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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. The United States Patent and 
Trademark Office (USPTO) collects the information in this record under authority of 35 U.S.C. 2. The USPTO's 
system of records is used to manage all applicant and owner information including name, citizenship, 
residence, post office address, and other information with respect to inventors and their legal representatives 
pertaining to the applicant's/owner's activities in connection with the invention for which a patent is sought or 
has been granted. The applicable Privacy Act System of Records Notice for the information collected in this 
form is COMMERCE/PAT-TM- 7 Patent Application Files, available in the Federal Register at 78 FR 19243 
(March 29, 2013). https://www.govinfo.gov/content/pkg/FR-2013-03-29/pdf/2013-07341.pdf 

Routine uses of the information in this record may include disclosure to: 1) law enforcement, in the event that 
the system of records indicates a violation or potential violation of law; 2) a Federal, state, local, or international 
agency, in response to its request; 3) a contractor of the USPTO having need for the information in order to 
perform a contract; 4) the Department of Justice for determination of whether the Freedom of Information Act 
(FOIA) requires disclosure of the record; 5) a Member of Congress submitting a request involving an individual 
to whom the record pertains, when the individual has requested the Member's assistance with respect to the 
subject matter of the record; 6) a court, magistrate, or administrative tribunal, in the course of presenting 
evidence, including disclosures to opposing counsel in the course of settlement negotiations; 7) the 
Administrator, General Services Administration (GSA), or their designee, during an inspection of records 
conducted by GSA under authority of 44 U.S.C. 2904 and 2906, in accordance with the GSA regulations and 
any other relevant (i.e., GSA or Commerce) directive, where such disclosure shall not be used to make 
determinations about individuals; 8) 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)); 9) the Office of Personnel 
Management (OPM) for personnel research purposes; and 9) the Office of Management and Budget (0MB) for 
legislative coordination and clearance. 

If you do not furnish the information requested on this form, the USPTO may not be able to process and/or 
examine your submission, which may result in termination of proceedings, abandonment of the application, 
and/or expiration of the patent. 

Additional Uses 

Additional US PTO uses of the information in this record may include disclosure to: 1) the International Bureau 
of the World Intellectual Property Organization, if the record is related to an international application filed under 
the Patent Cooperation Treaty; 2) the public i) after publication of the application pursuant to 35 U.S.C. 122(b), 
ii) after issuance of a patent pursuant to 35 U.S.C. 151, iii) if the record was filed 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 inspections, or an issued patent, or iv) without publication 
of the application or patent under the specific circumstances provided for by 37 CFR 1.14(a)(1 )(v)-(vii); and/or 
3) the National Archives and Records Administration, for inspection of records. 
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Application Number: TBD 
Attorney Docket No. IBTH 1331 SAa 
Information Disclosure Statement 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Applicant: Shinji YUASA 

Serial No.: TBD 

: Examiner: TBD 
' ' ' 
: Art Unit: TBD 

Filing Date: August 10, 2023 : Confirmation No.: TBD 

Title: METHOD OF MANUFACTURING A MAGNETORESISTIVE : Attorney Docket No.: IBTH 13318Aa 
RANDOM ACCESS MEMORY (MRAM) ~ 

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

Sir: 

INFORMATION DISCLOSURE STATEMENT 

To comply with rules 37 CFR §§1.97 and 1.98, attached hereto is a copy of Form PTO-1449 with 

documents listed thereon. These documents contain information which the Examiner may consider to be 

important in deciding whether to issue a patent in the instant application. 

As all foreign patent documents and non-patent literature cited herein were submitted in the parent 

application 18/219,320 filed July 7, 2023, now pending, and in the grandparent case 17/560,922 filed 

December 23, 2021, now pending, copies of such documents are not being provided herewith. 

The present Information Disclosure Statement is being submitted in compliance with 37 CFR §1.56, 

as an Examiner might consider any cited document important in deciding whether to allow the application to 

issue as a patent, but the citation of each document is not to be construed as an admission that such 

document is necessarily relevant or prior art. No representation is intended that the cited documents 

represent the results of a complete search, and it is anticipated that the Examiner, in the normal course of 

examination, will make an independent search and will determine the best prior art consistent with 37 CFR 

§§1.104 (a) and 1.106 (b), and in the course of such search will review for relevance every document cited 

on the attached form even if not initialed. 

Any fee due with this paper not already paid through an EFS-Web filing may be charged to Deposit 

Account No. 50-3894. Any overpayment may be credited to Deposit Account No. 50-3894. 

CUSTOMER NUMBER 61650 
PHONE: (973) 828-1284 
FAX: (866) 864-3948 

Page 1 of 1 

Respectfully submitted, 
MYERS WOLIN, LLC 

/Brian S. Myers/ 
Brian S. Myers 
Reg. No. 46,947 
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Doc code: IDS 
Doc description: Information Disclosure Statement (IDS) Filed 

PTO/SB/08a (01-22) 
Approved for use through 05/31/2024. 0MB 0651-0031 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995. no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Application Number 

Filing Date 2023-08-10 

INFORMATION DISCLOSURE First Named Inventor I Shinji YUASA 
STATEMENT BY APPLICANT 

Art Unit 
( Not for submission under 37 CFR 1.99) 

Examiner Name I 
Attorney Docket Number 18TH 13318Aa 

U.S.PATENTS 

Examiner Cite Kind Name of Patentee or Applicant 
Pages,Columns,Lines where 

Initial* No 
Patent Number Code1 Issue Date 

of cited Document 
Relevant Passages or Relevant 
Figures Appear 

1 11233193 B2 2022-01-25 Shinji YUASA 

If you wish to add additional U.S. Patent citation information please click the Add button. 

U.S.PATENT APPLICATION PUBLICATIONS 

Examiner Publication Kind Publication Name of Patentee or Applicant 
Pages,Columns,Lines where 

Initial* 
Cite No 

Number Code1 Date of cited Document 
Relevant Passages or Relevant 
Figures Appear 

1 20040109347 A1 2004-06-10 DEBROSSE et al. 

If you wish to add additional U.S. Published Application citation information please click the Add button. 

FOREIGN PATENT DOCUMENTS 

Name of Patentee or 
Pages, Columns, Lines 

Examiner Cite Foreign Document Country Kind Publication 
Applicant of cited 

where Relevant TS 
Initial* No Number3 Code2i Code4 Date Passages or Relevant 

Document 
Figures Appear 

1 □ 

If you wish to add additional Foreign Patent Document citation information please click the Add button 

NON-PATENT LITERATURE DOCUMENTS 

Examiner Cite 
Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item 

Initials* No 
(book, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue number(s), TS 
publisher, city and/or country where published. 

,_ 
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Application Number 

Filing Date 2023-08-10 

INFORMATION DISCLOSURE First Named Inventor I Shinji YUASA 
STATEMENT BY APPLICANT 

Art Unit 
( Not for submission under 37 CFR 1.99) 

Examiner Name I 
Attorney Docket Number 18TH 13318Aa 

1 
Non-Final Office Action issued by the United States Patent and Trademark Office for U.S. Patent Application No. 

□ 17/560,922, electronically delivered on November 17, 2022. 

2 
Notice of Allowance issued by the United States Patent and Trademark Office for U.S. Patent Application No. 

□ 17/560,922, electronically delivered on March 22, 2023. 

If you wish to add additional non-patent literature document citation information please click the Add button 

EXAMINER SIGNATURE 

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

1 See Kind Codes of USPTO Patent Documents at ,'N!\•,·.USPTO.GCN or MPEP 901.04. 2 Enter office that issued the document, by the two-letter code (WIPO 
Standard ST.3). 3 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document. 
4 Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible. 5 Applicant is to place a check mark here i1 
English language translation is attached. 
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Application Number 

Filing Date 2023-08-10 

INFORMATION DISCLOSURE First Named Inventor I Shinji YUASA 
STATEMENT BY APPLICANT 

Art Unit 
( Not for submission under 37 CFR 1.99) 

Examiner Name I 
Attorney Docket Number 18TH 13318Aa 

CERTIFICATION STATEMENT 

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s): 

That each item of information contained in the information disclosure statement was first cited in any communication 
D from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the 

information disclosure statement. See 37 CFR 1.97(e)(1 ). 

OR 

That no item of information contained in the information disclosure statement was cited in a communication from a 
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification 
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to 

D any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure 
statement. See 37 CFR 1.97(e)(2). 

D See attached certification statement. 

D The fee set forth in 37 CFR 1.17 (p) has been submitted herewith. 

IZJ A certification statement is not submitted herewith. 
SIGNATURE 

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

Signature /Brian S. Myers/ Date (YYYY-MM-DD) 2023-08-10 

Name/Print Brian S. Myers Registration Number 46947 

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the 
public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed 
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you 
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. 
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND 
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, 
VA 22313-1450. 
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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 may 
result in termination of proceedings or abandonment of 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 
(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 the Freedom of Information Act requires disclosure of these record s. 

2. A record 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 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. 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. Such disclosure shall not be used to make 
determinations about individuals. 

8. 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 CFR 1.14, as a routine use, to the public if the record was filed 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 inspections 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 becomes aware of a violation or potential violation of law or regulation. 
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Sheet 1 of 20 

Doc code: IDS PTO/SB/0Ba (02-1B) 

Doc description: Information Disclosure Statement (IDS) Filed Approved for use through 11/30/2020. 0MB 0651-0031 
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Application Number 

Filing Date 
INFORMATION DISCLOSURE First Named Inventor I Shinji YUASA 
STATEMENT BY APPLICANT 

Art Unit 
( Not for submission under 37 CFR 1.99) 

Examiner Name I 
Attorney Docket Number IBTH 13318Aa I 

U.S.PATENTS 

Examiner Cite Kind Name of Patentee or Applicant 
Pages,Columns,Lines where 

Initial* No 
Patent Number Code1 Issue Date 

of cited Document 
Relevant Passages or Relevant 
Figures Appear 

1 10680167 B2 2020-06-09 Yuasa 

2 6621730 B1 2003-09-16 Lage 

If you wish to add additional U.S. Patent citation information please click the Add button. 

U.S.PATENT APPLICATION PUBLICATIONS 

Examiner Publication Kind Publication Name of Patentee or Applicant 
Pages,Columns,Lines where 

Initial* 
Cite No 

Number Code1 Date of cited Document 
Relevant Passages or Relevant 
Figures Appear 

1 

If you wish to add additional U.S. Published Application citation information please click the Add button. 

FOREIGN PATENT DOCUMENTS 

Name of Patentee or 
Pages, Columns, Lines 

Examiner Cite Foreign Document Country Kind Publication 
Applicant of cited 

where Relevant 
TS 

Initial* No Number3 Code2i Code4 Date 
Document 

Passages or Relevant 
Figures Appear 

1 □ 

If you wish to add additional Foreign Patent Document citation information please click the Add button 

NON-PATENT LITERATURE DOCUMENTS 
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Sheet 2 of 20 

Doc code: IDS PTO/SB/08a (02-18) 

Doc description: Information Disclosure Statement (IDS) Filed 
Approved for use through 11/30/2020. 0MB 0651-0031 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Application Number 

Filing Date 
INFORMATION DISCLOSURE First Named Inventor I Shinji YUASA 
STATEMENT BY APPLICANT 

Art Unit 
( Not for submission under 37 CFR 1.99) 

Examiner Name I 
Attorney Docket Number 18TH 13318Aa I 

U.S.PATENTS 

Examiner Cite Kind Name of Patentee or Applicant 
Pages,Columns,Lines where 

Initial* No 
Patent Number Code1 Issue Date 

of cited Document 
Relevant Passages or Relevant 
Figures Appear 

1 10367138 B2 2019-07-30 Yuasa 

If you wish to add additional U.S. Patent citation information please click the Add button. 

U.S.PATENT APPLICATION PUBLICATIONS 

Examiner Publication Kind Publication Name of Patentee or Applicant 
Pages,Columns,Lines where 

Initial* 
Cite No 

Number Code1 Date of cited Document 
Relevant Passages or Relevant 
Figures Appear 

1 

If you wish to add additional U.S. Published Application citation information please click the Add button. 

FOREIGN PATENT DOCUMENTS 

Name of Patentee or 
Pages, Columns, Lines 

Examiner Cite Foreign Document Country Kind Publication 
Applicant of cited 

where Relevant T5 
Initial* No Number3 Code2i Code4 Date Passages or Relevant 

Document 
Figures Appear 

1 □ 

If you wish to add additional Foreign Patent Document citation information please click the Add button 

NON-PATENT LITERATURE DOCUMENTS 

Examiner Cite 
Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item 

Initials* No 
(book, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue number(s), T5 
publisher, city and/or country where published. 

,_ 
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Sheet 3 of 20 

Application Number 

Filing Date 

INFORMATION DISCLOSURE First Named Inventor I Shinji YUASA 
STATEMENT BY APPLICANT 

Art Unit 
( Not for submission under 37 CFR 1.99) 

Examiner Name I 
Attorney Docket Number l!BTH 13318Aa I 

rr'UASA, S. et al., "Giant tunnel magnetoresistance in magnetic tunnel junctions with a crystalline MgO(001) barrier", 
1 Uournal of Physics D: Applied Physics, 40, (2007), R337-R354, which is Evidence Otsu 29 (Evidence submitted by the 

Defendant 29) for 2014(wa)25200 Case of Claiming Damages in Japan, already submitted as IDS on August 12, 2019 

lrSUNODA, M. et al., "Orientational Control of Barrier Layer with lnterfacial Modification and Its Effect on Tunnel 

2 
Magnetoresistance in CoFeB/MgO/CoFeB Magnetic Tunnel Junctions", Journal of Vacuum Society of Japan, Vol.51, 
No.9, (2008), pp.583-588, which is Evidence otsu 38 (Evidence submitted by the Defendant 38) for 2014(wa)25200 
Case of Claiming Damages in Japan, with English machine translation 

rr'UASA, S. et al., "High Tunnel Magnetoresistance at Room Temperature in Fully Epitaxial Fe/MgO/Fe Tunnel 

3 
Uunctions due to Coherent Spin-Polarized Tunneling", Japanese Journal of Applied Physics, Vol. 43, No. 4B, (2004), 
DP-L588---L590, which is Evidence otsu 48 (Evidence submitted by the Defendant 48) for 2014(wa)25200 Case of 
Claiming Damages in Japan, already submitted as IDS on August 12, 2019 

4 
Defendant Technical briefing Documents Page 42 - Page 67, which is Evidence otsu 55 (Evidence submitted by the 
Defendant 55) for 2014(wa)25200 Case of Claiming Damages in Japan, with English translation 

r,'UASA, S. et al., "Tunneling Magnetoresistance and Interface Structure of Magnetic Tunnel Junctions with a MgO 
5 001) Barrier'', Surface Science Vol. 28, No_ 1, pp.15-21, 2007, which is Evidence otsu 56 (Evidence submitted by the 

Defendant 56) for 2014(wa)25200 Case of Claiming Damages in Japan, with English machine translation 

'Part VI Chapter 1 Section 1" of "Examination Guidelines for Patent and Utility Model in Japan" of September 2015, 
6 Which is Evidence otsu 60 (Evidence submitted by the Defendant 60) for 2014(wa)25200 Case of Claiming Damages 

n Japan, with English translation 

MACHIDA, K. et al., "Spatial Light Modulator with Tunnel Magnetoresistance Driven by Spin Transfer Switching -

7 
ll"oward the Development of a 30 Television System with Low Power Consumption-", NHK STRL R&D, No.138, (2013) 
pp.51-60, which is Evidence Otsu 65 (Evidence submitted by the Defendant 65) for 2014(wa)25200 Case of Claiming 
Damages in Japan, with English machine translation 

MACHIDA, K. et al., "Magnetic tunnel junctions using Co/Pt multilayered free layers with perpendicular magnetic 
8 lmisotropy", Journal of Physics: Conference Series, 303, (2011), 012100, which is an original paper of MACHIDA, K. e1 

~I-, NHK STRL R&D, No.138, (2013), pp.51-60 

If you wish to add additional non-patent literature document citation information please click the Add button I Add I 
EXAMINER SIGNATURE 

Examiner Signature 11 I Date Considered 11 
*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through a 
citation if not in conformance and not considered. Include copy of this form with next communication to applicant. 

1 See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 901.04. 2 Enter office that issued the document, by the two-letter code (WIPO 
Standard ST.3). 3 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document. 
4 Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible. 5 Applicant is to place a check mark here i1 
English language translation is attached. 
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Doc code: IDS PTO/SB/08a (02-18) 

Doc description: Information Disclosure Statement (IDS) Filed 
Approved for use through 11/30/2020. 0MB 0651-0031 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Application Number 

Filing Date 

INFORMATION DISCLOSURE First Named Inventor II Shinji YUASA 
STATEMENT BY APPLICANT 

Art Unit I ( Not for submission under 37 CFR 1.99) 
Examiner Name I 
Attorney Docket Number ll!BTH 13318Aa I 

U.S.PATENTS I Remove I 
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Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Basic Filing: 

UTILITY APPLICATION FILING 1011 1 320 320 

UTILITY SEARCH FEE 1111 1 700 700 

UTILITY EXAMINATION FEE 1311 1 800 800 

REQUEST FOR PRIORITIZED EXAMINATION 1817 1 4200 4200 
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Claims: 
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Sub-Total in 

USO($) 

Petition: 

Patent-Appeals-and-Interference: 

Post-Allowance-and-Post-Issuance: 

Extension-of-Time: 

Miscellaneous: 

Total in USO($) 6160 
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Electronic Acknowledgement Receipt 

EFSID: 48422595 

Application Number: 18232576 

International Application Number: 

Confirmation Number: 1021 

Title of Invention: 
METHOD OF MANUFACTURING A MAGNETORESISTIVE RANDOM ACCESS 
MEMORY (MRAM) 
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Customer Number: 61650 
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Document Description File Name 

File Size(Bytes}/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 
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1 Track One Request 
i bth_ 13318Aa_2023081 o_ T rao 

no 2 
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Sa 7 e 7 Sa6d e25 c69bbff5 f3 a9a 7808d 2e604 b 
f3fe 

Warnings: 
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2 Application Data Sheet 
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Warnings: 
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ibth_13318Aa_20230810_spec 

yes 21 
_21.pdf 

4062f082cb6c591 e8e460ea0c0bcc0912883 
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Specification 1 19 

Claims 20 20 

Abstract 21 21 
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124109 
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ibth_13318Aa_20230810_pre_ 
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3963d4 
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Multipart Description/PDF files in .zip description 

Document Description Start End 

Preliminary Amendment 1 1 

Specification 2 5 

Claims 6 8 

Applicant Arguments/Remarks Made in an Amendment 9 9 

Warnings: 

Information: 

233508 

6 
Authorization for Extension ofTime all ibth_13318Aa_20230810_auth 

1 
replies _to_ext.pdf 

no 
3a7 4ca2a7f74abd24 7851 071 a4e82e297f2 

d146 

Warnings: 

Information: 

229210 

7 Internet Communications Authorization 
ibth_ 13318Aa_2023081 0_lnter 

no 2 
net_comm.pdf 

a8336d0eceedf46c8fa 153de6bf6c1 6f2539 
971e 

Warnings: 

Information: 

94546 

8 Power of Attorney 
ibth_ 13318Aa_2023081 0_POA. 

no 1 
pdf 

e 1 0fcae 344 2fb9 5 806c9 32 98bfd ceee 3 Se87 
c754 

Warnings: 

Information: 

431599 

9 Transmittal of New Application 
ibth_ 13318Aa_2023081 0_trans 

no 2 
.pdf 

1a4e9707b5fb2511784dd74603b905e66fa 
4c30 

Warnings: 

Information: 

3848760 

10 
Information Disclosure Statement (IDS) ibth_ 13318Aa_2023001 0_ids - no 25 

Form (SB08) with_statement_complete.pdf 
04eb25de5222b8b658e235de91 d212b858 

7985be 
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1368302 

11 
Drawings-only black and white line ibth_13318Aa_20230810_Dra~ 

no 10 
drawings ings_ 1 0_.pdf 

cd d 3c3c 185 e4 2e3 203 3abcad65 aS Sfc97 eO 
16a09 

Warnings: 

Information: 

48243 

12 Fee Worksheet (5B06) fee-info.pdf no 2 
4c3b011 b63f7b91f609551379a8a62ec63d 

76d7c 

Warnings: 

Information: 

Total Files Size (in bytes) 9798582 

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 Agglications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 
National Stage of an International Agglication under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 
New International Agglication Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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Doc Code: TRACK1 .REQ 
Document Description: TrackOne Request 

PTO/AIA/424 (04-14) 

CERTIFICATION AND REQUEST FOR PRIORITIZED EXAMINATION 
UNDER 37 CFR 1.102(e) (Page 1 of 1) 

First Named 
Inventor: Shinji YUASA I Nonprovisional Application Number (if I 

known): 

Title of 
Invention: METHOD OF MANUFACTURING A MAGNETORESISTIVE RANDOM ACCESS MEMORY (MRAM) 

APPLICANT HEREBY CERTIFIES THE FOLLOWING AND REQUESTS PRIORITIZED EXAMINATION FOR 
THE ABOVE-IDENTIFIED APPLICATION. 

1. The processing fee set forth in 37 CFR 1.17(i)(1) and the prioritized examination fee set forth in 
37 CFR 1.17(c) have been filed with the request. The publication fee requirement is met 
because that fee, set forth in 37 CFR 1.18(d), is currently $0. The basic filing fee, search fee, 
and examination fee are filed with the request or have been already been paid. I understand 
that any required excess claims fees or application size fee must be paid for the application. 

2. I understand that the application may not contain, or be amended to contain, more than four 
independent claims, more than thirty total claims, or any multiple dependent claims, and that 
any request for an extension of time will cause an outstanding Track I request to be dismissed. 

3. The applicable box is checked below: 

I. [?] Original Application {Track One) - Prioritized Examination under§ 1.102{e){1) 

i. (a) The application is an original nonprovisional utility application filed under 35 U.S.C. 111 (a). 
This certification and request is being filed with the utility application via EFS-Web. 

---OR---
(b) The application is an original nonprovisional plant application filed under 35 U.S.C. 111 (a). 

This certification and request is being filed with the plant application in paper. 

ii. An executed inventor's oath or declaration under 37 CFR 1.63 or 37 CFR 1.64 for each 

II. 

inventor, or the application data sheet meeting the conditions specified in 37 CFR 1.53(f)(3)(i) is 
filed with the application. 

0 Request for Continued Examination - Prioritized Examination under§ 1.102{e){2) 

i. A request for continued examination has been filed with, or prior to, this form. 
ii. If the application is a utility application, this certification and request is being filed via EFS-Web. 
iii. The application is an original nonprovisional utility application filed under 35 U.S.C. 111 (a), or is 

a national stage entry under 35 U.S.C. 371. 
iv. This certification and request is being filed prior to the mailing of a first Office action responsive 

to the request for continued examination. 
v. No prior request for continued examination has been granted prioritized examination status 

under 37 CFR 1.102(e)(2). 

Signature/Brian S. Myers/ DateAugust 10, 2023 

~p~~~Typed) Brian S. Myers Practitioner 4694 7 
Registration Number 

Note: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4(d) for signature requirements and certifications. 
Submit multiole forms if more than one sianature is reauired. * 

□ *Total of forms are submitted. 
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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 may result in termination of proceedings or abandonment of 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 (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. A record 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 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. 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. Such 
disclosure shall not be used to make determinations about individuals. 

8. 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 CFR 1.14, as a routine use, to the public if the record 
was filed 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 becomes aware of a violation or potential violation of law or regulation. 
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PTO/AIN14 (02-18) 
Approved for use through 11/30/2020. 0MB 0651-0032 

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

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Attorney Docket Number IBTH 13318Aa 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention METHOD OF MANUFACTURING A MAGNETORESISTIVE RANDOM ACCESS MEMORY (MRAM) 

The application data sheet is part of the provisional or nonprovisional application for which it is being submitted. The following form contains the 
bibliographic data arranged in a format specified by the United States Patent and Trademark Office as outlined in 37 CFR 1.76. 
This document may be completed electronically and submitted to the Office in electronic format using the Electronic Filing System (EFS) or the 
document may be printed and included in a paper filed application. 

Secrecy Order 37 CFR 5.2: 

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

Inventor Information: 

Inventor 11 I Remove I 
Legal Name 

Prefix Given Name Middle Name Family Name Suffix 

I El t,hinji I fl'UASA I El 
Residence Information (Select One) US Residency • Non US Residency Active US Military Service 

City lbaraki l1country of Residence i if P I 

Mailing Address of Inventor: 

Address 1 ~o Nat. Inst. of Adv. Industrial Sci. & Tech. 

Address 2 rrsukuba Central 2, 1-1, Umezono 1-chome 

City I If sukuba-shi, lbaraki I State/Province 11 

Postal Code I ros-ss6s I Countryi I ~p 

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

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

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

Customer Number 31650 

Email Address patent@myerswolin.com I I Add Email I I Remove Email I 

Application Information: 

Title of the Invention METHOD OF MANUFACTURING A MAGNETORESISTIVE RANDOM ACCESS MEMORY (MRAM) 

Attorney Docket Number IBTH 13318Aa I Small Entity Status Claimed □ 
Application Type Non provisional T 

Subject Matter Utility T 

Total Number of Drawing Sheets (if any) 1110 I Suggested Figure for Publication (if any) 11 

EFSWeb2.2.13 
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PTO/AIN14 (02-18) 
Approved for use through 11/30/2020. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Attorney Docket Number IBTH 13318Aa 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention METHOD OF MANUFACTURING A MAGNETORESISTIVE RANDOM ACCESS MEMORY (MRAM) 

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

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

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

I 

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

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

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

Representative Information: 

Representative information should be provided for all practitioners having a power of attorney in the application. Providing 
this information in the Application Data Sheet does not constitute a power of attorney in the application (see 37 CFR 1.32). 
Either enter Customer Number or complete the Representative Name section below. If both sections are completed the customer 
Number will be used for the Representative Information during processing. 

Please Select One: • Customer Number I US Patent Practitioner IO Limited Recognition (37 CFR 11.9) 

Customer Number ~1650 

Domestic Benefit/National Stage Information: 
This section allows for the applicant to either claim benefit under 35 U.S.C. 119(e), 120, 121, 365(c), or 386(c) or indicate 
National Stage entry from a PCT application. Providing benefit claim information in the Application Data Sheet constitutes 
the specific reference required by 35 U.S.C. 119(e) or 120, and 37 CFR 1.78. 
When referring to the current application, please leave the "Application Number" field blank. 

Prior Application Status !='ending I· I Remove I 
Filing or 371 (c) Date 

Application Number Continuity Type Prior Application Number (YYYY-MM-DD) 

I J:ontinuation of I· 18219320 ~023-07-07 
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PTO/AIN14 (02-18) 
Approved for use through 11/30/2020. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Attorney Docket Number IBTH 13318Aa 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention METHOD OF MANUFACTURING A MAGNETORESISTIVE RANDOM ACCESS MEMORY (MRAM) 

Prior Application Status !='ending . I Remove I 
Filing or 371 (c) Date 

Application Number Continuity Type Prior Application Number (YYYY-MM-DD) 

~8219320 Continuation of . 17560922 ~021-12-23 

Prior Application Status Patented . I Remove I 
Application Prior Application Filing Date Issue Date 

Number 
Continuity Type 

Number (YYYY-MM-DD) Patent Number (YYYY-MM-DD) 

117560922 pontinuation of I· 116862598 ~020-04-30 111233193 ~022-01-25 

Prior Application Status !='atented . I Remove I 
Application Prior Application Filing Date Issue Date 

Number 
Continuity Type 

Number (YYYY-MM-DD) Patent Number (YYYY-MM-DD) 

116862598 pontinuation of I· 116443875 ~019-06-18 110680167 ~020-06-09 

Prior Application Status !='atented . I Remove I 
Application Prior Application Filing Date Issue Date 

Number 
Continuity Type 

Number (YYYY-MM-DD) Patent Number (YYYY-MM-DD) 

116443875 pontinuation of I· 115428842 ~017-02-09 110367138 ~019-07-30 

Prior Application Status !='atented . I Remove I 
Application Prior Application Filing Date Issue Date 

Number 
Continuity Type 

Number (YYYY-MM-DD) Patent Number (YYYY-MM-DD) 

115428842 pontinuation of I· 114837558 ~015-08-27 ~608198 ~017-03-28 

Prior Application Status !='atented . I Remove I 
Application Prior Application Filing Date Issue Date 

Number 
Continuity Type 

Number (YYYY-MM-DD) Patent Number (YYYY-MM-DD) 

114837558 pontinuation of I· 113767290 ~013-02-14 ~123463 ~015-09-01 

Prior Application Status !='atented . I Remove I 
Application Prior Application Filing Date Issue Date 

Number 
Continuity Type 

Number (YYYY-MM-DD) Patent Number (YYYY-MM-DD) 

113767290 pontinuation of I· 113400340 ~012-02-20 ~405134 ~013-03-26 

Prior Application Status !='atented . I Remove I 
Application Prior Application Filing Date Issue Date 

Number 
Continuity Type 

Number (YYYY-MM-DD) Patent Number (YYYY-MM-DD) 

113400340 pontinuation of I· 112923643 ~010-09-30 ~319263 ~012-11-27 

Prior Application Status !='atented . I Remove I 
Application Prior Application Filing Date Issue Date 

Number 
Continuity Type 

Number (YYYY-MM-DD) Patent Number (YYYY-MM-DD) 

112923643 pontinuation of I· 110591947 ~006-09-08 ~884403 ~011-02-08 

Prior Application Status J=xpired . I Remove I 
Filing or 371 (c) Date 

Application Number Continuity Type Prior Application Number (YYYY-MM-DD) 

~0591947 ► 371 of international . PCT/JP2005/004720 ~005-03-10 
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PTO/AIN14 (02-18) 
Approved for use through 11/30/2020. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Attorney Docket Number IBTH 13318Aa 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention METHOD OF MANUFACTURING A MAGNETORESISTIVE RANDOM ACCESS MEMORY (MRAM) 

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

Foreign Priority Information: 

Add 

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

constitutes the claim for priority as required by 35 U.S.C. 119(b) and 37 CFR 1.55. When priority is claimed to a foreign application 

that is eligible for retrieval under the priority document exchange program (Poxi the information will be used by the Office to 

automatically attempt retrieval pursuant to 37 CFR 1.55(i)(1) and (2). Under the POX program, applicant bears the ultimate 

responsibility for ensuring that a copy of the foreign application is received by the Office from the participating foreign intellectual 

property office, or a certified copy of the foreign priority application is filed, within the lime period specified in 37 CFR 1.55(g)(1 ). 

I Remove I 
Application Number Countryi Filing Date (YYYY-MM-DD) Access Codei (if applicable) 

~004-071186 ~p ~004-03-12 

I Remove I 
Application Number Countryi Filing Date (YYYY-MM-DD) Access Codei (if applicable) 

~004-313350 ~p ~004-10-28 

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

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

This application (1) claims priority to or the benefit of an application filed before March 16, 2013 and (2) also 
contains, or contained at any time, a claim to a claimed invention that has an effective filing date on or after March 

□ 16,2013. 
NOTE: By providing this statement under 37 CFR 1.55 or 1.78, this application, with a filing date on or after March 
16, 2013, will be examined under the first inventor to file provisions of the AIA. 
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PTO/AIN14 (02-18) 
Approved for use through 11/30/2020. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

IBTH 13318Aa Attorney Docket Number 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention METHOD OF MANUFACTURING A MAGNETORESISTIVE RANDOM ACCESS MEMORY (MRAM) 

Authorization or Opt-Out of Authorization to Permit Access: 

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

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

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

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

A. Priority Document Exchange (PDXl - Unless box A in subsection 2 (opt-out of authorization) is checked, the 
undersigned hereby grants the USPTO authority to provide the European Patent Office (EPO), the Japan Patent Office 
(JPO), the Korean Intellectual Property Office (KIPO), the State Intellectual Property Office of the People's Republic of 
China (SIPO), the World Intellectual Property Organization (WIPO), and any other foreign intellectual property office 
participating with the USPTO in a bilateral or multilateral priority document exchange agreement in which a foreign 
application claiming priority to the instant patent application is filed, access to: (1) the instant patent application-as-filed 
and its related bibliographic data, (2) any foreign or domestic application to which priority or benefit is claimed by the 
instant application and its related bibliographic data, and (3) the date of filing of this Authorization. See 37 CFR 1.14(h) 
(1 ). 

B. Search Results from U.S. Application to EPO - Unless box Bin subsection 2 (opt-out of authorization) is checked, 
the undersigned hereby grants the USPTO authority to provide the EPO access to the bibliographic data and search 
results from the instant patent application when a European patent application claiming priority to the instant patent 
application is filed. See 37 CFR 1.14(h)(2). 

The applicant is reminded that the EPO's Rule 141(1) EPC (European Patent Convention) requires applicants to submit a 
copy of search results from the instant application without delay in a European patent application that claims priority to 
the instant application. 

2. Opt-Out of Authorizations to Permit Access by a Foreign Intellectual Property Office(s) 

A. Applicant DOES NOT authorize the USPTO to permit a participating foreign IP office access to the instant 
D application-as-filed. If this box is checked, the USPTO will not be providing a participating foreign IP office with 

any documents and information identified in subsection 1A above. 

B. Applicant DOES NOT authorize the USPTO to transmit to the EPO any search results from the instant patent 
D application. If this box is checked, the USPTO will not be providing the EPO with search results from the instant 

application. 

NOTE: Once the application has published or is otherwise publicly available, the USPTO may provide access to the 
application in accordance with 37 CFR 1.14. 
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METHOD OF MANUFACTURING A MAGNETORESISTIVE RANDOM ACCESS 

MEMORY (MRAM) 

[000l]CROSS-REFERENCE TO RELATED APPLICATIONS 

[0002]The present application is a continuation of U.S. Application No. 16/862,598, 

filed April 30, 2020, which is a continuation of U.S. Application No. 16/443,875, filed 

June 18, 2019 (now U.S. Patent No. 10,680,167), which is a continuation of U.S. 

Application No. 15/428,842, filed February 09, 2017 (now U.S. Patent No. 10,367,138), 

which is a continuation of U.S. Application No. 14/837,558, filed August 27, 2015 (now 

U.S. Patent No. 9,608,198), which is a continuation of U.S. Application No. 13/767,290, 

filed February 14, 2013 (now U.S. Patent No. 9,123,463), which is a continuation of 

U.S. Application No. 13/400,340, filed February 20, 2012 (now U.S. Patent No. 

8,405,134), which is a continuation of U.S. Application 12/923,643, filed September 

30, 2010 (now U.S. Patent No. 8,319,263), which is a continuation of U.S. Application 

No. 10/591,947, filed September 08, 2006 (now U.S. Patent No. 7,884,403), which is a 

National Stage Application of PCT/JP2005/004720, filed March 10, 2005, which claims 

priority from Japanese Application Nos. 2004-071186 and 2004-313350, filed March 

12, 2004 and October 28, 2004, respectively, the content of each is hereby incorporated 

by reference into this application. 

[0003]BACKGROUND OF THE INVENTION 

[0004]Field of the Invention 
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[0005] The present invention relates to a magnetic tunnel junction device and a method 

of manufacturing the same, particularly to a magnetic tunnel junction device with a 

high magnetoresistance and a method of manufacturing the same. 

[0006] Description of Related Art 

[0007]Magnetoresistive random access memories (MRAMs) refer to a large-scale 

integrated memory circuit that is expected to replace the currently widely used DRAM 

memories. Research and development of MRAM devices, which are fast and non­

volatile memory devices, are being extensively carried out, and sample products of a 

4Mbit MRAM have actually been delivered. 

