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Customized PTO/AIA/15 (03-13)

UTILITY PATENT Docket No. | P11338US02/NBT
APPLICATION TRANSMITTAL | 1" Inventor | YUASA, Shinj
(Nonprovisional application under 37 CFR 1.53(b)) Title | MAGNETIC TUNNEL JUNCTION DEVICE
(Filing date after Sept. 16, 2012)

APPLICATION ELEMENTS and ACCOMPANYING APPLICATION PAPERS

K See Fee Determination Below [] Power of Attorney (PTO/AIA/82B) and
Xl Applicant asserts small entity status [ Transmittal for Power (PTO/AIA/82A)
X Specification [total pages = 27] Power of Attorney & [ ] 37 CFR 3.37(c) Statement
X Drawings [total sheets = 10] [] Power of Attorney — included with Declaration
X Inv. Qath or Declaration [total sheets = 1] [ Information Disclosure Statement
[] Newly executed (original or copy) [ Preliminary Amendment
X A Copy from a prior appl. (for cont./div.) 1 Nonpublication Request
X Application Data Sheet O

CORRESPONDENCE ADDRESS - the address associated with CUSTOMER NUMBER 881

X This is a CONTINUATION APPLICATION of prior Application No. US 14/837,558 (as noted in the ADS).
IF a petition for extension of time (EQT) is required in the prior application for copendency with the present application and IF that
petition for EOT is not filed on this date or previously, applicant hereby petitions under 37 CFR §1.136(a) for an EOT in the prior
application of as many months as are required fo render this submission copending with the prior application. The Commissioner is
authorized to charge any fee or additional fee due in connection with this request to Deposit Account No. 12-0555.
Further to Rule 1.57(a), the entire disclosure of the prior application is hereby incorporated by reference.

PATENT APPLICATION FEE DETERMINATION: as filed, including Preliminary Amendment if any

STATUS of Applicantis: [JMICRO []SMALL [X]LARGE FEE DUE

FEE FOR CALCULATION $ $ $ $
X] BASIC - via EFS 70 70 280 280
X SEARCH 150 300 600 600
X EXAMINATION 180 360 720 720
X] TOTAL CLAIMS 22 - 20 = 2 (extra) x 20= X 40 = X 80 = 160
X] INDEP. CLAIMS 2-3=0 (extra) X 105 = X 210 = X 420 = 0
[] MUL. DEP. CLAIM claims 195 390 780
[] APPL. SIZE #x 75 -100 = 2, extra 505 X 100 = % 200 = X 400 =

TOTAL 1760

] No payment is enclosed, and no charge should be made to our deposit account.

Payment of $1760 is made by ELECTRONIC FUNDS TRANSFER - submitted concurrently herewith.
If no payment or an insufficient payment is enclosed and a fee is due in connection herewith, the Director is authorized
fo charge any fee or additional fee due in connection herewith fo Deposit Account No. 12-0555.

Attorney Name: Nick Trenkle Telephone No.: 703-739-4900
Registration No.: 54500 Facsimile No.: 703-739-9577
Signed (for) by: /Stephen J. Weyer/ Date: February 9, 2017

Registration No.: 43259
STITES & HARBISON PLLC « 1800 Diagonal Road e Suite 325 e Alexandria, VA 22314

2355LT:10004:401967:1: ALEXANDRIA
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PTO/AIA/M4 (11-15}
Approved for use through 04/30/2017. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

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

Attorney Docket Number | P11338US02/NBT

Application Number

Application Data Sheet 37 CFR 1.76

Title of Invention | Magnetic Tunnel Junction Device

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

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

Secrecy Order 37 CFR 5.2:

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

Inventor Information:

Remove
Inventor |1

Legal Name
Prefix| Given Name Middle Name Family Name Suffix
‘ [+ hini | fruasa | ]
Residence Information (Select One) US Residency e Non US Residency Active US Military Service
city [fparaki | Country of Residence | P |

Mailing Address of Inventor:

Address 1 t/o Nat. Inst. of Adv. Industnal Sci. & Tech.

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

City | Il'sukuba—shi, Ibaraki I State/Province | ‘

Postal Code | [pos-8568 | Countryi | PP

All Inventor§ I_Vlust_ Be Listed - A_dditional Inventor Information blocks may be v

generated within this form by selecting the Add button.
Correspondence Information:

Enter either Customer Number or complete the Correspondence Information section below.

For further information see 37 CFR 1.33(a).

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

Customer Number D0881

Email Address rplaw@stites.com | | Add Email | |Remove Email
Application Information:

Title of the Invention agnetic Tunnel Junction Device

Attorney Docket Number| [P11338US02/NBT Small Entity Status Claimed [ |

Application Type Nonprovisional -

Subject Matter Utility -

Total Number of Drawing Sheets (if any) 10 Suggested Figure for Publication (if any)

EFS Web 2.2.12
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PTO/AIA/M4 (11-15}

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

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

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

Attorney Docket Number | P11338US02/NBT

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | Magnetic Tunnel Junction Device

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

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

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

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

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

Representative Information:

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

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

Please Select One: ® Customer Number US Patent Practitioner ‘ (O Limited Recognition (37 CFR 11.9)
Customer Number 10881

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. 118(e) or 120, and 37 CFR 1.78.

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

Prior Application Status | Pending v Remove
Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)

Continuation of 14837558 2015-08-27

4

EFS Web 2.2.12
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PTO/AIA/M4 (11-15}

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

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

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

Attorney Docket Number | P11338US02/NBT

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | Magnetic Tunnel Junction Device

Prior Application Status | Patented v Remove
Application - Prior Application Filing Date Issue Date
Number Continuity Type Number (YYYY-MM-DD) Patent Number (YYYY-MM-DD)
PS14837558 )Continuation of -] us13767200 P013-02-14 |9123463 P015-09-01
Prior Application Status | Patented v Remove
Application - Prior Application Filing Date Issue Date
Number Continuity Type Number (YYYY-MM-DD) Patent Number (YYYY-MM-DD)
ps13767290 )Continuation of -] lus13400340 P012-02-20 |8405134 p013-03-2e
Prior Application Status | Patented - Remove
Application - Prior Application Filing Date Issue Date
Number Continuity Type Number (YYYY-MM-DD) Patent Number (YYYY-MM-DD)
Ps13400340 )Continuation of +| us12923643 P010-09-30 |8319263 P012-1 1-27
Prior Application Status | Patented - Remove
Application _— Prior Application Filing Date Issue Date
Number Continuity Type Number (YYYY-MM-DD) | Fatent Number | vyvy mmM-DD)
PS12923643 )Continuation of +| lus1os91047 Poos-og-oa |7884403 pm 1-02-08
Prior Application Status -
Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)
510591947 A 371 of intemational ~§ PCTAIP2005/04720 P005-03-10

Additional Domestic Benefit/National Stage Data may be generated within this form

by selecting the Add button. Add

Foreign Priority Information:

This secticn 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 pricrity document exchange program (PDX)I the information will be used by the Office to
automatically attempt retrieval pursuant to 37 CFR 1.55(i){1) and (2). Under the PDX program, applicant bears the ultimate
responsibility for ensuring that a copy of the foreign application is received by the Ofiice from the participating foreign intellectual
property office, or a certified copy of the foreign priority application is filed, within the time period specified in 37 CFR 1.55{(g)(1).

Remove
Application Number Countryi Filing Date (YYYY-MM-DD) Access Code‘I (if applicable)
po04-313350 pp poo4-10-28
Remove
Application Number Countryi Filing Date (YYYY-MM-DD) Access Code‘I (if applicable)
poos-071186 pp po04-03-12
Additional Foreign Priority Data may be generated within this form by selecting the
Add button. Add

EFS Web 2.2.12
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PTO/AIA/M4 (11-15}
Approved for use through 04/30/2017. OMB 0651-0032

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

. Attorney Docket Number
Application Data Sheet 37 CFR 1.76

P11338US02/NBT

Application Number

Title of Invention | Magnetic Tunnel Junction Device

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 18, 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

[] 18, 2013.

NOTE: By providing this statement under 37 CFR 1.55 or 1.78, this application, with a filing date on or after March
16, 2013, will be examined under the first inventor to file provisions of the AlA.

EFS Web 2.2.12
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PTO/AIA/M4 (11-15}

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

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

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

Attorney Docket Number | P11338US02/NBT

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | Magnetic Tunnel Junction Device

Authorization or Opt-Out of Authorization to Permit Access:

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

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

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

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

A. Priority Document Exchange (PDX) - Unless box A in subsection 2 (opt-out of authorization) is checked, the
undersigned hereby grants the USPTO authority to provide the European Patent Office (EPQ), the Japan Patent Office
(JPO), the Korean Intellectual Property Cffice (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)

().

B. Search Results from U.S. Application to EPO - Unless box B in 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
[ ] 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
[] 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.

EFS Web 2.2.12
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PTO/AIA/M4 (11-15}

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

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

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

Attorney Docket Number | P11338US02/NBT

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | Magnetic Tunnel Junction Device

Applicant Information:

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

Applicant [1

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

identified in this section.

® Assignee Legal Representative under 35U.S.C. 117 Joint Inventor

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

If applicant is the legal representative, indicate the authority to file the patent application, the inventor is:

-

Name of the Deceased or Legally Incapacitated Inventor:

If the Applicant is an Organization check here. X

Organization Name apan Science and Technology Agency

Mailing Address Information For Applicant:

Address 1 -8, Hon-cho 4-chome

Address 2

City Kawaguchi-shi, Saitama State/Province

Countrﬂ ‘ P Postal Code 332-0012
Phone Number Fax Number

Email Address

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

EFS Web 2.2.12
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PTO/AIA/M4 (11-15}

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

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

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

L Attorney Docket Number | P11338US02/NBT
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | Magnetic Tunnel Junction Device

Applicant P

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

identified in this section.

O Assignee Legal Representative under 35 U.S.C. 117 Joint Inventor

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

If applicant is the legal representative, indicate the authority to file the patent application, the inventor is:

N

Name of the Deceased or Legally Incapacitated Inventor:

If the Applicant is an Organization check here. X

Organization Name National Institute of Advanced Industrial Science and Technology

Mailing Address Information For Applicant:

Address 1 B-1, Kasumigaseki 1-chome, Chiyoda-ku

Address 2

City okyo State/Province

Country ‘ P Postal Code 100-8921
Phone Number Fax Number

Email Address

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

Assignee Information including Non-Applicant Assignee Information:

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

Assignee (1

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

Remove

If the Assignee or Non-Applicant Assignee is an Organization check here. ]

EFS Web 2.2.12
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PTO/AIA/M4 (11-15}

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

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

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

Attorney Docket Number | P11338US02/NBT

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | Magnetic Tunnel Junction Device

Prefix Given Name Middle Name Family Name Suffix

- b

Mailing Address Information For Assignee including Non-Applicant Assignee:

Address 1

Address 2

City I State/Province
Countryi I Postal Code
Phone Number | Fax Number
Email Address

Additional Assignee or Non-Applicant Assignee Data may be generated within this form by
selecting the Add button.

Signature:

NOTE: This Application Data Sheet must be signed in accordance with 37 CFR 1.33(b). However, if this Application
Data Sheet is submitted with the INITIAL filing of the application and either box A or B is not checked in
subsection 2 of the “Authorization or Opt-Out of Authorization to Permit Access” section, then this form must
also be signed in accordance with 37 CFR 1.14(c).

This Application Data Sheet must be signed by a patent practitioner if one or more of the applicants is a juristic
entity {e.g., corporation or association). If the applicant is two or more joint inventors, this form must be signed by a
patent practitioner, all joint inventors who are the applicant, or one or more joint inventor-applicants who have been given
power of attorney (e.g., see USPTO Form PTO/AIA/81) on behalf of all joint inventor-applicants.

See 37 CFR 1.4(d) for the manner of making signatures and certifications.

Signature [/Stephen J. Weyer/ Date (YYYY-MM-DD)| 2017-02-09
First Name #tephen J. Last Name | MEYER Registration Number 3259
Additional Signature may be generated within this form by selecting the Add button. Add

This collection of information is required by 37 CFR 1.76. The information is required to obtain or retain a benefit by the public which
is to file (and by the USPTOQ to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This
collection is estimated to take 23 minutes to complete, including gathering, preparing, and submitting the completed application data
sheet form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to
complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U_.S. Patent and
Trademark Office, U.8. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

EFS Web 2.2.12
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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.5.C. 552) and the Privacy
Act (5U.5.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 records.

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

3 Arecord 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. Arecord in this system of records may be disclosed, as a routine use, to a contracter of the Agency having need for the infermaticn 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. Arecord related to an International Application filed under the Patent Cooperation Treaty in this system of records may be disclosed, as a routine use,
to the International Bureau of the World Intellectual Property Organization, pursuant to the Patent CooperationTreaty.

6.  Arecord inthis system of records may be disclosed, as a routine use, to ancther federal agency for purposes of Natichal Security review (35 U.5.C. 181)
and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

7. Arecord from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or his/her designee, during an
inspection of records conducted by GSA as part of that agency's responsibility to recommend improvements in records management practices and
programs, under authority of 44 U.5.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 tc make determinations about
individuals.

8.  Arecord from this system of records may be disclosed, as a routine use, to the public after either publication of the application pursuant to 35 U.S.C.
122{b) or issuance of a patent pursuant to 35 US.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. Arecord 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 viclation or potential violation of law or regulation.
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Abstract of the Disclosure

The output voltage of an MRAM is 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(001) lower electrode (a first electrode) is
grown on a MgO(001) seed layer at room temperature, followed by
annealing under ultrahigh vacuum. A MgO(001) barrier layer is epitaxially
formed on the Fe(001) lower electrode (the first electrode) at room
temperature, using a MgO electron-beam evaporation. A Fe(001) upper
electrode (a second electrode) is then formed on the MgO(001) barrier layer
at room temperature. This is successively followed by the deposition of a
Co layer on the Fe(001) 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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What is claimed is:

1. A magnetic tunnel junction (MTJ) device, comprising:

a first electrode comprising a first ferromagnetic material layer that
includes Co, Fe, and B;

a barrier layer disposed over the first electrode, the barrier layer
comprising a magnesium oxide (MgO) layer that is formed of a poly-
crystalline MgO in which a (001) crystal plane is preferentially oriented;
and

a second electrode disposed over the barrier layer and comprising a second

ferromagnetic material layer.

2. The MTJ device of claim 1, wherein each of the first and second

ferromagnetic material layers is partially crystalized.

3. The MTJ device of claim 1, wherein each of the first and second

ferromagnetic material layers is entirely crystalized.

4. The MTJ device of claim 1, wherein the second ferromagnetic

material layer includes Co, Fe, and B.

5. The MTJ device of claim 2, wherein the second ferromagnetic

material layer includes Co, Fe, and B.

6. The MTJ device of claim 3, wherein the second ferromagnetic
material layer includes Co, Fe, and B.
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7. The MTJ device of claim 1, wherein each of the first and second
ferromagnetic material layers is a poly-crystalline layer in which a (001)

crystal plane is preferentially oriented.

8. The MTJ device of claim 4, wherein each of the first and second
ferromagnetic material layers is a poly-crystalline layer in which a (001)

crystal plane is preferentially oriented.

9. The MTJ device of claim 5, wherein each of the first and second
ferromagnetic material layers is a poly-crystalline layer in which a (001)

crystal plane is preferentially oriented.

10. The MTJ device of claim 6, wherein each of the first and second
ferromagnetic material layers is a poly-crystalline layer in which a (001)

crystal plane is preferentially oriented.

11. The MTJ device of claim 1, wherein a barrier height ¢ of the barrier

layer is in a range of 0.2 to 0.5 eV.

12. The MTJ device of claim 11, wherein the barrier height ¢ of the
barrier layer is obtained by fitting J-V characteristics of the MTdJ device to
an equation (1):
J=[(2mq)1/2/As](e/h)2xexp[-(4mAs/h)x(2m @) /2]xV (D),

where J is a tunnel current density flowing through the barrier layer,
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V is an applied bias voltage that is 100 mV or smaller, m is the free
electron mass, e is the elementary electric charge, h is Planck’s constant,
As is an effective thickness of the barrier layer that is approximately
equivalent to (tymg0—0.5 nm), and tmgo is an actual thickness of the barrier
layer determined using a cross-sectional transmission electron microscope

image.

13. The MTJ device of claim 1, wherein the MgO layer includes oxygen

vacancy defects.

14. The MTJ device of claim 14, wherein a value of x in MgO« for the MgO

layer due to the oxygen vacancy defects is greater than 0.9 and less than 1.

15. A magnetic tunnel junction (MTJ) device, comprising:

a first electrode made of a first CoFeB layer;

a barrier layer made of a magnesium oxide (MgO) layer that is a poly-
crystalline layer in which a (001) crystal plane is preferentially oriented;
and

a second electrode made of a second CoFeB layer, and

wherein the barrier layer is located between the first electrode and the

second electrode.

16. The MTJ device of claim 15, wherein each of the first and second

CoFeB layers is partially crystalized.
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17. The MTJ device of claim 15, wherein each of the first and second

CoFeB layers is entirely crystalized.

