filed on or after May 29, 2000)

The Patent Term Adjustment is 206 day(s). Any patent to issue from the above-identified application will
include an indication of the adjustment on the front page.

If a Continued Prosecution Application (CPA) wasfiled in the above-identified application, the filing date that
determines Patent Term Adjustmentis the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information
Retrieval (PAIR) WEBsite (http://pair-uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the
Office of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee
payments should be directed to the Application Assistance Unit (AAU) of the Office of Data Management
(ODM)at (571)-272-4200.

APPLICANT(s) (Please see PAIR WEBsite http://pair.uspto.gov for additional applicants):

LG INNOTEK CO., L''D., Seoul, KOREA, REPUBLIC OF;
Seok BAE, Seoul, KOREA, REPUBLIC OF;
Donchul CHOI, Seoul, KOREA, REPUBLIC OF;
Soon Young Hyun, Seoul, KOREA, REPUBLIC OF;

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location
for business investment, innovation, and commercialization of new technologies. The USA offers tremendous
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation
worksto encourage andfacilitate business investment. To learn more about why the USAis the best country in
the world to develop technology, manufacture products, and grow your business, visit SelectUSA. gov.

IR103 (Rey. 10/09)
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PART B - FEE(S) TRANSMITTAL \

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEECommissionerfor Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450

or Fax (571)-273-2885tp
INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE(if required). Blocks 1 through 5 should be completed where
appropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as
indicated unless corrected below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE, ADDRESS" formaintenance fee notifications.

 

Note: A certificate of mailing can only be used for domestic mailings of the
Fee(s) Transmittal. This certificate cannot be used for any other accompanying

CURRENT CORRESPONDENCEADDRESS(Note: Use Block 1 Zor any change of address) papers. Each additional paper, such as an assignment or formal drawing, must
have its own certificate of mailing or transmission.

Certificate of Mailing or Transmission34610 7590 02/15/2018 . “4 . \ oT. . . . . . :
I hereby certify that this Fee(s) Transmittal is being deposited with the United

KED & ASSOCIATES, LLP States Postal Service with sufficient postage for first class mail in an envelope
P.O.B 8638 addressed to the Mail Stop ISSLE PEE address above, or being facsimile“UO. BOX 802 transmitted to the USPTO (571) 273-2885,on the date indicated below.
Reston, VA 20195 epositor's name)

(Signature) (Date)

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.

14/901,426 12/28/2015 Seok BAE DANA-0049 5436
TITLE OF INVENTION: RECEIVING ANTENNA AND WIRELESS POWER RECEIVING DEVICE INCLUDING THE SAME

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE PUBLICATION FEE DUE|PREV. PAID ISSUE FER

$0 $0nonprovisional UNDISCOUNTED $1000

 
  TOTAL FEE(S) DUE DATE DUE

$1000 05/15/2018

 

     

 

  
 

 
  

EXAMINER ART UNIT CLASS-SUBCLASS

DIAO, M BAYE 2859 320-108000
 

 1. Change of correspondenceaddress or indication of "Fee Address" (37 2. Hor printing on the patentfront page,list
CFR 1.363).

(I Change of correspondence address (or Change of CorrespondenceAddress form PTO/SB/122)attached.

[_] "Lee Address" indication (or "Fee Address" Indication form
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer
Numberis required.

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT(printor type)

PLEASE NOTE:Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for
recordation as set forth in 37 CFR 3.11. Completion ofthis form is NOT a substitute for filing an assignment.

(1) The namesofup to 3 registered patent attorneys  KED&ASSOCIATES,LLP
or agents OR,alternatively, Ww
(2) The nameof a single firm (having as a member a
registered attorney or agent) and the namesof up to
2 registered patent attorneys or agents.If no nameis 3
listed, no name will be printed.

 
 

 

  

 

(A) NAMEOF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)

LG INNOTEK CO., LTD. SEOUL, REPUBLIC OF KOREA

Please check the appropriate assignee category orcategories (will not be printed on the patent) : [Vindividual be Corporation or other private group entity {_] Governmenteeenei

Aa. The following fee(s) are submited: 4b. Payment of Pee(s): (Please first reapply any previously paid issuc fee shown above)
XI Issue Fee [TA checkis enclosed.
[J Publication Fee (No small entity discount permitted) xl Paymentby credit card. ~ a
[] Advance Order - #of Copies XI Thedirector is hereby authorized to charge the required fee(s), any deficiency, or credits anyoverpayment, to Deposit Account Number “16-060 (cuclose an extra copy of this form).

5. Change in Entity Status (from status indicated above)   LI Applicantcertifying micro entity status. See 37 CPR 1.29 NOTE:Absenta valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue
” fee paymentin the micro entity amount will not be accepted atthe risk of application abandonment.
Lal Applicant asserting smal! entity status. See 37 CER 1.27 NOTE:If the application was previously under micro entity status, checking this box will be takento be a notification of loss of entitlement to micro entity status.

C] Applicant changing to regular undiscounted fee status. NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro
entity status, as applicable.

 

 

NOTE:This form mustbe signed in accordance with 37 CFR 1.31 and 1.33. See 37 CER 1.4 for signature requirements and certifications. 
  

  Authorized Signature Date _ ‘A‘Ley ‘i, INS
Typed or printed name Pa H. Kang Registration No. 66,545

  

 

Page 2 of 3
PTAT _8& Part R (102120 Anmrnved far use thranuh 10/31/9013 OMR 06451-0033 TIS Patent and Trademark Offiec: U.S. DEPARTMENT OF COMMERCE
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Electronic Patent Application Fee Transmittal

Application Number: 14901426

Filing Date: 28-Dec-2015

RECEIVING ANTENNA AND WIRELESS POWER RECEIVING DEVICE INCLUDING

Title of Invention: THE SAME

First NamedInventor/Applicant Name: Seok BAE

Daniel YJ. Kim/Sarah Garrett

Attorney Docket Number: DANA-0049

Filed as Large Entity

Filing Fees for U.S. National Stage under 35 USC 371

Sub-Totalin

Description Fee Code Quantity Amount USD(S) 

Basic Filing:

Miscellaneous-Filing: 

Petition:

Patent-Appeals-and-Interference:

Post-Allowance-and-Post-Issuance:
 

UTILITY APPL ISSUE FEE
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Extension-of-Time:

Miscellaneous:

Totalin USD ($) 1000 
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Electronic AcknowledgementReceipt

a

seems

RECEIVING ANTENNA AND WIRELESS POWER RECEIVING DEVICE INCLUDING

Title of Invention: THE SAME

First Named Inventor/Applicant Name: Seok BAE

Customer Number: 34610po
ene

Application Type: U.S. National Stage under 35 USC 371

 
 

Paymentinformation:

[Beoskaccue——SSSSCSC*dSC

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpaymentas follows: 
Ex.1002
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212393

Document Document Description File Size(Bytes)/ Multi Pages
Number P Message Digest|Part /.zip| (if appl.)

1
Issue Fee Payment (PTO-85B) IssueFeeTransmittal.pdf 33dcfcc1 006f33ce81ae365414b257b8cGda}

e24a

Information:

Fee Worksheet (SB06) fee-info.pdf 6Sdd0cS711303d25434fOccfS3c4ff97731 2
1ec3

 
Information: 

TotalFiles Size (in bytes) 242973

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 applicationis being filed and the application includes the necessary componentsfor 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 shownonthis
AcknowledgementReceiptwill establish thefiling 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/903indicating acceptanceof the application as a
national stage submission under35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.
NewInternational Application Filed with the USPTO as a Receiving Office
If a new international application is being filed and the international application includes the necessary componentsfor
an internationalfiling date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the InternationalFiling Date (Form PCT/RO/105)will be issued in due course, subject to prescriptions concerning
nationalsecurity, and the date shown on this AcknowledgementReceiptwill establish the international filing date of
the application.
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UNITED STATES PATENT AND TRADEMARK OFFICE
UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450
Alexandria, Virginia 22313-1450www.uspto.gov

 
NOTICE OF ALLOWANCEAND FEE(S) DUE

- EXAMINER

KED & ASSOCIATES, LLP DIAO, M BAYE
P.O. Box 8638

Reston, VA 20195
2859

DATE MAILED: 02/15/2018

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEYDOCKET NO. CONFIRMATION NO.

14/901,426 12/28/2015 Seok BAE DANA-0049 5436
TITLE OF INVENTION: RECEIVING ANTENNA AND WIRELESS POWER RECEIVING DEVICE INCLUDING THE SAME

APPIN. TYPR ENTITY STATUS ISSTTF FRE DUR PUBLICATION FER DUP.|PREV. PAID ISSUE FRR TOTAT. FER(S) DUE DATE DUR

nonprovisional UNDISCOUNTED $1000 $1000 05/15/2018
 

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCEAS A PATENT.
PROSECUTION ON THE MERITS IS CLOSED. TIS NOTICE OF ALLOWANCEIS NOT A GRANT OF PATENT RIGIITS.
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CER 1.313 AND MPEP 1308.

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE
MAILING DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS
STATUTORY PERIOD CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES
NOT REFLECT A CREDIT FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS
PREVIOUSLY BEEN PAID IN THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM
WILL BE CONSIDERED A REQUEST TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THEISSUE FEE NOW
DUE.

HOW TO REPLY TO THIS NOTICE:

I. Review the ENTITY STATUSshownabove.If the ENTITY STATUSis shown as SMALL or MICRO,verify whether entitlement to that
entity status sull applies.

If the ENTITY STATUSis the same as shownabove, pay the TOTAL FEE(S) DUE shownabove.

If the ENTITY STATUSis changed from that shown above, on PART B - FER(S) TRANSMITTAL, complete section number5 titled
"Change in Entity Status (fromstatus indicated above)".

For purposesof this noticc, small entity fecs are 1/2 the amount of undiscountcd fees, and micro entity fees are 1/2 the amountof small cntity
fees.

I. PART B - FEE(S) TRANSMITTAL,or its equivalent, must be completed and returned to the United States Patent and Trademark Office
(USPTO) with your ISSUE FEE and PUBLICATIONFEE(if required). If you are charging the fee(s) to your deposit account, section "4b"
of Part B - Fee(s) Transmittal should be completed and an extra copy of the form should be submitted. If an equivalent of Part B is filed, a
request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur dueto the difficulty in recognizing
the paperas an equivalent of Part B.

I. All communications regarding this application must give the application number. Please direct all communications prior to issuance to
Mail Stop ISSUE FEEunlessadvisedto the contrary.

IMPORTANT REMINDER:Maintenancefees are ducin utility patents issuing on applications filed on or after Dec. 12, 1980. It is
patentee's responsibility to ensure timely payment of maintenance fees when due. More informationis available at
www.uspto.gov/PatentMaintenanceFees.

Page 1 of 3
PTOL-85 (Rev. 02/11)
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PART B - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEECommissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450

or Fax (571)-273-2885

INSTRUCHONS: ‘This form should be used for transmitting the ISSUE KEE and PUBLICATION FEE(if required). Blocks 1 through 5 should be completed whereppropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as
Adicated unless corrected below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS"formaintenance feenotifications.

Note: A certificate of mailing can only be used for domestic mailings of the
Fee(s) Transmittal. This certificate cannot be used for any other accompanying

CURRENT CORRESPONDENCE ADDRESS(Note: Use Block | for any change of address) apers. Each additional paper, such as an assignment or formal drawing, must
have its own certificate of mailing or transmission.

Certificate of Mailing or Transmission34610 7590 02/15/2018 : sou "P - - - . . :
I hereby certify that this Kee(s) ‘lransmittal is being deposited with the United

KED & ASSOCIATES, LLP States Postal Service with sufficient postage for first class mail in an envelope
P.O. Box 8638 addressed to the Mail Stop ISSUE FEE address above, or being facsimiletransmitted to the USPTO (571) 273-2885, on the date indicated below.
Reston, VA 20195 (epositor's name)

(Signature)

(Date) 
 

14/901.426 12/28/2015 Seok BAE DANA-0049 5436

TITLE OF INVENTION: RECEIVING ANTENNA AND WIRELESS POWER RECEIVING DEVICE INCLUDING THE SAME

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE PUBLICATION FEE DUE|PREV. PAID ISSLE FEB TOTAL FEE(S) DUE DATE DUE
 
    

nonprovisional UNDISCOUNTTE:D $1000 $1000 05/15/2018

EXAMINER ART UNIT CLASS-SUBCLASS

DIAO, M BAYE 2859 320- 108000

1. Change,of correspondenceaddress orindication of "Fee Address" (37 2. For printing on the patent front page,listCER 1.363).

LY Changeof correspondenceaddress (or Change of CorrespondenceAddress foorm PTO/SB/122) attached.
L] "Fee Address"indication (or "Fee Address" Indication form
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer
Numberis required.

3. ASSIGNEE NAME AND RESIDENCE DATA 'TO BE PRINTED ON THE PATENT(printor type)

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has beenfiled for
recordation asset forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment.
(A) NAMEOF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)

(1) The namesof upto 3 registered patent attorneys
or agents OR,alternatively,

(2) The nameof a single firm (having as a member a 2
registered attorney or agent) and the names of up to
2 registered patent attorneys or agents. If no nameis 3
listed, no namewill be printed.

  
 

Please check the appropriate assignee categoryor categories (will not be printed on the patent) : (CW individual LI Corporation or other private group entity (J Government

 
Aa. ‘The following fee(s) are submitted: 4b. Paymentof Kee(s): (Pleasefirst reapply any previously paid issue fee shown above)

LB issue Fee LIA check is enclosed.

LY Publication Fee (No small entity discount permitted) Lj Paymentby credit card. Form PTO-2038 is attached.
LY Advance Order - # of Copies [_] The directoris herebyauthorized to charge the required fee(s), any deficiency, or credits any

overpayment, to Deposit Account Number (enclose an extra copy of this form).

5. Change in Entity Status (from status indicated above)

LJ Applicantcertifying micro entity status. See 37 CFR 1.29 NOTE:Absenta valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue
fee paymentin the micro entity amountwill not be accepted atthe risk of application abandonment.

 

LJ Applicantasserting small entity status. See 37 CFR 1.27 NOTE:If the application was previously under micro entity status, checking this box will be taken
to be a notification of loss of entitlement to micro entity status.

  
LJ Applicant changing to regular undiscounted fee status. NOTE:Checking this box will be taken to be a notification of loss of entitlement to small or micro

entity status, as applicable.

NOTE:This form mustbe signed in accordance with 37 CER 1.31 and 1.33. See 37 CFR 14 for signature requirements and certifications.

  

  
Authorized Signature Date

Typed or printed name Registration No.

Page 2 of 3

PLOL-85 Part B (10-13) Approved for use through 10/31/2013. OMB0651-0033 U.S. Patentand ‘Trademark Office; U.S. DEPARTMENT OF COMMERCE
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UNITED STATES PATENT AND TRADEMARK OFFICE
UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450
Alexandria, Virginia 22313-1450www.uspto.gov

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEYDOCKET NO. CONFIRMATION NO.

 
 

14/901 426 12/28/2015 Seok BAE DANA-0049 5436

|
34610 7590 02/15/2618

KED & ASSOCIATES, LLP DIAO, M BAYE
P.O. Box 8638

Reston, VA 20195
2859

DATE MAILED: 02/15/2018

Determination of Patent Term Adjustment under35 U.S.C. 154 (b)
(Applications filed on or after May 29, 2000)

The Office has discontinued providing a Patent Term Adjustment (PTA) calculation with the Notice of Allowance.

Section 1(h)(2) of the AIA Technical Corrections Act amended 35 U.S.C. 154(b)(3)(B)G) to eliminate the
requirement that the Office provide a patent term adjustment determination with the notice of allowance. See
Revisions to Patent Term Adjustment, 78 Fed. Reg. 19416, 19417 (Apr. 1, 2013). Therefore, the Office is no longer
providing an initial patent term adjustment determination with the notice of allowance. The Office will continue to
provide a patent term adjustment determination with the Issue Notification Letter that is mailed to applicant
approximately three weeks prior to the issue date of the patent, and will include the patent term adjustment on the
patent. Any request for reconsideration of the patent term adjustment determination (or reinstatement of patent term
adjustment) should follow the process outlined in 37 CFR 1.705.

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571)-272-4200.

Page 3 of 3
PTOL-85 (Rev. 02/11)
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OMB Clearance and PRA Burden Statement for PTOL-85 Part B

The Paperwork Reduction Act (PRA) of 1995 requires Federal agencies to obtain Office of Management and
Budget approval before requesting most types of information from the public. When OMBapproves an agency
request to collect information from the public, OMB (i) provides a valid OMB Control Number and expiration
date for the agency to display on the instrument that will be used to collect the information and (ii) requires the
agency to inform the public about the OMB Control Number’s legal significance in accordance with 5 CFR
1320.5(b).

The information collected by PTOL-85 Part B is required by 37 CFR 1.311. The informationis required to obtain
or retain a benefit by the public whichis to file (and by the USPTO to process) an application. Confidentiality is
governed by 35 U.S.C. 122 and 37 CI'R 1.14. This collection is estimated to take 12 minutes to complete,
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary
depending upon the individual case. Any comments on the amount of time you require to complete this form
and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, Virginia 22313-1450. DO NOT
SEND FEES OR COMPLETED FORMS ‘TO THIS ADDRESS. SEND 10: Commissioner for Patents, P.O. Box

1450, Alexandria, Virginia 22313-1450. Under the Paperwork Reduction Act of 1995, no persons are required to
respondto a collection of information unless it displays a valid OMB control number.

Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the
requirements of the Act, please be advised that: (1) the general authority for the collection of this information is
35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which
the information is used by the U.S. Patent and Trademark Office is to process and/or examine your submission
related to a patent application or patent. If you do not furnish the requested information, the U.S. Patent and
Trademark Office may not be able to process and/or examine your submission, which mayresult in termination of
proceedings or abandonmentofthe application or expiration of the patent.

The information provided by you in this form will be subjectto the following routine uses:
1. The information on this form will be treated confidentially to the extent allowed under the Freedom of

Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records
may be disclosed to the Department of Justice to determine whether disclosure of these records is required
by the Freedom of Information Act.

2. Arecord from this system of records may be disclosed, as a routine use, in the course of presenting evidence
to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of
settlement negotiations.

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance
from the Member with respect to the subject matter of the record.

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having
need for the information in order to perform a contract. Recipients of information shall be required to
comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

5. A record related to an International Application filed under the Patent Cooperation‘lreaty in this system of
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property
Organization, pursuantto the Patent Cooperation Treaty.

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes
of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C.
218(c)).

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General
Services, or his/her designee, during an inspection of records conducted by GSA as part of that agency's
responsibility to recommend improvements in records management practices and programs, under authority
of 44 U.S.C, 2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations
governing inspection of records for this purpose, and any other relevant(i.e., GSA or Commerce) directive.
Suchdisclosure shall not be used to make determinations about individuals.

8. A record fromthis system of records may be disclosed, as a routine use, to the public after either publication
of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a
record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the
record wasfiled in an application which became abandoned or in which the proceedings were terminated
and which application is referenced by either a published application, an application open to public
inspection or an issued patent.

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomesaware ofa violation or potential violation of law or regulation.
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Application No. Applicant(s)
 14/901,426 BAE ET AL.

Notice of Allowability Examiner ArtUnit lA(First Inventor to File)
Yes
 

-- The MAILING DATEof this communication appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85)or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENTRIGHTS.This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1. &] This communication is responsive to Amendmentfiled on 12/19/2017.

CT A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/werefiled on

2. (Anelection was made bythe applicant in responsetoarestriction requirementsetforth during the interview on ; the restriction
requirement and election have been incorporated into this action.

3. ] The allowed claim(s) is/are 1.9.13, and 23-38 (renumbered 1-19). As a result of the allowed claim(s), you maybeeligible to benefit
from the Patent Prosecution Highway program ata participating intellectual property office for the corresponding application. For
more information, please see http:/Avww.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.

4. X] Acknowledgmentis madeof a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).

Certified copies:

a)K] All b)[) Some *c) (J Noneofthe:

1. ] Certified copies of the priority documents have beenreceived.

2. C1] Certified copies of the priority documents have beenreceived in Application No.

3. [1] Copies ofthe certified copies of the priority documents have been receivedin this national stage application from the

International Bureau (PCT Rule 17.2(a)).

* Certified copies not received:

Applicant has THREE MONTHS FROM THE “MAILING DATE”of this communicationto file a reply complying with the requirements
noted below. Failure to timely comply will result in ABANDONMENTofthis application.
THIS THREE-MONTH PERIODIS NOT EXTENDABLE.

5. [] CORRECTED DRAWINGS( as “replacement sheets”) must be submitted.

(including changes required by the attached Examiner's Amendment / Commentorin the Office action of
Paper No./Mail Date .

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawingsin the front (not the back) of
each sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

6. (J DEPOSIT OF and/or INFORMATIONaboutthe deposit of BIOLOGICAL MATERIAL mustbe submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)
1. [1] Notice of References Cited (PTO-892) 5.|Examiner's Amendment/Comment

2. Information Disclosure Statements (PTO/SB/08), 6. K] Examiner's Statement of Reasonsfor Allowance
Paper No./Mail Date 12/19/2017

3. [J Examiner's Comment Regarding Requirementfor Deposit
of Biological Material

4. [] Interview Summary (PTO-413),
Paper No./Mail Date .

7. KJ Other Examiner's Amendmentto the Specification.

 

/M'BAYE DIAC/ 01/29/2018

Primary Examiner, Art Unit 2859

 U.S. Patent and Trademark Office

PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date
20180129
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Application/Control Number: 14/901,426 Page 2
Art Unit: 2859

DETAILED ACTION

Notice of Pre-AlA or AIA Status

1. The present application, filed on or after March 16, 2013, is being examined

underthefirst inventor to file provisions of the AIA.

Response to Amendment

2. Acknowledgementis made of amendmentfiled on 12/19/2017 in which claims

1,9, and 13 are currently amended, claims 2-8,10-12 and 14-22 have been canceled

while claims 23-38 have been newly added. By this amendment, claims 1,9,13, and 23-

38 are now pendingin the application.

Information Disclosure Statement

3. The information disclosure statement (IDS) submitted on 12/19/2017 is in

compliance with the provisions of 37 CFR 1.97. Accordingly, the information disclosure

statement is being considered by the examiner.

EXAMINER’S AMENDMENT

4. An examiner’s amendmentto the record appears below. Should the changes

and/or additions be unacceptable to applicant, an amendment maybefiled as provided

by 37 CFR 1.312. To ensure consideration of such an amendment, it MUST be

submitted no later than the paymentof the issue fee.

Authorization for this examiner's amendment was given in an interview with Paul

H. Kang Reg. No. on 66,545.

The application has been amended asfollows: Replace claim 38 with the

following:
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Application/Control Number: 14/901,426 Page 3
Art Unit: 2859

38. (New Currently Amended) The wireless powerreceiving apparatus of claim 38 13,

further comprising a NFC coil disposed to surround a side portion of the receiving coil.

Replace paragraphs [0026],[0027], and [0028] with the attached Amendments to the

specification.

Allowable Subject Matter

5. The following is an examiner's statement of reasonsfor allowance: Claims

1,9,13, and 23-38 (renumbered 1-19) are allowed overthe prior art of record.

6. Regarding claim 1, the prior art of record along with the art filed on 12/19/2017

fails to teach or reasonably suggest,

7. As in claim 1: a power receiving antenna comprising: a substrate; a soft magnetic

layer comprising a first magnetic sheet disposed on the substrate and a second

magnetic sheet disposed on the first magnetic sheet; a receiving coil disposed on the

second magnetic sheet; and an adhesivelayer formed between the second magnetic

sheet and the receiving coil; wherein the adhesive layerincludesa first adhesive layer

in contact with the second magnetic sheet, a second adhesive layer in contact with the

receiving coil, and an insulating layer disposed betweenthefirst adhesive layer and the

second adhesivelayer, and wherein a height of a highest position of the second

magnetic sheet from the substrate is higher than a height of a lowest position of the

receiving coil from the substrate.

8. As in claim 9: A methodof fabricating a wireless powerreceiving antenna,

...comprising: preparing a substrate; disposingafirst soft magnetic sheet including a

Fe-Si based alloy on the substrate; stacking a plurality of the soft magnetic sheets by
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stacking a second soft magnetic sheet including the Fe-Si based alloy on the first soft

magnetic sheet; disposing an adhesive layer on the second soft magnetic sheet;

disposing a receiving coil on the adhesive layer; and compressing the plurality of the

soft magnetic sheets, the adhesive layer, and the receiving coil, wherein the adhesive

layer includesa first adhesive layer in contact with the second soft magnetic sheet, a

second adhesivelayerin contact with the receiving coil, and an insulating layer

disposed betweenthefirst adhesive layer and the second adhesive layer, and wherein

compressing the plurality of the soft magnetic sheets, the adhesive layer, and the

receiving coil includes forming a height of a highest position of the second September

22, 2017 magnetic sheet from the substrate so to be higher than a height of a lowest

position of the receiving coil from the substrate.

9. As in claim 13: A wireless powerreceiving apparatus, comprising a receiving

circuit and a powerreceiving antenna, the wireless powerreceiving antenna

comprising: a substrate; a soft magnetic layer comprising a first magnetic sheet

disposedon the substrate and a second magnetic sheet disposed on thefirst magnetic

sheet; a receiving coil disposed on the second magnetic sheet, and an adhesive layer

formed between the second magnetic sheet and the receiving coil; wherein the

adhesive layer includesa first adhesive layer in contact with the second magnetic sheet,

a second adhesive layer in contact with the receiving coil, and an insulating layer

disposed betweenthefirst adhesive layer and the second adhesive layer, and wherein

a height of a highest position of the second magnetic sheetfrom the substrate is higher

than a height of a lowest position of the receiving coil from the substrate.
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10. Claims 23-30 depend either directly or indirectly from claim 1 and thus are also

allowed for the same reasons.

11. Claims 31-37 dependeither directly or indirectly from claim 9 and thus are also

allowed for the same reasons.

12. Claim 38 depend directly from claim 13 and thusis also allowed for the same

reasons.

Any comments considered necessary by applicant must be submitted no later

than the paymentof the issue fee and, to avoid processing delays, should preferably

accompanythe issue fee. Such submissions should be clearly labeled “Comments on

Statement of Reasonsfor Allowance.”

Conclusion

Anyinquiry concerning this communication or earlier communications from the

examinershould be directed to M'BAYE DIAO whosetelephone numberis (571)272-

6127. The examiner can normally be reached on 8:30-7:00; Fridayoff.

Examinerinterviews are available via telephone, in-person, and video

conferencing using a USPTO supplied web-based collaboration tool. To schedule an

interview, applicant is encouraged to use the USPTO AutomatedInterview Request

(AIR) at http:/Awww.uspto.gov/interviewpractice.

If attempts to reach the examiner by telephone are unsuccessful, the examiner's

supervisor, DREW DUNN can be reached on 571-272-2312. The fax phone numberfor

the organization wherethis application or proceeding is assigned is 571-273-8300.
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Application/Control Number: 14/901,426 Page 6
Art Unit: 2859

Information regarding the status of an application may be obtained from the

Patent Application Information Retrieval (PAIR) system. Status information for

published applications may be obtained from either Private PAIR or Public PAIR.

Status information for unpublished applications is available through Private PAIR only.

For more information about the PAIR system, see http://pair-direct.uspto.gov. Should

you have questions on accessto the Private PAIR system, contact the Electronic

Business Center (EBC) at 866-217-9197(toll-free). If you would like assistance from a

USPTO Customer Service Representative or access to the automated information

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

M'baye Diao
Primary Examiner
Art Unit 2859

/M'BAYEDIAC/

Primary Examiner, Art Unit 2859
January 29, 2018
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02/07/2018 2:08 PM FAX 7037663644 KED & ASSOCIATES, LLP Wjo001/0002

Approved
/MD/ .

ym | Mailing Addtess:
ee j P.O. Box 8638, Reston, VA 20195
— Street Address:

. 1916 Association Drive, Reston, VA 20191wa &¢ Associates, LLP Tel: 703.766.3777 Fax: 703.766.3644
wow.ked-iplay.com
maill@ked-iplaw.com

FACSIMILE COVER SHEET

To: Examiner M. Baye DIAO From: Paul H. Kang, Esq.
U.S. Patent & Trademark Office ; . _

Fax: (571) 273-6127 ; Date:—February 7, 2018 _
Phone:_(571) 272-6127 Pages: 2
Re: U.S. Patent Application Serial No. 14/901,426 _ce:

Urgent | | For Review ] Please Comment | Please Reply Please Recycle
Lxaminer Diao,

Per our discussion today, attached are proposed amendments to the specification to
incorporate the description of [LG11. We hereby authorize this amendment to place this
case in condition for allowance, as we discussed.

We look forward to the Notice of Allowance. Should youhave any questions or comments,
please do not hesitare ro contact me. ‘hank you for your tite and attention in this matter.

Best regards,

Paul H. Kang, Esq.
KED & Associates, LLP
1916 Association Drive

Reston, Virginia 20194
Reg, No. 66,545
H-mail: phk@ked-iplaw.com
‘Telephone: (703) 766-3755
Facsimile: (703) 766-3644

. IMPORTANT

The information contained in this fnesimile is intended only for the use of the individual ot entity to whom it is
addressed, 1f you are net the mmtended recipient, you ate hereby notified that any use, dissemination, disuilunon ar
copying of this communication is sticdy prohibited, If you have received this facsimile in error. please immediately
notify us by telephone, and retumthe original message to us at the uddress above vie the U.S, Postal Service. Thank
you.

PAGE 1/2* ROVD AT 2/7/2018 1:06:17 PM [Eastern Standard Time] * SVR:W-PTOFAX-002/18 * DNIS: 2736127 * SID:7037663644 * DURATION (mm-£8):00-42
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02/07/2018 2:08 PM FAX 7037663644 KED & ASSOCIATES, LLP Mon02/0002

Approved
/MD/

Docket No.: DANA-0049 PATENT
Serial No. 14/901,426

P A DMENTS - FOR D P ES ONI

N N PECIFT ION

Please replace paragraph [0026] with the following atnendedparagraph:

[0026] FIG. 9 is a cross-sectional view illustrating a soft magnetic laycr and a

receiving coil in accordance with a comparative example and an example of the present

invention—and-PIG.—1)-is—+_praphiHustrating—a-—-measurementresalt_of—«_tranamission

efhicieney—in—accordance—with—a_eomparativeexampleand_an—exampleof-the—present

Please add the followingnewparagraph afterParagraph [0026];

[0027] FIG. 10 is a graph ihistratinea measurement result of a tranemission,

cfficiency in accordance with a comparative example and an_cxample of the present
jovention.

Please add the following newparagraph afterParagraph [0027]: 

[0028] FIG. 11 is a craph_ illustrating a_pressute condition and heartreatment

condition inaccordance with an crnbodiment of the pres nLinvention,

PAGE 2/2* ROVD AT 2/7/2018 1:06:17 PM [Eastern Standard Time] * SVR:W-PTOFAX-002/18 * DNIS:2736127 * SID:7037663644 * DURATION (mm-£8).00-42
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Docket No.: DANA-0049 PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of: Confirmation No.: 5436

Seok BAE; Donchul CHOT; and Soon Group Art Unit: 2859
Young HYUN

Serial No.: —14/901,426 Examiner: M. Baye DIAO

Filed: December28, 2015 Customer No.: 34610

For: RECEIVING ANTENNA AND WIRELESS POWER RECEIVING

DEVICE INCLUDING THE SAME

AMENDMENT

U.S. Patent and Trademark Office

Customer Window, Mail Stop Amendment
Randolph Building
401 Dulany Street
Alexandria, Virginia 22314

Sir:

In reply to the Office Action of September 22, 2017, please amend the above-

identified application as follows:

Amendments to the Claimsate reflected in the listing of claims.

Remarks/Arguments begin after the listing of the claims.
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Setial No. 14/901,426 Docket No. DANA-0049

Reply to Office Action of September 22, 2017

AMENDMENTS TO THE CLAIMS

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

the application:

Listing of Claims:

1. (Currently Amended) A teceiving-antenna-ofa-witeless power receiving device

witelesslychareine-clecttiepower;thereceivingantenna comprising:

a substrate;

a soft magnetic layer stacked-comprising a first magnetic sheet disposed on the

substrate_and a second magnetic shcet disposed on the first magnetic shect;
 

   
etie-layer;-and a receiving coil w

formedinside-ofthesoftdisposed on the second magnetictayersheet; and

an adhesive layet formed between the seft-second magnetic layer-sheet_and

the receiving coil,

wherein the adhesive laver includes a first adhesive layer in contact with the second

magnetic sheet, a second adhesive layer in contact with the receiving coil, and an insulating

layer disposed between the first adhesive layer and the second adhesivelayer, and

wherein a height of a highest position of the second magnetic sheet from the

substrate is higher than a height of a lowest position of the receiving coil from the substrate.
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Serial No. 14/901,426 Docket No. DANA-0049

Reply to Office Action of September 22, 2017

2-8. (Canceled)

9. (Currently Amended) A method of fabricating a wireless power receiving

antenna, the method comprising:

preparing a substrate;

disposing a first soft magnetic sheet including a Fe-Si based allov on the

substrate: 

stacking a plurality of the soft magnetic sheets inchiding-aseftmagnetie-metal

powder-and-a-polymer-—resin_by stacking a second soft magnetic sheet including the Fe-Si
  

based alloy on the first soft magnetic sheet;

fetmine—disposing an adhesive layer on af-upper—plane—ofthe—phatalityof

sheets the second soft magnetic sheet;

disposing a receiving coil on the adhesive layer; and

compressing the plurality of the soft magnetic sheets, the adhesive layer, and

the receiving coil+e-fere:thereceivingcoiLinside-ofthe pluralityofsheets,

wherein the adhesive layer includes a first adhesive layer in contact with the

 
    

second soft magnetic sheet, a second adhesive layer in contact with the receiving coil, and an

insulating layer disposed betweenthefirst adhesive layer and the second adhesive layer, and
 

wherein compressing the plurality of the soft magnetic sheets,the adhesive

layer, and the receiving coil includes forming a height of a highest position of the second
3
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Serial No. 14/901,426 Docket No. DANA-0049

Reply to Office Action of September 22, 2017

magnetic sheet from the substrate so to be higher than a height of a lowest position of the

receiving coil from the substrate.

10 — 12. (Cancelled)

13. (Currently Amended) A wireless power receiving device-apparatus witelessly

 
charging—electtie_power,—comprising_a teceiving circuit_and_a wireless power receiving

antenna, the witeless power recciving antenna comprising:

a substrate;

a soft magnetic layer stacked-on-the-substratecomprising a first magnetic sheet

disposed on the substrate and a second magnetic sheet disposed on the first magnctic shcet;

a teceiving coil weundin-parallelwith«-plane-ofthe-seft-magnetictayer,and

formed-inside-ofthe-seftmagnetictayersdisposed on the second magnetic sheet,and

an adhesive layer formed between the second seft-magnetic layet-sheet_and

 

 

the receiving coil;

i. he receiving coi 
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Serial No. 14/901,426 Docket No. DANA-0049

Reply to Office Action of September 22, 2017

wherein the adhesive laver includes a first adhesive layer in contact with the second

magnetic sheet, a second adhesive layer in contact with the receiving coil, and an insulating

layer disposed between the first adhesive layer and the second adhesive layet, and

wherein a_height of a highest position of the second magnetic sheet from the

substrate is higher than a height of a lowest position of the receiving coil from the substrate.

14 - 22. (Canceled)

23. (New) The wireless power receiving antenna of claim 1, wherein the soft

magnetic layer includes an Fe-Si based alloy.

24. (New) The witeless power receiving antenna of claim 23, further comprising a

support means stacked on the receiving coil.

25. (New) The wireless power receiving antenna of claim 24, further comprising

an NEC coil disposed so as to suttound a side portion of the receiving coil.

26. (New) The wireless power receiving antenna of claim 25, wherein the

insulating layer includes a polyethylene terephthalate (PET).
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Serial No. 14/901,426 Docket No. DANA-0049
Reply to Office Action of September 22, 2017

27. (New) The wireless power receiving antenna of claim 25, wherein the

insulating layer includes a polyimide (PI).

28. (New) The wireless power receiving antenna of claim 25, wherein a portion of

the receiving coil is embedded in a portion of the second magnetic sheet.

29. (New) The wireless power receiving antenna of claim 25, wherein a portion of

a side of the soft magnetic layer on which the NFC coilis disposed is removed.

30. (New) The wireless power receiving antenna of claim 1, whercin at least onc

of the first magnetic sheet or the second magnetic sheet includes an Fe-Si based soft

magnetic metal powder and a polymerresin.

31. (New) The method of fabricating a wireless power receiving antenna of claim

9, further comprising stacking a support means on the receiving coil.

32. (New) The methodoffabricating a wireless power receiving antenna of claim

9, further disposing an NFCcoil to surroundaside portion of the receiving coil.
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Setial No. 14/901,426 Docket No. DANA-0049
Reply to Office Action of September 22, 2017

33. (New) The methodoffabricating a wireless power receiving antenna of claim

32, wherein a portion ofa side of the plurality of the soft magnetic sheets on which the NFC

coil is disposed is removed.

34. (New) The methodoffabricating a wireless power receiving antenna ofclaim

9, wherein compressing the plurality of the soft magnetic sheets, the adhesive layer, and the

receiving coil includes simultaneously compressing the plurality of the soft magnetic sheets,

the adhesive layer, and the receiving coil by heating.

35. (New) The method of fabricating a wireless power receiving antcnna of claim

34, wherein the insulating layer includes a polyethylene terephthalate (PET).

36. (New) The methodoffabricating a wireless power receiving antenna of claim

34, wherein a portion of the receiving coil is formed to be embedded in a portion of the

second magnetic sheet.