[0008]Figs. 8(A) and 8(B) show the structure and operation principle of a magnetic 

tunnel junction device (to be hereafter referred to as a "MTJ device"), which is the 

most important part of the MRAM. As shown in Fig. 8(A), a MTJ device comprises a 

tunnelling junction structure in which a tunnel barrier (to be hereafter also referred to 

as a "barrier layer") made of an oxide is sandwiched between a first and a second 

electrode made of a ferromagnetic metal. The tunnel barrier layer comprises an 

amorphous Al-O layer (see Non-Patent Document 1). As shown in Fig. 8(A), in the 

case of parallel magnetization alignment where the directions of magnetizations of the 

first and second ferromagnetic electrodes are aligned parallel, the electric resistance 

of the device with respect to the direction normal to the interfaces of the tunneling 

junction structure decreases. On the other hand, in the case of antiparallel 

magnetization alignment where the directions of magnetizations of the first and 

second ferromagnetic electrodes are aligned antiparallel as shown in Fig. 8(B), the 

electric resistance with respect to the direction normal to the interfaces of the 
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tunneling junction structure increases. The resistance value does not change in a 

general state, so that information "1" or "0" can be stored depending on whether the 

resistance value is high or not. Since the parallel and antiparallel magnetization 

alignments can be stored in a non-volatile fashion, the device can be used as a non­

volatile memory device. 

[0009]Figs. 9(A)-(C) show an example of the basic structure of the MRAM. Fig. 9(A) 

shows a perspective view of the MRAM, and Fig. 9(B) schematically shows a circuit 

block diagram. Fig. 9(C) is a cross-section of an example of the structure of the 

MRAM. Referring to Fig. 9(A), in an MRAM, a word line WL and a bit line BL are 

disposed in an intersecting manner, with an MRAM cell disposed at each intersection. 

As shown in Fig. 9(B), the MRAM cell disposed at the intersection of a word line and 

a bit line comprises a MTJ device and a MOSFET directly connected to the MTJ 

device. Stored information can be read by reading the resistance value of the MTJ 

device that functions as a load resistance, using the MOSFET. The stored information 

can be rewritten by applying a magnetic field to the MTJ device, for example. As 

shown in Fig. 9(C), an MRAM memory cell comprises a MOSFET 100 including a 

source region 105 and a drain region 103 both formed inside a p-type Si substrate 101, 

and a gate electrode 111 formed on a channel region that is defined between the 

source and drain regions. The MRAM also comprises a MTJ device 117. The source 

region 105 is grounded, and the drain is connected to a bit line BL via the MTJ 

device. A word line WL is connected to the gate electrode 111 in a region that is not 

shown. 
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[00l0]Thus, a single non-volatile MRAM memory cell can be formed by a single 

MOSFET 100 and a single MTJ device 117. The MRAMs are therefore suitable where 

high levels of integration are required. 

[00ll]Non-Patent Document 1: D. Wang, et al.: Science 294 (2001) 1488. 

[0012]SUMMARY OF THE INVENTION 

[0013]Although there are prospects for achieving MRAMs with capacities on the 

order of 64Mbits based on the current technologies, the characteristics of the MTJ 

device, which is the heart of MRAM, needs to be improved if higher levels of 

integration are to be achieved. In particular, in order to increase the output voltage of 

the MTJ device, the magnetoresistance must be increased and the bias voltage 

characteristics must be improved. Fig. 10 illustrates how the magnetoresistance in a 

conventional MTJ device using an amorphous Al-O as the tunnel barrier changes as a 

function of the bias voltage (Ll). As shown, in the conventional MTJ device, the 

magnetoresistance is small and, notably, it tends to drastically decrease upon 

application of bias voltage. With such characteristics, the output voltage when 

operation margins are taken into consideration is too small for the device to be 

employed for an actual memory device. Specifically, the magnetoresistance of the 

current MTJ device is small at approximately 70%, and the output voltage is also 

small at no more than 200 m V, which is substantially half the output voltage of a 

DRAM. This has resulted in the problem that as the level of integration increases, 

signals are increasingly lost in noise and cannot be read. 
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[0014]1t is an object of the invention to increase the output voltage of a MTJ device. 

It is another object of the invention to provide a memory device with a high 

magnetoresistance for stable operation. 

[0015]In one aspect, the invention provides a magnetoresistive device comprising a 

magnetic tunnel junction structure comprising: a tunnel barrier layer; a first 

ferromagnetic material layer of the BCC structure formed on a first side of the tunnel 

barrier layer; and a second ferromagnetic material layer of the BCC structure formed 

on a second side of the tunnel barrier layer, wherein the tunnel barrier layer is formed 

by a single-crystal MgOx (001) layer or a poly-crystalline MgOx (0 < x < 1) layer in 

which the (001) crystal plane is preferentially oriented. 

[0016]The invention further provides a magnetoresistive device comprising a 

magnetic tunnel junction structure comprising: a tunnel barrier layer comprising 

MgO(00l); a first ferromagnetic material layer comprising Fe(00l) formed on a first 

side of the tunnel barrier layer; and a second ferromagnetic material layer comprising 

Fe(00l) formed on a second side of the tunnel barrier layer, wherein the MgO layer is 

formed by a single-crystalline MgOx (001) layer or a poly-crystalline MgOx (0 < x < 

1) layer in which the (001) crystal plane is preferentially oriented. In a preferred 

embodiment, the band discontinuity value (the height of the tunnel barrier) between 

the bottom of the conduction band of the MgO(00l) layer and the Fermi energy of the 

Fe(00l) layer is smaller than an ideal value of a perfect single-crystal without defect. 

These features increase the magnetoresistance and thereby allow the output voltage of 

the MTJ device to be increased. By using any of the aforementioned MTJ devices as a 

load for a single transistor, a non-volatile memory can be formed. 
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[0017] In another aspect, the invention provides a method of manufacturing a 

magnetoresistive device comprising: preparing a substrate; depositing a first Fe(00l) 

layer on the substrate; depositing a tunnel barrier layer on the first Fe(00l) layer by 

electron beam evaporation under high vacuum, the tunnel barrier layer comprising a 

single-crystalline MgOx (001) or a poly-crystalline MgOx (0 < x < 1) in which the 

(001) crystal plane is preferentially oriented; and forming a second Fe(00l) layer on 

the tunnel barrier layer. 

[0018]The invention furthermore provides a method of manufacturing a MTJ device 

comprising a first step of preparing a substrate comprising a single-crystalline 

MgOx(00l) or a poly-crystalline MgOx (0 < x < 1) in which the (001) crystal plane is 

preferentially oriented, a second step of depositing a first Fe(00l) layer on the 

substrate and performing an annealing process to make the surface flat, a third step of 

depositing a tunnel barrier layer on the first Fe(00l) layer by electron beam 

evaporation, the tunnel barrier layer comprising a single-crystalline MgOx(00l) or a 

poly-crystalline MgOx (0 < x < 1) in which the (001) crystal plane is preferentially 

oriented, and a fourth step of forming a second Fe(00l) layer on the tunnel barrier 

layer. The method may further comprise the step of growing a seed layer between the 

first and the second steps, the seed layer comprising a single-crystalline MgOx(00l) or 

a poly-crystalline MgOx (0 < x < 1) in which the (001) crystal plane is preferentially 

oriented. The MgO layer may be deposited using a target with the value of x in MgOx 

adjusted. The value of x in MgOx may be adjusted in the step of forming the MgO. 

[0019]In yet another aspect, the invention provides a magnetoresistive device 

comprising a magnetic tunnel junction structure comprising a tunnel barrier layer 

comprising MgO(00l), a first ferromagnetic material layer comprising an amorphous 
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magnetic alloy formed on a first sideof the tunnel barrier layer, and a second 

ferromagnetic material layer comprising an amorphous magnetic alloy formed on a 

second side of the tunnel barrier layer, wherein the discontinuous value (the height of 

the tunnel barrier) between the bottom of the conduction band of the MgO(00l) layer 

and the Fermi energy of the first or the second ferromagnetic material layer 

comprising the amorphous magnetic alloy is lower than an ideal value of a perfect 

single-crystal with no defect. 

[0020]BRIEF DESCRIPTION OF THE DRAWINGS 

[0021]Fig. l(B) shows the structure of a MTJ device according to a first embodiment 

of the invention, and Fig. l(A) shows the energy band structure of a ferromagnetic 

metal Fe(00l), illustrating the E-Ep relationship with respect to the [001] direction of 

the momentum space. 

[0022]Fig. 2(A) to Fig. 2(D) schematically show the process of manufacturing a MTJ 

device with a Fe(001)/MgO(001)/Fe(001) structure (to be hereafter referred to as a 

"Fe(001)/MgO(001)/Fe(001) MTJ device") according to an embodiment of the 

invention. 

[0023]Fig. 3(A) shows a RHEED image of a Fe(00l) lower electrode (a first 

electrode), and Fig. 3(B) shows a RHEED image of a MgO(00l) barrier layer. 

[0024]Fig. 4 shows the results of observing the quadrupole mass spectra in the 

deposition chamber during the MgO evaporation. 

[0025]Fig. 5 shows the film deposition rate dependency of the oxygen partial pressure 

during the MgO evaporation. 
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[0026]Fig. 6 shows typical magnetoresistance curves of the 

Fe(001)/MgO(001)/Fe(001) MTJ device. 

[0027]Fig. 7(A) shows the bias voltage dependency of the MR ratio at room 

temperature, and Fig. 7(B) shows the output voltage Vout of the MTJ device (=bias 

voltage x (Rap-Rp)/Rap). 

[0028]Figs. 8(A) and 8(B) show the structure of the MTJ device and its operating 

principle. 

[0029]Figs. 9(A)-(C) show an example of the basic structure of an MRAM, Fig. 9(A) 

showing a perspective view of the MRAM, Fig. 9(B) showing a schematic circuit 

diagram, and Fig. 9(C) showing a cross-sectional view of an example of its structure. 

[0030]Fig. 10 shows how the magnetoresistance of a conventional MTJ device using 

an amorphous Al-O as the tunnel barrier changes depending on the bias voltage. 

[0031]Fig. 11 shows the structure of a MTJ device according to a variation of the 

invention, corresponding to Fig. l(B). 

[0032]DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0033]In the context of the present specification, because MgO has a cubic crystal 

structure (NaCl structure), the (001) plane, the (100) plane, and the (010) plane are all 

equivalent. The direction perpendicular to the film surface is herein considered to be 

the z-axis so that the film plane can be uniformly described as (001). Also in the 

context of the present specification, BCC structure, which the crystalline structure of 

ferromagnetic electrode layer, means body-centered cubic lattice structure. More 

8 

WD EX1086 
Western Digital v IP Bridge 

Page 63



18TH 13318Aa 

Attorney Docket No. 12956US lOCON 

specifically, BCC structure includes the BCC structure with no chemical ordering so­

called A2-type structure, the BCC structure with chemical ordering such as B2-type 

structre and L21 -type structure, and also the aforementioned structures with slight 

lattice distortion. 

[0034]The term "ideal value" with regard to a perfect single-crystal without defect 

herein refers to a value that has been estimated from ultraviolet photoemission 

spectroscopy experiments (see W. Wulfhekel, et al.: Appl. Phys. Lett. 78 (2001) 

509.). The term "ideal value" is used herein because the aforementioned state can be 

considered to be an upper limit value of the potential barrier height of the tunnel 

barrier of an ideal single-crystal MgO with hardly any oxygen vacancy defect or 

lattice defect. 

[0035]Before describing the preferred embodiments of the invention, an analysis 

conducted by the inventors is discussed. The magnetoresistance (MR) ratio of a MTJ 

device can be expressed by the following equation: 

[0036] LlR/Rp = (Rap - Rp )/Rp 

[0037] where Rp and Rap indicate the tunnel junction resistance in the cases of 

parallel and antiparallel magnetization alignments, respectively, of two electrodes. 

According to theJullire' s formula, the MR ratio at low bias voltage can be expressed 

by: 

[0039]Pa =(Dai (EF) - Da .j, (EF))/(Da i (EF) + Da .j, (EF), 

9 

WD EX1086 
Western Digital v IP Bridge 

Page 64



18TH 13318Aa 

Attorney Docket No. 12956US lOCON 

[0040]where a= 1, 2 (1) 

[0041] In the above equations, Pa is the spin polarization of an electrode, and Da i 

(EF) and Da .j, (EF) are the density of state (DOS) at the Fermi energy (EF) of the 

majority-spin band and the minority-spin band, respectively. Since the spin 

polarization of ferromagnetic transition metals and alloys is approximately 0.5 or 

smaller, the Jullire's formula predicts a highest estimated MR ratio of about 70%. 

[0042]Although the MR ratio of approximately 70% has been obtained at room 

temperature when a MTJ device was made using an amorphous Al-O tunnel barrier 

and polycrystalline electrodes, it has been difficult to obtain the output voltage of 200 

m V, which is comparable to the output voltages of DRAMs, thereby preventing the 

realization of MRAM as mentioned above. 

[0043]The inventors tried an approach to deposit a MTJ device in which the tunnel 

barrier comprises a single-crystal (001) of magnesium oxide (MgO) or a poly­

crystalline MgO in which the (001) crystal plane is preferentially oriented. It is the 

inventors' theory that, because magnesium oxide is a crystal (where the atoms are 

arranged in an orderly fashion), as opposed to the conventional amorphous Al-O 

barrier, the electrons are not scattered and the coherent states of electrons are 

concerved during the tunneling process. Fig. l(B) shows the MTJ device structure 

according to an embodiment of the invention. Fig. l(A) shows the energy band 

structure of the ferromagnetic Fe(00l), that is, the E-Ep relationship with respect to 

the [001] direction of the momentum space. As shown in Fig. l(B), the MTJ device 

structure of the present embodiment comprises a first Fe (001) layer 1, a second Fe 

(001) layer 5, and a single-crystalline MgOx (001) layer 3 or a poly-crystalline MgOx 
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(0 < x < 1) layer 3 sandwiched therebetween, the polycrystalline layer having the 

(001) crystal plane preferentially oriented therein. According to the aforementioned 

Jullire' s model, assuming that the momentum of the conduction electrons is preserved 

in the tunneling process, the tunneling current that passes through MgO would be 

dominated by those electrons with wave vector kz in the direction perpendicular to the 

tunnel barrier (normal to the junction interfaces). In accordance with the energy band 

diagram shown in Fig. l(A) of Fe in the [001] (f'-H) direction, the density of state 

(DOS) at the Fermi energy EF does not exhibit a very high spin polarization due to the 

fact that the sub-bands of the majority-spin and the minority-spin have states at the 

Fermi energy Ep. However, in case the coherent states of electrons are conserved in 

the tunneling process, only those conduction electrons that have totally symmetrical 

wave functions with respect to the axis perpendicular to the barrier would be coupled 

with the states in the barrier region and come to have a finite tunneling probability. 

The ~1 band in the Fe(00l) electrode has such totally symmetric wave functions. As 

shown in Fig. l(A), the majority spin ~1 band (solid line) has states at the Fermi 

energy EF, whereas the minority spin ~1 band (broken line) does not have state at the 

Fermi energy Ep. Because of such half-metallic characteristics of the Fe ~1 band, 

there is the possibility that a very high MR ratio can be obtained in a coherent spin 

polarized tunneling. Since in an epitaxial (single-crystal, or (001) oriented poly­

crystal) MTJ device the scattering of electrons is suppressed during the tunneling 

process, an epitaxial MTJ device is thought to be ideal for realizing the 

aforementioned coherent tunneling. 

[0044]1n the following, a MTJ device according to a first embodiment of the invention 

and a method of manufacturing the same will be described with reference to the 
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drawings. Figs. 2(A) to 2(D) schematically show the method of manufacturing the 

MTJ device having the Fe (001)/MgO(00l)/Fe(00l) structure according to the 

embodiment (to be hereafter referred to as a "Fe(001)/MgO(001)/Fe(001) MTJ 

device"). Fe(00 1) refers to a ferromagnetic material with the BCC structure. First, a 

single-crystal MgO(00l) substrate 11 was prepared. In order to improve the 

morphology of the surface of the single-crystal MgO(00l) substrate 11, a MgO(00l) 

seed layer 15 was grown by the molecular beam epitaxy (MBE) method. This was 

subsequently followed by the growth of an epitaxial Fe(00l) lower electrode (first 

electrode) 17 with the thickness of 50 nm on the MgO(00l) seed layer 15 at room 

temperature, as shown in Fig. l(B), and then annealing was performed at 350°C under 

ultrahigh vacuum (2 x 10-8 Pa). Electron-beam evaporation conditions included an 

acceleration voltage of 8 kV, a growth rate of 0.02 nm/sec, and the growth 

temperature of room temperature (about 293K). The source material of the electron­

beam evaporation was MgO of the stoichiometric composition (the ratio of Mg to 0 

being 1: 1), the distance between the source and the substrate was 40 cm, the base 

vacuum pressure was 1 x 10-8 Pa, and the 02 partial pressure was 1 x 10-6 Pa. 

Alternatively, a source with oxygen vacancy defects may be used instead of the MgO 

of the stoichiometric composition (the ratio of Mg to O is 1: 1). 

[0045]Fig. 3(A) shows a RHEED image of the Fe(00l) lower electrode (a first 

electrode). The image shows that the Fe(00l) lower electrode (first electrode) 17 

possesses a good crystallinity and flatness. Thereafter, a MgO(00l) barrier layer 21 

with the thickness of 2 nm was epitaxially grown on the Fe(00l) lower electrode (first 

electrode) at room temperature, also using the MgO electron-beam evaporation 

method. Fig. 3(B) shows a RHEED image of the MgO(00l) barrier layer 21. The 
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image shows that the MgO(00l) barrier layer 21 also possesses a good crystallinity 

and flatness. 

[0046]As shown in Fig. 2(D), a Fe(00l) upper electrode (a second electrode) 23 with 

the thickness of 10 nm was formed on the MgO(00l) barrier layer 21 at room 

temperature. This was successively followed by the deposition of a Co layer 25 with 

the thickness of 10 nm on the Fe(00l) upper electrode (second electrode) 23. The Co 

layer 25 is provided to increase the coercive force of the upper electrode 23 so as to 

realize the antiparallel magnetization alignment. The thus prepared sample was then 

processed by microfabrication techniques to obtain the Fe(001)/MgO(001)/Fe(001) 

MTJ device. 

[0047]The aforementioned MgO evaporation using an electron beam involved the 

formation of a film under ultrahigh vacuum of 10-9 Torr. It can be seen that in this 

method, the film, even when formed on a glass substrate to the thickness of 300 nm, 

was colorless and transparent, showing that a good crystal film was formed. Fig. 4 

shows the results of observing the quadrupole mass spectra in the deposition chamber 

during the MgO growth. The results show that the partial pressures regarding the 

spectrum Pl of O and the spectrum P2 of 02 are high. Fig. 5 shows the film 

deposition rate dependency of the oxygen partial pressure during MgO evaporation. It 

will be seen from the figure that the oxygen partial pressure itself is high, and that the 

oxygen partial pressure increases as the deposition rate increases. These results 

indicate the separation of oxygen from MgO during the deposition of MgO. Since the 

separated oxygen is pumped out of the deposition chamber using vacuum pumps, there 

is the possibility that there are oxygen vacancy defects such as MgOx (0.9 < x < 1). 

When there are oxygen vacancy defects, the potential barrier height of the MgO 
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tunnel barrier is thought to decrease (such as in the range of 0.10 to 0. 85 e V; more 

specifically, 0.2 to 0.5 eV), which is thought to result in an increase in the tunneling 

current. In the case of a typical Al-O tunnel barrier, the height of the tunnel barrier 

with respect to Fe(00l) electrodes is considered to be 0.7 to 2.5 eV. An ideal tunnel 

barrier height of a MgO crystal is 3.6 eV, and experimental values of 0.9 to 3.7 eV 

have been obtained. Using the method according to the present embodiment of the 

invention, a tunnel barrier height of approximately 0.3 e V is expected, indicating that 

the resistance of the tunnel barrier can be lowered. However, it should be noted that 

other factors, such as the influence of the aforementioned coherent tunneling, might 

also be involved. The value of x in MgOx due to oxygen vacancy defects is such that 

0.98 < x < 1, and more preferably 0.99 < x < 1. These are the ranges such that the 

sole presence of Mg is excluded and the characteristics of MgO can be basically 

maintained. 

[0048] The aforementioned tunnel barrier height <p was determined by fitting the 

electric conductance characteristics of the MTJ device (the relationship between 

tunnel current density J and bias voltage V) onto the Simmons' formula (Equation 

(20) in a non-patent document by J. G. Simmons: J. Appl. Phys. 34, pp. 1793-1803 

(1963)) based on the WKB approximation, using the least squares method. The fitting 

was performed using the free electron mass (m = 9.11 x 10-31 kg) as the electron's 

effective mass. When a bias voltage V (which is normally on the order of 500 m V to 

1000 mV) is applied until non-linearity appears in the J-V characteristics, the height <p 

of the tunnel barrier and the effective thickness ~s of the tunnel barrier can be 

simultaneously determined by fitting the J-V characteristics using the Simmons' 

formula. 
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[0049]The effective thickness ~s of the tunnel barrier was determined to be smaller 

than the thickness of the actual MgO(00l) tunnel barrier layer (tMgo) determined from 

a cross-sectional transmission electron microscope image of the MTJ device by 

approximately 0.5 nm. This is the result of the effective thickness ~s of the tunnel 

barrier having been reduced from the actual MgO(00l) layer thickness by the effect of 

the image potential produced at the interface between the MgO(00l) layer and the 

alloy layer consisting mainly of Fe and Co. 

[0050] It is noted that, in the event that tMgo can be accurately determined using the 

cross-sectional transmission electron microscope (TEM) image, the height <p of the 

tunnel barrier can be more simply determined by the following technique. Namely, 

when the bias voltage V applied to the MTJ device is small (normally 100 m V or 

smaller), the tunnel current density J is proportional to the bias voltage V, such that 

the J-V characteristics become linear. In such a low-bias voltage region, the 

Simmons' formula can be described as follows: 

[0051]J = [(2m<j))112/~s](e/h) 2 x exp[-(47t~s/h) x (2m<j))112
] x V (2) 

[0052]where mis the mass of the free electron (9.11 x 10-31 kg), e is the elementary 

electric charge (1.60 x 10-19C), and his the Planck's constant (6.63 x 10-34 J-s). The 

effective thickness of the tunnel barrier ~s is approximately tMgo - 0.5 nm. By fitting 

the J-V characteristics of the MTJ device in the low-bias voltage region onto Equation 

(2), the height <p of the tunnel barrier can be simply and yet accurately estimated. 

[0053]Fig. 6 shows a typical magnetoresistance curve of the 

Fe(001)/MgO(001)/Fe(001) MTJ device produced by the above-described method. 

The MR ratio is 146% at the measurement temperature of 20K and 88% at the 
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measurement temperature of 293K. These values represent the highest MR ratios that 

have so far been obtained at room temperature. Such high MR ratios cannot be 

explained by the spin polarization of the Fe(00l) electrode and is thought rather to be 

related to a coherent spin-polarized tunneling. When 160 prototype MTJ devices were 

made, the variations regarding the MR ratio and tunneling resistance value were not 

more than 20%. The yield of the MTJ devices was 90% or more at the laboratory 

stage. These high values suggest the effectiveness of the approach of the invention. 

The resistance-area (RA) product of the MTJ device was on the order of a few kQµm 2
, 

which is suitable for MRAM. 

[0054]Fig. 7(a) shows the bias voltage dependency of the MR ratio at room 

temperature. It will be seen that the bias voltage dependency of the MR ratio is fairly 

small. Although the characteristics are asymmetric, the voltage Vhatf at which the MR 

ratio is reduced in half of the zero-bias value is 1250 m V, which is a very high value. 

In this connection, it is noted that the voltage Vhatf at which the MR ratio is reduced in 

half of the zero-bias value in the conventional MTJ s with Al-O tunnel barrier is 300 to 

600 mV. Fig. 7(b) shows the output voltage Vout of the MTJ device (=bias voltage x 

(Rap - Rp)/Rap). The maximum value of the output voltage Vout is 380 mV with a 

positive bias. This value is about twice as large as that (a little less than 200 m V) in 

the case of the Al-O barrier. These high values in terms of both MR ratio and output 

voltage suggest the effectiveness of the technique according to the present 

embodiment. 

[0055]Although in the above-described embodiment Fe(00l) of BCC was employed, 

an Fe alloy of BCC, such as an Fe-Co alloy, Fe-Ni alloy, or Fe-Pt alloy, may be used 

instead. Alternatively, a layer of Co or Ni with the thickness of one or several 
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monoatomic layers may be inserted between the electrode layer and the MgO(00l) 

layer. 

[0056]Hereafter, a MTJ device according to a second embodiment of the invention 

and a method of manufacturing the same will be described. In the method of 

manufacturing a Fe(001)/MgO(001)/Fe(001) MTJ device according to the present 

embodiment, MgO(00l) is initially deposited in a poly-crystalline or amorphous state 

by sputtering or the like, and then an annealing process is performed such that a poly­

crystal in which the (001) crystal plane is preferentially oriented or a single-crystal is 

obtained. The sputtering conditions were such that, for example, the temperature was 

room temperature (293K), a 2-inch <p MgO was used as a target, and sputtering was 

conducted in an Ar atmosphere. The acceleration power was 200 W and the growth 

rate was 0.008 nm/s. Because MgO that is deposited under these conditions is in an 

amorphous state, a crystallized MgO was obtained by increasing the temperature to 

300°C from room temperature and maintaining that temperature for a certain duration 

of time. 

[0057] Oxygen vacancy defects may be introduced by a method whereby oxygen 

vacancy defects is produced during growth, a method whereby oxygen vacancy 

defects is introduced subsequently, or a method whereby a state with oxygen vacancy 

defects is subjected to an oxygen plasma process or natural oxidation so as to achieve 

a certain oxygen deficit level. 

[0058]As described above, in accordance with the MTJ device technology of the 

present embodiment, an annealing process is carried out for crystallization after an 
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amorphous MgO has been deposited by sputtering, thereby eliminating the need for 

large-sized equipment. 

[0059]Hereafter, a MTJ device according to a variation of the embodiments of the 

invention will be described with reference to the drawings. Fig. 11 shows the 

structure of the MTJ device according to the variation, which corresponds to Fig. 

l(B). As shown in Fig. 11, the MTJ device of the variation is characterized in that, as 

in the MTJ device of the above-described embodiments, the electrodes disposed on 

either side of a single-crystal MgOx(00l) layer 503 or an oxygen-deficit poly-crystal 

MgOx (0 < x < 1) in which the (001) crystal plane is preferentially oriented comprises 

an amorphous ferromagnetic alloy, such as CoFeB layers 501 and 505. The 

amorphous ferromagnetic alloy can be formed by evaporation or sputtering, for 

example. The resultant characteristics are substantially identical to those of the first 

embodiment. 

[0060]As the amorphous magnetic alloy, FeCoB, FeCoBSi, FeCoBP, FeZr, and CoZr 

may be used, for example. Although an anneal process after the preparation of the 

MTJ device might cause the amorphous magnetic alloy in the electrode layers to be 

partially or entirely crystallized, this would not lead to a significant deterioration of 

the MR ratio. Thus, such a crystallized amorphous magnetic alloy may be used in the 

electrode layers. 

[0061]While the MTJ device according to various embodiments of the invention has 

been described, it should be apparent to those skilled in the art that the invention is 

not limited to those specific embodiments and various other modifications, 

improvements and combinations are possible. For example, the height of the tunnel 
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barrier may be adjusted by doping Ca or Sr, instead of introducing an oxygen vacancy 

defects to the MgO layer. Further, while the MgO layer has been described to be 

deposited by electron-beam evaporation or sputtering, it should be obvious that other 

deposition methods are also possible. The term "high vacuum" refers to values on the 

order of no more than 10-6 Pa in the case where oxygen is not introduced, for 

example. In the case where oxygen is introduced, the term refers to values on the 

order of 10-4 Pa. 

[0062] In accordance with the invention, a larger magnetoresistance than in the 

conventional MTJ device can be obtained, and the output voltage of the MTJ device 

can be increased. At the same time, the resistance value of the MTJ device can be 

reduced so that it is optimized for MRAM. The invention thus enables the level of 

integration of MRAM using the MTJ device to be readily increased. In accordance 

with the invention, the output voltage value of the MRAM roughly doubles over prior 

art, making the MTJ device of the invention suitable for very large scale integrated 

MRAMs of gigabit class. 
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What is claimed is: 

1. A magnetoresistive device comprising a magnetic tunnel junction structure 

compnsmg: 

a tunnel barrier layer; 

a first ferromagnetic material layer of the BCC structure formed on a first side 

of said tunnel barrier layer; and 

a second ferromagnetic material layer of the BCC structure formed on a second 

side of said tunnel barrier layer, 

wherein said tunnel barrier layer is formed by a single-crystalline MgOx (001) 

layer or a poly-crystalline MgOx (0 < x < 1) layer in which the (001) crystal plane is 

preferentially oriented. 

2. A memory device comprising: 

a transistor; and 

the magnetoresistive device according to claim 1, wherein said 

magnetoresistive device is used as a load for said transistor. 

20 

WD EX1086 
Western Digital v IP Bridge 

Page 75



18TH 13318Aa 

Attorney Docket No. 12956US lOCON 

Abstract of the Disclosure 

The output voltage of an MRAM 1s increased by means of an 

Fe(001)/MgO(001)/Fe(001) MTJ device, which is formed by microfabrication of a 

sample prepared as follows: A single-crystalline MgO (001) substrate is prepared. An 

epitaxial Fe(00l) lower electrode (a first electrode) is grown on a MgO(00l) seed layer 

at room temperature, followed by annealing under ultrahigh vacuum. A MgO(00l) 

barrier layer is epitaxially formed on the Fe(00l) lower electrode (the first electrode) 

at room temperature, using a MgO electron-beam evaporation. A Fe(00l) upper 

electrode (a second electrode) is then formed on the MgO(00l) barrier layer at room 

temperature. This is successively followed by the deposition of a Co layer on the 

Fe(00l) upper electrode (the second electrode). The Co layer is provided so as to 

increase the coercive force of the upper electrode in order to realize an antiparallel 

magnetization alignment. 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Inventor: Shinji YUASA Examiner: TBD 

Serial No.: TBD Art Unit: TBD 

Filing Date: Filed Concurrently Herewith Confirmation No.: TBD 

For: METHOD OF MANUFACTURING A Attorney Docket No.: 18TH 13318Aa 
MAGNETORESISTIVE RANDOM 
ACCESS MEMORY (MRAM) 

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

Sir/Madam: 

Preliminary Amendment 

August10,2023 

Prior to determining claim fees and examination on the merits, please amend the 

above identified application as outlined herein. 

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

Amendments to the Claims begin on page 6 of this paper; and 

Remarks begin on page 9 of this paper. 
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Amendments to the Specification 

Please replace the paragraph [0002] as follows: 

[0002] The Present appl·1cat·1on ·1s ::~ .-y-,nt:,·,, :::,iin,·, •"''1' i ! c;:: i\nr,i:,':::d,n:·" i'--J,, ·1,'-1!'>1 q -·~·')(', i":k,d 
"'-·'_, .• ,.,I ~ .._,, ~\.._.~..._., ,~,.•, ~--'-•'' __ ,_. -- ,_. --- , .. ::,....•0"::•' ~ ~ , .• , .... ~,i,.•, i __ ~ \.'.' '-•' ·--- ~_,.·.• .-.:. •. i_ , ••• , ....... '-•' , __ , ~ 1...-:.:.,,., 

16/862,598, filed April 30, 2020.{nov,.:_U.S._Fat~~,nl._Nc. __ ·1_-1,233.J 9'.:1), which is a continuation 

of U.S. Application No. 16/443,875, filed June 18, 2019 (now U.S. Patent No. 10,680,167), 

which is a continuation of U.S. Application No. 15/428,842, filed February 09, 2017 (now 

U.S. Patent No. 10,367,138), which is a continuation of U.S. Application No. 14/837,558, 

filed August 27, 2015 (now U.S. Patent No. 9,608,198), which is a continuation of U.S. 

Application No. 13/767,290, filed February 14, 2013 (now U.S. Patent No. 9,123,463), 

which is a continuation of U.S. Application No. 13/400,340, filed February 20, 2012 (now 

U.S. Patent No. 8,405,134), which is a continuation of U.S. Application 12/923,643, filed 

September 30, 2010 (now U.S. Patent No. 8,319,263), which is a continuation of U.S. 

Application No. 10/591,947, filed September 08, 2006 (now U.S. Patent No. 7,884,403), 

which is a National Stage Application of PCT/JP2005/004720, filed March 10, 2005, which 

claims priority from Japanese Application Nos. 2004-071186 and 2004-313350, filed 

March 12, 2004 and October 28, 2004, respectively, the content of each is hereby 

incorporated by reference into this application. 

Please replace the paragraph [0013] as follows: 

[0013] Although there are prospects for achieving MRAMs with capacities on the order of 

64Mbits based on the current technologies, the characteristics of the MT J device, which 

is the heart of MRAM, needs to be improved if higher levels of integration are to be 

achieved. In particular, in order to increase the output voltage of the MT J device, the 

magnetoresistance must be increased and the bias voltage characteristics must be 

improved. Fig. 10 illustrates how the magnetoresistance in a re\~:,tedGonvent+orKi MT J 

device using an amorphous Al-O as the tunnel barrier changes as a function of the bias 

voltage (L 1 ). As shown, in the re\~:,tedGor+vgr+t+or+g4 MT J device, the magnetoresistance is 

small and, notably, it tends to drastically decrease upon application of bias voltage. With 
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such characteristics, the output voltage when operation margins are taken into 

consideration is too small for the device to be employed for an actual memory device. 

Specifically, the magnetoresistance of the current MT J device is small at approximately 

70%, and the output voltage is also small at no more than 200 mV, which is substantially 

half the output voltage of a DRAM. This has resulted in the problem that as the level of 

integration increases, signals are increasingly lost in noise and cannot be read. 

Please replace the paragraph [0030] as follows: 

[0030] Fig. 10 shows how the magnetoresistance of a n.:_,L:.:itr,d<::.':-s,.\,r-'l-v~,,r-'lt\i:.X'ts~,; MT J device 

using an amorphous Al-O as the tunnel barrier changes depending on the bias voltage. 

Please replace the paragraph [0043] as follows: 

[0043] The inventors tried an approach to deposit a MT J device in which the tunnel barrier 

comprises a single-crystal (001) of magnesium oxide (MgO) or a polycrystalline MgO in 

which the (001) crystal plane is preferentially oriented. It is the inventors' theory that, 

because magnesium oxide is a crystal (where the atoms are arranged in an orderly 

fashion), as opposed to the reL,.,1tedG-onv~:~r+hon-,3f amorphous Al-O barrier, the electrons 

are not scattered and the coherent states of electrons are concerved during the tunneling 

process. Fig. 1 (B) shows the MT J device structure according to an embodiment of the 

invention. Fig. 1 (A) shows the energy band structure of the ferromagnetic Fe(001 ), that 

is, the E-EF relationship with respect to the [001] direction of the momentum space. As 

shown in Fig. 1 (B), the MT J device structure of the present embodiment comprises a first 

Fe (001) layer 1, a second Fe (001) layer 5, and a single-crystalline MgOx (001) layer 3 

or a poly-crystalline MgOx (0 < x < 1) layer 3 sandwiched therebetween, the polycrystalline 

layer having the (001) crystal plane preferentially oriented therein. According to the 

aforementioned Jullire' s model, assuming that the momentum of the conduction 

electrons is preserved in the tunneling process, the tunneling current that passes through 

MgO would be dominated by those electrons with wave vector kz in the direction 

perpendicular to the tunnel barrier (normal to the junction interfaces). In accordance with 

the energy band diagram shown in Fig. 1 (A) of Fe in the [001] (r-H) direction, the density 

of state (DOS) at the Fermi energy EF does not exhibit a very high spin polarization due 
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to the fact that the sub-bands of the majority-spin and the minority-spin have states at the 

Fermi energy EF. However, in case the coherent states of electrons are conserved in the 

tunneling process, only those conduction electrons that have totally symmetrical wave 

functions with respect to the axis perpendicular to the barrier would be coupled with the 

states in the barrier region and come to have a finite tunneling probability. The L'.11 band 

in the Fe(001) electrode has such totally symmetric wave functions. As shown in Fig. 1 (A), 

the majority spin L'.11 band (solid line) has states at the Fermi energy EF, whereas the 

minority spin L'.11 band (broken line) does not have state at the Fermi energy EF. Because 

of such half-metallic characteristics of the Fe L'.11 band, there is the possibility that a very 

high MR ratio can be obtained in a coherent spin polarized tunneling. Since in an epitaxial 

(single-crystal, or (001) oriented polycrystal) MT J device the scattering of electrons is 

suppressed during the tunneling process, an epitaxial MT J device is thought to be ideal 

for realizing the aforementioned coherent tunneling. 