18. The MTJ device of claim 15, wherein each of the first and second
CoFeB layers is a poly-crystalline layer in which a (001) crystal plane is

preferentially oriented.

19. The MTJ device of claim 15, wherein a barrier height ¢ of the MgO

layer is in a range of 0.2 to 0.5 eV.

20. The MTJ device of claim 19, wherein the barrier height ¢ of the MgO
layer is obtained by fitting J-V characteristics of the MTdJ device to an
equation (1):
J=[(2mq)1/2/As](e/h)2xexp[—(4mAs/h)x(2m @) /2]xV (1),

where J is a tunnel current density flowing through the MgO layer, V
is an applied bias voltage that is 100 mV or smaller, m is the free electron
mass, e is the elementary electric charge, h is Planck’s constant, As is an
effective thickness of the MgO layer that is approximately equivalent to
(tMgo—0.5 nm), and tumgo is an actual thickness of the MgO layer determined

using a cross-sectional transmission electron microscope image.

21. The MTJ device of claim 15, wherein the MgO layer includes oxygen

vacancy defects.

22. The MTJ device of claim 19, wherein the MgO layer includes oxygen
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vacancy defects.
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MAGNETIC TUNNEL JUNCTION DEVICE

[0001] CROSS-REFERENCE TO RELATED APPLICATION

[0002] The present application is a Continuation of U.S. Application
14/837,558 filed on August 27, 2015, which is a Continuation of U.S.
Application 13/767,290 filed on February 14, 2013, which is a Continuation
of U.S. Application 13/400,340 filed on February 20, 2012, which is a
Continuation of U.S. Application 12/923,643 filed on September 30, 2010,
which is a Continuation of U.S. Application 10/591,947 filed on September
8, 2006, which is a National Stage Application of PCT/JP2005/004720 filed
on March 10, 2005. Priority is claimed from U.S. Application 13/767,290
filed on February 14, 2013, which claims priority from U.S. Application
13/400,340 filed on February 20, 2012, which claims priority from U.S.
Application 12/923,643 filed on September 30, 2010, which claims priority
from U.S. Application 10/591,947 filed on September 8, 2006, which claims
priority from PCT/JP2005/004720 filed on March 10, 2005, which claims
priority from Japanese Application Nos. 2004-313350 and 2004-071186 filed
October 28, 2004 and March 12, 2004, respectively, the content of which is

hereby incorporated by reference into this application.

[0003] BACKGROUND OF THE INVENTION

[0004] Field of the Invention

[0005] The present invention relates to a magnetic tunnel junction device

and a method of manufacturing the same, particularly to a magnetic tunnel
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junction device with a high magnetoresistance and a method of

manufacturing the same.
[0006] Description of Related Art

[0007] Magnetoresistive random access memories (MRAMSs) 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
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resistance with respect to the direction normal to the interfaces of the
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] Fig. 9 shows 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 MTdJ 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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[0010] Thus, a single non-volatile MRAM memory cell can be formed by a
single MOSFET 100 and a single MTdJ device 117. The MRAMs are

therefore suitable where high levels of integration are required.

[0011] 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 (I.1). As shown, in the
conventional MTdJ 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 MTdJ
device 1s 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.
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[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.

[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(001); a first ferromagnetic material layer comprising
Fe(001) formed on a first side of the tunnel barrier layer; and a second
ferromagnetic material layer comprising Fe(001) 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(001) layer and the
Fermi energy of the Fe(001) 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
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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(001) layer on the substrate; depositing a
tunnel barrier layer on the first Fe(001) layer by electron beam evaporation
under high vacuum, the tunnel barrier layer comprising a single-crystalline
MgOy (001) or a poly-crystalline MgOx (0 < x < 1) in which the (001) crystal
plane is preferentially oriented; and forming a second Fe(001) 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 MgO(001) 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(001) 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(001) layer by electron beam
evaporation, the tunnel barrier layer comprising a single-crystalline
MgO«(001) 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(001) 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(001) or a poly-

crystalline MgOx (0 < x < 1) in which the (001) crystal plane is
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preferentially oriented. The MgO layer may be deposited using a target
with the value of x in MgOx adjusted. The value of x in MgO« 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(001), a first ferromagnetic material layer
comprising an amorphous 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(001) 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. 1(B) shows the structure of a MTJ device according to a first
embodiment of the invention, and Fig. 1(A) shows the energy band
structure of a ferromagnetic metal Fe(001), illustrating the E-Er

relationship with respect to the [001] direction of the momentum space.
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[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(001) lower electrode (a first
electrode), and Fig. 3(B) shows a RHEED image of a MgO(001) 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(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] Fig. 9 shows 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.
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[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. 1(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 structre and L2;-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
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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] AR/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 the Jullire’s formula, the MR ratio at low

bias voltage can be expressed by:

[0038] MR ratio = (Rap — Rp)/Rp = 2P1P2/(1-P,P2), and
[0039] Po = (Do T (Ep) - Da 4 (Er))/(Da T (Er) + Da {4 (Ep),
[0040] where oo = 1, 2 (1)

[0041] In the above equations, Pa is the spin polarization of an electrode,
and Da T (Er) and Do 4 (Ep) are the density of state (DOS) at the Fermi
energy (Er) 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
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tunnel barrier and polycrystalline electrodes, it has been difficult to obtain
the output voltage of 200 mV, which is comparable to the output voltages of

DRAMSs, 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. 1(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(001), that is, the E-Ep
relationship with respect to the [001] direction of the momentum space. As
shown in Fig. 1(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 (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 k; 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] (I'-H) direction, the density of state (DOS) at the
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Fermi energy Er 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 Er. 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 Al band
in the Fe(001) electrode has such totally symmetric wave functions. As
shown in Fig. 1(A), the majority spin Al band (solid line) has states at the
Fermi energy Er, whereas the minority spin Al band (broken line) does not
have state at the Fermi energy Er. Because of such half-metallic
characteristics of the Fe A; 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] 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 MTdJ device having the Fe
(001)/MgO(001)/Fe(001) structure according to the embodiment (to be
hereafter referred to as a “Fe(001)/MgO(001)/Fe(001) MTJ device”). Fe(001)
refers to a ferromagnetic material with the BCC structure. First, a single-

crystal MgO(001) substrate 11 was prepared. In order to improve the
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morphology of the surface of the single-crystal MgO(001) substrate 11, a
MgO(001) seed layer 15 was grown by the molecular beam epitaxy (MBE)
method. This was subsequently followed by the growth of an epitaxial
Fe(001) lower electrode (first electrode) 17 with the thickness of 50 nm on
the MgO(001) seed layer 15 at room temperature, as shown in Fig. 1(B),
and then annealing was performed at 350°C under ultrahigh vacuum (2 x
108 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 O being 1:1), the distance between the source and the substrate was
40 cm, the base vacuum pressure was 1 x 108 Pa, and the Oz partial
pressure was 1 x 106 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(001) lower electrode (a
first electrode). The image shows that the Fe(001) lower electrode (first
electrode) 17 possesses a good crystallinity and flatness. Thereafter, a
MgO(001) barrier layer 21 with the thickness of 2 nm was epitaxially grown
on the Fe(001) 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(001) barrier layer 21. The image shows that the

MgO(001) barrier layer 21 also possesses a good crystallinity and flatness.
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[0046] As shown in Fig. 2(D), a Fe(001) upper electrode (a second electrode)
23 with the thickness of 10 nm was formed on the MgO(001) 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(001) 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® 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 P1 of O and the spectrum P2 of Oz 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 MgOy

(0.9 <x <1). When there are oxygen vacancy defects, the potential barrier
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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 with respect to Fe(001)
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 ¢ 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 1031 kg) as the electron’s effective
mass. When a bias voltage V (which is normally on the order of 500 mV to
1000 mV) is applied until non-linearity appears in the J-V characteristics,

the height ¢ of the tunnel barrier and the effective thickness As of the
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tunnel barrier can be simultaneously determined by fitting the J-V

characteristics using the Simmons’ formula.

[0049] The effective thickness As of the tunnel barrier was determined to
be smaller than the thickness of the actual MgO(001) 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 As of the tunnel barrier having been reduced from the
actual MgO(001) layer thickness by the effect of the image potential
produced at the interface between the MgO(001) 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 ¢ 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 mV or smaller), the tunnel current density J
1s 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@)1/2/As](e/h)2 x exp[-(4nAs/h) x 2md)1/2] x V (2)

[0052] where m is the mass of the free electron (9.11 x 1031 kg), e is the
elementary electric charge (1.60 x 10°19C), and h is the Planck’s constant
(6.63 x 1034 J.s). The effective thickness of the tunnel barrier As is

approximately tmgo — 0.5 nm. By fitting the J-V characteristics of the MTJ
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device in the low-bias voltage region onto Equation (2), the height ¢ 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 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(001) 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 kQum?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 Vhair 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 Vhair at which the MR ratio is reduced in half of the zero-bias
value in the conventional MTdJs with Al-O tunnel barrier is 300 to 600 mV.
Fig. 7(b) shows the output voltage Vou: of the MTJ device (=bias voltage x

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

[0055] Although in the above-described embodiment Fe(001) 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(001) 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(001) 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 § 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.
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[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. 1(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(001) 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
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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 10°% 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 104 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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37 CFR 1.20 (Post Issuance fees)
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Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
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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
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UNTTED STATES DEPARTMENT OF COMMERCE
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WWW.USPLO.gov
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15/428,842 02/09/2017 2827 1760 P11338US02/NBT 22
CONFIRMATION NO. 9576
881 FILING RECEIPT
STITES & HARBISON PLLC
1800 Diagonal Road N L
SUITE 325

ALEXANDRIA, VA 22314
Date Mailed: 02/21/2017

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

Inventor(s)
Shinji YUASA, Ibaraki, JAPAN;
Applicant(s)
Japan Science and Technology Agency, Kawaguchi-shi, JAPAN;
National Institute of Advanced Industrial Science and Technology, Tokyo, JAPAN

Power of Attorney: The patent practitioners associated with Customer Number 00881

Domestic Priority data as claimed by applicant
This application is a CON of 14/837,558 08/27/2015
which is a CON of 13/767,290 02/14/2013 PAT 9123463
which is a CON of 13/400,340 02/20/2012 PAT 8405134
which is a CON of 12/923,643 09/30/2010 PAT 8319263
which is a CON of 10/591,947 09/08/2006 PAT 7884403
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.)

JAPAN 2004-313350 10/28/2004

JAPAN 2004-071186 03/12/2004

Permission to Access Application via Priority Document Exchange: Yes

Permission to Access Search Results: Yes
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Applicant may provide or rescind an authorization for access using Form PTO/SB/39 or Form PTO/SB/69 as
appropriate.

Request to Retrieve - This application either claims priority to one or more applications filed in an intellectual
property Office that participates in the Priority Document Exchange (PDX) program or contains a proper Request to
Retrieve Electronic Priority Application(s) (PTO/SB/38 or its equivalent). Consequently, the USPTO will attempt
to electronically retrieve these priority documents.

If Required, Foreign Filing License Granted: 02/16/2017

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 15/428,842

Projected Publication Date: 06/01/2017
Non-Publication Request: No

Early Publication Request: No
Title

Magnetic Tunnel Junction Device
Preliminary Class
365
Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition Applications: No

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

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

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

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

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.
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For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4258).

LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

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

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

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

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

NOT GRANTED

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

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote and facilitate business investment. SelectUSA provides information assistance to the international investor
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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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UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIO\TER FOR PATENTS

Aléxa:?;m Virginia 22313-1450

WWW.USPLO.gov

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
15/428,842 02/09/2017 Shinji YUASA P11338US02/NBT
CONFIRMATION NO. 9576
881 PUBLICATION NOTICE

STITES & HARBISON PLLC

1800 Diagonal Road LT R
SUITE 325

ALEXANDRIA, VA 22314

Title:Magnetic Tunnel Junction Device

Publication No.US-2017-0155042-A1
Publication Date:06/01/2017

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 Office of
Public Records. The Office of Public Records 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, Office of
Public Records, 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 http:/pair.uspto.gov/. 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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United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS
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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):

iplaw @stites.com
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Application No. Applicant(s)
15/428,842 YUASA, SHINJI

Office Action Summary Examiner Art Unit ATA (First Inventor to File)
ALONZO CHAMBLISS 2897 E‘g‘“s

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

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTHS FROM THE MAILING DATE OF
THIS COMMUNICATION.

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

after SIX (6) MONTHS from the mailing date of this communication.
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 1383).

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

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

Status
1)[X] Responsive to communication(s) filed on 2/9/17.
[] A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filedon _____ .
2a)[] This action is FINAL. 2b)[X] This action is non-final.

3)[] An election was made by the applicant in response to a restriction requirement set forth during the interview on
__ ;therestriction requirement and election have been incorporated into this action.

4)[] Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 218.

Disposition of Claims*
5)[X] Claim(s) 1-22is/are pending in the application.

ba) Of the above claim(s) is/are withdrawn from consideration.
6)[] Claim(s) is/are allowed.
7)Y Claim(s) 1-22 is/are rejected.
8)[] Claim(s) is/are objected to.
9)[1 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
hitp/rwww usplo.aov/catents/init_events/prh/indax.jsp or send an inquiry to PPHicedback@uspio.qoy.

Application Papers
10)[0 The specification is objected to by the Examiner.
11)X] The drawing(s) filed on 2/9/17 is/are: a)[X] accepted or b)[] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).

Priority under 35 U.S.C. § 119
12)[X] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:
a)XJ Al b)[] Some** ¢)[] None of the:
1.[] Certified copies of the priority documents have been received.
2..J 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.

Attachment(s)
1) IZI Notice of References Cited (PTO-892) 3) |:| Interview Summary (PTO-413)
. . Paper No(s)/Mail Date. .
2) D Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b) 4 I:‘ Other-
Paper No(s)/Mail Date . ) ther:
U.S. Patent and Trademark Office
PTOL-326 (Rev. 11-13) Office Action Summary Part of Paper No./Mail Date 20170625
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Application/Control Number: 15/428,842 Page 2
Art Unit: 2897

DETAILED ACTION

1. The present application is being examined under the pre-AlA first to invent
provisions.

Priority
2. Acknowledgment is made of applicant’s claim for foreign priority under 35 U.S.C.

119 (a)-(d). The certified copy has been filed in parent Application No. 10/591,947, filed

on March 10, 2005.

Drawings

3. The formal drawings filed on 2/9/17 have been approved by the examiner.

Double Patenting

4. A rejection based on double patenting of the “same invention” type finds its
support in the language of 35 U.S.C. 101 which states that “whoever invents or
discovers any new and useful process... may obtain a patent therefor...” (Emphasis
added). Thus, the term “same invention,” in this context, means an invention drawn to
identical subject matter. See Miller v. Eagle Mfg. Co., 151 U.S. 186 (1894); In re Vogel,
422 F.2d 438, 164 USPQ 619 (CCPA 1970); In re Ockert, 245 F.2d 467, 114 USPQ 330
(CCPA 1957).

A statutory type (35 U.S.C. 101) double patenting rejection can be overcome by

canceling or amending the claims that are directed to the same invention so they are no
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Application/Control Number: 15/428,842 Page 3
Art Unit: 2897

longer coextensive in scope. The filing of a terminal disclaimer cannot overcome a
double patenting rejection based upon 35 U.S.C. 101.
5. Claims 1-14 are rejected under 35 U.S.C. 101 as claiming the same invention as
that of claim 1 of prior U.S. Patent No. 8,405,134. This is a statutory double patenting
rejection.
6. Claims 15-22 are rejected under 35 U.S.C. 101 as claiming the same invention
as that of claim 4 of prior U.S. Patent No. 8,405,134. This is a statutory double patenting
rejection.

The prior art made of record and not relied upon is cited primarily to show the

product of the instant invention.

Conclusion
7. 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 PMR or Public PMR. Status
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Application/Control Number: 15/428,842 Page 4
Art Unit: 2897

information for unpublished applications is available through Private PMR only. For
more information about the PMR system see http://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/June 25, 2017 /Alonzo Chambliss/

Primary Examiner, Art Unit 2897
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. . 15/428,842 YUASA, SHINJI
Notice of References Cited . .
Examiner Art Unit
ALONZO CHAMBLISS 2897 Page 1 of 1
U.S. PATENT DOCUMENTS
* Coums%i,“d':ﬂ’m'\éif‘zﬁ; code | wmmre Name CPC Classification US Classification
* A | US-8,319,263 B2 11-2012 Yuasa; Shinji B82Y25/00 257/295
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Address: COMMISSIONER FOR PATENTS
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Alexandria, Virginia 22313-1450
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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):

iplaw @stites.com

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

) . , 15/428,842 YUASA, SHINJI
Applicant-Initiated Interview Summary
Examiner Art Unit
ALONZO CHAMBLISS 2897

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

(1) ALONZO CHAMBLISS. (3) .

(2) Nicholas B. Trenkle. 4)____.

Date of Interview: 21 Auqust 2017.