37. (New) The methodoffabricating a wireless power receiving antenna of claim

9, wherein at least onc of the first soft magnetic sheet and the second soft magnetic sheet

includes an Fe-Si based soft magnetic metal powder and a polymerresin.
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38. (New) The wireless power receiving apparatus of claim 38, further comprising

a NFC coil disposed to surroundaside portion ofthe receiving coil.
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Serial No. 14/901,426 Docket No. DANA-0049
Reply to Office Action of September 22, 2017

REMARKS /ARGUMENTS

Claims 1, 9, 13 and 23-38 ate pending in this application. By this Reply, claims 1, 9

and 13 are amended, claims 2-8, 10-12 and 14-22 are canceled, and claims 23-38 are added.

Certain amcndments are made for purposesofclarity and unrelated to issues of patentability.

No new matter is added. Support for the claims can be found throughout the specification,

including the original claims and the drawings.

At the outset, the Examiner is thanked for the indication that clatms 9-10 and 17-19

ate allowed and that claims 2, 5-6 and 20 would be allowable if rewritten in independent

form including all of the limitations of the base claim and any intervening claims.

By this Amendment, independent claim 1 is amended to incorporate the allowable

features of claim 2. Independent claim 13 is amended to substantially incorporate the

allowable features of claim 20. Moreover, independent claim 9 is amended to incorporate

similar features.

Specifically, independent claims 1, 9 and 13 are amended to recite “wherein the

adhesive layer includes a first adhesive layer in contact with the second magnetic sheet, a
 

second adhesive layer in contact with the receiving coil, and an insulating layer disposed

between the first adhesive layer and the second adhesive layer,” in combination with other

features, tespectively. Independentclaim 1 is further amended to recite “wherein a height of

a highest position of the second magnetic sheet from the substrate is higher than a height of

a_lowest position of the receiving coil from the substrate.” Independent claims 9 and 13
9
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Reply to Office Action of September 22, 2017

recite similar featutes in vatying scope. The applied prior art fails to teach or suggest these

features. Hence, independent claims 1, 9 and 13 should be in condition for allowance, along

with dependent claims 23-38 which respectively depend therefrom.

Claim 3 stands objected to for informalities. Moreover, claim 3 stands rejected under

35 U.S.C. §112, second patagraph. Claim 3 is canceled, and hence, this objection and

rejection are moot.

Claims 1, 7-8 and 13 stand rejected under 35 U.S.C. §102(@)(1)/(a)(2) as being

anticipated by U.S. Patent Publication No. 2013/0069444 to Waffenschmidt ct al.

(hereinafter “Waffenschmidt”). Claims 3-4, 14-16 and 21-22 stands rejected under 35 U.S.C.

§103 as being unpatentable over Waffenschmidt in view of U.S. Patent Publication No.

2009/0121677 to Inoue (hereinafter “Inoue”). The rejections are moot in view of the

amendments to independentclaims 1, 9 and 13 as previously discussed.

By this Amendment, dependent claims 23-38 are added.It is respectfully submitted

that claims 23-38 ate allowable by vittue of theit dependency on independentclaims 1, 9 and

13, respectively, as well as for their added features.

10
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Serial No. 14/901,426 Docket No. DANA-0049

Reply to Office Action of September 22, 2017

CONCLUSION

In view of the foregoing amendments and remarks, it is respectfully submitted that

the application is in condition for allowance. Favorable consideration and prompt allowance

ate earnestly solicited.

If the Examiner believes that any additional changes would place the application in

better condition for allowance, the Examiner is invited to contact the undersigned attorney,

Paul H. Kang,at the telephone number listed below.

To the extent necessary, a petition for an extension of time under 37 C.P.R. §1.136 is

hereby made. Please charge any shortage in fees due in connection with the filing of this,

concuttent and future replies, 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

=CldKKang
Registration N@. 66j545

 

Correspondence Address:
P.O. Box 8638

Reston, VA 20195

703 766-3777 (main)
703 766-3755 (direct) PHK/seg

PleasedirectallcorrespondencetoCustomerNumber34610
Q:\Documents\2414-049\700842

11
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Docket No: DANA-0049 PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of Confirmation No.: 5436

Seok BAE; Donchul CHOI; and Soon Young Group Art Unit: 2859
HYUN

Serial No.: 14/901,426 Examiner: M. Baye DIAO

Filed: December28, 2015 Customer No.: 34610

For. RECEIVING ANTENNA AND WIRELESS POWER RECEIVING DEVICE

INCLUDING THE SAME

INFORMATION DISCLOSURE STATEMENT

USS. Patent and Trademark Office
Customer Service Window

Randolph Building
401 Dulany Street
Alexandria, Virginia 22314

Sir:

Pursuant to 37 C.F.R. §1.56, the attention of the Patent and ‘Trademark Office is hereby directed to
the teferences listed on the attached PTO-1449. One copy of each non-US. reference is 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 tecord therein and appear among the “References Cited” on any patent
to issue 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 information 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 is material to patentability, or
that information more material to the examination of the present patent application does not exist. The
Examiner is specifically requested not to rely solely on the material submitted herewith. It is further
understood that the Examiner will considet 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).

| 1. This Information Disclosure Statement is being filed (1) within three months of the US.
filing date of a U.S. application other than a CPA continued prosecution application under §1.53(d)
OR (ii) within three months of the date of entry of the national stage as set forth in §1.491 in an
international application OR (ili) 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 cxamination
under §1.114. No certification or fee is required. 37 C.E.R. §1.97(b).

Xx] 2. This Information Disclosure Statement is being filed more than three months after the U.S.
filing date ANDafter 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).

Dx a. 1 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 not more than three months prior to the filing of this
Information Disclosure Statement. 37 C.F.R. §1.97(e)(1). No fee is required.

LC] b. I hereby state that no item of information in this Information Disclosure Statement
was cited in a communication from a foteign patent office in a counterpart foreign
application and, to my knowledge after making reasonable inquiry, was known to any
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Serial No. 14/901,426 Docket No. DANA-0049

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). Nofee is required.

CJ c. 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 ofthe disclosed information.

LC] 3. This Information Disclosure Statement is being filed after the mailing date of a Final
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 paymentof 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
information. 37 C.F.R. §1.97(d).

LC] 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 not more than three months prior to the filing of this
Information Disclosure Statement. 37 C.F.R. §1.97(e)(1).

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

XxX 4. The references were cited in'a corresponding Chinese Office Action. Please note that the
references previously submitted in an Information Disclosure Statement filed on September 30,
2016, are not submitted herewith.

| 5. Tothe 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

Carder!
‘Registration Nof66,54
 
 

Correspondence Addcess:
P.O. Box 8638

Reston, VA 20195

Telephone: (703) 766-3777
PHK/seg
Please direct all correspondence to Customet Number 34610
\\ked2\Docurnents \2414\2414-049\ 703072. docx
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EP 2 096 711 09/02/2009 Eutope(related to TWI335688) xX

CN 102598168 07/18/2012|China (English Abstract and X
Chinese Full Text of published
CN 102598168B,related to

previously cited U.S. Patent
Publication No. 2011/0050382)

CN 103094992 05/08/2013|China (English Abstract and x

| Chinese Full Text) _

  
 
 

 
 

 
in Application No. 201480037192.1 (English

 

translation attached).

 
 
 

EXAMINER DATE CONSIDERED

       
                

EXAMINER: Initial if reference has been considered, whetheror notcitation 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\ 703081 .docx

Ex.1002

APPLEINC./ Page 58 of 825



Ex.1002 
APPLE INC. / Page 59 of 825

Espacenet - Bibliographic data Page 1 of 2

 
Sheet body for improving communication, antenna device proviied with such
sheet body and clectronic information transmitting apparatus

Inventor(s): GO HARUHIDE [JP]; YOSHIDA TAKAHIKO [JP]; MATSUSHITA
MASATO [JP]; KYOHARA YOSHIHARU [JP]; SATO SHINICHI
[UP]; YOSHIHARA RYOTA [JP]; MORITA KAZUHISA [JP]; KOGURE
HIROAKI [JP] + (GO, HARUHIDE, ; YOSHIDA, TAKAHIKO,;
MATSUSHITA, MASATO, ; KIYOHARA, YOSHIHARU, ; SATO,
SHINICHI, ; YOSHIHARA, RYOTA, ; MORITA, KAZUHISA,;
KOGURE, HIROAKI)

Applicant(s):|NITTA CORP [JP] + (NITTA CORPORATION)

Classification: - international:G06K19/077; H01Q1/44; HO5K9/00
- cooperative: H01Q1/526; H01Q15/0026; HO1Q17/00; HO1019/108

Application TW20060139078 20061023
number:

Priority JP20050307325 20051021
number(s):

Also EP2096711 (Ai) EP2096711 (A4) EP20967171 (B1)
published as: JVVi835688 (B) US2010052992 (Al) more

Abstract oF TAZO0723596 (4)

A conductive pattern @2) formed on a pattern layer (15) operates as antenna, When an
electromagnetic wave of 4 preseribed frequency arrives, resonance phenomenonis
axhibited, and the elactramaaqnetic wave of 4 specific frequency is introduced ints a
sheet body (19). Since the sheet body (10) having the natiern layer (15) can adjust the
phase of a reflection wave frorn a reflection area, even the sheet body is small and thin,
and an area having a high electric field intensity can be set in the vicinity of the antenna
eaiement by inferference of the reflection wave fram the sheet body and the carring
alectromagneétic wave. An electromagnetic field is generated in the perinhery of the
conductive patlern (22) by arranging the sheet body (10) between the antenna siement
(51) and the communication disturbing member (57), and electromagnetic energy is
supplied fram the conductive pattern io the antenna slement (51). Thus, recenwing
power of the antenna element {51} is increased and wireless communication can be
suiably perfarmred.

https://Aworldwide.espacenet.com/publicationDetails/biblio?II-O&ND=3&adjacent=true&... 12/18/2017
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MADR ARRMRSORRRARSAZR RA MAR

@ > BR -4@A150 mmz EAH HEBRMIIO-BMAD

ZPRABASRMIORRMRA HII: Wf Ai > WT i fe

mo ce RISD? SMM P MRR ' OL? MH UME >

RIL YT SMP BRR Tx Se

HMURBRABS4? HERA SIIBT RRM: he

ATSMELZAATR° BARIAMRABS4A BWHBL:? Az

RRA P > MAR SARHR S1114 HR UE BF

@ FRR RS BR LRA M)Le AKRKRMEZE
mk RRR 2.4 GHz o wb oh > HAR SBIR RA B54

Zh wt A ERM e

(%4% #1)

BZA ISRARHRERB RBI A Ee BR A100 ume 2

ARR HRA F MSO = BB (Polyethylene Telephthalate :

fi & PET): BRRISRRHERMWB RBIZP LBB ZAH

BA100 ume RERISHRAPETPT ABB mMRR

HHRBRETRRARHE PURE? BRATZA

ZDBRKRRRH Rome e144Bh ASBS(R OM: T

— 5 - ROMHRD)MMBLIOOFC SPRY RKPEHH KP AH

mem RIS SBR RRR PA oo KR A205 S SBR

ee pe(REA RHA) MH HR KBAR RA 1

mH#2kKmM@BRM °° Boa RB e113Hb ASBSP HH &

Bia HAH? WRB Rta BH A175 mmz Hi mw

moe R@GH11IZEHAO1MS mm> st HbA th KR HK RM ByOAS
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memo HI SR HRS BH RH BAR BRIS. HR — Bt

BB 14~ Boe RBRIZRRHERB MAI CHER

HERBRMABIZDEM BRAS B11: Hwee ZSEWR BF R20

mmx80 mmZz RY RRM HRAZmMmZAULABHRA

B#@10° BF RISZHEM A #22° PxAMAA KER

MQ yFAMRREA MDM: SHARK RIAARRA WA

pRB ALD Ss HARM REA > MHHRW RK

30aX —- BP MEHBBHEBR3I1AZA A ° SMR

2H 10K RR A M54 RH HR M50?

Ae > BSB 1IS2AEe EH Ee R224 alx=aly=2.5 mm-

a2x=a2y=16 mm > clx=cly=1.0 mm» ¢c2x=c2y=1.0 mm >

bix=bly=12.5 mm> clx=cly=1.0 mm-

(& 4 #] 2)

BER ISRRHEAWRBI2KA EE ®100 pm BR

BR He Ko FM On AR (PET) BR RISARHERH

meI2P 2 eR 2B EAS me BM RBIS H PETE

nua DAMA ROMMEA RE AMA E TAOS
o> BRMOBBWMHRLARBRARRH o B— Rm B14

dy oR go PVC(#R AX @ # KANEKA © KS1700) Bt Ae 1008 &

28. DOP[(M #=— FRA FBP RAH PRO CRO A)I,2

Dr

Benzenedicarboxylic acid bis(2-ethylhexyl)ester]80 & =e

aR. tT SMM PR eS B43G BO RM PO oe OR

MWl25E SB. RAR WRRA PUR BERBA

Kee 203 mmZ2kH MBM SAM MBHRIIKH AE
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SBS P HH ORR A? BMRB RZ ee ALS mm

ZAMBmM ce RGR IIZBRBAOIS mm> Hh AMR

KRSM ADM KHibLFHRHRSM HAH BH RA

15. Be mH R14 Ro MBAR IZA R HERB KE

12, cteAERHRERBRAIZEBBRA ALL BUwFZA

Ae RB M20 mmx80 mmZz Rt? RRKMHEHR AZ. mmz

wy ew aR 2H 10°

Aw > BEM 1ISZ SEM WB #224 d1x=bly=21.0 mm>

e R2a=7.0 mm> R2b=4.0 mm> dix=dly=1.5 mm>@¥ #15
ZECHAMR22> RxAMARAAM YAMARKREA

Re BRM RB RIARKREADAPRA WHA AS

HED) RA we e

(% #6 1]3)

BRISK KRM RY HM 222ZM KBR? HMARHALB

$f 36 1 148 FF)

© Ao > OB BISzS # EMA $224 b1lx=bly=21.0 mm?
dix=dly=1.5 mme B@RHB1ISZHEMRB#22°>R#xA WA

KARAM yF HARE Ame BBR RB AKIlaAARE

AMAPARPAHA DS MPHAKREAA GY >

(% t% 4)

BRRISBPRARRAIZHMAKREBK? HHARHAK

#2 Ff 46 | 14a Fe) °

Ao > MER 1IS2 8 EM AB #224 alx=aly=1.0 mm>

a2x=a2y=17.5 mm» a3x=a3y=7.5 mm»? clx=cly=1.5 mm:
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c2x=c2y=7.0 mm> blx=bly=20.5 mm» clx=cly=1.5 mm >

R1=7.5 mm> R2=7.0 mmc H#HM1ISZBEMHBM 22° Rx

AMAREA AM? yFMAREA HH > IM RW R31a

ERE A LAPRAWMHS ODS MHAKRAA > HA

UAB R3I0a2- BFR EH BHA RH R31az A Oe

(# t% #) 5)

BERISARARHEAB RAZA EE A1ON pmz

RMRRH ROP MOR BH (PET): BRE ISAR HEH

@ ER B12? 2HR2zAEAAOOS ume BF 154s PETH

KR EMBER Re BHR BRBTRARE TARR

o> BRASH ELA SBRRBR MH o BR Me 14

«SBSH A 1OOS SAP RKRPSCHH PRA oe BSSE

So > Pm ee HP tM B23 SBARH te > Ke Ml

mee RR RBAR R205 mmE ZA HBR ° BA Re

MRK H HeESBSP RHBARA LH HMMM

428 A220 mmz KR mB me RSM ILA BH RAO_AS

{os

mn: t# hb AMRH RBA HI KR o Me He eS A

mee RB ERIS. Rw MBB 14 BH A13

RRHEMBRA12 HARE BRB RM IZE HBS

Billo Bh SH RY R20 mmx80 mmzRt°? RR

ae fF A27 mma UA RHR ZA H1O?

Hop > BEA ISZHESEHA £22% BT tH 4a RM 2R

=f °

(ff 7% #] 6)
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BHARISARHERB KABILARA EE A100 uma &

AZ RH Ro FP MOA BAS (PET): BE HRISAR HH IH

am BI2P 2eB Ze EROS ume B FISH ePETH

A632 mI Re > RH MBAR ERA KReE PAE SE

4o> BRASH HAH RBIRRR Ho B— BT me 14K

#2 th WS go PVCHt AS 1008 BBA . DOPROKS ERM. AP EH

HOP Uo SG BASS P +. LHRH PR RAB 1IIO"ES

SMR SHARMA MMH RERBARRSA

0.4 mme2zK MB KR ° BoP RRIF Hh ESBS KH

Hae BR RRM BW RBM ZB ALT mmz hh i

me eR 1IIZBHEAO1S mmo #% HH AMR H RB

meme HLF RRM MRP BH Re 1S. B- He

mH 14. Boe MBAR IIRRHERABRABI2? HAR

HERB MR MIZEH BASAL Bese zHeB RH mM 2O

mmx80 mmZ R++°> RR MORHEAIZ1 mmz 1A BIR

ZH H10-

Ao? MRRISZHSER WM RAMGRT M4 AAR

a

(rb #& 4] 1)

SW te ol 1~Ot8 Fh) > ERMA B54 BE SH SB R110

+. #8 47 38 12 TA] BX

we AI RAKRRB RAP > HR Hl ZH RA BSS

BRE SB LIIBRE BA BT > mR He Hl 1~7 SR RSOR HB

a 11139 FY fp a 1s > PPR HH REA STZ SR R110

115570.doc - 90 -

Ex.1002

APPLEINC./ Page 148 of 825



Ex.1002 
APPLE INC. / Page 149 of 825

200723596

ZUEPFo MTE PUA RRM Te HASH SRR

11084 2 2 (3 3B MRS 1K ©

(rb 8 #] 2)

A$ vo 7 HE AK SL He (2 mm) Re Me HR BF R20

mmx80 mmz RY4 > GARR A B54 S BR1I10Z

WAT UA 1S WM MAK SMRIN’ WMA BAA HH 1O

# eo

(H x7)

@ HRURARA BARESRA? ZKHA RIOR

REAR AR3IIZSA HREM WER 24 R30, 312

fel a cl 32 Me xh ke BHA HEM A R22ZRTA

alx=aly=1.0 mm> a2x=a2y=20.0 mm> blx=bly=25 mm:

c2x=c2y=7.0 mm> cl=0.5 mmska bE > 2.5 mms F > & HH

BE #30P ZKRE HH22e h BF RI=AO.5 mm? KR

AHA R31 2AABz ww RH BRAINS mme AHHH R

308 AR AHAK3IIZM Mcl> Rw sw #30, 314 2

hz A Me We Bie Re LPM BHA RA Kee SH

4b

eT BRR MZ RE? RHR A OM (fo ET KK

@ #h » ELASLENE301NA)100(phr) » # & 4& (BASF # EW-

1)800(phr) 4 ARB? h Rm T BR +. PRM RRERS

So BA MMR IIZMo? BARB — OT mee 14s A

Be) > #2 RA Ow 100(phr)? » HBB 16(phrt FARR A

mT BM RS RBS HM ee BOR MW 15( 48 & PET
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mt). & — af Re 1402.1 mm)~ # = BF RB 13(2.5 mm)

RR EA RB (42 RHPETM)Z BRB > 950 MHz3Q Be YP

x mw eH RW BR f BR -— RF wh HR 14 A 2'=19.0 >»

6"=0.90(tanSe=0.047) > w'=5.33 > p"=1.43(tandp=0.268) >

% = a7 gh 13% e'=7.9 > 6"=0.13(tande=0.017) > p'=1 >

u"=0° HY Ade HRA ZDALS ° KH B1OM RUF ie OF >

2 © 44.6 mm

B47A MK MBRRHAR MATIZ HA BIOZRHBAS

eR o M47 P > RHARMB MARR Re HK

RA ZRHBARE ZH BWA MRM RUE MR RAR BT»

ARMLHR BwAR: AUKERR YE EH BR 22

2 ARC bRHM > PEMKKSEH BD R22 Zee

BR: Be HRA BR AQ)?

wy Bae el 7S KH M10? RAKHI MB R30b ERR

RRS42F Ko mR LRAABRSAAIBZRI? #£h

ge 10 bk # & ALIEN# #® 2 UHF RAPA PH BHR

(ALIEN2004, 89 mmx19 mm)> ## #4 A ALIEN# BRR S

(ALR-7610-75L> HRMRRA)RRR BTA? A

p> AHEM PREAMP ROR RY 2 eA

2800 mme AZRMAM RAMA MH R (i015 FE BER LHR) &

A3ZP > LRZIR4ARAR BIMARA RARE OA

Ow WME BATA RRR ARZEB Re RIPRMA: A

BlIOZ BR H(R #)> MERAH EA hb ZS Bl ie 1S BE A tk

RRR MRMA BR RAB REM
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BHM 1IOKRB Ho Ath HR SK BB BRR A SA

2 $B BE (Gap kh] & ) o

[# 3]
 

rh $e fH] 3|Ek BR fH] 4

7 ORRO|GRO|
kh (Gap fil I 10

F 7% ta] 7

 

ii {3 BB af 
# 6 & @ hl if (2 HE BE tL (%@ J (%) 
eA EB EMS mms Rol 7S HM 10RF > BA 2130 mm

WE aR > MA hE BOF H 76% 2 WE SEAR ot A tt

RmPeARABRBAMRARA ZUMBH Aa HE hil

PB221%> BaABR WASH RLOR A Hz MEaSL

Re |

(# 3% ] 8)

B48h Ra Kew 82k PIOZH HA BAM ES

e PC MAHS2 A MIOLZRAAHSIAZ $$ HH W50K
Mr & Fe ol 82 kh RIOZ HR KARISZ $+ BM e FM”?

B48? Br RR ARR AR B54 >: Kwsz Rk Mle

wo RE RHERB RAIL KRP HBS HAH RH

13> B-—MBBe 14. RRRSR20IRH RHI? BK

lsh &+E EB OR 228 Bl Mh hy CK JK )21 Ait He Ro RR St ER
Um eI2Re Se 15h we RBPETR HoH R e BRISK

ee E MM R228 BB/D A207Hm eB oe A MH”?
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Blk o® RBMBR) > WB eA RAP OTSOOT

Fe o

ARH Poe CMB RIAD WAHAB RB IR? A

ee WI=45 mmZ EBLE RB AR3lar wm Me

fe] A W2=1 mmm W422 Rt > he 48~R 50m HSH

wo HARRAH PIOZA BRA BSIZHMRERA MIE HK

Suh: OR ARRABS4R BBM 1IOZ BRA

mm: i € QM Be AH ZR RA B54 B49 KR

@ KRRA HB RK(R E147 mm BHH10 mm): (C522 KF KA
RX fe it > #950 MHzsq tH PF > tH A 30-j250(Q)2 UHF

war Ao RRA RSA EHR EM KBlatkazy wy

L- # REAM -Rh> mS BPMEM B41 Hw eR UR

3lak KR 2 EMA F222 PRB -

RAM AT MPS 2ARIOZHRKRAHAZHMHKRe R4

PRT: RLM (RR )21 + RBIS 207 BB FF

BIRR oR BREYBARR +. RRBHDPEFRATHK

SBc' >. 7) BGA Atand(c)> HRB H RE BRA MABy':

PEAR Ktand(w)R Be E Boe

[#4]
 

/2. (mm) € tand(e) tl 
 

  
  

 

 
  Fa] Sa(KK) 3 0.01 1

HEB /FES 3 0.01 1 

15.1 0.049 4.55

3 0.01 1
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KRSM TEM FM P8z Hh BLOM ARR AMSAZA RH

MAR HB Re RSP MR: 950 MHzB He SBR P A

Ale RS eRSIIL + BHR BZIA RB. MHz hw

m@;>s RHA FS he ARR S4

a 27H HR AA wh SF he RR AR 540s = fH RR

BF > RMR LESIZH EE. ARR AHSIZAH >

RK(total\R te tt Ms Bee re AePzZ IHRE, AKA

mh PARA LEMBR? ARRARARTREE

@ (Matching) #£MmHA HER 4 Alt ew oT MH
ATRE AMMA RAMS MBAALAZEARRARR AH HRSA

ma G7 ° UTS Mone A oh Re A Le Zz kh a -' total |

RRRRE MRM MAERRHKSBRMADLDZEA ERR AH

eK EA > BRB Bh ERA LO Zz th RH

% ‘total, Zhe: KRARARRHEMARLR RSP RR

$Zl1Z2ZERBR BH

a A OM BeTE RESTS 1S MZ Ae OERRRS

S487 2A BRA> He A te RH

Mit Ms BR ZRABRHAKRRRAH(3)?

[#2]

if (3 26 # [m]=

  {$3% & A) EIRP[W] x #2 R=RYB/BH] xB IRIBK/B
(4n)? x ZRBRIRE HW]

fa]  B te [m]

G3)

RRAGRREA-H RARBRBA? MRBRAR

RwS(RM)ZEARN)KR ERR EH o p> RRB
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HOV MwA ASE MBAR H HI K 2H SB) 4a Fe

[#5]
 

S28 hE REL Re

S11(dB)

 

 
 FF 3% 19] 8
 
 

 -11.827|24.309|236.863

-0.0750078| 32.016

-11.0416|19.2147} 258.976|-3.532] 0.986|0.262|0.258

 
 

 

2.994|0.055

  
BRwWASH KR BARE Mol ZA B10 ztH

SRR A Aw FR 251%? AWM HST ES BE

#(3.15 mm) BweezFHZKkhRE? HAH EM 223M?

Bp 4e St rk ek fl th 1 RALZRE OW tk

RTRAAT eH 2A BLO AUHPRRPAH RRB SB

RRMA A AEM -

tb op > ROR mA He SHR RB S4S MH A mk BR oo bh AF

Ae a a a Ht RB =1LOBARMAN , te eyBAR SS

RSRAZIHB Be MAUR MH eM HER Gains) 7

we aeRmAS ' PoP AEM Bo wp > RRAZAKMHE

fa 2& A Rrad > 4 KR © MH 2 A Rloss BH > th Hh Ht me

n=Rrad/(Rrad+Rloss) ° Rrad## SR MBAR RAMA MH

ZEMe KweoscpPRA CRRA RSI HR DHRMBA

7.44dBi > 3% 2(@ HH H)A-3.53dBi> BKHRMEAA
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8% »

[# 6]
 

 fee taona (ani 4, #t34 38 (dBi)
7.440

[eX eee)

el 4A ABER FE FBR 2K H1OZ 2] wwe

th St Bh  
 

B2kA KK FS -—RRB el RHE BK AAD

@ a.
3h A Tw hA RA RHR ZH RIOR HEA

1S Ay HR Bl

B4AK ASH RAHM BR PZ RB 1ISSA—-BHA

AT #2 He

BSRAARM SH RAZR PZ He RBISSBS

Ay #2 HE

@ ORM RRR AA EMM F22DH 2B Se wh wie
ZHKRRMPEZARA

A7&#—H P1IOAZ AREA -

Stk 7 Rash BIOZRR50OH RZ UBA >

el 94% AA aR OWS ER SOR & WM BETTE TRAE STZ KOR

Blom MR AR AESIR RD RRISZEMMBeE?RHMEA

ISRERRHRI2AZEMB? AH aA?

BMllARA RRA HH HBR IOZ SE RR(BAAR)RR

KMIORHZEBR(MARH RISD e
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BI2ARHERARARH AAD

BM lskA ABM IIA HR 2H HRIOZ-—BHmMAAMRA

Be

Bl4kamRARRS0Z-BQ im MHz UH Be

BISAMU Ble TLRS KR RAE KERR A

€ wm i7 REZ»

Bl6OkA AKAMAI RAH MWR PTA MIOZH te

RmwRSZTHARRISZ-BRAUH

BI7TR&A AH KBD IA Kz HK Hw

Bmw Re 2M RISA BPHPAUR

BIAKn AR MB 1H ZH ew

ve)
o

>Cow > B #102 # te

w
9

Cr pa2K HIOZH‘w

isKweBRAHRRISZ-BHAULBR °

BISA R ALA RTE R PTH RIOT HK HE

HRA HRISZ AREA °

B20khHK AHIOZ MF R1ISZ-BRP MAT ALBEA -

B2ARKRRKR EI MH RTH RBR PAA MIOZH te

Rm RL ee HR 2e RR ISz WR e

M2264 BD 2HKeLHERBR PSH RBIS — BRA

22 we

23k MARR RBI TAK BBR P Zh RIOT te

Rw R LESH eee RISA MMA >

B24A R23 eR ZTHMRBR P Zee SBI SZ —BTARK

22 Ae

BORKRRA MI RLM BR PTA MIOZ HH te
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xe Gor

SE

-2 #HiszZzWAA -

264% MAM ASH RAARHRISZ- BH im RAW

2TH BTR RB IM KAR Hw PZ HK RIOZAE te
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‘a
ao
w

xe& eeHFB
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7B i

eal

Z By

a

2 Ay
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2M THA MI HRSA HRBR PAA BIOZE te

29% RAM 2H RZAKRISZ-BemMARLUB

20k MR Ml Re HBR Y ZH MILOL A HK

e = fl #& 2% 152 Ay Ho

314A RR BIA KA eH RP ZH BIOS HO ET He

; Z Bl

32%

fe 152 ay We

Brahe & 2 ewe RTA AB

334aT REA AOR HBR ZMK RK TOZ
°

344 BER BLK 2 EMR PZ KR BM 1OL HK HE MH

z fl 2% 152 a Hae

5A RRA RAPE MwR? HRARARAIM4ZARE

ISA R+ELABRAR RM ZAHM BH ISZ AREA?

26k MRT ARR A PK UR ZHK eB RIS
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374% Bom TH RE A Sb Hew
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le] 384% BA oS OT OE AREA A Sb OE HE

Z Ay HB oe

oerGeir Z2Hi em #15

39k Rar TAKE KB ASHE HBR eA BRB 1S

ZA We

404% KARMEL KRAZE MBR PAA BIOZHEw

Pew R SPAHR ZRBISZ-BOmMATANAD =

qr

e 414% KAM 402-BOmMM RADA ISZ AREA >

si 424% Boa REA A Ob HI BZA He 10az a] we

e
&A434 TR KB WSR MBRAH BLODZAH BB >

is 444% TRB WA PR HB RTA MlOczaHw H-

AS4& BX,fe iy 34, BR 2 HR OAR EB]

ve) 46 tm A OK AA OTS 3B ay 3X Be 2 HK AG OL

so 47h Br eR RRR MH I7IZA A MIOZRHBRAZS

°
ag

a 484% Bw ese e182 Rh R1LOZA °

il 494% TREMP FMS FR MIOLABRAA B54z

fa]

SO Mar RR SMe sSe2z kh BIOZARZH1IS5AH BDi+ moc&
51K fF se AaeGR HRT AA:

MB S2H MLR MAM RH ZR RIA BK AA He

(2SAKRRR

10 He

11 BES
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hy PREAGS :

AEH RH - MATE MRM SRM WE he AT

MBM ERM KRSEAHHRRASHZARRERETR

Mei KR RE KREWMZBERHARRISZHEMH AM #228

HVAT RRR? WS RRR SE BRE RGR HK RB

Rome RIO SAR RRA RZERBRe HKASHR

BiSZH MIOB A) BRM TARR ARHERAR

Sik date > Awe He RAuLRARHRA ERAT BR

e ZF mMeEARAGUPREREARAZER Ha
ye oy P BP LOZ PKR HSIRDB STZ? OT

MER Z222 AMAZE EBH’e CME ASEHRARH

BRB THS1? BW KS AKSIZARKEA > a Se

SF MG ME ©
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l. -f#@M@E Reh kh BP BHRMAS ASFA RH >? BK

WRBRe MAR AEB RRB EH 2

RRA AFM BRME RAZA? RARKRA FEUD

x °

2. wHRAIZMERKEAR RB BerasStwABA’

Lee ECRLENTRAIRMMBE RELA

We % RE 2 ERE

@ 30 »HRRIZMEAAMRHM Re B-SFAARHE

KERR KRREAR ERA ZMKRSRBABRA 4A

‘GQ fa tA Bl Se mm RM MAR ROH Rl? WO OS & BRIE

ZSEMRzZARARRAIN? CAMDKRRREMREA
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me 2 ERR AZARH EH Re
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RHR PLREADE-HAMDLZARKMHEERDR >
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(57) A conductive pattern portion (22) formed in a
pattern layer (15) functions as an antenna, and, when
electromagnetic waves at a predetermined frequencyar-
rive, resonance occurs, and an electromagnetic wave of
a specific frequencyis introduced into a sheet member
(10). As to the sheet member (10) having the pattern
layer (15), even in a small and thin sheet member, the
phase of reflected waves from the reflection area can be
adjusted, and thus an area having high electric field in-
tensity due to interference betweenreflected waves from
the reflection area and arriving electromagnetic waves

Printed by Jouve, 75001 PARIS (FR)

SHEET BODY FOR IMPROVING COMMUNICATION, ANTENNA DEVICE PROVIDED WITH
SUCH SHEET BODY AND ELECTRONIC INFORMATION TRANSMITTING APPARATUS

can besetin the vicinity of the antenna element. When
the sheet member(10) is disposed between an antenna
element (15) and a communication jamming member
(57), an electromagnetic field is generated around the
conductive pattern portion (22), and an electromagnetic
energyis supplied from the conductive pattern portion to
the antenna element(51), and therefore receiving power
of the antenna element (51) can be increased. Accord-
ingly, wireless communication can be suitably per-
formed.

(Cont. next page)
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Description

Technical Field

[0001] The present invention relates to a sheet memberfor improving communication, used for performing wireless
communication using an antenna elementin the vicinity of a communication jamming member, and an antenna device
and an electronic information transmitting apparatus provided therewith,

Background Art

[0002] Fig. 51 is a simplified cross-sectional view showing a tag 1 according to a conventional technique. Fig. 51
showsthe case of wireless communication using an electromagnetic induction system typically used for a 13.56 MHz
band. An RFID (radio frequency identification) system is a system used for automatically recognizing a solid matter, and
basically is provided with a reader and a transponder. Asthe transponderof this RFID system,the tag 1 is used. The
tag 1 has a coil antenna 2 that is a magnetic field-type antenna detecting lines of magnetic force, and an integrated
circuit (IC) 3 that is used for performing wireless communication using the coil antenna2. In the tag 1, at the time when
a request signal from the readeris received, information stored in the IC 3 is sent,that is, the readeris allowed to read
information held in the tag 1. For example, the tag 1 is attached to a praduct, and used for managementof products
such as prevention of product theft or recognition of inventory status.
[0003] When acommunication jamming member4 (a conductive material in this example) is present in the vicinity of
the antenna 2, for example, whenthe tag 1 is attached to a metal productin use, lines of magnetic force of a magnetic
field that is formed by electromagnetic wave signals sent and received by the antenna 2 pass through points in the
vicinity of the surface of the communication jamming member4. In this case, an eddy current is formed at the commu-
nication jamming member4, and electromagnetic wave energy is converted into thermal energy and absorbed. When
the energy is absorbed in this manner, electromagnetic wave signals are significantly attenuated, which makesit im-
possible for the tag 1 to perform wireless communication. Furthermore, when the induced eddy current generates a
magnetic field (diamagnetic field) in the orientation opposite to the magnetic field for communication of the tag, a phe-
nomencon occurs in which the magnetic field is cancelled. This phenomenon also makesit impossible for the tag 1 to
perform wireless communication. Furthermore, due to the influence of the communication jamming member4, a phe-
nomenon occurs in which the resonance frequency of the antenna 2 is shifted. Accordingly, the tag 1 cannot be used
in the vicinity of the communication jamming member4.
[0004] Fig. 52 is a simplified cross-sectional view showing a tag 1A according to another conventional technique. The
tag 1A shownin Fig. 52 is similar to the tag 1 in Fig. 51, and thus the corresponding constituent elements are denoted
by the same numerals, and only different constituent elements in the configuration will be described. In order to salve
the problem of the tag 1 in Fig. 51, the tag 1A in Fig. 52 is configured to include a magnetic wave absorbing plate 7
disposed between the antenna 2 and the member 4 that is a product to which the tag 1A is attached. The magnetic
wave absorbing plate 7, which isa sheet having acomplexrelative magnetic permeability, is made of a highly magnetically
permeable material such as sendust, ferrite, or carbonyl iron, that is, a material having a high complexrelative magnetic
permeability.
[0005] The complex relative magnetic permeability has a real number part and an imaginary number part. When the
real number part becomeshigh, the complex relative magnetic permeability becomes high. In other words, a material
having a high complex relative magnetic permeability has a high real numberpart in the complex relative magnetic
permeability. In a case where a material having a high real numberpart in the complex relative magnetic permeability
is present in the magnetic field, lines of magnetic force concentratedly pass through the material. In the tag 1A that uses
the magnetic field-type antenna 2 detecting lines of magnetic force, leakage of the magnetic field to the communication
jamming member4 is prevented by arranging the magnetic wave absorbing plate 7. Thus, even in the vicinity of the
communication jamming member4, the tag 1A can perform wireless communication while suppressing attenuation of
magnetic field energy. This sort of tag 1A has been disclosedin, forexample, Japanese Unexamined Patent Publication
JP-A 2000-1 14132.