Please replace the paragraph [0054] as follows: 

[0054] Fig. 7(a) shows the bias voltage dependency of the MR ratio at room temperature. 

It will be seen that the bias voltage dependency of the MR ratio is fairly small. Although 

the characteristics are asymmetric, the voltage Vhalf at which the MR ratio is reduced in 

half of the zero-bias value is 1250 mV, which is a very high value. In this connection, it is 

noted that the voltage Vhalf at which the MR ratio is reduced in half of the zero-bias value 

in the reiatedGon-ver+hor+,3+ MT J s with Al-O tunnel barrier is 300 to 600 mV. Fig. 7(b) shows 

the output voltage Vout of the MT J device (=bias voltage x (Rap - Rp)/Rap). The maximum 

value of the output voltage Vout is 380 mV with a positive bias. This value is about twice 

as large as that (a little less than 200 mV) in the case of the Al-O barrier. These high 

values in terms of both MR ratio and output voltage suggest the effectiveness of the 

technique according to the present embodiment. 

Please replace the paragraph [0062] as follows: 

[0062] In accordance with the invention, a larger magnetoresistance than in the 

re!ated-i:.,:-Griv~:,.~ri-tk:1n-,~11 MT J device can be obtained, and the output voltage of the MT J 

device can be increased. At the same time, the resistance value of the MT J device can 
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be reduced so that it is optimized for MRAM. The invention thus enables the level of 

integration of MRAM using the MT J device to be readily increased. In accordance with 

the invention, the output voltage value of the MRAM roughly doubles over t~\~ia\\~dt':.itior art, 

making the MT J device of the invention suitable for very large scale integrated MRAMs 

of gigabit class. 
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Amendments to the Claims 

This listing of claims will replace all prior versions of claims: 

1-2. (Canceled) 

3. (New) A magnetoresistive device comprising a magnetic tunnel junction structure 

comprising: 

a first ferromagnetic material layer; 

a second ferromagnetic material layer; and 

a tunnel barrier layer between the first ferromagnetic material layer and the 

second ferromagnetic material layer, 

wherein said tunnel barrier layer comprises crystalline MgOx (001) with oxygen 

vacancy defects and (0<x<1 ). 

4. (New) The magnetoresistive device of claim 3, wherein 0.9<x<1. 

5. (New) The magnetoresistive device of claim 4, wherein 0.98<x<1. 

6. (New) The magnetoresistive device of claim 5, wherein 0.99<x<1. 

7. (New) The magnetoresistive device of claim 3, wherein a barrier height of the tunnel 

barrier layer is in a range of 0.1 eV to 0.85 eV. 

8. (New) The magnetoresistive device of claim 7, wherein the barrier height of the 

tunnel barrier layer is in a range of 0.2 eV to 0.5 eV. 

9. (New) The magnetoresistive device of claim 3, wherein the first ferromagnetic 

material layer and/or the second ferromagnetic material layer comprises Boron. 
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Attorney Docket: 18TH 13318Aa 
Preliminary Amendment Filed 

10. (New) The magnetoresistive device of claim 3, wherein the first ferromagnetic 

material layer and/or the second ferromagnetic material layer is partially or entirely 

crystal I ized. 

11. (New) A magnetoresistive device comprising a magnetic tunnel junction structure 

comprising: 

a first ferromagnetic material layer; 

a second ferromagnetic material layer; and 

a tunnel barrier layer between the first ferromagnetic material layer and the 

second ferromagnetic material layer, 

wherein said tunnel barrier layer comprises magnesium oxide and has a barrier 

height in a range of 0.1 eV to 0.85 eV. 

12. (New) The magnetoresistive device of claim 11, wherein the tunnel barrier layer 

comprises partially or fully crystalline magnesium oxide. 

13. (New) The magnetoresistive device of claim 12, wherein the first ferromagnetic 

material layer and/or the second ferromagnetic material layer is partially or entirely 

crystal I ized. 

14. (New) The magnetoresistive device of claim 13, wherein the barrier height is in a 

range of 0.2 eV to 0.5 eV. 

15. (New) The magnetoresistive device of claim 13, wherein the first ferromagnetic 

material layer and/or the second ferromagnetic material layer exhibits a body-centered 

cubic (BCC) structure. 

16. (New) The magnetoresistive device of claim 13, wherein the first ferromagnetic 

material layer and/or the second ferromagnetic material layer comprises Cobalt and 

Iron. 
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Preliminary Amendment Filed 

17. (New) A magnetoresistive device comprising: 

a first ferromagnetic material layer; 

a tunnel barrier layer disposed on the first ferromagnetic material layer, wherein 

said tunnel barrier layer comprises magnesium oxide and has a barrier height in a range 

of 0.2 eV to 0.5 eV; and 

a second ferromagnetic material layer disposed on the tunnel barrier layer. 

18. (New) The magnetoresistive device of claim 17, wherein the tunnel barrier layer 

comprises partially or fully crystalline magnesium oxide. 

19. (New) The magnetoresistive device of claim 18, wherein the first ferromagnetic 

material layer and/or the second ferromagnetic material layer is partially or entirely 

crystal I ized. 

20. (New) The magnetoresistive device of claim 19, wherein the first ferromagnetic 

material layer and/or the second ferromagnetic material layer exhibits a body-centered 

cubic (BCC) structure. 

21. (New) The magnetoresistive device of claim 19, wherein the first ferromagnetic 

material layer and/or the second ferromagnetic material layer comprises Cobalt and 

Iron. 

22. (New) The magnetoresistive device of claim 17, wherein the tunnel barrier layer has 

a thickness less than 10 nm. 

8 
WD EX1086 

Western Digital v IP Bridge 
Page 84



Attorney Docket: 18TH 13318Aa 
Preliminary Amendment Filed 

Remarks 

In the Specification, the above-identified paragraphs are amended for clarification. 

Claims 3-22 are pending. Claims 3-22 are newly added; and claims 1-2 are 

canceled without prejudice. No new matter has been added. Claims 3, 11 and 17 are 

independent. 

Any fee due with this paper, not already paid through an EFS-Web filing, may be 

charged to Deposit Account No. 50-3894. Any overpayment may be credited to Deposit 

Account No. 50-3894. 

CUSTOMER NUMBER 61650 
PHONE: (973) 828-1284 
FAX: (866) 864-3947 
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Respectfully submitted, 
MYERS WOLIN, LLC 

/Akihiro Matsuya/ 
Akihiro Matsuya 
Reg. No. 76,573 

/Brian S. Myers/ 
Brian S. Myers 
Reg. No. 46,947 
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Application Number: TBD 
Attorney Docket: IBTH 13318Aa 
AUTHORIZATION TO CHARGE DEPOSIT ACCOUNT 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Re: Application of: Shinji YUASA 

Serial No.: TBD 

Filing Date: August 10, 2023 

Examiner: TBD 

Art Unit: TBD 

Confirmation No.: TBD 

Title: METHOD OF MANUFACTURING A 
MAGNETORESISTIVE RANDOM ACCESS 
MEMORY (MRAM) 

Attorney Docket No.: I BTH 13318Aa 

Commissioner for Patents 
P. 0. Box 1450 
Alexandria, VA 22313-1450 

AUTHORIZATION PURSUANT TO 37 CFR §1.136 {al (3) 

AND AUTHORIZATION TO CHARGE DEPOSIT ACCOUNT 

Sir: 

The Commissioner is hereby requested and authorized to treat any concurrent or 

future reply in this application requiring a petition for extension of time for its timely 

submission, as incorporating a petition for extension of time for the appropriate length of 

time. 

Please also charge any additional fees which may now or in the future be 

required in this application, including extension of time fees, but excluding the issue fee 

unless explicitly requested to do so, and credit any overpayment, to Deposit Account 

No. 50-3894. 

CUSTOMER NUMBER 61650 
PHONE: (973) 828-1284 
FAX: (866) 864-3947 

Respectfully submitted, 

MYERS WOLIN, LLC 
/Brian S. Myers/ 
Brian S. Myers 
Reg. No. 46,947 
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Doc Code: ECOMM.AUTH/ECOMM.WTDW 
Doc Description: Internet Communications Authorization/Internet Communications Authorization Withdrawal 

PTO/SB/439 (11-15) 

r AUTHORIZATION FOR INTERNET Application No. 
l----------+----------------------1 

COMM UNICATIONS IN A PATENT ,__Fil_in_g _oa_te ____ +-A_u_gu_s_t _10_, _20_2_3 __________ ____, 

APPLICATION OR REQUEST TO 

WITHDRAW AUTHORIZATION FOR 

INTERNET COMMUNICATIONS 

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

First Named Inventor Shinji YUASA 

Art Unit 

Examiner Name 

Practitioner Docket No. 18TH 13318Aa 

I. To authorize permission for Internet Communications. 

[i] Recognizing that Internet communications are not secure, I hereby authorize the USPTO to communicate 
with the undersigned and practitioners in accordance with 37 CFR 1.33 and 37 CFR 1.34 concerning any subject 
matter of this application via video conferencing, instant messaging, or electronic mail. I understand that a copy 
of these communications will be made of record in the application file. (MPEP 502.03) 

II. To withdraw authorization for Internet Communications. 

D The authorization given on---------~ to the USPTO to communicate with the undersigned 
and any practitioner in accordance with 37 CFR 1.33 and 37 CFR 1.34 concerning any subject matter of this 
application via Internet communications such as video conferencing, instant messaging, or electronic mail is 
hereby withdrawn. I understand that the withdrawal is effective when approved rather than when received. 

I am the 

D applicant. 

[i] attorney or agent of record. Registration number _4_6_9_4_7 _________ _ 

D attorney or agent acting under 37 CFR 1.34. Registration number ____________ _ 

/Brian S. Myers/ August10,2023 

Signature Date 

Brian S. Myers 973-828-1325 

Typed or printed name Telephone Number 

NOTE: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4 for signature requirements and certifications. Juristic 
entities must be represented by a patent practitioner (see 37 CFR 1.31, which is applicable to any paper filed on or after September 16, 
2012, that is presented on behalf of a juristic entity, regardless of application filing date). Submit multiple forms if more than one signature 
is required, see below*. 

□ • Total of forms are submitted. 
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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 may result in termination of proceedings or abandonment of 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 (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. A record 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 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. 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. Such disclosure shall not be used 
to make determinations about individuals. 

8. 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 
CFR 1.14, as a routine use, to the public if the record was filed 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 becomes aware of a violation or potential violation 
of law or regulation. 
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Doe Code: PA .. 
Document Description: Power of Attorney PTO.IAI.A/821l (C•MS) 

Appm\!&i for lJS<l lhmL19h 031:11/W.:! 1. OMEI OOS1-M35 
U.S. Patent and TT!l:Clemarl< 01'11re: IJ,S, DEF'ARTMENT OF COMMERCE 

LlrK!er th~ Pap~Nl!>rl( R.e<i wctlon A,::,!; <>I 1995, no ~erso/ls are required lo tes~n~ to • ~lecfon of ir.fomia!km unl<>•s rt d1spl"l,'S a val"! 0MB control numtie, 

POWER OF ATTORNEY BY APPLICANT 

I hereby revoke all previous powers of attorney given in the application identified in either the attached transmittal letter or 
the boxes below. 

[Zl 

□ 

I AppUcation N"mbe, I FiUog o,:----------- i 
(Note: The boxes above may be !efi: blaok if i11formatic11 is provided on form PTOIA!Ai82A.) 

I hereby appoint the Pate11t Practttioner(s) associated with the following Customer Number as my/our attom~y(s) or agent(s). alld 
to transact all business in the United Stales Patent arid Trademark Office connec;te.d theiewith for the application referem;ed in 
:: attached transmittal letter (form PTO/AIA/82A) or identified above: ls1,650----------------------------------------------------1 

I hereby appoir-t Practftioner(s) named in tho attached list (form PTO/AIAIB2C) as my/our attorney(s) or agent(s), and to transact 
all business in the United State:s Paten! and Trademark Office connected lherewlth fur the patent application referenced in the 
c1ttac.:t.ed tr,rnsmitl3! fetter (form PTOlAIA/82A) or identified above. (Note: Comp~te fo1111 PTO/AlA/82C.) 

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

Ii] 

□ 

□ 
Address 

City 

Country 

The address associated with the above-mentioned Customer Number 

OR 
The address associated with Customer Number: I I 
OR ~-----------~ 
Fimi or 
Individual Name 

I State I 

Telephone I Email I 
I am the Applicant (If the Applicant is a juristic entity, list the Applicant name in the box): 

I Zip I 

[Godo K~_!_~h~----~-~----~-~-!99~----~-----------------------------------------------~---I 
D Inventor or Joint Inventor (title riot reqiJlred below) 

D Legal Representative of a Deceased or Legally Incapacitated Inventor {title not required below) 

[ZI Assignee or Person b Wlmm !he Inventor is Under an Ob!igation to Assign (provide signer's title if applicant is a juristic entity) 

D Person Who Otherwise Shows Sufficient Proprietary !nieresl (e.g., a petition under 37 CFR 1.46(b}(2) was granled in 1he 
aoolication or ls concurrentlv being filed with this dcwment) (provide sii:inet's title If applicant is a iuristic entity) 

SIGNATURE of Applicant for Paterit 

The undersigned (whose jJ!e is supplied belo_w) is ¥Jlhortzed lo act on behalf of the applicant (e.g., where the a~•plicani ls a juns!.ic entity}. 

Signature /'.(, - .A. .. --n. .,1 I Date (Opllonal) / 

Name FlJJIKI. Minon, 7 f 

Title Executive Manager 

NOTE: Signature - This form must be sigrwd by the applicant in acr...ordance with 37 CFR 1.33. See 37 CFR 1A for signature rettuireme11ts 
and certifications. If more than one applicant, use mulf.ple forms, 

D-rotal of forms are submitted. 
Tijis c.ollec~ion of 1t1fom~~t, ts. requ-:reti bt37 CFR 1~ 1:t1, 1.32, an.d 1.33. The :rrfcmiat1on is required to obt.aln orrata1n a :J~'lafftbythe publicwMlch is to ffle{and by the 
USPTO to proc.«.ss) an applioallcn. Confi<fontteMy i$govem"'d hy·Jo tJ.S.C. 122 ,and 3? CFR 1.11 and 1.14. This ~ecteon ,, e'l\'1iatell to t..ke 3 mln~1e~ to eomplele, 
!ndudlll,I g!f!hersng, prepa1'ttlg, and ~uhmtt:ir,g ,~e completed aw~callon form to the USPTO. 11me wi11 V!llV Mpending ~ !he lr;dilli<iUal =~. Any oomme~ts ~n me amount 
of time '/OU require to cornp!«t~ 1his. lb1rn ar,dlor ~uyg<,s,ims fo• •~<lw.:ln~ this bw,ltm. shQu!<! b~ ~er-! to 1h" Crnaf lnform~tion Officer, U.S. Patem an~ Traoflmart omc.e, U,S, 
Oepatltnent <lf C•~mm~"""' P.0, 301< 1450, ,\le>:an~rl:a. VA 22313-1450, DO I\JOT SEi-JO FEES 01' COMPLETED FORMS TO THIS ADDRESS. SEND TO: Ccmmiuiona, 
for Patents. P.O. Box 1450, At..,.an!ll1a, VA.22313•1450. 

• If you need as:sisti/r,ce in cmnp!etingthe furm, c::,il l-BOO..PT0-9UJ9 ;:md seJed ap/ion 2. 

] 
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UNITED STATES PATENT AND TRADEMARK 0FFIGE 
UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

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

NUMBER 
FILING or 

371(c)DATE 
GRPART 

UNIT FIL FEE REC'D ATTY.DOCKET.NO TOT CLAIMS IND CLAIMS 

18/232,576 08/10/2023 1820 IBTH 13318Aa 20 3 

61650 
CONFIRMATION NO. 1021 

FILING RECEIPT 
MYERS WOLIN, LLC 
100 SOUTH JEFFERSON ROAD 
SUITE 202 

llllllllllllllllllllllllllll~~~~~~~[~[~l~~l~!~~lll 11111111111111111111111 

WHIPPANY, NJ 07981-1009 

Date Mailed: 08/22/2023 

Receipt is acknowledged of this non-provisional utility patent application. The application will be taken up for 
examination in due course. Applicant will be notified as to the results of the examination. Any correspondence 
concerning the application must include the following identification information: the U.S. APPLICATION NUMBER, 
FILING DATE, NAME OF FIRST INVENTOR, and TITLE OF INVENTION. Fees transmitted by check or draft are 
subject to collection. 

Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please 
submit a written request for a corrected Filing Receipt, including a properly marked-up ADS showing the changes 
with strike-through for deletions and underlining for additions. If you received a "Notice to File Missing Parts" or 
other Notice requiring a response for this application, please submit any request for correction to this Filing Receipt 
with your reply to the Notice. When the USPTO processes the reply to the Notice, the USPTO will generate another 
Filing Receipt incorporating the requested corrections provided that the request is grantable. 

lnventor(s} 
Shinji YUASA, lbaraki, JAPAN; 

Applicant( s} 
Godo Kaisha IP Bridge 1, Tokyo, JAPAN; 

Assignment For Published Patent Application 
Godo Kaisha IP Bridge 1, Chiyoda-ku, Tokyo, JAPAN 

Power of Attorney: The patent practitioners associated with Customer Number 61650 

Domestic Priority data as claimed by applicant 
This application is a CON of 18/219,320 07/07/2023 

which is a CON of 17/560,922 12/23/2021 PAT 11,737,372 
which is a CON of 16/862,598 04/30/2020 PAT 11,233,193 
which is a CON of 16/443,875 06/18/2019 PAT 10,680,167 
which is a CON of 15/428,842 02/09/2017 PAT 10,367,138 
which is a CON of 14/837,558 08/27/2015 PAT 9,608,198 
which is a CON of 13/767,290 02/14/2013 PAT 9,123,463 
which is a CON of 13/400,340 02/20/2012 PAT 8,405,134 
which is a CON of 12/923,643 09/30/2010 PAT 8,319,263 
which is a CON of 10/591,947 09/08/2006 PAT 7,884,403 
which is a 371 of PCT/JP2005/004720 03/10/2005 

Foreign Applications (You may be eligible to benefit from the Patent Prosecution Highway program at the 
USPTO. Please see http://www.uspto.gov for more information.) 
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JAPAN 2004-071186 03/12/2004 No Access Code Provided 
JAPAN 2004-313350 10/28/2004 No Access Code Provided 

Permission to Access Application via Priority Document Exchange: Yes 

Permission to Access Search Results: Yes 

Applicant may provide or rescind an authorization for access using Form PTO/SB/39 or Form PTO/SB/69 as 
appropriate. 

If Required, Foreign Filing License Granted: 08/21/2023 

The country code and number of your priority application, to be used for filing abroad under the Paris Convention, 
is US 18/232,576 

Projected Publication Date: To Be Determined - pending completion of Corrected Papers. 

Non-Publication Request: No 

Early Publication Request: No 
Title 

METHOD OF MANUFACTURING A MAGNETORESISTIVE RANDOM ACCESS MEMORY (MRAM) 

Preliminary Class 

Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File} Transition Applications: No 

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES 

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

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

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

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

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

GRANTED 

LICENSE FOR FOREIGN FILING UNDER 

Title 35, United States Code, Section 184 

Title 37, Code of Federal Regulations, 5.11 & 5.15 

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

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

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

NOT GRANTED 

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

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

Substitute for Form PTO-875 18/232,576 

APPLICATION AS FILED - PART I OTHER THAN 

(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY 

FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($) 

BASIC FEE N/A N/A N/A N/A 320 (37 CFR 1.16(a), (b), or (c)) 

SEARCH FEE N/A N/A N/A N/A 700 (37 CFR 1.16(k), (i), or (m)) 

EXAMINATION FEE N/A N/A N/A N/A 800 (37 CFR 1.16(0), (p), or (q)) 

TOTAL CLAIMS 20 minus 20 = 0 OR X = 0 (37 CFR 1.16(i)) 

INDEPENDENT CLAIMS 3 minus 3 = X = 0 (37 CFR 1.16(h)) 

If the specification and drawings exceed 100 
APPLICATION SIZE sheets of paper, the application size fee due is 
FEE $310 ($155 for small entity) for each additional 0 
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C. 

41 (a)(1 )(G) and 37 CFR 1.16(s). 

MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16U)) 0 

* If the difference in column 1 is less than zero, enter "0" in column 2. TOTAL TOTAL 1820 

APPLICATION AS AMENDED - PART II 

OTHER THAN 
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY 

CLAIMS HIGHEST 
REMAINING NUMBER PRESENT 

RATE($) 
ADDITIONAL 

RATE($) 
ADDITIONAL 

<( AFTER PREVIOUSLY EXTRA FEE($) FEE($) 
I- AMENDMENT PAID FOR z 
UJ Total Minus ** = 

OR ~ (37 CFR 1.16(i)) X = X = 

0 
Independent Minus *** = z X = OR X = 

UJ (37 CFR 1.16(h)) 

~ Application Size Fee (37 CFR 1.16(s)) <( 

FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR 
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METHOD OF MANUFACTURING A MAGNETORESISTIVE RANDOM ACCESS 

MEMORY (MRAM) 

[000l]CROSS-REFERENCE TO RELATED APPLICATIONS 

[0002]The present application is a continuation of U.S. Application No. 18/219,320, 

filed July 7, 2023 (now pending), which is a continuation of U.S. Application No. 

17 /560,922, filed December 23, 2021 (now pending), which is a continuation of U.S. 

Application No. 16862,598, filed April 30, 2020 (now U.S. Patent No. 11,233,193), 

which is a continuation of U.S. Application 16/443,875, filed June 18, 2019 now U.S. 

Patent No. 10,680,167), which is a continuation of U.S. Application No. 15/428,842, 

filed February 09, 2017 (now U.S. Patent No. 10,367,138), which is a continuation of 

U.S. Application No. 14/837,558, filed August 27, 2015 (now U.S. Patent No. 

9,608,198), which is a continuation of U.S. Application No. 13/767,290, filed February 

14, 2013 (now U.S. Patent No. 9,123,463), which is a continuation of U.S. Application 

No. 13/400,340, filed February 20, 2012 (now U.S. Patent No. 8,405,134), which is a 

continuation of U.S. Application 12/923,643, filed September 30, 2010 (now U.S. 

Patent No. 8,319,263), which is a continuation of U.S. Application No. 10/591,947, 

filed September 08, 2006 (now U.S. Patent No. 7,884,403), which is a National Stage 

Application of PCT/JP2005/004720, filed March 10, 2005, which claims priority from 

Japanese Application Nos. 2004-071186 and 2004-313350, filed March 12, 2004 and 

October 28, 2004, respectively, the content of each is hereby incorporated by reference 

into this application. 

[0003]BACKGROUND OF THE INVENTION 

[0004]Field of the Invention 
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[0005] The present invention relates to a magnetic tunnel junction device and a method 

of manufacturing the same, particularly to a magnetic tunnel junction device with a 

high magnetoresistance and a method of manufacturing the same. 

[0006]Description of Related Art 

[0007]Magnetoresistive random access memories (MRAMs) refer to a large-scale 

integrated memory circuit that is expected to replace the currently widely used DRAM 

memories. Research and development of MRAM devices, which are fast and non­

volatile memory devices, are being extensively carried out, and sample products of a 

4Mbit MRAM have actually been delivered. 

[000S]Figs. 8(A) and 8(B) show the structure and operation principle of a magnetic 

tunnel junction device (to be hereafter referred to as a "MTJ device"), which is the 

most important part of the MRAM. As shown in Fig. 8(A), a MTJ device comprises a 

tunnelling junction structure in which a tunnel barrier (to be hereafter also referred to 

as a "barrier layer") made of an oxide is sandwiched between a first and a second 

electrode made of a ferromagnetic metal. The tunnel barrier layer comprises an 

amorphous Al-O layer (see Non-Patent Document 1). As shown in Fig. 8(A), in the 

case of parallel magnetization alignment where the directions of magnetizations of the 

first and second ferromagnetic electrodes are aligned parallel, the electric resistance 

of the device with respect to the direction normal to the interfaces of the tunneling 

junction structure decreases. On the other hand, in the case of antiparallel 

magnetization alignment where the directions of magnetizations of the first and 

second ferromagnetic electrodes are aligned anti parallel as shown in Fig. 8(B), the 

electric resistance with respect to the direction normal to the interfaces of the 

tunneling junction structure increases. The resistance value does not change in a 
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general state, so that information "l" or "0" can be stored depending on whether the 

resistance value is high or not. Since the parallel and antiparallel magnetization 

alignments can be stored in a non-volatile fashion, the device can be used as a non­

volatile memory device. 

[0009]Figs. 9(A)-(C) show an example of the basic structure of the MRAM. Fig. 9(A) 

shows a perspective view of the MRAM, and Fig. 9(B) schematically shows a circuit 

block diagram. Fig. 9(C) is a cross-section of an example of the structure of the 

MRAM. Referring to Fig. 9(A), in an MRAM, a word line WL and a bit line BL are 

disposed in an intersecting manner, with an MRAM cell disposed at each intersection. 

As shown in Fig. 9(B), the MRAM cell disposed at the intersection of a word line and 

a bit line comprises a MTJ device and a MOSFET directly connected to the MTJ 

device. Stored information can be read by reading the resistance value of the MTJ 

device that functions as a load resistance, using the MOSFET. The stored information 

can be rewritten by applying a magnetic field to the MTJ device, for example. As 

shown in Fig. 9(C), an MRAM memory cell comprises a MOSFET 100 including a 

source region 105 and a drain region 103 both formed inside a p-type Si substrate 101, 

and a gate electrode 111 formed on a channel region that is defined between the 

source and drain regions. The MRAM also comprises a MTJ device 117. The source 

region 105 is grounded, and the drain is connected to a bit line BL via the MTJ 

device. A word line WL is connected to the gate electrode 111 in a region that is not 

shown. 

[00l0]Thus, a single non-volatile MRAM memory cell can be formed by a single 

MOSFET 100 and a single MTJ device 117. The MRAMs are therefore suitable where 

high levels of integration are required. 
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[00ll]Non-Patent Document 1: D. Wang, et al.: Science 294 (2001) 1488. 

[0012] SUMMARY OF THE INVENTION 

[0013]Although there are prospects for achieving MRAMs with capacities on the 

order of 64Mbits based on the current technologies, the characteristics of the MTJ 

device, which is the heart of MRAM, needs to be improved if higher levels of 

integration are to be achieved. In particular, in order to increase the output voltage of 

the MTJ device, the magnetoresistance must be increased and the bias voltage 

characteristics must be improved. Fig. 10 illustrates how the magnetoresistance in a 

related MTJ device using an amorphous Al-O as the tunnel barrier changes as a 

function of the bias voltage (L 1 ). As shown, in the related MTJ device, the 

magnetoresistance is small and, notably, it tends to drastically decrease upon 

application of bias voltage. With such characteristics, the output voltage when 

operation margins are taken into consideration is too small for the device to be 

employed for an actual memory device. Specifically, the magnetoresistance of the 

current MTJ device is small at approximately 70%, and the output voltage is also 

small at no more than 200 m V, which is substantially half the output voltage of a 

DRAM. This has resulted in the problem that as the level of integration increases, 

signals are increasingly lost in noise and cannot be read. 

[0014]It is an object of the invention to increase the output voltage of a MTJ device. 

It is another object of the invention to provide a memory device with a high 

magnetoresistance for stable operation. 
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[0015]In one aspect, the invention provides a magnetoresistive device comprising a 

magnetic tunnel junction structure comprising: a tunnel barrier layer; a first 

ferromagnetic material layer of the BCC structure formed on a first side of the tunnel 

barrier layer; and a second ferromagnetic material layer of the BCC structure formed 

on a second side of the tunnel barrier layer, wherein the tunnel barrier layer is formed 

by a single-crystal MgOx (001) layer or a poly-crystalline MgOx (0 < x < 1) layer in 

which the (001) crystal plane is preferentially oriented. 

[0016] The invention further provides a magnetoresistive device comprising a 

magnetic tunnel junction structure comprising: a tunnel barrier layer comprising 

MgO(00l); a first ferromagnetic material layer comprising Fe(00l) formed on a first 

side of the tunnel barrier layer; and a second ferromagnetic material layer comprising 

Fe(00l) formed on a second side of the tunnel barrier layer, wherein the MgO layer is 

formed by a single-crystalline MgOx (001) layer or a poly-crystalline MgOx (0 < x < 

1) layer in which the (001) crystal plane is preferentially oriented. In a preferred 

embodiment, the band discontinuity value (the height of the tunnel barrier) between 

the bottom of the conduction band of the MgO(00 1) layer and the Fermi energy of the 

Fe(00l) layer is smaller than an ideal value of a perfect single-crystal without defect. 

These features increase the magnetoresistance and thereby allow the output voltage of 

the MTJ device to be increased. By using any of the aforementioned MTJ devices as a 

load for a single transistor, a non-volatile memory can be formed. 

[0017]In another aspect, the invention provides a method of manufacturing a 

magnetoresistive device comprising: preparing a substrate; depositing a first Fe(00l) 

layer on the substrate; depositing a tunnel barrier layer on the first Fe(00l) layer by 

electron beam evaporation under high vacuum, the tunnel barrier layer comprising a 
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single-crystalline MgOx (001) or a poly-crystalline MgOx (0 < x < 1) in which the 

(001) crystal plane is preferentially oriented; and forming a second Fe(00l) layer on 

the tunnel barrier layer. 

[0018] The invention furthermore provides a method of manufacturing a MTJ device 

comprising a first step of preparing a substrate comprising a single-crystalline 

MgOx(00l) or a poly-crystalline MgOx (0 < x < 1) in which the (001) crystal plane is 

preferentially oriented, a second step of depositing a first Fe(00l) layer on the 

substrate and performing an annealing process to make the surface flat, a third step of 

depositing a tunnel barrier layer on the first Fe(00l) layer by electron beam 

evaporation, the tunnel barrier layer comprising a single-crystalline MgOx(00l) or a 

poly-crystalline MgOx (0 < x < 1) in which the (001) crystal plane is preferentially 

oriented, and a fourth step of forming a second Fe(00l) layer on the tunnel barrier 

layer. The method may further comprise the step of growing a seed layer between the 

first and the second steps, the seed layer comprising a single-crystalline MgOx(00l) or 

a poly-crystalline MgOx (0 < x < 1) in which the (001) crystal plane is preferentially 

oriented. The MgO layer may be deposited using a target with the value of x in MgOx 

adjusted. The value of x in MgOx may be adjusted in the step of forming the MgO. 

[0019]In yet another aspect, the invention provides a magnetoresistive device 

comprising a magnetic tunnel junction structure comprising a tunnel barrier layer 

comprising MgO(00l), a first ferromagnetic material layer comprising an amorphous 

magnetic alloy formed on a first side of the tunnel barrier layer, and a second 

ferromagnetic material layer comprising an amorphous magnetic alloy formed on a 

second side of the tunnel barrier layer, wherein the discontinuous value (the height of 

the tunnel barrier) between the bottom of the conduction band of the MgO(00 1) layer 
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and the Fermi energy of the first or the second ferromagnetic material layer 

comprising the amorphous magnetic alloy is lower than an ideal value of a perfect 

single-crystal with no defect. 

[0020]BRIEF DESCRIPTION OF THE DRAWINGS 

[0021]Fig. l(B) shows the structure of a MTJ device according to a first embodiment 

of the invention, and Fig. I (A) shows the energy band structure of a ferromagnetic 

metal Fe(00I), illustrating the E-EF relationship with respect to the [001] direction of 

the momentum space. 

[0022]Fig. 2(A) to Fig. 2(D) schematically show the process of manufacturing a MTJ 

device with a Fe(00l)/MgO(00l)/Fe(00l) structure (to be hereafter referred to as a 

"Fe(00 I )/MgO(00 I )/Fe(00 I) MTJ device") according to an embodiment of the 

invention. 

[0023]Fig. 3(A) shows a RHEED image of a Fe(00I) lower electrode (a first 

electrode), and Fig. 3(B) shows a RHEED image of a MgO(00l) barrier layer. 

[0024]Fig. 4 shows the results of observing the quadrupole mass spectra in the 

deposition chamber during the MgO evaporation. 

[0025]Fig. 5 shows the film deposition rate dependency of the oxygen partial pressure 

during the MgO evaporation. 

[0026]Fig. 6 shows typical magnetoresistance curves of the 

Fe(00l)/MgO(00l)/Fe(00l) MTJ device. 
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[0027]Fig. 7(A) shows the bias voltage dependency of the MR ratio at room 

temperature, and Fig. 7(B) shows the output voltage Vout of the MTJ device (=bias 

voltage x (Rap-Rp )/Rap). 

[0028]Figs. 8(A) and 8(B) show the structure of the MTJ device and its operating 

principle. 

[0029]Figs. 9(A)-(C) show an example of the basic structure of an MRAM, Fig. 9(A) 

showing a perspective view of the MRAM, Fig. 9(B) showing a schematic circuit 

diagram, and Fig. 9(C) showing a cross-sectional view of an example of its structure. 

[0030]Fig. 10 shows how the magnetoresistance of a related MTJ device using an 

amorphous Al-O as the tunnel barrier changes depending on the bias voltage. 

[0031]Fig. 11 shows the structure of a MTJ device according to a variation of the 

invention, corresponding to Fig. l(B). 

[0032]DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0033]In the context of the present specification, because MgO has a cubic crystal 

structure (NaCl structure), the (001) plane, the (100) plane, and the (010) plane are all 

equivalent. The direction perpendicular to the film surface is herein considered to be 

the z-axis so that the film plane can be uniformly described as (001). Also in the 

context of the present specification, BCC structure, which the crystalline structure of 

ferromagnetic electrode layer, means body-centered cubic lattice structure. More 

specifically, BCC structure includes the BCC structure with no chemical ordering so­

called A2-type structure, the BCC structure with chemical ordering such as B2-type 
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structre and L21-type structure, and also the aforementioned structures with slight 

lattice distortion. 

[0034] The term "ideal value" with regard to a perfect single-crystal without defect 

herein refers to a value that has been estimated from ultraviolet photoemission 

spectroscopy experiments (see W. Wulfhekel, et al.: Appl. Phys. Lett. 78 (2001) 

509.). The term "ideal value" is used herein because the aforementioned state can be 

considered to be an upper limit value of the potential barrier height of the tunnel 

barrier of an ideal single-crystal MgO with hardly any oxygen vacancy defect or 

lattice defect. 

[0035]Before describing the preferred embodiments of the invention, an analysis 

conducted by the inventors is discussed. The magnetoresistance (MR) ratio of a MTJ 

device can be expressed by the following equation: 

[0036] LlR/Rp = (Rap - Rp )/Rp 

[0037]where Rp and Rap indicate the tunnel junction resistance in the cases of 

parallel and anti parallel magnetization alignments, respectively, of two electrodes. 