Type: X Telephonic [ Video Conference
[] Personal [copy given to: [ applicant  [] applicant’s representative]

Exhibit shown or demonstration conducted: [] Yes No.
If Yes, brief description:
Issues Discussed [J101 [J112 [J102 [J103 XlOthers
(For each of the checked box(es) above, please describe below the issue and detailed description of the discussion)

Claim(s) discussed: 1 and 15.

Identification of prior art discussed: US 8,405,134.

Substance of Interview

(For each issue discussed, provide a detailed description and indicate if agreement was reached. Some topics may include: identification or clarification of a

reference or a portion thereof, claim interpretation, proposed amendments, arguments of any applied references etc...)

Applicant's attorney called the examiner to discuss the statutory double patenting rejection using the above prior art.

The 3 issues discussed were a substrate, a single-crystalline magnesium oxide in which (0001) crystal plane is

preferrentially oriented, and the first and second ferromagnetic material layer being an electrode. The examiner

maintained the rejection but the attorney disagreed with the examiner. The attorney can file a formal response to the

non-final rejection on 7/3/17 to place his remarks on the record. Also, if the examiner reviews the attorney's formal

remarks and changes his postion. The application would still be rejected under non-statutory double patenting.

Therefore, it is suggested that the attorney file a terminal disclaimer along with the formal response .

Applicant recordation instructions: The formal written reply to the last Office action must include the substance of the interview. (See MPEP
section 713.04). If a reply to the last Office action has already been filed, applicant is given a non-extendable period of the longer of one month or
thirty days from this interview date, or the mailing date of this interview summary form, whichever is later, to file a statement of the substance of the

interview

Examiner recordation instructions: Examiners must summarize the substance of any interview of record. A complete and proper recordation of the
substance of an interview should include the items listed in MPEP 713.04 for complete and proper recordation including the identification of the
general thrust of each argument or issue discussed, a general indication of any other pertinent matters discussed regarding patentability and the

general results or outcome of the interview, to include an indication as to whether or not agreement was reached on the issues raised.

[ Attachment

/ALONZO CHAMBLISS/
Primary Examiner, Art Unit 2897

U.S. Patent and Trademark Office

PTOL-413 (Rev. 8/11/2010) Interview Summary Paper No. 20170822
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Summary of Record of Interview Requirements

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

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

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

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

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

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

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

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

The Form provides for recordation of the following information:

— Application Number (Series Code and Serial Number)

—Name of applicant

—Name of examiner

—Date of interview

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

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

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

— An identification of the specific prior art discussed

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

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

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

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

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

2) an identification of the claims discussed,

3) an identification of the specific prior art discussed,

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

Interview Summary Form completed by the Examiner,

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

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

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

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

the examiner.

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

Examiner to Check for Accuracy

If the claims are allowable for other reasons of record, the examiner should send a letter setting forth the examiner’s version of the
statement attributed to him or her. If the record is complete and accurate, the examiner should place the indication, “Interview Record OK” on the
paper recording the substance of the interview along with the date and the examiner’s initials.
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PTOAIARS (D4-14)

Approved for use through 07/3172016. OMB 0651-0031

U5, Patent and Tradsmark Cffice; U8, DEPARTMENT OF COMMERCE

Under the Papeiwork Reduction Act of 1995, no persons are required to respond 1o a coliection of information unless if displays a valid OMB control number,

TERMINAL DISCLAIMER TO OBVIATE A DOUBLE PATENTING Bocket Number (Optional)
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beyond the expiration date ofthe full statutory term of prior patent No. 8,405,134 a5 the term of said prios patent is presently
shortened by any terminal disclaimer. The applicant hereby agrees that any patent so granted on the instani 2pplication shalt be enforceable
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Application Na.. 15/428,842

Filed: February 9, 2017

For: MAGNETIC TUNNEL JUNCTION DEVICE

National Institute of Advanced Industrial
The applicant, Scisnce and Technology Lownerof 50 percent interest in the instant application hereby
disclaims, except as provided below, the terminat part of the statutory term of arty patent granted o the instant application which would extens
beyond the expiration date ofthe full statutory term of prior patent No. 8,406,134 as the term of said prioy patent Is presently
shortened by any terminal disclaimer. The applicant hereby agrees that any patent so granted on the instant application shall be enforceable
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is reissued; or
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Title: Telephone Number

Terminal disclaimer fee under37 CFR 1.20(d) included.
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This collection of information is required by 37 CFR 1.321. The information s 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.5.C. 122 and 37 CFR 1,11 and 1.14. This collsction Is estimated fo take 12 miinutes to complets,
including gathering, preparing, and submitting the completed application form to the USRTCL Time will vary depending upon the individual case. Any camments
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INTHE UMITED STATES PATENT AND TRADEMARK OFFICE

In ve 1.8, Patent Application of

YUASA

Application Number: 15/428,842

Filed: February 5, 2817

For: MASHETIC TUNNEL JUNCTION BEVICE
ATTORNEY DockeT No. PLHIASUSOZ/NBT

Masil Stop Amendment
Commissioner for Patents
P.0. Box 1458

Alexandrig, VA 22313-1458

e Swns? st oz “ourt e et “ineot o st Swagatd.

Confirmation Ng. 9576
Art Unit 1897

Examiner
Alonzo Chanbliss

RESPONSE AND AMENDMENT UMBER 37 CFR . § 1111

Sir:

This is in response to the Office Action mailed on July 3, 2017, the period of response to

which is set to expire on October 3, 2017. A terminal disclaimer in compliance with 37 C.F.K.

1.321 is being submitted herewith. Please amend the above-referenced application as follows:
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IneE CLams
Claims 1-25 are pending in this application, wherein claims 2, 3, 12-14, 16, 17, and 20-22

are being amended to improve form, and wherein claims 23-25 are being newly added, as follows:

1. (Original) A magnetic tunnel junction (MTJ) device, comprising:

a first electrode comprising a first ferromagnetic material layer that includes Co, Fe, and
B;

a barrier layer disposed over the first electrode, the barrier layer comprising a magnesium
oxide (MgO) layer that is formed of a poly-crystalline MgO in which a (001) crystal plane is
preferentially oriented; and

a second electrode disposed over the barrier layer and comprising a second ferromagnetic

material layer.

2. (Currently Amended) The MTJ device of claim 1, wherein each of the first and second

ferromagnetic material layers is partially erystallizederystalized.

3. (Currently Amended) The MTJ device of claim 1, wherein each of the first and second

ferromagnetic material layers is entirely crystallizederystalized,

4. (Original) The MTJ device of claim 1, wherein the second ferromagnetic material layer

includes Co, Fe, and B.

5. (Original) The MTJ device of claim 2, wherein the second ferromagnetic material layer

includes Co, Fe, and B.

6. (Original) The MTJ device of claim 3, wherein the second ferromagnetic material layer

includes Co, Fe, and B.

7. (Original) The MTJ device of claim 1, wherein each of the first and second ferromagnetic

material layers is a poly-crystalline layer in which a (001) crystal plane is preferentially oriented,
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8. (Original) The MTJ device of claim 4, wherein each of the first and second ferromagnetic

material layers is a poly-crystalline layer in which a (001) crystal plane is preferentially oriented.

9. (Original) The MTJ device of claim 5, wherein each of the first and second ferromagnetic

material layers is a poly-crystalline layer in which a (001) crystal plane is preferentially oriented.

10.  (Original) The MTJ device of claim 6, wherein each of the first and second ferromagnetic

material layers is a poly~-crystalline layer in which a (001) crystal plane is preferentially oriented.

11. (Original) The MTJ device of claim 1, wherein a barrier height ¢ of the barrier layer is in

arange of 0.2 t0 0.5 eV,

12, (Currently Amended) The MTJ device of claim 11, wherein the barrier height ¢ of the
barrier layer is obtained by fitting J-V characteristics of the MTJ device to an equation (1):

J=[(2mo) %/ As](e/h)*xexp[(duAs/h)x(2me) 2] xV (1),

where J is a tunnel current density flowing through the barrier layer, V is an applied bias
voltage that is 100 mV or smaller, m is the free electron mass, ¢ is the clementary electric charge,
h is Planck’s constant, As is an effective thickness of the barrier layer that is-appreximately
equivalent to (tmgo—0.5 nm), and tmeo is an actual thickness of the barrier layer-determincd-using
wern-sectional-transmission-eloctron-microseops-image,

13.  (Currently Amended) The MTJ device of claim 1, wherein a value of x in MgOx for the
MgO layer is greater than 0 and less than lineludes-oxygsn-vacaney-dofests.

14, (Currently Amended) The MTJ device of claim 1[[4]], wherein a value of x in MgOy for
the MgO layer due-to-the-oxygeon-vasancy-defoets-is greater than 0.9 and less than 1.

15.  (Original) A magnetic tunnel junction (MTJ) device, comprising:
a first electrode made of a first CoFeB layer;
a barrier layer made of a magunesium oxide (MgO) layer that is a poly-crystalline layer in

which a (001) erystal plane is preferentially oriented; and
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a second electrode made of a second CoFeB layer, and

wherein the barrier layer is located between the first electrode and the second electrode.

16.  (Currently Amended) The MTJ device of claim 15, wherein each of the first and second
CoFeB layers is partially crystallizedesystalized.

17 (Currently Amended) The MTJ device of claim 15, wherein each of the first and second

18.  (Original) The MTJ device of claim 15, wherein each of the first and second CoFeB

layers is a poly-crystalline layer in which a (001) crystal plane is preferentially oriented.

19.  (Original) The MTJ device of ¢laim 15, wherein a barrier height ¢ of the MgO layer is in
arange 0f0.210 0.5 eV,

20.  (Currently Amended) The MTJ device of claim 19, wherein the barrier height ¢ of the
MgQO layer is obtained by fitting J-V characteristics of the MTJ device to an equation (1):

T=[(2me)"?/ As)(e/h)? xexp[~(4nAs/h)*(2me) P <V M,

where J is a tunnel current density flowing through the MgQO layer, V is an applied bias
voltage that is 100 mV or smaller, m is the frec electron mass, ¢ is the elementary electric charge,
h is Planck’s constant, As is an effective thickness of the MgO layer that is-eppresimately
equivalent to (tmgo—0.5 nm), and tmgo 15 an actual thickness of the MpO layer-determined-using-a
eross-sectional-transmissien-cleetron-microseeps-imags.

21, (Currently Amended) The MTJ device of ¢laim 15, wherein a value of x in MgQO for the
MgQO layer ig greater than 0 and less than lincludes-exygen-vacaney-dofeets,

22, (Currently Amended) The MTJ device of claim 19, wherein a value of x in MOy for the

MgO layer is greater than 0 and less than lincludes-exygen-vacancy-defosts,
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23, (New) A magnetic tunnel junction (MTJ) device, comprising:

a first electrode compriging a first ferromagnetic material layer that includes Co, Fe, and
B;

a barrier layer disposed on the first electrode, the barrier layer comprising a magnesium
oxide (MgO) layer that is a poly-crystalline MgO in which (001) erystal plane is preferentially
oriented; and

a second electrode disposed on the barrier layer and comprising a second ferromagnetic
material layer that includes Co, Fe, and B, and

wherein each of the first and second ferromagnetic material layers is partially or entirely

crystallized.

24,  (New) The MTJ device of claim 23, wherein a value of x in MgOx for the MgO layer is
greater than 0 and less than 1.

25,  (MNew) The MTJ device of claim 23, wherein a barrier height ¢ of the barrier layer isina

range of 0.2 10 0.5 eV.
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HEMARKS
The above amendments to the above-captioned application along with the following
remarks are being submitted as a full and complete response to the Office Action dated July 3,
2017 (U.S. Patent Office Paper No, 20130107). In view of the above amendments and the
following remarks, the Examiner is respectfully requested to give due reconsideration to this

application, to indicate the allowability of the claims, and to pass this case to issue.

Status of the Claims

As outlined above, claims 1-25 stand for consideration in this application, wherein ¢laims
2,3, 12-14, 16, 17, and 20-22 are being amended to improve form, and wherein claims 23-25 are
being newly added.

All amendments to the application are fully supported therein. Applicants hereby submit

that no new matter is being introduced into the application through the submission of this response.

Examiner Interview Summary

A telephonic interview was held with Examiner Chambliss on August 21, 2017, relating to
the present application. The interview was held to discuss the rejections of claims 1-14 under 35
U.S.C. §101 as being unpatentable over claim 1 of U.S. Patent Application No. 13/400,340 (U.S.
Patent No. §,405,134; “the *134 patent”) and claims 15-22 as being unpatentable over claim 4 of
the ‘134 patent on grounds of double patenting, which were issued in the Office Action mailed on
July 3, 2017,

During the interview, Applicants’ representative presented arguments that, because claim
1 of the ‘134 patent requires a tunnel barrier layer that comprises “a single-crystalline magnesium
oxide in which (001) erystal plane is preferentially oriented or a poly-crystalline magnesium oxide
in which (001) erystal plane is preferentially oriented,” while independent claim 1 of the present
application requires a barrier layer that more narrowly comprises “a magnesium oxide (MgQO) layer
that is formed of a poly-crystalline MgO in which a (001) crystal plane is preferentially oriented,”
it would be possible to literally infringe claim 1 of the 134 patent with an embodiment in which
a tunnel barrier layer comprises a single-crystalline magnesinm oxide without also literally

infringing claim 1 of the present application, and, therefore, the subject matter of claim 1 of the
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present application is, for this reason alone, clearly different from and not identical to the subject
matter of claim 1 of the ‘134 patent,

In reply to these arguments, the Examiner asserted that, due to the use of the term “or” in
claim 1 of the ‘134 patent, the limitation of claim 1 of the present application noted above would
“read on” the corresponding limitation of claim 1 of the ‘134 patent, Applicants’ representative
then noted the test for double patenting under 35 U.S.C. 101 that is outlined in 804.1L.A of the
MPEP and explained that while such an analysis may be appropriate, for example, in making a
determination of anticipation under 35 U.S.C. §102, such an analysis is not appropriate for
determination of whether a statutory basis for a double patenting rejection exists. In reply, the
Examiner expressed that he would need to conduct a further review of the requirements for double
patenting rejections outlined in section 804.ILA of the MPEP and was not able to reach an
agreement or make a determination on this point during the inferview.

Applicants respectfully thank Fxaminer Chambliss for his consideration in conducting the
above-discussed interview with Applicants’ representative. Additionally, in accordance with the
suggestion from the Examiner in the Applicant-Initiated Interview Summary that was issued by
the USPTO on August 29, 2017, Applicants are submitting a terminal disclaimer in compliance
with 37 C.F.R. 1.321 herewith. In this regard, Applicants submit that the present application and
the ‘134 application were commonly owned pursuant to 35 U.S.C. §103(c)(1) at the time the

claimed invention of the present application was made.

Double Patenting Rejections

The Examiner rejected claims 1-14 under 35 U.S.C. §101 as being unpatentable over claim
1 of U.S. Patent Application No. 13/400,340 (U.8. Patent No. 8,405,134; “the ‘134 patent”) and
claims 15-22 as being unpatentable over claint 4 of the 134 patent on grounds of double patenting.
Applicants have reviewed the above-noted rejections, and hereby respectfully traverse.

In particular, Applicants note that, “[i]n determining whether a statutory basis for a double

patenting rejection exists, the question to be asked is: [s the same invention being claimed twice?
35 U.8.C. 101 prevents two patents from issuing on the same invention. *Same invention” means
identical subject matter. Miller v. Eagle Mfg. Co., 151 U.8. 186 (1984)....A reliable test for
double patenting under 35 U.S.C. 101 is whether a claim in the application could be literally

infringed without literally infringing a corresponding claim in the patent. In re Vogel, 422 F.2d
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438, 164 USPQ 619 (CCPA 1970). Is there an embodiment of the invention that falls within

the scope of one claim, but not the other? I there is such sn embodiment, then identical

subiect matter is not defined by both elaims and statutery double natenting wounld not exist”
MPEP 804(ILA) (emphasis added).

Accordingly, Applicants respectfully submit that, under the literal-infringement test

established by the court in Vogel, claims 1-22 of the present application are substantively different
from and not identical to claims 1 and 4 of the *134 patent. For example, claim 1 of the ‘134 patent

requires a tunnel barrier layer that comprises “z single-crystalline wagneshun oxide in which

{801} crvstal plane is preferentislly oriented oy 8 poly-crysialiine magnesium oxide in which

{891} erystal plane is preferentially oriented,” while independent claim 1 of the present
application specifically requires a barrier layer that comprises “a magnesium oxide (MgO) layer
that is formed of 8 poly-erystaltine Mg in which a (001) erystal plane is preferentially oriented.”

Accordingly, it is readily apparent that there are embodiments of a magnetoresistive device
in which a tunnel barrier layer that is included therein comprises a single~crystalline magnesium
oxide in which (001) erystal plane is preferentially oriented that would fall within the scope of
claim 1 of the *134 patent but not within the scope of claims 1-14 of the present application, which
are directed to a magnetic tunusel junction (MTJ) device comprising a barrier layer that, in contrast
to the tunnel barrier layer of the embodiments of a magnetoresistive device noted above, is required
to comprise a poly-crystalline magnesium oxide layer in which a (001) crystal plane is
preferentially oriented.