[0006] In another conventional technique, a sheet memberis attached via an adhesive or the like to a non-contact
wireless data carrier that is disposed near a wall face made of a metal or the like and that can send and receive
predetermined radio waves, and thus this sheet memberabsorbs radio waves oriented toward the wall face or radio
waves reflected by the wall face, thereby making it possible to send and receive data in the entire space in a radio wave
area effective for the operation of the non-contact wireless data carrier. This example is for the RFID system in wireless
communication using a radio wave method in a 2.4 GHz band. Furthermore, the non-contact wireless data carrier, a
spacer that has a predetermined thickness and that dces not absorb radio waves, and a radio wavereflecting members
are attached to each other via an adhesiveor the like, and the thickness of the spacer8 is set so that the position of the
non-contact wireless data carrier does not match a position away from the radio wave reflecting member by A/4 (A
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denotes the wavelength) or a position away from that position by na/2 (the symbol n denotes a natural number), thereby
making it possible to send and receive data in the entire space in a radio wave areaeffective for the operation of the
non-contact wireless data carrier. A data carrier system using the non-contact wireless data carrier has been disclosed,
for example, in Japanese Unexamined Patent Publication JP-A 2002-230507.
[0007] Acommunication jamming member in the invention refers to a member that may deteriorate communication
properties of an antenna when the communication jamming member is presentin the vicinity of the antenna, compared
with the case of a free space. The communication jamming member cerrespondsto, for example, conductive materials
such as metals, dielectric materials such as glass, paper, anda liquid, and magnetic materials having magnetic properties.
In acase where a conductive material is presentin the vicinity of an antenna element, the input impedanceof the antenna
elementis significantly lowered, and thus wireless communication becomesdifficult. Moreover, a dielectric material such
as cardboard, a resin, glass, or a liquid jams wireless communication becausethe dielectric constant of the dielectric
material lowers the resonance frequencyof the antenna. Furthermore, a magnetic material also jams wireless commu-
nication because the magnetic permeability of the magnetic material lowers the resonance frequency of the antenna.
[0008] In acase where the magnetic-field-type antenna 2. such as a coil antennais used as in the tag 1A shownin
Fig. 52, leakage of a magnetic field is prevented, and thus wireless communication can be performedin the vicinity of
the communication jamming member4. However, this configuration has the problem that a sufficient communication
distance cannot be typically secured with a magnetic field-tyoe antenna. Furthermore,it is considered that this sort of
configuration for preventing leakage of a magnetic field is not effective for a case in which an electric field-type antenna
detecting lines of electric force is used, and the application thereof has not been investigated.
[0009]_In JP-A 2002-230507, the radio wave reflecting memberis overlaid via a sheet memberor a spacer on the
non-contact wireless data carrier, and thus the position of the data carrier is set so as not to match a position away from
the radio wave reflecting memberby 4/4 or a position away from that position by na/2 (n is a natural number). JP-A
2002-230507 describesthat a point where data cannot be sent or received due to mutual cancellation of incident waves
and reflected waves appears in each point away from the reflecting face by 1/4 and point away from that position by A/
2. However, as shownin Fig. 12 by the present inventors, the phase of radio wavesis shifted by 180° when the radio
wavesare reflected by the radio wavereflecting face, and thus the position away from the radio wavereflecting face by
4/4 hasthe largestelectric field intensity due to interference. At the sametime, the magneticfield intensity at this position
becomes zero. Thatis to say, although data cannot be received by a magnetic field-type antenna, data can be received
optimally by a commonly used electric field-type antenna. Thus, in a case wherethis position is not included, there is
the problem that a sufficient communication distance cannot be secured in the vicinity of the communication jamming
member.

[0010] The problem in the shift of the resonance frequencyis that since the shift varies depending on a material
(material quality) that is present in the vicinity, the shift amount is not constant, and thus a measure for improving
communication (modifying resonance frequency)is individually required.

Disclosure of Invention

[0011] It is an object of the invention to provide, instead of a radio wave absorbing memberthat attenuates electro-
magnetic energy, a sheet memberfor improving communication, capable of storing communication energy and enabling
wireless communication to be suitably performedin the vicinity of a communication jamming member, and an antenna
device and an electronic information transmitting apparatus provided therewith.
[0012] The invention is directed to a sheet memberfor improving communication used when performing wireless
communication using an antenna elementin a vicinity of a communication jamming member, the sheet member being
disposed between the antenna element and the communication jamming member, and comprising a pattern layer in
which a conductive pattern portion is formed.
[0013] According to the invention, the conductive pattern portion of the pattern layer functions as an antenna, and
resonance occurs when electromagnetic waves at a predetermined frequencyarrive. Ina case where an antenna element
such as a dipole antennais disposedin the vicinity of the pattern layer, electromagnetic coupling is formed between the
conductive pattern layer and the antenna element, and electromagnetic energy stored in the pattern layeris transferred
from the conductive pattern portion to the antenna element. When electromagnetic energy at the resonance frequency
is supplied from the conductive pattern portion to the antenna element, receiving power of the antenna element can be
increased compared with a case in which this pattern layer is not included. Accordingly, wireless communication can
be suitably performedevenin the vicinity of acommunication jamming member, and a sufficient communication distance
can be secured. When the sheet member includes the conductive pattern portion and independently has an antenna
function in this manner, an effect of improving communication of antenna element can be obtained. The sheet member
for improving communication of the invention is designed so that the sheet member itself is not affected by a commu-
nication jamming member and the sheet member itself does not negatively affect the antenna element. Furthermore,
the sheet member hasa structure in which electromagnetic energy used for communication is completed for the antenna
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element.

[0014] Furthermore, in the invention, it is preferable that the sheet memberfor improving communication further
comprises a storage layer that is made ofa non-conductive dielectric layer and/or magnetic layer and that collects energy
of electromagnetic waves used for wireless communication.
[0015] According to the invention, when the antenna elementis disposedin the vicinity of a communication jamming
member, since the storage layer that collects energy of electromagnetic waves used for wireless communication is
disposed between the antenna element and the communication jamming member, conduction can be prevented, and
reactance (L) components and capacitance (C) components canbeincreased. Furthermore, due to a real number part
8’ of the complex relative dielectric constant and/or a real number part y." of the complex relative magnetic permeability,
the propagation path of electromagnetic waves that have entered the sheet member can be bent. Moreover, due to a
wavelength shortening effect, the conductive pattern portion and the sheet member can be made smaller and thinner.
The storage layer is made of at least one of a non-conductive magnetic layer and dielectric layer.
[0016] Furthermore, when the antenna elementis disposedin the vicinity of acommunication jamming member,since
the non-conductive storage layer is disposed between the antenna element and the communication jamming member,
a decreasein the input impedance of the antenna element caused by the communication jamming member can be
suppressed. Whenthe input impedance becomes small, this impedance is deviated from the impedance of communi-
cation meansfor performing communication using the antenna element, and signals cannot be exchanged between the
antenna element and the communication means. Since the sheet membercan suppressa decreasein the input imped-
anceof the antenna element whenthe antenna elementis disposedin the vicinity of acommunication jamming member,
wireless communication can be suitably performedevenin the vicinity of a communication jamming member,
[0017] Furthermore, in the invention,it is preferable that a reflection area forming layer that forms a reflection area
reflecting electromagnetic waves used for wireless communication is disposed to have the storage layer interposed
between the reflection area forming layer and the pattern layer, and to be spaced awayfrom the pattern layer on the
opposite side of the antenna element,in the vicinity of a position at which the electrical length from the pattern layeris
((2n-1)/4)A (n is a positive integer) when the wavelength of electromagnetic waves used for wireless communicationis
taken as A.

[0018] According to the invention, electromagnetic waves at a specific frequency are captured by theinterior of the
sheet memberby resonance, and the phase of the captured electromagnetic waves is adjusted in the interior of the
sheet member. Thus, when the wavelength of electromagnetic waves used for wireless communication is taken as A,
an area having high electric field intensity, formed at a position away from the reflection area by an electrical length of
((2n-1)/4)A (nis a positive integer), can be formed at the position of the pattern layer. Since the phase of electromagnetic
waves reflected at a reflection area that is formed by the reflection area forming layer is shifted by 180°, when arriving
electromagnetic waves and electromagnetic wavesreflected at the reflection area interfere each other, the electric field
intensity is increased at aposition away from the reflection area by an electrical length of ((2n-1)/4) times of the wavelength
of electromagnetic waves. Whenthe antenna elementis disposed at a position where reflected electromagnetic waves
and arriving electromagnetic waves reinforce each other for interference, that is, the pattern layer is disposed in the
vicinity of the antenna elementin an electrically insulated state, the intensity of an electric field that can be received by
the antenna element can be prevented from being lowered, and wireless communication can be suitably performed even
in the vicinity of a communication jamming member.
[0019] Furthermore, the reflection area may bethe reflection area forming layeritself, or may be a position (virtual
electromagnetic wave reflecting face) having an electric field of zero and virtually connecting a point near the centerof
the conductive pattern portion and the reflection area forming layer. In a case where the reflection area is a position
(virtual electromagnetic wave reflecting face) having an electric field of zero and virtually connecting a point near the
center of the conductive pattern portion and the reflection area forming layer, electromagnetic wavesare reflected at
that position, and electromagnetic waves move around the conductive pattern portion. Using these aspects, a longer
electrical length from the conductive pattern portion to the reflection area can be obtained. As a result, the thickness of
the sheet member can be made smaller than ((2n-1)/4)A (n is a positive integer), and thus the sheet member can be
made thinner.

[0020] Furthermore, in a case wherethe reflection area forming layer is disposed, the influence of the arrangement
position of the sheet member,thatis, the type of materials constitutingthe communication jamming member and presence
of liquid such as water attached to the surface of the communication jamming membercan be prevented from changing
the resonancefrequencyof the conductive pattern portion. Thus, the optimum conditions of communication do not have
to be readjusted for each different antenna element, and the communication conditions of the antenna element can be
stabilized

[0021] Furthermore, in the invention, it is preferable that a plurality of conductive pattern portions that are electrically
insulated from each other are formedin the pattern layer.
[0022] According to the invention, with the pattern layer, electromagnetic waves correspondingto the size of each of
the conductive pattern portions can be received to cause resonance. Depending on how the size of the conductive
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pattern portions is determined, electric power obtained by the antenna element from electromagnetic waves used for
wireless communication can be increased. Herein, the numberof pattern portions resonated with electromagnetic waves
at a communication frequency may be one or may beplural. The pattern layer may be a single layer or may be multiple
layers. The pattern layer may be formedin three dimensions.
[0023] Furthermore, in the invention, it is preferable that a plurality of types of conductive pattern portions in which at
least one of size and shapeis different therebetween are formed in the pattern layer.
[0024] According to the invention,a plurality of types of conductive pattern portions in which at least one of size and
shapeis different therebetween have respectively different resonance frequencies, and thus the pattern layercan receive
electromagnetic wavesat a plurality frequencies. Furthermore, the electric powerobtained by the antenna elementfrom
electromagnetic waves used for wireless communication can bereliably increased.
[0025] Furthermore, in the invention, it is preferable that a conductive pattern portion that continuously extends over
a wide range of the sheet member is formed in the pattern layer.
[0026] According to the invention, the pattern layer in which the conductive pattern portion continuously disposedin
a wide range is formed can increase the gain over frequenciesin a wide band. Thus, the sheet memberprovided therewith
can receive electromagnetic waves at frequencies in a wide band. Furthermore, the electric power obtained by the
antenna element from electromagnetic waves used for wireless communication can be reliably increased.
[0027] Furthermore, in the invention, it is preferable that the conductive pattern portion has a substantially polygonal
outer shape in which at least one corneris curved.
[0028] The conductive pattern portion that receives electromagnetic waves has a substantially polygonal outer shape
that is basically in the shape of a polygon, and at least one corner is curved. Whenthe corner is roundedoff, thatis,
curved, shift of the frequency at which the gain has a peak value according to the direction in which electromagnetic
wavesare polarized can be suppressed low, and good polarization properties can be obtained. Accordingly, an excellent
sheet memberfor improving communication can be realized in which a peak value of the gain is high, and shift of the
frequency at which the gain has a peak value according to the direction in which electromagnetic waves are polarized
is small.

[0029] In the pattern layer, all conductive pattern portions may have curved corners. However, all conductive pattern
portions do not have to have curved corners, and any configuration may be applied, as long as part of the canductive
pattern portions has curved corners. In a case where part of the conductive pattern portions has curved corners, there
is no limitation on presence or absence of curved corners in the other conductive pattern portions. Furthermore, in the
conductive pattern portions that have curved corners, only part of the corners may be curved,or all corners may be
curved. Furthermore, the conductive pattern portion may be in the shape of a substantially polygonal plane, or may be
in the shape of a line forming a closed loop extending substantially in the shape of a polygon. Accordingly, the electric
powercbtained by the antenna element from electromagnetic waves used for wireless communication can bereliably
increased.

[0030] Furthermore, in the invention, it is preferable that a plurality of conductive pattern portions are formed in the
pattern layer, and the conductive pattern portions have different radiuses of curvature of corners and are formedin
combination.

[0031] According to the invention, since the conductive pattern portions having different radiuses of curvature of the
corners are formed, the frequency band of electromagnetic waves that are to be received (hereinafter, may be referred
to as a’reception band’) can be changed without lowering a peak value of the gain, compared with a casein which only
conductive pattern portions having the same radius of curvature of the corners are formed. Changing the reception band
includes widening the reception band and changing the reception frequency. For example, in a case where the radius
of curvature of the cornersis slightly different between adjacent conductive pattern portions, the reception band can be
widened without lowering a peak value of the gain. Furthermore, for example, in a case wherethe differencein the radius
of curvature of the corners between adjacent conductive pattern portionsis slightly larger, the frequency of electromag-
netic wavesthat are to be received (hereinafter, may be referred to as a ’reception frequency’) can be widened to the
lower side without lowering a peak value of the gain.
[0032] Furthermore, in the invention, it is preferable that a plurality of conductive pattern portions are formed in the
pattern layer, and a gap between two adjacent conductive pattern portions varies depending on the position.
[0033] According to the invention, the gain can be increased compared with a case in which the gap between two
adjacent conductive pattern portions is constant.
[0034] Furthermore, in the invention, it is preferable that a frequency of electromagnetic waves used for wireless
communication is included in the range of at least 300 MHz and not greater than 300 GHz.
[0035] According to the invention, wireless communication can be suitably performed using electromagnetic waves
having a frequency of 300 MHzor higher and 300 GHzor lower. The range of 300 MHz or higher and 300 GHz or lower
includes a UHF band (800 MHz to 3 GHz), an SHF band (3 GHzto 30 GHz) and an EHF band (30 GHz to 300 GHz).
[0036] Furthermore, in the invention, it is preferable that a total thicknessis not greater than 50 mm.
[0037] According to the invention, the thickness of the sheet member for enabling wireless communication to be
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suitably performed using electromagnetic wavesat a frequencyin the range of 300 MHz or higher and 300 GHz orlower
can be made as small as possible, and thus the sheet membercan be made thinner.
[0038] Furthermore, in the invention, it is preferable that the frequency of electromagnetic waves used for wireless
communication is included in any oneof frequency bands(hereinafter, referred to as a high MHz band)in the range of
at least 860 MHz band andless than 1,000 MHz band, andatotal thickness is not greater than 15 mm,
[0039] According to the invention, the thickness of the sheet member for enabling wireless communication to be
suitably performed using electromagnetic waves at a frequency included in a high MHz band can be made as small as
possible, and thus the sheet membercan be madethinner.
[0040] Furthermore, in the invention, it is preferable that the frequency of electromagnetic waves used for wireless
communication is included in a 2.4 GHz band, and a total thickness is not greater than 8 mm.
[0041] According to the invention, the thickness of tha sheet member for enabling wireless communication to be
suitably performed using electromagnetic waves at a frequency included in a 2.4 GHz band can be made as small as
possible, and thus the sheet membercan be madethinner.
[0042] Furthermore, in the invention, it is preferable that the storage layer is made of a material in which one ora
plurality of materials selected from the group consistingof ferrite, iron alloy, and iron particles are contained as a magnetic
material in an amount blended of at least 1 part by weight and not greater than 1500 parts by weight, with respect to
100 parts by weight of an organic polymer.
[0043] According to the invention, the storage layer can be provided with a complex relative magnetic permeability
(w’, p"), and thus a sheet memberachieving the above-described effect can be suitably realized.
[0044] Furthermore, in the invention, it is preferable that the sheet memberfor improving communication is flame-
resistant.

[0045] According to the invention, the sheet member canbe flame-resistant. For example, an electronic information
transmitting apparatus that performs wireless communication using an antenna element, such as tags, readers, and
portable telephones may be required to be flame-resistant. The sheet member can be suitably used also forthe application
whereflame resistanceis required.
[0046] Furthermore, in the invention, it is preferable that at least one surface portion is glutinous or adhesive.
[0047] According to the invention, at least one surface portion is glutinous or adhesive. Thus, the sheet member can
be attached to other articles such as the above-described communication jamming member. Accordingly, the sheet
member canbe easily used.
[0048] Moreover, the invention is directed to an antenna device, comprising:

an antenna element that has a resonance frequency matched to a frequency usedfor wireless communication; and
the sheet memberfor improving communication mentioned above.

[0049] According to the invention, the sheet member is disposed between the antenna element and a communication
jamming member. Thus, in a state where the antenna device is disposed in the vicinity of a communication jamming
member, the antenna device can be used for suitably performing wireless communication using the antenna element,
and for transmitting electronic information. In this manner, an antenna device that can be suitably usedin the vicinity of
a communication jamming membercan be realized.
[0050] Moreover, the invention is directed to an electronic information transmitting apparatus comprising the antenna
device mentioned above.

[0051] According to the invention, an electronic information transmitting apparatus can be realized that can suitably
perform wireless communication using the antenna device including the antenna element even in a state where the
electronic information transmitting apparatus is disposedin the vicinity of a communication jamming member.

Brief Description of Drawings

[0052] Other and further objects, features, and advantages of the invention will be more explicit from the following
detailed description taken with reference to the drawings wherein:

Fig. 1 is a cross-sectional view of a sheet member 10 according to an embodimentof the invention;
Fig. 2 is an enlarged cross-sectional view showingthe internal structure of a first storage layer 14;
Fig. 3 is a front view showing a pattern layer 15 constituting the sheet member 10 according to an embodimentof
the invention;

Fig. 4 is an enlarged front view of a part of the pattern layer 15 in the embodiment shownin Fig. 3;
Fig. 5 is an enlarged front view of a part of the pattern layer 15 in the embodiment shownin Fig. 3;
Fig. 6 is a graph showing a calculation result obtained with a simulation of the resonance frequencythat is changed
by the influence of cutting of conductive pattern portions 22;
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Fig. 7 is a front view showing a pattern shape of the conductive pattern portion 22 of the sheet member10 used in
the simulation;
Fig. 8 is an exploded perspective view showing a tag 50 including the sheet member10;
Fig. 9 is a view showing a state in which the tag 50 is attached to a communication jamming member 57;
Fig. 10 is a cross-sectional view showing electromagnetic coupling between an antenna element 61 and a pattern
layer 15 and electromagnetic coupling between the pattern layer 15 and a radio wavereflecting layer 12;
Fig. 11 is a schematic view showing electromagnetic wavesthat are incident on the sheet member10 (referred to
as traveling waves) and Electromagnetic wavesthat are reflected by the sheet member 10 (referred to as reflected
waves);

g. 12 is a viewillustrating reflection of electromagnetic waves;
g. 13 is an enlarged schematic view showing a part of the sheet member 10 shownin Fig. 11;
g. 14 is an enlarged perspective view showing a part of the tag 50, in which a part of a tag main body 54 overlaid

n the sheet member10 is cut out;

g. 15 is a view showing theelectric field intensity obtained by a simulation performed in a region indicated by a
virtual line 48 shownin Fig. 14;
Fig. 16 is an enlarged perspective view showing a part of the pattern layer 15, which is another embodiment con-
stituting the sheet member 10 in the embodiment shownin Fig. 1;

g. 17 is an enlarged perspective view showing a part of the pattern layer 15 according to another embodiment
onstituting the sheet member10 in the embodiment shownin Fig. 1;
g. 18 is an enlarged perspective view showing a part of the pattern layer 15 according to another embodiment

onstituting the sheet member10 in the embodiment shownin Fig. 1;
g. 19 is a front view of the pattern layer 15 according to another embodimentconstituting the sheet member 10
the embodiment shownin Fig. 1;
g. 20 is an enlarged perspective view showing a part of the pattern layer 15 in Fig. 19;
g. 21 is a front view of the pattern layer 15 showing double-humpedproperties according to another embodiment

onstituting the sheet member10 in the embodiment shownin Fig. 1;
g. 22 is an enlarged perspective view of a part of the pattern layer 15 in the embodiment shownin Fig. 21;
g. 23 is a front view of the pattern layer 15 showing double-humpedproperties according to another embodiment

onstituting the sheet member10 in the embodiment shownin Fig. 1;
g. 24 is an enlarged perspective view of a part of the pattern layer 15 in the embodiment shownin Fig. 23;
g. 25 is a front view of the pattern layer 15 according to another embodimentconstituting the sheet member 10
the embodiment shownin Fig.1;
g. 26 is an enlarged perspective view showing a part of the pattern layer 15 shownin Fig. 25;
g. 27 is a front view showing the pattern layer 15 according to another embodiment constituting the sheet member

0 in the embodiment shownin Fig. 1;
g. 28 is a front view showing the pattern layer 15 according to another embodiment constituting the sheet member

0 in the embodiment shownin Fig. 1;
g. 29 is an enlarged perspective view showing a part of the pattern layer 15 shownin Fig. 28; .
g. 30 is a front view of the pattern layer 15 accerding tostill another embodimentconstituting the sheet member

0 in the embodiment shownin Fig. 1;
g. 31 is a front view of the pattern layer 15 accordingto still another embodimentconstituting the sheet member

0 in the embodiment shownin Fig. 1;
g. 32 is a front view showing a rectangular pattern shape 71 according to another embodiment.
g. 33 is a front view showing a radial pattern shape 70 accordin tostill another embodimentof the invention;
g. 34 is a front view of the pattern layer 15 accordintto still another embodimentconstituting the sheet member

0 in the embodiment shownin Fig. 1;
g. 35 is a front view showing another pattern layer 15 whose configuration is different in size from that of the

attern layer 15 in Fig. 34, accordintto still another embodimentof the invention;
g. 36 is a front view showing anotherpattern layer 15 that can be used asstill another embodimentof the invention;
g. 37 is a front view showing anotherpattern layer 15 that can be usedasstill another embodimentof the invention;
g. 38 is a front view showing anotherpattern layer 15 that can be used asstill another embodimentof the invention;
g. 39 is a front view showing anotherpattern layer 15 that can be usedasstill another embodimentof the invention;
g. 40 is an enlarged front view showing a part of the pattern layer 15 according to another embodiment constituting
e sheet member 10 in the embodiment shownin Fig. 1;
g. 41 is a front view of the pattern layer 15 in which a part of Fig. 40 is enlarged;
g. 42 is across-sectional view showing a sheet member10a according tostill another embodimentof the invention;
g. 43 is across-sectional view showing a sheet member 1 0b according tostill another embodimentof the invention;
g. 44 is across-sectional view showing a sheet member 10c according tostill another embodimentof the invention;

197771

Smgmgt

'UNS7181T
owas
oa

oad
ow

osama

UMS7
 

T7177

Ex.1002

APPLEINC./ Page 215 of 825



Ex.1002 
APPLE INC. / Page 216 of 825

20

25

30

35

40

45

50

55

EP 2 096 711 Al

Fig. 45 is a schematic view showing the mannerof a communication test;
Fig. 46 is a schematic view showing the mannerof a communication test;
Fig. 47 is a graph showing a calculation result obtained with a simulation of the reflection loss of the sheet member
10 in Example 7;
Fig. 48 is a cross-sectional view showing the sheet member 10 of Example 8;
Fig. 49 is a plan view showing the tag main body 54that is attached to the sheet member 10 of Example 8;
Fig. 50 is a plan view showingthe pattern layer 15 constituting the sheet member 10 of Example 8;
Fig. 51 showsthe case of wireless communication using an electromagnetic induction system typically used for a
13.56 MHz band; and
Fig. 52 is a simplified cross-sectional view showing a tag 1A according to another conventional technique.

Best Modefor Carrying out the Invention

[0053] Now referring to the drawings, preferred embodiments of the invention are described below.
[0054] Fig. 1 is a cross-sectional view of a sheet memberfor improving communication (hereinafter, referred to as a
sheet member) 10 according to an embodimentof the invention. The sheet member10 is a sheetfor suitably performing
wireless communication using an antenna elementin the vicinity of a communication jamming member, and is disposed
between the antenna element and the communication jamming member.
[0055] The sheet member10 is in the shape of a sheet, and has a pattern layer 15,afirst storage layer 14, a reflection
area forming layer 12, and an attachment layer 11. The sheet member 10 also has a second storage layer 13. The layers
11 to 15 are overlaid in the following order; the pattern layer 15, the first storage layer 14, the second storagelayer 13,
the reflection area forming layer 12, and then the attachmentlayer 11, from the electromagnetic wave incident side,
whichis one side in the thickness direction (overlaid direction) that is the upper side in Fig. 1. The sheet member 10 has
this sort of layer configuration. On the electromagnetic wave incident side (the upper side in Fig. 1) of the pattern layer
15, a surface layer 16 that is not a layer reflecting electromagnetic waves, also may be formed. Hereinafter, for facilitating
understanding, the storage layers 14 and 13 may be referred to as storage layers.
[0056] In this embodiment, essential constituent elements of the sheet member10 are the pattern layer 15, the storage
layers, and the reflection area forming layer 12. The reflection area forming layer 12 may not be includedin the sheet
member 10 when the sheet member10 is used in contact with an electromagnetic wave reflecting plate (for example,
a metal) having the function of the reflection area forming layer 12. In the pattern layer 15, conductive pattern portions
22 functioning as an antenna are formed. The storage layers are layers containing a non-conductive dielectric layer
and/or magnetic layer. The layers have a real numberpart e’ of the complex relative dielectric constant and/or a real
numberpart p’ of the complex relative magnetic permeability, and are made of a material in which an imaginary number
part e” of the complex relative dielectric constant and/or an imaginary numberpart 2" of the complex relative magnetic
permeability, which are loss componentsof the real numberparts, is suppressed to the lowest to the extent possible.
The storage layers are positioned in the vicinity of the pattern layer 15. With the real numberpart e’ of the complex
relative dielectric constant and/or the real numberpart yw.’ of the complex relative magnetic permeability, a propagation
path of electromagnetic waves that have entered the sheet member 10 can be bent. Furthermore, with a wavelength
shortening effect, the conductive pattern portions 11 and the sheet member 10 can be made smaller and thinner. The
range of the real numberpart e’ of the complex relative dielectric constant of the sheet member 10 is 1 to 200 ina
communication frequency band. The range of the real numberpart p’ of the complex relative magnetic permeability is
1 to 100 in a communication frequency band. Preferably, materials with high e’ and/or high ’w’ are positioned close to
the conductive pattern portions 11, which makesit easy to obtain a wavelength shortening effect. The storage layer may
be either a single layer or multiple layers, and also may contain an air layer. For example, a foam, a resin, paper, an
adhesive, a glue, or the like can be used as the storage layer (dielectric layer). For example, the sheet member 10 may
have a configuration in which the pattern layer 15, an adhesive layer (high dielectric constant), a foam layer (low loss),
and the reflection area forming layer 12 are overlaid in this order. In this configuration, an adhesive containing a dielectric
material or the like is used because a wavelength shortening effect from the storage layers can be moreeasily provided
as being closer to the pattern layer 15, and a dielectric material with low loss is used in order to secure the distance
between the conductive pattern portions 22 and the reflection area forming layer 12. Thus, communication is improved
while the weight is made lighter and the price is made lower. The adhesive layer and the foam layer correspond to the
storage layers in the invention. It will be appreciated that the configuration is not limited to this, and various materials
can be combined.

[0057] The configuration shownin Fig. 1 includes the first and the second storage layers 14 and 13 as the storage
layers. The storage members include a memberhaving a dielectric property madeof a dielectric material (hereinafter,
may be referred to as a ‘dielectric member’) and a magnetic member made of a magnetic material. Thefirst and the
secondstorage layers 14 and 13 are madeof a material thatis at least one of a magnetic member having the complex
relative magnetic permeability (w’, ~") and a dielectric member having the complex relative dielectric constant(e’, &").
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Both of the materials may be a magnetic member, both of the materials may be a dielectric member, or one of the
materials may be a dielectric memberand the other may be a magnetic member. The invention also encompasses the
configuration in which thefirst storage layer 14 that may be either a dielectric member or a magnetic memberis used
and the second storage layer 13 is not included. In this embodiment, the first storage layer 14 is a magnetic member,
and the second storage layer 13 is a dielectric member.
[0058] The reflection area forming layer 12 is configured as a conductive film that is formed throughout the entire
surface of the second storage layer 13 on the opposite side of the electromagnetic wave incident side, and reflects
electromagnetic waves used for wireless communication with a tag main body 54 (described later) that is overlaid on
the sheet member10. The attachmentlayer 11 is a layer that is glutinous or adhesive and that includes an attachment
member for attaching the sheet member10 to an article. The attachment member includesat least one of a glue and
an adhesive, and has a bond strength based on glutinosity or adhesion property. The attachmentlayer 11 is not essential,
and may be omitted. Any configuration may be applied, as long as the constituent elements can be formedinto one piece.
[0059] Electromagnetic waves that are targeted by the sheet member10 for suitably performing wireless communi-
cation viaan antenna element are determined according to the application, but examples thereof include electromagnetic
waves at a frequency contained in a high MHz band, more specifically, electromagnetic waves at a frequency in the
range of 950 MHz or higher and 956 MHzor lowerin Japan. The frequencyofthe target electromagnetic waves is shown
as an example, and the invention also encompassesthe configuration in which electromagnetic wavesat frequencies
other than the frequency shownin the example are targeted.
[0060] Furthermore, the sheet member 10 may be usedfor suitably performing wireless communication using elec-
tromagnetic wavesat a frequencyin a 2.4 GHz band. The 2.4 GHz band hasthe frequency range of 2400 MHz or higher
and lower than 2500 MHz. The electromagnetic waves used in the RFID system are included in the range of 2400 MHz
or higher and 2483.5 MHzor lower.
[0061] There is no specific limitation on the frequency of the target electromagnetic waves,but the frequencyis in the
range of 300 MHzor higher and 300 GHzor lower, and anysingle or multiple frequencies can be selected. The range
of 300 MHzor higher and 300 GHzor lower includes a UHF band (300 MHzto 3 GHz), an SHF band (3 GHz to 30 GHz),
and an EHF band (30 GHz to 300 GHz).
[0062] There is no specific limitation on the thickness of the layers 11 to 15 and the total thicknessof the sheet member
10. However, for example, in this embodiment, the thickness of the pattern layer 15 is 100 A (110-8 m) or more and
500 um or less,the thicknessof the first storage layer 14 is 1 4m or more and 5 mm or less,the thickness of the second
storage layer 13 is 1 wm or more and 45 mm or less, the thickness of the reflection area forming layer 12 is 100 A
(110-8 m) or more and 500 pm or less, the thickness of the attachmentlayer 11 is 1 wm or more and 1 mm or less,
and the total thickness of the sheet member10 is 3 wm or more and 50 mm orless. The sheet member10 is formed
into a sheet in which the massperunit area is 0.1 kg/m? or more and 40 kg/m?or less. The total thickness of the sheet
member 10 is small as described above, and the layers 13 to 16 are made of the above-described materials and are
flexible. Accordingly, the shape of the sheet member 10 can be freely changed.
[0063] When used for wireless communication in a high MHz band, the total thickness of the sheet member 10 is set
to 0.1 mm or more and 15mm or less, and when usedfor wireless communication in a 2.4 GHz band, the total thickness
of the sheet member10 is set to 0.1 mm or more and 8 mm orless. With this sort of configuration, the thickness of the
sheet member 10 for enabling wireless communication to be suitably performed using electromagnetic waves at a
frequency contained in a high MHz band or 2.4 GHz band can be madeas small as possible, and thus the sheet member
10 can be made thinner.

[0064] In this embodiment, material property values including the complex relative magnetic permeability 1 and the
complex relative dielectric constant ¢ of the first storage layer 14 are selected, so that electromagnetic waves used for
wireless communication are selected. As the real number part yp.’ of the complexrelative magnetic permeability is larger,
lines of magnetic force are allowed to more concentratedly pass through, and the propagation path of electromagnetic
waves can be bent. As the imaginary numberpart wu" of the complex relative magnetic permeability and a magnetic
permeability loss term tandp (= w"/p’) are smaller, the loss of magnetic field energy becomes smaller. Accordingly, the
real numberpart yw’of the complex relative magnetic permeability is preferably larger, and the imaginary numberpart
p" of the complex relative magnetic permeability and the magnetic permeability loss term tanép are preferably smaller.
With a wavelength shortening effect obtained from the magnetic material, the size of the conductive pattern portions
and the distance between the pattern layer and the reflection area forming layer are shortened. With a wavelength
shortening effect obtained from the dielectric, and the path of electromagnetic waves along the pattern, the distance
correspondingto 4/4 (approximately 3 cm, in the case of a2.4 GHz) is shortened to approximately 1 mm to approximately
8 mm (in the case of a 2.4 GHz band). This case is substantially the same as the case of 1/4 in a space, and can be
included in A/4 in the invention. Furthermore, as the real numberpart e’ of the complex relative dielectric constant is
larger,lines of electric force are allowedto more concentratedly pass through, andthe propagation path of electromagnetic
waves can be bent. As the imaginary numberpart e” of the complex relative dielectric constant is smaller, the loss of
electric field energy becomes smaller. Accordingly, the real numberpart e’ of the complex relative dielectric constant is
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preferably larger, and the imaginary numberpart e” of the complexrelative dielectric constant is preferably smaller. The
storage layers are not intended to lose energy, but intended to concentratedly collect energy and allow the energy to
pass through without being lost. The sheet member10 of the inventionis different from electromagnetic wave absorbing
membersin that the loss in the storage layers is preferably smaller.
[0065] Furthermore, in the invention, the values of the real number part pw’ and the imaginary number part p." of the
complex relative magnetic permeability and the real number part e’ and the imaginary numberpart e” of the complex
relative dielectric constant are values corresponding to the frequency of electromagnetic waves used for wireless com-
munication. As described above, the frequency of electromagnetic waves used for wireless communication may be in
the range of 300 MHz or higher and 300 GHz or lower including a UHF band, an SHF band, and an EHF band, and may
be in a high MHz band or 2.4 GHz band,for example.
[0066] Fig. 2 is an enlarged cross-sectional view showing the internal structure of the first storage layer 14. In Fig. 2,
for facilitating understanding, hatching of magnetic powders 18 and magnetic fine particles 19 is omitted. In order to
obtain the above-described material property values,in the first storage layer 14, powders made of a magnetic material
(hereinafter, referred to as magnetic powders’) 18 and fine particles made of a magnetic material (hereinafter, referred
to as ’magnetic fine particles’) 19 are mixed in a binder 17. The first storage layer 14 contains the magnetic powders 18
and the magnetic fine particles 19 as magnetic materials. Fig. 2 is shown as an example, and thereis no limitation to
this. In this embodiment, the binder 17 is made of a polymer, for example, a non-halogen-based polymer, or a non-
halogen-based mixture in which a non-halogen-based polymer and another polymer orthe like are mixed.
[0067] Asthe binder 17, a halogen-based polymeralso can be used. The binder 17 may be madeof a material having
any material quality, such as a polymer(resin, TPE, rubber) gel, an oligomer, or the like. The material may be either
organic or inorganic, and the degree of polymerization or the like of the material does not matter. A non-halogen-based
material can be preferably used in view of the environment. In order to form the binder 17 into a sheet, a polymer material
is suitable. For example, materials shown belowcan bepreferably used, but materials, blended materials, alloy materials,
and the like not shown below also can be used,as long as the material can be formed into a sheet.
[0068] Asthe material of the binder 20, various organic polymer materials can be used, and examples thereof include
polymer materials such as rubbers, thermoplastic elastomers, and various plastics. Examples of the rubbers include
natural rubbers, as well as synthetic rubbers (used alone) such as a isoprene rubber, a butadiene rubber, a styrene-
butadiene rubber, an ethylene-propylene rubber, an ethylene-vinyl acetate-based rubber, a butyl rubber, a chloroprene
rubber, a nitrile rubber, an acrylic rubber, an ethylene acrylic rubber, an epichlorohydrin rubber, a fluorine rubber, a
urethane rubber, a silicone rubber, a chlorinated polyethylene rubber, and a hydrogenatednitrile rubber (HNBR), deriv-
atives thereof, and rubbers obtained by modifying these rubbers with various types of modification treatment.
[0069] These rubbers may be used alone or in combination of a plurality of types. Agents that have been conventionally
added to rubbers, such as vulcanizing agents, vulcanization promoters, antioxidants, softners, plasticizers,fillers, col-
orants, and the like can be addedto these rubbers. In addition to the above, any additive also can be used. For example,
in order to control dielectric constant and electrical conductivity, a predetermined amount of dielectric (carbon black,
graphite, titanium oxide, etc.) may be added as a material design. Moreover, processing aids (lubricant, dispersant) also
may be selectively added as appropriate.
[0070] Examples of the thermoplastic elastomers include chlorine-based(e.g., chlorinated polyethylene-based), eth-
ylene copolymer-based, acrylic, ethylene acrylic copolymer-based, urethane-based, ester-based, silicone-based, sty-
rene-based, amide-based, and other various thermoplastic elastomers, and derivatives thereof.
[0071] Examples of various plastics include polyethylene, polypropylene, AS resins, ABSresins, polystyrene, chlorine-
based resins such as polyviny! chloride and polyvinylidene chloride, polyvinyl acetate, ethylene-vinyl acetate copolymers,
fluorine resins, silicone resins, acrylic resins, nylon, polycarbonate, polyethylene terephthalate, alkyd resins, unsaturated
polyester, polysulfone, polyphenylene sulfide resins, liquid crystal polymers, polyamide imide resins, urethaneresins,
phenol resins, urea resins, epoxy resins, polyimide resins, and other thermoplastic resins or thermosetting resins, and
derivatives thereof. As a binder thereof, low-molecular weight oligomer type-binders and liquid type-binders can be used.
Any material can be selected, as long as the material can be formedinto a sheet with heat, pressure,ultraviolet rays, a
curing agent, or the like after molding. In addition to the above, any organic or inorganic material such as ceramics,
paper, clay, and the like can be used.
[0072] The magnetic powders 18 are flat soft magnetic metal powders. The powdersare dispersed so as not to be
brought into contact with each other, and arranged so as to extend perpendicularly to the thickness direction of the first
storage layer 14. The magnetic powders 18 are substantially in the shape of a disk in which the average thickness is 2
pm, and the average outer diameterin a direction perpendicular to the thickness direction is 55 zm. The magnetic fine
particles 19 are fine particles in which the thickness andsize are smaller than those of the metal powders.At least the
entire outer surface portion of the magneticfine particles are not conductive, and the electrical conductivity of the magnetic
fine particles is low. The average outer diameter of the magnetic fine particles 19 is 1 wm.
[0073] Asthe binder 17 constituting the first storage layer 14, for example, HNBR, which is hydrogenated NBR rubber,
is used. The magnetic powders 18 are madeof, for example, sendust, which is an alloy of iron, silicon, and aluminum
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(Fe-Si-Al). Furthermore, the magnetic fine particles are made of, for example, iron oxide (magnetite) that overall sup-
presseselectrical conductivity and has corrosion resistance. The size and the material are shown as an example, and
there is no limitation to this.