According to theJullire' s formula, the MR ratio at low bias voltage can be expressed 

by: 

[0038]MR ratio= (Rap - Rp )/Rp = 2P1P2/(l-P1P2), and 

[0039]Pa = (Da t (EF) - Da t (EF))/(Da t (EF) + Da t (EF), 

[0040]where a= 1, 2 (1) 
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[0041]In the above equations, Pa is the spin polarization of an electrode, and Da t 

(EF) and Da ,J.,, (EF) are the density of state (DOS) at the Fermi energy (EF) of the 

majority-spin band and the minority-spin band, respectively. Since the spin 

polarization of ferromagnetic transition metals and alloys is approximately 0.5 or 

smaller, the Jullire' s formula predicts a highest estimated MR ratio of about 70%. 

[0042]Although the MR ratio of approximately 70% has been obtained at room 

temperature when a MTJ device was made using an amorphous Al-O tunnel barrier 

and polycrystalline electrodes, it has been difficult to obtain the output voltage of 200 

m V, which is comparable to the output voltages of DRAMs, thereby preventing the 

realization of MRAM as mentioned above. 

[0043] The inventors tried an approach to deposit a MTJ device in which the tunnel 

barrier comprises a single-crystal (001) of magnesium oxide (MgO) or a poly­

crystalline MgO in which the (001) crystal plane is preferentially oriented. It is the 

inventors' theory that, because magnesium oxide is a crystal (where the atoms are 

arranged in an orderly fashion), as opposed to the related amorphous Al-O barrier, the 

electrons are not scattered and the coherent states of electrons are concerved during 

the tunneling process. Fig. 1 (B) shows the MTJ device structure according to an 

embodiment of the invention. Fig. l(A) shows the energy band structure of the 

ferromagnetic Fe(00l), that is, the E-EF relationship with respect to the [001] 

direction of the momentum space. As shown in Fig. l(B), the MTJ device structure of 

the present embodiment comprises a first Fe (001) layer 1, a second Fe (001) layer 5, 

and a single-crystalline MgOx (001) layer 3 or a poly-crystalline Mg Ox (0 < x < 1) 

layer 3 sandwiched there between, the polycrystalline layer having the (001) crystal 

plane preferentially oriented therein. According to the aforementioned Jullire' s 
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model, assuming that the momentum of the conduction electrons is preserved in the 

tunneling process, the tunneling current that passes through MgO would be dominated 

by those electrons with wave vector kz in the direction perpendicular to the tunnel 

barrier (normal to the junction interfaces). In accordance with the energy band 

diagram shown in Fig. l(A) of Fe in the [001] (r-H) direction, the density of state 

(DOS) at the Fermi energy EF does not exhibit a very high spin polarization due to the 

fact that the sub-bands of the majority-spin and the minority-spin have states at the 

Fermi energy EF. However, in case the coherent states of electrons are conserved in 

the tunneling process, only those conduction electrons that have totally symmetrical 

wave functions with respect to the axis perpendicular to the barrier would be coupled 

with the states in the barrier region and come to have a finite tunneling probability. 

The L'.11 band in the Fe(00I) electrode has such totally symmetric wave functions. As 

shown in Fig. l(A), the majority spin L'.11 band (solid line) has states at the Fermi 

energy EF, whereas the minority spin L'.11 band (broken line) does not have state at the 

Fermi energy EF. Because of such half-metallic characteristics of the Fe L'.11 band, 

there is the possibility that a very high MR ratio can be obtained in a coherent spin 

polarized tunneling. Since in an epitaxial (single-crystal, or (00 I) oriented poly­

crystal) MTJ device the scattering of electrons is suppressed during the tunneling 

process, an epitaxial MTJ device is thought to be ideal for realizing the 

aforementioned coherent tunneling. 

[0044]In the following, a MTJ device according to a first embodiment of the invention 

and a method of manufacturing the same will be described with reference to the 

drawings. Figs. 2(A) to 2(D) schematically show the method of manufacturing the 

MTJ device having the Fe (001)/MgO(00l)/Fe(00l) structure according to the 

embodiment (to be hereafter referred to as a "Fe(00l)/MgO(00l)/Fe(00l) MTJ 
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device"). Fe(00l) refers to a ferromagnetic material with the BCC structure. First, a 

single-crystal MgO(00l) substrate 11 was prepared. In order to improve the 

morphology of the surface of the single-crystal MgO(00 1) substrate 11, a MgO(00l) 

seed layer 15 was grown by the molecular beam epitaxy (MBE) method. This was 

subsequently followed by the growth of an epitaxial Fe(00l) lower electrode (first 

electrode) 17 with the thickness of 50 nm on the MgO(00l) seed layer 15 at room 

temperature, as shown in Fig. l(B), and then annealing was performed at 350°C under 

ultrahigh vacuum (2 x 1 o-8 Pa). Electron-beam evaporation conditions included an 

acceleration voltage of 8 kV, a growth rate of 0.02 nm/sec, and the growth 

temperature of room temperature (about 293K). The source material of the electron­

beam evaporation was MgO of the stoichiometric composition (the ratio of Mg to 0 

being 1: 1), the distance between the source and the substrate was 40 cm, the base 

vacuum pressure was 1 x 1 o-8 Pa, and the 02 partial pressure was 1 x 1 o-6 Pa. 

Alternatively, a source with oxygen vacancy defects may be used instead of the MgO 

of the stoichiometric composition (the ratio of Mg to O is 1: 1). 

[0045]Fig. 3(A) shows a RHEED image of the Fe(00l) lower electrode (a first 

electrode). The image shows that the Fe(00l) lower electrode (first electrode) 17 

possesses a good crystallinity and flatness. Thereafter, a MgO(00 1) barrier layer 21 

with the thickness of 2 nm was epitaxially grown on the Fe(00l) lower electrode (first 

electrode) at room temperature, also using the MgO electron-beam evaporation 

method. Fig. 3(B) shows a RHEED image of the MgO(00l) barrier layer 21. The 

image shows that the MgO(00l) barrier layer 21 also possesses a good crystallinity 

and flatness. 
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[0046]As shown in Fig. 2(D), a Fe(00I) upper electrode (a second electrode) 23 with 

the thickness of IO nm was formed on the MgO(00 I) barrier layer 21 at room 

temperature. This was successively followed by the deposition of a Co layer 25 with 

the thickness of 10 nm on the Fe(00I) upper electrode (second electrode) 23. The Co 

layer 25 is provided to increase the coercive force of the upper electrode 23 so as to 

realize the antiparallel magnetization alignment. The thus prepared sample was then 

processed by microfabrication techniques to obtain the Fe(00l)/MgO(00l)/Fe(00l) 

MTJ device. 

[0047]The aforementioned MgO evaporation using an electron beam involved the 

formation of a film under ultrahigh vacuum of I 0-9 Torr. It can be seen that in this 

method, the film, even when formed on a glass substrate to the thickness of 300 nm, 

was colorless and transparent, showing that a good crystal film was formed. Fig. 4 

shows the results of observing the quadrupole mass spectra in the deposition chamber 

during the MgO growth. The results show that the partial pressures regarding the 

spectrum Pl of O and the spectrum P2 of 02 are high. Fig. 5 shows the film 

deposition rate dependency of the oxygen partial pressure during MgO evaporation. It 

will be seen from the figure that the oxygen partial pressure itself is high, and that the 

oxygen partial pressure increases as the deposition rate increases. These results 

indicate the separation of oxygen from MgO during the deposition of MgO. Since the 

separated oxygen is pumped out of the deposition chamber using vacuum pumps, there 

is the possibility that there are oxygen vacancy defects such as MgOx (0.9 < x < 1). 

When there are oxygen vacancy defects, the potential barrier height of the MgO 

tunnel barrier is thought to decrease (such as in the range of 0.10 to 0.85 eV; more 

specifically, 0.2 to 0.5 eV), which is thought to result in an increase in the tunneling 

current. In the case of a typical Al-O tunnel barrier, the height of the tunnel barrier 
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with respect to Fe(00l) electrodes is considered to be 0.7 to 2.5 eV. An ideal tunnel 

barrier height of a MgO crystal is 3.6 eV, and experimental values of 0.9 to 3.7 eV 

have been obtained. Using the method according to the present embodiment of the 

invention, a tunnel barrier height of approximately 0.3 eV is expected, indicating that 

the resistance of the tunnel barrier can be lowered. However, it should be noted that 

other factors, such as the influence of the aforementioned coherent tunneling, might 

also be involved. The value of x in MgOx due to oxygen vacancy defects is such that 

0.98 < x < 1, and more preferably 0.99 < x < 1. These are the ranges such that the 

sole presence of Mg is excluded and the characteristics of MgO can be basically 

maintained. 

[0048] The aforementioned tunnel barrier height <p was determined by fitting the 

electric conductance characteristics of the MTJ device (the relationship between 

tunnel current density J and bias voltage V) onto the Simmons' formula (Equation 

(20) in a non-patent document by J. G. Simmons: J. Appl. Phys. 34, pp. 1793-1803 

(1963)) based on the WKB approximation, using the least squares method. The fitting 

was performed using the free electron mass (m = 9 .11 x 10-31 kg) as the electron's 

effective mass. When a bias voltage V (which is normally on the order of 500 m V to 

1000 mV) is applied until non-linearity appears in the J-V characteristics, the height <p 

of the tunnel barrier and the effective thickness L'.1s of the tunnel barrier can be 

simultaneously determined by fitting the J-V characteristics using the Simmons' 

formula. 

[0049] The effective thickness L'.1s of the tunnel barrier was determined to be smaller 

than the thickness of the actual MgO(00l) tunnel barrier layer (tMgo) determined from 

a cross-sectional transmission electron microscope image of the MTJ device by 
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approximately 0.5 nm. This is the result of the effective thickness L'.1s of the tunnel 

barrier having been reduced from the actual MgO(00 1) layer thickness by the effect of 

the image potential produced at the interface between the MgO(00 1) layer and the 

alloy layer consisting mainly of Fe and Co. 

[0050]It is noted that, in the event that tMgO can be accurately determined using the 

cross-sectional transmission electron microscope (TEM) image, the height <p of the 

tunnel barrier can be more simply determined by the following technique. Namely, 

when the bias voltage V applied to the MTJ device is small (normally 100 m V or 

smaller), the tunnel current density J is proportional to the bias voltage V, such that 

the J-V characteristics become linear. In such a low-bias voltage region, the 

Simmons' formula can be described as follows: 

[0051]J = [(2mcp)112/L'.1s](e/h)2 x exp[-(4nl'.1s/h) x (2mcp)112
] x V (2) 

[0052]where m is the mass of the free electron (9 .11 x 10-31 kg), e is the elementary 

electric charge (1.60 x 10-19 C), and his the Planck's constant (6.63 x 10·34 J-s). The 

effective thickness of the tunnel barrier L'.1s is approximately tMgO - 0.5 nm. By fitting 

the J-V characteristics of the MTJ device in the low-bias voltage region onto Equation 

(2), the height <p of the tunnel barrier can be simply and yet accurately estimated. 

[0053]Fig. 6 shows a typical magnetoresistance curve of the 

Fe(00l)/MgO(00l)/Fe(00l) MTJ device produced by the above-described method. 

The MR ratio is 146% at the measurement temperature of 20K and 88% at the 

measurement temperature of 293K. These values represent the highest MR ratios that 

have so far been obtained at room temperature. Such high MR ratios cannot be 

explained by the spin polarization of the Fe(00l) electrode and is thought rather to be 
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related to a coherent spin-polarized tunneling. When 160 prototype MTJ devices were 

made, the variations regarding the MR ratio and tunneling resistance value were not 

more than 20%. The yield of the MTJ devices was 90% or more at the laboratory 

stage. These high values suggest the effectiveness of the approach of the invention. 

The resistance-area (RA) product of the MTJ device was on the order of a few kQµm 2
, 

which is suitable for MRAM. 

[0054]Fig. 7(a) shows the bias voltage dependency of the MR ratio at room 

temperature. It will be seen that the bias voltage dependency of the MR ratio is fairly 

small. Although the characteristics are asymmetric, the voltage Vhatf at which the MR 

ratio is reduced in half of the zero-bias value is 1250 m V, which is a very high value. 

In this connection, it is noted that the voltage Vhatf at which the MR ratio is reduced in 

half of the zero-bias value in the related MTJs with Al-O tunnel barrier is 300 to 600 

m V. Fig. 7(b) shows the output voltage Vout of the MTJ device (=bias voltage x (Rap 

- Rp )/Rap). The maximum value of the output voltage Vout is 3 80 m V with a positive 

bias. This value is about twice as large as that (a little less than 200 m V) in the case 

of the Al-O barrier. These high values in terms of both MR ratio and output voltage 

suggest the effectiveness of the technique according to the present embodiment. 

[0055]Although in the above-described embodiment Fe(00l) of BCC was employed, 

an Fe alloy of BCC, such as an Fe-Co alloy, Fe-Ni alloy, or Fe-Pt alloy, may be used 

instead. Alternatively, a layer of Co or Ni with the thickness of one or several 

monoatomic layers may be inserted between the electrode layer and the MgO(00l) 

layer. 

[0056]Hereafter, a MTJ device according to a second embodiment of the invention 

and a method of manufacturing the same will be described. In the method of 
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manufacturing a Fe(00l)/MgO(00l)/Fe(00l) MTJ device according to the present 

embodiment, MgO(00l) is initially deposited in a poly-crystalline or amorphous state 

by sputtering or the like, and then an annealing process is performed such that a poly­

crystal in which the (001) crystal plane is preferentially oriented or a single-crystal is 

obtained. The sputtering conditions were such that, for example, the temperature was 

room temperature (293K), a 2-inch <p MgO was used as a target, and sputtering was 

conducted in an Ar atmosphere. The acceleration power was 200 W and the growth 

rate was 0.008 nm/s. Because MgO that is deposited under these conditions is in an 

amorphous state, a crystallized MgO was obtained by increasing the temperature to 

300°C from room temperature and maintaining that temperature for a certain duration 

of time. 

[0057] Oxygen vacancy defects may be introduced by a method whereby oxygen 

vacancy defects is produced during growth, a method whereby oxygen vacancy 

defects is introduced subsequently, or a method whereby a state with oxygen vacancy 

defects is subjected to an oxygen plasma process or natural oxidation so as to achieve 

a certain oxygen deficit level. 

[0058]As described above, in accordance with the MTJ device technology of the 

present embodiment, an annealing process is carried out for crystallization after an 

amorphous MgO has been deposited by sputtering, thereby eliminating the need for 

large-sized equipment. 

[0059]Hereafter, a MTJ device according to a variation of the embodiments of the 

invention will be described with reference to the drawings. Fig. 11 shows the 

structure of the MTJ device according to the variation, which corresponds to Fig. 

l(B). As shown in Fig. 11, the MTJ device of the variation is characterized in that, as 
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in the MTJ device of the above-described embodiments, the electrodes disposed on 

either side of a single-crystal MgOx(00l) layer 503 or an oxygen-deficit poly-crystal 

MgOx (0 < x < 1) in which the (001) crystal plane is preferentially oriented comprises 

an amorphous ferromagnetic alloy, such as CoFeB layers 501 and 505. The 

amorphous ferromagnetic alloy can be formed by evaporation or sputtering, for 

example. The resultant characteristics are substantially identical to those of the first 

embodiment. 

[0060]As the amorphous magnetic alloy, FeCoB, FeCoBSi, FeCoBP, FeZr, and CoZr 

may be used, for example. Although an anneal process after the preparation of the 

MTJ device might cause the amorphous magnetic alloy in the electrode layers to be 

partially or entirely crystallized, this would not lead to a significant deterioration of 

the MR ratio. Thus, such a crystallized amorphous magnetic alloy may be used in the 

electrode layers. 

[0061]While the MTJ device according to various embodiments of the invention has 

been described, it should be apparent to those skilled in the art that the invention is 

not limited to those specific embodiments and various other modifications, 

improvements and combinations are possible. For example, the height of the tunnel 

barrier may be adjusted by doping Ca or Sr, instead of introducing an oxygen vacancy 

defects to the MgO layer. Further, while the MgO layer has been described to be 

deposited by electron-beam evaporation or sputtering, it should be obvious that other 

deposition methods are also possible. The term "high vacuum" refers to values on the 

order of no more than 1 o-6 Pa in the case where oxygen is not introduced, for 

example. In the case where oxygen is introduced, the term refers to values on the 

order of 10-4 Pa. 
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[0062]In accordance with the invention, a larger magnetoresistance than in the related 

MTJ device can be obtained, and the output voltage of the MTJ device can be 

increased. At the same time, the resistance value of the MTJ device can be reduced so 

that it is optimized for MRAM. The invention thus enables the level of integration of 

MRAM using the MTJ device to be readily increased. In accordance with the 

invention, the output voltage value of the MRAM roughly doubles over related art, 

making the MTJ device of the invention suitable for very large scale integrated 

MRAMs of gigabit class. 
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The output voltage of an MRAM 1s increased by means of an 

Fe(00l)/MgO(00l)/Fe(00l) MTJ device, which is formed by microfabrication of a 

sample prepared as follows: A single-crystalline MgO (00 I) substrate is prepared. An 

epitaxial Fe(00I) lower electrode (a first electrode) is grown on a MgO(00l) seed layer 

at room temperature, followed by annealing under ultrahigh vacuum. A MgO(00l) 

barrier layer is epitaxially formed on the Fe(00I) lower electrode (the first electrode) 

at room temperature, using a MgO electron-beam evaporation. A Fe(00I) upper 

electrode (a second electrode) is then formed on the MgO(00l) barrier layer at room 

temperature. This is successively followed by the deposition of a Co layer on the 

Fe(00I) upper electrode (the second electrode). The Co layer is provided so as to 

increase the coercive force of the upper electrode in order to realize an anti parallel 

magnetization alignment. 
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METHOD OF MANUFACTURING A MAGNETORESISTIVE RANDOM ACCESS 

MEMORY (MRAM) 

[OOOl]CROSS-REFERENCE TO RELATED APPLICATIONS 

A pp 1 i ca ti on No. 16 862,598, fi 1 e d A p ri 1 3 O, 2 O 2 O .. Ln.:c:.i::: ... L,.'.LJ:'..n.tt.LH ... 0.LL .... LL.l}J,J:/}}, 

which is a continuation of U.S. Application 16/443,875, filed June 18, 2019 now U.S. 

Patent No. 10,680,167), which is a continuation of U.S. Application No. 15/428,842, 

filed February 09, 2017 (now U.S. Patent No. 10,367,138), which is a continuation of 

U.S. Application No. 14/837,558, filed August 27, 2015 (now U.S. Patent No. 

9,608,198), which is a continuation of U.S. Application No. 13/767,290, filed February 

14, 2013 (now U.S. Patent No. 9,123,463), which is a continuation of U.S. Application 

No. 13/400,340, filed February 20, 2012 (now U.S. Patent No. 8,405,134), which is a 

continuation of U.S. Application 12/923,643, filed September 30, 2010 (now U.S. 

Patent No. 8,319,263), which is a continuation of U.S. Application No. 10/591,947, 

filed September 08, 2006 (now U.S. Patent No. 7,884,403), which is a National Stage 

Application of PCT/JP2005/004720, filed March 10, 2005, which claims priority from 

Japanese Application Nos. 2004-071186 and 2004-313350, filed March 12, 2004 and 

October 28, 2004, respectively, the content of each is hereby incorporated by reference 

into this application. 

[0003]BACKGROUND OF THE INVENTION 

[0004]Field of the Invention 
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[0005] The present invention relates to a magnetic tunnel junction device and a method 

of manufacturing the same, particularly to a magnetic tunnel junction device with a 

high magnetoresistance and a method of manufacturing the same. 

[0006]Description of Related Art 

[0007]Magnetoresistive random access memories (MRAMs) refer to a large-scale 

integrated memory circuit that is expected to replace the currently widely used DRAM 

memories. Research and development of MRAM devices, which are fast and non­

volatile memory devices, are being extensively carried out, and sample products of a 

4Mbit MRAM have actually been delivered. 

[000S]Figs. 8(A) and 8(B) show the structure and operation principle of a magnetic 

tunnel junction device (to be hereafter referred to as a "MTJ device"), which is the 

most important part of the MRAM. As shown in Fig. 8(A), a MTJ device comprises a 

tunnelling junction structure in which a tunnel barrier (to be hereafter also referred to 

as a "barrier layer") made of an oxide is sandwiched between a first and a second 

electrode made of a ferromagnetic metal. The tunnel barrier layer comprises an 

amorphous Al-O layer (see Non-Patent Document 1). As shown in Fig. 8(A), in the 

case of parallel magnetization alignment where the directions of magnetizations of the 

first and second ferromagnetic electrodes are aligned parallel, the electric resistance 

of the device with respect to the direction normal to the interfaces of the tunneling 

junction structure decreases. On the other hand, in the case of antiparallel 

magnetization alignment where the directions of magnetizations of the first and 

second ferromagnetic electrodes are aligned anti parallel as shown in Fig. 8(B), the 

electric resistance with respect to the direction normal to the interfaces of the 

tunneling junction structure increases. The resistance value does not change in a 
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general state, so that information "l" or "0" can be stored depending on whether the 

resistance value is high or not. Since the parallel and antiparallel magnetization 

alignments can be stored in a non-volatile fashion, the device can be used as a non­

volatile memory device. 

[0009]Figs. 9(A)-(C) show an example of the basic structure of the MRAM. Fig. 9(A) 

shows a perspective view of the MRAM, and Fig. 9(B) schematically shows a circuit 

block diagram. Fig. 9(C) is a cross-section of an example of the structure of the 

MRAM. Referring to Fig. 9(A), in an MRAM, a word line WL and a bit line BL are 

disposed in an intersecting manner, with an MRAM cell disposed at each intersection. 

As shown in Fig. 9(B), the MRAM cell disposed at the intersection of a word line and 

a bit line comprises a MTJ device and a MOSFET directly connected to the MTJ 

device. Stored information can be read by reading the resistance value of the MTJ 

device that functions as a load resistance, using the MOSFET. The stored information 

can be rewritten by applying a magnetic field to the MTJ device, for example. As 

shown in Fig. 9(C), an MRAM memory cell comprises a MOSFET 100 including a 

source region 105 and a drain region 103 both formed inside a p-type Si substrate 101, 

and a gate electrode 111 formed on a channel region that is defined between the 

source and drain regions. The MRAM also comprises a MTJ device 117. The source 

region 105 is grounded, and the drain is connected to a bit line BL via the MTJ 

device. A word line WL is connected to the gate electrode 111 in a region that is not 

shown. 

[00l0]Thus, a single non-volatile MRAM memory cell can be formed by a single 

MOSFET 100 and a single MTJ device 117. The MRAMs are therefore suitable where 

high levels of integration are required. 
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[00ll]Non-Patent Document 1: D. Wang, et al.: Science 294 (2001) 1488. 

[0012] SUMMARY OF THE INVENTION 

[0013]Although there are prospects for achieving MRAMs with capacities on the 

order of 64Mbits based on the current technologies, the characteristics of the MTJ 

device, which is the heart of MRAM, needs to be improved if higher levels of 

integration are to be achieved. In particular, in order to increase the output voltage of 

the MTJ device, the magnetoresistance must be increased and the bias voltage 

characteristics must be improved. Fig. 10 illustrates how the magnetoresistance in a 

relatcd_".'·e+~v-e++l-,,_,+~rJ MTJ device using an amorphous Al-O as the tunnel barrier 

changes as a function of the bias voltage (L 1 ). As shown, in the rd_,rted_e+m-vs;.m+i+m-frl· 

MTJ device, the magnetoresistance is small and, notably, it tends to drastically 

decrease upon application of bias voltage. With such characteristics, the output 

voltage when operation margins are taken into consideration is too small for the 

device to be employed for an actual memory device. Specifically, the 

magnetoresistance of the current MTJ device is small at approximately 70%, and the 

output voltage is also small at no more than 200 m V, which is substantially half the 

output voltage of a DRAM. This has resulted in the problem that as the level of 

integration increases, signals are increasingly lost in noise and cannot be read. 

[0014]It is an object of the invention to increase the output voltage of a MTJ device. 

It is another object of the invention to provide a memory device with a high 

magnetoresistance for stable operation. 
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[0015]In one aspect, the invention provides a magnetoresistive device comprising a 

magnetic tunnel junction structure comprising: a tunnel barrier layer; a first 

ferromagnetic material layer of the BCC structure formed on a first side of the tunnel 

barrier layer; and a second ferromagnetic material layer of the BCC structure formed 

on a second side of the tunnel barrier layer, wherein the tunnel barrier layer is formed 

by a single-crystal MgOx (001) layer or a poly-crystalline MgOx (0 < x < 1) layer in 

which the (001) crystal plane is preferentially oriented. 

[0016] The invention further provides a magnetoresistive device comprising a 

magnetic tunnel junction structure comprising: a tunnel barrier layer comprising 

MgO(00l); a first ferromagnetic material layer comprising Fe(00l) formed on a first 

side of the tunnel barrier layer; and a second ferromagnetic material layer comprising 

Fe(00l) formed on a second side of the tunnel barrier layer, wherein the MgO layer is 

formed by a single-crystalline MgOx (001) layer or a poly-crystalline MgOx (0 < x < 

1) layer in which the (001) crystal plane is preferentially oriented. In a preferred 

embodiment, the band discontinuity value (the height of the tunnel barrier) between 

the bottom of the conduction band of the MgO(00 1) layer and the Fermi energy of the 

Fe(00l) layer is smaller than an ideal value of a perfect single-crystal without defect. 

These features increase the magnetoresistance and thereby allow the output voltage of 

the MTJ device to be increased. By using any of the aforementioned MTJ devices as a 

load for a single transistor, a non-volatile memory can be formed. 

[0017]In another aspect, the invention provides a method of manufacturing a 

magnetoresistive device comprising: preparing a substrate; depositing a first Fe(00l) 

layer on the substrate; depositing a tunnel barrier layer on the first Fe(00l) layer by 

electron beam evaporation under high vacuum, the tunnel barrier layer comprising a 
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single-crystalline MgOx (001) or a poly-crystalline MgOx (0 < x < 1) in which the 

(001) crystal plane is preferentially oriented; and forming a second Fe(00l) layer on 

the tunnel barrier layer. 

[0018] The invention furthermore provides a method of manufacturing a MTJ device 

comprising a first step of preparing a substrate comprising a single-crystalline 

MgOx(00l) or a poly-crystalline MgOx (0 < x < 1) in which the (001) crystal plane is 

preferentially oriented, a second step of depositing a first Fe(00l) layer on the 

substrate and performing an annealing process to make the surface flat, a third step of 

depositing a tunnel barrier layer on the first Fe(00l) layer by electron beam 

evaporation, the tunnel barrier layer comprising a single-crystalline MgOx(00l) or a 

poly-crystalline MgOx (0 < x < 1) in which the (001) crystal plane is preferentially 

oriented, and a fourth step of forming a second Fe(00l) layer on the tunnel barrier 

layer. The method may further comprise the step of growing a seed layer between the 

first and the second steps, the seed layer comprising a single-crystalline MgOx(00l) or 

a poly-crystalline MgOx (0 < x < 1) in which the (001) crystal plane is preferentially 

oriented. The MgO layer may be deposited using a target with the value of x in MgOx 

adjusted. The value of x in MgOx may be adjusted in the step of forming the MgO. 

[0019]In yet another aspect, the invention provides a magnetoresistive device 

comprising a magnetic tunnel junction structure comprising a tunnel barrier layer 

comprising MgO(00l), a first ferromagnetic material layer comprising an amorphous 

magnetic alloy formed on a first side of the tunnel barrier layer, and a second 

ferromagnetic material layer comprising an amorphous magnetic alloy formed on a 

second side of the tunnel barrier layer, wherein the discontinuous value (the height of 

the tunnel barrier) between the bottom of the conduction band of the MgO(00 1) layer 
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and the Fermi energy of the first or the second ferromagnetic material layer 

comprising the amorphous magnetic alloy is lower than an ideal value of a perfect 

single-crystal with no defect. 

[0020]BRIEF DESCRIPTION OF THE DRAWINGS 

[0021]Fig. l(B) shows the structure of a MTJ device according to a first embodiment 

of the invention, and Fig. I (A) shows the energy band structure of a ferromagnetic 

metal Fe(00I), illustrating the E-EF relationship with respect to the [001] direction of 

the momentum space. 

[0022]Fig. 2(A) to Fig. 2(D) schematically show the process of manufacturing a MTJ 

device with a Fe(00l)/MgO(00l)/Fe(00l) structure (to be hereafter referred to as a 

"Fe(00 I )/MgO(00 I )/Fe(00 I) MTJ device") according to an embodiment of the 

invention. 

[0023]Fig. 3(A) shows a RHEED image of a Fe(00I) lower electrode (a first 

electrode), and Fig. 3(B) shows a RHEED image of a MgO(00l) barrier layer. 

[0024]Fig. 4 shows the results of observing the quadrupole mass spectra in the 

deposition chamber during the MgO evaporation. 

[0025]Fig. 5 shows the film deposition rate dependency of the oxygen partial pressure 

during the MgO evaporation. 

[0026]Fig. 6 shows typical magnetoresistance curves of the 

Fe(00l)/MgO(00l)/Fe(00l) MTJ device. 
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[0027]Fig. 7(A) shows the bias voltage dependency of the MR ratio at room 

temperature, and Fig. 7(B) shows the output voltage Vout of the MTJ device (=bias 

voltage x (Rap-Rp )/Rap). 

[0028]Figs. 8(A) and 8(B) show the structure of the MTJ device and its operating 

principle. 

[0029]Figs. 9(A)-(C) show an example of the basic structure of an MRAM, Fig. 9(A) 

showing a perspective view of the MRAM, Fig. 9(B) showing a schematic circuit 

diagram, and Fig. 9(C) showing a cross-sectional view of an example of its structure. 

[0030]Fig. 10 shows how the magnetoresistance of a r<:.:li:.ted{,,+r:;-~,'\.YB-t~i+r:;-fa,l MTJ device 

using an amorphous Al-O as the tunnel barrier changes depending on the bias voltage. 

[0031]Fig. 11 shows the structure of a MTJ device according to a variation of the 

invention, corresponding to Fig. l(B). 

[0032]DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0033]In the context of the present specification, because MgO has a cubic crystal 

structure (NaCl structure), the (001) plane, the (100) plane, and the (010) plane are all 

equivalent. The direction perpendicular to the film surface is herein considered to be 

the z-axis so that the film plane can be uniformly described as (001). Also in the 

context of the present specification, BCC structure, which the crystalline structure of 

ferromagnetic electrode layer, means body-centered cubic lattice structure. More 

specifically, BCC structure includes the BCC structure with no chemical ordering so­

called A2-type structure, the BCC structure with chemical ordering such as B2-type 
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structre and L21-type structure, and also the aforementioned structures with slight 

lattice distortion. 

[0034] The term "ideal value" with regard to a perfect single-crystal without defect 

herein refers to a value that has been estimated from ultraviolet photoemission 

spectroscopy experiments (see W. Wulfhekel, et al.: Appl. Phys. Lett. 78 (2001) 

509.). The term "ideal value" is used herein because the aforementioned state can be 

considered to be an upper limit value of the potential barrier height of the tunnel 

barrier of an ideal single-crystal MgO with hardly any oxygen vacancy defect or 

lattice defect. 

[0035]Before describing the preferred embodiments of the invention, an analysis 

conducted by the inventors is discussed. The magnetoresistance (MR) ratio of a MTJ 

device can be expressed by the following equation: 

[0036] LlR/Rp = (Rap - Rp )/Rp 

[0037]where Rp and Rap indicate the tunnel junction resistance in the cases of 

parallel and anti parallel magnetization alignments, respectively, of two electrodes. 

According to theJullire' s formula, the MR ratio at low bias voltage can be expressed 

by: 

[0038]MR ratio= (Rap - Rp )/Rp = 2P1P2/(l-P1P2), and 

[0039]Pa = (Da t (EF) - Da t (EF))/(Da t (EF) + Da t (EF), 

[0040]where a= 1, 2 (1) 
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[0041]In the above equations, Pa is the spin polarization of an electrode, and Da t 

(EF) and Da ,J.,, (EF) are the density of state (DOS) at the Fermi energy (EF) of the 

majority-spin band and the minority-spin band, respectively. Since the spin 

polarization of ferromagnetic transition metals and alloys is approximately 0.5 or 

smaller, the Jullire' s formula predicts a highest estimated MR ratio of about 70%. 

[0042]Although the MR ratio of approximately 70% has been obtained at room 

temperature when a MTJ device was made using an amorphous Al-O tunnel barrier 

and polycrystalline electrodes, it has been difficult to obtain the output voltage of 200 

m V, which is comparable to the output voltages of DRAMs, thereby preventing the 

realization of MRAM as mentioned above. 

[0043] The inventors tried an approach to deposit a MTJ device in which the tunnel 

barrier comprises a single-crystal (001) of magnesium oxide (MgO) or a poly­

crystalline MgO in which the (001) crystal plane is preferentially oriented. It is the 

inventors' theory that, because magnesium oxide is a crystal (where the atoms are 

arranged in an orderly fashion), as opposed to the rd_r,,ed~'"fN~V~',t~{'~-fN~fr~-amorphous Al­

o barrier, the electrons are not scattered and the coherent states of electrons are 

concerved during the tunneling process. Fig. l(B) shows the MTJ device structure 

according to an embodiment of the invention. Fig. 1 (A) shows the energy band 

structure of the ferromagnetic Fe(00l), that is, the E-EF relationship with respect to 

the [001] direction of the momentum space. As shown in Fig. l(B), the MTJ device 

structure of the present embodiment comprises a first Fe (001) layer 1, a second Fe 

(001) layer 5, and a single-crystalline Mg Ox (001) layer 3 or a poly-crystalline Mg Ox 

(0 < x < 1) layer 3 sandwiched therebetween, the polycrystalline layer having the 

(001) crystal plane preferentially oriented therein. According to the aforementioned 
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Jullire' s model, assuming that the momentum of the conduction electrons is preserved 

in the tunneling process, the tunneling current that passes through MgO would be 

dominated by those electrons with wave vector kz in the direction perpendicular to the 

tunnel barrier (normal to the junction interfaces). In accordance with the energy band 

diagram shown in Fig. l(A) of Fe in the [001] (r-H) direction, the density of state 

(DOS) at the Fermi energy EF does not exhibit a very high spin polarization due to the 

fact that the sub-bands of the majority-spin and the minority-spin have states at the 

Fermi energy EF. However, in case the coherent states of electrons are conserved in 

the tunneling process, only those conduction electrons that have totally symmetrical 

wave functions with respect to the axis perpendicular to the barrier would be coupled 

with the states in the barrier region and come to have a finite tunneling probability. 

The L'.11 band in the Fe(00I) electrode has such totally symmetric wave functions. As 

shown in Fig. l(A), the majority spin L'.11 band (solid line) has states at the Fermi 

energy EF, whereas the minority spin L'.11 band (broken line) does not have state at the 

Fermi energy EF. Because of such half-metallic characteristics of the Fe L'.11 band, 

there is the possibility that a very high MR ratio can be obtained in a coherent spin 

polarized tunneling. Since in an epitaxial (single-crystal, or (00 I) oriented poly­

crystal) MTJ device the scattering of electrons is suppressed during the tunneling 

process, an epitaxial MTJ device is thought to be ideal for realizing the 

aforementioned coherent tunneling. 