To this point, Applicants note that the Supreme Court of the United States has explicitly
stated that “[elach element contained in a patent claim is deemed material to defining the scope of
the patented invention.” Warner-Jenkinson Co. v. Hilton Davis Chemical Co., 117 5. Ct. 1040,
1049 (1997). In this regard, the court that established the Vogel literal-infringement test
subsequently explained that, “[b]y the time of In re Vogel,...this court had decided that ‘same
invention’ meant claims to identical subject matter, i.¢., that a claim limitation to halogen was not
the same as a claim to chlorine and that meat was not the same as pork, or beef, but that a claim to
a yard and a claim to 36 inches or three fest were for the same invention despite their differences
in wording.” In re Van Ornum, 686 F.2d 937, 942 (CCPA 1982).

As further elucidated in section 804(11.A) of the MPEP, “the invention defined by a claim

reciting a compound having a ‘halogen’ substituent is not identical to or substantively the same as
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a claim reciting the same compound except having a ‘chloring’ substituent in place of the halogen
because ‘halogen’ is broader than *chlorine.”” With respect to language underlying the difference
between claim 1 of the “134 patent and claim 1 of the present application noted above, Applicants
note that an equivalent framing of the explanation provided in the statement from MPEP quoted
above could be stated as “an invention defined by a claim reciting a compound having a “chlorine’
substituent or ‘another halogen’ substituent is not identical to or substantively the same as a claim
reciting the same compound except having a ‘chloring’ substituent in place of the halogen because
‘chlorine” or ‘another halogen’ is broader than *chlorine.””

Thus, because it would ¢learly be possible to literally infringe claim 1 of the 134 patent
with an embodiment in which a tunnel barrier layer comprises a single-crystalline magnesium
oxide without also literally infringing claim 1 of the present application, the subject matter of claim
1 of the present application is, for this reason alone, ¢learly different from and not identical to or
the same as the subject matter of claim 1 of the ‘134 patent. Moreover, because each of claims 2-
14 depends either directly or indirectly from claim 1 and, thus, must each be construed as including
all the limitations contained in claim 1, it would also clearly be possible to literally infringe claim
1 of the *134 patent with an embodiment in which a tunnel barrier layer comprises a single-
crystalline magnesium oxide without also literally infringing any of claims 2-14 of the present
application, which, by virtue of the dependence of each upon claim 1, are each required to comprise
a poly-crystalline magnesium oxide layer in which a (001) crystal plane is preferentially oriented.
Accordingly, the subject matter of each of claims 2-14 of the present application is, for this reason
alone, clearly different from and not identical to or the same as the subject matter of claim 1 of the
*134 patent.

For at least these reasons, Applicants respectively submiit that claims 1-14 of the present
invention as claimed are each distinguishable from, and thus, patentable over, claim 1 of the *134
patent.

Furthermore, Applicants note that, to properly establish a same-invention double patenting
rejection under 35 U.5.C. §101, it must be shown, as noted above, that either the claims in an
issued patent or the claims in a pending application cannot be literally infringed without literally
infringing the claims of the other. The analysis provided in support of the rejections of claims 1-
14 of the present application under 33 U.5.C. §101 as being unpatentable over claim 1 of the *134

patent issued in the Office Action, however, fails to even attempt to provide any such showing
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under the literal-inftingement test established by the court in Vogel. Accordingly, Applicanis
respectfully submit that, because the analysis provided by the Examiner in support of the same-
invention double patenting rejections of claims 1-14 lacks the necessary showing under the literal-
infringement test, the Examiner has failed to establish a prima facie case of unpatentability of
claim 1-14 under 35 U.S.C. §101.

As recognized by the Federal Circuit, “[i]f the examination at the initial stage does not
produce a prima facie case of unpatentability, then without more the applicant is entitled to grant
of the patent.” In re Oetiker, 977 F.2d 1443, 1445 (1990). Accordingly, for this reason alone,
Applicants respectively subimit that claims 1-14 are patentable over the “134 patent.

As another example, claim 4 of the ‘134 patent requires, by virtue of its dependence upon

claim 3, a tunnel barrier layer that comprises “g single-ervstalline magnesium oxide in which

{801} ervstal plane is preferentially orignted or a poly-crystalline magnesium oxide in which

{001) crystal plane is preferentisily oriented,” while independent claim 15 of the present
application specifically requires a barrier layer that is made of “a magnesium oxide (MgO) layer
that is & pely~erystalline layer in which a (001) crystal plane is preferentially oriented.”

Thus, for similar reasons to those discussed above with reference to claim 1 of the present
application, because it would clearly be possible to literally infringe claim 4 of the 134 patent
with an embodiment in which a tunnel barrier layer compriges a single-crystalline magnesium
oxide without also literally infringing claim 15 of the present application, the subject matter of
claim 15 of the present application is, for this reason alone, clearly different from and not identical
to or the same as the subject matter of claim 4 of the ‘134 patent. Moreover, because each of
claims 16-22 depends either directly or indirectly from claim 15 and, thus, must each be construed
as including all the limitations contained in claim 15, it would also clearly be possible to literally
infringe claim 4 of the ‘134 patent with an embodiment in which a tunnel barrier layer comprises
a single-crystalline magnesium oxide without also literally infringing any of claims 16-22 of the
present application, which, by virtue of the dependence of each upon claim 15, are each required
to be made of a magnesium oxide layer that is a poly-crystalline layer in which a (001) crystal
plane is preferentially oriented. Accordingly, the subject matter of each of claims 16-22 of the
present application is, for this reason alone, clearly different from and not identical to or the same

as the subject maiter of claim 4 of the ‘134 patent.
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For at least these reasons, Applicants respectively submit that claims 15-22 of the present
invention as claimed are each distingnishable from, and thus, patentable over, claim 4 of the 134
patent. Furthermore, Applicants respectfully submit that, becanse the analysis provided by the
Examiner in support of the same-invention double patenting rejections of claims 15-22 under 35
U.8.C. §101 lacks the necessary showing under the literal-infringement test that either the claims
in an issued patent or the claims in a pending application cannot be literally infringed without
literally infringing the claims of the other, the Examiner has failed to establish a prima facie case
of unpatentability of ¢laim 15-22 under 35 U.5.C. §101.

Accordingly, Applicants respectively request reconsideration and withdrawal of the
rejections of claims 1-22 issued under 35 U.S.C. §101 and submit that the present invention as

claimed is distinguishable and thereby allowable over the prior art of record.
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Conclusion

In view of all the above, Applicants respectfully submit that certain clear and distinct
differences as discussed exist between the present invention as now claimed and the prior art
references upon which the rejections in the Office Action rely. These differences are more than
sufficient to establish that the present invention as now claimed would not have been anticipated
nor rendered obvious given the prior art. Rather, the present invention as a whole is
distinguishable, and thereby allowable over the prior art.

Favorable reconsideration of this application as amended is respectfully solicited. Should
there be any outstanding issues requiring discussion that would further the prosecution and
allowance of the above-captioned application, the Examiner is invited to contact the Applicants’

undersigned representative at the address and phone number indicated below.

Respectfully submitted,
[osy T

Nicholas B. Trenkle
Registration Number 54,500

STITES & HARBISON PLLC
1800 Diagonal Road

Suite 325

Alexandria, VA 22314

(703) 739-4900 Voice

(703) 739-9577 Fax

Customer Do. 00881

October 2, 2017
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.O. Box 1450

Alexandria, Virginia 22313-1450
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NOTICE OF ALLOWANCE AND FEE(S) DUE

| EXAMINER |
881 7590 1112472017
STITES & HARBISON PLLC CHAMBLISS, ALONZO
1800 Diagonal Road
SUITE 325 | ART UNIT PAPER NUMBER |
ALEXANDRIA, VA 22314 2897
DATE MAILED: 11/24/2017
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. | CONFIRMATION NO.
15/428,842 02/09/2017 Shinji YUASA P11338US02/NBT 9576

TITLE OF INVENTION: MAGNETIC TUNNEL JUNCTION DEVICE

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

nonprovisional UNDISCOUNTED $960 $0 $0 $960 02/26/2018

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 1/2 the amount of undiscounted fees, and micro entity fees are 1/2 the amount of small entity
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 and an extra copy of the form should be submitted. If an equivalent of Part B is filed, a
request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur due to the difficulty in recognizing
the paper as an equivalent of Part B.

IIT. 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), to: Mail Mail Stop ISSUE FEE
Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450
or Fax (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 including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as
indicated unless corrected below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for
maintenance fee notifications.

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

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) apers. Each additional paper, such as an assignment or formal drawing, must
Eave its own certificate of mailing or transmission.

Certificate of Mailing or Transmission
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STITES & HARBISON PLLC States Postal Service with sufficient postage for first class mail in an envelope
. addressed to the Mail Stop ISSUE FEE address above, or being facsimile
1800 D 1 Road
1agonal Ko transmitted to the USPTO (571) 273-2885, on the date indicated below.
SUITE 325 -
ALEXANDRIA, VA 22314 Depositor's name)
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(Date)
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
15/428,842 02/09/2017 Shinji YUASA P11338US02/NBT 9576
TITLE OF INVENTION: MAGNETIC TUNNEL JUNCTION DEVICE
I APPLN. TYPE ENTITY STATUS | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE
nonprovisional UNDISCOUNTED $960 $0 $0 $960 02/26/2018
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CFR 1.363). o | 1
(1) The names of up to 3 registered patent attorneys
[ Change of corress%)ndence address (or Change of Correspondence or agents OR, alternatively,
Address form PTO/SB/122) attached. . . . 2
(2) The name of a single firm (having as a member a
[ "Fee Address" indication (or "Fee Address" Indication form registered attorney or agent) and the names of up to
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 2 registered patent attorneys or agents. If no name is 3
Number is required. listed, no name will be printed.

3. ASSIGNEE NAME AND RESIDENCE DATA 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 has been filed for
recordation as set forth in 37 CFR 3.11. 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) : [ Individual A Corporation or other private group entity [ Government

4a. The following fee(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)
[ Issue Fee [ A check is enclosed.
(] Publication Fee (No small entity discount permitted) (| Payment by credit card. Form PTO-2038 is attached.
[ Advance Order - # of Copies 1 The director is hereby authorized to charge the required fee(s), any deficiency, or credits any
overpayment, to Deposit Account Number (enclose an extra copy of this form).

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

d Applicant certifying micro entity status. See 37 CFR 1.29 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.

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

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

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

Authorized Signature Date
Typed or printed name Registration No.
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW’.USP'.O.gOV

I APPLICATION NO. I FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. |
15/428,842 02/09/2017 Shinji YUASA P11338US02/NBT 9576
| EXAMINER |
881 7590 1112472017
STITES & HARBISON PLLC CHAMBLISS, ALONZO
1800 Diagonal Road
SUITE 325 | ART UNIT PAPER NUMBER |
ALEXANDRIA, VA 22314 2897

DATE MAILED: 11/24/2017

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 1(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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OMB Clearance and PRA Burden Statement for PTOL-85 Part B

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

The information collected by PTOL-85 Part B is required by 37 CFR 1.311. The information is required to obtain
or retain a benefit by the public which is to file (and by the USPTO to process) an application. Confidentiality is
governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete,
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary
depending upon the individual case. Any comments on the amount of time you require to complete this form
and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, 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 OMB control number.

Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the
requirements of the Act, please be advised that: (1) the general authority for the collection of this information is
35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which
the information is used by the U.S. Patent and Trademark Office is to process and/or examine your submission
related to a patent application or patent. If you do not furnish the requested information, the U.S. Patent and
Trademark Office may not be able to process and/or examine your submission, which 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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Application No. Applicant(s)
15/428,842 YUASA, SHINJI
; HH i i AlA (First Inventor to File)
Notice of Allowability E)Ifgpl?gCHAMBLISS 255;1 m Status
No

-- The MAILING DATE 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. X This communication is responsive to the terminal disclaimer filed on 10/2/17.
Oa declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on .

2. [] 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. X The allowed claim(s) is/are 1-22. 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. X Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).

Certified copies:
a)lJ Al b)[J Some *c) [] None of the:
1. [ Certified copies of the priority documents have been received.
2. X 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)).
* 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. [] CORRECTED DRAWINGS ( as “replacement sheets”) must be submitted.

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

2. [ Information Disclosure Statements (PTO/SB/08), 6. [] Examiner's Statement of Reasons for Allowance
Paper No./Mail Date

3. [0 Examiner's Comment Regarding Requirement for Deposit 7. X Other see Detailed Action.

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

U.S. Patent and Trademark Office

PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date
20171107
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Application/Control Number: 15/428,842 Page 2
Art Unit: 2897

DETAILED ACTION
1. The present application is being examined under the pre-AlA first to invent

provisions.

Terminal Disclaimer
2. The terminal disclaimer filed on 10/2/17 disclaiming the terminal portion of any
patent granted on this application which would extend beyond the expiration date of
U.S. Patent No. 8,405,134 has been reviewed and is accepted. The terminal disclaimer

has been recorded.

Response to Arguments
3. Applicant’s arguments, see remarks, filed 10/2/17, with respect to claims 1-22
have been fully considered and are persuasive. The statutory double patenting
rejection of claims 1-22 has been withdrawn.

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
accompany the issue fee. Such submissions should be clearly labeled "Comments on

Statement of Reasons for Allowance."
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Application/Control Number: 15/428,842 Page 3
Art Unit: 2897

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 http://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 7, 2017 /Alonzo Chambliss/

Primary Examiner, Art Unit 2897
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2897
| NOTIFICATION DATE | DELIVERY MODE |
12/14/2017 ELECTRONIC
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Application No. Applicant(s)
Supplemental 15/428,842 YUASA, SHINJI
Notice Of Allowablllt Examiner Art Unit AlA (First Inventor to File)
y ALONZO CHAMBLISS 2897 Z‘a‘”s
o

-- The MAILING DATE 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. X This communication is responsive to the Notice of Allowance mailed on 11/24/17.
[ A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on .

2. [J 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. [X] The allowed claim(s) is/are 1-25. 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. X] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).

Certified copies:
a) Al b)[ Some *c)[] None of the:
1. [ Certified copies of the priority documents have been received.
2. X 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)).
* 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. [] 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. [] 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. ] Notice of References Cited (PTO-892) 5. [ Examiner's Amendment/Comment

2. [ Information Disclosure Statements (PTO/SB/08), 6. [] Examiner's Statement of Reasons for Allowance
Paper No./Mail Date

3. [ Examiner's Comment Regarding Requirement for Deposit 7. [ Other .

of Biological Material
4. [ Interview Summary (PTO-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
20171208
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Application/Control No. Applicant(s)/Patent Under Reexamination
Issue Classification | 15,5554 YUASA, SHINJI
ALONZO CHAMBLISS 2897
O Claims renumbered in the same order as presented by applicant O CPA O T O R147
Final Original Final Original Final Original Final Original Final Original Final Original Final Original Final Original

1 1 17 17 33

2 2 18 18 34

5 3 19 19 35

8 4 20 20 36

3 5 22 21 37

6 6 21 22 38

10 7 23 23 39

9 8 24 24 40

4 9 25 25 41

7 10 26 42

11 11 27 43

12 12 28 44

13 13 29 45

14 14 30 46

15 15 31 47

16 16 32
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Total Claims Allowed:
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(Assistant Examiner) (Date)
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(Primary Examiner) (Date) 1 1B

U.S. Patent and Trademark Office

Part of Paper No. 20171208

WD EX1012
Western Digital v IP Bridge
Page 166



o Customized PTCG/SB/30 (07-09)
Application # | 15/428,843
REQUEST FOR Confirmation # | 9576
Filing Date | February 8, 2017
CONTINUED EXAMINATION First Inventor | YUASA, et al.
{RCE] Transmittal | Art Unit | 2897
Examiner | Chambliss, Alonzo

Docket # | P11338USO2/NBT

Mail Stop RCE

RCE practice does not apply to any utility application filed prior to June 8, 1885, or to any design applicatian.
Prosecution must be closed.

i o Note: If the RCE is proper, any previously filed unentered amendments and amendments enclosed
SmeI?SIOn required with the RCE will be entered in the order in which they were filed unless applicant instructs
under 37 CFR §1.114 | otherwise (with-a separate request for non-eniry).

may be considered by the FTQ &s a submission even if the box for the following line is not checked.
[] Consider the arguments in the Appeal Brief or Reply Brief previously filed on

[] Other:

(4 Enclosed
B Amendment/Reply X Information Disclosure Citation
(] Affidavit(s)/Declaration(s) 1 Gther:

Miscellaneous |

[[] Suspension of action on the above-identified application is requested under 37 CFR § 1.103(c) for
a period of nonths (Period of suspersion shall not excesd 3 months; Fee under 37 CFRS 1.17(1) required).
1 Other:

FEES | caloulated bslow {after reduction for an amendment if noted abovel.

STATUS of Applicantis:  [IMICRO [ 1SMALL [ LARGE
NOW | Prev. | Extra % 3 3 $
I TOTAL Claime | 22 ~ 25 0 X 265 = X 50 = X 100 = 0
X INDEP. Claims | 3 -3 0 X 115 = X 230 = X 460 = 0
FIRST RCE 325 650 1300 1300
[ ] SBECOND/FURTHER RCE 475 950 1900

[] Extension of Time for_month(s) (serving as a constructive EOT Petitian)
[ other fee for

TOTAL OF ALL FEES =1 1300

54 Payment of $ 1308 iz made by, X ELECTROMIC FUNDS TRANSFER submitted herawith.
] Creoir Caro (Form PTO-2038 is enclosed).