[0074] There is no specific limitation on the material configuration of the first storage layer 14, as long as the complex
relative magnetic permeability and the complex relative dielectric constant are appropriate. The binder 17 in which the
soft magnetic powders 18 and/or the magnetic fine particles 19 are dispersed as in this example, or magnetic materials
(metal oxide, ceramics, granular thin film, ferrite plating, etc.) without any treatment may be usedasthefirst storage
layer 14. Examples of soft magnetic powders used as the soft magnetic powders 18 and/or the magnetic fine particles
19 include sendust (Fe-Si-Al alloy), permalloy (Fe-Ni alloy), silicon steel (Fe-Cu-Si alloy), Fe-Si alloy, Fe-Si-B (-Cu-Nb)
alloy, Fe-Ni-Cr-Si alloy, Fe-Cr-Si alloy, Fe-Al-Ni-Cr alloy, Fe-Ni-Cr alloy, Fe-Cr-al-Si alloy, and the like. Furthermore,
ferrite or pure iron particles also may be used. Examplesof the ferrite include soft ferrite such as Mn-Znferrite, Ni-Zn
ferrite, Mn-Mg ferrite, Mn ferrite, Cu-Zn ferrite, and Cu-Mg-Znferrite, and hard ferrite that is a permanent magnet material.
Examplesof the pure iron particles include carbonyliron and the like. Preferably, flat soft magnetic powders having high
magnetic permeability are used. These magnetic materials may be used alone or in combination of a plurality of types.
As the soft magnetic powders,flat soft magnetic powders and non-flat soft magnetic powders (e.g., needle shaped,
fibrous, spherical, or block-shaped powders) may be combined, but at least one of the powders in this combinationis
preferably flat. The particle size of the soft magnetic powders is 0.1 wm or more and 1000 wm or less, preferably 10 wm
ormore and 300 wm or less. The aspectratio of the flat soft magnetic powders is 2 or more and 500or less, preferably
10 or more and 100 or less. In order to improve corrosion resistance, the surface of the soft magnetic powders may
have an oxidefilm. The surface of the magnetic powders is preferably subjected to surface treatment. The surface
treatment may follow a commonly used treatment methodin which a coupling agent, a surfactant, or the like is used as
the surface treatment agent. Any means(resin coating, dispersant, etc.) can be used in order to improve the wettability
between the magnetic powders and the binder.
[0075] Thefirst storage layer 14 is made of, or contains,at least one of soft magnetic metal, soft magnetic metal oxide,
magnetic metal, and magnetic metal oxide, as the magnetic member. The first storage layer 14 may have the configuration
in which at least one of powders and fine particles made of at least one of soft magnetic metal, soft magnetic metal
oxide, magnetic metal, and magnetic metal oxide is disposedin the binder 17 as described above, or may be formed
into a film including a thin film made of at least one of soft magnetic metal, soft magnetic metal oxide, magnetic metal,
and magnetic metal oxide. As the first storage layer 14, for example, magnetic ceramics (ferrite, etc.) may be used
without any treatment.
[0076] Thefirst storage layer 14 having the configuration in which the magnetic material is dispersed in the binder 17
is madeof a material in which one ora plurality of materials selected from the group consisting offerrite, iron alloy, and
iron particles are contained as the magnetic material in an amount blendedof 1 part by weight or more and 1500 parts
by weight or less, with respect to 100 parts by weight of an organic polymeras the binder 17. The amountof the magnetic
material blended with respect to 100 parts by weight of the organic polymeris preferably 10 parts by weight or more
and 1000 parts by weight or less. In acase where the amountof the magnetic material blended with respect to 100 parts
by weight of the organic polymer is less than 1 part by weight, sufficient magnetic permeability cannot be obtained.In
a case where the amount blended is more than 1500 parts by weight, processability becomes poor, and thus the sheet
member 10 cannot be produced,or the production becomedifficult.
[0077] In acase wherethe configuration of the first storage layer 14 is the same, the real number part yp’ and the
imaginary numberpart yp" of the complex relative magnetic permeability vary depending on the frequency of target
electromagnetic waves, and tend to be smaller as the frequencyof target electromagnetic waves becomeshigher. In
this embodiment, the target electromagnetic wavesinclude electromagnetic waves in a high MHz band and 2.4 GHz
band. The real numberpart »’ and the imaginary numberpart ." of the complex relative magnetic permeability tend to
be smaller as the frequencyof target electromagnetic waves becomeshigher. Accordingly, in order to allow electromag-
netic wavesincluding electromagnetic wavesin a high MHz band and 2.4 GHz band to be collected and pass through,
the real number part p’ and the imaginary numberpart y" of the complex relative magnetic permeability, in particular,
the real number party ’ overall becomes smaller compared with those in the configuration for allowing, for example,
electromagnetic wavesat low frequencyin an approximately 1 to 10 MHz band to be collected and pass through.
[0078] In order to increase the real numberpart p’ of the complex relative magnetic permeability in the first storage
layer 14, it is necessary to increase the amountof portion made of a magnetic material in the first storage layer 14.
Furthermore, in order to reduce the imaginary number part jz" of the complex relative magnetic permeability, it is possible
to reduce the amountof portion made of a non-magnetic material in paths 20oflines of magnetic force. When the amount
of the magnetic powders 18 blendedin the first storage layer 14 is simply increased, the amount of portion made of a
magnetic material becomeslarger, and thus the amountof portion made of a non-magnetic material in the pathsoflines
of magnetic force can be made smaller. However, in a case where the amountof the magnetic powders 18 blended is
increased so significantly that, for example, the conductive magnetic powders 18 are brought into contact with each
other, the first storage layer 14 becomes conductive, and a current flows in the first storage layer 14. As a result,
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conduction is established between the conductive pattern portions and the reflection area forming layer, and thus the
performance as an antenna that receives electromagnetic wavesis impaired. Accordingly,it is not possible to simply
increase the amountof the magnetic powders 18 blended.
[0079] In this embodiment, the magnetic fine particles 19 are mixed together with the magnetic powders 18, and thus
the magnetic powders 18 are prevented from being broughtinto contact with each other. Furthermore,since the magnetic
fine particles 19 are interposed between the magnetic powders 18, the amountof portion made of a magnetic material
can be increased, and the amountof portion made of a non-magnetic material in the paths 25 of lines of magnetic force
can be reduced. Accordingly, the above-described complex relative magnetic permeability p can be obtained for elec-
tromagnetic waves in a high MHz band and 2.4 GHz band.
[0080] Asthefirst storage layer 14 in another embodimentof the invention, in orderto increasethe ratio of the magnetic
material filled, two types of differently-sized magnetic particles having an average particle size ratio of approximately 4:
1 are mixed in the above-described binder 17, and the magnetic fine particles and soft magnetic metal fiber are mixed.
Furthermore, in order to secure electric insulation, electrically insulating fine particles are mixed. The two types of
magnetic particles are made of the same material as that of the magnetic powders 18, the average particle size of the
larger particles is approximately 20 44m, and the averageparticle size of the smaller particles is approximately 5 um.
The magnetic fine particles and the soft magnetic metal fiber are made of iron-based materials, and the average particle
size of the magnetic fine particles and the averagefiber size of the soft magnetic metalfiber is approximately 1 wm. The

electrically insulating fine particles are madeofsilicon oxide (SiO.), and has an average particle size of approximately
10 nm. Furthermore, in order to reduce voidsin the first storage layer 14 to the extent possible, the first storage layer
14 is designed and produced so that the measuredspecific gravity value is close to the theoretical specific gravity value
based on the blend to the extent possible. Also when applying the above-described configuration instead of the config-
uration shownin Fig. 2, the resonance frequencyat which the imaginary number part 4" of the complex relative magnetic
permeability has a peak value is shifted toward the high frequency side. When the frequencyis further increased to 5
GHz and to 10 GHz, thefirst storage layer 14 can be realized in which the real number part w’ of the complex relative
magnetic permeability is large at 300 MHz or higher, in particular, in a high MHz band and 2.4 GHz band, and the
imaginary number part 2" of the complexrelative magnetic permeability is not too large.
[0081] The second storage layer 13 can be made of the same material as that of the first storage layer 14. According
to the application, materials such as vinyl chloride resins, melamine resins, polyester resins, urethane resins, wood,
plaster, cement, ceramics, nonwovenfabric, foam resins, foams, heatinsulating materials, paper including flame retardant
paper, glass fabrics, and the like can be used, as long as the material is a non-conductive dielectric material. It will be
appreciatedthat dielectric members or magnetic members can be blended as appropriate. Thereal parte’ of the complex
relative dielectric constant of the second storage layer 13 is selected to be in the range of 1 or more and 50 or less. With
this sort of configuration, the dielectric constant of the second storage layer 13 and the sheet member 10 can befreely
controlled, and a contribution can be madeto realization of smaller conductive pattern portions 22 and a thinner sheet
member 10.

[0082] Atleast one surface portion of the sheet member10 is glutinous or adhesive. In this embodiment, the attachment
layer 11 is disposed as described above, and thus the surface portion on the other side in the thickness direction is
glutinous or adhesive. With the bond strength dueto the glutinosity or adhesion property of the attachmentlayer 11, the
sheet member 10 can be attached to an article. Accordingly, the sheet member 10 can be attached, for example, to a
communication jamming member12, and thus the sheet member10 can be easily disposed between an antenna element
51 and the communication jamming member 12. The sheet member 10 is disposed so that one sidein the thickness
direction is disposed on theside of the antenna element 51 and the other side in the thicknessdirection is disposed on
the side of the communication jamming member 57. As the attachment member realizing the attachment layer 11, for
example, No. SOOONS (manufactured by Nitto Denko Corporation) is used.
[0083] The reflection area forming layer 12 may be metals suchas gold,platinum,silver, nickel, chromium, aluminum,
copper,zinc, lead, tungsten, iron, or the like, aresin mixture in which powderof the above-mentioned metal or conductive
carbon black is mixed in a resin, Known conductive ink,or films made of a conductive resin. The above-mentioned metal
or the like formedinto a plate, a sheet, a film, a nonwoven fabric, a cloth, or the like also can be used. Conductive oxides
such as ITO and ZnO also can be used. The configuration also can be applied in which metal foil and glass fabrics are
combined. The configuration also can be applied in which a metal layer havingafilm thickness of, for example, 600 A
is formed on a synthetic resin film. The configuration also can be applied in which conductive ink (electrical conductivity
is 5,000S/m or more)is applied onto a substrate.It is also possible to apply a configuration having meshor other patterns
reflecting electromagnetic wavesat a specific frequency.
[0084] Using the above-described material constituting the reflection area forming layer 12, the conductive pattern
portions 22 of the pattern layer 15 can be formed. Each of the conductive pattern portions 22 is madeof, for example,
a metal such as silver, aluminum, or the like, and has an electrical conductivity of 5,000S/m or more. A plate-shaped
base 31 is madeof, for example, polyethylene terephthalate, and the above-described metal is evaporated thereon, so
that the conductive pattern portions 22 are formed. The storage layers 14 and 13 are arranged in the vicinity of the
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conductive pattern portions 22.
[0085] Thesize of the conductive pattern portions 22 is optimized according to the frequency of the target electro-
magnetic waves, and the size is determined to be the above-described size. Accordingly, the size is shown as an
example, and is determined as appropriate based on the frequencyof the target electromagnetic waves. Furthermore,
the gap between the conductive pattern portions 22 is determined based on the frequency of the target electromagnetic
wavesso that the receiving efficiency becomes high. The properties of the storage layer, more specifically, the complex
relative dielectric constant or the complex relative magnetic permeability based on the material quality, the thickness,
and the like are determined based on the frequencyof the target electromagnetic waves so that the receiving efficiency
becomeshigh. In this manner, the size and the gapsize of the conductive pattern portions 22 are determined, the storage
layers are configured, and electromagnetic waves can be efficiently received.
[0086] Asanother embodimentof the invention, for example, a flame retardant or an auxiliary flame retardant is added
to at least one of the pattern layer 15 and the storage layers, and thus the sheet member 10 is flame-resistant, semi-
incombustible, or incombustible. For example, a flame retardant or an auxiliary flame retardant is added to the pattern
layer 15 or the storage layers. Thus, the sheet member 10 is flame-resistant. Furthermore, at least part of the outer
periphery of the sheet member 10 may be covered by a material that is flame-resistant or incombustible. For example,
also in the case of electronics apparatuses such as portable telephones, the internal polymer material may be required
to be flame-resistant.

[0087] There is no specific limitation on the flame retardant for obtaining such flame resistance, but, for example,
phosphorus compounds, boron compounds, bromine-basedflame retardants, zinc-based flame retardants, nitrogen-
based flame retardants, hydroxide-based flame retardants, metal compound-based flame retardants or the like can be
used as appropriate. Examples of the phosphorus compounds include phosphoric acid ester and titanium phosphate.
Examples of the boron compoundsinclude zinc borate. Examples of the bromine-based flame retardants include hexa-
bromobenzene, hexabromecyclododecane, decabromobenzylphenylether, decabromobenzylphenyl oxide, tetrabromo-
bisphenol, and ammonium bromide. Examples of the zinc-based flame retardants include zinc carbonate, zinc oxide,
and zinc borate. Examples of the nitrogen-based flame retardants include triazine compounds, hindered amine com-
pounds, and melamine-based compoundssuch as melamine cyanurate and melamine guanidine compounds. Examples
of the hydroxide-based flameretardants include magnesium hydroxide and aluminum hydroxide. Examples of the metal
compound-basedflame retardants include antimonytrioxide, molybdenum oxide, manganese oxide, chromium oxide,
and iron oxide.

[0088] In this embodiment, taking the content of the binder as 100 in the weight ratio, when 20 of bromine-based flame
retardant, 10 of antimonytrioxide, and 14 of phosphoric acid ester are added, the flame resistance corresponding to vO
in UL94 nonflammability test can be obtained. The sheet member 10 preferably can be a material constituting an article,
or can be attached to an article. For example, the sheet member 10 can be preferably used, for example, in a state
where the sheet member10 is attached to an article used in a space in which combustion or gas generation resulting
from combustion are desired to be prevented, such as apparatusesinside aircrafts, watercrafts, and vehicles.
[0089] The sheet member 10 is electrically insulating. Specifically, in a case where each of the layers 14 and 13 is
madeof the above-described material, the surface resistivity (JIS K6911) of the sheet member 10 is 102 O/O or more.
The surface resistivity of the storage layers is preferably larger. Accordingly, the possible maximum value is the upper
limit value of the surface resistivity. In this manner, the sheet member 10 hashigh surfaceresistivity, and is electrically
insulating.
[0090] Furthermore, the sheet member10 is heat-resistant. Specifically, the sheet member 10 can resist a temperature
up to 150°C in a case where a crosslinking agent is added to a rubberor resin material. The properties of the sheet
member10 do not changeat least to a temperature exceeding 150°C. Regarding heat resistance, resistance against a
temperature of 150°C or higher can be provided also by coating at least part of a tag 54, the sheet member 10, the
antenna element, and an IG chip with ceramics or a heatresisting resin (for example, a ; polyphenylene sulfide resin to
which SiQ,fillers have been added). In the case of ceramics coating, complete sintering or partial sintering may be
performed,or sintering may not be performed.
[0091] In another embodiment of the invention, the configuration also may be applied in which the sheet member 10
in the embodiment shownin Fig. 1 does not include the reflection area forming layer 12. Even in the configuration in
whichthe reflection area forming layer 12 is not included, a similar effect can be obtained by arranging the sheet member
10 on a face of an object that has a portion made of a conductive material. In the configuration in which the reflection
area forming layer 12 is used, the influence of the arrangementposition of the sheet member10, thatis, the type or the
like of materials constituting a communication jamming member can be preventedfrom changing the resonance frequency
of the conductive pattern portions 22 and changing the receiving properties of the sheet member 10, Thus, the commu-
nication conditions using the antenna element 51 can be prevented from being changed, and the communication con-
ditions using the antenna element 51 can be stabilized. For example, even when the sheet member10 is disposed inside
interior materials of buildings, the receivable frequency can be prevented from being changed bythe influence of the
complex relative dielectric constant or the like of the interior materials.
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[0092] Asthe conductive pattern portions used in the invention, conductive pattern portions may be non-continuously
arranged, or slots (holes) may be formed in a conductive layer. There is no limitation on the shapeofthe pattern portions.
Any shape can be applied such as a single ora plurality of circles, rectangles, lines, polygons, strings, irregular shapes,
or a combination thereof, as long as the shapecanrealize the function as an antenna.
[0093] Fig. 3is afront view showing the pattern layer 15 constituting the sheet member 10 according to an embodiment
of the invention. Figs. 4 and 5 are enlarged front views of part of the pattern layer 15 in the embodiment shownin Fig.
3. In the pattern layer 15, the conductive pattern portions 22 are formed on the surface of the plate-shaped base 21 on
the electromagnetic waveincident side. The plate-shaped base 21 is, for example, a dielectric made of a synthetic resin,
and the plate-shaped base 21 also functions as a dielectric member. The conductive pattern portions 22 have radial
pattern portions 30 and rectangular pattern portions 31. The plate-shaped base 21 electrically insulates the conductive
pattern portions 22 from eachother. In Figs. 3, 4, and 5, for facilitating understanding, the conductive pattern portions
22 are hatched with diagonallines.
[0094] Theradial pattern portion 30 is formedinto a radial shape, andaplurality of radial pattern shapes 30a are
spaced awayfrom each other by gaps (hereinafter, referred to as ’radial pattern gaps’) c2x and c2y. More specifically,
for example, in this embodiment, the radial pattern shapes 30a are formedin the shapeof crossesradially extending in
the x direction and the y direction that are perpendicular to each other, and regularly arrangedin a matrix in which the
radial pattern gap c2x is interposed in the x direction and the radial pattern gap c2y is interposedin the y direction.
[0095] Theradial pattern shape 30a has a shapein which four corners 41 in an intersecting portion 36 are formed
into curves, more specifically, arcs, based on a cross 40 indicated by the virtual line in Fig. 5. The cross 40 functioning
as the base (hereinafter, referred to as a base cross) has a shape in which a rectangular shape portion 34 linearly
extending in the x direction and a rectangular shape portion 35 linearly extending in the y direction intersect each other
at right angles at the intersecting portion 36 so that the centroids of the shape portions 34 and 35 are overlapped. The
shape portions 34 and 35 are displaced from eachother by 90° about an axis perpendicular to the intersecting portion
36, and have the same shape. Foursubstantially triangular portions 42, that are right-angled isoscelestriangles in which
the oblique side opposing the right-angled corneris in the shape of an arc recessed toward the right-angled corner, are
arranged on this base cross 40 so that the right-angled corners are accommodatedin the respective corners 41 of the
intersecting portion 36 in the base cross 40.
[0096] In acase where the frequencyof the target electromagnetic wavesis in a 2.4 GHz band, for example, the radial
pattern shape 30a hasasize in which widths a1x and aly of the shape portions 34 and 35 are the same, for example,
1.0 mm, and lengths a2x and azy of the shape portions 34 and 35 are the same, for example, 25.0 mm. The sizes of
the arc at the arc-shaped corner,thatis, the lengths of the sides excluding the oblique side of the substantially triangular
portion 42, more specifically, a length a3x, of the side in the x direction and a length a3y of the side in the y direction
are the same, for example, 11.5 mm, and the radius of curvature R1 of the oblique side is 11.5 mm. Regarding the radial
pattern gaps, the gap c2x in the x direction and the gap c2yin the y direction are the same, for example, 4.0 mm.
[0097] A rectangular pattern shape 31a is disposed in a region enclosed bythe radial pattern shapes 30a so as to be
spaced awayfrom the radial pattern shapes 30a by a gap (hereinafter, referred to as a 'radial-rectangular portion gap’)
c1 so thatthe rectangularpattern shape 31 acovers the region enclosed by the radial pattern shapes 30a. More specifically,
the rectangular pattern shapes 31a are formed into a shape corresponding to the region enclosed by the radial pattern
portions. More specifically, for example, in this embodiment, the radial pattern portion 30 is in the shape of a cross as
described above, and the region enclosedbythe radial pattern shapes 30a is substantially in the shape of a rectangle
based on a rectangle. The shape corresponding thereto, that is, the radial-rectangular portion gap ci has the same
shape throughoutthe entire periphery. In a case where the shape portions 34 and 35 have the same shape as described
above, the region enclosed by the radial pattern shapes 30a is substantially in the shape of a square based on a square,
and the rectangular pattern shapes 31a are substantially in the shape of a square based on asquare 25. The rectangular
pattern shapes 31a are arrangedso that the side portions of the square functioning as the base (hereinafter, referred
to as a base square) 25 extendin either the x direction or the y direction.
[0098] The rectangular pattern shapes 31a are substantially in the shape of a rectangle in which four corners 26 are
formedinto curves, more specifically, ares, based on the base square 25. More specifically, four substantially triangular
portions 27, that are right-angled isosceles triangles in which the oblique side opposing the right-angled corner is in the
shape of an arc recessed toward the right-angled corner, are removed from the base square 25 so that the right-angled
corners are accommadatedin the respective corners 26 of the square.
[0099] In a case where the frequency of the target electromagnetic waves is in a 2.4 GHz band, for example, the
rectangular pattern shape 31a hasa size in which a size b1x in the x direction and a size b1y in the y direction of the
base square 25 are the same,for example, 25.0 mm. The sizes of the arc at the arc-shaped corner,thatis, the lengths
of the sides excluding the oblique side of the substantially triangular portion 27, more specifically, a length b2x of the
side in the x direction and a length b2y of the side in the y direction are the same, for example, 10.0 mm, and the radius
of curvature R2 of the corners is 10.0 mm. Regarding the radial-rectangular portion gap, a gap c1x in the x direction and
a gap cly in the y direction are the same, for example, 4.0 mm.
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[0100] In this manner, the radial pattern shapes 30a and the rectangular pattern shapes 31a are conductive pattern
portions substantially based on pelygons, having a substantially polygonal outer shape in which at least one corneris
curved.In this sort of pattern, a resonance current when receiving electromagnetic waves smoothly flows at the curved
corners.

[0101] Furthermore, the radial pattern shapes 30a and the rectangular pattern shapes 31a are not in the shape of a
strip (belt) forming a closed loop extending along the outer peripheral edge of the shapes,but are a planar pattern in
which the inner portion is also covered. Accordingly, a capacitor can be formed between the pattem layer 15 and the
reflection area forming layer 12.
[0102] With this sheet member10, the pattern layer 15 makesit possible for electromagnetic waves at the resonance
frequencyof the conductive pattern portions 22 to be efficiently received. The resonance frequencyof the sheet member
10 is first specified according to the length and the peripheral length of the conductive pattern portions 22. Since elec-
tromagnetic waves are received so as to be resonated with electromagnetic waves at a specific frequency, the resonance
length is determined according to, for example, the length of 1/2 or 1/4 of the wavelength of the electromagnetic waves
at the specific frequency. Here, the final resonance frequency is determined not only according to the pattern size but,
also according to the binding properties between the conductive pattern portions 22, a wavelength shortening effect
resulting from the real part e’ of the complexrelative dielectric constant or the real part pw’ of the complex relative magnetic
permeability of the first and the second storage layers 14 and 13, and a wavelength shortening effect resulting from the
real part e’ of the complexrelative dielectric constant of the surface layer 16 and the influence of input impedance
determined based on thefirst andthe second storage layers 14 and 13 in a case wherethe surfacelayer16 is additionally
disposed. This resonance frequencyis substantially the same as the frequency used for wireless communication in the
antenna element 51 describedlater.

[0103] When the sheet member10 is used according to the size corresponding to the tag main body 54 (described
later), at least oneof the radial pattern shapes 30a and the substantially rectangular pattern shapes 31a may be contained
only partially in the conductive pattern portions 22. In this case, the resonance frequency is shifted toward the high
frequency side according to the downsizing of the pattern shape, that is, the partial shape of the radial pattern shapes
30a and the partial shape of the substantially rectangular pattern shapes 31a contained in the conductive pattern portions
22.

[0104] Fig. 6 is a graph showing a calculation result obtained with a simulation of the resonance frequencythat is
changedbytheinfluence of cutting of the conductive pattern portions 22. Fig. 7 is a front view showing the pattern shape
of the conductive pattern portion 22 of the sheet member10 used in the simulation. In Fig. 7, the horizontal axis represents
the frequency, and the vertical axis represents the reflection loss. The reflection loss refers to the loss from a point of
view in which electromagnetic wavesthat are incident on the sheet member 10 are reflected by the sheet member10,
and has a value corresponding to the amountof electromagnetic wavesreceived in the sheet member10. The reflection
loss is represented by a negative value, and the absolute valueof the reflection loss is the amountof electromagnetic
wavesreceived. That is to say, the reflection loss functions as an indicator in evaluation of the properties as an antenna.
It is indicated that, as the value of the reflection loss is smaller, the efficiency of the sheet member 10 in receiving
electromagnetic waves is higher. The reflection loss amountin the invention is calculated using a computer simulation.
The simulation follows the TLM method and is performed using a ’Micro-Stripes’ manufactured by Flomerics. In the
calculation, the material constants of the first storage layer 14, for example, in a 2.4 GHz band were set so that the real
part e’ of the complexrelative dielectric constant = 12.3, the imaginary part e" of the complexrelative dielectric constant
= 1.3, the real part p’ of the complex relative magnetic permeability = 1.3, the imaginary part w.” of the complex relative
magnetic permeability = 0.5, and the thickness = 0.5 mm. The material constants of the second storage layer 13, for
example, in a 2.4 GHz band were set so that e’ = 4.6, e” = 0.1, and the thickness = 2.0 mm. In the simulation, the
correspondencebetweenthe frequency and thereflection loss in a state where the sheet member 10 wasoverlaid on
a metal plate was calculated.
[0105] In the conductive pattern portion 22 on which the pattern layer 15 used in the simulation was based, a1x = aly
= 1.0 mm, a2x = a2y = 17.5 mn,a3x = a8y = 7.6 mm, c1x =cly = 1.5 mm, c2x = c2y = 7.0 mm, b1x = b1y = 20.5 mm,
e1x =cly = 1.5 mm, Rl = 7.5, and R2 = 7.0 mm. Furthermore,a size L1 in the longer-side direction (the x direction)
and a size L2 in the shorter-side direction (the y direction) perpendicular to the overlaid direction of the sheet member
10 were set so that L1 = 80 mm and L2 = 20 mm.

[0106] Twotypes of pattern shape formed bycutting part of the conductive pattern portion 22 of the sheet member
10 used in the simulation are respectively taken asa first pattern shape 22A and a second pattern shape 228, the sheet
member 10 in whichthefirst pattern shape 22Ais formed is taken asa first sheet member 10A, and the sheet member
10 in which the second pattern shape 22B is formed is taken as a second sheet member10B.
[0107] Fig. 7is afront view of the first sheet member10A. Thefirst pattern shape 22A includes, among the conductive
pattern portions 22, the substantially rectangular pattern shapes 31a and part of the radial pattern shapes 30a in a portion
enclosed by a rectangle defined by two sides that pass through the centroids of the radial pattern shapes 30a and that
are parallel to the x direction and two sides that pass through the centroids of the radial pattern shapes 30a and that
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are parallel to the y direction. The first pattern shape 22A is arranged in a line in the x direction, and includes four
substantially rectangular pattern shapes 31a that respectively have centroids arranged at the center in the y direction
and part of the radial pattern shapes 30athat are arranged around the substantially rectangular pattern shapes 31a.
[0108] In Fig. 6, a solid line 38 represents the frequencyreflection loss properties of the first sheet member 10A. The
conductive pattern portions 22 of the sheet member 10 are designed so that the frequency at which the reflection loss
has a peak value (resonance frequency) correspondsto a 2.4 GHz band,but the resonance frequencyofthefirst sheet
member 10A after cutting of the samplesis shifted toward the frequency side higher than a 2.4 GHz band. This resonance
frequencyis the frequency of the sheet member10 alone before the antenna element 51 is attached.
[0109] In Fig. 6, the resonance frequencyofthe first sheet member 10A does not match a 2.4 GHz band, but the 2.4
GHz bandis included in a portion around a resonance peak 38Aat whichthe reflection lossis large, that is, the reflection
loss in the 2.4 GHz bandis large. Thus,it is seen that the first sheet member 10A hasanability to collect (an ability to
collect and supply) electromagnetic waves at a frequency in a 2.4 GHz band. This fact showsthat, although the resonance
frequency of the sheet member 10 does not completely match the targeted 2.4 GHz band, the sheet member 10 can
function as a sending and receiving antennain which the influence of a metal face and the like is suppressed anda
booster antenna that is to supply electromagnetic waves to the antenna element 51, after the resonance frequencyis
adjusted by reactance matchingor thelike.
[0110] When the antenna element 51 is mounted on the sheet member10, the resonance frequency maybefurther
shifted, but this problem can be dealt with, by adjusting the distance between the antenna element 51 and the sheet
member 10, adjusting the dielectric constant and the magnetic permeability, or adjusting the method for cutting the
conductive pattern portions 22 and the size of the antenna element 51. For example, a foam, resin, paper, or the like
with an appropriate thickness can be interoosed between the antenna element 51 and the sheet member 10, using an
adhesive or glue.
[0111] When the sheet member 10 has the above-described layer configuration, the receiving efficiency of electro-
magnetic waves can be increased, and thus a large gain as the function of an antenna can be obtained, and the sheet
member 10 can be madethinner and lighter.
[0112] Furthermore, in the conductive pattern portion 32, the radial pattern shapes 30a are arranged sothat radially
extending portions face each other as described above, and the rectangular pattern shapes 31a are formedinto a shape
correspondingto the region enclosed by the radial pattern shapes 30a. In this arrangement, the receiving efficiency is
optimized (increased) by combining the radial pattern portions 30 and the rectangular pattern portions 31 having different
receiving principles (the radial patterns function as dipole antennas, and the rectangular patterns function as patch
antennas). Accordingly, the sheet member 10 having high receiving efficiency can be realized. Furthermore, the radial
pattern shape 30ais radially disposed in the x direction and the y direction, and the side portions of a square on which
the rectangular pattern shape 31a is based is disposed so as to extend in the x direction and the y direction. Thus, the
receiving efficiency of electromagnetic waves polarized so that the direction of the electric field is in the x direction and
the y direction can be increased.
[0113] In the sheet member 10, the conductive pattern portions 22 that receive electromagnetic waves have a sub-
stantially polygonal outer shape that is basically in the shape of a polygon, and thus a peak value of the gain can be
increased compared with a case in which the outer shape of the conductive pattern portions 22is circular. In this manner,
the shapeis basically polygonal, and at least one corner is curved. Thus,shift of the frequency at which the gain has a
peak according to the direction in which electromagnetic waves are polarized can be suppressed low. Accordingly,
excellent, receiving properties can be obtained in which a peak value of the gain is high, and shift of the frequency at
which the gain has a peak value according to the direction in which electromagnetic wavesare polarized is small.
[0114] The sheet member10 uses the conductive pattern portions 22 of the pattern layer 15 to receive electromagnetic
wavesat a specific frequency following the resonanceprinciple of an antenna. In other words, in the sheet member 10
of the invention, the conductive pattern portions 22 function to effectively operate also as a receiving antenna. Herein,
the specific frequency is a frequency determined according to factors such as the shape and the size of the conductive
pattern portions 22. when electromagnetic wavesare received by the conductive pattern portions 22, a resonance current
flows at the end portions of the conductive pattern portions 22, and an electromagnetic field is generated around the
peripheral edge portions of the conductive pattern portions 22. In the sheet member 10, electromagnetic waves at a
specific frequency are concentrated at the interior of the sheet member due to resonance.
[0115] Furthermore, when the sheet member10 is used in an overlaid state in which the storage layers are interposed
between the pattern layer 15 and the conductive layer, a capacitor or an inductor can be formed between the conductive
pattern portions 22 of the pattern layer 15 and the conductive layer. In this embodiment, the conductive layer is the
reflection area forming layer 12. In another embodimentin which the reflection area forming layer 12 is not included, the
conductive layer is a surface layer of an object made of a conductive material. In a case where the distance between
the conductive pattern portions 22 and the conductive layer is reduced, the capacity of the capacitor can be increased.
Also, a capacitor can be formed between the conductive pattern portions 22. As a capacitor, electromagnetic energy at
a specific frequency can be stored. When a capacitoror the like is used, a function to adjust reactanceis provided, and
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thus the sheet member 10 can be made thinner. Thus, electromagnetic energy corresponding to a specific frequency
can be accumulated in the sheet member10. Electromagnetic energy is apparently accumulated, butthe sheet member
10 actually allows captured electromagnetic energy to continuously pass through. The sheet member10 playsa role to
highly effectively re-radiate electromagnetic waves at a specific frequency at the conductive pattern portions 22 func-
tioning as a high-performance small antenna, to cause the electromagnetic wavesto be interfered with incident waves
thereby forming a region having high electric field intensity, and to’ transfer the energy by electromagnetic coupling to
the antenna element 51 (describedlater).
[0116] Fig. 8 is an exploded perspective view showing the tag 50 including the sheet member10. The tag 50 is one
of electronic information transmitting apparatuses that transmit information by wireless communication, and is used,for
example, as a transponder of an RFID (Radio Frequency IDentification) system used for automatically recognizing a
solid matter. The tag 50 includes the antenna element51, an integrated circuit (hereinafter, referred to as an ’IC’) 52
that is electrically connected to the antenna element 51 and that functions as communication means for performing
communication using the antenna element 51, and the sheet member10. In the tag 50, at the time when the antenna
element 51 receives a request signal from a reader, the antenna element 51 sends signals indicating information stored
in the IC 52. Accordingly, the reader can read information held in the tag 50. For example, the tag 50 is attached toa
product, and used for managementof products such as prevention of product theft or recognition of inventory status.
An antenna device includes the antenna element 51 and the sheet member 10. The tag 50 is an electronic information
transmitting apparatus that uses the antenna element 11 to send and receive electromagnetic wave signals, and is a
battery-less tag that returns electromagnetic wave, signals using the energy of the received electromagnetic wave
signals. The tag 50 may bea battery-less tag, or may be a battery-equippedbattery tag.
[0117] The antenna element 51 functioning as antenna meansis at least an electric field-type antenna element, is a
dipole antenna, a loop antenna, or a monopole antenna, and is realized as a dipole antenna in this embodiment. In
another embodimentof the invention, the antenna element 51 may be realized as another antenna. In a case where a
dipole antenna and the sheet member 10 are combined, the antenna element 51 can be made smaller. With the level
of the real numberpart »’ of the complex relative magnetic permeability and the real numberpart e’ of the complex
relative dielectric constant of the sheet member10, together with the wavelength shortening effect, the antenna element
51 can be made smaller. The dipole antennais linear, and may have curve and bentportions. It is sufficient that the
total length is 4/2. For example, in the case of 950 MHz, the length is approximately 15.8 cm. When a wavelength
shortening effect obtained from the sheet member 10 is applied to this configuration, a linear element having a size of
approximately 3 to 10 cm can be realized. When the elementis curved or bent, the size allowing accommodation in a
label of 2 to 3 cm can be realized. The element can be madefurther smaller, and thus the element can be attached to
a wide range of targets. Since a monopole antenna supplies electricity between an element on one side of a dipole
antenna and a groundplate,the total length of the element can be as small as 4/4. In the case of a loop antenna, when
the circumferential length is close to one wavelength, the structure becomessimilar to that in which two half-wavelength
dipole antennasare arrangedside by side, and thus this loop antenna canbe regarded as an electric field-type antenna
element. The antenna elementof the invention includes an antenna element in which the type is switched between an
electric field-type and a magnetic field-type, and an antenna elementin which electric field-type and magnetic field-type
functions are together provided, as long as the antenna elementis not of completely magnetic field-type. Furthermore,
the antenna elementof the invention also includes an antenna element on which a reactance structure portion is mounted.
[0118] The antenna element 51 is realized as a pattern conductor that is formed on a surface portion of a base 53
(made of polyethylene terephthalate (PET)) on one side in the thicknessdirection. The IC 52 is disposed, for example,
at the center portion of the antenna element 51, and is electrically connected to the antenna element 51. The IC 52 has
at least a storage portion and a control portion. Information can be stored in the storage portion, and the control portion
can store information in the storage portion or read information from the storage portion. In response to a command
indicated by electromagnetic wave signals received by the antenna element 51, the IC 52 stores information in the
storage portion or reads information stored in the storage portion, and gives signals indicated by the information to the
antenna element 51. The base 53 is in the shape of a rectangular plate, and the antenna element 51 is disposed at the
center portion of the base 53 so as to extend in the longer-side direction. The layer thickness of the antenna element
51 and the IC 52 is 1 nm or more and 500 umorless,and the layer thickness of the base 53 is 0.1 4m or more and 2
mm or less. The configuration without a base also can be applied in which the antenna element 51 is directly printed or
formed by treatment on the sheet member10.
[0119] The antenna element 51, the IC 52, and the base 53 constitute the tag main body 54. The tag main body 54
is packaged so that the tag main body 54is, for example, mounted on a flexible adhesive tape. The tag main body 54
and the sheet member10 constitute the tag 50. Fig. 8 is an exploded viewof the tag main body 54 and the sheet member
10, but the tag main body 54 is overlaid on the sheet member10 so that the surface portion having the antenna element
51 opposes one surface of the sheet member10 (one surface of the pattern layer 15 in this embodiment). The surface
of the antenna element 51 is covered by a polyethylene terephthalate insulating film having a thickness of 25 wm, and
thus the antenna element 51 is insulated from the conductive pattern portions 22. Although not shownin Fig. 8, a glue
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and an adhesive may be used between the tag main body 54 (that may not include the base 53) and the sheet member
10, or one or both of the tag main body 54 and the sheet member 10 may be glutinous or adhesive so that these layers
are attached to each other. The sheet member10 is in the form of a rectangular plate, and is overlaid on tag main body
50 to form the tag 50 in the shapeof a rectangularplate.
[0120] There is no specific limitation on the binding structure between the sheet member 10 and the tag main body
54, but these layers may be bound to each otherusing a binding agent including a glue and an adhesive. In an area
having an intensive electric field formed near the surface of the sheet member 10, the sheet member 10 and the antenna
element 51 are overlaid in a non-conduction state, that is, overlaid via an electrically insulating non-conductive layer
(that also may be a dielectric layer or magnetic layer). Regarding the distance between the sheet member 10 and the
antenna element51, the optimum position can be determined according to the communication properties of the antenna
element 51. In Fig. 8, the configuration, for binding the sheet member 10 and the tag main body 54is omitted. In the tag
50, the layer of the base 58, the layer of the antenna element 51 and the IC 52, the tag main body adhesivelayer, the
pattern layer 15, the first storage layer 14, the second storage layer 13, the reflection area forming layer 12, and the
attachment layer 11 are overlaid in this order from one side in the thickness direction to the other side.
[0121] The antenna element 51 can send electromagnetic wave signals in a direction intersecting the direction in
whichthe antenna element 51 extends, and receive electromagnetic wavesignals arriving from the direction intersecting
the direction in which the antenna element 51 extends. In this embodiment, electromagnetic wave signals can be sent
in a sending and receiving direction A that is oriented to the side farther from the sheet member 10 than the antenna
element 51, and electromagnetic wave signals arriving from the sending and receiving direction A can be received.
[0122] In the tag 50, for example,at the time when the antenna element 51 receives an electromagnetic wave signal
indicating predetermined information that is to be stored (hereinafter, referred to as ’main information’) and information
to give a command to store the main information (hereinafter, referred to as ’storage command information’) from an
information management apparatus that is a reader writer, an electrical signal indicating the main information and the
storage command information is given from the antenna element 51 to the IC 52. In the IC tag 51, the control portion
stores the main information in the storage portion based on the storage command information.
[0123] Furthermore, at the time when the antenna element 51 receives an electromagnetic wave signal indicating
information (hereinafter, referred to as sending commandinformation’) to give a command to send information stored
in the storage portion (hereinafter, referred to as ’stored information’) from the information management apparatus, an
electrical signal indicating the sending command information is given from the antenna element 51 to the IC 52. In IC
tag 52, the control portion reads the information stored in the storage portion (stored information), and gives an electrical
signal indicating the stored information to the antenna element 51, based on the sending command information. Thus,
an electromagnetic wave signal indicating the stored information is sent from the antenna element 51.
[0124] Fig. 9 is a view showing a state in which the tag 50 is attached to the communication jamming member 57.
The tag 50 includes the sheet member 10 so that the tag 50 can be usedin the vicinity of the communication jamming
member57, which is a memberthat jams communication. Examples of conductive material, which is one of communi-
cation jamming materials in the invention, include metals, si-based materials, carbon-based materials such as graphite
sheet, oxides such as ITO and ZnO,and liquids such as water. The conductive material refers to a material that is
conductive to the extent that a high-frequency short circuit may occur between the material and the antenna element.
The conductive material refers to a material having conductivity, examples thereof include materials having relatively
low resistivity that is 10-6 Qcm or higher and lower than 10-7 cm (metals, etc.) and materials having relatively high
resistivity that is 10-1 Qem or higher and 10® Ocm or lower(liquids such as water and seawater, and semiconductors).
[0125] The sheet member 10 is disposed on the side farther from the sending and receiving direction A than the
antenna element 51. The sheet member10 is used in a state where the sheet member10 is attached via the attachment