[0044]In the following, a MTJ device according to a first embodiment of the invention 

and a method of manufacturing the same will be described with reference to the 

drawings. Figs. 2(A) to 2(D) schematically show the method of manufacturing the 

MTJ device having the Fe (001)/MgO(00l)/Fe(00l) structure according to the 

embodiment (to be hereafter referred to as a "Fe(00l)/MgO(00l)/Fe(00l) MTJ 
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device"). Fe(00l) refers to a ferromagnetic material with the BCC structure. First, a 

single-crystal MgO(00l) substrate 11 was prepared. In order to improve the 

morphology of the surface of the single-crystal MgO(00 1) substrate 11, a MgO(00l) 

seed layer 15 was grown by the molecular beam epitaxy (MBE) method. This was 

subsequently followed by the growth of an epitaxial Fe(00l) lower electrode (first 

electrode) 17 with the thickness of 50 nm on the MgO(00l) seed layer 15 at room 

temperature, as shown in Fig. l(B), and then annealing was performed at 350°C under 

ultrahigh vacuum (2 x 1 o-8 Pa). Electron-beam evaporation conditions included an 

acceleration voltage of 8 kV, a growth rate of 0.02 nm/sec, and the growth 

temperature of room temperature (about 293K). The source material of the electron­

beam evaporation was MgO of the stoichiometric composition (the ratio of Mg to 0 

being 1: 1), the distance between the source and the substrate was 40 cm, the base 

vacuum pressure was 1 x 1 o-8 Pa, and the 02 partial pressure was 1 x 1 o-6 Pa. 

Alternatively, a source with oxygen vacancy defects may be used instead of the MgO 

of the stoichiometric composition (the ratio of Mg to O is 1: 1). 

[0045]Fig. 3(A) shows a RHEED image of the Fe(00l) lower electrode (a first 

electrode). The image shows that the Fe(00l) lower electrode (first electrode) 17 

possesses a good crystallinity and flatness. Thereafter, a MgO(00 1) barrier layer 21 

with the thickness of 2 nm was epitaxially grown on the Fe(00l) lower electrode (first 

electrode) at room temperature, also using the MgO electron-beam evaporation 

method. Fig. 3(B) shows a RHEED image of the MgO(00l) barrier layer 21. The 

image shows that the MgO(00l) barrier layer 21 also possesses a good crystallinity 

and flatness. 
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[0046]As shown in Fig. 2(D), a Fe(00I) upper electrode (a second electrode) 23 with 

the thickness of IO nm was formed on the MgO(00 I) barrier layer 21 at room 

temperature. This was successively followed by the deposition of a Co layer 25 with 

the thickness of 10 nm on the Fe(00I) upper electrode (second electrode) 23. The Co 

layer 25 is provided to increase the coercive force of the upper electrode 23 so as to 

realize the antiparallel magnetization alignment. The thus prepared sample was then 

processed by microfabrication techniques to obtain the Fe(00l)/MgO(00l)/Fe(00l) 

MTJ device. 

[0047]The aforementioned MgO evaporation using an electron beam involved the 

formation of a film under ultrahigh vacuum of I 0-9 Torr. It can be seen that in this 

method, the film, even when formed on a glass substrate to the thickness of 300 nm, 

was colorless and transparent, showing that a good crystal film was formed. Fig. 4 

shows the results of observing the quadrupole mass spectra in the deposition chamber 

during the MgO growth. The results show that the partial pressures regarding the 

spectrum Pl of O and the spectrum P2 of 02 are high. Fig. 5 shows the film 

deposition rate dependency of the oxygen partial pressure during MgO evaporation. It 

will be seen from the figure that the oxygen partial pressure itself is high, and that the 

oxygen partial pressure increases as the deposition rate increases. These results 

indicate the separation of oxygen from MgO during the deposition of MgO. Since the 

separated oxygen is pumped out of the deposition chamber using vacuum pumps, there 

is the possibility that there are oxygen vacancy defects such as MgOx (0.9 < x < 1). 

When there are oxygen vacancy defects, the potential barrier height of the MgO 

tunnel barrier is thought to decrease (such as in the range of 0.10 to 0.85 eV; more 

specifically, 0.2 to 0.5 eV), which is thought to result in an increase in the tunneling 

current. In the case of a typical Al-O tunnel barrier, the height of the tunnel barrier 
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with respect to Fe(00l) electrodes is considered to be 0.7 to 2.5 eV. An ideal tunnel 

barrier height of a MgO crystal is 3.6 eV, and experimental values of 0.9 to 3.7 eV 

have been obtained. Using the method according to the present embodiment of the 

invention, a tunnel barrier height of approximately 0.3 eV is expected, indicating that 

the resistance of the tunnel barrier can be lowered. However, it should be noted that 

other factors, such as the influence of the aforementioned coherent tunneling, might 

also be involved. The value of x in MgOx due to oxygen vacancy defects is such that 

0.98 < x < 1, and more preferably 0.99 < x < 1. These are the ranges such that the 

sole presence of Mg is excluded and the characteristics of MgO can be basically 

maintained. 

[0048] The aforementioned tunnel barrier height <p was determined by fitting the 

electric conductance characteristics of the MTJ device (the relationship between 

tunnel current density J and bias voltage V) onto the Simmons' formula (Equation 

(20) in a non-patent document by J. G. Simmons: J. Appl. Phys. 34, pp. 1793-1803 

(1963)) based on the WKB approximation, using the least squares method. The fitting 

was performed using the free electron mass (m = 9 .11 x 10-31 kg) as the electron's 

effective mass. When a bias voltage V (which is normally on the order of 500 m V to 

1000 mV) is applied until non-linearity appears in the J-V characteristics, the height <p 

of the tunnel barrier and the effective thickness L'.1s of the tunnel barrier can be 

simultaneously determined by fitting the J-V characteristics using the Simmons' 

formula. 

[0049] The effective thickness L'.1s of the tunnel barrier was determined to be smaller 

than the thickness of the actual MgO(00l) tunnel barrier layer (tMgo) determined from 

a cross-sectional transmission electron microscope image of the MTJ device by 
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approximately 0.5 nm. This is the result of the effective thickness L'.1s of the tunnel 

barrier having been reduced from the actual MgO(00 1) layer thickness by the effect of 

the image potential produced at the interface between the MgO(00 1) layer and the 

alloy layer consisting mainly of Fe and Co. 

[0050]It is noted that, in the event that tMgO can be accurately determined using the 

cross-sectional transmission electron microscope (TEM) image, the height <p of the 

tunnel barrier can be more simply determined by the following technique. Namely, 

when the bias voltage V applied to the MTJ device is small (normally 100 m V or 

smaller), the tunnel current density J is proportional to the bias voltage V, such that 

the J-V characteristics become linear. In such a low-bias voltage region, the 

Simmons' formula can be described as follows: 

[0051]J = [(2mcp)112/L'.1s](e/h)2 x exp[-(4nl'.1s/h) x (2mcp)112
] x V (2) 

[0052]where m is the mass of the free electron (9 .11 x 10-31 kg), e is the elementary 

electric charge (1.60 x 10-19 C), and his the Planck's constant (6.63 x 10·34 J-s). The 

effective thickness of the tunnel barrier L'.1s is approximately tMgO - 0.5 nm. By fitting 

the J-V characteristics of the MTJ device in the low-bias voltage region onto Equation 

(2), the height <p of the tunnel barrier can be simply and yet accurately estimated. 

[0053]Fig. 6 shows a typical magnetoresistance curve of the 

Fe(00l)/MgO(00l)/Fe(00l) MTJ device produced by the above-described method. 

The MR ratio is 146% at the measurement temperature of 20K and 88% at the 

measurement temperature of 293K. These values represent the highest MR ratios that 

have so far been obtained at room temperature. Such high MR ratios cannot be 

explained by the spin polarization of the Fe(00l) electrode and is thought rather to be 
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related to a coherent spin-polarized tunneling. When 160 prototype MTJ devices were 

made, the variations regarding the MR ratio and tunneling resistance value were not 

more than 20%. The yield of the MTJ devices was 90% or more at the laboratory 

stage. These high values suggest the effectiveness of the approach of the invention. 

The resistance-area (RA) product of the MTJ device was on the order of a few kQµm 2
, 

which is suitable for MRAM. 

[0054]Fig. 7(a) shows the bias voltage dependency of the MR ratio at room 

temperature. It will be seen that the bias voltage dependency of the MR ratio is fairly 

small. Although the characteristics are asymmetric, the voltage Vhatf at which the MR 

ratio is reduced in half of the zero-bias value is 1250 m V, which is a very high value. 

In this connection, it is noted that the voltage Vhatf at which the MR ratio is reduced in 

half of the zero-bias value in the rdnted·f-\'.0\-ff\'{",'H+-\'.O\-ttfr~- MTJs with Al-O tunnel barrier is 

300 to 600 mV. Fig. 7(b) shows the output voltage Vout of the MTJ device (=bias 

voltage x (Rap - Rp)/Rap). The maximum value of the output voltage Vout is 380 mV 

with a positive bias. This value is about twice as large as that (a little less than 200 

m V) in the case of the Al-O barrier. These high values in terms of both MR ratio and 

output voltage suggest the effectiveness of the technique according to the present 

embodiment. 

[0055]Although in the above-described embodiment Fe(00l) of BCC was employed, 

an Fe alloy of BCC, such as an Fe-Co alloy, Fe-Ni alloy, or Fe-Pt alloy, may be used 

instead. Alternatively, a layer of Co or Ni with the thickness of one or several 

monoatomic layers may be inserted between the electrode layer and the MgO(00l) 

layer. 
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[0056]Hereafter, a MTJ device according to a second embodiment of the invention 

and a method of manufacturing the same will be described. In the method of 

manufacturing a Fe(00l)/MgO(00l)/Fe(00l) MTJ device according to the present 

embodiment, MgO(00l) is initially deposited in a poly-crystalline or amorphous state 

by sputtering or the like, and then an annealing process is performed such that a poly­

crystal in which the (001) crystal plane is preferentially oriented or a single-crystal is 

obtained. The sputtering conditions were such that, for example, the temperature was 

room temperature (293K), a 2-inch <p MgO was used as a target, and sputtering was 

conducted in an Ar atmosphere. The acceleration power was 200 W and the growth 

rate was 0.008 nm/s. Because MgO that is deposited under these conditions is in an 

amorphous state, a crystallized MgO was obtained by increasing the temperature to 

300°C from room temperature and maintaining that temperature for a certain duration 

of time. 

[0057] Oxygen vacancy defects may be introduced by a method whereby oxygen 

vacancy defects is produced during growth, a method whereby oxygen vacancy 

defects is introduced subsequently, or a method whereby a state with oxygen vacancy 

defects is subjected to an oxygen plasma process or natural oxidation so as to achieve 

a certain oxygen deficit level. 

[0058]As described above, in accordance with the MTJ device technology of the 

present embodiment, an annealing process is carried out for crystallization after an 

amorphous MgO has been deposited by sputtering, thereby eliminating the need for 

large-sized equipment. 

[0059]Hereafter, a MTJ device according to a variation of the embodiments of the 

invention will be described with reference to the drawings. Fig. 11 shows the 
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structure of the MTJ device according to the variation, which corresponds to Fig. 

l(B). As shown in Fig. 11, the MTJ device of the variation is characterized in that, as 

in the MTJ device of the above-described embodiments, the electrodes disposed on 

either side of a single-crystal MgOx(00l) layer 503 or an oxygen-deficit poly-crystal 

MgOx (0 < x < 1) in which the (001) crystal plane is preferentially oriented comprises 

an amorphous ferromagnetic alloy, such as CoFeB layers 501 and 505. The 

amorphous ferromagnetic alloy can be formed by evaporation or sputtering, for 

example. The resultant characteristics are substantially identical to those of the first 

embodiment. 

[0060]As the amorphous magnetic alloy, FeCoB, FeCoBSi, FeCoBP, FeZr, and CoZr 

may be used, for example. Although an anneal process after the preparation of the 

MTJ device might cause the amorphous magnetic alloy in the electrode layers to be 

partially or entirely crystallized, this would not lead to a significant deterioration of 

the MR ratio. Thus, such a crystallized amorphous magnetic alloy may be used in the 

electrode layers. 

[0061]While the MTJ device according to various embodiments of the invention has 

been described, it should be apparent to those skilled in the art that the invention is 

not limited to those specific embodiments and various other modifications, 

improvements and combinations are possible. For example, the height of the tunnel 

barrier may be adjusted by doping Ca or Sr, instead of introducing an oxygen vacancy 

defects to the MgO layer. Further, while the MgO layer has been described to be 

deposited by electron-beam evaporation or sputtering, it should be obvious that other 

deposition methods are also possible. The term "high vacuum" refers to values on the 

order of no more than 1 o-6 Pa in the case where oxygen is not introduced, for 
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example. In the case where oxygen is introduced, the term refers to values on the 

order of I 0-4 Pa. 

[0062]In accordance with the invention, a larger magnetoresistance than in the 

1elattck-efr\''f,tH-i-r,n-frl-MTJ device can be obtained, and the output voltage of the MTJ 

device can be increased. At the same time, the resistance value of the MTJ device can 

be reduced so that it is optimized for MRAM. The invention thus enables the level of 

integration of MRAM using the MTJ device to be readily increased. In accordance 

with the invention, the output voltage value of the MRAM roughly doubles over 

rti_<1ted1°H+f>f' art, making the MTJ device of the invention suitable for very large scale 

integrated MRAMs of gigabit class. 
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The output voltage of an MRAM 1s increased by means of an 

Fe(00l)/MgO(00l)/Fe(00l) MTJ device, which is formed by microfabrication of a 

sample prepared as follows: A single-crystalline MgO (00 I) substrate is prepared. An 

epitaxial Fe(00I) lower electrode (a first electrode) is grown on a MgO(00l) seed layer 

at room temperature, followed by annealing under ultrahigh vacuum. A MgO(00l) 

barrier layer is epitaxially formed on the Fe(00I) lower electrode (the first electrode) 

at room temperature, using a MgO electron-beam evaporation. A Fe(00I) upper 

electrode (a second electrode) is then formed on the MgO(00l) barrier layer at room 

temperature. This is successively followed by the deposition of a Co layer on the 

Fe(00I) upper electrode (the second electrode). The Co layer is provided so as to 

increase the coercive force of the upper electrode in order to realize an anti parallel 

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

NOT GRANTED 

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

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for 
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources 
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to 
promote and facilitate business investment. SelectUSA provides information assistance to the international investor 
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states, 
and regions competing for global investment; and counsels U.S. economic development organizations on investment 
attraction best practices. To learn more about why the United States is the best country in the world to develop 
technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call 
+ 1-202-482-6800. 
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Substitute for Form PTO-875 18/232,576 
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(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY 

FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($) 

BASIC FEE N/A N/A N/A N/A 320 (37 CFR 1.16(a), (b), or (c)) 

SEARCH FEE N/A N/A N/A N/A 700 (37 CFR 1.16(k), (i), or (m)) 

EXAMINATION FEE N/A N/A N/A N/A 800 (37 CFR 1.16(0), (p), or (q)) 

TOTAL CLAIMS 20 minus 20 = 0 OR X = 0 (37 CFR 1.16(i)) 

INDEPENDENT CLAIMS 3 minus 3 = X = 0 (37 CFR 1.16(h)) 

If the specification and drawings exceed 100 
APPLICATION SIZE sheets of paper, the application size fee due is 
FEE $310 ($155 for small entity) for each additional 0 
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C. 

41 (a)(1 )(G) and 37 CFR 1.16(s). 

MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16U)) 0 

* If the difference in column 1 is less than zero, enter "0" in column 2. TOTAL TOTAL 1820 

APPLICATION AS AMENDED - PART II 
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FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR 

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

TOTAL OR TOTAL 
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* If the entry in column 1 is less than the entry in column 2, write "0" in column 3. 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NO. FILING DATE 

18/232,576 08/10/2023 

61650 7590 09/19/2023 

MYERS WOLIN, LLC 
100 SOUTH JEFFERSON ROAD 
SUITE 202 
WHIPPANY, NJ 07981-1009 

FIRST NAMED INVENTOR 

Shinji YUASA 

UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONERFORPATENTS 

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

ATTORNEY DOCKET NO. 

IBTH 13318Aa 

CONFIRMATION NO. 

1021 

EXAMINER 

CENTRAL.DOCKET 

ART UNIT PAPER NUMBER 

2897 

NOTIFICATION DATE DELIVERY MODE 

09/19/2023 ELECTRONIC 

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

The time period for reply, if any, is set in the attached communication. 

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the 
following e-mail address(es): 

patent@myerswolin.com 

PTOL-90A (Rev. 04/07) 

WD EX1086 
Western Digital v IP Bridge 

Page 146



Decision Granting Request for 
Prioritized Examination (Track I) 

Application No. 
18/232,576 

Examiner 

JoAnne L Burke 

1. THE REQUEST FILED 10 August 2023 IS GRANTED. 

Applicant(s) 

YUASA, Shinji 

Art Unit 
OPET 

The above-identified application has met the requirements for prioritized examination 
A. ~ for an original nonprovisional application (Track I). 
B. D for an application undergoing continued examination (RCE). 

AIA (FITF) Status 
No 

2. The above-identified application will undergo prioritized examination. The application will be 
accorded special status throughout its entire course of prosecution until one of the following occurs: 

A. 

B. 

C. 

D. 

E. 

F. 

G. 

H. 

I. 

filing a petition for extension of time to extend the time period for filing a reply; 

filing an amendment to amend the application to contain more than four 
independent claims, more than thirty total claims, or a multiple dependent claim; 

filing a request for continued examination ; 

filing a notice of appeal; 

filing a request for suspension of action; 

mailing of a notice of allowance; 

mailing of a final Office action; 

completion of examination as defined in 37 CFR 41.102; or 

abandonment of the application. 

Telephone inquiries with regard to this decision should be directed to JoAnne Burke at (571 )272-

4584. In his/her absence, calls may be directed to Petition Help Desk at (571) 272-3282. 

/JOANNE L BURKE/ 
Lead Paralegal Specialist, OPET 

U.S. Patent and Trademark Office 
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Application/Control No. Applicant(s)/Patent Under Reexamination 

Index of Claims 18/232,576 YUASA, Shinji 

Examiner Art Unit 
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CLAIM DATE 
Final Original 10/01/2023 

1 ✓ 

2 ✓ 

3 ✓ 

4 ✓ 

5 ✓ 

6 ✓ 

7 ✓ 

8 ✓ 

9 ✓ 

10 ✓ 

11 ✓ 

12 ✓ 

13 ✓ 

14 ✓ 

15 ✓ 

16 ✓ 

17 ✓ 

18 ✓ 

19 ✓ 

20 ✓ 

21 ✓ 

22 ✓ 

U.S. Patent and Trademark Office Part of Paper No.: 20231001 

Page 1 of 1 
WD EX1086 

Western Digital v IP Bridge 
Page 148



Search Notes 

CPC - Searched* 

Symbol 

Application/Control No. 

18/232,576 

Examiner 

ALONZO CHAMBLISS 

H10B61/00, 53/30, 61/22; H01F10/132, 10/3254; G11C11/15, 11/16, 
11/161; H10N 50/85, 50/01, 50/80, 50/10; H01 L28/55; B82Y25/00 

CPC Combination Sets - Searched* 

Symbol 

US Classification - Searched* 

Class Subclass 

Applicant(s)/Patent Under Reexamination 

YUASA, Shinji 

Art Unit 

2897 

Date Examiner 

10/01/2023 AC 

Date Examiner 

Date Examiner 

* See search history printout included with this form or the SEARCH NOTES box below to determine the scope of 
the search. 

Search Notes 

Search Notes Date Examiner 

East text search only - see attached printout 10/01/2023 AC 

Ip.com text search only - see attached printout 10/01/2023 AC 

Interference Search 

US Class/CPC 
US Subclass/CPC Group Date Examiner 

Symbol 

U.S. Patent and Trademark Office 
Page 1 of 1 

Part of Paper No.: 20231001 

WD EX1086 
Western Digital v IP Bridge 

Page 149



Bibliographic Data 

Application No: 18/232,576 

Foreign Priority claimed: @ Yes O No 

35 USC 119 (a-d) conditions met: ~Yes 0No 

Verified and Acknowledged: I/ALONZO CHAMBLISS/ 

Examiner's Signature 

D Met After Allowance 

Initials 

Title: METHOD OF MANUFACTURING A MAGNETORESISTIVE 
RANDOM ACCESS MEMORY MRAM 

FILING or 371(c) DATE 

08/10/2023 

RULE 

APPLICANTS 

Godo Kaisha IP Bridge 1, 

INVENTORS 

Shinji YUASA, lbaraki, JAPAN 

CONTINUING DATA 

CLASS 

257 

This application is a CON of 18219320 07/07/2023 

GROUP ART UNIT 

2897 

18219320 is a CON of 17560922 12/23/2021 PAT 11737372 

17560922 is a CON of 16862598 04/30/2020 PAT 11233193 

16862598 is a CON of 16443875 06/18/2019 PAT 10680167 

16443875 is a CON of 15428842 02/09/2017 PAT 10367138 

15428842 is a CON of 14837558 08/27/2015 PAT 9608198 

14837558 is a CON of 13767290 02/14/2013 PAT 9123463 

13767290 is a CON of 13400340 02/20/2012 PAT 8405134 

13400340 is a CON of 12923643 09/30/2010 PAT 8319263 

12923643 is a CON of 10591947 09/08/2006 PAT 7884403 

10591947 is a 371 of PCT/JP2005/004720 03/10/2005 

FOREIGN APPLICATIONS 

JAPAN JP2004-071186 03/12/2004 

JAPAN JP2004-313350 10/28/2004 

IF REQUIRED, FOREIGN LICENSE GRANTED** 

08/21/2023 

STATE OR COUNTRY 

JAPAN 

ATTORNEY DOCKET NO. 

IBTH 13318Aa 

WD EX1086 
Western Digital v IP Bridge 

Page 150



ADDRESS 

MYERS WOLIN, LLC 

100 SOUTH JEFFERSON ROAD 

SUITE 202 

WHIPPANY, NJ 07981-1009 

UNITED STATES 

FILING FEE RECEIVED 

$0 

WD EX1086 
Western Digital v IP Bridge 

Page 151



PE2E SEARCH - Search History {Prior Art) 

Ref# Hits 

L1 9 

L2 1 

L3 1 

L4 1 

LS 75 

L6 454 

L7 166 

10/01/2023 10:29:41 PM 
VVorkspace: 18232576 

$earch Query 

("11737372" 
"11233193""10680167" 
"10367138" "9608198" 
"9123463" "8405134" 
"8319263" 
"7884403").pn. 

("2004010934 7").pn. 

("11737372").pn. 

godo.as. AND (bottom 
first) adj2 ferromagnetic 
adj2 (layer film) AND 
(second top) adj2 
ferromagnetic adj2 
(layer film) AND (MgO 
magnesium adj2 oxide) 
WITH barrier adj2 (layer 
film) 

yuasa.in. AND (bottom 
first) adj2 ferromagnetic 
adj2 (layer film) AND 
(second top) adj2 
ferromagnetic adj2 
(layer film) AND (MgO 
magnesium adj2 oxide) 
WITH barrier adj2 (layer 
film) 

257/$.ccls. AND 
(bottom first) adj2 
ferromagnetic adj2 
(layer film) AND 
(second top) adj2 
ferromagnetic adj2 
(layer film) AND (MgO 
magnesium adj2 oxide) 
WITH barrier adj2 (layer 
film) 

438/$.ccls. AND 
(bottom first) adj2 
ferromagnetic adj2 
(layer film) AND 
(second top) adj2 
ferromagnetic adj2 
(layer film) AND (MgO 
magnesium adj2 oxide) 

DBs 

(US-PGPUB; USPAT) 

(US-PGPUB; USPAT) 

(US-PGPUB; USPAT) 

(US-PGPUB; USPAT; 
USOCR; FIT (AU, AP, 
AT, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, OA, RU, SU, WO); 
FPRS; EPO; JPO; 
DERWENT; IBM_ TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AU, AP, 
AT, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, OA, RU, SU, WO); 
FPRS; EPO; JPO; 
DERWENT; IBM_ TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AU, AP, 
AT, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, OA, RU, SU, WO); 
FPRS; EPO; JPO; 
DERWENT; IBM_ TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AU, AP, 
AT, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 

Default Plurals 
Pperator 
OR ON 

OR ON 

OR ON 

OR ON 

OR ON 

OR ON 

OR ON 

British rl"ime Stamp 
Equivalents 
ON 

ON 

ON 

ON 

ON 

ON 

ON 

2023/10/01 
01 :53 PM 

2023/10/01 
07:22 PM 

2023/10/01 
07:23 PM 

2023/10/01 
10:12 PM 

2023/10/01 
10:14 PM 

2023/10/01 
10:19 PM 

2023/10/01 
10:19 PM 

Page 1 of 2 
AC 

WD EX1086 
Western Digital v IP Bridge 

Page 152



WITH barrier adj2 (layer MA, OA, RU, SU, WO); 
film) FPRS; EPO; JPO; 

DERWENT; IBM_ TDB) 

L8 0 361/$.ccls. AND (US-PGPUB; USPAT; 
(bottom first) adj2 USOCR; FIT (AU, AP, 
ferromagnetic adj2 AT, BE, BG, BR, BY, 
(layer film) AND CA, CH, CN, CS, CU, 
(second top) adj2 CZ, DD, DE, DK, EA, 
ferromagnetic adj2 EE, EP, ES, Fl, FR, GB, 
(layer film) AND (MgO HR, HU, ID, IE, IL, IS, 
magnesium adj2 oxide) IT, JP, KR, LT, LU, LV, 
WITH barrier adj2 (layer MA, OA, RU, SU, WO); 
film) FPRS; EPO; JPO; 

DERWENT; IBM_ TDB) 

L9 481 L6 L7 (US-PGPUB; USPAT; 
USOCR; FIT (AU, AP, 
AT, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, OA, RU, SU, WO); 
FPRS; EPO; JPO; 
DERWENT; IBM_ TDB) 

L10 469 L9 AND ( (H10NS0/10 (US-PGPUB; USPAT; 
OR H1 0NS0/01 OR USOCR; FIT (AU, AP, 
H1 0NS0/85 OR AT, BE, BG, BR, BY, 
H1 0NS0/80 OR CA, CH, CN, CS, CU, 
G11C11/161 OR CZ, DD, DE, DK, EA, 
G11C11/16 OR EE, EP, ES, Fl, FR, GB, 
G11C11/15 OR HR, HU, ID, IE, IL, IS, 
B82Y25/00 OR IT, JP, KR, LT, LU, LV, 
H1 0B53/30 OR MA, OA, RU, SU, WO); 
H10B61/22 OR FPRS; EPO; JPO; 
H10B61/00 OR DERWENT; IBM_ TDB) 
H01F10/3254 OR 
H01F10/132 OR 
H01 L28/55).cpc.) 

PE2E SEARCH - Search History {Interference) 

There are no Interference searches to show. 

10/01/2023 10:29:41 PM 
VVorkspace: 18232576 

OR ON ON 

OR ON ON 

OR ON ON 

2023/10/01 
10:19 PM 

2023/10/01 
10:20 PM 

2023/10/01 
10:29 PM 

Page2of 2 
AC 

WD EX1086 
Western Digital v IP Bridge 

Page 153



-t~ ~ ~ ~ © E E E ~ ,~ f'~ ,~~~ ~❖~ #'-~ ;❖~ ~1 ~ ,t-"'"""'~'<- §':-~, ~❖~~ ~-

~
~"'''''~ ~~'''"i« ® & I I ® ¾ ~ ~ ~ ff \ t 

§ ~ ® \, ® ® ® ~@ [ i ® '¾, 1 v ~~''' ~-❖-1 ~ ~""'" ® ® ITT ¾..-# ~ ~""'$ ® 1& a 
~-$ 

"1l t''~ ~~~ ~~ ~~ ~"""""~ """'""'W ~~ §l I ~ ® ~
i§ :::, 0 'fil g,~ {§ § 

® "'~❖ ff ~~t a a i❖,~~ 
® § # ~ # 'fil § 

\, 0 """4_,.,. ~~.fl # ~~ 
§l 

~""" ¾.. ..... ~ ~ ................ ~ -~ ~# 

~~-€f}t1r·t ~(lif1 D~1te: :~():L~i·--1.(}--·(1:2. lJ I l .. 
~its~~t~t~~,t~t~~- ·1 ,, ...... "--:..-:s..~ ~ ~ .... -~ ~ "-.,,~ S' .--.~ 

WD EX1086 
Western Digital v IP Bridge 

Page 154



1 2023 .. 10 -02_02:.30_ u·rc, 3 

Pagt:1 2 of 3 

WD EX1086 
Western Digital v IP Bridge 

Page 155



.,,,-....-1.-. 

~
1 

,,..f;I 
~..--4 
...... 

.,,.,, 
V

: 
fi ;-::; 

~
::!:. 

rt; 
JJ 
:t'-
=

:: 
,. ,,,,~ 
.. ,, 

. .J,,.A
 

r~
 

~
.J 

•✓,.-A 

~
J 

0....-.... 
,.,.,, 

~
 

f}2 
·t.: 
~; 
• ,,.jl 

t..-) 

• ¾Bf 

r:: 
!.) 

~
1 
.. ;~

 
·~2 

(fj 
•••••• 

0) 
t'\'; 

!fi 
.;. .. ; 
r:: 

r.: 
1/.2 

it 
:z.5 

-~
 

j: 
? 

r:: 
((~ 

t,.-; 
rr:i 
...... 
, 

-',.--; 

{:: 
~2 gb 1.1) 
f2 F

.~
 

~;~ 
.;. .. ; 
(0 
t .. ) 

C
; ... 

<
[. -~~J-

.~:~ 
r:: Y

t 

() 

:J:~
 

Q
 

t <
!. 

(. 

L
~
~
B
~
~
 

U
c~'-v 

,._, 
C

; 
f. . .J 

t; 
ro

 
~
 

[ 
3 

~
 

m
 

t; 
.;..; 

-~I, 
JJ 

ii5 :J~
 

------
: . .::.: 

5.i~
· 

3: -;~ 
8 J.z: 

~--~5 
~
 

·-
ro

 
C

 
t::-J 

1/} 

<
5 :s~ 

;;: 
() 

r••••• 
~
~
 

r•----
r 

r••••• 
••••• 

:,. 

,. 
<

; 

... 
r,;; 

,,., 
....... 

(('C
° 

r:i 

----<
i~

 
r••••• 

<
, 

···-: 
.;. .. , 
r,;; 
t) 

r:: 

··-, 
) 

.. ~1 .. 
<

f.. 

r,;; 
(0 

r·· 
_;L

, 

!111° 
~
 

!:}·· ((~
 

t 

()_. 
~

2 .. 
·<

r: 

-~l 3.1 
-~:~~~filifl!I!l!i! 

f5: .ft· ~
1 

~
 -~? ,cf~ 

------
t ... 

~
;.:1 ·~:... 

t~ .. 

(.. 

<
: 

!fi 

r:: 
() 
•r.-~ 

.:-:~ 

•.·.~ 
iJ) 

!.) 

!]) 
V

) 
·---... d :g_ 

'·t::. <
f.. 

(:;5 -~~ ;.;,J 

1.1) 
1/} 

r· 

t~ 
(5 

(0 

C
.:. .. 

C
!-. 

<
f.. 

r:~
 21: 

r,;; 
<

f 
:~

 
V

: 
r••••• 

!J) 

V
! 

r..:: 
-;:-~

 '{5 .. f---
-:; .. -; 

[)__ .;. .. ; 

~
i1tr,o 

{:1 .. 
C

; .. 
✓-:.: 

C
.:. .. 

<
f 

-;.;,-, 
0) 

.:%
 

:-. ... 

t) 

C
.:. .. 

,:/} 

~
-~

Z
· 

f5 

, 

-----· 
1/) 

{:: 
() 

·:··: 

C
 __ 

<
.:f~

 

U
 • ..l 

re; 
a/; 

-~;} 
(-_., 

-',.--; 

{:: 

<
.:f~

 

~~~t§ 
~2 W

 
!.) 

~
-F

.2 
V

"! 

t!i 
(0 

.:-:} 
r·· 

...... ~ 
··--

()_. 

g i: ff 

iii 
. . ...... 
C

) 
re~ C

.:. .. 
. ;:; 

0 .. 
C

!-. 

rs m
 -<

 
:---~

 ~
i § -~~ 
tU

 
C

; 

c,. ~
 

(~ °r3 ;J 
C

; .. 
<

[. 

;:2; 

~
i § -~ 
-~: 

~~ ~ 
·7, 

c,. ::::, 
c; 

C
; .. 

?·-..l 

c:~
 <

J.: f?. r,_ ~f 
{:1 .. 
<

f.. 
-',.-A

 
rr:i 

::; 
ruu• 

1, 

·!5 
fj] 

r,;~
 

{:: 
fl',.J 

1.1) 
0) 

: _ _.: 
~
 ....... 

.... 
fl',.J 

·--.".i 
C

; .. 
. ,...., 

------
I 

v• 
·~

:... 
r:: 

!fi 

() ... ;2 

£ 
-~~ 

5?. Q
j 

t~ ·10 

............ 
------,,:: ------~

-
1.--'-· -~ ]1 

C
r~~ 

t; . ~~ 
··ci J~i 

!.) 
(.L

 

~
2 .. ·r.:; 

C
.:... {:: 

<
f 

-~?, 

.-..}} C
; 

.il -~
!; 

'"-
• ----· ·~

f... C
!. .. 

f;}; F.~
· 

::; 
r,;; 

1/) ~ 
:~

 
~

-

t~ ~:~::.. 
_52 ~

i) 

5.i~
· 

Ilil )_. ✓-.( 

) ., i 

.,-
·----· {:: 

r••••• 
.-i~) 

() 

~2 C
; 

• 
iJ) 

-•-.; 

(0 
t_) 

-::!-. 
C

; .. 
·C

 
---.. 

()_. 

✓-:.: 
V

) 
c: 

C
J.) 

=
-~

J ~
:L 
··;;· 

f\'; 
..... 

()-. 
✓-:.: 

C
.:. .. 

'..f 

~
:'."! f i 

c,. 
(.)._ c,. 

r11) 0.-. 
()_. 

✓-:.: 

r.:1-. 
~

2 .. 
C

.:. .. ·~
:: 

<
f 

i-··· 

.... 
,. 

v• 
·:::-:: () 
((~ . .r.:: 

0) 
t;;) 

... _; 

t{~
 ·-::3 ~!i 

0 .. 
(J.) 

t.) 

!J) 

c10 ~
 

,.., 
' 

/.-?~
-, --~~~ 

(0 
f§ J~

 
~ 

(I 
""E

i. 
()_. 

✓-:.: 
C

.:. .. 
<

f 
()_. 

✓-:.: 

·•, , .. 
C

 
• .. 

(0 

().-. 
!/! 

C
"' 

:J: i-:~-
i f ~ .'.~

 
H

jjJJ§ ·r;:, 
. ::'i 

~
2 .. 

<
.:f~

 C
!. .. 

------<
f 

~
~
 

i---· 
, ~~~) :::: 

liil f::: .'.l -~ 
ii" ;;! 8~ 
~ E

! ft·· 
-1~ rr:i 

.::-?. 
0.-. 

::; 
.~

:? f--­
r~

f) r•;;;· 

.11=
: 
!;t ~-­

·i ~ i 1.1) 
~..'. 

8 .. J~
 

,.fli r.:1-.-

~
 

n 

() 
r..:: 

!J) 
() 

c-~
 -~

:; 
H

~...... 
r:~

 

'•, -·~
s 

.. 
{:1 .. 

<
[. 

,.:{ 
C

c'.: 

iii~ 
~%~~ 

1s!J1J 
!fi 

-;. 

~;:~ 
()_. C

) 

1JJl 
,.-.-.-., 

_ft: f'.~ t 
·E

: .[~
 

()_. 

✓-:.: 

~
 

E
 

0 ?,.,.-_.,. 
'--#....-, 

::~
 

±
~

 
=

3 
::~

 
~) 
::,,,.,,., 

l.,C
 

,--... 3, 
t.q._ 
~.c 
,;rr4 

ct. 
:-""'/4 
~....-/4 

!,..-) 
t"'"'" 
;;;, 
1.;, 
::ti 
f; E

; 
d; 
..,.,,..;, 

' t,"'."j 
("'"--4 
c, 
(-'·----~ 

'(U
~ 

(1: 
t) 
, .. 
:"fj 
:>

 
{J; 

:"J) 
o:. 
.. t-J 
(j 
v~

 

:.1.: 
r..: 
() 

2~
 

tf-!: 
lo ' .., ___ ..., 
;:j 

2 
'ii 

,,..,)' 

0) 
~,.-) 
C

 
(,:J 
::;,, 

,;11 
C

) 
,~ 
(1: 

() 

z a. .... 
::1 

/1>
_. 

1,,.,,.~ 

J; 
,.,,. 
.. _. 

~....-A
 

C
J 

t';l) 

~: 
C

J 
Z

. 
·.t::.( 

f:.:. 
•.,I,.-.-. 

~
----

1JJ 
>

·· 
.:~ 
("••J 

·--c1 
(1:j 

,.; 
-',.--] 

(~) 

r..: 
i:.H

) 
c:,1 

() 

I~
:: 

(V
 

("••J. 

(,.) 
(-;) 

C
) .. 

() 
.j..,I 

·--c1 
r..: 
() 
(J 
(V

 
,!i 
.. _,.,,. 
C

) 

~
 

E
: 

E
: • .,z:: 

/£;, ?! .. 
g1._ 

:.~~~ 
:~~ ~~~-
("•,j 

(('; 

::-~
 

c;; 
.. LJ 

:-. ... 

~)i 

~?. tJJ 
%

1 -J.~
 

:·g 
~~~ lfj"' 

~ ...... 