The Director is authorized to charge any fas, additional fee or extension fee dus in connection
herewith to Deposit Account No. 12-0558;
(1) ¥ no payment or an ingufficient payment is snclosed and & fes is due in connection herewith; or
(2) # no petition for extension of time is enclosed but an EOT is requirsd - and in this event, applicant :
hereby petitions under 37 GFR 1.136(a) for an extension of time of a5 many rmonths as are
required o render this submission timaly,

Date: February 23, 2018

Signed By Nams: Nicholas Trankle
Attorney of Record  Registration No.: 54,500

STITES & HARBISON PLLG s 1800 Diagonal Road = Suite 325 » Alexandria, VA 22314
TeL: 703-738-4800 « Fax: 703-739-8677 + CusTOMER NO, 881

2355LT:10004:428340: 1 ALEXANDRIA
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INTHE UNITED STATES PATENT ARD THADEMAREK OFFICE

inm re U.B. Patent Application of

YUASA

Application Number: 15/428,842

Filed: February 8, 2817

For: MAGNETIC TUNNEL JUNCTION DEVICE
ATTORNEY BOCKEY No, PHI33RUSOZ/NBT
Mail Stop BCE

Commissioner for Patents

.. Box 1450
Alexsndria, VA 223131458

Confirmation No. 9576
Art Untt 2897

Examiner
Alonze Chambliss

AMENDMENT AFTER ALLOWANCE UNBER 37 CF.R. 81114

Sirs

This is in response to the Motice of Allowance mailed on Novernber 24, 2017. The period

during which the issue fee and the publication fee can be paid is set to expire on February 26, 2018.

A Request for Continued Examination (RCE) 15 being submitted concurrently herewith. Please

amend the above-referenced application as follows:
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IN THE CLAIME
Claims 1-3, 7-9, and 11-26 are pending in this application, wherein clgims 46 and 10 arg
being canceled without prejudice or disclaimer, wherein claims 1-3, 8, 9, 15-17, and 23 are being

amended to improve form, and whergin claim 26 is being newly added, all as follows:

1. (Currently Amended) A magnetic tunnel junction (MTJ) device, comprising:

a first electrode comprising a first ferromagnetic material layer that includes Co, Fe, and
B;

a barrier layer disposed over the first electrode, the barrier layer comprising a magnesium
oxide (MgQ) layer that is formed of a poly-crystalline MgO in which a (001) crystal plane i3
preferentially oriented; and

a second electrode disposed over the barrier layer and comprising a second ferromagnetic

material layer that includes Co, Fe, and B, and

wherein each of the first and second ferromagnetic material layers is entirely ¢rystallized.

2. (Currently Amended) The MTJ device of claim 1, wherein-ecach-of the-first-and second
ferromapneticmatorial-lavers-is-pariallv-seystatized-wherein the first ferromagnetic material

layer is in direct contact with the barrier laver, and wherein the second ferromagnetic material

laver is in direct coitact with the bacrier laver,

3. (Currently Amended) The MTJ device of claim 1, whersin-cssh-ofthe first-and-second
ferromagnctic-watoriaH-ayessis-entireby-erystalbizediwherein the first ferromagnetic material

laver is in direct contact with the Mg laver, and wherein the second ferromagnetic material

layer is in divect contact with the Mg laver.

4-6.  (Canceled).

7. (Original) The MTJ device of ¢laim 1, wherein each of the first and second ferromaguetic

material layers is a poly-crystalline layer in which a (001) erystal plane is preferentially oriented.
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8. (Currently Amended) The MTJ device of claint 2[[4]], wherein each of the first and
second ferromagnetic material layers is a poly-crystalline layer in which a (001) crystal plane is

preferentially oriented.

9. (Currently Amended) The MTJ device of claim 3[[5]], wherein each of the first and
second ferromagnetic material layers is a poly-crystalline layer in which a (001) crystal plane is

preferentially oriented.

10. (Canceled).

11, (Original) The MTJ device of claim 1, wherein a barrier height ¢ of the barier layer is in

arange 0 0.2t0 0.5 eV,

12. (Previously Presented) The MTJ device of claim 11, wherein the barrier height ¢ of the
barrier layer is obtained by fitting J-V characteristics of the MTJ device to an equation (1):
F=[(2me) "/ As](e/h? xexp[~(4nAs/hyx(2me) ] xV (D,
where J is a tunnel current density flowing through the barrier layer, V is an applied bias
voltage that is 100 mV or smaller, 1m is the free electron mass, ¢ 1s the clementary elsctric charge,
his Planck’s constant, As is an effective thickness of the barrier layer that is equivalent to

(tmgo—0.5 nm), and tmgo is an actual thickness of the barrier layer.

13, (Previously Presented) The MTJ device of claim 1, wherein a value of x in MgOy for the

MgO layer is greater than 0 and less than 1,

14, (Previously Presented) The MTJ device of claim 1, wherein a value of x in MgQO, for the

Mg layer is greater than 0.9 and less than 1,

15. (Currently Amended) A magnetic tunnel junction (MTJ) device, comptising:
a first electrode made of a first CoFeB layer;
a barrier layer made of a magnesium oxide (MgO) layer that i3 a poly-crystalline layer in

which a (001) erystal plane is preferentially oriented; and
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a second electrode made of a second CoFeB layer, and
whetein the barrier layer is located between the first electrode and the second electrode,
and

wherein both the first and second CoFeB lavers are entirely crystallized.

16. (Lurrentlv Amfznded) The MTJ device of claim 15, wherein-eack

MgO l,ayera and wherein the second CoFeB laver is in direct contact with the Mg laver,

17. (Currently Amended) The MTJ device of claim 15, whersin-each-of the-first-nnd second
CoFeB-Jayersis-entivebyr-erystallizedswherein the MeO laver and the first CoFeB laver form a

first interface of the MTJ, and whergin the MgO layer and the second CoFeR laver form a second

interface of the MTJ.

18.  (Original) The MTJ device of claim 15, wherein each of the first and second CoFeB

layers is a poly-grystalline layer in which a (001) crystal plane is preferentially oriented.

19.  (Original) The MTJ device of claim 15, wherein a barrier height ¢ of the MgO layer is in
arange of 0.2 to 0.5 eV,

20.  (Previously Presented) The MTJ device of ¢claim 19, wherein the barrier height ¢ of the
MgO layer is obtained by fitting J-V characteristics of the MTI device to an equation (1):
J=[(2mp)'?/ As](e/h) xexp[~(4nAsih)yx(2me) 2] xV (1,
where I is a tunnel current density flowing through the MgO layer, V is an applied bias
voltage that is 100 mV or smaller, m is the free electron mass; ¢ is the clementary electric charge,
h is Planck’s constant, As is an effective thickness of the MgO layer that is equivalent to

(tmgo~0.5 nm), and tvmgo is an actual thickness of the MgO layer.

21, (Previously Presented) The MTJ device of claim 15, wherein a value of x in MgOx for the

MgO layer is greater than 0 and less than 1.
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22.  (Previously Presented) The MTJ device of claimn 19, wherein a value of x in MgOx for the

MgQO layer is greater than 0 and less than 1.

23, (Currently Amended) A magnetic tunnel junction (MTJ) deviee, comprising:
a-first-elestrode-comprising-a first ferromagnetic material layer that includes Co, Fe, and
B;

a barrier layer disposed on the first ferromagnetic material lavereleetrede, the barrier

layer comprising a magnesium oxide (MgO) layer that is a poly-erystalline MgO in which (001)
crystal plane is preferentially oriented; and
a-second-slectrode-dispesed-on-the-barrisr laysr-and comprising-a second ferromagnetic

material layer that is disposed on the barrier layer and includes Co, Fe, and B, and

wherein each of the first and second ferromagnetic material layers is partially-er-entirely

crystallized.

24.  (Previously Presented) The MTJ device of claim 23, wherein a value of x in MgOx for

the MgO layer is greater than 0 and less than 1.

25.  (Previously Presented) The MTJ device of claim 23, wherein a barrier height ¢ of the

barrier layer is in a range of 0.2 t0 0.5 eV,

26, (New) The MTI device of claim 25, wherein the barrier height ¢ of the barvier layer is
obtained by fitting J-V characteristics of the MTJ device 1o an equation (1):

F=[2me) ? As](e/h) xexp[-(ArAs/h)x(2me) 4 xV (1),

where J is a tunnel current density flowing through the barrier layer, V is an applied bias
voltage that is 100 mV or smaller, m is the free electron mass, e is the elementary electric charge,
hiig Planck’s constant, As is an effective thickness of the barrier layer that is equivalent to

(tmpo™0.5 nm), and tygo 15 an agtual thickness of the barrier layer.
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REMARKS

The above amendments to the above-captioned application along with the following
remarks are being submitted after the Notice of Allowance dated November 24, 2017 as an
amendment after allowance under 37 CFR. § 1.114. A Request for Continued Examination
(RCE) is being submitted concurrently herewith. In view of the above amendments and the
following remarks, the Examiner is respectfully requested to give due reconsideration to this

application, to confirm the allowability of the claims, and to pass this case to issue.

Status of the Claims

As outlined above, 1-3, 7-9, and 11-26 are pending in this application, wherein ¢laims 4-6
and 10 are being canceled without prejudice or disclairner, wherein claims 1-3, 8, 9, 15-17, and 23
are being amended to improve form, and wherein claim 26 is being newly added. All amendments
to the application: are fully supporied therein. For example, the amendments to the claims are
supported by paragraphs [0035-42] and [0049-50] of the present application as originally filed, as
well as by Figures 2(A)-2(DD) and 11. Applicants hereby submit that no new matter is being
introduced into the application through the submission of this amendment.

The amendments to the claims being submitted herein merely embody corrections that have
now been recoguized as needed to for proper protection of the invention as claimed. Applicants
respectfully submit that the amendments will require no substantial amount of additional work on
the part of the Office. In particular, Applicants respectfully submit that each of ¢laims 1, 15, and
23 as amended remains allowable over the prior art of record. Moreover, because ¢laims 2, 3, 7-
9, and 11-14, elaims 16-22, and claims 24-26 depend either directly or indirectly from ¢laims 1,
15, and 23 respectively, Applicants respectfully submit that claims 2, 3, 7-9, and 11-14, claims 16~
22, and claipis 24-26 are allowable for at least the same reasons as ¢laims 1, 15, and 23

respectively.

WD EX1012
Western Digital v IP Bridge

Page 173



Conclusion

Favorable reconsideration of this application as amended is respectfully solicited. Should

there be any outstanding issues requiring discussion that would further the prosecution and

allowanee of the above-captioned application, the Examiner is invited to contact the Applicants’

undersigned representative at the address and phone number indicated below.

Respectfully submitted,

______ /MigholasBTrenkle/

Micholas B. Trenkle
Registration Number 54,500

STITES & HARBISONM PLLC
1800 Diiagonal Road

Suite 325

Alexandria, VA 22314

(703) 739-4900 Voice

(703) 739-9577 Fax

Customer No. 00881
Februavy 23, 2018
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is in compliance with the provisions of 37 CFR 1.97. Accordingly, the information

disclosure statement is being considered by the examiner.

Claim Rejections - 35 USC § 103
4, The following is a quotation of pre-AlA 35 U.S.C. 103(a) which forms the basis

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

5. The factual inquiries set forth in Graham v. John Deere Co., 383 U.S. 1, 148
USPQ 459 (1966), that are applied for establishing a background for determining
obviousness under pre-AlA 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.
6. Claims 1-3 and 7-9 are rejected under pre-AlA 35 U.S.C. 103(a) as being
unpatentable over Parkin (US 7,252,852) in view of Ohba et al. (US 2006/0125034).

With respect to Claims 1, Parkin discloses a first electrode comprising a first
ferromagnetic material layer 119 that includes an amorphous Co, Fe, and B. A barrier
layer 120’ disposed over the first electrode, the barrier layer 120’ comprising a
magnesium oxide (MgO) layer that is formed of a poly-crystalline MgO in which a (001)
crystal plane is preferentially oriented. A second electrode disposed over the barrier
layer and comprising a second ferromagnetic material layer 134 that includes an
amorphous Co, Fe, and B. Each of the first and second ferromagnetic material layers is
crystallized (see col. 15 lines 38-67, col. 16 lines 1-67, col. 18 lines 46-67, col. 19 and
col. 32 lines 1-4; Figs. 2A-2C). Parkin fails explicitly disclose the first and second

ferromagnetic material layers is entirely crystallized. However, Ohba discloses a first
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and second ferromagnetic material layers should be crystalline material free from a
defect in which a crystal structure is changed such as to be crystallized by annealing
(see paragraph 74). Thus, Parkin and Ohba have substantially the same environment
of a plurality of ferromagnetic layers attached to a barrier layer. Therefore, one skilled
in the art at the time of invention would readily recognized to having the first and second
ferromagnetic layers of Parkin-Ohba be entirely crystallized, since the annealing
process of Ohba to one skilled in the art would allow the first and second
ferrmomagnetic layers to be entirely crystallized based on the annealing process to
create the desired result for the MTJ device.

With respect to Claim 2, Parkin discloses wherein the first ferromagnetic
material layer is in direct contact, with the barrier layer, and wherein the second
ferromagnetic material layer is in direct contact with the barrier layer (see Fig. 2B).

With respect to Claim 3, Parkin discloses the first ferromagnetic material
layer is in direct contact with the MgO layer, and wherein the second ferromagnetic
material layer is in direct contact with the MgO layer (see Fig. 2B).

With respect to Claims 7-9, Parkin discloses wherein each of the first and second
ferromagnetic material layers (i.e. made of CoFeB) is a poly-crystalline layer in which a
(001) crystal plane is preferentially oriented (see col. 5 lines 60-62). In the other
publications section of the Parkin. The (M. Klaua et al.) reference shoes a
ferromagnetic material having a (001) crystal plane. Therefore, Parkin would discloses

first and second ferromagnetic material made of CoFeB having a (001) crystal plane
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since a (001) crystal plane is well known in the semiconductor industry as taught by the

M. Klaua et al. reference.

Double Patenting
7. A rejection based on double patenting of the “same invention” type finds its
support in the language of 35 U.S.C. 101 which states that “whoever invents or
discovers any new and useful process... may obtain a patent therefor...” (Emphasis
added). Thus, the term “same invention,” in this context, means an invention drawn to
identical subject matter. See Miller v. Eagle Mfg. Co., 151 U.S. 186 (1894); In re Vogel,
422 F.2d 438, 164 USPQ 619 (CCPA 1970); In re Ockert, 245 F.2d 467, 114 USPQ 330
(CCPA 1957).

A statutory type (35 U.S.C. 101) double patenting rejection can be overcome by
canceling or amending the claims that are directed to the same invention so they are no
longer coextensive in scope. The filing of a terminal disclaimer cannot overcome a
double patenting rejection based upon 35 U.S.C. 101.

8. Claims 15-22 are rejected under 35 U.S.C. 101 as claiming the same invention
as that of claim 4 of prior U.S. Patent No. 8,405,134. This is a statutory double patenting
rejection.

9. Claims 23-26 are rejected under 35 U.S.C. 101 as claiming the same invention
as that of claim 3 of prior U.S. Patent No. 8,405,134. This is a statutory double patenting

rejection.
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Allowable Subject Matter
10. Claims 11-14 are objected to as being dependent upon a rejected base claim,
but would be allowable if rewritten in independent form including all of the limitations of
the base claim and any intervening claims.

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 wherein a
barrier height @ of the barrier layer is in a range of .2 to .5 eV in claim 11.

A value of x in MgOx for the MgO layer is greater than 0 and less than 1 in claim
13.

A value of x in MgOx for the MgO layer is greater than .9 and less than 1 in claim
14.

The prior art made of record and not relied upon is cited primarily to show the

product of the instant invention.

Conclusion
15. 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 http://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/May 25, 2018 /Alonzo Chambliss/

Primary Examiner, Art Unit 2897
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statement attributed to him or her. If the record is complete and accurate, the examiner should place the indication, “Interview Record OK” on the
paper recording the substance of the interview along with the date and the examiner’s initials.