layer 11 to the communication jamming member 57. The tag 50 is disposed so that the sheet member10 is disposed
closer to the communication jamming member57 than the antenna element 51 and the sheet member 10 is interposed
between the antenna element 51 and the communication jamming member 57.
[0126] Fig. 10 is a cross-sectional view showing electromagnetic coupling between the antenna element 51 and the
pattern layer 15 and electromagnetic coupling between the pattern layer 15 and the radio wave reflecting layer 12.In
Fig. 10, for facilitating understanding, constituent elements other than the antenna element 51, the IC 52, and the sheet
member 10 in the configuration of the tag 50 are omitted. In a free space in which the communication jamming member
12 is not presentin the vicinity of the antenna element 51, an electric field formed by a potential difference between end
portions 51a and 51b of the antenna element 51 spreads throughout the space, a magnetic field is formed by a change
in the intensity of this electric field, and an electric field is formed by a changein the intensity of this magnetic field. Using
the principle that an electric field and a magnetic field are repeatedly formed in a successive manner, the antenna
element 51 can send electromagnetic waves. Furthermore, using the inverse principle, the antenna element 51 can
receive electromagnetic waves at the resonance frequency.
[0127] In Fig. 13, when electromagnetic waves are incident on the tag 50, the conductive pattern portions 22 of the
pattern layer 15 function as an antenna. When electromagnetic waves at a specific frequency that is a resonance
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frequency determined according to the layers 12 to 15 of the sheet member10 are incident, resonance occurs, and
electromagnetic waves at that frequency are concentrated at the interior of the sheet member 10. The dielectric and
magnetic first storage layer 14 is interposed betweenthe pattern layer 15 and the reflection area forming layer 12, and
the real number part (p’) of the magnetic permeability of the first storage layer 14 is selected as described above, and
thus electromagnetic waves that have entered the sheet member 10 are propagated along thefirst storage layer 14.
Accordingly, jamming of communication of the antenna element 51 can be suppressed as small as possible. In Fig. 13,
traveling waves enter the sheet member 10, and then pass only through thefirst storage layer 14. However, this is
merely an example, and an effect of improving communication is obtained with all layers in the sheet member 10.
[0128] When an electromagnetic field is generated around the conductive pattern portions 22, an electromagnetic
field is generated also on the side farther from thefirst storage layer 14 than the pattern layer 15. The antenna element
51 is disposedin the vicinity of the pattern layer 15, and when an electromagnetic field is generated around the conductive
pattern portions 22, electromagnetic coupling is formed between the conductive pattern portions 22 and the antenna
element 51, and electromagnetic energy is transferred from the conductive pattern portions 22 to the antenna element
51. Since electromagnetic energy at the resonance frequency is supplied from the conductive pattern portions 22 to the
antenna element 51, receiving powerof the antenna element 51 can be increased compared with a case in which the
pattern layer 15 is not included. The tag 50 returns electromagnetic wave signals using the energy of the received
electromagnetic wave signals, and thus communication distance can be made longer. This effect of reinforcing electro-
magnetic waves can be described also based on the distance effect between the conductive pattern portions 22 and
the reflection area forming layer 12. The gap between the conductive pattern portions 22 and the reflection area forming
layer 12 is ideally ((2n-1)/4)a (n is a positive integer), but the distance for obtaining an effect corresponding to interference
at ((2n-1)/4)A in an air is reduced due to the magnetic permeability and the dielectric constant of the storage layers.
Preferably, n is 0.
[0129] Furthermore, the sheet member10 is designed so that the phase of captured electromagnetic wavesis adjusted
in the interior of the sheet member, and thus an area having high electric field intensity, at a position away from the
reflection area forming layer by an electrical length of ((2n-1)/4)4 (where the wavelength of electromagnetic wavesis
taken as 2), is formed at the position of the pattern layer 15. In the invention, a position (a virtual electromagnetic wave
reflecting face 201 indicated by the virtual line shown in Figs. 11 and 13 described later) having a composite electric
field of 0 (zero) and virtually connecting a point near the center of the conductive pattern portions 22 and the reflection
area forming layeris formed. When electromagnetic wavesare reflected by the virtual electromagnetic wave reflecting
face 201 that formsa reflection area, the electromagnetic waves move aroundthe conductive pattern portions 22 along
the distance longer than the straight distance ((2n-1)/4)A. Using this aspect, a longer electrical length from the pattern
layer 15 to the reflection area is obtained, and thus the sheet member 10 is madesignificantly thinner than A/4. Portions
in which the electrical length from the pattern layer 15 to the reflection area is ((2n-1)/4)A, in the invention are denoted
by arrows 202 in Fig. 13. Accordingly, the electric field intensity is also increased by interference at the position of the
conductive pattern portions. With these reinforcementeffects, the sheet member10 also functions as a booster antenna.
Accordingly, wireless communication can be suitably performed even in the vicinity of the communication jamming
member 12, and asufficient communication distance can be secured, When the sheet member10 includes the conductive
pattern portions 22 and independently has an antenna function in this manner, an effect of improving communication of
the antenna element 51 can be obtained.

[0130] In astate where there is a potential difference between the end portions 51a and 51b of the antenna element
51, each of the end portions 51a and 51b of the antenna element 51 is charged positively or negatively, and thus electric
fields are formed between the end portions 51a and 51b of the antenna element 51 and portions 12a and 12b in the
reflection area forming layer 12 respectively opposing the end portions 51a and 51b of the antenna element 51, anda
positively or negatively charged state that is opposite to the charge of the end portions 51a and 51b of the antenna
element §1 is formed. The IC 52 applies an alternating voltage to the antenna element 51, and the end portions 51a
and 516 are charged so that the chargeis alternately switched betweenpositive and negative. In a case where the sheet
member 10 is disposed between the electric field-type antenna element 51 and the communication jamming member
57, the distance betweenthe antenna element 51 and the communication jamming member57 can be increased. Thus,
the intensity of an electric field that is generated by the end portions 51a and 51b of the antenna element 51 being
charged and that is formed between the antenna element 51 and the communication jamming member 57 can be
reduced. In this embodiment, the reflection area forming layer 12 is formed in the sheet member 10, and the storage
layers are formed between the antenna element 51 and the reflection area forming layer 12. Thus, the electrical length
between the antenna element 51 and the reflection area forming layer 12 can be increased, and the degreeof an electrical
short circuit that is generated by the end portions 51a and 51b of the antenna element 51 being charged and thatis
formed between the antenna element 51 and the reflection area forming layer 12 becomes smaller.
[0131] The above-described phenomenonis to be generated also between the antenna element 51 and the conductive
pattern portions 22. However, since the conductive pattern portions 22 are smaller than the corresponding antenna
element 51 and are non-continuously arranged, the influence to lower the impedance of the antenna element is small.
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[0132] Accordingly, a high-frequency short circuit between the antenna element 51 and the communication jamming
member57 or the reflection area forming layer 12 is less likely to occur. That is to say,it is possible to suppress a high-
frequency current flowing betweenthe antenna element 51 and the communication jamming member57or the reflection
area forming layer 12 due to a high-frequency short circuit occurring, which is similar to an electrical current flowing
whena high-frequency voltage is applied to a capacitor, and thus a decreasein the input impedance of the antenna
element 51 is suppressed. Suppression of a decrease in the input impedance has been confirmed based on the fact
that the current value of a current that flows in the antenna element 51 becomes small as in a case where the commu-

nication jamming member12 is not present. When the sheet member10 is used in this manner, a decreasein the input
impedance can be suppressed. When the input impedance becomes small, this impedance is deviated from the imped-
ance of the communication means(the IC 52) for performing communication using the antenna element 51, and thus
signals cannot be exchanged between the antenna element 51 and the communication means. However, since the
sheet member 10 can suppress a decreasein the input impedance of the antenna element 51, wireless communication
can be suitably performed even in thevicinity of the communication jamming member 57. In order to suppress a decrease
in the input impedance, the conductive pattern portions 22 may haveslits, projections and recesses,inclination, lightness
and darkness,or the like, so as to resist conduction.
[0133] Fig. 11 is aschematic view showing electromagnetic waves that are incident on the sheet member10 (referred
to as traveling waves) and electromagnetic wavesthat are reflected by the sheet member 10 (referred to as reflected
waves). Fig. 12 is a viewillustrating reflection of electromagnetic waves. Fig. 13 is an enlarged schematic view showing
a part of the sheet member10 shownin Fig. 11. In Figs. 11 and 13, for facilitating understanding, constituent elements
other than the antenna element 51, the IC 52, and the sheet member10 in the configuration of the configuration of the
tag 50 are omitted. When traveling wavesare incident on the pattern layer 15, the traveling waves are received by the
conductive pattern portions 22, and thus the energyof the traveling waves are apparently collected at the storage layers.
In Fig. 13, the orientations of the electric field formed by the electromagnetic waves inside the sheet member 10 are
indicated by the broken lines.
[0134] In the sheet member10, the storage layers can be madethinnerby optimally designing the above-described
pattern layer 15, and electromagnetic waves can beefficiently received. Moreover, since the pattern layer 15 in which
a plurality of types of conductive pattern portions are formed is used, electromagnetic waves can beefficiently received
using the properties of the receiving operation inthe conductive pattern portions 22. Since the conductive pattern portions
22 are electrically insulated from each other, the frequency band can be made wider, and electromagnetic waves in a
wide band can be efficiently received.
[0135] Since the receiving efficiency of electromagnetic waves in a wide frequency band can be increased in this
manner, wide and high performancein receiving electromagnetic waves can be obtained. The sheet member 10 can
be made thinner andlighter. Furthermore, the degree of freedom in selecting the material quality of the storage layers
is increased so asto provideflexibility. Thus, the sheet member 10 having excellent productivity can be obtained.
[0136] Traveling waves and reflected waves of electromagnetic waves are interfered with each other, and thus sta-
tionary waves are formed. Depending on the distance from a reflecting face (reflection area) that is formed by the
reflection area forming layer 12 and reflects electromagnetic waves, the electric field and the magnetic field reinforce or
weakeneach other as shownin Fig. 12. At that time, the phase of the reflected waves (electric field) is shifted from the
phase of the traveling waves by 180°. Figs. 12 and 13 show stationary waves. In Fig. 12, the stationary waves of the
electric field are indicated by the solid lines, and the stationary wavesof the magnetic field are indicated by the broken
lines. In Fig. 13, the stationary wavesof the electric field are indicated by the broken lines. The mechanism in which the
stationary waves are formedis not described, but Figs. 12 and 13 show only the intensity (the same views are obtained
also in a case whereonly the amplitude is shown). At the position that is away from the reflecting face by ((2n-1)/4)A (n
is a positive integer), the electric field intensity is highest, andthe magneticfield intensity becomes0 (zero). The reflecting
face shownin Fig. 12 is equivalent to a face having a composite electric field of 0 (zero), andis equivalent to a metal face.
[0137] On the side farther from the antenna element 51 than the pattern layer 15 and thefirst and the second storage
layers 14 and 13, the above-described virtual electromagnetic wave reflecting face 201 that has the storage layers
interposed betweenthis face and the pattern layer 15 and that is spaced away from at least one of the antenna element
51 and the pattern layer 15 at the portion between the conductive pattern portions 22 by an electrical length of ((2n-1)/
4), (n is a positive integer) is formed so as to connect the conductive pattern portions 22 and the reflection area forming
layer 12. The virtual electromagnetic wave reflecting face 201 is an area in whichthe intensity of an electric field formed
between the center portion of the conductive pattern portions 22 and the reflection area forming layer 12 is 0 (zero).
Sincethe intensity of the electric field is 0 (zero), the virtual electromagnetic wave reflecting face 201 functions as a
reflecting plate of electromagnetic waves, and electromagnetic waves that have entered the sheet member10 from the
conductive pattern portions 22 are reflected by the virtual electromagnetic wavereflecting face 201 and return. That is
to say, at least one of the antenna element 51 and the pattern layer 15 at the portion between the conductive pattern
portions 22 and the virtual electrornagnetic wave reflecting face 201 are away from each otherby a distance of ((2n-1)
/4) times of the wavelength of electromagnetic waves that travel through the pattern layer 15 and the storage layers.
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The wavelength of electromagnetic waves is shorter than the wavelength in an air due to effects of the pattern layer 15
and the storage layers, and thus the portion from the incident portion of the pattern layer 15 to the virtual electromagnetic
wave reflecting face 201 realizes a distance corresponding to ((2n-1)/4) times (substantially 4/4, when n = 0) of the
wavelength of electromagnetic wavesin a thin sheet. Furthermore, the electrical distance from at least one of the antenna
element 51 and the pattern layer 15 at the portion between the conductive pattern portions 22 to the virtual electromagnetic
wavereflecting face 201 is taken as ((2n-1)/4)A (n is a positive integer), and thus a longer distance is obtained using
curve of the propagation path of electromagnetic waves dueto the real numberpart e’ of the complexrelative dielectric
constant and/or the real numberpart p’ of the complex relative magnetic permeability in the sheet member 10. When n
= 0, the distance (the thickness of the sheet member 10) from the pattern layer 15 to the reflection area farming layer
12 can be madesignificantly thinner than A/4. This sort of technique for making sheets thinner has not been proposed
so far.

[0138] Regarding an electric field, when the wavelength of electromagnetic wavesis taken as A, at a position away
from the reflecting face of the reflection area forming layer 12 by n(A/2) (n is a positive integer), traveling waves are
canceled by reflected waves. However, at a position away from the reflection area (the virtual electromagnetic wave
reflecting face 201) by an electrical length of ((2n-1)/4) times of the wavelength, traveling waves and reflected waves
reinforce each other by interference. When the antenna element 51 is disposed at a position where reflected electro-
magnetic wavesand arriving electromagnetic waves reinforce each other for interference, wireless communication can
be suitably performed even in the vicinity of the communication jamming member 57.
[0139] Fig. 14 is an enlarged perspective view showinga part of the tag 50, in which a part of the tag main body 54
overlaid on the sheet member10 is cut out. Fig. 15 is a view showing theelectric field intensity obtained by a simulation
performed in a region indicated by a virtual line 48 shownin Fig. 14. In Fig. 15, the electric field intensity is indicated
with a gray scale where an electric field is intensive in a white portion and is less intensive as the color is changed from
white toward black. Based onthe simulation result, an area having an intensive electric field is observed at the rectangular
pattern shapes 31a.In Fig. 15, the electric field vector used for the calculation is horizontal, and the magnetic field vector
is vertical. A portion on the right side of the rectangular pattern shapes 31a in Fig. 15 has a black area in which the
electric field is 0 (zero). This area correspondsto the above-describedvirtual electromagnetic wave reflecting face 201.
[0140] Furthermore, the conductive pattern portions 22 that receive electromagnetic waves have a substantially po-
lygonal outer shape that is basically in the shape of a polygon, and thus a peak value of the gain can be increased
compared with a case in which the outer shape of the conductive pattern portions 22 is circular.
[0141] The reason for thisis that, in the case of a polygonalpattern, the Q valueis higher than that of a circular pattern.
First, the Q value will be described. The Q value of resonance can beindicated by a band width. The correspondence
is Q = resonance frequency / band width. Accordingly, a high Q value indicates that the band width is narrow.
[0142] This correspondence can be applied for a peak value of the gain using the pattern. That is to say, a high Q
value of a polygonalpattern indicates that the gain is high although the reception bandis narrow. A low Q value indicates
that the gain is low although the reception band is wide.
[0143] When the Q value of a polygonal pattern is high, in turn, the reception band becomes narrow, and the resonance
frequencyis shifted due to the influence of polarization. The reason for this can be described as below. In a case where
a 0° electric field (non-polarized state) is present in a rectangular (quadrangular) pattern, an intensive current flows along
the sides of the rectangular pattern, and resonance occursat that portion. On the other hand, in a case wherethe electric
field is inclined by 45° in the rectangular pattern, or the pattern is a circular pattern, the path through whichanintensive
current flows is not concentrated to be thin at the edge compared with the case where the rectangular pattern is at O°.
In other words,since the path of the current becomeswider, a region in which half-wavelength wavesrelated to resonance
are distributed is expanded, and thus resonance conditions are increased. It is considered that, as a result, the band
width can be increased. For example, in the case of a rectangular pattern, when electromagnetic waves (TE waves) are
received, an electric field is formed to extend in a straightline parallel to the sides, but in a case wherethe rectangle is
rotated by 45°, an electric field in the pattern in acase where electromagnetic waves (TE waves)are received is formed
so as to extend in the shape of an arc, that is, the distributions are clearly different from each other. That is to say, a
rectangular (polygonal) pattern is disadvantageousin that since resonance is concentratedly occurs, communication
easily depends on polarization, although receiving properties becomehigh,
[0144] In order to improve this disadvantage, the pattern shapeis basically polygonal, but at least one corneris set
to be curved. Herein, an effect resulting from the fact that the corner is rounded off, that is, formed to be curvedis to
cause a resonance currentto easily flow without stagnating at the corner, and to make the resonant region wider. As a
result, the Q value becomesslightly smaller, but wide-band performanceis exhibited, and thus polarization properties
are improved. Thus,shift of the frequency at which the gain has a peak according to the direction in which electromagnetic
wavesare polarized can be suppressed low. Accordingly, a sheet member having excellent receiving properties can be
realized in which a peak value of the gain is high, and shift of the frequency at which the gain has a peak according to
the direction in which electromagnetic wavesare polarized is small. (polarization loss is small).
[0145] When the conductive pattern portions 22 are basically polygonal and at least part of the corners is formed to
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be curved, a sheet member having excellent receiving properties can be realized in which a peak value of the gain is
high, and shift of the frequency at which the gain has a peak accordingto the direction in which electromagnetic waves
are polarized is small.
[0146] Fig. 16 is an enlarged perspective view showinga part of the pattern layer 15, which is another embodiment
constituting the sheet member10 in the embodiment shownin Fig. 1. In the conductive pattern portions 22in this case,
the conductive pattern portions 12 have the radial pattern portions 30 and the rectangular pattern portions 31 that are
two typesof geometrical shapes. In Fig. 16, for facilitating understanding, the conductive pattern portions 22 are hatched
with diagonallines.
[0147] The radial pattern shape 30a has a shapein which four corners 41 in the intersecting portion 36 and corners
58 other than the corners 41 are formed into curves, more specifically, arcs, based on the base cross 40 indicated by
the virtual line in Fig. 16. The corners 58 are formedin the shape of arcs projecting outward.
[0148] For example, the radial pattern shape 30a has a size in which the widths a1x and aly of the shape portions
34 and 35 are the same,for example, 1.0 mm, and the lengths a2x and a2y of the shape portions 34 and 35 are the
same, for example, 17.5 mm. The sizes of the arc at the arc-shapedcorner, thatis, the lengths of the sides excluding
the oblique side of the substantially triangular portion 42, more specifically, the length a3x of the side in the x direction
and the length a3yof the side in the y direction are the same, for example, 7.5 mm, and the radius of curvature R1 of
the oblique side is 7.5 mm. Furthermore, the radius of curvature R3 of the outer peripheral sides of the corners 58 is 7.0
mm. Regarding the radial pattern gaps, the gap c2x in the x direction and the gap c2y in the y direction are the same,
for example, 7.0 mm. Furthermore, in the rectangular pattern shapes 31a, the size b1x in the x direction and the size
b1y in the y direction are the same, for example, 20.5 mm. Regarding the radial-rectangular portion gap between the
radial pattern shapes 30a and the rectangular pattern shapes 31a, the gap c1x in the x direction and the gap c1y in the
y direction are the same, for example, 1.5 mm. Also with this sort of configuration, a similar effect can be obtained.
[0149] Fig. 17 is an enlarged perspective view showing a part of the pattern layer 15 according to another embodiment
constituting the sheet member10 in the embodiment shownin Fig. 1. In the conductive pattern portions 22 in this case,
the conductive pattern portions 12 have the radial pattern portions 30 and the rectangular pattern portions 31. In Fig.
17, for facilitating understanding, the conductive pattern portions 22 are hatched with diagonal lines.
[0150] The radial pattern shape 30a has a shapein which four corners 41 in the intersecting portion 36 and corners
58 other than the corners 41 are formed into curves, more specifically, arcs, based on the base cross 40indicated by
the virtual line in Fig. 17. The corners 58 are formed in the shape of arcs projecting outward.
[0151] For example, the radial pattern shape 30a has a size in which the widths a1x and aly of the shape portions
34 and 35 are the same,for example, 2 mm,and the lengths a2x and a2y of the shape portions 34 and 35 are the same,
for example, 10 mm. The sizes of the arc at the arc-shapedcorner,that is, the lengths of the sides excluding the oblique
side of the substantially triangular portion 42, more specifically, the length a3x of the side in the x direction and the length
a3y of the sidein the y direction are the same,for example, 3 mm, and the radius of curvature R1 of the oblique side is
0.5 mm. Furthermore, the radius of curvature R3 of the outer peripheral sides of the corners 58 is 0.6 mm. Regarding
the radial pattern gaps, the gap c2x in the x direction and the gap c2y in the y direction are the same, for example, 2
mm. Furthermore, in the rectangular pattern shapes 31a, the size b1x in the x direction and the size b1y in the y direction
are the same, for example, 6 mm. Regarding the radial-rectangular portion gap betweenthe radial pattern shapes 30a
and the rectangular pattern shapes 31a, the gap c1x in the x direction and the gap cy in the y direction are the same,
for example, 2 mm. Also with this sort of configuration, a similar effect can be obtained.
[0152] Fig. 18is an enlarged perspective view showing a part of the pattern layer 15 according to another embodiment
constituting the sheet member 10 in the embodiment shownin Fig. 1. The conductive pattern portions 22 in this case
have the radial pattern portions 30 and the rectangular pattern portions 31. In Fig. 18, for facilitating understanding, the
conductive pattern portians 22 are hatched with diagonallines. The rectangular pattern shapes 31a in this embodiment
have a shape obtained by angularly displacing the rectangular pattern shapes 31a of the conductive pattern portions
12 shownin Fig. 17 by 90° about the centroids, and the other constituent elements in the configuration are the same as
those in the conductive pattern portions 22 shownin Fig. 17. Also with this sort of configuration, a similar effect can be
obtained.

[0153] Fig. 19 is a front view of the pattern layer 15 according to another embodimentconstituting the sheet member
10 in the embodiment shownin Fig. 1. Fig. 20 is an enlarged perspective view showing a part of the pattern layer 15 in
Fig. 19. The conductive pattern portions 22 in this case have the radial pattern portions 30 in which the outlines of the
corners 41 and 58 are formedatright angles and the rectangular pattern portions 31 in which the outlines of the corners
are formed at right angles. The rectangular pattern shape 31a is disposed in a region enclosed by the radial pattern
shapes 30a so as to be spaced awayfrom the radial pattern shapes 30a by the radial-rectangular portion gaps c1x and
cly respectively in the x direction and the y direction. In Fig. 20, for facilitating understanding, the conductive pattern
portions 22 are hatched with diagonallines.
[0154] For example, the radial pattern shape 30a hasa size in which the widths a1x and aly of the shape portions
34 and 35 are the same,for example, 2.5 mm, and the lengths a2x and a2y of the shape portions 34 and 35 are the
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same, for example, 16.0 mm. The radial-rectangular portion gaps c1x and cly are the same,for example, 1.0 mm.
Regarding the radial pattern gaps, the gap c2x in the x direction and the gap c2y in the y direction are the same, for
example, 1.0 mm. Furthermore, in the rectangular pattern shapes 31a, the size b1x in the x direction and the size b1y
in the y direction are the same,for example, 12.5 mm. Regarding the radial-rectangular portion gap betweenthe radial
pattern shapes 30a and the rectangular pattern shapes 31a, the gap c1x in the x direction and the gap c1y in the y
direction are the same, for example, 1.0 mm. Also with this sort of configuration, a similar effect can be obtained.
[0155]_Fig. 21 is a front view of the pattern layer 15 showing double-humped properties according to another embod-
iment constituting the sheet member 10 in the embodiment shownin Fig. 1. Fig. 22 is an enlarged perspective view of
part of the pattern layer 15 in the embodiment shownin Fig. 21. In the pattern layer 15, the conductive pattern portions
22 are formed on the surface of the plate-shaped base 31 on the radio waveincident side. In Fig. 22, for facilitating
understanding, the conductive pattern portions 22 are hatched with diagonal lines.
[0156] For example, the conductive pattern portions 22 in this embodiment may have a pattern in which pattern shape
portions in the shape of across, having a single type of geometrical shape, are regularly arranged in a matrix so as to
be spaced away from each other by gaps c1 and c2 in the x1 direction and the y1 direction of the rectangular coordinate
system, whichis obtained by angularly displacing the x direction and the y direction of the rectangular coordinate system
by 45° about an axis perpendicular to the section of the diagram of Fig. 21. Thus, pattern shapes 81 constituting the
conductive pattern portions 22 are formed in the shape of "X". The pattern shapes 61 in the shape of "X" are formed so
that a rectangular shape portion 62 linearly extending in the x1 direction and a rectangular shape portion 63 linearly
extending in the y1 direction intersect each otherat right angles at an intersecting portion 64 so that the centroids of the
shape portions 62 and 63 are overlapped. The shape portions 62 and 63 are displaced from each other by 90° about
an axis perpendicular to the intersecting portion 64, and have the same shape. In the shape portions 62 and 68, for
example, width a2 =b1 = 2.5mm and length a1 = b2 = 17 mm. The shapes 61 maybe arrangedin the x1 direction and
the y1 direction at gaps of cl = c2 = 1 mm.The pattern shape 61 has a linear structure having end portions, and a
plurality of pattern shapes 61 are arranged so as not to be connected to each other. Furthermore, the shape portions
62 and 63 constituting the pattern shapes 61 havea linear structure having end portions, the shape portions 62 and 63
function as a unit, and the shape portions 62 and 63in the unit in which the numberof the portions is two or more (two
in this embodiment) intersect each other at right angles at a portion that is not at the end portions. Also with this sort of
configuration, a similar effect can be obtained. With the double-humpedproperties, a tag can be proposed that operates
at two or more frequencies using one sheet member10.It will be appreciated that a plurality of antennas have to be
arranged on the tag, ora plurality of chips also have to be arranged in a case where the chip cannot be shared. However,
when communication is performed, for example, at both frequencies in a high MHz band and a 2.4 GHz band, atag can
be proposedin which communication properties are improved even in a case where a communication jamming member
is present.
[0157] Fig. 23 is a front view of the pattern layer 15 showing double-humpedproperties according to another embod-
iment constituting the sheet member 10 in the embodiment shownin Fig. 1. Fig. 24 is an enlarged perspective view of
part of the pattern layer 15 in the embodiment shownin Fig. 23. In the pattern layer 15, the conductive pattern portions
22 are formed on the surface of the plate-shaped base 31 on the radio waveincident side. In Fig. 24, for facilitating
understanding, the conductive pattern portions 22 are hatched with diagonal lines. For example, the conductive pattern
portions 22 in this embodiment may have a pattern in which rectangular loop pattern shapes (in the shape of closed
loops), having a single type of geometrical shape,are regularly arranged in a matrix so as to be spaced away from each
other by a gap c5 = c6 in the x direction and the y direction of the rectangular coordinate system. A plurality of pattern
shapes are arranged so as not to be connected to each other. The gap may be set so that gap c5 = c6 = 12 mm.
Furthermore, the size may be set so that, for example, line width a6 = b5 = 1 mm and oneouterperipheral side a5 = b6
= 10mm.

[0158] Fig. 25 is a front view of the pattern layer 15 accordint to another embodimentconstituting the sheet member
10 in the embodiment shownin Fig. 1. Fig. 26 is an enlarged perspective view showing a part of the pattern layer 15
shownin Fig. 25. In Figs. 25 and 26, for facilitating understanding, the conductive pattern portions 22 are hatched with
diagonal lines. The conductive pattern portions 22 in this case are formed so that the rectangular pattern portions 31,
having a single type of geometrical shape,are regularly arranged in a matrix so as to be spaced away from each other
by gaps (hereinafter, referred to as ‘pattern gaps’) dix and d1y in the x direction and the y direction. While the conductive
pattern portions 22 of the pattern layer 15 shownin Fig. 1 have the radial pattern portions 30 and the rectangular pattern
portions 31, the conductive pattern portions 22 of the pattern layer 15 in Fig. 25 only have the rectangular pattern portions
31.

[0159] The rectangular pattern shapes 31a are in the shape of a square, and the length b1x in the x direction and the
length b1y in the y direction are the same,for example, 21.0 mm. Furthermore, regarding a second pattern gap,’ which
is the gap between pattern shapes 59 adjacent to each other in the x direction and the y direction, the gap d1x in the x
direction and the gap d1y in the y direction are the same, for example, 1.5 mm. Also with this sort of configuration, a
similar effect can be obtained.
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[0160] Fig. 27 is a front view showing the pattern layer 15 according to another embodiment constituting the sheet
member 10 in the embodiment shownin Fig. 1. In Fig. 27, for facilitating understanding, the conductive pattern portions
22 are hatched with diagonallines. The conductive pattern portions 22 in this case are formed so that the rectangular
pattern shapes 31a, having a single type of geometrical shape, are regularly arranged in a matrix so as to be spaced
awayfrom each other by the pattern gaps d1x and d1y in the x direction and the y direction. While the conductive pattern
portions 22 of the pattern layer 15 shownin Fig. 1 have the radial pattern portions 30 and the rectangular pattern portions
31, the conductive pattern portions 22 of the pattern layer 15 in Fig. 25 only have the rectangular pattern” portions 31.
[0161] The rectangular pattern shapes 31a are in the shape of a square, the length b1x in the x direction and the
length b1y in the y direction are the same,for example, 21.0 mm, and the radius of curvature R2 of the cornersis selected
to be 10.0 mm. Furthermore, regarding a second pattern gap, which is the gap between the pattern shapes 59 adjacent
to each otherin the x direction and the y direction, the gap d1x in the x direction and the gap d1y in the y direction are
the same, for example, 1.5 mm.
[0162] Fig. 28 is a front view showing the pattern layer 15 according to another embodiment constituting the sheet
member10 in the embodiment shownin Fig. 1. Fig. 29 is an enlarged perspective view showing a part of the pattern
layer 15 shownin Fig. 28. In Figs. 28 and 29, for facilitating understanding, the conductive pattern portions 22 are hatched
with diagonal lines. The conductive pattern portions 22 in this case are formed so that rectangular pattern shapes 31A
and 31B, having two types of geometrical shapes, are regularly arranged in a matrix so as to be spaced away from each
otherby the pattern gaps d1x and d1y in the x direction and the y direction. Thefirst and the second rectangular pattern
shapes 31A and 31B are alternately arranged in the x direction. Furthermore, the first and the second rectangular pattern
shapes 31A and 31B are alternately arrangedin the y direction.
[0163] Thefirst and the second rectangular pattern shapes 31A and 31B are substantially in the shape of a square,
and thefirst rectangular pattern shape 31A and the second rectangular pattern shape 31B havedifferent radiuses of
curvature of the corners. The radius of curvature R2a of the cornersofthe first rectangular pattern portion 31A is selected
to be smaller than the radius of curvature of the corners of the second rectangular pattern portion 31B. The length bix
in the x direction and the length b1y in the y direction are the same, for example, 21.0 mm, and the radiusesof curvature
R2a and R2b of the comers are respectively selected to be 4.0 mm and 7.0 mm. Furthermore, regarding a second
pattern gap, which is the gap betweenthe pattern shapes 59 adjacent to eachother in the x direction and the y direction,
the gap d1x in the x direction and the gap d1y in the y direction are the same, for example, 1.5 mm. Also with this sort
of configuration, a similar effect can be obtained.
[0164] Fig. 30 is a front view of the pattern layer 15 according to still another embodiment constituting the sheet
member10 in the embodiment shownin Fig. 1. In Fig. 30, for facilitating understanding, the conductive pattern portions
22 are hatched with diagonallines. The conductive pattern portions 22 in this case are formed so that pattern shapes
66, having a single type of geometrical shape, are regularly arranged in a matrix so as to be spaced away from each
other by the pattern gaps d1x and d1y in the x direction and the y direction.
[0165] The pattern shapes 66 arecircular, and a radiusr is, for example, 13 mm. Furthermore, regarding a pattern
gap, which is the gap betweenthe pattern shapes 66 adjacent to each otherin the x direction and the y direction, the
gap d1x in the x direction and the gap d1y in the y direction are the same, for example, 8 mm. Also with this sort of
configuration, a similar effect can be obtained.
[0166] Fig. 31 is a front view of the pattern layer 15 according to still another embodiment constituting the sheet
member 10 in the embodiment shownin Fig, 1. In Fig. 31, for facilitating understanding, the conductive pattern portions
22 are hatched with diagonal lines. While the conductive pattern portions 22 of the pattern layer 15 shownin Fig. 4 have
the radial pattern portions 30 and the rectangular pattern portions 31, the conductive pattern portions 22 of the pattern
layer 15 in Fig. 31 only have the radial pattern portions 30. Also with this sort of configuration, a similar effect can be
obtained.