~
~
m
 

~ 
-~

 
E

 
c-~ 
~
 

E
 
~
 

w
 
~
 

w
 

tit 

()) 
, .. 
() 

:Z
. 

~
 

~) 
ir.::. 
•1•,,, 

--i::, 
,.,, 
.,,. 
~
 

,... 
... ~ 
... 
,....~, 
,.,..,.,...,. 
~

J 
'..,.) 
~
 

<
A

 
t,.J 

:"J) 

() 
;z 
, ...... , 
:;..,..,.. 
1)) 

,f..,.-.l 

If 

('{) 
,,,,. 

... 
() 

en 
•J) 
t';;) 
(',;J 

C
l .. 

c:·· 
() 

..1,.., 

.:::} 
::r:: 
J,.:: 

(_) 
'.-.-. 
(i.i 
()) 

(/i 

,.4.,.. 
<

 

/'½
 

-::-
.... 
.,.../.f 
?"m

 

()!i1 
~

· 
............. 

--J 

ta,,, 
).;:r. 2 
r:;; i· 
//.•:-'., ·,:5 
.; 

,:, 

j; I 

WD EX1086 
Western Digital v IP Bridge 

Page 156



eceipt date: 08/10/2023 

Application Number: TBD 
Attorney Docket No. IBTH 1331 SAa 
Information Disclosure Statement 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Shinji YUASA : Examiner: TBD 
' ' ' 
: Art Unit: TBD 

18/232,576 - GAU: 2897 

Filing Date. ugust 10, 2023 : Confirmation No.: TBD 

Title: METHO OF MANUFACTURING A MAGNETORESISTIVE ~ Attorney Docket No.: 
RANDOM ACC S MEMORY (MRAM) 

Commissioner for Pat ts 
P.O. Box 1450 
Alexandria, VA 22313-14 

Sir: 

To comply with rules 37 CF §1.97 and 1.98, attached he to is a copy of Form PTO-1449 with 

documents listed thereon. These docu hich the Examiner may consider to be 

important in deciding whether to issue a pa nt in the instant ap 1cation. 

As all foreign patent documents and n n-patent liter: ure cited herein were submitted in the parent 

application 18/219,320 filed July 7, 2023, no endin , and in the grandparent case 17/560,922 filed 

December 23, 2021, now pending, copies of such d 

The present Information Disclosure Statem 

ents are not being provided herewith. 

being submitted in compliance with 37 CFR §1.56, 

as an Examiner might consider any cited docum t impo nt in deciding whether to allow the application to 

issue as a patent, but the citation of each cument is no to be construed as an admission that such 

document is necessarily relevant or pria art. No representa • n is intended that the cited documents 

represent the results of a complete se ch, and it is anticipated th the Examiner, in the normal course of 

examination, will make an independ t search and will determine the est prior art consistent with 37 CFR 

§§1.104 (a) and 1.106 (b), and i e course of such search will review relevance every document cited 

on the attached form even if n 

Any fee due with th· paper not already paid through an EFS-Web filin 

Account No. 50-3894. A overpayment may be credited to Deposit Account No. 

MER NUMBER 61650 
E: (973) 828-1284 

: (866) 864-3948 

Page 1 of 1 

Respectfully submitted, 
MYERS WOLIN, LLC 

/Brian S. Myers/ 
Brian S. Myers 
Reg. No. 46,947 
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Application Number 

Filing Date 2023-08-10 

INFORMATION DISCLOSURE First Named Inventor I Shinji YUASA 
STATEMENT BY APPLICANT 

Art Unit 
( Not for submission under 37 CFR 1.99) 

Examiner Name I 
Attorney Docket Number 18TH 13318Aa 

U.S.PATENTS 

Examiner Cite Kind Name of Patentee or Applicant 
Pages,Columns,Lines where 

Initial* No 
Patent Number Code1 Issue Date 
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Relevant Passages or Relevant 
Figures Appear 

1 11233193 B2 2022-01-25 Shinji YUASA 

If you wish to add additional U.S. Patent citation information please click the Add button. 

U.S.PATENT APPLICATION PUBLICATIONS 

Examiner Publication Kind Publication Name of Patentee or Applicant 
Pages,Columns,Lines where 

Initial* 
Cite No 

Number Code1 Date of cited Document 
Relevant Passages or Relevant 
Figures Appear 

1 20040109347 A1 2004-06-10 DEBROSSE et al. 

If you wish to add additional U.S. Published Application citation information please click the Add button. 

FOREIGN PATENT DOCUMENTS 

Name of Patentee or 
Pages, Columns, Lines 

Examiner Cite Foreign Document Country Kind Publication 
Applicant of cited 

where Relevant TS 
Initial* No Number3 Code2i Code4 Date Passages or Relevant 

Document 
Figures Appear 

1 □ 

If you wish to add additional Foreign Patent Document citation information please click the Add button 

NON-PATENT LITERATURE DOCUMENTS 

Examiner Cite 
Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item 

Initials* No 
(book, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue number(s), TS 
publisher, city and/or country where published. 
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Application Number 

Filing Date 2023-08-10 

INFORMATION DISCLOSURE First Named Inventor I Shinji YUASA 
STATEMENT BY APPLICANT 

Art Unit 
( Not for submission under 37 CFR 1.99) 

Examiner Name I 
Attorney Docket Number 18TH 13318Aa 

1 
Non-Final Office Action issued by the United States Patent and Trademark Office for U.S. Patent Application No. 

□ 17/560,922, electronically delivered on November 17, 2022. 

2 
Notice of Allowance issued by the United States Patent and Trademark Office for U.S. Patent Application No. 

□ 17/560,922, electronically delivered on March 22, 2023. 

If you wish to add additional non-patent literature document citation information please click the Add button 

EXAMINER SIGNATURE 

Examiner Signature I /ALONZO CHAMBLISS/ I Date Considered 110/01/2023 

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

1 See Kind Codes of USPTO Patent Documents at ,'N!\•,·.USPTO.GCN or MPEP 901.04. 2 Enter office that issued the document, by the two-letter code (WIPO 
Standard ST.3). 3 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document. 
4 Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible. 5 Applicant is to place a check mark here i1 
English language translation is attached. 
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RMATION DISCLOSURE 
MENT BY APPLICANT 

Application Number 

Filing Date 2023-08-10 

First Named Inventor Shinji YUASA 

Art Unit 

Examiner Name 

Attorney Docket Number 18TH 13318Aa 

CERTIFICATION STATEMENT 

Please see 37 CFR 1.97 a 1.98 to make the appropriate selection(s): 

That each item of informati contained in the information disclosure statement was fi t cited in any communication 
D from a foreign patent office i a counterpart foreign application not more than thre onths prior to the filing of the 

information disclosure statement. ee 37 CFR 1.97(e)(1 ). 

OR 

That no item of information contained in e information disclosure stat ent was cited in a communication from a 
foreign patent office in a counterpart foreig pplication, and, to the k wledge of the person signing the certification 
after making reasonable inquiry, no item of inf mation contained in t information disclosure statement was known to 

D any individual designated in 37 CFR 1.56(c) m e than three mo s prior to the filing of the information disclosure 
statement. See 37 CFR 1.97(e)(2). 

D See attached certification statement. 

D The fee set forth in 37 CFR 1.17 (p) has been submitte 

IZJ A certification statement is not submitted herewith. 

A signature of the applicant or representative is req 
form of the signature. 

Signature /Brian S. Myers/ 

Name/Print Brian S. Myers 

CFR 1 .33, 10.18. Please see CFR 1.4( d) for the 

2023-08-10 

46947 

This collection of information is re ired by 37 CFR 1.97 and 1.98. The information is requir to obtain or retain a benefit by the 
public which is to file (and by the SPTO to process) an application. Confidentiality is governe by 35 U.S.C. 122 and 37 CFR 
1.14. This collection is estima d to take 1 hour to complete, including gathering, preparing and bmitting the completed 
application form to the USP . Time will vary depending upon the individual case. Any comments n the amount of time you 
require to complete this fo and/or suggestions for reducing this burden, should be sent to the Chie formation Officer, U.S. 
Patent and Trademark ice, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1 0. DO NOT SEND 
FEES OR COMPLET FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Bo 1450, Alexandria, 
VA 22313-1450. 
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eceipt date: 08/10/2023 18/232,576 - GAU: 2897 

Privacy Act Statement 

The Privacy t of 1974 (P.L. 93-579) requires that you be given certain information in connection with your sub ssion of the 
attached form lated to a patent application or patent. Accordingly, pursuant to the requirements of the Act, pl ase be advised 
that: (1) the gen al authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the in rmation solicited 
is voluntary; and (3 the principal purpose for which the information is used by the U.S. Patent and Tradem Office is to 
process and/or exam e your submission related to a patent application or patent. If you do not furnish t requested 
information, the U.S. P ent and Trademark Office may not be able to process and/or examine yours mission, which may 
result in termination of pr eedings or abandonment of the application or expiration of the patent. 

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

1. The information on th form will be treated confidentially to the extent allowed aer the Freedom of Information Act 
(5 U.S.C. 552) and the Priv ,y Act (5 U.S.C. 552a). Records from this system of cords may be disclosed to the 
Department of Justice to dete ine whether the Freedom of Information Act re ires disclosure of these record s. 

2. A record from this system of r ords may be disclosed, as a routine us in the course of presenting evidence to a 
court, magistrate, or administrative t • unal, including disclosures to oppo ng counsel in the course of settlement 
negotiations. 

3. A record in this system of records ma e disclosed, as a routi use, to a Member of Congress submitting a 
request involving an individual, to whom the cord pertains, whe the individual has requested assistance from the 
Member with respect to the subject matter oft 

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

5. A record related to an International Applicatio r the Patent Cooperation Treaty in this system of records 
may be disclosed, as a routine use, to the Intern ional Bure of the World Intellectual Property Organization, pursuant 
to the Patent Cooperation Treaty. 

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

7. A record from this system of re rds may be disclosed, as a routine u , to the Administrator, General Services, or 
his/her designee, during an inspe I0n of records conducted by GSA as par f that agency's responsibility to 
recommend improvements in r ords management practices and programs, der authority of 44 U.S.C. 2904 and 
2906. Such disclosure shall made in accordance with the GSA regulations g ~erning inspection of records for this 
purpose, and any other rel ant (i.e., GSA or Commerce) directive. Such disclos shall not be used to make 
determinations about indi duals. 

8. A record from is system of records may be disclosed, as a routine use, to the public a r either publication of 
the application rsuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 15 Further, a record 
may be disclo ed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the cord was filed in 
an applicati which became abandoned or in which the proceedings were terminated and which 
reference by either a published application, an application open to public inspections or an issued 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local la 
forcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation. 
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Filing Date 
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STATEMENT BY APPLICANT 

Art Unit 
( Not for submission under 37 CFR 1.99) 

Examiner Name I 
Attorney Docket Number IBTH 13318Aa I 

U.S.PATENTS 

Examiner Cite Kind Name of Patentee or Applicant 
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Initial* No 
Patent Number Code1 Issue Date 

of cited Document 
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1 10680167 B2 2020-06-09 Yuasa 

2 6621730 B1 2003-09-16 Lage 

If you wish to add additional U.S. Patent citation information please click the Add button. 

U.S.PATENT APPLICATION PUBLICATIONS 

Examiner Publication Kind Publication Name of Patentee or Applicant 
Pages,Columns,Lines where 

Initial* 
Cite No 

Number Code1 Date of cited Document 
Relevant Passages or Relevant 
Figures Appear 

-

1 

If you wish to add additional U.S. Published Application citation information please click the Add button. 

FOREIGN PATENT DOCUMENTS 
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Examiner Cite Foreign Document Country Kind Publication 
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U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
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Application Number 

Filing Date 
INFORMATION DISCLOSURE First Named Inventor I Shinji YUASA 
STATEMENT BY APPLICANT 

Art Unit 
( Not for submission under 37 CFR 1.99) 

Examiner Name I 
Attorney Docket Number 18TH 13318Aa I 

U.S.PATENTS 

Examiner Cite Kind Name of Patentee or Applicant 
Pages,Columns,Lines where 

Initial* No 
Patent Number Code1 Issue Date 

of cited Document 
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1 10367138 B2 2019-07-30 Yuasa 

If you wish to add additional U.S. Patent citation information please click the Add button. 

U.S.PATENT APPLICATION PUBLICATIONS 

Examiner Publication Kind Publication Name of Patentee or Applicant 
Pages,Columns,Lines where 

Initial* 
Cite No 

Number Code1 Date of cited Document 
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If you wish to add additional U.S. Published Application citation information please click the Add button. 

FOREIGN PATENT DOCUMENTS 
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Examiner Cite Foreign Document Country Kind Publication 
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Document 
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If you wish to add additional Foreign Patent Document citation information please click the Add button 

NON-PATENT LITERATURE DOCUMENTS 

Examiner Cite 
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Application Number 

Filing Date 
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STATEMENT BY APPLICANT 

Art Unit 
( Not for submission under 37 CFR 1.99) 

Examiner Name I 
Attorney Docket Number l!BTH 13318Aa I 

rr'UASA, S. et al., "Giant tunnel magnetoresistance in magnetic tunnel junctions with a crystalline MgO(001) barrier", 
1 Uournal of Physics D: Applied Physics, 40, (2007), R337-R354, which is Evidence Otsu 29 (Evidence submitted by the 

Defendant 29) for 2014(wa)25200 Case of Claiming Damages in Japan, already submitted as IDS on August 12, 2019 

lrSUNODA, M. et al., "Orientational Control of Barrier Layer with lnterfacial Modification and Its Effect on Tunnel 

2 
Magnetoresistance in CoFeB/MgO/CoFeB Magnetic Tunnel Junctions", Journal of Vacuum Society of Japan, Vol.51, 
No.9, (2008), pp.583-588, which is Evidence otsu 38 (Evidence submitted by the Defendant 38) for 2014(wa)25200 
Case of Claiming Damages in Japan, with English machine translation 

rr'UASA, S. et al., "High Tunnel Magnetoresistance at Room Temperature in Fully Epitaxial Fe/MgO/Fe Tunnel 

3 
Uunctions due to Coherent Spin-Polarized Tunneling", Japanese Journal of Applied Physics, Vol. 43, No. 4B, (2004), 
DP-L588---L590, which is Evidence otsu 48 (Evidence submitted by the Defendant 48) for 2014(wa)25200 Case of 
Claiming Damages in Japan, already submitted as IDS on August 12, 2019 

4 
Defendant Technical briefing Documents Page 42 - Page 67, which is Evidence otsu 55 (Evidence submitted by the 
Defendant 55) for 2014(wa)25200 Case of Claiming Damages in Japan, with English translation 

r,'UASA, S. et al., "Tunneling Magnetoresistance and Interface Structure of Magnetic Tunnel Junctions with a MgO 
5 001) Barrier'', Surface Science Vol. 28, No_ 1, pp.15-21, 2007, which is Evidence otsu 56 (Evidence submitted by the 

Defendant 56) for 2014(wa)25200 Case of Claiming Damages in Japan, with English machine translation 

'Part VI Chapter 1 Section 1" of "Examination Guidelines for Patent and Utility Model in Japan" of September 2015, 
6 Which is Evidence otsu 60 (Evidence submitted by the Defendant 60) for 2014(wa)25200 Case of Claiming Damages 

n Japan, with English translation 

MACHIDA, K. et al., "Spatial Light Modulator with Tunnel Magnetoresistance Driven by Spin Transfer Switching -

7 
ll"oward the Development of a 30 Television System with Low Power Consumption-", NHK STRL R&D, No.138, (2013) 
pp.51-60, which is Evidence Otsu 65 (Evidence submitted by the Defendant 65) for 2014(wa)25200 Case of Claiming 
Damages in Japan, with English machine translation 

MACHIDA, K. et al., "Magnetic tunnel junctions using Co/Pt multilayered free layers with perpendicular magnetic 
8 lmisotropy", Journal of Physics: Conference Series, 303, (2011), 012100, which is an original paper of MACHIDA, K. e1 

~I-, NHK STRL R&D, No.138, (2013), pp.51-60 
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Examiner Signature 11 /ALONZO CHA.MBLISS/ I Date Considered 11 1010112023 
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1 See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 901.04. 2 Enter office that issued the document, by the two-letter code (WIPO 
Standard ST.3). 3 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document. 
4 Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible. 5 Applicant is to place a check mark here i1 
English language translation is attached. 
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R5200 Case of Claiming Damages in Japan 

Written Statement submitted on August 10, 2007 for Japanese Patent Application No.2006-511062, which is Evidence 
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Uapan, with English machine translation 

Written Amendment submitted on October 3, 2008 for Japanese Patent Application No.2004-259280, which is 
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PJYAPRAWIRA, D.D. et al, "230% Room-Temperature Magnetoresistance in CoFeB/MgO/CoFeB Magnetic Tunnel 

47 
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The following title is suggested:" MAGNETIC TUNNEL JUNCTION DEVICE". 

Double Patenting 

5. The nonstatutory double patenting rejection is based on a judicially created 

doctrine grounded in public policy (a policy reflected in the statute) so as to prevent the 

unjustified or improper timewise extension of the "right to exclude" granted by a patent 

and to prevent possible harassment by multiple assignees. A nonstatutory double 

patenting rejection is appropriate where the conflicting claims are not identical, but at 
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Application/Control Number: 18/232,576 
Art Unit: 2897 

least one examined application claim is not patentably distinct from the reference 

Page 3 

claim(s) because the examined application claim is either anticipated by, or would have 

been obvious over, the reference claim(s). See, e.g., In re Berg, 140 F.3d 1428, 46 

USPQ2d 1226 (Fed. Cir. 1998); In re Goodman, 11 F.3d 1046, 29 USPQ2d 2010 (Fed. 

Cir. 1993); In re Langi, 759 F.2d 887, 225 USPQ 645 (Fed. Cir. 1985); In re Van Ornum, 

686 F.2d 937, 214 USPQ 761 (CCPA 1982); In re Vogel, 422 F.2d 438, 164 USPQ 619 

(CCPA 1970); In re Thorington, 418 F.2d 528, 163 USPQ 644 (CCPA 1969). 

A timely filed terminal disclaimer in compliance with 37 CFR 1.321 (c) or 1.321 (d) 

may be used to overcome an actual or provisional rejection based on nonstatutory 

double patenting provided the reference application or patent either is shown to be 

commonly owned with the examined application, or claims an invention made as a 

result of activities undertaken within the scope of a joint research agreement. See 

MPEP § 717.02 for applications subject to examination under the first inventor to file 

provisions of the AIA as explained in MPEP § 2159. See MPEP § 2146 et seq. tor 

applications not subject to examination under the first inventor to file provisions of the 

AIA. A terminal disclaimer must be signed in compliance with 37 CFR 1.321 (b). 

The filing of a terminal disclaimer by itself is not a complete reply to a 

nonstatutory double patenting (NSDP) rejection. A complete reply requires that the 

terminal disclaimer be accompanied by a reply requesting reconsideration of the prior 

Office action. Even where the NSDP rejection is provisional the reply must be complete. 

See MPEP § 804, subsection I.B.1. For a reply to a non-final Office action, see 37 CFR 

1.111 (a). For a reply to final Office action, see 37 CFR 1.113(c). A request for 
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Application/Control Number: 18/232,576 Page 4 
Art Unit: 2897 

reconsideration while not provided for in 37 CFR 1.113(c) may be filed after final for 

consideration. See MPEP §§ 706.07(e) and 714.13. 

The USPTO Internet website contains terminal disclaimer forms which may be 

used. Please visit www.uspto.gov/patent/patents-forms. The actual filing date of the 

application in which the form is filed determines what form (e.g., PTO/SB/25, 

PTO/SB/26, PTO/AIA/25, or PTO/AIA/26) should be used. A web-based eTerminal 

Disclaimer may be filled out completely online using web-screens. An eTerminal 

Disclaimer that meets all requirements is auto-processed and approved immediately 

upon submission. For more information about eTerminal Disclaimers, refer to 

www.uspto.gov/patents/apply/applying-online/eterminal-disclaimer. 

6. Claims 3-10 are rejected on the ground of nonstatutory double patenting as being 

unpatentable over claim 5 of U.S. Patent No. 7,884,403. Although the claims at issue 

are not identical, they are not patentably distinct from each other because both the 

application and patent recite a first ferromagnetic material layer and a second 

ferromagnetic material layer. A tunnel barrier layer between the first ferromagnetic 

material layer and the second ferromagnetic material layer, wherein said tunnel barrier 

layer comprises crystalline MgOx (001) with oxygen vacancy defects and 

7. Claims 11-16 are rejected on the ground of nonstatutory double patenting as 

being unpatentable over claim 5 of U.S. Patent No. 7,884,403. Although the claims at 

issue are not identical, they are not patentably distinct from each other because both 

the application and patent recite a first ferromagnetic material layer and a second 

ferromagnetic material layer. A tunnel barrier layer between the first ferromagnetic 
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material layer and the second ferromagnetic material layer, wherein said tunnel barrier 

layer comprises magnesium oxide and has a barrier height in a range of 0.1 eV to 0.85 

eV. 

8. Claims 17- 22 are rejected on the ground of nonstatutory double patenting as 

being unpatentable over claim 5 of U.S. Patent No. 7,884,403. Although the claims at 

issue are not identical, they are not patentably distinct from each other because both 

the application and patent recite a first ferromagnetic material layer and a tunnel barrier 

layer disposed on the first ferromagnetic material layer, wherein said tunnel barrier layer 

comprises magnesium oxide and has a barrier height in a range of 0.2 eV to 0.5 eV. A 

second ferromagnetic material layer disposed on the tunnel barrier layer. 

The prior art made of record and not relied upon is cited primarily to show the 

product of the instant invention. 

Conclusion 

9. Any inquiry concerning the communication or earlier communications from the 

examiner should be directed to Alonzo Chambliss whose telephone number is (571) 

272-1927. 

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

supervisor, Fernando L. Toledo can be reached on (571) 272-1867. The fax phone 

number for the organization where this application or proceeding is assigned is 571 -

273- 8300. 
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Information regarding the status of an application may be obtained from the 

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

applications may be obtained from either Private PMR or Public PMR. 

Status information for unpublished applications is available through Private PMR 

only. For more information about the PMR system see hittp://pair-dkect.uspto.gov. 

Should you have questions on access to the Private PMR system contact the 

Electronic Center (EBC) at 866-217-9197 (toll-free). 

AC/October 1 , 2023 /Alonzo Chambliss/ 

Primary Examiner, Art Unit 2897 
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Appl. No. 18/232,576 
Response to Office Action mailed on October 5, 2023 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Application No.: 

First Named Inventor: 

Filed: 

Confirmation No.: 

Art Unit: 

Examiner: 

Attorney Docket No.: 

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

Sir: 

18/232,576 

Shinji YUASA 

August10,2023 

1021 

2897 

CHAMBLISS, ALONZO 

IBTH 13318Aa 

Response under 37 C.F.R. 1.111 

In response to the Office Action mailed on October 5, 2023, kindly amend and 

further examine the above-identified application as set forth below. 

This response includes: 

Amendments to the Specification begin at page 2 of this response; and 

Remarks begin at page 3 of this response. 

Terminal Disclaimer is filed concurrently with the response. 
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Appl. No. 18/232,576 
Response to Office Action mailed on October 5, 2023 

Amendments to the Specification 

Please amend the Title of the application on page 1 of the Specification as 

shown below, with insertions indicated by underlining and deletions by strikethrough. 

METHOD OF MANUFACTURING A MAGNETORESISTIVE RANDOM ACCESS 

MEMORY (MRAM) MAGNETIC TUNNEL JUNCTION DEVICE 

2 

WD EX1086 
Western Digital v IP Bridge 

Page 190



Appl. No. 18/232,576 
Response to Office Action mailed on October 5, 2023 

Remarks 

The Office Action mailed on October 5, 2023 indicates that claims 3-22 are 

pending and stand rejected. Claims 1-2 were previously canceled without prejudice. By 

this response, the specification is amended for clarification to change the Title. None of 

the claims are amended by this response. Claims 3, 11 and 17 are independent. No 

new matter has been added. 

Specification 

By this response, the specification is amended for clarification to change the title 

to "MAGNETIC TUNNEL JUNCTION DEVICE," as suggested by the Examiner. 

Withdrawal of the objections is respectfully requested. 

Double Patenting 

Claims 3-22 stand rejected on the ground of nonstatutory double patenting over 

claim 5 of U.S. Patent No. 7,884,403. 

In this response, Applicant respectfully submits a Terminal Disclaimer to 

obviate this rejection. 

The filing of the Terminal Disclaimer should not be interpreted as any indication 

that Applicant agrees that the double rejection was appropriate, or with the Office's 

characterization of the claims of the present application or the reference patent. In fact, 

Applicant respectfully notes that the Office does not provide a detailed explanation of 

how the pending claims compare to those of the reference patent. 

Withdrawal of the rejections is respectfully requested. 

3 

WD EX1086 
Western Digital v IP Bridge 

Page 191



Appl. No. 18/232,576 
Response to Office Action mailed on October 5, 2023 

Conclusion 

In view of at least the remarks set forth above, this application is in condition for 

allowance, which action is respectfully requested. However, if for any reason the 

Examiner should consider this application not to be in condition for allowance, the 

Examiner is respectfully requested to telephone the undersigned attorney at the number 

listed below prior to issuing a further Action. 

Any fee due with this paper, not already paid through an EFS-Web filing, may be 

charged to Deposit Account No. 50-3894. Any overpayment may be credited to Deposit 

Account No. 50-3894. 

CUSTOMER NUMBER 61650 
PHONE: (973) 828-1284 
FAX: (866) 864-3947 

4 

Respectfully submitted, 
MYERS WOLIN, LLC 

/Akihiro Matsuya/ 
Akihiro Matsuya 
Reg. No. 76,573 

/Brian S. Myers/ 
Brian S. Myers 
Reg. No. 46,947 
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Document Description: Electronic Terminal Disclaimer - Filed 

PTO/SB/26 
U.S. Patent and Trademark Office 

Department of Commerce 

Electronic Petition Request TERMINAL DISCLAIMER TO OBVIATE A DOUBLE PATENTING REJECTION OVER A 
"PRIOR" PATENT 

Application Number 18232576 

Filing Date 1 0-Aug-2023 

First Named Inventor Shinji YUASA 

Attorney Docket Number IBTH 13318Aa 

Title of Invention 

METHOD OF MANUFACTURING A MAGNETORESISTIVE RANDOM ACCESS MEMORY 
(MRAM) 

l'vl Filing of terminal disclaimer does not obviate requirement for response under 37 CFR 1.111 to outstanding 
iL:::,J Office Action 

IZJ This electronic Terminal Disclaimer is not being used for a Joint Research Agreement. 

Owner Percent Interest 

Godo Kaisha IP Bridge 1 100% 

The owner(s) with percent interest listed above in the instant application hereby disclaims, except as provided below, the 
terminal part of the statutory term of any patent granted on the instant application which would extend beyond the expiration 
date of the full statutory term of prior patent number(s) 

7884403 

as the term of said prior patent is presently shortened by any terminal disclaimer. The owner hereby agrees that any patent so 
granted on the instant application shall be enforceable only for and during such period that it and the prior patent are commonly 
owned. This agreement runs with any patent granted on the instant application and is binding upon the grantee, its successors 
or assigns. 

In making the above disclaimer, the owner does not disclaim the terminal part of the term of any patent granted on the instant 
application that would extend to the expiration date of the full statutory term of the prior patent, "as the term of said prior patent 
is presently shortened by any terminal disclaimer," in the event that said prior patent later: 
- expires for failure to pay a maintenance fee; 
- is held unenforceable; 
- is found invalid by a court of competent jurisdiction; 
- is statutorily disclaimed in whole or terminally disclaimed under 37 CFR 1.321; 
- has all claims canceled by a reexamination certificate; 
- is reissued; or 
- is in any manner terminated prior to the expiration of its full statutory term as presently shortened by any terminal disclaimer. 

@ Terminal disclaimer fee under 37 CFR 1.20(d) is included with Electronic Terminal Disclaimer request. WD EX1086 
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0 
I certify, in accordance with 37 CFR 1.4(d)(4), that the terminal disclaimer fee under 37 CFR 1.20(d) 
required for this terminal disclaimer has already been paid in the above-identified application. 

Applicant claims the following fee status: 

Q Small Entity 

Q Micro Entity 

@ Regular Undiscounted 

I hereby declare that all statements made herein of my own knowledge are true and that all statements made on information and 
belief are believed to be true; and further that these statements were made with the knowledge that willful false statements and 
the like so made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code and 
that such willful false statements may jeopardize the validity of the application or any patent issued thereon. 

THIS PORTION MUST BE COMPLETED BY THE SIGNATORY OR SIGNATORIES 

I certify, in accordance with 37 CFR 1.4(d)(4) that I am: 

@ An attorney or agent registered to practice before the Patent and Trademark Office who is of record in 
this application 

Registration Number 46947 

Q A sole inventor 

0 

0 

A joint inventor; I certify that I am authorized to sign this submission on behalf of all of the inventors as evidenced by the 
power of attorney in the application 

A joint inventor; all of whom are signing this request 

Signature 
/Brian S. Myers/ 

Name Brian S. Myers 

*Statement under 37 CFR 3.73(b) is required if terminal disclaimer is signed by the assignee (owner). 
Form PTO/SB/96 may be used for making this certification. See MPEP § 324. 
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magnesium adj2 oxide) 
WITH barrier adj2 (layer 
film) 

yuasa.in. AND (bottom 
first) adj2 ferromagnetic 
adj2 (layer film) AND 
(second top) adj2 
ferromagnetic adj2 
(layer film) AND (MgO 
magnesium adj2 oxide) 
WITH barrier adj2 (layer 
film) 

257/$.ccls. AND 
(bottom first) adj2 
ferromagnetic adj2 
(layer film) AND 
(second top) adj2 
ferromagnetic adj2 
(layer film) AND (MgO 
magnesium adj2 oxide) 
WITH barrier adj2 (layer 
film) 

438/$.ccls. AND 
(bottom first) adj2 
ferromagnetic adj2 
(layer film) AND 
(second top) adj2 
ferromagnetic adj2 
(layer film) AND (MgO 
magnesium adj2 oxide) 

DBs 

(US-PGPUB; USPAT) 

(US-PGPUB; USPAT) 

(US-PGPUB; USPAT) 

(US-PGPUB; USPAT; 
USOCR; FIT (AU, AP, 
AT, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, OA, RU, SU, WO); 
FPRS; EPO; JPO; 
DERWENT; IBM_ TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AU, AP, 
AT, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, OA, RU, SU, WO); 
FPRS; EPO; JPO; 
DERWENT; IBM_ TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AU, AP, 
AT, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, OA, RU, SU, WO); 
FPRS; EPO; JPO; 
DERWENT; IBM_ TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AU, AP, 
AT, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
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L8 0 

L9 481 

L10 469 

L11 24 

L12 2 

11/06/2023 05:19:29 PM 
VVorkspace: 18232576 

WITH barrier adj2 (layer 
film) 

361/$.ccls. AND 
(bottom first) adj2 
ferromagnetic adj2 
(layer film) AND 
(second top) adj2 
ferromagnetic adj2 
(layer film) AND (MgO 
magnesium adj2 oxide) 
WITH barrier adj2 (layer 
film) 

L6 L7 

L9 AND ( (H10NS0/10 
OR H1 0NS0/01 OR 
H1 0NS0/85 OR 
H1 0NS0/80 OR 
G11C11/161 OR 
G11C11/16 OR 
G11C11/15 OR 
B82Y25/00 OR 
H1 0B53/30 OR 
H10B61/22 OR 
H10B61/00 OR 
H01F10/3254 OR 
H01F10/132 OR 
H01 L28/55).cpc.) 

"11737372" 

("11737372").pn. 

MA, OA, RU, SU, WO); 
FPRS; EPO; JPO; 
DERWENT; IBM_ TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AU, AP, 
AT, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, OA, RU, SU, WO); 
FPRS; EPO; JPO; 
DERWENT; IBM_ TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AU, AP, 
AT, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, OA, RU, SU, WO); 
FPRS; EPO; JPO; 
DERWENT; IBM_ TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AU, AP, 
AT, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, OA, RU, SU, WO); 
FPRS; EPO; JPO; 
DERWENT; IBM_ TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AP, AT, 
AU, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, OA, RU, SU, WO); 
FPRS; EPO; JPO; 
DERWENT; IBM_ TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AP, AT, 
AU, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 

OR ON ON 

OR ON ON 

OR ON ON 

OR ON ON 

OR ON ON 

2023/10/01 
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2023/10/01 
10:20 PM 

2023/10/01 
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L14 597 

L15 220 

L16 0 

L17 634 

11/06/2023 05:19:29 PM 
VVorkspace: 18232576 

("11233193").pn. 