WD EX1012
Western Digital v IP Bridge
Page 220



Customized PTO/SB/08a+b (07-09)

Substitute for Form 1449/PTO Application # | 15/428,842
Confirmation # | 9576
INFORMATION DISCLOSURE Filing Date | February 9, 2017
First Inventor | YUASA
STATEMENT BY APPLICANT e
Examiner | Chambliss, Alonzo
Sheet 1 of 1 Docket # | P11338US02/NBT
U.S. PATENT DOCUMENTS
Initial Document No. Publ. Date Name Corresponds
(*) Number — Kind Code MM-DD-YYYY Patentee or Applicant to
FOREIGN PATENT DOCUMENTS
Initial Country-Number- Publ. Date Name Trans-
*) Kind Code " known MM-DD-YYYY Patentee or Applicant lation
JPA-2004-31605 01-29-2004 | SONY CORPORATION Yes
NON PATENT LITERATURE DOCUMENTS
Exam. | Include NAME of the author (in CAPS), Title of Article/Item, Date, Page(s), Volume- Trans-
Initial* lation

Issue No., Publisher, City and/or Country where published

Examiner Signature

Date Considered

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

2355LT:10004:449926:1: ALEXANDRIA

WD EX1012

Western Digital v IP Bridge

Page 221



10

15

20

25

30

(19) Japan Patent Office (JP) (12) Gazette for Japanese Published Unexamined

Patent Applications (A)

JP 2004-31605 A
(P2004-31605A)

(11) Publication number

(43) Date of publication of application January 29, 2004 (2004.1.29)

(51) Int. C1.”
HO1L 43/08
G11C 11/15
HOIF 10/16
HO1L 27/105
HO1L 43/10

FI Theme Code (Reference)

HO1L 43/08 Z SE049

HO1L 43/08 M 5F083

Gl1C 11/15 110

HO1F 10/16

HO1L 43/10

Request for Examination Not yet Number of claims 24 OL
(21 pages in total) Continued to the last page

(21) Application number 2002-185164 (P2002-185164)
(22) Date of filing June 25, 2002 (2002.6.25)

(71) Applicant 000002185

Sony Corporation

7-35, Kitashinagawa 6-chome, Shinagawa-ku, Tokyo

(74) Representative

100122884

TSUNODA Yoshisue Patent Attorney

(74) Representative

100113516

ISOYAMA Hironobu Patent Attorney
(72) Inventor ~ HOSOMI Masanori

c/o Sony Corporation

7-35, Kitashinagawa 6-chome, Shinagawa-ku, Tokyo
(72) Inventor ~ MIZUGUCHI Tetsuya

c/o Sony Corporation

7-35, Kitashinagawa 6-chome, Shinagawa-ku, Tokyo

Continued to the last page

WD EX1012

Western Digital v IP Bridge

Page 222



10

15

20

25

30

(54) Magnetoresistive Effect Element, Magnetic Memory Device, and Methods for

manufacturing these

(57) Abstract

[Problem to be solved] To achieve excellent asteroid curve, high rate of change in
resistance value, reduction in coercive force, and stabilization of magnetic characteristics.
[Solution] A magnetoresistive effect element includes a pair of ferromagnetic layers facing
each other via an intermediate layer and is configured to produce a change in magnetic
resistance by applying an electric current in the direction vertical to the surfaces of the
layers. At least one of the ferromagnetic layers is a crystalline ferromagnetic layer
containing FeCoB or FeCoNiB.

The crystalline ferromagnetic layer is formed by crystallizing a sputtered film containing
FeCoB or FeCoNiB.

[Selected Drawings] Fig. 1

CLAIMS
[Claim 1]

A magnetoresistive effect element comprising:

a pair of ferromagnetic layers facing each other via an intermediate layer and
being configured to produce a change in magnetic resistance by applying an electric
current in the direction vertical to surfaces of the layers, wherein

at least one of the ferromagnetic layers is a crystalline ferromagnetic layer
containing FeCoB or FeCoNiB.

[Claim 2]

The magnetoresistive effect element according to claim 1, wherein the at least
one of the crystalline ferromagnetic layers is a ferromagnetic layer formed by crystallizing
a sputtered film containing FeCoB or FeCoNiB.

[Claim 3]

The magnetoresistive effect element according to claim 1 or 2, wherein the at
least one of the crystalline ferromagnetic layers has a composition represented by a
compositional formula FexCoyB, (X, y, and z in the compositional formula represent each
atomic %) where 5<x<45, 35<y<85, 10<z<30, and x+y+z=100.

[Claim 4]

The magnetoresistive effect element according to claim 1 or 2, wherein the at

WD EX1012
Western Digital v IP Bridge
Page 223



10

15

20

25

30

least one of the crystalline ferromagnetic layers has a composition represented by a
compositional formula Fe,CopNicBqg (a through d in the compositional formula represent
each atomic %) where 5<a<45, 35<b<85, 0<c<35, 10<d<30, and at+b+c+d=100.

[Claim 5]

The magnetoresistive effect element according to claim 1, wherein the tunnel
magnetoresistance element is a tunnel magnetoresistive effect element, of which the
intermediate layer functions as a tunnel barrier layer.

[Claim 6]

The magnetoresistive effect element according to claim 1, wherein the
magnetoresistive effect element is a spin-valve type magnetoresistive effect element in
which one of the pair of the ferromagnetic layers is a magnetic fixed layer and the other of
the pair of the ferromagnetic layers is an information recording layer.

[Claim 7]

The magnetoresistive effect element according to claim 1, wherein the
ferromagnetic layers have each a laminated ferri structure.
[Claim 8]

A method for manufacturing a magnetoresistive effect element including a pair of
ferromagnetic layers facing each other via an intermediate layer and being configured to
produce a change in magnetic resistance by applying an electric current in the direction
vertical to surfaces of the layers, the method comprising the steps of:

depositing a ferromagnetic material layer, as at least one of the pair of the
ferromagnetic layers, containing FeCoB or FeCoNiB and having an amorphous or
microcrystalline structure; and

subsequently heat-treating the ferromagnetic material layer at a temperature equal
to or higher than a crystallization temperature of the ferromagnetic material layer in a
magnetic field and transforming the amorphous or microcrystalline structure to a
crystalline structure.

[Claim 9]

The method for manufacturing a magnetoresistive effect element according to
claim 8, wherein the ferromagnetic material layer with the amorphous or microcrystalline
structure containing FeCoB or FeCoNiB is deposited by sputtering.

[Claim 10]
The method for manufacturing a magnetoresistive effect element according to

claim 8 or 9, wherein the ferromagnetic material layer with the amorphous or

WD EX1012
Western Digital v IP Bridge
Page 224



10

15

20

25

30

microcrystalline structure has a composition represented by a compositional formula
FexCoyB: (X, y, and z in the compositional formula represent each atomic %) where
5<x<45, 35<y<85, 10<z<30, and x+y+z=100.

[Claim 11]

The method for manufacturing a magnetoresistive effect element according to
claim 8 or 9, wherein the ferromagnetic material layer with the amorphous or
microcrystalline structure has composition represented by a compositional formula
FeaCopNicBy (a through d in the compositional formula represent each atomic %) where
5<a<45,35<b<85, 0<c<35, 10<d<30, and at+b+ct+d=100.

[Claim 12]

The method for manufacturing a magnetoresistive effect element according to
claim 8, wherein a heat-treating temperature T [°C] in a magnetic field is set to satisfy:
280+2x(content of B [%])<T<400.

[Claim 13]

A magnetic memory device comprising:

a magnetoresistive effect element including a pair of ferromagnetic layers facing
each other via an intermediate layer and being configured to produce a change in magnetic
resistance by applying an electric current in the direction vertical to surfaces of the layers;
and

a bit line and a word line which put the magnetoresistive effect element
therebetween in the direction of thickness of the magnetoresistive effect element, wherein

at least one of the ferromagnetic layers is a crystalline ferromagnetic layer
containing FeCoB or FeCoNiB.

[Claim 14]

The magnetic memory device according to claim 13, wherein the at least one of
the crystalline ferromagnetic layers is a ferromagnetic layer formed by crystallizing a
sputtered film containing FeCoB or FeCoNiB.

[Claim 15]

The magnetic memory device according to claim 13 or 14, wherein the at least
one of the crystalline ferromagnetic layers has a composition represented by a
compositional formula FexCoyB, (X, y, and z in the compositional formula represent each
atomic %) where 5<x<45, 35<y<85, 10<z<30, and x+y+z=100.

[Claim 16]
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The magnetic memory device according to claim 13 or 14, wherein the at least
one of the crystalline ferromagnetic layers has a composition represented by a
compositional formula Fe,CopNicBq (a through d in the compositional formula represent
each atomic %) where 5<a<45, 35<b<85, 0<c<35, 10<d<30, and at+b+c+d=100.

[Claim 17]

The magnetic memory device according to claim 13, wherein the
magnetoresistive effect element is a tunnel magnetoresistive effect element, of which the
intermediate layer functions as a tunnel barrier layer.

[Claim 18]

The magnetic memory device according to claim 13, wherein the
magnetoresistive effect element is a spin-valve type tunnel magnetoresistance element in
which one of the pair of the ferromagnetic layers is a magnetic fixed layer and the other of
the pair of the ferromagnetic layers is an information recording layer.

[Claim 19]

The magnetic memory device according to claim 13, wherein the ferromagnetic
layers have each a laminated ferri structure.
[Claim 20]

A method for manufacturing a magnetic memory device including a pair of
ferromagnetic layers facing each other via an intermediate layer and being configured to
produce a change in magnetic resistance by applying an electric current in the direction
vertical to surfaces of the layers; and a bit line and a word line which put the
magnetoresistive effect element therebetween in the direction of thickness, the method
comprising the steps of:

depositing a ferromagnetic material layer, as at least one of the pair of the
ferromagnetic layers, containing FeCoB or FeCoNiB and having an amorphous or
microcrystalline structure; and

subsequently heat-treating the ferromagnetic material layer at a temperature equal
to or higher than a crystallization temperature of the ferromagnetic material layer in a
magnetic field and transforming the amorphous or microcrystalline structure to a
crystalline structure.

[Claim 21]

The method for manufacturing a magnetoresistive effect element according to

claim 20, wherein the ferromagnetic material layer with an amorphous or microcrystalline

structure containing FeCoB or FeCoNiB is deposited by sputtering.
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[Claim 22]

The method for manufacturing a magnetoresistive effect element according to
claim 20 or 21, wherein the ferromagnetic material layer with an amorphous or
microcrystalline structure has a composition represented by a compositional formula
FexCoyB; (%, y, and z in the compositional formula represent each atomic %) where
5<x<45, 35<y<85, 10<z<30, and x+y+z=100
[Claim 23]

The method for manufacturing a magnetoresistive effect element according to
claim 20 or 21, wherein the ferromagnetic material layer with an amorphous or
microcrystalline structure has composition represented by a compositional formula
FeaCopNicBq (a through d in the compositional formula represent each atomic %) where
5<a<45, 35<b<85, 0<c<335, 10<d<30, and a+b+c+d=100.

[Claim 24]

The method for manufacturing a magnetoresistive effect element according to
claim 20, wherein the heat-treating temperature T [°C] in the magnetic field is set to
satisfy:
280+2x(content of B [%])<T<400.

[Detailed Description of the Invention]

[0001]

[Field of the Invention]

The present invention relates to a magnetoresistive effect element, a magnetic memory
device and methods for manufacturing these.

[0002]

[Description of the Prior Art|

With the rapid spread of information communication equipment, especially personal small
equipment, such as a mobile terminal, elements which constitute the equipment, such as
memories, logics, or the like, are required to have much more higher performance, for
higher integration, higher speed, and lower power consumption, or the like. In particular,
providing nonvolatile memories having higher density/higher capacity is becoming still
more important as a technology which replaces hard discs and optical discs, which cannot
be intrinsically miniaturized since they have movable parts.

[0003]
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Nonvolatile memories include flash memories using a semiconductor and FRAM (Ferro
electric Random Access Memory) using a ferroelectric material, and so on.

Flash memories have a disadvantage that their write-in speed is on the order of p seconds.
On the other hand, as for FRAMs a problem is pointed out that their rewritability is poor.
[0004]

A nonvolatile memory that has attracted attention as being free of these disadvantages is a
magnetic memory device called MRAM (Magnetic Random Access Memory) such as one
described in, for example, “Wang et al., IEEE Trans. Magn. 33 (1997), 4498,

[0005]

This MRAM has features that it has a simple structure to enable high integration and it
achieves storage by means of rotation of magnetic moment to enable it to have a very
large maximum number of times of rewriting. Also, this MRAM is expected to have a
considerably shortened access time and it has already been confirmed that operations on
the order of nano seconds are possible.

[0006]

A magnetoresistive effect element for use in this MRAM is a tunnel magnetosensitive
effect (Tunnel Magnetoresistance: TMR) element. The basic structure of this TMR
element is a stacked structure of a ferromagnetic layer/a tunnel barrier layer/a
ferromagnetic layer. In this TMR element, applying current to between a pair of
ferromagnetic layers arranged through a tunnel barrier layer and applying external
magnetic field in this state causes magnetoresistive effect depending on a relative angle
between the magnetization directions of the two ferromagnetic layers. Then, if the
magnetization directions of the ferromagnetic layers are antiparallel, the resistance value
is maximal and if the magnetization directions of the ferromagnetic layers are parallel, the
resistance value is minimal. Therefore, the TMR element can record information in terms
of a change in resistance value by accomplishing the above-mentioned antiparallel and
parallel states by means of an external magnetic field, so that it can function as a memory
element.

[0007]

In a spin-valve type TMR element, one of the pair of ferromagnetic layers is provided with
an antiferromagnetic layer adjacently to fix the direction of magnetization in constant
direction by antiferromagnetic coupling with the antiferromagnetic layer, thereby making
a magnetization fixed layer.

And the other of the ferromagnetic layers is made a magnetization free layer, which
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undergoes magnetization inversion with ease by means of external magnetic field or the
like. In a magnetic memory device, this magnetization free layer is functioned as an
information recording layer.

[0008]

The rate of change in resistance value of this spin-valve type TMR element is expressed
by the following formula (1), assuming the spin polarizing coefficients of the pair of
ferromagnetic layers are P1 and P2, respectively.

2P1P2/(1-P1P2) (1)

That is, the larger the spin polarizing coefficients P1 and P2 of the ferromagnetic layers,
the larger the rate of change in resistance value of the TMR element. There have already
been many reports on the relationship between the rate of change in resistance value and
the material of the ferromagnetic layers for ferromagnetic elements of Fe group, such as
Fe, Co, Ni and the like, and for alloys of these metals.

[0009]

Incidentally, the basic structure of MRAM comprises, as disclosed in Japanese Patent
Application Laid-Open Publication No. H10-116490 (1998-116490), a plurality of bit
write-in lines (so-called bit lines), a plurality of word write-in lines (so-called word lines)
that intersect the bit lines at right angles, and TMR elements as magnetic memory
elements arranged at grade separation parts of the bit lines and the word lines. Recording
at the MRAM is achieved by selective writing to the TMR elements using the asteroid
characteristics.

[0010]

That is, by applying necessary current to the bit lines and the word lines selectively,
resultant inverted external field of induced magnetic fields mutually vertical to each other
is generated. By applying the resultant inverted external field to a selected TMR element
to cause the magnetization direction of its magnetization free layer, i.e., the information
recording layer, to align parallel or antiparallel with the magnetization direction of its
magnetization fixed layer, thus performing recording of “0” or 17, for example.

[0011]

For the bit lines and word lines to be used in the MRAM, conductor films of a wiring
material such as Cu or Al, which is used in ordinary semiconductor devices, are used. Use
of ordinary wiring material and achieving writing at a magnetic memory element having a
inverted magnetic field Hc of, for example, 20 [Oe], through bit lines and word lines

having line widths of 0.25 pm requires the current of about 2 mA applying. In case using
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of bit lines and word lines having thicknesses of 0.25 wm, which is as large as the line
widths, reaches a current density of 3.2x10° A/ecm?, which is close to the disconnection
threshold value due to electromigration.

To maintain the reliability of wiring, it is indispensable to reduce writing current. Also,
from the viewpoints of the heat generation caused by the writing current and reduction of
power consumption, it is necessary to reduce the writing current.

[0012]

Methods for achieving a reduction in the writing current at the MRAM include reducing
the inverted magnetic field of the TMR element.

The inverted magnetic field Hc of the TMR element can be determined as appropriate
depending on, for example, the size, shape, layer construction, and material of the layer of
the TMR element. Use of smaller TMR element for the purpose of, for example,
increasing the recording density of the MRAM causes a problem that the inverted
magnetic field of the TMR element increases. To achieve both refining MRAM, i.e., high
integration of MRAM and reduction in writing current simultaneously, it is necessary to
achieve reduction of the inverted magnetic field of the TMR element by using appropriate
materials.

[0013]

MRAM also has problems that TMR elements serving as memory elements have uneven
magnetic characteristics from element to element and that occurrence of uneven magnetic
characteristics among the TMR elements due to repeated use of one and the same element
makes it difficult to perform selective writing using an asteroid characteristic.

This requires each TMR element to have magnetic characteristics sufficient for an ideal
asteroid curve to be steadily depicted. To enable the ideal asteroid curve to be obtained, it
is necessary that, R-H (resistance-magnetic field) curve obtained by TMR measuring is
free of noises including, for example, Barkhausen noise or the like, the waveform of the
R-H curve have a good squareness, and the magnetization state of the TMR element is
stable and there is little unevenness of inverted magnetic field.

[0014]

Read-out of information from the TMR element is performed by detecting voltage
difference at a constant bias voltage between in a state in which the magnetic moments of
the information recording layer and the magnetization fixed layer arranged through the
tunnel barrier layer align antiparallel to provide a high resistance value, i.e., for example,

“1” and on the contrary in a state in which such magnetic moments align parallel to
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provide a low resistance value, i.e., for example, “07.