[0167] Fig. 32 is a front view showing a rectangular pattern shape 71 according to another embodiment. In this
embodiment, instead of the rectangular pattern shapes 31a in Figs. 4, 16, 17, 18, 19, 25, 27, and 28, the rectangular
pattern shape 71 shownin Fig. 32 is used. The other constituent elements in the configuration are the same as those
in the embodiment shownin Fig. 1. While the rectangular pattern shapes 31a shownin Figs. 4, 16, 17, 18, 19, 25, 27,
and 28 are planar patterns, the rectangular pattern shape 71 in Fig. 32 is a pattern in the shape of a strip (belt) forming
aclosed loop extending along the outer peripheral edge. Also with this sort of configuration, asimilareffectcan be obtained.
[0168] Fig. 33 is a front view showing a radial pattern shape 70 according tostill another embodimentof the invention.
In this embodiment, instead of the radial pattern shapes 30a shownin Figs. 4, 16, 17, 18, 19, and 31, the radial pattern
shape 70 shownin Fig. 33 is used. The other constituent elements in the configuration are the same as those in the
embodiment shownin Fig. 1. While the radial pattern shapes 30a shownin Figs. 4, 16, 17, 18, 19, and 31 are planar
patterns, the radial pattern shape 70in Fig. 33 is a pattern in the shapeof a strip (belt) forming a closed loop extending
along the outer peripheral edge. Also with this sort of configuration, a similar effect can be obtained.
[0169] Fig. 34 is a front view of the pattern layer 15 according to still another embodiment constituting the sheet
member10 in the embodiment shownin Fig 1. In Fig. 34, for facilitating understanding, the conductive pattern portions
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22 are hatched with diagonallines. In the pattern layer 15, the conductive pattern portions 22 madeof a metal are formed
on the surface of the plate-shaped base 21 on the electromagnetic wave incidentside.
[0170] The conductive pattern portions 22 are continuously formed in an electrically connected manner over a wide
range, more specifically, the entire range of the sheet member10, in directions intersecting the electromagnetic wave
incident direction, more specifically, in the x direction and the y direction that are perpendicularto the thickness direction
and that are perpendicular to each other. On the conductive pattern portions 22 functioning as continuously arranged
conductive elements, a plurality of holes 80 and 81 are formed. Each of the holes 80 and 81 has a shape selected from
polygons(including rectangles, which are types of quadrangles), circles, substantially polygonal shapes in which the
outline at the corners is curved, shapes extending in the shape of a string, and combinations thereof. The shapes
extending in the shapeof a string are a linearly extending shapes, and may extend in a straight line, may extend in a
curvedline (e.g., a spiral), or may be bent at an intermediate portion.
[0171] More specifically, in the conductive pattern portions 22, a plurality of types of holes in whichat least one of
shape and sizeis different therebetween; more specifically, the cross holes 80 and the rectangular holes 81 are formed.
[0172] The cross hole 80 is formed in the shape of a cross, and a plurality of cross holes 80 are spaced away from
each other by gaps (hereinafter, referred to as ‘cross hole gaps’) c2x and c2y. More specifically, the cross holes 80 are
arrangedso thatradially extending portions 82 face each other, and the radially extending portions 82 facing each other
are spaced away from each other by the cross hole gaps c2x and c2y. More specifically, for example, in this embodiment,
the cross holes 80 may be formed in the shape of crosses radially extending in the x direction and the y direction that
are perpendicular to each other, and regularly arranged in a matrix in which the cross hole gap c2x is interposed in the
x direction and the cross hole gap czyis interposedin the y direction.
[0173] The cross hole 80 has a shape in which a rectangular shape portion 84 linearly extending in the x direction
andarectangular shape portion 85 linearly extending inthey direction intersect each otherat rightangles at an intersecting
portion 86 so that the centroids of the shape portions 84 and 85 are overlapped. The shape portions 84 and 85 are
displaced from each other by 90° about an axis perpendicularto the intersecting portion 86, and have the same shape.
Widths aly and a1x of the shape portions 84 and 85 are the same, for example, 8 mm. Lengths a2x and a2y of the
shape portions 84 and 85are the same,for example, 38 mm. Regarding the cross hole gaps of the cross holes 80, the
gap c2x in the x direction and the gap c2y in the y direction are the same, for example, 32 mm.
[0174] The rectangular holes 81 are arranged in a region enclosed by the cross holes 80 so as to be spaced away
from the cross holes 80 by gaps (hereinafter, referred to as ’cross rectangular portion gaps’) c1x and c1y so that the
rectangular holes 81 cover the region enclosed by the cross holes 80. More specifically, the rectangular holes 81 divide
the region enclosed by the cross holes 80 into four, and are arranged respectively in the regions obtained by the division.
Accordingly, in one region enclosed by the cross holes 80, four rectangular holes 81 are formed.
[0175] Therectangular holes 81 are formed into a shape corresponding to the region enclosed by the cross holes 80.
For example, in this embodiment, the cross hole 80 is in the shape of a cross as described above, and the region
enclosed by the cross holes80is rectangular, thatis, in the shape of a rectangle corresponding thereto. In a case where
the shape portions 84 and 85 have the same shape as described above, the region enclosed by the cross hcles 80 is
in the shape of a square, the rectangular holes 81 are in the shape of a square.
[0176] Four rectangular holes 80 in one region enclosed by the cross holes 80 are arranged so that the edge side
portions extend in either the x direction or the y direction, and the rectangular holes are arranged in a matrix in the x
direction and they direction. The region in which the four rectangular holes are arrangedis in the shape of a quadrangle,
more specifically, a square. Cross rectangular gaps c1x and ciy, which are the distance between the region and the
cross holes 80, are formed to have the same shape throughoutthe entire periphery.
[0177] From another pint of view, the holes 80 and 81 are arranged so that, when a hole group having four rectangular
holes 81 and one crosshole 80 is taken as one unit, a plurality of unit hole groups are regularly arrangedin directions
intersecting the electromagnetic wave incident direction, more specifically, the groups are arranged in a matrix in the x
direction and the y direction. In one hole group, four rectangular holes 81 are arrangedin a matrix in the x direction and
the y direction, and the cross hole 80 is disposed in a region in the shape of a cross formed betweenthe four rectangular
holes 81.

[0178] The size b1x in the x direction and the size b1y in the y direction of the rectangular holes 81 are the same,for
example, 27 mm. Regarding the cross rectangular portion gaps between the cross holes 30 and the rectangular holes
31, the gap c1x in the x direction and the gap c1y in the y direction are the same, for example, 2 mm. Furthermore,
regarding gaps(hereinafter, referred to as ’rectangular hole gaps’) c3x and c8y between four rectangular holes 31 in
the region enclosed bythe cross holes 30, the gap c3xin the x direction and the gap c3yin the y direction are the same,
for example, 4 mm.
[0179] Accordingly, the conductive pattern portion 22 has, as one unit element portion 101, an element portion having
a shape in which the above-described unit hole group is cut out from a square defined by two sides parallel to the x
direction and twosides parallel to the y direction The unit element portion 101 is symmetric about a center point P101
and is rotationally symmetric having the same shape each time the unit element portion 101 is rotated by 90° aboutthe
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center point P101. The unit element portion 101 is symmetric with respect to a straight line that passes through the
center point P101 and that is parallel to the x direction, and is symmetric with respect to a straight line that passes
through the center point P101 and thatis parallel to the y direction. The conductive pattern portions 22 have a shapein
which a plurality of unit element portions 101 are movedin parallel in the x direction and the y direction to be arranged
in a matrix. This shape is also a shape in which the unit element portions 101 and symmetrical unit element portions
that are symmetric to the unit element portions 101 with respect to the x direction and the y direction are alternately
arranged in a checkered pattern. A size f1x in the x direction and a size fly in the y direction, which also function as the
arrangementpitch of the unit element portions 101, are, for example, 70 mm. The cross holes 80 and the rectangular
holes 81 are polygonal, and all corners are sharp-pointed, that is, formed in the shape of angled edges.Also with this
sort of configuration, a similar effect can be obtained.
[0180] Fig. 35 is a front view showing anotherpattern layer 15 whose configuration is different in size from that of the
pattern layer 15 in Fig. 34, accordingtostill another embodimentofthe invention. In Fig. 34, for facilitating understanding,
the conductive pattern portions 22 are hatched with diagonal lines. Since the configuration, exceptfor size, is similar to
the configuration described with reference to Fig. 33, the corresponding constituent elements are denoted by the same
numerals, and only size, whichis a different aspect, will be described. Instead of the pattern layer 15 shownin Fig. 3,
this pattern layer 15 can be used for the sheet member 10. The widths aly and a1x. of the shape portions 84 and 85
are, for example, 6 mm, and the lengths a2x and a2y of the shape portions 84 and 85 are, for example, 132 mm. The
cross hole gaps c2x and czy are, for example, 8 mm. Furthermore, the sizes b1x and b1y of the rectangular holes 81
are, for example, 50 mm. The cross rectangular gaps c1x andc1y are, for example, 7mm. Furthermore, the rectangular
hole gaps c3x and cy are, for example, 20 mom. Furthermore, the sizes f1x and fly of the unit element portion 101
are, forexample, 140mm. Also inthe conductive pattern portions 22 shownin Fig. 35, the rectangular holes 81 correspond
to the samesize portions. Hereinafter, the same size portions may be denoted by the same numeral 81 asthat for the
rectangular holes.
[0181] Fig. 36 is a front view showing another pattern layer 15 that can be used asstill another embodiment of the
invention. In Fig. 36, for facilitating understanding, the conductive pattern portions 22 are hatched with diagonal lines.
The constituent elements corresponding to those in the pattern layer 15 shownin Fig. 34 are denoted by the same
numerals, and only different constituent elements in the configuration will be described. Instead of the pattern layer 15
shownin Fig. 3, this pattern layer 15 can be used for the sheet member10. In the pattern layer 15 shownin Fig. 36, the
conductive pattern portions 22 are different in shape from the conductive pattern portions 22 shownin Fig. 34. In the
conductive pattern portions 22 shownin Fig. 36, a plurality of holes 120 are formed.
[0182] Eachof the holes 120 is in the shape of a polygon in whichall interior angles are smaller than 180°, and may
be in the shape of a regular polygon. In this embodiment, each of the holes 120 is quadrangular, and specifically,
rectangular. The rectangular shapes include square shapes. More specifically, each of the holes 120 is in the shape of
a square defined by two sides parallel to the x direction and two sides parallel to the y direction, and the rectangular
holes 120 are arrangedin a predeterminedpattern that is not a matrix pattern.
[0183] More specifically, the conductive pattern portion 22 has a unit element portion 101 having a shape in which
four rectangles (rectangles obtained by cutting each the holes 120 into half along a straight line parallel to one side
thereof) are formed as portions cut out from a square defined by two sides parallel to the x direction and two sides
parallel to the y direction. The unit element portion 101 has a shapein which eachof the four cut-out portions is disposed
at each side portion of the unit element portion 101 so that the side of the cut-out portion matchesthe side of the unit
element portion 101 and opens outward. Furthermore, the center positions of the four cut-out portions are displaced
from the midpoints of the respective sides of the unit element portion 101 by the same displacement amountin one
peripheral direction about the center position P101 of the unit element portion 101. In the four cut-out portions, the size
of the side matching the side of the unit element portion 101 is the sameasthe size of one of two adjacent sides of the
hole 120, and the size of the side perpendicularto the side of the unit element portion 101 is 1/2 of the size of the other
side of the of two adjacent sides of the hole 120.
[0184] The unit element portion 101 is symmetric about a center point P101, and is rotationally symmetric having the
same shape each timethe unit element portion 101 is rotated by 90° about the center point P101. The conductive pattern
portions 22 have a shapein whicha plurality of unit element portions 101 and a plurality of symmetrical unit element
portions 101a that are symmetric to the unit element portions 101 with respect to the x direction and the y direction are
alternately arranged in a checkered pattern. The pattern layer 15 with the conductive pattern portions 22 having this
shape can be usedin a similar mannerinstead of the pattern layer 15 shown in Fig. 3, and the sheet member 10 can
be formed including this pattern layer 15 shownin Fig, 35. The size f1x in the x direction and the size f1y in the y direction
of the unit element portion 101 are, for example, 70 mm.
[0185] The pattern layer 15 shownin Fig. 36 will be described more specifically. Each of the holes 120 is in the shape
of a square. Eachof the cut-out portions formed in the unit element portion 101 is in the shape of a rectangle in which
the size of the longer side is the sameasthe size of one side of the hole 120, and the size of the shorter side is 1/2 of
the size of one side of the hole 120. Each of the cut-out portions is arranged so that the longer side matchesthe side
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of the unit element portion 101. When the unit element portions 101 in which the cut-out portions are formed and the
symmetrical unit element portions 101a that are symmetric thereto are arranged in a checkered pattern as described
above, the pattern layer 15 in which a plurality of square holes 120 are formed can be obtained. A size g1x in the x
direction anda size gly in the y direction of each of the holes 120 are the same, for example, 40 mm. In this embodiment,
the holes 120 correspond to the samesize portions. Hereinafter, the same size portions may be denoted by the same
numeral as that for the holes 120.

[0186] Fig. 37 is a front view showing another pattern layer 15 that can be used asstill another embodiment of the
invention, In Fig. 37, for facilitating understanding, the conductive pattern portions 22 are hatched with diagonal lines.
The constituent elements corresponding to those in the pattern layer 15 shownin Fig. 34 are denoted by the same
numerals, and only different constituent elements in the configuration will be described. Instead of the pattern layer 15
shownin Fig. 3, this pattern layer 15 can be used for the sheet member 10.In the pattern layer 15 shownin Fig. 37, the
conductive pattern portions 22 are different in shape from the conductive pattern portions 22 shownin Fig, 34.
[0187] In the conductive pattern portions 22 shownin Fig. 37, a plurality of holes 121 are formed. Each of the holes
121 has a shape in which two C-shaped portions 125, in which a plurality of line segment portions are bent at right angles
and connected to be substantially in the shape of Cs, are arranged so that the recessed sides oppose eachother, and
the center portions of the C-shaped portions are connected by a linear connecting portion 126. The holes 121 having
this shape are formedin an arrangementfollowing a predeterminedpattern in which one of the C-shaped portions 125
is fitted to the recessed portion on oneside with respect to the connecting portion 126 of another hole 121, and the C-
shaped portions 125 are intertwined. Each line segment portion of each of the C-shaped portions 125 and each of the
connecting portions 126 are parallel to the x direction or the y direction.
[0188] More specifically, the conductive pattern portion 22 has a unit element portion 101 having a shape in which
four hook-shaped portions are arranged in the peripheral direction and cut out in the shape of a spiral from a square
defined by twosides parallel to the x direction and two sides parallel to the y direction. Each hook portion has a shape
in whichfive line segmentportions are connected at four bent portions, and the size of the line segment portion becomes
smaller toward the innerside of the unit element portion 102. The line segment portian on the outermostside is disposed
along a side of the unit element portion 101, and opens outward in the unit element portion 101. The unit element portion
101 has a shape in whichaplurality of (five in this embodiment) line segment portions parallel to the x direction or the
y direction are connected so asto be bentat right angles, and formed in the shapeof a spiral extending outward in the
radial direction while being rotated toward one sidein the peripheral direction, so that a fylfot-shaped portion where the
intersecting portions are integrally connected at the center point P10 is formed.
[0189] The unit element portion 101 is symmetric about a center point P101, and is rotationally symmetric having the
same shape each timethe unit elernent portion 101 is rotated by 90° about the center point P101. The conductive pattern
portions 22 have a shape in whichaplurality of unit element portions 101 and a plurality of symmetrical unit element
portions 101a that are symmetric to the unit element portions 101 with respect to the x direction and the y direction are
alternately arranged in a checkered pattern. In this manner, the conductive pattern portions 22 have a shape in which
a plurality of spiral portions are mutually connected. The pattern 15 with the conductive pattern portions 22 having this
shape can be usedin a similar mannerinstead of the pattern layer 15 shown in Fig. 3, and the sheet member 10 can
be formedincluding this pattern layer 15 shownin Fig. 37. The size f1x in the x direction and thesizefly in the y direction
of the unit element portion 101 are, for example, 63 mm.
[0190] From another point of view, in the conductive pattern portions 22 shownin Fig. 37, the holes 121 are formed
so that a plurality of different size portions 127 extending in one direction are arranged in a direction intersecting the
one direction, for example, focusing on a region S1 enclosed by the virtual line. In the region S1, the different size
portions 127 extend in the x direction and are arrangedin the y direction. Inthe conductive pattern portions 22,a plurality
of regions having the same shape asthe region S1 are present, and a plurality of regions having the shape obtained by
rotating the region S1 by 90° are present.
[0191] In this manner, the conductive pattern portions 22 shown in Fig. 37 are continuously arranged conductive
elements that are continuously formedin an electrically connected manneracrossaface intersecting the electromagnetic
wave incident direction, and a plurality of holes 121 are formed therein. The holes 121 havethe different size portions
127 in whichthe sizes in two directions intersecting each otherat right angles in a state where the conductive pattern
portions 22 are arranged along a plane are different from each other. The different size portions 127 are arranged ina
direction of the smaller size of the sizes in the two directions. Herein, the two directions are the x direction and the y
direction. A width w127 of the different size portions 127, which is the smaller size of the sizes in the two directions of
the different size portions 127 is, for example, 4 mm, and a length of the different size portions 127, which is the larger
size of the sizes in the two directions of the different size portions 127, is twice or more than the width w127.
[0192] Fig. 38 is a front view showing another pattern layer 15 that can be used asstill another embodiment of the
invention. In Fig. 38, for facilitating understanding, the conductive pattern portions 22 are hatched with diagonal lines.
The constituent elements corresponding to those in the pattern layer 15 shownin Fig. 34 are denoted by the same
numerals, and only different constituent elements in the configuration will be described. Instead of the pattern layer 15
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shownin Fig. 3, this pattern layer 15 can be used for the sheet member 10.In the pattern layer 15 shownin Fig. 38, the
conductive pattern portions 22 are different in shape from the conductive pattern portions 22 shownin Fig. 34.
[0193] In the conductive pattern portions 22 shownin Fig. 38, a plurality of holes 130 are formed. Each of the holes
130 has the overall shape of "I" in which two linear end wall portions 131 that are spaced away from each cther and
extend in parallel are connected at the center portions by a linear connecting portion 132. The holes 130 having this
shape are formed in an arrangementfollowing a predetermined pattern in which one of the end wall portions 131 is fitted
to the recessed portion on one side with respect to the connecting portion 132 of another hole 130. Each of the end wall
portions 131 and each of the connecting portions 132 are parallel to the x direction or the y direction.
[0194] More specifically, the conductive pattern portion 22 has a unit element portion 101 having a shape in which
four L-shapedportions are arrangedin the peripheraldirection and cut out in the shapeof a spiral from a square defined
by twosides parallel to the x direction and two sides parallel to the y direction in a state where onestraightline portion
of each L-shaped portion is disposed along a side of the square and opens outward. The unit element portion 101 has
a shape in which a plurality of (two in this embodiment) line segments are connected so as to be bentat right angles,
to be in the shape of a spiral extending outward in the radial direction from a square base whose center matches the
center point P101 while being rotated toward one side in the peripheral direction.
[0195] The unit element portion 101 is symmetric about a center point P101, andis rotationally symmetric having the
same shape each timethe unit element portion 101 is rotated by 90° about the center point P101. The conductive pattern
portions 22 have a shape in whichaplurality of unit element portions 101 andaplurality of symmetrical unit element
portions 101a that are symmetric to the unit element portions 101 with respect to the x direction and the y direction are
alternately arranged in a checkered pattern. In this manner, the conductive pattern portions 22 have a shape in which
a plurality of spiral portions are mutually connected. The pattern layer 15 with the conductive pattern portions 22 having
this shape can be used in a similar manner instead of the pattern layer 15 shownin Fig. 3, and element receiving means
100 can be formed including this pattern layer 15 shownin Fig. 38. The size f1x in the x direction and the sizefly in the
y direction of the unit element portion 101 are, for example, 41 mm.
[0196] From another point of view, in the conductive pattern portions 22 shownin Fig. 38, the holes 130 are formed
so that a plurality of different size portions 137 extending in one direction are arranged in a direction intersecting the
one direction, for example, focusing on a region S2 enclosed by the virtual line. In the region S2, the different size
portions 137 extend in the x direction and are arrangedin the y direction. Inthe conductive pattern portions 22, a plurality
of regions having the same shape asthe region S2 are present, and a plurality of regions having the shape obtained by
rotating the region S2 by 90° are present.
[0197] In this manner, the conductive pattern portions 22 shown in Fig. 38 are continuously arranged conductive
elements that are continuously formedin an electrically connected manneracrossaface intersecting the electromagnetic
wave incident direction, and a plurality of holes 130 are formed therein. The holes 130 havethe different size portions
137 in which the sizesin two directions intersecting each otherat right angles in a state where the conductive pattern
portions 22 are arranged along a plane aredifferent from each other. The different size portions 137 are arranged ina
direction of the smaller size of the sizes in the two directions. Herein, the two directions are the x direction and the y
direction. A width w137 of the different size portions 137, which is the smaller size of the sizes in the two directions of
the different size portions 137 is, for example, 3 mm, and a length of the different size portions 137, which is the larger
size of the sizes in the two directions of the different size portions 137, is twice or more than the width w137.
[0198] Fig. 39 is a front view showing another pattern layer 15 that can be used asstill another embodiment of the
invention. In Fig. 39, for facilitating understanding, the conductive pattern portions 22 are hatched with diagonal lines.
The constituent elements corresponding to those in the pattern layer 15 shownin Fig. 34 are denoted by the same
numerals, and only different constituent elements in the configuration will be described. Instead of the pattern layer 15
shownin Fig. 3, this pattern layer 15 can be used for the sheet member10. In the pattern layer 15 shownin Fig. 39, the
conductive pattern portions 22 are different in shape from the conductive pattern portions 22 shownin Fig. 34.
[0199] In the conductive pattern portions 22 shownin Fig. 39, a plurality of holes 135 are formed. Each of the holes
135is in the shape of an elongated rectangle, and formed in an arrangementfollowing a predetermined pattern in which
the holes 135 are arrangedin a stripe pattern. Each of the holes 135 is parallel to the x direction or the y direction, more
specifically, the conductive pattern portion 22 has a unit element portion 101 having a shape in whicha plurality of holes
135 arranged in a stripe pattern are cut out from a square defined by two sidesparallel to the x direction and twosides
parallel to the y direction. In the unit element portion 101, four regions are obtained by dividing the unit element portion
101 along a straight line parallel to the x direction and a straight line parallel to the y direction that intersect each other
at right angles at the center point P101, a plurality of (six in this embodiment) holes 135 are arranged substantially at
equal spacingsin a stripe pattern parallel to the x direction in two regions arranged in one of the diagonaldirections,
and a plurality of (six in this embodiment) holes 135 are arranged substantially at equal spacings in a stripe pattern
parallel to the y direction in two regions arranged in the other diagonaldirection.
[0200] The unit element portion 101 is symmetric about a center point P101, and is rotationally symmetric having the
same shape each timethe unit element portion 101 is rotated by 90° about the center point P101. Tne conductive pattern
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portions 22 have a shapein which a plurality of unit element portions 101 are arranged in a matrix. This shapeis also
a shape in which the unit element portions 101 and symmetrical unit element portions that are symmetric to the unit
elementportions 101 with respect to the x direction and the y direction are alternately arranged in a checkeredpattern.
Furthermore, the shape of the conductive pattern portions 22 also may be a shapein which portions in whichsix holes
135 extending in the x direction are arrangedin the y direction in a square region defined by two sides parallel to the x
direction and twosides parallel to the y direction and portions in which six holes 135 extending in the y direction are
arranged in the x direction in a similar square region are alternately arranged in a checkered pattern. The pattern layer
15 with the conductive pattern portions 22 having this shape can be used in a similar manner instead of the pattern layer
15 shownin Fig. 4, and the element receiving means 100 can be formedincluding this pattern layer 15 shownin Fig.
14. The sizef1x inthe x direction and the size fly in the y direction of the unit element portion 101 are, forexample, 129mm.
[0201] From another point of view, in the conductive pattern portions 22 shownin Fig. 39, the holes 135 are formed
so that a plurality of different size portions extending in one direction are arranged in a direction intersecting the one
direction, for example, focusing on a region S3 enclosed bythevirtual line. In the configuration in Fig. 39, the holes 135
respectively correspond to the different size portions. In the region S3, the holes 135 functioning as the different size
portions extend in the x direction and are arrangedin the y direction. In the conductive pattern portions 22, a plurality of
regions having the same shapeasthe region S3 are present, and a plurality of regions having the shape obtained by
rotating the region S3 by 90° are present.
[0202] In this manner, the conductive pattern portions 22 shown in Fig. 39 are continuously arranged conductive
elements that are continuously formedin an electrically connected manneracrossaface intersecting the electromagnetic
wave incident direction, and a plurality of holes 135 are formedtherein. The holes 135 correspondto the different size
portions in which the sizes in two directions intersecting each otherat right angles in a state where the conductive pattern
portions 22 are arranged along a plane are different from each other. Hereinafter, the different size portions may be
denoted by the same numeral 135 as that for the holes 135. The holes 135 functioning as the different size portions are
arrangedin a direction of the smaller size of the sizes in the two directions. Herein, the two directions are the x direction
and the y direction. A width w135of the holes 135, whichis the smaller size of the sizes in the two directions of the holes
135, is, for example, 6 mm, andalength of the holes 135, whichis the larger size of the sizes in the two directions of
the holes 135, is twice or more than the width w135.
[0203] Fig. 40 is an enlarged front view showing a part of the pattern layer 15 according to another embodiment
constituting the sheet member 10 in the embodiment shownin Fig. 1. Fig. 41 is a front view of the pattern layer 15 in
which a part of Fig. 40 is enlarged. In Figs. 40 and 41, for facilitating understanding, the conductive pattern portions 22
are hatched with diagonal lines. This pattern layer 5 is a pattern layer used instead of the above-described pattern layer
15 shownin Fig. 1, and is similar to the above-described pattern layer 15 shownin Fig. 1. Thus, the corresponding
portions are denoted by the same numerals, and a description of the same portions may be omitted. The pattern layer
15 in Fig. 40 is different, inthe shape and the size of the conductive pattern portions 22, from the pattern layer 15 in Fig.
1. The conductive pattern portions 22 in Fig. 40 have a plurality of radial pattern portions 30 and a plurality of substantially
rectangular patterns 31.
[0204] Each of the radial pattern portion 30 is formed into a radial shape, andaplurality of radial pattern portions 30
are spaced away from each other. Each of the radial pattern portion 30 is formed substantially in the shape of a cross
radially extendingin the x direction and the y direction that intersect each otherat right angles in a virtual plane, and the
radial pattern portion are regularly arrangedin a matrix in the x direction and the y direction. Each of the radial pattern
portion 30 has a shapein which four corners 41 in the intersecting portion 36 of a cross (hereinafter, referred to as a
*base cross’) 40 indicated by the virtual line in Fig. 41 are formed into curves, more specifically, arcs. The base cross
40 has a shapein which a first rectangular portion 34 linearly extending in the x direction and a second rectangular
portion 35 linearly extending in the y direction intersect each otherat right angles at the intersecting portion 36 so that
the centers of the rectangular portions 34 and 35 are overlapped. The rectangular portions 34 and 35 are displaced from
each other by 90° about an axis perpendicular to the intersecting portion 36, and have the same shape.Four first
substantially right-angled triangles 42 are arranged on this base cross 40 so that the corners ofthe first substantially
right-angled triangles 42 are respectively accommodated in the four corners 41 of the intersecting portion 36. Thefirst
substantially right-angled triangles 42 are substantially in the shape of a right-angled isosceles triangle in which the
oblique side opposing the right-angled corner is curved in the shape of an arc recessed toward the right-angled corner.
Eachof the radial pattern portion 30is four-fold rotationally symmetric, is symmetric about the centers of the rectangular
portions 34 and 35, is symmetric with respect to two straight lines that pass through the centers of the rectangular
portions 34 and 35 and that are parallel to the longer sides of the rectangular portions, and is symmetric with respectto
twostraight lines obtained by displacing, by 45°, the twostraight lines that pass through the centers of the rectangular
portions 34 and 35 and that are parallel to the longer sides of the rectangular portions.
[0205] The substantially rectangular pattern 31 is disposed in a region enclosedby the radial pattern portions 30 so
as to be spaced away from the radial pattern portions 30 so that the substantially rectangular pattern 31 covers the
region enclosed by the radial pattern portions 30. The region enclosed by four radial pattern portions 31 in which two
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radial pattern portions 31 adjacent to each other in the x direction and tworadial pattern portions 31 adjacent to the two
radial pattern portions 31 on either one side in the y direction are combined is substantially square. One substantially
rectangular pattern 31 is disposed soasto befitted to this region. Each of the substantially rectangular patterns 31 is
formed into a shape similar to the shape of the region enclosed bythe four radial pattern portions 31.
[0206] Eachof the radial pattern portion 30 is substantially in the shape of a cross as described above, and each
region enclosed bythe radial pattern portion 30 is in the shape of a quadrangle with rounded cornersin which the corners
of the rectangle are formed in the shape of arcs. Examples of the rectangle on which this quadrangle with rounded
corners is basedinclude rectangles in which the longersidesare different in size from the shorter sides and squaresin
which the longer sides have the samesize asthat of the shorter sides. In this embodiment, each region enclosed by
the radial pattern portion 30 is in the shape of a quadrangle with rounded corners, which is substantially square, and
eachof the substantially rectangular patterns 31 is in the shape of a quadrangle with rounded corners, which is sub-
stantially square.
[0207] Eachof the substantially rectangular patterns 31 has a shapein which four corners 26 of the base square 25
are changedinto the shapeof arcs. Each of the substantially rectangular patterns 31 has a shapein which four second
substantially right-angled triangles 27 arranged so that the right-angled corners are accommodatedin the corners of the
base square 25 are removed from the base square 25. The second substantially right-angledtriangles 27 are substantially
in the shape of a right-angled isosceles triangle in which the oblique side opposing the right-angled corneris curved in
the shape of an arc recessed toward the right-angled corner. Each of the substantially rectangular patterns 31 is disposed
so that the center of the base square 25 matchesthe center of a square formed by connecting the centers of the base
crosses of four radial pattern portions 31 arranged around the base square 25, and eachside of the base square 25
extendsin either the x direction or the y direction. Each of the substantially rectangular patterns 12 is four-fold rotationally
symmetric, is symmetric about the center of the base square 25, is symmetric with respect to two diagonal lines of the
base square 25, and is symmetric with respect to two straight lines that pass through the center of the base square 25
and that are parallel to any side.
[0208] The pattern layer 15 in which the patterns 12 having the radial pattern portions 30 and the substantially rec-
tangular patterns 31 are formed has an arearatio in which, when the area of the entire region of the pattern layer 15 is
taken as 1, the area of the region in which the conductive pattern portions 22 are formed (hereinafter, referred to as a
*pattern area’) is 0.6 or more.
[0209] A width aty of the first rectangular portion 34 and a width a1x of the second rectangular portion 35 are the
same, for example, 0.05 mm or more and 10 mm or less. A length a2x of the first rectangular portion 34 and a length
a2y of the second rectangular portion 35 are the same, for example, 1 mm or more and 100 mm or less. The lengths of
twosidesof the first substantially rignt-angled triangle 42 having the right-angled corner interposed therebetween, that
is, the length a3x of the side extending in the x direction and the length a3y of the side extending in the y direction, of
the two sides, are the same, for example, 0.1 mm or more and 50 mm or less, and the radius of curvature R1 of the
oblique side of the first substantially right-angled triangles 42 is, for example, 1 mm or more and 100 mm or less. An
angle 93 formed by twostraight lines connecting the center point of the arc at the oblique side of the first substantially
right-angled triangle 42 and endsof the oblique side of the first substantially right-angled triangle 42 is 5° or more and
45° or less. A distance c2x between the first rectangular portions 34 of two radial pattern portions 30 adjacent to each
other in the x direction and a distance c2y between the second rectangular portions 35 of two radial pattern portions 30
adjacent to each other in the y direction are the same, for example, 0.1 mm or more and 100 mmorless.
[0210] Furthermore, the size b1x in the x direction and the size b1y in the y direction of the base square 25 are the
same, for example, 1 mm or more and 100 mm or less. The sizes b1x and b1y of the base square 25 are the size in the
x direction and the size in the y direction of the substantially rectangular pattern 31. The lengths of two sides of the
second substantially right-angled triangle 27 having the right-angled corner interposed therebetween, thatis, the length
b2x of the side extending in the x direction and the length b2y of the side extending in the y direction, of the two sides,
are the same, for example, 0.1 mm or more and 50 mm or less, and the radius of curvature R2 of the oblique side of
the second substantially right-angled triangle 27 is, 1 mm or more and 100 mm or less.
[0211] Furthermore, a width c1 of a gap (hereinafter, referred to as a 'radial-rectangular portion gap’) between the
radial pattern portion 30 and the substantially rectangular pattern 31 continuously changes from a minimum width c1min
to a maximum width clmax in a direction in which the gap extends. The minimum width c1min of the radial-rectangular
portion gapis the size from the radial pattern portion 30 at ends in the longer-side direction of the rectangular portions
34 and 35 to the substantially rectangular pattern 31, for example, 0.1 mm or more and 20 mm or less. The maximum
width clmax of the radial-rectangular portion gap is the size along a straight line equally dividing the right-angled corner
of the substantially right-angled triangles 42 and 27 into two, for example, 0.5 mm or more and 50 mm or less.
[0212] In this manner, the width c1 of the radial-rectangular portion gap continuously changesin a direction in which
the gap extends. A changeratio Ac1 of the width c1 of the radial-rectangular portion gap is, for example, 0.001 or more
and 10 or less. The changeratio Ac1 of the width c1 of the radial-rectangular portion gap is the amountof changein the
width c1 of the radial-rectangular portion gap per unit size along the edge side of the radial pattern portion 30. In this
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embodiment, the changeratio Ac1 is not constant, and becomes smaller from the position of the minimum width c1min
toward the position of the maximum width clmax.
[0213] Thechangeratio Aci is represented by Formula (1). The coefficient k in Formula (1) is represented by Formula
(2).

del = SLmasechin dN)2

ku(az ais ax}(ese- wy) PaRL ss (2)
(ie)

[0214] In acase wherethe frequency of electromagnetic wavesthat are to be absorbed by the sheet member10 is
in a UHF band, the widths a1x and aly of the rectangular portions 34 and 35 are, for example, 1 mm, the lengths a2x
and azy of the rectangular portions 34 and 35 are, for example, 20 mm, the lengths a3x and ay of the two sides of the
first substantially right-angled triangle 42 having the right-angled corner interposed therebetweenare,for example, 6.5
mm, and the radius of curvature R1 of the oblique side is 6.5 mm.In a case where the frequency of electromagnetic
wavesthat are to be absorbed by the sheet member10 is in a UHF band, the sizes b1x and b1y of the base square 25
are, for example, 25 mm, the lengths b2x and b2y of two sides of the secand substantially right-angled triangle 27 having
the right-angled corner interposed therebetweenare, for example, 10.5 mm, and the radius of curvature R2 of the oblique
side is, 10.5 mm. In acase wherethe frequency of electromagnetic wavesthat are to be absorbed by the sheet member
10 is in a UHF band, the minimum width cimin of the width c1 of the radial-rectangular portion gapis, for example, 0,5
mm, the maximum width clmax is, for example, 2mm, and the changeratio Ac1 is, for example, 0.15. In a case where
the frequency of electromagnetic waves that are to be absorbed by the sheet member10 is in a UHF band, the gaps
c2x and c2y between the radial pattern portions are, for example, 7 mm.
[0215] In acase wherethe frequency of electromagnetic wavesthat are to be absorbed by the sheet member10 is
in a 2.4 GHz band, the widths a1x and aty of the rectangular portions 34 and 35are, for example, 0.5 mm, the lengths
a2x and a2y of the rectangular portions 34 and 35 are, for example, 17.5 mm, the lengths a3x and a3y of the two sides
of the first substantially right-angled triangle 42 having the right-angled corner interposed therebetweenare,for example,
5 mm, and the radius of curvature R1 of the oblique side is 5 mm. In a case where the frequency of electromagnetic
wavesthat are to be absorbed by the sheet member10 is in a 2.4 GHz band, the sizes b1x and b1y of the base square
25 are, for example, 20.5 mm, the lengths b2x and b2yof two sides of the second substantially right-angled triangle 27
having the right-angled corner interposed therebetweenare,for example, 8 mm, the radius of curvature R2 of the oblique
side is, 8 mm. In a case where the frequencyof electromagnetic waves that are to be absorbed by the sheet member
10 is in a 2.4 GHz band, the minimum width cimin of the width c1 of the radial-rectangular portion gapis, for example,
0.5 mm, the maximum width c1maxis, for example, approximately 1.7 mm, and the changeratio Ac1 is, for example,
0.14. In a case where the frequency of electromagnetic waves that are to be absorbed by the sheet member10 is ina
2.4 GHz band, the gaps c2x and c2y between the radial pattern portions are, for example, 2.5 mm..
[0216] With the sheet member10 including the pattern layer 15 in which the conductive pattern portions 22 having
the radial pattern portions 30 and the substantially rectangular patterns 31 are formed, a similar effect can be obtained
as in the case of the sheet member10 including the pattern layer 15 in Fig. 3. Furthermore, in the pattern layer 15 in
Figs. 40 and 41, at least part of pattern portions in among the conductive pattern portions 22 has the outer shapeincluding
curvedportion. In this embodiment,all of the conductive pattern portions 22 have the outer shape including curved
portion. In this sort of conductive pattern portions 22, a resonancecurrentwhen receiving electromagnetic waves smoothly
flows at the curved portions.
[0217] Furthermore, as another embodiment of the invention, the layer configuration of the sheet member 10 also
may be a layer configuration other than that in Fig. 1.
[0218] Fig. 42 is a cross-sectional view showing a sheet member 10a accordingto still another embodiment of the
invention. As shownin Fig. 42, the sheet member 10a may havethe configuration in which the first storage layer 14,
the pattern layer 15, the second storagelayer 13, the reflection area forming layer 12, and the attachmentlayer 11 are
overlaid in this order from the electromagnetic wave incident side. The configuration of the first storage layer 14, the
pattern layer 15, the second storagelayer 13, the reflection area forming layer 12, and the attachmentlayer 11 is similar
to that described above. Also with this sort of configuration, a similar effect can be obtained. In the embodimentin Fig.
42, constituent elements corresponding to those in Fig. 1 are denoted by the same numerals. In this embodiment, the
first and the second storage layers 14 and 13 may be similar storage layers. The layers may be the samestorage layer,
or may be different storage layers. The storage layers are notlimited to the first and the second layers, and there is no
limitation on the numberoflayers overlaid. The storage layers maybedielectric layers, may be magnetic layers, or may
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be a combination thereof. As shownin Fig. 44 below, the storage layer also may be a single layer.
[0219] Fig. 43 is a cross-sectional view showing a sheet member 10b accordingto still another embodiment of the
invention. As shownin Fig. 43, the sheet member 10b may have the configuration in which a storage layeratthefirst
order (for example,a third storage layer 130), the pattern layer 15, a storage layer at the second order (for example, the
first storage layer 14), a storage layer at the third order (for example, the second storage layer 13), the reflection area
forming layer 12, and the attachmentlayer 11 are overlaid in this order. As in the caseof the first and the second storage
layers 14 and 13, the third storage layer 130 is a storage layer, and may be a dielectric member or may be a magnetic
member. The pattern layer 15, the first storage layer 14, the second storage layer 13, the reflection area forming layer
12, and the attachment layer 11 are similar to those in the foregoing embodiments. In the embodimentin Fig. 43,
constituent elements corresponding to those in Fig. 1 are denoted by the same numerals. In this embodiment,thefirst
and the second storage layers 14 and 13 and the third storage layer 130 may be similar storage layers. The layers may
be the samestorage layer, or may be different storage layers.
[0220] Fig. 44 is a cross-sectional view showing a sheet member 10c accordingto still another embodiment of the
invention. As shownin Fig. 44, the sheet member10c may have the configuration in which the pattern layer 15, a storage
layer 208, the reflection area forming layer 12 are overlaid in this order from the electromagnetic wave incident side.
The configuration of the pattern layer 15 and the reflection area forming layer 12 is similar to that described above.
Furthermore, as described above, the storage layer 208 is a layer made of a non-conductive dielectric layer and/or
magnetic layer. Also with this sort of configuration, a similar effect can be obtained. In the embodiment in Fig. 44,
constituent elements corresponding to those in Fig. 1 are denoted by the same numerals. In this embodiment, the storage
layer 208 is realized as the storage layers 14 and 13 or the like described above.
[0221] Furthermore, in the configuration of the foregoing embodiments, each of the storage layers 14, 13, 20, and
208 may be multiple layers. In the configuration of the embodiments, the layers 12 to 16, 20, and 208 maybe overlaid
via an adhesive layer and a support member (PETfilm,etc.). In this sort of configuration, either one of a dielectric material
and a magnetic material may be mixed to an adhesive layer disposed between thelayers, in order to obtain a storage
effect. In particular, a region in the vicinity of the reflection area forming layer 12 has an intensive magnetic field, and
thusit is effective to dispose a layer made of a magnetic material or a layer to which a magnetic material is mixed.
[0222] As another embodimentof the invention, the sheet member maynot include the reflection area forming layer
12 in the foregoing embodiments,and this sort of sheet membernotincluding the reflection area forming layer 12 may
be disposed on a face of the communication jamming member57 having electromagnetic wave blocking properties at
a surface portion of the second storage layer 13 or the storage layer 208 on the side (the lowerside in Figs. 1, 42, 43,
and 44) that is opposite to the electromagnetic waveincident side (the upper side in Figs. 1, 42, 43, and 44). The
configuration of the communication jamming member 57 may besimilarto thatof, for example, the reflection area forming
layer 12, and may be realized as, for example, a metal plate or the like. In this case, an effect similar to that in a case
wherethe reflection area forming layer 12 is disposed is obtained.
[0223] Although the invention was described mainly in the application as a wireless tag. However, the invention can
be addedto or integrally formed with an antenna member, and aneffect of improving communication can be obtained
by eliminating the influence of a communication jamming memberto the extent possible, regardless of the application
as a tag, a reader, a reader/writer, as long as the apparatusis a data carrier apparatus that is used for wireless com-
munication.