257/$.ccls. AND 
(bottom first lower) adj3 
ferromagnetic adj2 
(layer film) AND 
(second top upper) adj3 
ferromagnetic adj2 
(layer film) AND (MgO 
magnesium adj2 oxide) 
SAME barrier adj2 
(layer film) 

438/$.ccls. AND 
(bottom first lower) adj3 
ferromagnetic adj2 
(layer film) AND 
(second top upper) adj3 
ferromagnetic adj2 
(layer film) AND (MgO 
magnesium adj2 oxide) 
SAME barrier adj2 
(layer film) 

361/$.ccls. AND 
(bottom first lower) adj3 
ferromagnetic adj2 
(layer film) AND 
(second top upper) adj3 
ferromagnetic adj2 
(layer film) AND (MgO 
magnesium adj2 oxide) 
SAME barrier adj2 
(layer film) 

L14L15 

HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, OA, RU, SU, WO); 
FPRS; EPO; JPO; 
DERWENT; IBM_ TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AP, AT, 
AU, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, OA, RU, SU, WO); 
FPRS; EPO; JPO; 
DERWENT; IBM_ TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AP, AT, 
AU, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, OA, RU, SU, WO); 
FPRS; EPO; JPO; 
DERWENT; IBM_ TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AP, AT, 
AU, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, OA, RU, SU, WO); 
FPRS; EPO; JPO; 
DERWENT; IBM_ TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AP, AT, 
AU, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, OA, RU, SU, WO); 
FPRS; EPO; JPO; 
DERWENT; IBM_ TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AP, AT, 
AU, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 

OR ON ON 

OR ON ON 

OR ON ON 

OR ON ON 

OR ON ON 

2023/10/01 
10:34 PM 

2023/11/06 
05:04 PM 

2023/11/06 
05:05 PM 

2023/11/06 
05:05 PM 

2023/11/06 
05:05 PM 
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IT, JP, KR, LT, LU, LV, 
MA, OA, RU, SU, WO); 
FPRS; EPO; JPO; 
DERWENT; IBM_ TDB) 

L18 613 L 17 AND ((H10N50/10 (US-PGPUB; USPAT; 
OR H1 0N50/01 OR USOCR; FIT (AP, AT, 
H1 0N50/85 OR AU, BE, BG, BR, BY, 
H1 0N50/80 OR CA, CH, CN, CS, CU, 
G11C11/161 OR CZ, DD, DE, DK, EA, 
G11C11/16 OR EE, EP, ES, Fl, FR, GB, 
G11C11/15 OR HR, HU, ID, IE, IL, IS, 
B82Y25/00 OR IT, JP, KR, LT, LU, LV, 
H1 0B53/30 OR MA, OA, RU, SU, WO); 
H10B61/22 OR FPRS; EPO; JPO; 
H10B61/00 OR DERWENT; IBM_ TDB) 
H01F10/3254 OR 
H01F10/132 OR 
H01 L28/55).cpc.) 
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257/$.ccls. AND (US-PGPUB; USPAT) 
(bottom first lower) adj3 
ferromagnetic adj2 
(layer film) AND 
(second top upper) adj3 
ferromagnetic adj2 
(layer film) AND (MgO 
magnesium adj2 oxide) 
SAME barrier adj2 
(layer film) 

438/$.ccls. AND (US-PGPUB; USPAT) 
(bottom first lower) adj3 
ferromagnetic adj2 
(layer film) AND 
(second top upper) adj3 
ferromagnetic adj2 
(layer film) AND (MgO 
magnesium adj2 oxide) 
SAME barrier adj2 
(layer film) 

OR ON 

Default Plurals 
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British rTime Stamp 
Equivalents 
ON 

ON 

2023/11/06 
05:19 PM 

2023/11/06 
05:19 PM 

Page4of 4 
AC 

WD EX1086 
Western Digital v IP Bridge 

Page 210



-t~ ~ ~ ~ © E E E ~ ,~ f'~ ,~~~ ~❖~ #'-~ ;❖~ ~1 ~ ,t-"'"""'~'<- §':-~, ~❖~~ ~-

~
~"'''''~ ~~'''"i« ® & I I ® ¾ ~ ~ ~ ff \ t 

§ ~ ® \, ® ® ® ~@ [ i ® '¾, 1 v ~~''' ~-❖-1 ~ ~""'" ® ® ITT ¾..-# ~ ~""'$ ® 1& a 
~-$ 

"1l t''~ ~~~ ~~ ~~ ~"""""~ """'""'W ~~ §l I ~ ® ~
i§ :::, 0 'fil g,~ {§ § 

® "'~❖ ff ~~t a a i❖,~~ 
® § # ~ # 'fil § 

\, 0 """4_,.,. ~~.fl # ~~ 
§l 

~""" ¾.. ..... ~ ~ ................ ~ -~ ~# 

~~-€f}t1r·t ~(lif1 D~1te: :~():2~i·--1.1.·-·(1E) lJ I l .. 
~its~~t~t~~,t~t~~- ·1 ,, ...... "--:..-:s..~ ~ ~ .... -~ ~ "-.,,~ S' .--.~ 

WD EX1086 
Western Digital v IP Bridge 

Page 211



1 3 

Pagt:1 2 of 3 

WD EX1086 
Western Digital v IP Bridge 

Page 212



U,S Patt~nts ! US Dt:signs I US i\ppl!cat!ons I EP() Patt:nts ! EPC) i\pp!.ication~t l China Patt:nts ! C~hina i\ppl!cat!ons ~ .J;:1pan 
Patt:nts ! Jap;:1n i\ppHcat!ons ~ Kort:a Patt:nts I Kotr::a l~ppUcations ~ VV!PC) i\ppHcations I i\rgt~nt!r1;:1 Patt:nts l i\rgr:~nt!na 
.t\ppiications I Brazil Patt:nt~t l Braz.ii i\pp!.ication~t l c:anad;:1 Patt~nts ! Can;:1da i\ppl!cat!ons ~ c:h!lr:~ P;:1tt:nts ! c:h!!.r:• 
l\ppl!cat!ons ~ Coiornb!a i\pp!.icat!on~t ~ c:osta !~!ca /~ppiic·;:1tions ~ C.uba P;:1tt:nts ! c:uba /~ppiic·ations l Dorninican Rr::publ!c 
.t\ppiications I Ecu;:1dor Patr::nts l Ecuadori\ppl!cat!ons ~ El Salvador l~pplic·;:1tions ~ (Juatr:•rnaia l~pplicat!ons ~ Hondura~t 
l\ppl!cat!ons ~ !\:it:x!co P;:1tt:nts I tvit~xico i\ppl!cat!ons ~ Nicaragua Patt~nts ! Pan;:1rT1a /~ppiic·ations l Pt:ru i\ppiication~t l 
·rrinidad g .. Tobago Patr:•nts ~ ~Jruguay i\ppi!cat!ons ! i\ustria Patt:nts I i\ustria i\ppi!cat!ons ! Bt:larus Patt:nt~t l Bt:igiurn 
Patt:nts ! Br:•lg!urn i\ppUcat!ons ~ BosnL:1 &~ Hr:~rzt:go\dna Patr:•nts ~ Bosnia & Ht:rz.t~govina l~ppUcations ~ Bulgada Patr:•nts ~ 
Bulgaria l\ppl!cat!ons ~ Croatia Patr::nts l C~roat!a /~ppiications l C .. zr::ch f(t:public Patt~nts ! Cz.t:ch Rr:•pub!.ic l~ppl!cat!ons ~ 

Czt~cho~tlovakia Patr:~nts ~ (:zr:~choslovakia l\ppl!cat!ons ! Dt:nrnark Patt:nts l Dt:nrnark /~ppiications l Eston!a Patr:•nts ~ 
Estonia i\ppi!cations l EU!PC) Patt~nts ! F!n!.and Patt:nt~t l Finland /~ppiications l Francr:~ Patt:nts ! Francr:: l~pplications ~ 

(Jt:rrnany Patt:nts ~ C1t:rrnan:/ l\ppl!cat!ons ~ (Jrt:at Br!tain Patt:nts I C1tr::at Britain i\ppl!cat!ons ~ C1rt:t:ct~ Patr:~nts ~ (;rt~t:ct: 
.t\ppiications I Hungary Patt:nts l Hungary i\pp!.ication~t l !cr:•iand Patr:~nts ~ !c·t:land /~ppiic·ations l !n.:•land Patt:•nts ~ !rt:iand 
l\ppl!cat!ons ~ !taiy Patt:~nts ~ !tal:/ l\ppl!cat!ons ~ Latvia Patt:nts ! Latvia /,ppiications ! Lithuan!a Patt~nts ! Lithuania 
.t\ppiications I Luxr::rnbourg Patt:nts l Luxt:rT:bourgi\pp!.ication~t l fviaita Patt~nts ! !\:ionaco Patt:nt~t l !\.··iontt:nt:gro Patt~nts ! 
!\:iontt:nt:gro i\pp!.ication~t l Nt:tht:riands Patr::nts l Nt:~tht:~riands /,ppiications ! Norvvay Patt:nt~t ~ Norvvay i\ppl!cat!ons ~ 

Poland Patr::nts l Poland i\pp!.ication~t l Portugal Patr::nts l Portugal /,ppiications ! Rt~publ!c of !\:io!.dova Patt:nts ! 
f(t:public· of tvioidova i\ppl!cat!ons ~ Rornan!a Patt~nts ! f(ornania i\ppi!cat!ons ! San ;'ilarino Patt:nts l San ~ilarino 
.t\ppHcations I St:rb!a Patt:nts ~ St~rbia .t\ppUcaUons ! Slovak.la Patt:nts ~ SlovakL:1 .t\ppHcations I Slovt:~nL:1 Patt~nts ! Spain 
Patt:nts ! Spain .t\ppiications ! Svvt~dt:•n Patt:nts ! Svvt~dt:•n l~pplications ~ S\:vitzt:rland Patt:nts I Svvitz.t~rland i\ppl!cat!ons ~ 

Ukta!nt~ Patt:~nts ~ Yugoslav!a/St:tbia and ;'ilontt:~nt:~gro Patt:nts I '{ugo~tia\da/St:rb!a and fviontt:nt:gro i\ppl!cat!ons ~ 

/\trnt:~n!a Patt~nts ! /\ustral!a Patt:•nts ~ /~ustralia i\pp!.ication~t l C:/ptus Patr::nts l (Juif C~oopt:rat!on Counc·ii Patt~nt.s ! Hong 
Kong Patt:nts ~ India Patt:nts I !ndia l\ppUcat!ons ~ !ndont:sia Patt:nts I !ndorH:•s!a i\pp!.icat!on~t ~ !srat:i Patt:nts I !srat:!. 
l\ppl!cat!ons ~ Jordan Patt~nt.s ! Jordan /,ppiications ! ~<yrgyz~ttan Patt:nts ~ !\.··iacao i\pp!.ication~t l !\.··iaiaysia Patt:nts ! 
tviongoiia Patt:nts I Nt:\:v Zt~aiand Patt~nts ! Philipp!nt~~t Patt:nts ~ Ph!i!ppint:s l\ppl!cat!ons ~ Saudi /~rabia Patr::nts l Saud! 
/\tabia i\ppi!cat!ons ! S!ngaport:• Patr::nts l Singaport: /,ppiications ! T·aivvan Patt:nt~t l 'rai\:van i\pp!.icat!on~t ~ 'rajikistan 
Patt~nts ! 'rajik.!stan i\pp!.ication~t l 'rha!iand Patt:nts l 'rha!iand .t\ppiications I Uz.bt:~k.!stan Patr::nts l \/it~tnarn Patt:•nts ~ 
l\lgt:ria Patt:nts ! /,R!PC) Patt:•nts ~ /~f~!P() .t\ppiications ! Egypt Patt~nts ! ~\t:nya Patt:nts I 1\-'iala\Ali Patr::nts l ;'ilorocco Patt~nts 
~ !\:iorocco /~ppiic·ations l ()/~P! Patt:nts ~ South /,fric·a Patt:nts l 'runis!a i\pp!.icat!on~t ~ Z~arnbia Patt:nt~t l Z~irT:babvvt~ 
Patt:nts ! E.t\P() Patr::nts l El,P() i\ppi!cat!ons ! (;t:orgia Patt:nts ! c;t:~org!a .t\ppiications I Kazakhstan Patr::nts ! ~<azakhstan 
.t\ppiications I Russia Patt:nt~t l !~uss!a i\ppl!cat!ons ~ 'rurkt:•y Patt:•nts ~ Turkt::/ l\ppl!cat!ons 

WD EX1086 
Western Digital v IP Bridge 

Page 213



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 

NOTICE OF ALLOWANCE AND FEE(S) DUE 

61650 7590 11/15/2023 

MYERS WOLIN, LLC 
100 SOUTH JEFFERSON ROAD 
SUITE 202 
WHIPPANY, NJ 07981-1009 

APPLICATION NO. FILING DATE 

18/232,576 08/10/2023 

TITLE OF INVENTION: MAGNETIC TUNNEL JUNCTION DEVICE 

FIRST NAMED INVENTOR 

Shinji YUASA 

EXAMINER 

CHAMBLISS, ALONZO 

ART UNIT 

2897 

DATEMAILED: 11/15/2023 

PAPER NUMBER 

ATTORNEY DOCKET NO. CONFIRMATION NO. 

1021 

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE PUBLICATION FEE DUE PREY. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE 

nonprovisional UNDISCOUNTED $1200 $0.00 $0.00 $1200 02/15/2024 

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT. 
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS. 
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. 

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 THE ISSUE FEE NOW DUE. 

HOW TO REPLY TO THIS NOTICE: 

I. Review the ENTITY STATUS shown above. If the ENTITY STATUS is shown as SMALL or MICRO, verify whether entitlement to that 
entity status still applies. 

If the ENTITY STATUS is the same as shown above, pay the TOTAL FEE(S) DUE shown above. 

If the ENTITY STATUS is changed from that shown above, on PART B - FEE(S) TRANSMITTAL, complete section number 5 titled 
"Change in Entity Status (from status indicated above)". 

For purposes of this notice, small entity fees are 40% the amount of undiscounted fees, and micro entity fees are 20% the amount of 
undiscounted fees. 

II. 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 PUBLICATION FEE (if required). If you are charging the fee(s) to your deposit account, section "4b" 
of Part B - Fee(s) Transmittal should be completed. If an equivalent of Part Bis filed, a request to reapply a previously paid issue fee must be 
clearly made, and delays in processing may occur due to the difficulty in recognizing the paper as an equivalent of Part B. 

III. All communications regarding this application must give the application number. Please direct all communications prior to issuance to Mail 
Stop ISSUE FEE unless advised to the contrary. 

IMPORTANT REMINDER: Maintenance fees are due in 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 information is available at 
www .uspto.gov/PatentMaintenanceFees. 
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PART B - FEE(S) TRANSMITTAL 

Complete and send this form, together with applicable fee(s), by mail or fax, or via EFS-Web. 

By mail, send to: Mail Stop ISSUE FEE 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, Virginia 22313-1450 

By fax, send to: (571)-273-2885 

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 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" for maintenance fee notifications. Because electronic patent issuance may occur shortly after issue 
fee payment, any desired continuing application should preferably be filed prior to payment of this issue fee in order not to jeopardize copendency. 

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

61650 7590 11/15/2023 

MYERS WOLIN, LLC 
100 SOUTH JEFFERSON ROAD 
SUITE 202 
WHIPPANY, NJ 07981-1009 

APPLICATION NO. FILING DATE 

18/232,576 08/10/2023 

TITLE OF INVENTION: MAGNETIC TUNNEL JUNCTION DEVICE 

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE 

nonprovisional UNDISCOUNTED $1200 

EXAMINER ART UNIT 

CHAMBLISS, ALONZO 2897 

1. Change of correspondence address or indication of "Fee Address" (3 7 
CFR 1.363). 

0 Change of correspondence address ( or Change of Correspondence 
Address form PTO/AIA/122 or PTO/SB/122) attached. 

0 "Fee Address" indication (or "Fee Address" Indication form PTO/ 
AIA/47 or PTO/SB/47; Rev 03-02 or more recent) attached. Use ofa 
Customer Number is required. 

Certificate of Mailing or Transmission 
I hereby certify that this Fee(s) Transmittal is being deposited with the United 
States Postal Service with sufficient postage for first class mail in an envelope 
addressed to the Mail Stop ISSUE FEE address above, or being transmitted to 
the USPTO via EFS-Web or by facsimile to (571) 273-2885, on the date below. 

(Typed or printed name) 

(Signature) 

(Date) 

FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO. 

Shinji YUASA 1021 

PUBLICATION FEE DUE PREY. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE 

$0.00 $0.00 

CLASS-SUBCLASS 

257-421000 

2. For printing on the patent front page, list 
( 1) The names of up to 3 registered patent attorneys 
or agents OR, alternatively, 
(2) The name of a single firm (having as a member a 
registered attorney or agent) and the names of up to 
2 registered patent attorneys or agents. If no name is 
listed, no name will be printed. 

$1200 02/15/2024 

2 ______________ _ 

3 ______________ _ 

3. ASSIGNEE NAME AND RESIDENCE DA TA TO BE PRINTED ON THE PATENT (print or 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 must have been previously 
recorded, or filed for recordation, as set forth in 37 CFR 3.11 and 37 CFR 3.81(a). Completion of this form is NOT a substitute for filing an assignment. 

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

Please check the appropriate assignee category or categories (will not be printed on the patent) : 0 Individual O Corporation or other private group entity O Government 

4a. Fees submitted: DissueFee □Publication Fee (if required) 

4b. Method of Payment: (Please first reapply any previously paid fee shown above) 

0 Electronic Payment via Patent Center or EFS-Web 0 Enclosed check 0 Non-electronic payment by credit card (Attach form PTO-2038) 

0 The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any overpayment to Deposit Account No. ____ _ 

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

0 Applicant certifying micro entity status. See 37 CFR 1.29 

0 Applicant asserting small entity status. See 37 CFR 1.27 

0 Applicant changing to regular undiscounted fee status. 

NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue 
fee payment in the micro entity amount will not be accepted at the risk of application abandonment. 

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. 

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 must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications. 

Authorized Signature _______________________ _ 

Typed or printed name ______________________ _ 

PTOL-85 Part B (08-18) Approved for use through 01/31/2020 
Page 2 of3 

0MB 0651-0033 

Date ____________________ _ 

Registration No. ________________ _ 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR 

18/232,576 08/10/2023 Shinji YUASA 

61650 7590 11/15/2023 

MYERS WOLIN, LLC 
100 SOUTH JEFFERSON ROAD 
SUITE 202 
WHIPPANY, NJ 07981-1009 

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 

ATTORNEY DOCKET NO. CONFIRMATION NO. 

1021 

EXAMINER 

CHAMBLISS, ALONZO 

ART UNIT 

2897 

DATEMAILED: 11/15/2023 

PAPER NUMBER 

Determination of Patent Term Adjustment under 35 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 l(h)(2) of the AIA Technical Corrections Act amended 35 U.S.C. 154(b)(3)(B)(i) 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. 
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0MB 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 0MB approves an agency request to 
collect information from the public, 0MB (i) provides a valid 0MB 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 0MB 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 information is required to obtain 
or retain a benefit by the public which is to file (and by the USPTO to process) an application. Confidentiality is 
governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 30 minutes to complete, including 
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon 
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 TO: Commissioner for Patents, P.O. Box 1450, Alexandria, 
Virginia 22313-1450. Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection 
of information unless it displays a valid 0MB 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 may result in termination of proceedings or abandonment 
of 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 (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. A record 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 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. 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. Such disclosure shall 
not be used to make determinations about individuals. 

8. 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 CFR 1.14, as a routine use, to the public if the record was filed 
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 becomes aware of a violation or potential violation of law or regulation. 
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Notice of Allowability 

Application No. 
18/232,576 
Examiner 
ALONZO CHAMBLISS 

Applicant(s) 
YUASA, Shinji 
Art Unit I AIA (FITF) Status 
2897 No 

-- The MAILING DA TE of 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 PATENT RIGHTS. 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. 

1.0 This communication is responsive to the terminal disclaimer filed on 11/2/2023. 

0 A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on __ . 

2.0 An election was made by the applicant in response to a restriction requirement set forth during the interview on __ ; the 
restriction requirement and election have been incorporated into this action. 

3.0 The allowed claim(s) is/are 3-22 . As a result of the allowed claim(s), you may be eligible to benefit from the Patent Prosecution 
Highway program at a participating intellectual property office for the corresponding application. For more information, please see 
http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov. 

4.0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

Certified copies: 

a) 0AII b) 0 Some* c) 0 None of the: 

1. 0 Certified copies of the priority documents have been received. 
2. 0 Certified copies of the priority documents have been received in Application No. 10/591,947. 

3. 0 Copies of the certified copies of the priority documents have been received in this national stage application from the 

International Bureau (PCT Rule 17.2(a)). 

* Certified copies not received: __ . 

Applicant has THREE MONTHS FROM THE "MAILING DATE" of this communication to file a reply complying with the requirements 
noted below. Failure to timely comply will result in ABANDONMENT of this application. 
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE. 

5.0 CORRECTED DRAWINGS (as "replacement sheets") must be submitted. 

0 including changes required by the attached Examiner's Amendment/ Comment or in 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 drawings in 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). 

6.0 DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the 
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL. 

Attachment(s) 
1. 0 Notice of References Cited (PT0-892) 

2.0 Information Disclosure Statements (PTO/SB/08), 
Paper No./Mail Date __ . 

5. 0 Examiner's Amendment/Comment 

6. 0 Examiner's Statement of Reasons for Allowance 

3. 0 Examiner's Comment Regarding Requirement for Deposit 7. 0 Other see Detailed Action. 
of Biological Material . 

4.0 Interview Summary (PT0-413), 
Paper No./Mail Date. 

/ALONZO CHAMBLISS/ 
Primary Examiner, Art Unit 2897 

U.S. Patent and Trademark Office 

PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20231106 
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Application/Control Number: 18/232,576 
Art Unit: 2897 

Notice of Pre-A/A or A/A Status 

1. The present application is being examined under the pre-AIA first to invent 

provisions. 

Terminal Disclaimer 

Page 2 

2. The terminal disclaimer filed on 11/2/2023 disclaiming the terminal portion of any 

patent granted on this application which would extend beyond the expiration date of 

U.S. Patent No. 7,884,403 has been reviewed and is accepted. The terminal 

disclaimer has been recorded. 

Allowable Subject Matter 

3. The following is a statement of reasons for the indication of allowance subject 

matter: the prior art of record does not teach or suggest matter: the prior art of record 

does not teach or suggest the combination of the a tunnel barrier layer between the first 

ferromagnetic material layer and the second ferromagnetic material layer, wherein said 

tunnel barrier layer comprises crystalline MgOx (001) with oxygen vacancy defects and 

A tunnel barrier layer between the first ferromagnetic material layer and the 

second ferromagnetic material layer, wherein said tunnel barrier layer comprises 

magnesium oxide and has a barrier height in a range of 0.1 eV to 0.85 eV in claim 11. 

A tunnel barrier layer disposed on the first ferromagnetic material layer, wherein 

said tunnel barrier layer comprises magnesium oxide and has a barrier height in a range 

of 0.2 eV to 0.5 eV in claim 17. 
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Application/Control Number: 18/232,576 
Art Unit: 2897 

Page 3 

Any inquiry concerning the communication or earlier communications from the 

examiner should be directed to Alonzo Chambliss whose telephone number is (571) 

272-1927. 

Any comments considered necessary by applicant must be submitted no later 

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

company issue fee. Such submissions should be clearly labeled "Comments on 

Statement of Reasons for Allowance." 

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

supervisor, Fernando L. Toledo can be reached on (571) 272-1867. The fax phone 

number for the organization where this application or proceeding is assigned is 571 -

273-8300. 

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

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

applications may be obtained from either Private PMR or Public PMR. 

Status information for unpublished applications is available through Private PMR 

only. For more information about the PMR system see hitp://pair-dkect.uspto.gov. 

Should you have questions on access to the Private PMR system contact the 

Electronic Business Center (EBC) at 866-217-9197 (toll-free) or 

EBC_Support@uspto.gov. 

AC/November 6, 2023 /Alonzo Chambliss/ 

Primary Examiner, Art Unit 2897 
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UNITED STATES PATENT AND TRADEMARK 0FFIGE 

APPLICATION NUMBER FILING OR 371(C) DATE 

18/232,576 

61650 
MYERS WOLIN, LLC 
100 SOUTH JEFFERSON ROAD 
SUITE 202 
WHIPPANY, NJ 07981-1009 

08/10/2023 

Title:MAGNETIC TUNNEL JUNCTION DEVICE 

Publication No.US-2023-0413685-A 1 
Publication Date:12/21 /2023 

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

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

FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

Shinji YUASA 
CONFIRMATION NO. 1021 

PUBLICATION NOTICE 

111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111 
*OC000000066182440* 

Date Mailed: 12/22/2023 

NOTICE OF PUBLICATION OF APPLICATION 

The above-identified application will be electronically published as a patent application publication pursuant to 37 
CFR 1.211, et seq. The patent application publication number and publication date are set forth above. 

The publication may be accessed through the USPTO's publically available Searchable Databases via the 
Internet at www.uspto.gov. The direct link to access the publication is currently http://www.uspto.gov/patft/. 

The publication process established by the Office does not provide for mailing a copy of the publication to 
applicant. A copy of the publication may be obtained from the Office upon payment of the appropriate fee set 
forth in 37 CFR 1.19(a)(1 ). Orders for copies of patent application publications are handled by the USPTO's 
Public Records Division. The Public Records Division can be reached by telephone at (571) 272-3150 or (800) 
972-6382, by facsimile at (571) 273-3250, by mail addressed to the United States Patent and Trademark Office, 
Public Records Division, Alexandria, VA 22313-1450 or via the Internet. 

In addition, information on the status of the application, including the mailing date of Office actions and the 
dates of receipt of correspondence filed in the Office, may also be accessed via the Internet through the Patent 
Electronic Business Center at www.uspto.gov using the public side of the Patent Application Information and 
Retrieval (PAIR) system. The direct link to access this status information is currently https://portal.uspto.gov/pair/ 
PublicPair. Prior to publication, such status information is confidential and may only be obtained by applicant 
using the private side of PAIR. 

Further assistance in electronically accessing the publication, or about PAIR, is available by calling the Patent 
Electronic Business Center at 1-866-217-9197. 

Office of Data Managment, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101 
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1 _ 1:1.1 mm UNITED STATES 
; : : :_ PATENT ANO TRADEMARK OFFICE 

Page 1 of 2 

P.O. Box 1450 
Alexandria, VA 22313 - 1450 

www.uspto.gov 

ELECTRONIC PAYMENT RECEIPT 

APPLICATION# RECEIPT DATE/ TIME 

18/232,576 02/12/2024 03:51 :37 PM Z ET 

Title of Invention 

MAGNETIC TUNNEL JUNCTION DEVICE 

Application Information 

APPLICATION TYPE Utility - Nonprovisional Application 
under 35 USC 111 (a) 

CONFIRMATION# 1021 

PATENT CENTER # 64291235 

CUSTOMER# 61650 

CORRESPONDENCE 
ADDRESS 

Payment Information 

PAYMENT METHOD 
CARD/ 1248 

PAYMENT TRANSACTION ID 
E20242BF53168802 

FEE CODE 

1501 

DESCRIPTION 

UTILITY ISSUE FEE 

ITEM PRICE($) 

1200.00 

ATTORNEY DOCKET# 

18TH 13318Aa 

PATENT# -

FILED BY Monica Franke 

AUTHORIZED BY Brian MYERS 

FILING DATE 08/10/2023 

FIRST NAMED Shinji YUASA 
INVENTOR 

PAYMENT AUTHORIZED BY 
Oleksandra Onishchuk 

QUANTITY 

TOTAL 
AMOUNT: 

ITEM TOT AL($) 

1200.00 

$1,200.00 

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

New Applications Under 35 U.S.C. 111 

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

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

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 U.S.C. 
371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a national stage 
submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. WD EX1086 

Western Digital v IP Bridge 
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New International Application Filed with the USPTO as a Receiving Office 

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

Complete and send this form, together with applicable fee(s), by mail or fax, or via EFS-Web. 

By mail, send to: Mail Stop ISSUE FEE 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, Virginia 22313-1450 

By fax, send to: (571)-273-2885 

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 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" for maintenance fee notifications. Because electronic patent issuance may occur shortly after issue 
fee payment, any desired continuing application should preferably be filed prior to payment of this issue fee in order not to jeopardize copendency. 

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

61650 7590 11/15/2023 

MYERS WOLIN, LLC 
100 SOUTH JEFFERSON ROAD 
SUITE 202 
WHIPPANY, NJ 07981-1009 

APPLICATION NO. FILING DATE 

18/232,576 08/10/2023 

TITLE OF INVENTION: MAGNETIC TUNNEL JUNCTION DEVICE 

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE 

nonprovisional UNDISCOUNTED $1200 

EXAMINER ART UNIT 

CHAMBLISS, ALONZO 2897 

1. Change of correspondence address or indication of "Fee Address" (3 7 
CFR 1.363). 

0 Change of correspondence address ( or Change of Correspondence 
Address form PTO/AIA/122 or PTO/SB/122) attached. 

0 "Fee Address" indication (or "Fee Address" Indication form PTO/ 
AIA/47 or PTO/SB/47; Rev 03-02 or more recent) attached. Use ofa 
Customer Number is required. 

Certificate of Mailing or Transmission 
I hereby certify that this Fee(s) Transmittal is being deposited with the United 
States Postal Service with sufficient postage for first class mail in an envelope 
addressed to the Mail Stop ISSUE FEE address above, or being transmitted to 
the USPTO via EFS-Web or by facsimile to (571) 273-2885, on the date below. 

(Typed or printed name) 

(Signature) 

(Date) 

FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO. 

Shinji YUASA 1021 

PUBLICATION FEE DUE PREY. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE 

$0.00 $0.00 

CLASS-SUBCLASS 

257-421000 

2. For printing on the patent front page, list 
( 1) The names of up to 3 registered patent attorneys 
or agents OR, alternatively, 
(2) The name of a single firm (having as a member a 
registered attorney or agent) and the names of up to 
2 registered patent attorneys or agents. If no name is 
listed, no name will be printed. 

$1200 02/15/2024 

Myers Wolin, LLC 

2 ______________ _ 

3 ______________ _ 

3. ASSIGNEE NAME AND RESIDENCE DA TA TO BE PRINTED ON THE PATENT (print or 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 must have been previously 
recorded, or filed for recordation, as set forth in 37 CFR 3.11 and 37 CFR 3.81(a). Completion of this form is NOT a substitute for filing an assignment. 

(A) NAME OF ASSIGNEE 

Godo Kaisha IP Bridge 1 
(B) RESIDENCE: (CITY and STATE OR COUNTRY) 

Tokyo, Japan 
Please check the appropriate assignee category or categories (will not be printed on the patent) : 0 Individualfil Corporation or other private group entity O Government 

4a. Fees submitted: 11iissue Fee □Publication Fee (if required) 

4b. Method of Payment: (Please first reapply any previously paid fee shown above) 

JSl Electronic Payment via Patent Center or EFS-Web O Enclosed check O Non-electronic payment by credit card (Attach form PTO-2038) 

[]I The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any overpayment to Deposit Account No. 50-3894 

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

0 Applicant certifying micro entity status. See 37 CFR 1.29 

0 Applicant asserting small entity status. See 37 CFR 1.27 

0 Applicant changing to regular undiscounted fee status. 

NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue 
fee payment in the micro entity amount will not be accepted at the risk of application abandonment. 

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. 

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 must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications. 

Authorized Signature /Brian s Myers/ 

Typed or printed name Brian s. Myers 

PTOL-85 Part B (08-18) Approved for use through 01/31/2020 
Page 2 of3 

0MB 0651-0033 

Date ___ F,___,_eh,.,_,__n .... 1 ..... a~ryl'------'l~2._,_,~2.__._Q~2~4~-----
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DERWENT; IBM_ TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AU, AP, 
AT, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 

Default Plurals 
Operator 
OR ON 

OR ON 

OR ON 

OR ON 

OR ON 

OR ON 

OR ON 

British mmeStamp 
EQuivalen1s 
ON 

ON 

ON 

ON 

ON 

ON 

ON 

2023/10/01 
01 :53 PM 

2023/10/01 
07:22 PM 

2023/10/01 
07:23 PM 

2023/10/01 
10:12 PM 

2023/10/01 
10:14 PM 

2023/10/01 
10:19 PM 

2023/10/01 
10:19 PM 
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LS 0 

L9 481 

L 10 469 

L11 24 

L12 2 

04/23/2024 05:30:51 PM 
Workspace: 18232576 

magnesium adj2 oxide) 
WITH barrier adj2 (layer 
film) 

361/$.ccls. AND 
(bottom first) adj2 
ferromagnetic adj2 
(layer film) AND 
(second top) adj2 
ferromagnetic adj2 
(layer film) AND (MgO 
magnesium adj2 oxide) 
WITH barrier adj2 (layer 
film) 

L6 L7 

L9 AND ( (H10N50/10 
OR H10N50/01 OR 
H 10N50/85 OR 
H 10N50/80 OR 
G11C11/161 OR 
G11C11/16 OR 
G11C11/15 OR 
B82Y25/00 OR 
H 10B53/30 OR 
H10B61/22 OR 
H10B61/00 OR 
H01F10/3254 OR 
H01F10/132 OR 
H01 L28/55).cpc.) 

"11737372" 

("11737372").pn. 

IT, JP, KR, LT, LU, LV, 
MA, OA, RU, SU, WO); 
FPRS; EPO; JPO; 
DERWENT; IBM_ TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AU, AP, 
AT, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, OA, RU, SU, WO); 
FPRS; EPO; JPO; 
DERWENT; IBM_ TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AU, AP, 
AT, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, OA, RU, SU, WO); 
FPRS; EPO; JPO; 
DERWENT; IBM_ TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AU, AP, 
AT, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, OA, RU, SU, WO); 
FPRS; EPO; JPO; 
DERWENT; IBM_ TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AP, AT, 
AU, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, OA, RU, SU, WO); 
FPRS; EPO; JPO; 
DERWENT; IBM_ TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AP, AT, 
AU, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 

OR ON ON 

OR ON ON 

OR ON ON 

OR ON ON 

OR ON ON 

2023/10/01 
10:19 PM 

2023/10/01 
10:20 PM 

2023/10/01 
10:29 PM 

2023/10/01 
10:31 PM 

2023/10/01 
10:32 PM 
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L13 4 

L14 597 

L15 220 

L16 0 

L17 634 

04/23/2024 05:30:51 PM 
Workspace: 18232576 

("11233193").pn. 

257/$.ccls. AND 
(bottom first lower) adj3 
ferromagnetic adj2 
(layer film) AND 
(second top upper) adj3 
ferromagnetic adj2 
(layer film) AND (MgO 
magnesium adj2 oxide) 
SAME barrier adj2 
(layer film) 

438/$.ccls. AND 
(bottom first lower) adj3 
ferromagnetic adj2 
(layer film) AND 
(second top upper) adj3 
ferromagnetic adj2 
(layer film) AND (MgO 
magnesium adj2 oxide) 
SAME barrier adj2 
(layer film) 

361/$.ccls. AND 
(bottom first lower) adj3 
ferromagnetic adj2 
(layer film) AND 
(second top upper) adj3 
ferromagnetic adj2 
(layer film) AND (MgO 
magnesium adj2 oxide) 
SAME barrier adj2 
(layer film) 

L14L15 

EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, OA, RU, SU, WO); 
FPRS; EPO; JPO; 
DERWENT; IBM_ TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AP, AT, 
AU, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, OA, RU, SU, WO); 
FPRS; EPO; JPO; 
DERWENT; IBM_ TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AP, AT, 
AU, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, OA, RU, SU, WO); 
FPRS; EPO; JPO; 
DERWENT; IBM_ TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AP, AT, 
AU, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, OA, RU, SU, WO); 
FPRS; EPO; JPO; 
DERWENT; IBM_ TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AP, AT, 
AU, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, OA, RU, SU, WO); 
FPRS; EPO; JPO; 
DERWENT; IBM_ TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AP, AT, 
AU, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 

OR ON ON 

OR ON ON 

OR ON ON 

OR ON ON 

OR ON ON 

2023/10/01 
10:34 PM 

2023/11/06 
05:04 PM 

2023/11/06 
05:05 PM 

2023/11/06 
05:05 PM 

2023/11/06 
05:05 PM 
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L18 613 

L20 1 

L21 7 

L22 37 

L23 1 

L24 8 

04/23/2024 05:30:51 PM 
Workspace: 18232576 

L 17 AND ( (H10N50/10 
OR H10N50/01 OR 
H 10N50/85 OR 
H 10N50/80 OR 
G11C11/161 OR 
G11C11/16 OR 
G11C11/15 OR 
B82Y25/00 OR 
H 10B53/30 OR 
H10B61/22 OR 
H10B61/00 OR 
H01F10/3254 OR 
H01F10/132 OR 
H01 L28/55).cpc.) 

("20220148934").pn. 

("20050887 45").pn. 