Therefore, if dispersion in resistance among the TMR elements is the same level, a
memory device having a higher read-out speed, a higher degree of integration, and a lower
error rate can be accomplished when the TMR ratio is high.

[0015]

It is known that, in the TMR element, a rate of change in resistance depends on a bias
voltage and the TMR ratio decreases as the bias voltage increases.

When read-out is performed by current difference or voltage difference, it is known that
the read-out signal takes a maximum value mostly at a voltage Vhalf at which the rate of
resistance change in resistance decreases to half by the bias voltage dependence. This
indicates that the lower the bias voltage dependence, the more effectively the read-out
error reduces.

[0016]

[Problem to Be Solved by the Invention]

As stated above, the TMR element to be used in the MRAM must satisfy the
above-mentioned write-in characteristics requirement and read-out characteristics
requirement simultaneously.

However, for the material of the ferromagnetic layer of the TMR element, selection of the
alloy composition that can increase the spin polarizing coefficients represented by P1 and
P2 in the formula (1) from materials consisting of Co, Fe, and Ni, which are ferromagnetic
transition metal elements, generally tends to increase inverted magnetic field Hc of the
TMR element.

[0017]

Use of, for example, Co7sFezs (at.%) alloy as the information recording layer enables the
TMR element to have so high a spin polarizing coefficient as to achieve a TMR ratio as
high as 40% or more, but with concomitant high inverted magnetic field Hc.

On the contrary, use of, for example, NigoFeso (at. %) alloy called Permalloy, which is
known as a soft magnetic material, as the information recording layer allows the inverted
magnetic field He to decrease, but with a concomitant decrease in the spin polarizing
coefficient as compared with the Co7sFezs (at.%) alloy, thus decreasing the TMR ratio to
about 33%.

Moreover, use of CosoFeio (at. %) enables the TMR element to have a TMR ratio of about
37% and a limited inverted magnetic field Hc on the order of between the inverted

magnetic fields Hc of the Co7sFexs (at.%) alloy and of the NigoFexo (at. %) alloy, but with
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concomitant poor squareness of R-H curve, thus failing to obtain asteroid characteristics
that are sufficient for writing. Also, the inverted magnetic fields of the information
recording layers are unstable from element to element.

[0018]

The present invention is to provide a magnetoresistive effect element and a magnetic
memory device that can improve the write-in characteristics and read-out characteristics
simultaneously by using a specified material for the ferromagnetic layer and selecting
conditions for forming it. The present invention also provides methods for manufacturing
these.

[0019]

[Means for solving the problem]

The present invention provides a magnetoresistive effect element comprising: a pair of
ferromagnetic layers facing each other via an intermediate layer and being configured to
produce a change in magnetic resistance by applying an electric current in the direction
vertical to surfaces of the layers, wherein at least one of the ferromagnetic layers is a
crystalline ferromagnetic layer containing FeCoB or FeCoNiB.

The crystalline ferromagnetic layer is preferably a ferromagnetic layer formed by
crystallizing a sputtered film containing FeCoB or FeCoNiB.

[0020]

The present invention provides a method for manufacturing a magnetoresistive effect
element including a pair of ferromagnetic layers facing each other via an intermediate
layer and being configured to produce a change in magnetic resistance by applying an
electric current in the direction vertical to surfaces of the layers, the method comprising
the steps of: depositing a ferromagnetic material layer, as at least one of the pair of the
ferromagnetic layers, containing FeCoB or FeCoNiB and having an amorphous or
microcrystalline structure; and subsequently heat-treating the ferromagnetic material layer
at a temperature equal to or higher than a crystallization temperature of the ferromagnetic
material layer in a magnetic field and transforming the amorphous or microcrystalline
structure to a crystalline structure,.

[0021]

The ferromagnetic material layer with the amorphous or microcrystalline structure
containing FeCoB or FeCoNiB is deposited preferably by sputtering,

Moreover, a heat-treating temperature T [°C] in the magnetic field is preferably set to

satisfy:
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280-+2x(content of B [%])<T<400 (1)

[0022]

The present invention provides a magnetic memory device comprising: a magnetoresistive
effect element including a pair of ferromagnetic layers facing each other via an
intermediate layer and being configured to produce a change in magnetic resistance by
applying an electric current in the direction vertical to surfaces of the layers; and a bit line
and a word line which put the magnetoresistive effect element therebetween in the
direction of thickness, wherein at least one of the ferromagnetic layers is a crystalline
ferromagnetic layer containing FeCoB or FeCoNiB.

The crystalline ferromagnetic layer is preferably a ferromagnetic layer formed by
crystallizing a sputtered film containing FeCoB or FeCoNiB.

[0023]

The present invention provides a method for manufacturing a magnetic memory device
including a pair of ferromagnetic layers facing each other via an intermediate layer and
being configured to produce a change in magnetic resistance by applying an electric
current in the direction vertical to surfaces of the layers; and a bit line and a word line
which put the magnetoresistive effect element therebetween in the direction of thickness,
the method comprising the steps of: depositing a ferromagnetic material layer, as at least
one of the pair of the ferromagnetic layers, containing FeCoB or FeCoNiB and having an
amorphous or microcrystalline structure; and subsequently heat-treating the ferromagnetic
material layer at a temperature equal to or higher than a crystallization temperature of the
ferromagnetic material layer in a magnetic field and transforming the amorphous or
microcrystalline structure to a crystalline structure.

[0024]

The ferromagnetic material layer with the amorphous or microcrystalline structure is
deposited by sputtering FeCoB or FeCoNiB to surely obtain an amorphous or
microcrystalline structure for the ferromagnetic material layer.

[0025]

For the composition of FeCoB or FeCoNiB in each of the above-mentioned inventions, it
is preferred that the FeCoB has a composition represented by a compositional formula
Fe.CoyB. (x, y, and z in the compositional formula represent each atomic %), where
5<x<45, 35<y<85, 10<z<30, and x+y+z=100.

It is preferred that the FeCoNiB has a composition represented by a compositional formula

FeaCopNicBy (a through d in the compositional formula represent each atomic %), where
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5<a<45, 35<b<85, 0<c<35, 10<d<30, and atb+ctd=100.

[0026]

For the each method for manufacturing according to present inventions, it is preferred that
the heat-treating temperature T [°C] in the magnetic field is set to 280+2x(content of
B[%])<T<400.

[0027]

The magnetoresistive effect element and the magnetic memory device with the
magnetoresistive effect element according to the present invention provide a construction
that at least one of the pair of ferromagnetic layers facing each other via an intermediate
layer, which constitute the magnetoresistive effect element, comprises FeCoB or FeCoNiB.
To make this construction, a magnetic material having this composition is deposited by
sputtering to form a film with an amorphous or microcrystalline structure. The present
invention is based on the finding that changing the structure of the deposited film to the
crystalline structure enables, an increase in the magnetic resistance (MR ratio),
improvement of the squareness of the R-H curve, i.e., improvement of asteroid
characteristics, improvement of the bias voltage dependence of the MR ratio, and a
reduction in unevenness of coercive force, that is, a reduction in unevenness of the
inverted magnetic field to be achieved, of the magnetoresistive effect element.

[0028]

The method according to the present invention achieves this crystallization by
heat-treating in the magnetic field to enable the increase in the MR ratio and the decrease
in the unevenness of the inverted magnetic field and so on with reliability. It is seemed
that the magnetic anisotropy of the crystallized ferromagnetic layer can be controlled to
align in one direction through this treatment.

[0029]

It is noted that the above-mentioned ferromagnetic material can be deposited by various
types of sputtering which includes sputtering method by causing ions from plasmas
generated by various methods using discharge gas to collide with the target of a sputtering
material, sputtering by causing an ion beam accelerated to have high energy to collide
with a target as in so-called ion beam sputtering, or sputtering of the like.

[0030]

[Embodiments for carrying out the invention]

[Magnetoresistive effect element]
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One embodiment of the magnetoresistive effect element according to the present invention
is a magnetoresistive effect element as a memory element of a magnetic memory device.
However, the present invention is not limited to this embodiment.

The magnetoresistive effect element according to the present invention has a laminated
structure constituted by a pair of ferromagnetic layers, specifically, a magnetization fixed
layer and a magnetization free layer facing each other via an intermediate layer, which is
configured to provide a change in magnetic resistance by applying an electric current in a
direction vertical to the surface of the laminated structure, i.e., in the direction of thickness
of the laminated structure.

At least the ferromagnetic layer that constitutes the magnetization free layer out of the pair
of ferromagnetic layers is a ferromagnetic layer formed by crystallizing a sputtered film
that contains at least Fe and Co together with B selected from ferromagnetic transition
elements, i.e., a sputtered film of FeCoB or FeCoNiB.

[0031]

Because the intermediate layer is constructed with, for example, a tunnel barrier layer, this
magnetoresistive element is referred to as a tunnel magnetoresistance effect (TMR)
element.

Alternatively, the magnetoresistive effect element is referred to as a spin-valve type
magnetoresistive effect element when the intermediate layer is constructed with a
non-magnetic conductive layer.

The ferromagnetic layer may have a single layer structure or of a multi-layer structure. For
example, the ferromagnetic layer that constitutes the magnetization fixed layer may have a
laminated ferri structure.

[0032]

Fig. 1is a schematic cross-sectional view showing an example of a spin-valve type TMR
1.

In this example, an under layer 3 is formed on the substrate 2, an antiferromagnetic layer 4
is formed on the under layer 3, and a pair of ferromagnetic layers 5 and 7 via an
intermediate layer 6 are formed on the antiferromagnetic layer 4.

In this example, the ferromagnetic layer 5 that constitute a magnetization fixed layer 5 is
formed on the antiferromagnetic layer 4, the intermediate layer 6 made of a tunnel
barrier layer is formed on the magnetization fixed layer 5, and then the ferromagnetic
layer 7 constituting a magnetization free layer is formed on the intermediate layer 6. This

laminated structure forms a ferromagnetic tunneling junction (hereafter, referred to as
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“MTJ”). A protective layer 8, i.e., a so-called top-coating layer is deposited on the MTJ9.
[0033]

The underlayer 3 is made of, for example, a Ta film.

The antiferromagnetic layer 4, when antiferromagnetically coupled with the ferromagnetic
layer 5, one of the ferromagnetic layers, i.e., with the magnetization fixed layer 5,
undergoes no reversal of magnetization by externally applied signal magnetic field, for
example, write-in magnetic field at a memory device and sets the direction of the
magnetization of the magnetization fixed layer 5 to a fixed direction.

The antiferromagnetic layer 4 can be made of Mn alloy containing one or more of Fe, Ni,
Pt, Ir, Rh, and the like, Co oxide, Ni oxide, or the like. For example, the antiferromagnetic
layer 4 is made of PtMn.

[0034]

The tunnel barrier layer of the intermediate layer 6 can be made of an oxide or nitride film
that is formed by oxidizing or nitriding a metal film, for example, a sputtered or vapor
deposited film of Al. The tunnel barrier layer 6 can also be made by a CVD (Chemical
Vapor Deposition) method using an organometal, oxygen, ozone, nitrogen, halogen, halide
gas or the like.

[0035]

The magnetization fixed layer 5 and the magnetization free layer 7 laminated via this
intermediate layer 6 are made of ferromagnetic layers containing FeCoB or FeCoNiB. The
magnetization direction of the fixed layer 5 is fixed due to antiferromagnetic coupling
with the antiferromagnetic layer 4 as described above.

[0036]

The both ferromagnetic layers that are arranged via the intermediate layer 6, in particular,
for example the magnetization free layer that serves as an information recording layer, i.e.,
the ferromagnetic layer 7 is made of a ferromagnetic layer formed by crystallizing a
sputtered film containing FeCoB or FeCoNiB.

[0037]

The magnetization free layer 7, for example, as the information recording layer preferably
has a thickness of 1 nm to 10 nm to secure good magnetic characteristics.

The reason for this is that the magnetization free layer 7 with a thickness of less than 1 nm
has magnetic characteristics for a magnetization free layer that are significantly
deteriorated. On the other hand, the magnetization free layer 7 with a thickness more than

10 nm has too high coercive force to be practically unsuitable for use as, for example, a
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memory element of a magnetic memory device.

[0038]

The magnetization free layer 7 is not limited to one that has a single layer structure made
of the above-mentioned FeCoB or FeCoNiB. It may also have a laminated structure
constituted by, for example, a ferromagnetic layer having above-described composition
and a NiFe layer having a smaller magnetization capacity than above-described
composition. In the latter case, the total thickness of these layers may be larger than 10
nm.

[0039]

The magnetization fixed layer 5 made of FeCoB or FeCoNiB has a thickness selected to
be, preferably, 0.5 nm to 6 nm.

The reason for this is that the magnetization fixed layer with a thickness of less than 0.5
nm has deteriorated magnetic characteristics for a magnetization fixed layer. On the other
hand, the magnetization fixed layer 5 with a thickness more than 6 nm has insufficient
exchange coupling magnetic field with an antiferromagnetic layer.

[0040]

In the example shown in Fig. 1, the magnetization fixed layer 5 has a single layer structure.
As will be apparent from Fig. 2, which is a schematic cross-section of an example of such,
the magnetization fixed layer 5 may have a ferromagnetic laminated ferri structure.

In this example, the antiferromagnetic layer 4 has formed thereon a first magnetization
fixed layer 5a that is antiferromagnetically coupled with the antiferromagnetic layer 4 and
a second magnetization fixed layer 5b laminated via a non-magnetic conductive layer 5¢
on this first magnetization fixed layer Sa.

The non-magnetic conductive layer 5S¢ may be made of a metal film, for example, a film
of Ru, Cu, Cr, Au, Ag or the like.

In Fig. 2, parts that correspond to those shown in Fig 1 are used the same signs and
redundant explanations are omitted.

In the above-mentioned example, the intermediate layer 6 is a tunnel barrier layer, thus
constituting a TMR element. The intermediate layer 6 may also be adopted in a spin-valve
type magnetoresistive effect element having a so-called CPP (Current Perpendicular to
Plane) structure, in which the intermediate layer 6 is made of a non-magnetic conductive
layer and current is applied in the direction of its thickness.

[0041]

[Manufacturing method for magnetoresistive effect element]
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Manufacture of magnetoresistive effect element shown in Fig. 1 is illustrated as an
embodiment of the method of manufacturing a magnetoresistive effect element according
to the present invention. However, the present invention is not limited to this embodiment.
In this embodiment, deposition, on the substrate, of the underlayer 3, the
antiferromagnetic layer 4, the magnetization fixed layer 5, the intermediate layer 6, the
magnetization free layer 7, and the protective layer 8 can be achieved by using, for
example, a multi-chamber type sputtering apparatus.

[0042]

In this case, first the substrate 2 made of, for example, Si is arranged in one chamber. On
this substrate are sequentially formed by continuous sputtering the underlayer 3 made of,
for example, Ta, the antiferromagnetic layer 4 made of PtMn, the magnetization fixed
layer 5 made of FeCoB or FeCoNiB, which is a lower side one of the pair of the
ferromagnetic layer, and the intermediate layer 6 made of, for example, an Al metal film.
[0043]

Subsequently, the substrate 2 having deposited hereon these layers is transferred into
another chamber, where the surface of the Al metal film that constitutes the intermediate
layer 6 is oxidized to form a tunnel barrier layer. Thereafter, the substrate 2 is brought in,
for example, the previous chamber again where the magnetization free layer 7 made of
FeCoB or FeCoNiB as an upper layer side one of the pair of the ferromagnetic layers is
deposited by sputtering on the intermediate layer 6. On this intermediate layer 6 is further
formed the protective layer 8 made of, for example, Ta by continuous sputtering,

[0044]

These sputtering methods include, as described above, various types of sputtering, for
example, sputtering by causing ions from plasmas generated by various methods using
discharge gas to collide with the target of a sputtering material and sputtering by causing
an ion beam accelerated to have high energy to collide with a target as in so-called ion
beam sputtering, or the like.

[0045]

Each of laminaed layers thus formed, in particular the magnetization fixed layer 5 and the
magnetization free layer 7 made of FeCoB or FeCoNiB are formed as layers with an
amorphous or microcrystalline structure.

[0046]

Then, the substrate 2 having the laminated film is heat-treated in a magnetic field.

The heat-treating in a magnetic field is carried out by a field heat-treating apparatus, like
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as shown in Fig. 3 illustrating the schematic cross-sectional view, which includes for
example a vacuum chamber 131 and on the outer periphery of which a heating means 132
such as heaters and a magnetic field applying means 133 such as a magnet are arranged.
[0047]

The substrate 2 having the laminated film is arranged on a rack 134 in the vacuum
chamber 131 and is heated by the heating means 132 in a state in which a magnetic field is
applied by the magnetic field applying means 133 in a predetermined direction along the
surface of the laminated film as indicated by an arrow 135. By this heat-treating, the
magnetization fixed layer 5 and the magnetization free layer 7 that are formed to have an
amorphous or microcrystalline structure are crystallized.