[0224] Hereinafter, the configuration of examples and comparative examples and results obtained by evaluating the
performance will be described. Although specific examples of the invention are described, the invention is notlimited to
this.

[0225] Table 1 lists the configuration and evaluation results of Examples 1 to 6 and Comparative Examples 1 and 2.
Table 1 shows presence or absence of the sheet member, the pattern shape, the thickness of the sheet member, and
whether or not communication is possible (communicable or not).

Table 1 

Presence or absence of sheet
member

Present 3.0 Able

Present 3.0 Able

Pattern shape|Sheetthickness(mm)|Communicable or not
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(continued)
Presence or absence of sheet

Pattern shape|Sheetthickness(mm)|Communicable or not

Ex. 6 Present Able 

Com.Ex. 1 Absent Disable 

Com.Ex. 2 Absent . Disable
  

Able: Communication distance 5 cm or longer
Disable: Communication distance 5 cm or shorter 

[0226] Table 2 lists the configuration of the first,and the second storage layers 13 and 14 in Examples 1 to 6. The first
storage layer 13 is set to a storage layer, and the second storage layer 14 is set to a dielectric layer. Table 2 shows the
thickness of the first and the second storage layers 13 and 14, the real numberpart e’ and the imaginary numberpart
e" of the complexrelative dielectric constant, and the real numberpart p’ and the imaginary numberpart 2" of the complex
relative magnetic permeability.

Table 2

shape)

First storage layer 0.5 mm 13.6|1.3

Second storage layer 23mm 35|0.0

. 1.3 0.5First storage layer 0.5 mm 15.6

 

 

Second storage layer 2.0 mm

First storage layer

Second storage layer 

First storage layer 

Second storage layer

Second storage layer

  
Second storage layer

 
 

[0227] Asa performance evaluation, a communication test between a reader writer 111 and a tag was performed.
Figs. 45 and 46 are schematic views showing the manner of the communication test. In examples, the tag 50 having
the sheet member 10 was attached to a surface on one side in the thicknessdirection of a metal plate 110 that was a
plate madeof stainless steel. In comparative examples, the tag main body 54 was directly attached to a surface on one
side in the thickness direction of the same metal plate 110. One surface of the metal plate 110 was selected to be
sufficiently larger than a surface on onesidein the thickness direction of the tag 50 and the tag main body 54, and to
be a square in which one side was 150 mm. The tag 50 or the tag main body 54 was attached to the center portion on
one surface of the metal plate 110. In the communication test, in a case where communication was possible, ’Able’ was
shownin the field indicating whether or not communication is possible in Table 1, and in a case where communication
was impossible, ‘Disable’ was shownin the field indicating whether or not communication is possible in Table 1.
[0228] Wireless communication was performed using the reader writer 111 facing the tag main body 54, and a test
was performed to check whether or not communicatian waspossible. A distance L between the readerwriter 111 and
the tag main body 54 wasset to the minimum distance (minimum distance required) L that is required for wireless
communication betweenthe tag main bedy 54 and the readerwriter 111 in actual use. The frequency of electromagnetic
waves used for wireless communicationis in a 2.4 GHz band. Furthermore,air is interposed between the reader writer
111 and the tag main body 54.
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(Example 1)

[0229] As the pattern layer 15 and the reflection area forming layer 12, aluminum-evaporated polyethylene tereph-
thalate (polyethylene telephthalate: abbreviated to PET) having a thickness of 100 4m was used. The layer thickness
of the aluminum layer in the pattern layer 15 and the reflection area forming layer 12 is 100 ym. The pattern layer 15
was produced by evaporating aluminum on PETto form an aluminum layer, and etching this aluminum layer to form a
pattern shape shownin Fig. 19. Thefirst storage layer 14 was produced using a method in which 100 parts by weight
of SBS (styrene/butadiene/styrene copolymer) resin, 35 parts by weight of carbon black as a dielectric material, 205
parts by weightofferrite as a magnetic material, and a dispersant (no magnetic member was used) were mixed, kneaded,
and formedinto a sheet having a thickness of 1 mm by extrusion molding. The secondstorage layer 13 was produced
as a sheet having a thickness of 1.75 mm in which red phosphorus and magnesium hydroxide were kneaded with SBS
for providing flame resistance. The attachment layer 11 hadathickness of 0.15mm, and was madeof an acrylic copolymer
resin. The pattern layer 15, the first storage layer 14, the second storagelayer 13, and the reflection area forming layer
12 were overlaid via an adhesivein this order, and the attachment layer 11 was overlaid on the reflection area forming
layer 12. The layers where cut into 20 mm x 80 mm pieces, and thus sheet member 10 in the shapeof a rectangular
solid having a total thickness of 3 mm was produced. When the x direction of the conductive pattern portions 22 of the
pattern layer 15 is set to the longer-side direction, and the y direction is set to the shorter-side direction, the rectangular
pattern shapes 31a are arrangedin the longer-side direction so that each of the centroids matchesthe center in shorter-
side direction, and part of the radial pattern shapes 40a is arranged around the rectangular pattern shapes 31a. The
produced sheet member10 and the tag main body 54 were attached together to produce the tag 50.
[0230] Regarding the conductive pattern portions 22 of the pattern layer 15, alx=aly = 2.5mm, a2x = a2y = 16 mm,
c1x=cly = 1.0 mm, cex = c2y = 1.0 mm, b1x = b1y = 12.5 mm, and c1x =cly = 1.0mm.

(Example 2)

[0231] As the pattern layer 15 and the reflection area forming layer 12, aluminum-evaporated polyethylene tereph-
thalate (PET) having a thickness of 100 zm was used. The layer thickness of the aluminum layer in the pattern layer 15
and the reflection area forming layer 12 is 0.05 xm. The pattern layer 15 was produced by evaporating aluminum on
PET to form an aluminum layer, and etching this aluminum layer to form a pattern shape shownin Fig. 28. Thefirst
storage layer 14 was produced using a methedin which 100 parts by weight of PVG (KANEKA CORPORATION, KS1700)
resin, 80 parts by weight of DOP [dioctyl phthalate (phthalic acid di-2-ethylhexyl) 1,2-benzenedicarboxylic acid bis(2-
ethylhexyl)ester], 43 parts by weight of graphite as a dielectric material, 125 parts by weight of ferrite as a magnetic
material, and calcium carbonate were mixed, kneaded, and formedinto a sheet havingathicknessof 0.3 mm by extrusion
molding. The second storage layer 13 was produced as a sheet having a thickness,of 1.8 mm in which red phosphorus
and magnesium hydroxide were kneaded with SBSfor providing flame resistance. The attachment layer 11 had a
thickness of 0.15 mm, and was madeof an acrylic copolymer resin. The pattern layer 15, thefirst storage layer 14, the
second storage layer 13, and the reflection area forming layer 12 were overlaid via an adhesivein this order, and the
attachment layer 11 was overlaid on the reflection area forming layer 12. The layers were cut into 20 mm x 80 mm
pieces, and thus sheet member 10 in the shape of a rectangularsolid having a total thickness of 2.1 mm was produced.
[0232] Regarding the conductive pattern portions 22 of the pattern layer 15, b1x = bly = 21.0 mm, R2a = 7.0 mm,
R2b = 4.0 mm, and d1x = d1y = 1.5 mm. When thex direction of the conductive pattern portions 22 of the pattern layer
15 is set to the longer-side direction, and the y direction is set to the shorter-side direction, the rectangular pattern shapes
31a are arranged in the longer-side direction so that each of the centroids matches the center in shorter-side direction.

(Example 3)

[0233] The pattern layer 15 was formed into a pattern shape shownin Fig. 22, and other proceduresin the method
were the same as those in Example 1.
[0234] Regarding the conductive pattern portions 22 of the pattern layer 15, b1x = bly = 21.0 mm, and d1x = dily=
1.5 mm. When the x direction of the conductive pattern portions 22 of the pattern layer 15 is set to the longer-side
direction, and the y direction is set to the shorter-side direction, the rectangular pattern shapes 31a are arranged in the
longer-side direction so that each of the centroids matches the center in shorter-side direction.

(Example 4)

[0235] The pattern layer 15 was formedinto a pattern shape shownin Fig. 3, and other procedures in the method
were the same as those in Example 1.
[0236] Regarding the conductive pattern portions 22 of the pattern layer 15, a1x = aly = 1.0 mm,a2x = a2y = 17.5
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mm, a3x = a8y = 7.6 mm, c1x=cly = 1.5 mm, c2x = c2y = 7.0 mm, b1x = bly = 20.5 mm, c1x=cly = 1.5mm, Ril =
7.6mm, and R2 = 7.0 mm. When the x direction of the conductive pattern portions 22 of the pattern layer 15 is set to
the longer-side direction, and the y direction is set to the shorter-side direction, the rectangular pattern shapes 31a are
arranged in the longer-side direction so that each of the centroids matches the centerin shorter-side direction, and part
of the radial pattern shapes 40a is arranged aroundthe rectangular pattern shapes 31a.

(Example 5)

[0237] Asthe pattern layer 15 and the reflection area forming layer 12, aluminum-evaporated polyethylene tereph-
thalate (PET) having a thickness of 100 i1£m was used.The layer thickness of the aluminum layer in the pattern layer 15
and the reflection area forming layer 12 is 0.05 zm. The pattern layer 15 was produced by evaporating aluminum on
PETto form an aluminum layer, and etching this aluminum layer to form a pattern shape shownin Fig. 3. Thefirst storage
layer 14 was produced using a method in which 100 parts by weight of SBS resin, 55 parts by weight of graphite as a
dielectric material, 213 parts by weight of ferrite as a magnetic material, and a dispersant were mixed, kneaded, and
formed into a sheet having a thickness of 0.5 mm by extrusion molding. The second storage layer 13 was produced as
a sheet having a thickness of 2.0 mm in which red phosphorus and magnesium hydroxide were kneaded with SBSfor
providing flame resistance. The attachment layer 11 had a thickness of 0.15 mm, and was madeof an acrylic copolymer
resin. The pattern layer 15, the first storage layer 14, the second storage layer 13, and the reflection area forming layer
12 were overlaid via an adhesivein this order, and the attachment layer 11 was overlaid on the reflection area forming
layer 12. The layers were cut into 20 mm =< 80 mm pieces, and thus sheet member10 in the shape of a rectangular
solid having a total thickness of 2.7 mm was produced.
[0238] The size of the conductive pattern portions 22 of the pattern layer 15 is similar to that in Example 4.

(Example 6)

[0239] As the pattern layer 15 and the reflection area forming layer 12, aluminum-evaporated polyethylene tereph-
thalate (PET) having a thickness of 100 zm was used.The layer thickness of the aluminum layer in the pattern layer 15
and the reflection area forming layer 12 is 0.05 xm. The pattern layer 15 was produced by evaporating aluminum on
PETto form an aluminum layer, and etching this aluminum layer to form a pattern shape shownin Fig. 3. Thefirst storage
layer 14 was produced using a method in which 100 parts by weight of PVC resin, 80 parts by weight of DOP,48 parts
by weight of graphite as a dielectric material, 130 parts by weightofferrite as a magnetic material, and calcium carbonate
as a filler were mixed, kneaded, and formedinto a sheet having a thickness of 0.4 mm by extrusion molding. The second
storage layer 13 was produced as a sheet having a thickness of 1.7 mm in which red phosphorus and magnesium
hydroxide were kneaded with SBSfor providing flame resistance, The attachmentlayer 11 had a thickness of 0.15 mm,
and was madeof an acrylic copolymerresin. The pattern layer 15, the first storage layer 14, the second storage layer
13, and the reflection area forming layer 12 were overlaid via an adhesivein this order, and the attachment layer 11 was
overlaid on the reflection area forming layer 12, The layers were cut into 20mm x 80 mm pieces, and thus sheet member
10 in the shapeof a rectangular solid having a total thickness of 2.1 mm was produced.
[0240] Thesize of the conductive pattern portions 22 of the pattern layer 15 is similar to that in Example 4.

(Comparative Example 1)

[0241] Acommunication test was performed in a state where the tag main body 54 as in Examples 1 to 6 was directly
attached to the metal plate 110.
[0242] Asseen from the test result shown in Table 1, communication wasnot possible between the tag main body 54
and the reader writer 111 in the comparative examples, but communication between the tag 50 and the reader writer
111 was possible in all of Examples 1 to 7. In Examples 1 to 7, it was possible to suitably perform wireless communication
evenin the vicinity of the metal plate 110 that is the communication jamming member57, and to suppress a decrease
in the communication distance whenthe tag wasattached to the metalplate 110.

(Comparative Example 2)

[0243] Acommunication test was performed in a state where a magnetic sheet madeof rubber ferrite (2 mm thickness)
cut into a 20 mm X 80 mm piece wasinterposed between the tag main body 54 and the metal plate 110. The effect of
improving communication was low, and wasclearly inferior to that of the sheet member 10 of the invention.
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(Example 7)

[0244] The pattern shape is substantially the same as that shownin Figs. 40 and 41, the radial pattern portions 30
and the substantially rectangular patterns 31 have different curvatures, and the gap c1 betweenthe twopattern portions
30 and 31 is continuously changed. The size of the conductive pattern portions 22 was set so that alx = aly = 1.0mm,
a2x = a2y = 20.0 mm, b1x = bly = 25 mm,c2x = c2y = 7.0 mm, andci1 = 0.5 mm or more and 2.5 mm orless. In the
substantially triangular portion 22 in the radial pattern portion 30, the radius of curvature R1 was set to 6.5 mm. In the
substantially rectangular patterns 31, the radius of curvature R2 of the corners was set to 10.5 mm. The gap c1 between
the radial pattern portion 30 andthe substantially rectangular pattern 31 is continuously changed so that the gap becomes
larger at the middle portion than the end portions in a direction in which the gap between the pattern portions 30 and 31
extends.

[0245] Asthefirst storage layer 14, a plasticizer, a dispersant, calcium carbonate, and the like were added to 100
(phr) of chlorinated polyethylene (Showa Denko K.K., ELASLEN301NA) and 800 (phr) of carbonyliron (EW-1 manufac-
tured by BASF). As the second storage layer 13, a plasticizer, adispersant, and the like were added to 100 (phr) of
chlorinated polyethylene thatisthe same as that usedin the first storage layer 14 and 16 (phr) of graphite. The configuration
wasapplied in which the pattern layer 15 (aluminum-evaporated PETfilm), the first storage layer 14 (2.1 mm), the second
storage layer 13 (2.5 mm), and the reflection area forming layer (aluminum-evaporated PET film) were overlaid. The
material constants in a 950 MHz bandweresetso that, in the first storage layer 14, e’ = 19.0, e" = 0.90 (tande = 0.047),
p’ = 5.33, and p." = 1.43 (tandp = 0.268), and in the second storage layer13, e’ = 7.9, e" = 0,13 (tande = 0.017), w’ = 1,
and wz" = 0, in order to suppress the loss. As the sheet member 10, a sheet for a UHF band having a thickness of
approximately 4.6 mm was used.
[0246] Fig. 47 is a graph showing a calculation result obtained with a simulation of the reflection loss of the sheet
member 10 in Example 7. In Fig. 47, the horizontal axis represents the frequency, and the vertical axis represents the
reflection loss. The reflection loss amountin the invention is calculated using a computersimulation as described above.
The pattern structure of this example was set so that, as described above, the radius of curvature of the corners was
changed betweenthe adjacent conductive pattern portions 22 and the gap between the conductive pattern portions 22
was continuously changed, and thus the resonance (frequency and Q) was adjusted.
[0247] The sheet member 10 of Example 7 was cut into a piece having a size that was slightly larger than the tag
main body 54 so that the tag main body 54 wasdisposed onthe radial pattern portion 30, a middle-range tag for an UHF
band (ALIEN2004, 89 mm 19mm) manufactured by ALIEN wasoverlaid on the sheet member10, and a reading test
was performed using a reader (ALR-7610-75L,linear polarization) manufactured by ALIEN. In a case wherethe middle-
range tag was evaluatedin a free space, the communication distance was 2800 mm. Table 3 showsthe results (results
obtained by measuring the communication distance) of the reading test. Table 3 also shows results obtained as Com-
parative Examples 3 and 4 by performing a similar reading test in which foamed polystyrene, which is a foam, was used
instead of the sheet member 10. Table 3 showsthe thickness of the sheet member10 (sheet thickness), the commu-
nication distance, and the ratio of communication distance with respect to a free space.In this reading test, an aluminum
plate was used as a communication jamming member, and the sheet member 10 or afoam wasattachedto the aluminum
plate. Accordingly, the sheet thickness is the same as the distance (gap size) from the aluminum plate to the tag main
body 54.

Table 3

Foamedpolystyrene
Configuration
 

Sheetthickness (gap size) (mm) 

Communication distance (mm)    
Ratio of communication distance with respect to free space (%)

[0248] In acase where Comparative the sheet member 10 having a thickness of approximately 5 mm of Example 7
was used, the communication distance was 2130 mm, that is, the communication distance that was approximately 76%
of that in the case of a free space was obtained. In a case where a reading test was performed using a foam for
comparison, the communication distance was 21% of that in the case of a free space. Thus, it was clear that the sheet
member10 of the invention has a significant effect of improving communication distance.
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(Example 8)

[0249] Fig. 48 is across-sectional view showing the sheet member10 of Example 8. Fig. 49 is a plan view showing
the tag main body 54 thatis attached to the sheet member10 of Example 8. Fig. 50 is a plan view showing the pattern
layer 15 constituting the sheet member 10 of Example 8. Fig. 48 showsa state in which the tag main body 54 is attached.
The sheet member10 of Example 8 has a configuration in which the reflection area forming layer 12, the second storage
layer 13, the first storage layer 14, the film layer/adhesive layer 207, and the pattern layer 15 are overlaid in this order.
The pattern layer 15 includes the conductive pattern portions 22 and the spacer(base) 21. The reflection area forming
layer 12 and the pattern layer 15 are made of an aluminum-evaporated PETfilm. The pattern layer 15 is disposed so
that the conductive pattern portions 22 opposethefilm layer/adhesive layer 207. It should be noted thatthe film layer/
adhesive layer, the spacer (base), and the like are also the storage layers in the invention.
[0250] In this example, the conductive pattern portions 22 had the pattern shape shownin Fig. 25, and were cutinto
a piece having a size in which four rectangular pattern shapes 31a in the shape of a square with a side length W1 = 45
mm were arranged with a gap W2 = 1 mm interposed therebetween. With the configuration shownin Figs. 48 to 50, an
effect of improving metal-compatible communication was calculated for the tag main body 54 attached to the sheet
member 10. The thickness including the experimentally produced tag main body 54 and the sheet member 10 was
approximately 3 mm,that is, the thickness was made smaller. The experimentally produced tag main body 54 is sub-
stantially in the shape of a rectangle (length 147 mm, width 10 mm) as shownin Fig. 49, and is a UHF bandtag in which
the impedanceof the tag chip functioning as the IC 52 is set to 30-j250 (Q) in a 950 MHz band. The tag main body 54
is disposed to be overlaid at the center portion of the conductive pattern portions 22 including four rectangular pattern
shapes 31a so that the longer-side direction matchesthe direction in which the four rectangular pattern shapes 31a are
arranged.
[0251] Table 4 shows the material constants of materials constituting the sheet member 10 of Example 8. Table 4
showsthe layer thickness, the real numberpart e’ of the complexrelative dielectric constant, the dielectric loss tané(e),
the real numberpart p’ of the complex relative magnetic permeability, the magnetic loss tané (2), and the electrical
conductivity o of the spacer (base) 21, the film layer/adhesive layer 207, the first storage layer 14, and the second
storage layer 13.

 

 

 
 

Table 4

Layer name Thickness (mm) @ tané (e) ve tand (p)|Electrical conductivity o

Spacer (base) 1 3 0.01 1 0 0

Film layer/ Adhesive layerfFoo[|o|
First storage layer 0.5 16.1 0.049 4.55 0.24 0.039

Second storage layer 1.5 3 0.01 1 0 0
 
 

[0252] Table 5 shows results obtained by evaluating the antennaproperties of the tag main body 54 in a case where
the sheet member 10 of Example 8 was used. Table 5 shows the measured reflection coefficient S11, the real part of
the real numberpart Z11 of impedance, the imaginary part of the imaginary numberpart 211 of impedance, and the
absolute gain in electromagnetic waves in a 950 MHz band, and relative comparison with a case in which the tag main
body 54 was used in a free space.As the relative comparison with a case in which the tag main body 54 was used ina
free space, the electricity supply to the antenna element 51, the radiation from the antenna element 51, the total, and
the presumed communication distance are shown. In Table 5, electricity supply’ represents the degree of matching from
a chip to an antenna element.It is indicated that, as the value is larger, matching is established more suitably. The
comparisonis shown taking a free space as 1. Furthermore, ’radiation’ represents the radiated powerin a case where
electric powerof the samesize is supplied from the chip to the antenna element after establishing matching. Also, the
comparisonis shown takingafree space as 1. Furthermore, ‘total’ represents the radiated powerin a case whereelectric
power of the same size is supplied from the chip te the antenna element without establishing matching. Also, the
comparison is shown taking afree space as 1. The comparison of’total’ represents comparison of the antenna properties.
Table 5 also shows, as a comparative example, the antenna properties in a case where the tag main body 54 is disposed
so as to be spaced away from the communication jamming member 57 by 3.15 mm.
[0253] Formula (3) represents a basic presumption formula for the presumed communication distance.
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Communication distance [m] =
 
 

Papower EIRP |W] x Tag antennagain[Antilog]x Folarizaton loss(Antilog}I en : arizatonloss[Antilog.
(day" x Tag minimuomreguixedpower [W]

x Wavelength [m}--- {3}

[0254] The distance was presumed based onthe conditions that the transmission powerof the tag is constant, the
polarization loss is not taken into consideration, and the distance is proportional to the square root (v) of the antenna
gain (antilogarithm) of the tag. Furthermore, the antenna gain was taken to be similar to the actual gain (gain including
matching loss and material loss).

Table 5

950 MHz Comparison with free space

 

imaginary|Absolute Electrici Presumed$11 (dB) part of gain ty Radiation communication
Z14 (dBi) supply distance

 
24.309 236.863

0.0750078 32.016 -219.603

Ex. 8 -11.0416 19.2147 258.976 -3.532 0.986 0.262 0.258 0.508

   
 

[0255] Asaresult, as shownin Table 5, the presumed communication distance in a case where the sheet member
10 of the example is used is 51%of that in the case of a free space, and the distance in the comparative example in
which a space corresponding to a thickness (3.15 mm) is provided from the communication jamming member57 is
approximately 23%of that in the case of a free space, that is, the sheet member 10 of the example exhibited the
communication distance thatis twice or more than,that in the comparative example. Thus, the possibility has been found
that the sheet member 10 of the example can be used as a metal-compatible thin antenna member for a UHF band.
[0256] Table6 showstheradiation efficiency of the experimentally produced tag main body 54. Here, radiation efficiency
1 = 10(gain - dixectional gainy/10, Directional gain is a gain not including metal lossor the like. Gain (usually, simple indication
*gain’ refers to this gain) can be regarded as ’so-called true gain’ including loss. When the radiation resistance of the
antennais taken as Rrad, and the loss resistance is taken as Rloss, radiation efficiency n = Rrad/ (Rrad + Rloss). Rrad
correspondsto the resistance of the input impedance of a no-loss antenna. In the tag main body 54 used in Example
8, the directional gain was 7.44 dBi, the gain (absolute gain) was -3.53 dBi, and the radiation efficiency was approximately
8%.

Table 6 

Directional gain (dBi)|Absolute gain (dBi)|Radiation efficiency

 
[0257] The invention may be embodied in other specific forms without departing from the spirit or essential charac-
teristics thereof. The present embodiments are therefore to be consideredin all respects asillustrative and notrestrictive,
the scope of the invention being indicated by the appended claims rather than by the foregoing description andall
changes which comewithin the meaning and the range of equivalency of the claims are therefore intended to be embraced
therein.

Industrial Applicability

[0258] According to the invention, the sheet memberfor improving communication is disposed between the antenna
element and the communication jamming member, and the pattern layer is disposedin the vicinity of the antenna element
in an electrically insulated state. Thus, electromagnetic coupling is formed between the conductive pattern portion and
the antenna element, electromagnetic energyis transferred from the conductive pattern portion to the antenna element,
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and electromagnetic energy at the resonancefrequencyis supplied from the conductive pattern portion to the antenna
element. Accordingly, wireless communication can be suitably performed even in the vicinity of acommunication jamming
member, and sufficient communication distance can be secured.
[0259] Furthermore, according to the invention, when the antennaelementis disposedin the vicinity of acommunication
jamming member,the storage layer that collects energy of electromagnetic waves used for wireless communication is
disposed between the antenna element and the communication jamming member. Thus, conduction can be prevented,
and reactance (L) compecnents and capacitance (C) components can be increased. Furthermore,dueto the real number
part e’ of the complex relative dielectric constant and/or the real number part wp’ of the complex relative magnetic per-
meability, the propagation path of electromagnetic waves that have entered the sheet membercan be bent. Moreover,
due to a wavelength shortening effect, the sheet member can be made smaller.
[0260] Furthermore, according to the invention, the reflection area forming layer forms a reflection area. Thus, even
in a small and thin sheet member, the phase of reflected waves from the reflection area can be adjusted, and thus an
area having high electric field intensity due to interference betweenreflected waves from the reflection area and arriving
electromagnetic waves can be set on the surface of the sheet member and/or in the vicinity of the antenna element.
Furthermore, when the antenna elementis disposedin the vicinity of a communication jamming member, a decrease
in the input impedance of the antenna element caused by the communication jamming member can be suppressed,
and thus wireless communication can be suitably performed even in the vicinity of a communication jamming member.
[0261] Furthermore, in a case wherethe reflection area forming layer is disposed, communication conditions of the
antenna elementcan be prevented from being changed according tothe material (material quality) of each communication
jamming member, and thus the communication conditions using the antenna element can bestabilized in any environ-
ment.

[0262] Furthermore, according to the invention, with the pattern layer, electromagnetic waves corresponding to the
size of each of the conductive pattern portions can be received to cause resonance. Depending on how the size of the
conductive pattern portions is determined, electric powerobtained by the antenna elementfrom electromagnetic waves
used for wireless communication can be increased.

[0263] Furthermore, according to the invention,a plurality of types of conductive pattern portions in which at least one
of size and shapeis different therebetweenhaverespectively different resonance frequencies, and thusthe pattern layer
can receive electromagnetic waves at a plurality frequencies. Furthermore, the electric power obtained by the antenna
element from electromagnetic waves used for wireless communication can be reliably increased.
[0264] Furthermore, according to the invention, the pattern layer in which the conductive pattern portion continuously
disposed in a wide range is formed can increase the gain over frequencies in a wide band. Thus, the sheet member
provided therewith can receive electromagnetic wavesat frequencies in a wide band ora plurality of frequency bands.
Furthermore, the electric power obtained by the antenna element from electromagnetic waves used for wireless com-
munication can be reliably increased.
[0265] Furthermore, according to the invention, the conductive pattern portion that receives electromagnetic waves
has a substantially polygonal outer shapethat is basically in the shape of a polygon, and at least one corner is curved.
Thus, an excellent sheet memberfor improving communication can be realized in which a peak value of the gain is high,
and shift of the frequency at which the gain has a peak value accordingto the direction in which electromagnetic waves
are polarized is small.
[0266] Furthermore, according to the invention, since the conductive pattern portions having different radiuses of
curvature of the corners are formed, the frequency bandof electromagnetic waves that are to be received (hereinafter,
maybereferred to as a ‘reception band’) can be changed without lowering a peak value of the gain, compared with a
case in which only conductive pattern portions having the sameradius of curvature of the corners are formed.
[0267] Furthermore, according to the invention, the gain can be increased compared with a case in which the gap
between two adjacent conductive pattern portions is constant.
[0268] Furthermore, according to the invention, wireless communication can be suitably performed using electromag-
netic waves having a frequency of 300 MHz or higher and 300 GHzorlower.
[0269] Furthermore, according to the invention, the thickness of the sheet memberfor enabling wireless communication
to be suitably performed using electromagnetic wavesat a frequency in the range of 300 MHz or higher and 300 GHz
or lower can be made as small as possible, and thus the sheet member can be madethinner.
[0270] Furthermore, accordingto the invention, the thicknessof thesheet memberfor enabling wireless communication
to be suitably performed using electromagnetic waves at a frequency included in a high MHz band can be made as
small as possible, and thus the sheet member can be madethinner.
[0271] Furthermore, accordingto the invention, the thickness of the sheet memberfor enabling wireless communication
to be suitably performed using electromagnetic waves at a frequency included in a 2.4 GHz band can be madeas small
as possible, and thus the sheet member can be made thinner.
[0272] Furthermore, according to the invention, the storage layer is made of a material in which one ora plurality of
materials selected from the group consisting of ferrite, iron alloy, and iron particles are contained as the magnetic material
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in an amount blended of 1 part by weight or more and 1500 parts by weightor less, with respect to 100 parts by weight
of an organic polymer. Thus, a sheet memberachieving the above-described effect can be suitably realized.
[0273] Furthermore, according to the invention, the sheet membercan be flame-resistant. Thus, the sheet member
can be suitably used also for the application where flame resistance is required.
[0274] Furthermore, according to the invention, at least one surface portion is glutinous or adhesive. Thus, the sheet
membercan be attached to other articles. Accordingly, the sheet member can be easily used.
[0275] Furthermore, according to the invention, an antenna device can be realized that comprises the sheet member
and that can be suitably used for wireless communication in a state where the antenna device is disposedin the vicinity
of a communication jamming member.
[0276] Furthermore, according to the invention, an electronic information transmitting apparatus can berealized that
can suitably perform wireless communication even in a case where the electronic information transmitting apparatus is
disposedin the vicinity of a communication jamming member.

Claims

1. (Amended) A sheet member for improving communication used when performing wireless communication using an
antenna elementin a vicinity of acommunication jamming member, the sheet memberbeing disposed between the
antenna element and the communicatian jamming member, and comprising a pattern layer in which a canductive
pattern portion is formed.

2. (Amended) The sheet member for improving communication of claim 1, further comprising a storage layer that is
made of a non-conductive dielectric layer and/or magnetic layer and that collects energy of electromagnetic waves
used for wireless communication.

3. (Amended) The sheet memberfor improving communication of claim 2, wherein a reflection area forming layer that
formsa reflection area reflecting electramagnetic waves used for wireless communication is disposed to have the
storage layer interposed betweenthe reflection area forming layer and the pattern layer, and to be spaced away
from the pattern layer on the opposite side of the antenna element, in the vicinity of a position at which the electrical
length from the pattern layer is ((2n-1)/4)A (n is a positive integer) when the wavelength of electromagnetic waves
used for wireless communicationis taken as A.

4. (Amended) The sheet member for improving communication of any one of claims 1 to 3, wherein a plurality of
conductive pattern portions that are electrically insulated from each other are formedin the pattern layer.

5. (Amended) The sheet member for improving communication of claim 4, wherein a plurality of types of conductive
pattern portions in which at least one of size and shapeis different therebetween are formedin the pattern layer.

6. The sheet memberfor improving communication of any one of claims 1 to 5, wherein a conductive pattern portion
that continuously extends over a wide range of the sheet member is formed in the pattern layer.

7. The sheet memberfor improving communication of any one of claims 1 to 6, wherein the conductive pattern portion
has a substantially polygonal outer shape in which at least one corneris curved.

8. The sheet memberfor improving communication of claim 7, wherein a plurality of conductive pattern portions are
formed in the pattern layer, and
the conductive pattern portions havedifferent radiuses of curvature of corners and are formed in combination.

9. The sheet member for improving communication of any one of claims 1 to 8, wherein a plurality of conductive pattern
portions are formedinthe pattern layer, and agap betweentwo adjacent conductive pattern portions varies depending
on the position.

10. The sheet memberfor improving communication of any one of claims 1 to 9, wherein a frequency of electromagnetic
waves used for wireless communication is included in the range of at least 300 MHz and not greater than 300 GHz.

11. The sheet memberfor improving communication of claim 10, wherein a total thicknessis not greater than 50 mm.

12. The sheet member for improving communication of claim 10, wherein the frequencyof electromagnetic waves used
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for wireless communication is included in any oneof frequency bandsin the range of at least 860 MHz band and
less than 1,000 MHz band, anda total thickness is not greater than 15 mm.

The sheet member for improving communication of claim 10, wherein the frequency of electromagnetic waves used
for wireless communication is included in a 2.4 GHz band, and a total thickness is not greater than 8 mm.

The sheet memberfor improving communication of any one of claims 1 to 13, wherein the storage layer is made of
a material in which one or a plurality of materials selected from the group consisting offerrite, iron alloy, and iron
particles are contained as a magnetic material in an amount blended ofat least 1 part by weight and not greater
than 1500 parts by weight, with respect to 100 parts by weight of an organic polymer.

The sheet member for improving communication of any one of claims 1 to 14, wherein the sheet member forimproving
communicationis flame-resistant.

The sheet memberfor improving communication of any one of claims 1 to 15, wherein at least one surface portion
is glutinous or adhesive.

An antenna device, comprising:

an antenna element that has a resonance frequency matched to a frequency used for wireless communication;
and

the sheet member for improving communication of any one of claims 1 to 16.