(Artificial Intelligence) 
More like doc: 
WO-20050887 45-A 1 
Text: 
(J P-WO20050887 45-A 1 
OR JP-4963744-B2 OR 
JP-2012033957-A OR 
JP-2012039144-A OR 
JP-5002788-B2 OR JP-
5120680-B2 OR JP-
4082711-B2 OR US-
20070195592-A1 OR 
EP-1737055-A1 OR JP-
2012151494-A OR JP-
4581133-B2 OR US-
20110031570-A 1 OR 
JP-2012054577-A OR 
J P-2008004956-A OR 
JP-2009021626-A OR 
JP-5152734-B2 OR EP-
1737055-B1 OR US-
8319263-B2 OR US-
20130228883-A1 OR 
US-20100181632-
A1).did. 

("8405134").pn. 

("11737372" 
"11233193""16680167" 
"10367138" "9608198" 
"9123463" "8405134" 
"8319263" 
"7884403").pn. 

HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, OA, RU, SU, WO); 
FPRS; EPO; JPO; 
DERWENT; IBM_ TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AP, AT, 
AU, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, OA, RU, SU, WO); 
FPRS; EPO; JPO; 
DERWENT; IBM_ TDB) 

(US-PGPUB; USPAT) 

(FPRS; EPO; JPO; 
DERWENT; IBM_ TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AU, AP, 
AT, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, OA, RU, SU, WO, 
MC, MD, MY, NL, NO, 
NZ, PH, PL, PT, RO, 
RS, SE, SG, SI, SK, 
TH, TN, TR, TW, UA, 
VN); FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

(US-PGPUB; USPAT) 

(US-PGPUB; USPAT) 

OR ON ON 

OR ON ON 

OR ON ON 

OR ON ON 

OR ON ON 

OR ON ON 

2023/11/06 
05:12 PM 

2023/11/07 
06:00 PM 

2024/04/21 
03:52 PM 

2024/04/21 
03:52 PM 

2024/04/21 
03:58 PM 

2024/04/21 
09:13 PM 
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L25 1 

L26 1 

L27 1 

L28 30 

L29 37 

04/23/2024 05:30:51 PM 
Workspace: 18232576 

("7847327").pn. 

("7800149") .pn. 

("7884403").pn. 

(Artificial Intelligence) 
More like doc: 
US-7884403-B2 
Text: 
(US-20110031570-A1 
OR EP-1737055-B1 OR 
US-20120161262-A 1 
OR US-8319263-B2 OR 
US-8405134-B2 OR 
US-11737372-B2 OR 
US-20230413685-A 1 
OR US-20230363288-
A1 OR US-
20130228883-A1 OR 
US-20160020385-A 1 
OR US-20100181632-
A1 OR EP-1737055-A1 
OR US-20070195592-
A1 OR US-
20170155042-A1 OR 
US-20200259077-A 1 
OR JP-4963744-B2 OR 
KR-100867662-B1 OR 
JP-2012033957-A OR 
KR-20060122970-A OR 
WO-20050887 45-
A1).did. 

(Artificial Intelligence) 
More like doc: 
WO-20050887 45-A 1 
Text: 
(J P-WO20050887 45-A 1 
OR JP-4963744-B2 OR 
JP-2012033957-A OR 
JP-2012039144-A OR 
JP-5002788-B2 OR JP-
5120680-B2 OR JP-
4082711-B2 OR US-
20070195592-A1 OR 
EP-1737055-A1 OR JP-
2012151494-A OR JP-
4581133-B2 OR US-
20110031570-A 1 OR 
JP-2012054577-A OR 
J P-2008004956-A OR 
JP-2009021626-A OR 
JP-5152734-B2 OR EP-
1737055-B1 OR US-
8319263-B2 OR US-
20130228883-A1 OR 

(US-PGPUB; USPAT) 

(US-PGPUB; USPAT) 

(US-PGPUB; USPAT) 

(US-PGPUB; USPAT; 
USOCR; FIT (AU, AP, 
AT, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, OA, RU, SU, WO, 
MC, MD, MY, NL, NO, 
NZ, PH, PL, PT, RO, 
RS, SE, SG, SI, SK, 
TH, TN, TR, TW, UA, 
VN); FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AU, AP, 
AT, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, OA, RU, SU, WO, 
MC, MD, MY, NL, NO, 
NZ, PH, PL, PT, RO, 
RS, SE, SG, SI, SK, 
TH, TN, TR, TW, UA, 
VN); FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

OR ON ON 

OR ON ON 

OR ON ON 

OR ON ON 

OR ON ON 

2024/04/21 
09:46 PM 

2024/04/21 
09:47 PM 

2024/04/21 
09:50 PM 

2024/04/21 
09:51 PM 

2024/04/21 
09:51 PM 
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L30 287 

L31 112 

L32 0 

L33 306 

L34 0 

04/23/2024 05:30:51 PM 
Workspace: 18232576 

US-20100181632-
A1).did. 

257/$.ccls. AND 
(bottom first lower) adj3 
ferromagnetic adj2 
(layer film) AND 
(second top upper) adj3 
ferromagnetic adj2 
(layer film) AND (MgO 
magnesium adj2 oxide) 
SAME barrier adj2 
(layer film) SAME 
(height thick$4) 

438/$.ccls. AND 
(bottom first lower) adj3 
ferromagnetic adj2 
(layer film) AND 
(second top upper) adj3 
ferromagnetic adj2 
(layer film) AND (MgO 
magnesium adj2 oxide) 
SAME barrier adj2 
(layer film) SAME 
(height thick$4) 

361/$.ccls. AND 
(bottom first lower) adj3 
ferromagnetic adj2 
(layer film) AND 
(second top upper) adj3 
ferromagnetic adj2 
(layer film) AND (MgO 
magnesium adj2 oxide) 
SAME barrier adj2 
(layer film) SAME 
(height thick$4) 

L30 L31 

257/$.ccls. AND 
(bottom first lower) adj3 
ferromagnetic adj2 
(layer film) AND 
(second top upper) adj3 
ferromagnetic adj2 
(layer film) AND (MgO 
magnesium adj2 oxide) 
SAME barrier adj2 
(layer film) SAME 

(US-PGPUB; USPAT; 
USOCR; FIT (AP, AT, 
AU, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, OA, RU, SU, WO); 
FPRS; EPO; JPO; 
DERWENT; IBM_ TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AP, AT, 
AU, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, OA, RU, SU, WO); 
FPRS; EPO; JPO; 
DERWENT; IBM_ TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AP, AT, 
AU, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, OA, RU, SU, WO); 
FPRS; EPO; JPO; 
DERWENT; IBM_ TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AP, AT, 
AU, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, OA, RU, SU, WO); 
FPRS; EPO; JPO; 
DERWENT; IBM_ TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AP, AT, 
AU, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, OA, RU, SU, WO); 
FPRS; EPO; JPO; 

OR ON ON 

OR ON ON 

OR ON ON 

OR ON ON 

OR ON ON 

2024/04/22 
07:27 PM 

2024/04/22 
07:30 PM 

2024/04/22 
07:30 PM 

2024/04/22 
07:31 PM 

2024/04/22 
07:33 PM 
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L35 0 

L36 1 

L37 0 

L38 0 

L39 1044 

04/23/2024 05:30:51 PM 
Workspace: 18232576 

(height thick$4) SAME 
partially WITH entirely 
WITH crystal$5 

257/$.ccls. AND 
(bottom first lower) adj3 
ferromagnetic adj2 
(layer film) AND 
(second top upper) adj3 
ferromagnetic adj2 
(layer film) AND (MgO 
magnesium adj2 oxide) 
SAME barrier adj2 
(layer film) SAME 
partially WITH entirely 
WITH crystal$5 

(bottom first lower) adj3 
ferromagnetic adj2 
(layer film) AND 
(second top upper) adj3 
ferromagnetic adj2 
(layer film) AND (MgO 
magnesium adj2 oxide) 
SAME barrier adj2 
(layer film) SAME 
partially WITH entirely 
WITH crystal$5 

(bottom first lower) adj3 
ferromagnetic adj2 
(layer film) AND 
(second top upper) adj3 
ferromagnetic adj2 
(layer film) AND (MgO 
magnesium adj2 oxide) 
AND barrier adj2 (layer 
film) SAME partially 
WITH entirely WITH 
crystal$5 

(bottom first lower) adj3 
ferromagnetic adj2 
(layer film) AND 
(second top upper) adj3 
ferromagnetic adj2 
(layer film) AND (MgO 
magnesium adj2 oxide) 
AND barrier adj2 (layer 
film) SAME partially 
SAME entirely SAME 
crystal$5 

(bottom first lower) adj3 
ferromagnetic adj2 
(layer film) AND 
(second top upper) adj3 
ferromagnetic adj2 
(layer film) AND (MgO 
magnesium adj2 oxide) 
SAME barrier adj2 

DERWENT; IBM_ TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AP, AT, 
AU, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, OA, RU, SU, WO); 
FPRS; EPO; JPO; 
DERWENT; IBM_ TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AP, AT, 
AU, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, OA, RU, SU, WO); 
FPRS; EPO; JPO; 
DERWENT; IBM_ TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AP, AT, 
AU, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, OA, RU, SU, WO); 
FPRS; EPO; JPO; 
DERWENT; IBM_ TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AP, AT, 
AU, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, OA, RU, SU, WO); 
FPRS; EPO; JPO; 
DERWENT; IBM_ TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AP, AT, 
AU, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 

OR ON ON 

OR ON ON 

OR ON ON 

OR ON ON 

OR ON ON 

2024/04/22 
07:34 PM 

2024/04/22 
07:34 PM 

2024/04/22 
07:35 PM 

2024/04/22 
07:35 PM 

2024/04/22 
07:36 PM 
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L40 829 

L41 154 

L42 41 

L43 159 

L44 38 

04/23/2024 05:30:51 PM 
Workspace: 18232576 

(layer film) SAME 
crystal$5 

(bottom first lower) adj3 
ferromagnetic adj2 
(layer film) AND 
(second top upper) adj3 
ferromagnetic adj2 
(layer film) AND (MgO 
magnesium adj2 oxide) 
SAME barrier adj2 
(layer film) WITH 
crystal$5 

257/$.ccls. AND 
(bottom first lower) adj3 
ferromagnetic adj2 
(layer film) AND 
(second top upper) adj3 
ferromagnetic adj2 
(layer film) AND (MgO 
magnesium adj2 oxide) 
SAME barrier adj2 
(layer film) WITH 
crystal$5 

438/$.ccls. AND 
(bottom first lower) adj3 
ferromagnetic adj2 
(layer film) AND 
(second top upper) adj3 
ferromagnetic adj2 
(layer film) AND (MgO 
magnesium adj2 oxide) 
SAME barrier adj2 
(layer film) WITH 
crystal$5 

L41 L42 

(Artificial Intelligence) 
More like doc: 
US-20040144995-A 1 
Text: 
(EP-1391942-A1 OR 
US-7514160-B2 OR 
US-20070128470-A 1 
OR US-7220498-B2 OR 
EP-1925946-A2 OR 

MA, OA, RU, SU, WO); 
FPRS; EPO; JPO; 
DERWENT; IBM_ TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AP, AT, 
AU, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, OA, RU, SU, WO); 
FPRS; EPO; JPO; 
DERWENT; IBM_ TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AP, AT, 
AU, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, OA, RU, SU, WO); 
FPRS; EPO; JPO; 
DERWENT; IBM_ TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AP, AT, 
AU, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, OA, RU, SU, WO); 
FPRS; EPO; JPO; 
DERWENT; IBM_ TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AP, AT, 
AU, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, OA, RU, SU, WO); 
FPRS; EPO; JPO; 
DERWENT; IBM_ TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AU, AP, 
AT, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, OA, RU, SU, WO, 

OR ON ON 

OR ON ON 

OR ON ON 

OR ON ON 

OR ON ON 

2024/04/22 
07:36 PM 

2024/04/22 
07:36 PM 

2024/04/22 
07:36 PM 

2024/04/22 
07:37 PM 

2024/04/22 
07:40 PM 
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L45 535 

L46 535 

L47 347 

L48 230 

04/23/2024 05:30:51 PM 
Workspace: 18232576 

KR-20030097904-A OR 
WO-02099905-A 1 OR 
KR-100886602-B1 OR 
J P-WO2006022183-A 1 
OR EP-1085586-A2 OR 
EP-1085586-B1 OR 
US-20100028530-A 1 
OR US-20060003185-
A1 OR CN-1308317-A 
OR US-20080182342-
A1 OR US-7906231-B2 
OR EP-1391942-A4 OR 
US-7807218-B2 OR 
US-7357995-B2 OR 
US-20080062581-
A1).did. 

257/$.ccls. AND (MTJ 
magnetic adj2 tunnel 
adj2 junction) AND 
crystalline SAME barrier 
adj2 (layer film) SAME 
crystalline 

257/$.ccls. AND (MTJ 
magnetic adj2 tunnel 
adj2 junction) AND 
crystalline SAME barrier 
adj2 (layer film) 

257/$.ccls. AND (MTJ 
magnetic adj2 tunnel 
adj2 junction) AND 
crystalline WITH barrier 
adj2 (layer film) 

257/$.ccls. AND (MTJ 
magnetic adj2 tunnel 
adj2 junction) AND 
crystalline WITH barrier 
adj2 (layer film) SAME 
(MgO magnesium adj2 
oxide) 

MC, MD, MY, NL, NO, 
NZ, PH, PL, PT, RO, 
RS, SE, SG, SI, SK, 
TH, TN, TR, TW, UA, 
VN); FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AP, AT, 
AU, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, OA, RU, SU, WO); 
FPRS; EPO; JPO; 
DERWENT; IBM_ TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AP, AT, 
AU, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, OA, RU, SU, WO); 
FPRS; EPO; JPO; 
DERWENT; IBM_ TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AP, AT, 
AU, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, OA, RU, SU, WO); 
FPRS; EPO; JPO; 
DERWENT; IBM_ TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AP, AT, 
AU, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 

OR ON ON 

OR ON ON 

OR ON ON 

OR ON ON 

2024/04/22 
07:54 PM 

2024/04/22 
07:55 PM 

2024/04/22 
07:55 PM 

2024/04/22 
07:57 PM 
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L49 201 

L50 100 

L51 206 

L52 347 

L53 157 

04/23/2024 05:30:51 PM 
Workspace: 18232576 

257/$.ccls. AND (MTJ 
magnetic adj2 tunnel 
adj2 junction) AND 
crystalline WITH barrier 
adj2 (layer film) WITH 
(MgO magnesium adj2 
oxide) 

438/$.ccls. AND (MTJ 
magnetic adj2 tunnel 
adj2 junction) AND 
crystalline WITH barrier 
adj2 (layer film) WITH 
(MgO magnesium adj2 
oxide) 

L49 L50 

257/$.ccls. AND (MTJ 
magnetic adj2 tunnel 
adj2 junction) AND 
crystalline WITH barrier 
adj2 (layer film) 

438/$.ccls. AND (MTJ 
magnetic adj2 tunnel 
adj2 junction) AND 
crystalline WITH barrier 
adj2 (layer film) 

IT, JP, KR, LT, LU, LV, 
MA, OA, RU, SU, WO); 
FPRS; EPO; JPO; 
DERWENT; IBM_ TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AP, AT, 
AU, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, OA, RU, SU, WO); 
FPRS; EPO; JPO; 
DERWENT; IBM_ TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AP, AT, 
AU, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, OA, RU, SU, WO); 
FPRS; EPO; JPO; 
DERWENT; IBM_ TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AP, AT, 
AU, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, OA, RU, SU, WO); 
FPRS; EPO; JPO; 
DERWENT; IBM_ TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AP, AT, 
AU, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, OA, RU, SU, WO); 
FPRS; EPO; JPO; 
DERWENT; IBM_ TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AP, AT, 
AU, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 

OR ON ON 

OR ON ON 

OR ON ON 

OR ON ON 

OR ON ON 

2024/04/22 
07:57 PM 

2024/04/22 
07:57 PM 

2024/04/22 
07:58 PM 

2024/04/22 
08:01 PM 

2024/04/22 
08:01 PM 
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L54 358 

L55 38 

L56 147 

L57 567 

04/23/2024 05:30:51 PM 
Workspace: 18232576 

L52 L53 

(Artificial Intelligence) 
More like doc: 
US-5966012-A 
Text: 
(EP-0913830-A2 OR 
EP-0913830-B1 OR 
KR-100271141-B1 OR 
KR-19990036653-A OR 
JP-H11161919-A OR 
JP-3004005-B2 OR DE-
69826090-T2 OR MY-
124179-A OR EP-
0913830-A3 OR US-
5729410-A OR US-
6023395-A OR JP-
H 11353621-A OR US-
6005753-A OR EP-
0911810-A2 OR KR-
100261385-B1 OR US-
5901018-A OR US-
5898547-A OR US-
5898548-A OR EP-
0911811-A2 OR EP-
0911811-B1).did. 

438/$.ccls. AND 
ferromagnetic adj2 
(layer film) SAME 
crystal 

257/$.ccls. AND 
ferromagnetic adj2 
(layer film) SAME 
crystal 

MA, OA, RU, SU, WO); 
FPRS; EPO; JPO; 
DERWENT; IBM_ TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AP, AT, 
AU, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, OA, RU, SU, WO); 
FPRS; EPO; JPO; 
DERWENT; IBM_ TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AU, AP, 
AT, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, OA, RU, SU, WO, 
MC, MD, MY, NL, NO, 
NZ, PH, PL, PT, RO, 
RS, SE, SG, SI, SK, 
TH, TN, TR, TW, UA, 
VN); FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AP, AT, 
AU, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, OA, RU, SU, WO); 
FPRS; EPO; JPO; 
DERWENT; IBM_ TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AP, AT, 
AU, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 

OR ON ON 

OR ON ON 

OR ON ON 

OR ON ON 

2024/04/22 
08:01 PM 

2024/04/22 
08:07 PM 

2024/04/22 
08:50 PM 

2024/04/22 
08:50 PM 
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L58 379 

L59 626 

L60 476 

L61 141 

L62 231 

04/23/2024 05:30:51 PM 
Workspace: 18232576 

257/$.ccls. AND 
ferromagnetic adj2 
(layer film) WITH crystal 

257/$.ccls. AND 
ferromagnetic adj2 
(layer film) WITH 
crystal$4 

257/$.ccls. AND 
ferromagnetic adj2 
(layer film) WITH 
crystal$4 AND (MJT 
magnetic ADJ tunnel 
magnetoresistive) 

438/$.ccls. AND 
ferromagnetic adj2 
(layer film) WITH 
crystal$4 AND (MJT 
magnetic ADJ tunnel 
magnetoresistive) 

438/$.ccls. AND 
ferromagnetic adj2 
(layer film) SAME 
crystal$4 AND (MJT 
magnetic ADJ tunnel 
magnetoresistive) 

IT, JP, KR, LT, LU, LV, 
MA, OA, RU, SU, WO); 
FPRS; EPO; JPO; 
DERWENT; IBM_ TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AP, AT, 
AU, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, OA, RU, SU, WO); 
FPRS; EPO; JPO; 
DERWENT; IBM_ TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AP, AT, 
AU, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, OA, RU, SU, WO); 
FPRS; EPO; JPO; 
DERWENT; IBM_ TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AP, AT, 
AU, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, OA, RU, SU, WO); 
FPRS; EPO; JPO; 
DERWENT; IBM_ TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AP, AT, 
AU, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, OA, RU, SU, WO); 
FPRS; EPO; JPO; 
DERWENT; IBM_ TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AP, AT, 
AU, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 

OR ON ON 

OR ON ON 

OR ON ON 

OR ON ON 

OR ON ON 

2024/04/22 
08:51 PM 

2024/04/22 
08:51 PM 

2024/04/22 
08:51 PM 

2024/04/22 
10:03 PM 

2024/04/22 
10:05 PM 
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L63 705 

L64 731 

L73 27 

L74 41 

L75 11 

04/23/2024 05:30:51 PM 
Workspace: 18232576 

257/$.ccls. AND 
ferromagnetic adj2 
(layer film) SAME 
crystal$4 AND (MJT 
magnetic ADJ tunnel 
magnetoresistive) 

L62 L63 

(magnetoresistive 
magnetic adj2 tunnel 
adj2 junction) AND 
(MgO magnesium adj2 
oxide) WITH partially 
near6 crystal$4 

(magnetoresistive 
magnetic adj2 tunnel 
adj2 junction MT J) AND 
(MgO magnesium adj2 
oxide) WITH (fully 
partially) near6 
crystal$4 

("6054226" 
"6379978").pn. 

MA, OA, RU, SU, WO); 
FPRS; EPO; JPO; 
DERWENT; IBM_ TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AP, AT, 
AU, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, OA, RU, SU, WO); 
FPRS; EPO; JPO; 
DERWENT; IBM_ TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AP, AT, 
AU, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, OA, RU, SU, WO); 
FPRS; EPO; JPO; 
DERWENT; IBM_ TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AP, AT, 
AU, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, OA, RU, SU, WO); 
FPRS; EPO; JPO; 
DERWENT; IBM_ TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AP, AT, 
AU, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, OA, RU, SU, WO); 
FPRS; EPO; JPO; 
DERWENT; IBM_ TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AP, AT, 
AU, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, OA, RU, SU, WO); 

OR ON ON 

OR ON ON 

OR ON ON 

OR ON ON 

OR ON ON 

2024/04/22 
10:05 PM 

2024/04/22 
10:05 PM 

2024/04/22 
10:35 PM 

2024/04/22 
10:49 PM 

2024/04/22 
11 :24 PM 
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L76 2 

L77 1 

L78 47 

L79 3 

L80 45 

04/23/2024 05:30:51 PM 
Workspace: 18232576 

("6054226" 
"6379978").pn. 

("5640343").pn. 

(Artificial Intelligence) 
More like doc: 
US-5640343-A 
Text: 
(US-5793697-A OR 
GB-2356502-A OR 
WO-0026918-A1 OR 
U S-20040017721-A 1 
OR JP-2019075533-A 
OR GB-2343308-A OR 
CN-109427381-B OR 
DE-102018115209-A1 
OR US-20020006058-
A1 OR US-6473336-B2 
OR JP-6799566-B2 OR 
EP-1109170-A2 OR 
US-20190378552-A 1 
OR US-6597618-B2 OR 
JP-3868699-B2 OR EP-
1653516-A2 OR CN-
109427381-A OR US-
5734605-A OR KR-
20030078032-A OR 
CN-102314927-B) .did. 

("2000106462"). pn. 

(Artificial Intelligence) 
More like doc: 
J P-2000106462-A 
Text: 
(JP-3593472-B2 OR 
JP-2001144345-A OR 
J P-2000156531-A OR 
JP-3697369-B2 OR JP-
H11134620-A OR JP-
2000251230-A OR KR-

FPRS; EPO; JPO; 
DERWENT; IBM_ TDB) 

(US-PGPUB; USPAT) 

(US-PGPUB; USPAT) 

(US-PGPUB; USPAT; 
USOCR; FIT (AU, AP, 
AT, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, OA, RU, SU, WO, 
MC, MD, MY, NL, NO, 
NZ, PH, PL, PT, RO, 
RS, SE, SG, SI, SK, 
TH, TN, TR, TW, UA, 
VN); FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AU, AP, 
AT, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, OA, RU, SU, WO, 
MC, MD, MY, NL, NO, 
NZ, PH, PL, PT, RO, 
RS, SE, SG, SI, SK, 
TH, TN, TR, TW, UA, 
VN); FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AU, AP, 
AT, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, OA, RU, SU, WO, 
MC, MD, MY, NL, NO, 

OR ON ON 

OR ON ON 

OR ON ON 

OR ON ON 

OR ON ON 

2024/04/22 
11 :24 PM 

2024/04/23 
01 :07 PM 

2024/04/23 
01 :08 PM 

2024/04/23 
02:15 PM 

2024/04/23 
02:16 PM 
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L81 524 

L82 414 

L83 267 

04/23/2024 05:30:51 PM 
Workspace: 18232576 

20010043167-A OR JP-
H 11238925-A OR JP-
3520192-B2 OR JP-
2000020922-A OR JP-
4124533-B2 OR JP-
WO20040257 44-A 1 OR 
JP-3946355-B2 OR JP-
H 11238923-A OR WO-
20040257 44-A 1 OR 
EP-1085586-A2 OR 
US-20050207071-A 1 
OR DE-60037784-T2 
OR CN-1185630-C OR 
CN-1308317-A).did. 

257/$.ccls. AND tunnel 
adj2 barrier WITH 
crystal$4 

257/$.ccls. AND tunnel 
adj2 barrier WITH 
crystal$4 AND 
(magnetoresistive 
magnetic adj2 tunnel 
adj2 junction MT J) 

257/$.ccls. AND tunnel 
adj2 barrier WITH 
crystal$4 SAME (MgO 
magnesium adj2 oxide) 
AND (magnetoresistive 
magnetic adj2 tunnel 
adj2 junction MT J) 

NZ, PH, PL, PT, RO, 
RS, SE, SG, SI, SK, 
TH, TN, TR, TW, UA, 
VN); FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AU, AP, 
AT, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, OA, RU, SU, WO, 
MC, MD, MY, NL, NO, 
NZ, PH, PL, PT, RO, 
RS, SE, SG, SI, SK, 
TH, TN, TR, TW, UA, 
VN); FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AU, AP, 
AT, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, OA, RU, SU, WO, 
MC, MD, MY, NL, NO, 
NZ, PH, PL, PT, RO, 
RS, SE, SG, SI, SK, 
TH, TN, TR, TW, UA, 
VN); FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

(US-PGPUB; USPAT; 
USOCR; FIT (AU, AP, 
AT, BE, BG, BR, BY, 
CA, CH, CN, CS, CU, 
CZ, DD, DE, DK, EA, 
EE, EP, ES, Fl, FR, GB, 
HR, HU, ID, IE, IL, IS, 
IT, JP, KR, LT, LU, LV, 
MA, OA, RU, SU, WO, 
MC, MD, MY, NL, NO, 
NZ, PH, PL, PT, RO, 

OR ON ON 

OR ON ON 

OR ON ON 

2024/04/23 
02:29 PM 

2024/04/23 
02:30 PM 

2024/04/23 
02:30 PM 
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L84 117 

L85 43 

L86 124 

L87 682 

04/23/2024 05:30:51 PM 
Workspace: 18232576 

257/$.ccls. AND tunnel 
adj2 barrier WITH 
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8) □ Claim(s) __ is/are objected to. 

9) □ Claim(s) __ are subject to restriction and/or election requirement 
* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a 

participating intellectual property office for the corresponding application. For more information, please see 

http://www.uspto.gov/patents/init events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov. 

Application Papers 
10)□ The specification is objected to by the Examiner. 

11 )0 The drawing(s) filed on 8/10/2023 is/are: a)0 accepted or b)□ objected to by the Examiner. 
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a). 

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121 (d). 

Priority under 35 U.S.C. § 119 
12)0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

Certified copies: 

a)0 All b)D Some** c)□ None of the: 

1.□ Certified copies of the priority documents have been received. 

2.0 Certified copies of the priority documents have been received in Application No. 10/591,947. 

3.□ Copies of the certified copies of the priority documents have been received in this National Stage 
application from the International Bureau (PCT Rule 17.2(a)). 

** See the attached detailed Office action for a list of the certified copies not received. 
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Application/Control Number: 18/232,576 
Art Unit: 2897 

Notice of Pre-A/A or AJA Status 

1. The present application is being examined under the pre-AIA first to invent 

provisions. 

Prosecution Reopened 

2. Prosecution on the merits of this application is reopened on claims 11-16 

considered unpatentable for the reasons indicated below: 

Page 2 

Claims 11 and 14 should be rejected under 102(b) and 103(a) rejection of claims 

12, 13, 15, and 16. 

3. Applicant is advised that the Notice of Allowance mailed 11/15/2023 is vacated. 

If the issue fee has already been paid, applicant may request a refund or request that 

the fee be credited to a deposit account. However, applicant may wait until the 

application is either found allowable or held abandoned. If allowed, upon receipt of a 

new Notice of Allowance, applicant may request that the previously submitted issue fee 

be applied. If abandoned, applicant may request refund or credit to a specified Deposit 

Account. 

Terminal Disclaimer 

4. The terminal disclaimer filed on 11/2/2023 disclaiming the terminal portion of any 

patent granted on this application which would extend beyond the expiration date of 

U.S. Patent mo. 7,884,403 has been reviewed and is accepted. The terminal disclaimer 

has been recorded. 
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5. Also, each U.S. Patents 11,737,372, 11,233,193, 10,680,167, 10,367,138, 

Page 3 

9,608,198, 9,123,463, 8,405,134, 8,319,263 have terminal disclaimers filed linking these 

patents to U.S. Patent no. 7,884,403. 

Claim Rejections - 35 USC§ 102 

6. The following is a quotation of the appropriate paragraphs of pre-AIA 35 U.S.C. 

102 that form the basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless -

(a) the invention was known or used by others in this country, or patented or described in a 
printed publication in this or a foreign country, before the invention thereof by the applicant for 
a patent. 

7. Claims 11, 14, 16, 17, and 22 are rejected under pre-AIA 35 U.S.C.102b as 

being clearly anticipated by Kishi et al. ( J P2000-106462). 

With respect to Claims 11, 14, and 17, Kishi teaches a first ferromagnetic 

material layer 2 and a second ferromagnetic material layer 4. A tunnel barrier layer 3 

between the first ferromagnetic material layer 2 and the second ferromagnetic material 

layer 3. The tunnel barrier layer 3 comprises magnesium oxide and has a barrier height 

in a range of .3eV to .7eV (i.e. for example .4eV) (see paragraphs 20, 32, and 38; Fig. 

1 ). Thus, Kishi teaches a barrier height of (0.1 eV to 0.85 eV) and (.2eV to .5eV). 

With respect to Claim 16, Kishi teaches the first ferromagnetic material layer 

and/or the second ferromagnetic material layer comprises Cobalt and Iron (i.e. CoFe 

alloy)(see paragraph 23). 

With respect to Claim 22, Kishi teaches wherein the tunnel barrier layer has a 

thickness less than 10nm (i.e. 1.2 nm or more)(see paragraph 33). 
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Claim Rejections - 35 USC§ 103 

Page 4 

8. The following is a quotation of pre-AIA 35 U.S.C. 103(a) which forms the basis 

for all obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described 
as set forth in section 1 02, if the differences between the subject matter sought to be patented 
and the prior art are such that the subject matter as a whole would have been obvious at the 
time the invention was made to a person having ordinary skill in the art to which said subject 
matter pertains. Patentability shall not be negated by the manner in which the invention was 
made. 

9. The factual inquiries for establishing a background for determining obviousness 

under pre-AIA 35 U.S.C. 103(a) are summarized as follows: 

1. Determining the scope and contents of the prior art. 

2. Ascertaining the differences between the prior art and the claims at issue. 

3. Resolving the level of ordinary skill in the pertinent art. 

4. Considering objective evidence present in the application indicating 

obviousness or nonobviousness. 

10. Claims 12, 13, 15 and 18-21 are rejected under pre-AIA 35 U.S.C. 103(a) as 

being unpatentable over Kishi et al. (J P2000-106462) as applied to claim 11 above, and 

further in view of Papworth Parkin (US 7,598,555). 

With respect to Claims 12 and 18, Kishi discloses the claimed invention except 

for the tunnel barrier layer comprises partially or fully crystalline magnesium oxide. 

However, Parkin discloses a tunnel barrier layer (i.e. made of MgO) comprises a 

polycrystalline magnesium oxide. Polycrystalline MgO indicates or implies that the 

material is fully crystalline in that they are entirely made up of crystalline grains or 

crystallites arranged in a regular lattice pattern. Parkin discloses partially or fully 

crystalline magnesium oxide as claimed (see col. 11 lines 10-20). Thus, Kishi and 
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Parkin have substantially the same environment of a tunnel barrier layer made of MgO 

between a plurality of ferromagnetic material layer. Therefore, it would have been 

obvious to one of ordinary skill in the art before the effective filing date of the claim 

invention to substitute the polycrystalline magnesium oxide for the MgO tunnel barrier 

layer of Kishi, since the polycrystalline magnesium oxide would improve the formation of 

the MgO to the substrate as taught by Parkin. 

With respect to Claims 13 and 19, Kishi discloses the claimed invention except 

for the first ferromagnetic material layer and/or the second ferromagnetic material layer 

is partially or entirely crystallized. 

However, Parkin discloses the first ferromagnetic material layer and/or the 

second ferromagnetic material layer is partially or entirely crystallized (i.e. 

polycrystalline indicates or implies that the material is fully crystalline in that they are 

entirely made up of crystalline grains or crystallites arranged in a regular lattice pattern) 

(see col. 11 lines 10-20). Thus, Kishi and Parkin have substantially the same 

environment of a tunnel barrier layer made of MgO between a plurality of ferromagnetic 

material layer. Therefore, it would have been obvious to one of ordinary skill in the art 

before the effective filing date of the claim invention to incorporate an entirely crystalline 

first or second ferromagnetic material layer of Kishi, since the fully crystalline first or 

second ferromagnetic material layer since would facilitate in yielding a maximum TMR 

in the film structures based on the highly textured ferromagnetic layers as taught by 

Parkin. 

With respect to Claims 15 and 20, Kishi discloses the claimed invention except 

for the first ferromagnetic material layer and/or the second ferromagnetic material layer 

exhibits a body-centered cubic (BCC) structure. 

WD EX1086 
Western Digital v IP Bridge 

Page 259



Application/Control Number: 18/232,576 
Art Unit: 2897 

Page 6 

However, Parkin discloses wherein the first ferromagnetic material layer and/or 

the second ferromagnetic material layer exhibits a body-centered cubic (BCC) structure 

(see col. 8 lines 10-20, col. 10 lines 65-67, and col. 11 lines 1-10). Thus, Kishi and 

Parkin have substantially the same environment of a tunnel barrier layer made of MgO 

between a plurality of ferromagnetic material layer. Thus, Kishi and Parkin have 

substantially the same environment of a tunnel barrier layer made of MgO between a 

plurality of ferromagnetic material layer. Therefore, it would have been obvious to one 

of ordinary skill in the art before the effective filing date of the claim invention to 

incorporate a BCC structure for the first or second ferromagnetic material layer of Kishi, 

since the BCC structure would improve the performance of the MgO tunnel barrier layer 

by yielding a higher TM R value for a MGO tunnel junction as taught by Parkin. 

With respect to Claim 21, Kishi discloses wherein the first ferromagnetic material 

layer and/or the second ferromagnetic material layer comprises Cobalt and Iron (see 

paragraph 23). 

Allowable Subject Matter 

11. Claims 3-10 are allowed. 

12. The following is a statement of reasons for the indication of allowance subject 

matter: the prior art of record does not teach or suggest the combination of a tunnel 

barrier layer between the first ferromagnetic material layer and the second 

ferromagnetic material layer. The tunnel barrier layer com prises crystalline MgOx (001) 

with oxygen vacancy defects and (0<x<1) in claim 3. 

The prior art made of record and not relied upon is cited primarily to show the 

product of the instant invention. 
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Page 7 

13. Any inquiry concerning the communication or earlier communications from the 

examiner should be directed to Alonzo Chambliss whose telephone number is (571) 

272-1927. 

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

supervisor, Fernando L. Toledo can be reached on (571) 272-1867. The fax phone 

number for the organization where this application or proceeding is assigned is 571 -

273- 8300. 

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

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

applications may be obtained from either Private PM R or Public PM R. 

Status information for unpublished applications is available through Private PM R 

only. For more information about the PMR system see hittp://pair-dkect.uspto.gov. 

Should you have questions on access to the Private PM R system contact the 

Electronic Center (EBC) at 866-217-9197 (toll-free). 

/FERNANDO L TOLEDO/ 
Supervisory Patent Examiner, Art Unit 2897 

AC/April 23, 2024 / Alonzo Cham bliss/ 

Primary Examiner, Art Unit 2897 
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