An electronic information transmitting apparatus comprising the antenna device of claim 17.
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Abstract of CNTOI084992 (A}

Awireless bower receiver according to an embodiment wirelessly receives power fram
a wireless power transmitter. The wireless power receiver includes a printed circuit
board having a recention space in a predetermined area, 4 receiving coll disposed in
the reception space of the printed circuit board for receiving power from the wireless
power transmitter, and & short-range communication antenna disposed on the printed
cireult board while surrounding the receiving coil.
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Abstract of CN102598168 (A}

A flux concentrator and method for

manufaciuring a flux concentratoris
provided. The method can include
combining powdered soft magnetic
material, a binder, a solvent, a internal =
lubricant, mixing the materials to create a
mixture, evaporating the solvent from the
mixture, molding the mixture to form a flux
concentrator, and curing the flux
concentrator. The flux concentrator may be laminated and broken into multiple pieces,
which makes the flux concentrator more flexible. Breaking the flux concentrator does
not significantly affeci the magnetic properties. Since the permeability of the binderis

 
https://worldwide.espacenet.com/publicationDetails/biblio?T=0&ND=3&adjacent=true&... 12/19/2017

Ex.1002

APPLEINC./ Page 314 of 825



Ex.1002 
APPLE INC. / Page 315 of 825

Espacenet - Bibliographic data Page 2 of 2

very similar to that of air, adding tiny air gaps between thefractionsis not significantly
different than adding more binder.
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9. FREEPERSeeSeaE,SET:

WSeps. FAASFM

POrp ArakiesSe PasLFA, VALrhaeeeaSyASTBBSsFaPEBe

 

 

    
     

 

  ~]       

 
  

  

 

  

Wa
 
 

ae Hs fF FBan TEBATB BI)rhRPBNaeHSeaEeT

EEPadFeFFALSRESRPaBIRATE AIRBoIER

FP ma De TORE raAPE AS Sa EDaat SS 1) PTSaH aeBDATBBPak HE Te)

28TARA 26 TSBR,A,PETRad JS BA) A> — FabahBAEE ET BBTRPE

SSESEH aR, PIR Fee REATa2aTIBSRE— He DAT ABRFTa8tT

ASSeBy HL RZFRGeP28PEG SFP AL, 2) WR Hs PPReBEB8 LA] BT

TAEPa8 9orsReTEakEbraaotEe

10. BEC AIBE SR 9 TIRANAPERS HEepA828PE, AeriesPFeia

2
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11. WAAR 9 PRMSePH,HS :

RT, FRAZERBe2S, EpheSTISaBeSe cs A)
PRRSSTPETEFRSTD,PP0ARAZEPBS
AaaSEPaFEme) AREAST,FPra2 Pe BS7rkBsTTLEOES

FeAOR REAEATAaeTRR

12. WALA BESR 9 PPR SSRPE HSEEEBSaBaReBEPE|BB TS

ATULPER S| AS BE OSaeeSBSFee REEREEEALBREEGI
13. ROLF9 PIR HE PENBE PBBA,SEehaeB

SERT SERTARERTIE;

BALERistARERRPP>4eRERERT IK) 25 BRATRe

FERTH 25 4 SA

Ap APASePABA 000mT RALAMA

14. WUAFIBESR 13 AR SEEAN Se eH8A,POeeRAAP2Ii)

WEEE15 ABE.

15. QUAHSER 13 SIR ATRME USESEP A 2HOF.PraeePh1S/m aeBE)

Ay FE RSE.

16. WANAIZESR 13 AIRASEPEEP28, rREP ce Ln BE

17, —BpAVEaRP2820ETE,A:

Se AyUeZeEPAE;

UAESOREISBpS, FobARPSSePRSEIeePas

MPS FTwT yA

13FRAE EREPEDTd 22)PaaePieeBb—aLe,BPE

FLFR GEAR1SE PAS ASReARZD — BSopRTA ATE
URZAIE PSE AY 2B—ABR AFTBTTRSEP BS. RRAaFeA

SE PSRShRRSTEi.

18. MARA BEA 17 Are AY BSEMEepEHA,OPaJeEB

19. MALAN BER 17 PTR AHeEEPEK,BeAa

F] BS] ARSeS2MgTSaeEP BS APEE «

20. GAABER 17 PTR AS HalleAC AEFREI,UR :

ER BBRAEBTSREEpSHBBah2 Fe A —-MIT 5ihBeBe PoIIR

RFEaewe YT EEI,H+BTRARAEiBPBSB
RES AMARSRAOO, HepRRReeAARaee,Ff
AR GAB TE TRAR aEBe UTER

21. WARABE 17 PTR AS GEPEA82IK,BoPPRARAR

AAIEpBS DEaSaTsePRa
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femSh

[0001]

RIA

[0002]

ie AA OB 1/12 1

iSP aEAEaBePEIK

ABBCsEBBeaaSE PSSABV

BSPR (CAIAMES| SEeeaGEht

HEPAMERNBURNCAR) RORSAERARGfePeHk  
BeiA SE o JERSE h ABHTZEBehed, IF AL ReRSHH Be1RC
 

ARLE REE

xo fees

[0003]

     TERATESSFP ROBIEAFT BeBL.IFEATeBJd Fd SH 

{aOuBWiSA]VeSRP28A

AIDA) (BU, CEHU ShPISA ENBY) APiheP28
 

ORAASAABLAsET. GLBaaTY 

[o004] fH
 

 
  
 

#5hy, FORAASSPI CAORPB)

TeRaty (Qi-EAGERNSRAIL) Naeeey,
  4=  fille. 
 

PEaeB

RAR LAZAR. FRE

( HIEFE 3000

HeCIN SeEe ABTBA warp).RAAB

 

AEEPOREERRRRRRRP28BE
oa~ MeDSA BB oh TR  

    

 [aetill, SRPdhFe8seIEBLThaA Be

{EESCISBE w= 2000) FEL PAILeaOR

). FREIBAP ASO SEERFeaRa

S/T It AAA D

ny. RE EA

we

ZA

 
  

 
 

    site
ie

 
a   4000 iy

 
 

     
  

  75 Ayaan, HBEe E480feeseaTTAS FbeSOY RTHETPB,EE
eb
HeAEFAR

Tabet. FREIBE PAS olAIeS,WBMSTHOSE.

BB ARS AS BERE

PA ME

[0005] iLE

ARSEEN. BRRaRPBSBYBTEhBE IP  2AIR A PHE
 SRT BINT

te. A.ALAeetSetenotst A

 

     
AA fs] pL BAAS AS BTll3|  

 1SE PAS AY APRE(MDM) 2 EE} Bi
 

EEN THESY ATLHySECSRUSaFHAeSS MDM3ER2YP

FER:BYRIAM

FEARo SUIAA Fa Se FA BEHlseARAFR

Fe RT FCA ASD ith SPAPSEETARI2 Rh

 
 

    AC. TYFE AA) MDM Api ARRIesAFeBBJT

LP TL AS MDM. MDM 8h SeSE HBS AEE

265Fel>WNTEB. HR

  
  

  

 
TH KESATE,BORATTESMLE, (metal on metal) Bei, HA

PRUEseSEPAAR MOTEL FER T DLS: SV BAL (eddy currents). JR#P MDM TELE

Ben] DMGRANSC,aMaeBE

Bee Ht BL AgSryBeSeHEMDMeS

MEAL. mp3 FRALAL PDA SEy8 Be8FEEATA

FA JHME DA

[0006]

 

 

we. ZF.
ie
  

ayhvy (competing effects),
   

 

 Int,et Re as

SEELEYREEATSACATA PS EL

BE PARAL, FFA2aeSBA.Mh, BE—pyrteHh
 

   
 

FiAEEAEPEN TEASocHe RE ABABeDdBFOeaTI

4
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RMA

[0007] ARRASMEEPRATASRPTA. CSSA, Y

FIRCLESBSE OR 1) ERAORBATAAREBA 52)

ED REARS AR AR TREHS) Be ZS Fad AT RSFPA GEAVED GE TVR AY, DEAE PAPG

HAE RUIRGWD 33) HUAFAIMIRAD PRE :4) RRAWEIeeBS St5) OF

WiPAtt (cure). AAISSA!PBeeAY, PPAEBaBaSea]aaHla

AFSIA HH REESEVEaAEE. Sb,PeAEAEEAS]

HSEHRASIREASRS. Blo, ESSCH, BRee

BaepailAKTEY2) 500mT feALE RS FFAA 25 EC eeby

FETEERE RT LE BRBeAetESPEBBRAKaRE

SICH,eek (BDA) IS, AESAP,ERZT

TEESHaFBRA FESSSRE TTNBRARERTT

LIEBEYEAEA 75 BOK430 BOK2A. ZRERSINETsth BDCRELIST

KARE ARUAAE 75 GOK AM 430 POKZ Si. AraeBORBEAETIE

[ooos] =aHSEPSMAA]LSASARAARe. ZEBae

ASAFMSERD, “IRA8BAN, OPEESFBP (bloom

to) ARANbh, IFLAA TRAPOR. Sh RATECEEPRAeASS

fo BH. ARMSiPea,ARaST)Hen7AR TR

lf] (particle-to-particle) MU BEfk, Mi SBC1Be Fe PAS AY (8 ASAbk TBDI

HAAR Hall EETAY FAyeAseHee:eTASEBRA HHAA

PEREPe. tA ATERWeeCSEPO. CERSR

TAH, AA A— AHA.

[0009] AE SRM AR, BRRPRN RMA EET RESTA OKA

0. 001-2. 0 RUS SBRREI1BitELSE AZE 0. 005-3. 0 AU AN ARYAdeBLoy
EL IG AY ZE 0. 5-3. 0 RRR. DAERHARD. EAPRAIASESBAAS

BRATPAPEnaAA. ZESTSETNP EA SOHGZAT10-20 4792 TALIA.

FE AS SERRE TTTRB CE all eeVD ayEe2%SYADee2a2SE

. FEUDATAU SETTNP, AAS+BSARETElleiPeKETTIE HEP

Hi BO 700 CKAN 700 OKLARAGEA. ZELSSE (compaction) TZHAlnlayye

BOTiPEAURACBR  . FESSA,AITA

EEKADSBBER 75 OKA 430 OKZ le]. HEAPSSETSH,Wp8

BBE. PORREEE ACF ZS HE 15PESAF 30mT WHALE W2D-F 1S/

m FALE DARmm AS. SCRE ASE BeBe ASTEFE ABS ACB PanBPA

FERBU. PERTSEaRT AYtda HH aEPPASELST] BF,SE,

KRAFTVA

[0010] HBR PATWE (laminated) FFAITMIMETAHER (piece)BREE

HASOME. REELEEBRAT PANSeEE. LPRPE

FSBIEHE, AH Bt (fraction) ZIMADSAle BRSAEEAL
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i ARO OB

 
 
 
      

 

 

 

 

 
 

 

 

 

 
 

 

 

 
 

 

3/12

 

 

  
 

 

 
 

 

  

 

SALBNAL

[0011] BeeSTCAT BM RabeaASeAaPHANAcES

HE 0

PASAB

0012] A 1 ARsYiSeBe EIEN—PSCAE

[0013] A 2 AWAYteaPIEATRTE

foo14]«=A 3 AFY HeepHad ARARASyTR SEeSas 7PBas,

By.

[0015] A 4 AABRSSTOASHiA2PT008ek

[0016] RL 5 AtaRT BeAeAPSA

[0017] 6 WA RRAFEEH8RREAEE

VE SEE7TRNALS

foo18] 7 AARABEEaeFEER

[0019] Al 8 AERISeeepRI.

[0020] ALO AURHAeePASaPRSA2LM

[0021] M10 AaPEReeSEARLES

[0022] All Aasik SEARS RE EePEACE

[0023] FM 12 Aa Ha SAYSAEaaeTINeEL

[0024] 4 13 BasTAPE,EaOYAST

[0025] FA 14 ANY 15 NaS HY eheSJieAESIBPE

AER

[0026] Fl 16 Aa HY YtA BEAR (pattern) RRHRPBAREBEHTT

TENURED

[0027] FA17 ash SAALaBaBESeELA,oe eeie a He

2 HS) AP DKEeSEEE

[0028] «= 8A aRth SRAZEDSRRLG AESEPZR (trace) WAAL.

[0029]=I 18B ant S eReERS.

[0030} RY 18C ARH TBAZEHsre08edeSePeRL, 12oe

rp BSBeeaSBERR EE] (stamped coil), BREHe REAR22 38TEeSAleePB

eHfb.

[oo31] Al 18DWHAT Al 8c MARA

[0032] MIS RSPANTSRLTANAMA.

[0033] 20 ARH TRAAL4HHPeA)RSHHZK

[0034] 21 ash S FCzR BERRPSTSALS.

[0035] A22 RHE21 ACRA.

[0036] 23 aR YT APSRRERNSeAL

[0037] AaaRASeReBARTSA

[0038] AS RWSRARRESPaSHaA

 
   

6
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AaA

[0039] Ai PMA Ty AFEARSeeTAPAIEEAM. HF

ZEBTA LEARTRA 100. WIE 100 —ALFILER 21) ERRPl

(G0, SPAR ASA / RAP AOEIEF) ASE102 2) 28 2b ARRRRA HEATGAA

FRYER 104 FS AL AES TSTAPGaHBAAEIBD 33) PALA/ BOY

ASMAATI106 4) BAWAWUROSPa UR 5) ER

(lhRRFAIEPS110eeEP SS SPBEBAYATi

FRAZURANRAS. PIO. CAMBARZHR,HATE( eB)

WSREMRHAA. CRABPMASRART. DARAZHMA

BEEF], ZEEEATA, (ALUta, AT AARAeASE

POV BUSEKD. PSHEGADBACBSRPREAC)

[0040] ARR LTPAREDRPE. FEASRNH,eH

K, AACASIRSEREEPAARee. PAS

BRAM SEVIA Ancorsteel 1000C AIRRAE (carbonyl) FMA. = HkHeeaS Hh SH) — PA

48 FAW, Ancorstee] 1000C AUBRELBOK) ACZE 5OkHz 22 500kHz HAE AREAABSBE

JE AEE EG ADAE LAEREAAE.. Ancorsteel 1000C AlM Hoeganaes % al RF,

FtELEPRAT MA BASF ZS) 4S. EROSBUA]BRTEFEE A

PRAR BORAR IN) SE RTRB BRE BORAS ASU 7a EDA MA 0. 5 BOK BI 500 HK. FETE AA
Ancorsteel1000C FISHEL, Ancorstee!l 1000C Ay BA90 HAW ay M75 FCKBll 430 Hk

* FFARREW S SOULE SSEop8ay RES RAE EEBe, BY Ze AR ASEERABOARE TSASEAADARB

[0041] ARREARS TRAERHE. BURKS. 4aeBe

BUATR AK. BEAESiASESPAR) (Moly Permal loy

Powder) JERLGA4 (Permalloy) PLA THEERKH) (Sendust). (KMASHTERA REIRI

SAE ASME RE OTAPF BESEeARIR—SEa

(phosphate) RAEIMIEK. ABBR]RETA HLAth. YS SHERIE

PARR CE Td LT Di)kT] SSEFTEAS

[0042] Ble)a] AEPAVABET ce al. CESSEGE Tk—2

PURAURA(AE TETY PRSOH, TYAORREaeIto,R

BAARAR AT FR PERO ARYRadJAT-8eF Y e

FE BY BSETTAB, BEARRBARS]BRDPE

RABE

[0043] ANJE1AAa2gTETeeahhaieenantsUSER. HANEATHEAD PNRAAMR. MATERA PEFABRASelSRARARERa.meen (silicone polymers) .7
BUA Caaa.CEBY BEkBBA24feBG AaaaeBEREEHa. FARASeBIEL CAINERASUNA).Pa(Bakelite) SrAERIN (Formica). WEATE “SHI SeTTTOPEG AFl.

7
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 FitPREM, CASEPSA, (ABSSeAI.WE STSE

MATA,HMERAZHANSREMEASGRAS-

[0044] AA AT (ENAEARTEROAR Ael. AETTON,aae

FYEATIERAASSA. ZEASRSETAB. BIE AI)AFR

Fl, FEMS RUSESA —EOEPEAAPEETS PRTIRG. IABAR

Bio

(0045) 4S FH > EL BS BePASDATR ERedBETFTBEROTIRD
ra, HEARDME, 3+BEABEI,TG (trap) A. BR

etFGART]AeeA. AORAke, RADIA
FYtkESA.ltu7e 75 BOK430 POKZI. BURFISk,BLAaeFh
VORAWWE BRD ARSON / BORIVAL, JFAERE. BS,

HY48 FRSRERAE 75OK-S 430 BOKTHRE.ah, He ORaEA Be28TP AE

U3BE PASPEEETe AAALAC THEBE

[0046] ZEAASSIAFAY SEETRP, SS RIPEA BL Ze SRFSAZNeeAT1k

(ERAONSSEBeiTE. AAI, SbeRBP

AMOREIR,Ann TROMRACeSI

[0047] Ay eRAGEAIBAAABRRSPESBITFA.

ZETAAP, ABAZBISALYPTSSO2AA2

eo FET)PSMPRAZSedROBIAA.A

we? at, 3KALRESURETT(POA MREHEAL SFASREMAS. FER] BRSht

FAP, TEASEBISA, Ba ROPohBELah
[0048] 7E EA A ARESASSERTTRH.ABBEAOT BEAR ZEekPUeeSePE

YERAEBf)A SeRS, ELa)ERad BREB I)sieYTGE

%. EL AWAREREPS PIBMAIR. AABeeaSel

BE (ieRUASR: ) ADACK. AMORAAITRRURT ReMi. PEALE,

FA PSEPUT BEAeBACT)ARIA BS fin], oka2Se SCBAASGA

BHAINL»

fooao) «feHallTST HA a) JrAATaA, AL PAS PRPSPAASP)A)AT BeBY

wT, TAIT HEE TF AAASeEATE

[0050] BDA ROKELE TE RUNO28 PRETFAaBYeA Be8YRDA

AEMRARATPAERARA. BESTAME, URAL

Fr AACA BY LEAY

[0051] WEE RSHRRRAUEARRAA EMMA, RARES

(jacket) , Herp ry(ikIKMAAKIBPA. SRTSETRRSHe
HARRABARAS WR. SAHRARFiRAR, BPaAREE

Fell FLAN AAT AKETSPFR2

[o0s2] Bp AR HY eR ELBeeAedBteeaS/R

IN LEAS SHREDBR NABechELBl) EABee ATSFAASASEAREFFET

8
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ffi. CET PRSCETTSRP, HmeReM, HPebAREAT
[0053] A2hRRTAFEPREYATSARE, FFBSE

PRA200. PATEADHER 1) RDARBVTAS202 32) RASAS
JE3S 204 33)APNAIRSBS 206 34) HOPITIIN PIRAS 208 25) ATETill

INES 210 :6) WIKREBNATIA SORE 212 57)TARAe 214 58) Hil
HEIRS) 216 DAEHBURAC) 216 ;9) RARBG DGRRSe PAB 218 510) SeeePat
a4 290 PAR 11)AEPS 222, AATSEERTEAMALAA|
SRIRAM—TSRRL SRREAC) Fpae PT ARE RES ER AAA
/ BRACAUR— SRWTTBLS

[0054] RAHATBRIEASR AKBOFBRSEAIRFEREO} AG EE1aceALE Hou. AE—AS SRTA AEREBRBIAR
LR ASUSLAREER. JEESeTeeinPQS. aeee)
URISBY VEPS3HeRsA, BOETAGBERTIBeEA
[0055] #4—-SSkSO,A EEE, Tel 40 BSS ERENT (430 PICK ) JeART
wokeTtAt 200 BSE ER PRHEi (75 OK ) Js RRP. REA]ae
KIFBMAES, BUSULTEABRHE? . ZEEETTA,ANAK
SA BBREESeeBRRABIEAWahDALAL

[0056] SPPARRARABROetePe. SRA.

Tea. A ba7PRSKePEL 300. TETSRA
iYaHPSRIBAK, AY BeARA BY DOE [eBfe 302 —2 TESST
FRRMACAIIRAIEAOBEBLL 304 WALI302 Ph. FERRE AL SbBT7A 9 SE
BRTTR ShRHELPaitBaSDaHS,ETDERAER
SFSSAREALM. 3BESAIS.AY. HW 300 WAREIB PF HETE RSE
WaT,A. FETRSI. EAR 306 BRR IA BSE ERDARIEARSEE. TE
“aTSEATOHRELMAPETA) 10 ETE50. FET]

TRH, BURPBA rig AYPASBeeh2bIB

[0057] AE HE 4ASTR), FAWEA.ARRS.AEABe

PUSHRT, 2SEADASRT,PBTBBEAS). eCBE
FE LYYG ER OSPEAAMEAeEEPR) EISTAYE EE
BE PBRVALAeBATOREAAPT
[ooss] REPAYReSSTK, MAACAedBl,

FRRCBOR C00RESETER )FEBRagan HEARA). BYEeaeTASe

BAREAASE .

[0059] — ARRSmeeeAaR, weeisenttyin CERAM ZAERZSBlHeh ROEWAREKSEE. WSAETeReRPARAN. AS
RIS7TPY 350 ceAERIFURPARCELRAG. AER] IR
HEAP SeoyneAA1, BeeNOJBSRSA tH. Fl

SeFiHOCAaABE, TEaADBRTUVTETdBeHPaR
eeBye» AAT FRGSR SBE AE — 7hFPSESS)SBFHIRBHRHePAB

9
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TA. WSPahZILA1haeSe. TATRA, BPmae

SePaNMS. BaeaeaReTAAATe. PA

DASAF1BsSe PAS BYSRIeBeat 20> BES ITeAES

fooéo]=QU4 Pras, FEHage til TH TE), 2 FE 402 i]ae RAaSR 100 PAE>

2 aE (SHESTOSE P BS 19IRBLY2 RABE) FFAPS.

TRASRFFWA, FS 2aeBBe SR JCRdB

AARPS. FESR SARZS, PreeAaeeSe PEOSSSRAeeep

RRMAEC MRARE. RARE 402 SSEPRIMIRRNAREE

aeeTLk. BY, Ae PEI RE BRET YEAYBFH298eBKSPE

Bey EAAeATiEFtte AeBCgheaFeeTEK) Bi AN Be PIRTeFG

BRAORRE ROKR. HEPAERTSERS, Mes eR PH

(field) VAISSURIEA.

[c061] EMS HUSK HE TTSRH, RAZRAEJeR.ASeJABB

PE]. EIBEBRHs BS)2JSfJTAJeeTGe

(via) Rj —- RU MERESPERTEI. JSETEPESateA PB2

WE EnaRAAT, BRAAMERKE. TESmsTH,

HA 2a PEL BY DA2aRR PNASRP,IF2 Pa] DeBeie

[0062] WIE 4 Phas, ZEPA SI ZR 404 By DURBeAa BeiAeeeh). TE] EPR

Se WAT ERP 2 PE | 2aySeagABFSG AEBs29SY

TEP ASA. FR] 18A-18D HRs 7 RRA BeAeal AeEPA 1800 AAEeR 1802

(FahHME. FA 18A-B anil) SBRARR HlAeS 1800 KB,Beoe

32 1800 AFEARASAZR 1802. WR) 18C Prax, WAAAFEA 1909 Ath

1804.

[0063] Aes 1806 BARAaeeePI AAaeBe TD ae Be

feEeeRe. AT PLEBY DAEBB Molex Mea. MA. RMAsee

PERRET PCBA LE. ABRARAMA EY / PAREATL 1808 (etersHaake. EEEY

1810 AFP. CERHe,RNSaPs HH DAFT BTBSkee)PS

[0064] = 18C Fed 7 RRACE RRAil FSJseFEAEe2PL 1809 OZ

MAARML. isp Blas ST tbESeeaAeREP7

Heats Seek , DAEAy BARTiAeRSRRDESTEATS,TEMS, A

Tit PT AN BRFRA. SR, TESPoSCHTLD, ThAPB OPOEee

SKB

[0065] FRA FeatSe 2ITERR PAaRBAAe8BB, HeHsleSe

EAS FE AS) apas FS eos22aeTaeaa2EE a feBE. IFBY WEot

PFS Fp eS igSAY SRYAB — EeSe2)TEBee

[0066] A 19 las FFL ieAEaaiPPAEe 1902 AY]ST

FR. WEE 1902 AY BRA) LAReAAKBRICBIRTR 1904, WR 1904 Byewah2 ee Lal CE ae

Vis AaBl(SSBS YABeDR ed LATEK PAABegaaeUd ZEBDs

AAU eeFE oP BEA
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[0067] 20 Mas f eae2006 HEA ETRSEA AelTT

DREAIGLBRBCSBAAR. Bill, AY DERepRIE MRA TP Molex REPRaEa Ei Bete 2B

PCBA FSP FZ4. ZILIAAEBE] DABeIEeea. Aerth BYDF

BE PANU.

[0068] #0 PF 5 PBRae, BEAKER RAVE5) 28 502 A] DASE RL. ALA BRIEBE PS

500 "HAS -F SEE ABEPEREE. BTMe, BREAERAETES|AF (insert) 4if

AJaSGEB. Ja SRERIEA BTSREaAEBAEE5 | BS2AGAPEBR

By De PEASFfp28oatBL.ReaPE S| ABSRPEE. GR, BA

“eeAL FS EEESSTOyTRBSSTRDAigZAAiaSEAG

He Be oH ky egAT PS BAR

[0069] BDAKA MERABRPES | 28aiesaie7SAERI

way PS MedYSae AEePES|SEZeTB AAA0RE BEAPES|

SRR HETE BSARETEanBF5FS

[0070] FE 5 PPas). aAMEeABEPES| BS AY AEYeePe.

5 Beit, KA PE BEARE|BB BT WAG)HDPEHePeFLPA

FBS BURPOT28eBaEES|

[0071] UR 6 Pitas, MMSPAPAap 604 AY LAR KAPE51

HEPESALS ER Bl, FEATRIN ScWATa, ZEA A ERE A 602 AURP eh 600 ZMH

45UTD GR, ESSE iy AEESEEUH (DC field) FAME At) 2m Ay Be)
Ake FETT STATSB, BYAANA. PD, PRPYDE(Mylar

film) RHeS4) (flux guide wrap), 1MSE db ASTBESE

[0072] tO 7 Jian, BORSR706 RRABE BA 700 REL. AT RR

1SE A deAS)SEa)EsJeASS. I), RAATESATAE.

i (graphene) . 72#}Ribfi 38 MRE AB ASHEPETLASIK (Kevlar) BeaSAN Aey

Ty HEea)eReReaaPSBRSPASETda

Fo FESSEIBARB DEtyBe BaSeDReaAEAEae

jtEe SEARESEAORABOLEPRS. BY Aelaa RY aeAee

REMENR S| 23 702 FFARRAP.

[0073]9 Pitas, BRAT902,906 JRE AEee8 904PAPRIL, DR

PERESe P28 900. 4FESCITATAERTAHALERBe

7ESRAP,eoPATSEHR, RRORAAER. Al PAT

RHRMAR. AAAteMUREAoil. a, ALR 9 FP, —

ERARGQDHAHCR ASRCASUE. SUNDAHMEee“Mo.

VAR BDaBeeePe“MT

[0074] ER ASISpBE OY HkopSTWeSK, DAEePeAS adRAI

easNEBR.LAPSEPAR 2} BSet— TJBSEEFRaTDBt

FE PRAPSCTE. Ab SB BeHE BSBA8BR ASSeEB

fail uo, AERESETA, HEaPRAeBL AEPRP EE

275 le) Be. FTBL1STAAaEP 28 — AOR5dm(RAE
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[0075] APRBE PATRRMIEN. OAR,BS

$e ch B84) BeAEIS)OK)Ag RBS) TAOS 8 FRees 800 PARAAEY

KD MIE. AAPA,EEPoEAS AER. Plto. 7E 13

hei SSBehFT WT BELADA AR, FE EE 17 eeaeTBSB)SE

MAR ACh AA ER.

[0076] AVESPARMAFHRSBiePak. ER)RROLI 1) ER

AUPPER 32) AIRAR 33) BESAAShr EAA 4) ART AFTBT.

[0077] SRAVYPREPHASEPRER. ARHAMMAR SHA 1000 LLP

Hh Aee HeaBEF BS 900, FFOSEFTMSASARRAIAER.ee

PAR TARAS PREMISE. GATARASKLAR

WEA.=AARIES) AA. CEPSCTABEaTIRE SR, SO

10 PATA. FESTA PREMARH, BRAAAAREAAMmHA

POS BRRAALAISE.

[0078] FRAVRZIMBEPRE RITApe 11000 AITMRASE

1102, DOREPRTRSPAE. WRbaERREETRe

RBRAMAS 1102 TTBEPE 1100, kKSMSRAREFTFRS 1104

Ki@UR (fracture) MISE PR. MASH,HePH 1104 WBKALI

lMFae 90 BF AURETTIR1102. FoKANRRPeePL

M220 (break) HERMITEPATRI, reeSees 1106. Al 11

FURS 12 “has HASRRseCERFAeFASTTikii. me.

3aUeeeeLAEEBAE HBSRp, PeEEAERSACEESBE

HahOAR. BOMADAIREAUR PIRRSA. BURESEISRfa]

3, WEEP1300 BAAHALA 1310. mE 13 PRs. RINADRBDRK

FURS SE VRS SESE PRTAT BDAaSe PBERRS. WORfaCEEB

ATMOS, MARALSSePRRAMLRNA, Boe

Pa8 PARRBSEPR. BEEPRETROPELRRACDA

AR

[0079] 14 AIR 1 TRATARA. BAER9G

SATBADR, KeePee,ARSEPATBetAR. 7 14 AIA

15 PaRih JAPEEE PAS 1400 AUR eeRASTTESTe, AeadsBERP

FEA SLE 7 IEATIE 1402 KAUR 1404. ieeeRA)LReeMARA 1406. fen]ei

SHATPSEpKRTRARTAPS. BLESSET
ch,eb-MRARERSTTANDEPASAE T

BUI.AK LE, RUEBIR AYDS2SSEPTINS OSTRU.RE

AVR RMA EIEAFORRa(aRAERTS. ERCRIA,

Hye OY Ly)EEEpPESFOETAX BeYL (perforation) KBR. &

FET ABEETTBRNE BS SHSRTE.VTSERTP REaFS

38 1401 RASA1408 MMMLIARREBAR 1410 BA—-ib.
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 — BAAREAR, FePERIESE B28 1500 HER BLAGEAR. ZEROaee opaaS,

‘CORTEBAUR RAT, RRA ETE. TS,PReeTS

1aAURABePAS TTBeTSHR

loose] ASEPARMARAS. WHRATBhsFAR. E16 PAA

EEA AIRS PEIA I. BRHIEHL (mold press) 1602 F] HIERA PAS ABD 1604, ARE 1604

SAERSRFSSebRA 1606 thn]HSBRBIAAPBeeSE HS

FATA RB 1608. EEESEITCP , Wea AT ASSEiea.aBe BRal] keCE

ARTEL EAGTAAR, CE a) RSEHEATNPAAaFE—PT,SS

As 1604 RAB 1608 TH —+S. CEMSe TaeaeZJe, ARSThe

SEU EILAEEE

[oost]  4E—BESETSR, ADEeheeaeeWe. A, HE

— BESaTy SRP, eeBEG BR GR DAEAA),9aSe aS BEaSHABY

RA. KHERMAKH, BeePAAATDROBRKAE. Bilbo, Ml 17 BAF

GSPS 1700 Ky— ABR 1702 HARA ER, HFACEPS 1700 WB

AS BE 1704 FT BT RRRAV) AU ER, BDeSBeUEJR. SR

Feb Behe2BBP AYAeNEALFARBERSIERAE RAP

FEK AH Ede PSs

[oos2] LAyagiay DASBtaaaheeaeeLEBe. Cg

KW —PREPy1EPRAAEA.

[oos3] 21 AN 22 Bax SEARRR 2100 A —SSTTh. SSTNE

oe Ha REfet—A2114eeSPAS 2112. EAR REESRSTE2104.8

FEPEERY)ETE eTER 2102, DARAPSEet 2106. BDBEIA TS BER

2108 FA-F HL ETE2E PA TAR 2102 PATHE 2106, PERATEAIRTA

AOEtt ADH BEet. FE ASSETATRP, ERI2G Be Alt2002 FAS AeBEBE, ET

WEEEBSHIER. PEAARS2002 EREO2-F ShAT 2106. FOLK ALE

ALB]FERSPRY 2109 ADRSTTAT 2110. FES ATSC ATAP, ARP 2114 FP

HE, EM AB LBARae , BRE RE RAENRE]. HERE DAS OURS 4 AraeeBeeRAE,

BGWS 18A—D “PAS AAceORES Yo

[0084] FEAR FRE RR ERCOAHeeERT BIN A(package) RHE AC He AL REEGREP

Ft, ACERHaREHR2BeFBReCTC DS FBBEPPA

fooss]))=ES HSERTRE, FEAR MAREESARPBEE 2104 FEAASAE

RBSMe Ra BeAeit a (AC) HABERELY(DC).PRISREBT &eHA

GE. alta, GAL allBST BE RE 9% Sy PRIHReatBT HoeHEEEE

[oos6] BT fi FViRRA 2109 SRRhthAEeR REBRME. ZEB

SEH, BESTERyeS,FETRTWOBBA

Be. FERRY “poeeeBASRA(Product Monitoring Devices, Systems, and

Methods) ”. Hig? 324 61/322, 056 MYERPRPESMHb DT it 7 ade.

[0087] BevksceF 2110 ARTEBRA. PENTeeTTA, ALeeS

RAS Te REARCt. RRSSEIRFWRHe FdBy WL eeAR al HE Se 4FFBEGE
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[0088] HRAAIEPARP PEeT2Dspsa

ae UAE RRAFHSBBE. DUEHillSCAR BEER 2100. 72] 21-22 PARRSET,

28 PE] 2114, BRA 2110. ELE 2108 FAKEIAA 2109, Bt eH 2102 Alay2h 2106 PARKA

Spstch, 7aPAMZa, BAe BEESASCHRRE 2104 eebe Bl etHH 2102

E. (BESETSOE,eeEP BS]LSA, BAARG9BESRPF

2104 HIEBERY ETAShyFEZ HB BEBAR BS eaRE

[0089] 23 IR TS FARRERNB]RST. ATT MATA 21-22 FH

STTETFHT CER SBR, BRTSNTe, CEERR 2312 PTE S=P

Fe2314, TEPAPA)UFRAECHE 2310. 7ER 23 1, EPR 2314 KIRASi

BEPAPAYeTAFea RESeeH. HE]RAH , Be

TR RABSAAREIACE. IER 22 ATARI, HEAT HRACEDCRR HERA BYa

TyEERE ECAR HERE. lt,a2]AERZREESE AASeAGEES

HATERE,

[oo90] 24 Phas SheePg 23 PpthCe ARYASHT FETA SE HE

FAR, FEYRAMS, TeSeeAE 2012 MIRAPE. BRR

REM AE 2012 UFRBEEHESREIPePAP 2014,Re—PePRSu

BRPAZZAM PCR ReSSEfeSat2016. ZE— HSETSA, A]RE

ft 2010.

[0091] HeARP 2014 weieeePESe PEKCAAAeiBe. OPEA

F RRACESEHS ohFeePE2012. BYEP PCB REEEteSdBY 2016 ZE

pei fll 305 Ta) GRPPEIR. PEATE). BRE&JeeSEAFF 2012

FCSCRBPBRDAREPAZEE Fee2 Pd MEFEisSl , DA

RSESIRATERSE PASPSEPeMRAY, & Fe Ba BEA—

eeePIFASiepeMCE. ROReePEPAARAS

WEETAWRHAYT. AM. BRATSEPAPPRR NAShoRS

WeEePeckAPCB BREESESE SP} 2016 Fae, PCB BRAGG

GM2016 ESREAEA. FEESET We AU 24 Aas

AY, & Je PARE2CEABEGPR. OE,aAPY,

2 TY fhWPFeeBE BE2AHPRPRARIAAHH RA

25. Be EH yp PHS Be Fr)PaHaeEePCRRLANPeHESekReSCF

[0092] RYE RRA ST ARMASREMARAOEPcHR

Pg] 23 All Pe 24 oh AY 28 Pe BE, PRTETFPREZHABStT]BE A xHG

PegaEARdBSFA 4PoRAOPBe

DA FHS 23 Al 24 AARETFTA BS PBAPl]aPAIZL

[o003] FY 25 PnSASEaZR 2502 EKAEPs 2500 WSCATT. TESS

ASEMATOS, eeeAeReePRLe. AeBY DeaREBe

ARETEAik AmAta. HISTFFSCEBeEBB SHH

je Er Aeg,BT PARESBEHR Ba, PERSES, 2PE2(SSL
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T5F8 24 BKiitE_LETRS ) AURA Bk2ASaEEEHB]. BY

HAE Ea 2 BAL ME Bd ZLFY2 Be SeaeaASEP,DIEERETCEG BE

EMERSME

(0094) FESRS ARESSCTHORJeRI ET] Feed A |A)BE

2010 4F 8 AA 25 APBCA. APACHERASfe Et Wireless Power Supply

System and Multi-layer Shim Assembly) "MUZE EIRMTA4INo.  s- PAPTA AS Re

2H {4—HEATBO HAE AA ae PER4, act|AGEAAH,

[0095] LA EARSEAACHATSSEa. CEPASTBARABER DRGEAR

RGte ALEAA,FS ST AHaAOY, 1KOeeRLSSSSOUS

AYA DER USEE TT PALE. VA BAITS SRRRT70HE BE HH ABEOR A EAT SF, A RSE FS Se eh ie] “—

(a, an) ”.“i% (the) ” Be“ PR (said) ”7SAFUE Oe FOF IRAB
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