This heat-treating in a magnetic field simultaneously make the antiferromagnetic layer 4
order, that is, the antiferromagnetic layer 4 is magnetized in a predetermined direction.
This enables the magnetization of the magnetization fixed layer 5, the ferromagnetic layer
that is formed on the antiferromagnetic layer 4 and is antiferromagnetically coupled with
the antiferromagnetic layer 4, to be fixed to one direction.

[0048]

This heat-treating in a magnetic field is performed in a magnetic field of 500 kOe or
higher at a temperature that is equal to or higher than the crystallization temperature of the
ferromagnetic materials of the ferromagnetic layers, i.e., the ferromagnetic layers 5 and 7
as a magnetization fixed layer and a magnetization free layer, respectively. Specifically,
the heat-treating temperature T [°C] in a magnetic field is set to satisfy: 280+2x(content of
B [%])<T<400, which is explained in detail later.

[0049]

[Magnetic memory device and a method of manufacturing the same]

The magnetic memory device according to the present invention includes memory
elements, which constitute its memory cells, made of magnetoresistive effect elements
having various structures according to the present invention, for example, TMR elements.
The magnetic memory device may have a crosspoint type MRAM array structure as
shown in, for example, Fig. 4 illustrating a schematic cross-sectional view of one example
of the device and in Fig. 5 illustrating a schematic cross-sectional view of one memory
cell 11 of the device.

[0050]

This MRAM includes a plurality of word lines WL in parallel arrangement and a plurality

of bit lines BL in parallel arrangement so that these can cross the word lines WL at grade

18
WD EX1012

Western Digital v IP Bridge
Page 239



10

15

20

25

30

separation. The respective crossing parts between the word lines WL and the bit lines BL
are provided with the magnetoresistive effect elements according to the present invention,
for example, TMR elements 1 as the memory cells 11.

Fig. 4 shows a part of the magnetic memory device where 3x3 memory cells 11 are
arranged in a matrix state.

[0051]

Each memory cell 11 includes, as shown in Fig. 5. On the semiconductor substrate 2 made
of, for example, a silicon substrate, i.e., on a semiconductor wafer, a transistor 13 for
switching.

The transistor 13 comprises, for example, a MOS transistor (insulated gate type field
effect transistor). In this case, an insulated gate part is formed, which includes the
semiconductor substrate 2, the gate insulation layer 14 formed on the semiconductor
substrate 2, and the gate electrode 15 deposited on the gate insulation layer 14.

The semiconductor substrate 2 is formed of a source region 16 and a drain region 17 on
both sides of the insulated gate part. In this structure, the gate electrode 15 constitutes a
read-out word line WL1.

[0052]

On the semiconductor substrate 2 with the transistor 13 formed thereon is formed a first
interlayer insulation layer 31 so as to cover the gate electrode 15. The first interlayer
insulation layer 31 is provided with contact holes 18 extending therethrough above the
source region 16 and the drain region 17, respectively. Each of the contact holes 18 is
filled with an conductive plug 19.

On the firs interlayer insulation layer 31 is deposited a wire layer 20 for the source region
16 such that the wire layer 20 deposited so as to mount on the conductive plug 19 that
contacts the source region 16.

[0053]

Further, a second interlayer insulation layer 32 is formed on the first interlayer insulation
layer 31 so as to cover the wire layer 20.

The second interlayer insulation layer 32 is provided with a contact hole 18 therethrough
above the conductive plug 19 that contacts the drain region 17 and the conductive plug 19
is filled therein.

[0054]

On the second interlayer insulation layer 32 is formed a write-in word line WL2 that

corresponds to the word line WL in Fig. 4 extending, for example, in the direction in
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which the read-out word line WL1 extends.

On the second interlayer insulation layer 32 is also formed a third interlayer insulation
layer 33 made of, for example, silicon oxide to cover the write-in word line WL2. Also,
the third interlayer insulation layer 33 is provided with a contact hole 18 therethrough
above the conductive plug 19 that contacts the drain region 17 and the conductive plug 19
is filled therein.

[0055]

Then, the third interlayer insulation layer 33 is formed thereon of an underlayer 3 made of,
for example, Ta, shown in Fig. 1 or 2 so as to contact the conductive plug 19 that is
penetrating the third interlayer insulation layer 33 and on this underlayer 3 is formed a
magnetoresistive effect element, for example, the TMR element 1.

[0056]

Further, a fourth interlayer insulation layer 34 is formed so as to cover the underlayer 3
and the TMR element 1, and on the fourth interlayer insulation layer 34, a bit line BL is
formed crossing over the write-in word line WL.

[0057]

On the bit line BL, a surface insulation layer is formed as necessary, which is
non-illustrated.

[0058]

The structure and the manufacturing method of the TMR element 1 as the
magnetoresistive effect element are comprises, as described above, forming the structure
shown in Fig. 2 or 3 by using the constituent materials and the film forming method,
specifically by forming the antiferromagnetic layer 4, the magnetization fixed layer having
a single layer or laminated ferri structure, and the intermediate layer 6 by sputtering, and
then performing oxidizing or nitriding treatment of the intermediate layer 6, and
subsequently forming the magnetization free layer 7 and the protective layer 8 by
sputtering.

[0059]

In this case too, the ferromagnetic layer 5 as the magnetization fixed layer and the
ferromagnetic layer 7 as the magnetization free layer, i.e., the information recording layer
are formed as an amorphous or microcrystalline layer comprising FeCoB or FeCoNiB.
These memory cells 11 are arranged in a matrix state on the common semiconductor
substrate 2, i.e., semiconductor wafer as shown in Fig. 4.

[0060]
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The semiconductor substrate 2 is likewise heat-treated in a magnetic field by using the
field heat-treating apparatus as illustrated in Fig. 3 and then, the ferromagnetic layers 5
and 7 of the magnetization fixed layer and the magnetization free layer, both formed as an
amorphous or microcrystalline structure, are transformed to crystalline structure in the
TMR element 1 of the magnetoresistive effect element.

This heat-treating in a magnetic field simultaneously make the antiferromagnetic layer 4
order, that is, magnetizes the antiferromagnetic layer 4 in a predetermined direction. This
enables the magnetization of the magnetization fixed layer 5, which is formed in contact
with the antiferromagnetic layer 4 and is antiferromagnetically coupled with the
antiferromagnetic layer 4, to be fixed to one direction.

[0061]

The magnetic memory device having this structure includes bit lines BL and write-in word
lines WL (WL1) , which, upon applying a necessary current, apply a necessary magnetic
field obtained by the synthesis of magnetic fields generated by both the bit line BL and the
word line WL to the magnetization free layer of the magnetoresistive effect element, for
example, the TMR element 1 of the memory cell 11 arranged at the selected crossing part,
thereby reversing he magnetization of the magnetization free layer to perform recording of
information as described above.

[0062]

Rea-out of the information is achieved by applying a necessary on-voltage to the gate
electrode 15 of the transistor 13 engaged with the memory cell that performs selected
read-out to bring the transistor 13 into on-state to allow read-out current to pass between
the bit line BL and the wire layer 20 in the source region 16 of the transistor 13.

[0063]

As mentioned-above, the magnetoresistive effect element according to the present
invention achieves an increase in inverted magnetic field by including the ferromagnetic
layers 5 and 7 constituting the magnetization fixed layer and the magnetization free layer,
respectively, particularly the ferromagnetic layer 7 that constitutes the magnetization free
layer, made of FeCoB or FeCoNiB, containing Fe and Co from among ferromagnetic
transition metal elements together with B.

Common TMR element that uses only ferromagnetic transition metal elements in the
ferromagnetic layers has a disadvantage that does not satisfy an increase in spin polarizing
coefficient and a decrease in inverted magnetic field simultaneously.

In contrast, use of the above-mentioned FeCoB or FeCoNiB enables both an increase in

21

WD EX1012
Western Digital v IP Bridge
Page 242



10

15

20

25

30

spin polarizing coefficient and a decrease in coercive force, i.e., inverted magnetic field.
The increased spin polarizing coefficient provides a high rate of change in resistance,
which corresponds to a high TMR ratio for the TMR element, according to the formula (1)
above. In the magnetic memory device, the decrease in the inverted magnetic field enables
a decrease in write-in magnetic field that is applied to the magnetoresistive effect element
serving as the memory element, in other words a decrease in write-in current.

[0064]

Particularly, in the present invention, the ferromagnetic layer having the specified
composition having an amorphous or microcrystalline structure is subjected to
heat-treating in a magnetic field to control magnetic anisotropy represented by presence of
an axis of easy magnetization and an axis of difficult magnetization in the magnetic layer,
increase the squareness in the R-H curve, and stabilize the inverted magnetic field of the
magnetization free layer, i.e., the information recording layer.

Moreover, including B (boron) reduces the bias voltage dependence.

[0065]

A TMR element according to the present invention whose information recording layer
contains Co72FesBao (at. %) and a TMR element whose information recording layer
contains CogoFero (at. %) were fabricated. These were measured for a change rate in tunnel
resistance value with respect to the change in external magnetic field. Fig. 6 shows the
results of measurement in terms of TMR [%)] - external magnetic field [Oe] curve. In Fig.
6, a curve 61 represents a TMR - external magnetic field curve for the TMR element
whose information recording layer comprises Co7:FegBao (at. %), and a curve 62
represents a TMR - external magnetic field curve for the TMR element whose information
recording layer comprises CogoFero (at. %).

[0066]

Comparison of the curves 61 and 62 with each other clearly indicates that in the TMR
element whose information recording layer comprises Fe, Co, and B maintained a higher
TMR ratio than the TMR element whose information recording layer comprises only Fe
and Co and still achieved a reduced coercive force He.

The comparison also indicates that the squareness in the TMR - magnetic field loop of
these TMR elements was increased and the Barkhausen noise was reduced.

[0067]

Therefore, the memory element in the magnetic memory device that uses a

magnetoresistive effect element according to the present invention not only achieves a
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decrease in write-in current but also improves the shape of the asteroid curve. This
improves the write-in characteristics and unevenness in the characteristics, thereby
reducing the write-in errors.

[0068]

Although the cause of the occurrence of such effects is unclear, it is believed that those
phenomena are specific to ferromagnetic layers containing B. This improvement of the
characteristics is not always achieved by the ferromagnetic layers with an amorphous or
microcrystalline structure. It is believed that such effects come to be when the
ferromagnetic layer is crystallized by heat-treating in a magnetic field at a temperature
equal to or higher than the above-mentioned crystallization temperature under controlling
so that it can have magnetic anisotropy.

[0069]

In the magnetic memory device, which includes a very large number of memory elements,
1.e. magnetoresistive effect elements on the same substrate, decreasing in write-in current
provides a very large profit. In addition, it is very important that an excellent asteroid
curve can be obtained, that is, stabilization of magnetic characteristics can be achieved.
[0070]

The alloy composition of FeCoB or FeCoNiB that the ferromagnetic layer contains has a
preferred range. The magnetoresistive effect element and memory element using he
ferromagnetic layers made of FeCoB and FeCoNiB, respectively, have already been
proposed in Japanese Patent Application No. 2002-106926 filed by the applicant of the
present application.

[0071]

The alloy composition of Fe, Co, and B that the ferromagnetic layer contains, exclusive of
unavoidable impurity elements, is represented by a compositional formula FexCoyBz (x, v,
and 7 in the compositional formula represent atomic %) where X, y, and z preferably
satisfy 5<x<45, 35<y<85, and 10<z<30 provided that x+y+z=100.

[0072]

First, the content of B is explained. With the content of B of less than 10 atomic %, the
magnetic characteristic of the Fe-Co alloy, which is a base composition, is largely
reflected so that only mild improvement effect is observed. With the content of B of more
than 10 atomic %, the TMR ratio increases considerably as compared with the alloy that
contains Fe, Co and so on in the same ratios and the squareness in the resistance -

magnetic field curve (R-H curve) is improved. Also, the bias current dependence of TMR
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ratio is improved. Further, the magnetization state of the information recording layer is
stable, which makes the unevenness of coercive force small and widely reduces the noise
appearing on the R-H curve.

[0073]

The content of B is preferably equal to 30 atomic % or less. The reason for this is that with
the content of B of more than 30 atomic %, the ferromagnetic characteristics as the
information recording layer and the fixed magnetic field as the magnetization fixed layer
deteriorate. As a result, there might be a decrease in TMR ratio, deterioration of the
squareness in the R-H curve, and a decrease in coercive force. To secure the effects to be
obtained by the addition of B, it is preferred that at least one of the ferromagnetic layers,
specifically he ferromagnetic layer 7 that constitutes the information recording layer has a
composition containing B of 10 atomic % or more and 30 atomic % or less although this
may vary to some extent depending on the composition of the Fe-Co alloy.

[0074]

Next, the Fe-Co alloy that forms a base is explained.

The alloy composition including B requires at least 35 atomic % of Co to enhance the
effect to be obtained by the addition of B and in addition, to keep ferromagnetic
characteristics. In addition to this, adding Fe shows, like the changes occurring in the
Co-Fe based alloy, effects of an increase in TMR ratio and an enhancement of coercive
force. On the other hand, with the content of Fe of more than 45 atomic %, the coercive
force increases excessively for the size of actual size of the element, and it is unsuitable
for a TMR element. With the content of Fe of less than 5 atomic % , the spin polarizing
coefficient decreases, which will make it difficult to provide a TMR ratio that is sufficient
for the element to act as a magnetoresistive effect element. Accordingly, the content of Fe
is preferably 5 atomic % or more and 45 atomic % or less.

[0075]

The ferromagnetic layer may comprise Ni in addition to Fe, Co, and B. The ferromagnetic
layer with this composition including Ni causes an acceptable TMR ratio to be maintained
while preventing enhancement of the coercive force and enables the squareness in the R-H
curve to be improved. In this case, for a preferred range of the content of Ni, 35 atomic %
or less of Ni is preferred. The reason for this is that with the content of Ni of more than 35
atomic %, it is likely that the coercive force will decrease too much to control the
operation of the TMR element. That is, the ferromagnetic layer made of FeCoNiB has a

composition that is represented, exclusive of unavoidable impurity elements, by a

24

WD EX1012
Western Digital v IP Bridge
Page 245



10

15

20

25

30

compositional formula FeaCouNicBqg (a through d in the compositional formula
representing each atomic %) where 5<a<45, 35<b<85, 0<c<35, and 10<d<30, provided
that a+b+c+d=100.

[0076]

In the present invention, FeCoB or FeCoNiB alloy with an amorphous or microcrystalline
structure is heat-treated in a magnetic field at a temperature equal to or higher than the
crystallization temperature to convert the structure into a crystalline structure having a
controlled magnetic anisotropy. This makes uniform the inverted magnetic field of the
information recording layer, to reduce write-in errors, and creates a state in which an
MRAM of gigabit grade can operate correctly.

The field heat-treating, as described above, is performed in a magnetic field at 500 kOe or
higher. The heat-treating temperature T [°C] is set, as described above, to satisfy:
280+2x(content of B [%])<T<400. This heat-treating temperature is explained below.
[0077]

The crystallization temperature of the amorphous phase depends on a heat-treating time,
which is controlled in a wide range. In manufacturing an MRAM, mutual diffusion of
constituent elements of respective layers of the MTJ 9 of the MRAM occurs at an
interface between any two adjacent layers. This, for example, may affect the
characteristics of the MTJ 9. This suggests as a realistic time, a heat-treating time, that is,
a temperature retention time, of 2 hours. Under this condition, the crystallization
temperatures for the FeCoB alloy and the FeCoNiB alloy depend on the content of B.
With the content of B of 10 atomic %, the crystallization temperature was 290°C. With the
content of B of 20 atomic %, the crystallization temperature was 300°C. Then, with the
content of B of 30 atomic %, the crystallization temperature was 310°C. That is, the
crystallization temperature depends on the content of B. From these relationships between
the content of B and the crystallization temperature, an approximation of the
crystallization temperature is given by 280+2x(content of B [%]).

Consequently, the heat-treating temperature for crystallization is set to a temperature equal
to or higher than 280+2x(content of B [%]).

On the other hand, the heat-treating must be carried out at a temperature at which the MTJ
9 has no deteriorated characteristics of the tunnel magnetoresistance effect. This suggests a
heat-treating temperature of 400°C or lower.

From these, the heat-treating temperature T [°C] in the magnetic field is set to the
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temperature represented by the formula (2) above, i.e., 280+2x(content of B [%])<T<400.
[0078]

With respect to a cooling rate after the heat-treating, if this cooling rate is too low, fine
precipitates containing a large amount of B, which deteriorates the characteristics are
generated. Therefore, it is desirable that the cooling rate after the heat-treating is adjusted
properly. Specifically, it was confirmed that the cooling rate from the heat-treating
temperature down to 280°C is desirably 2°C per minute or higher.

On the other hand, the temperature elevation rate in the heat-treating depends on the
performance of the heat-treating apparatus used. It is desirable to use a high temperature
elevation rate as high as possible within the range where no so-called overshooting occurs,
in which the controlled temperature becomes higher than the desired temperature.

[0079]

The strength of magnetic field during the heat-treating must be 5 kOe or higher.

It is necessary to continue applying the magnetic field during the heat-treating.
Specifically, it is desirable to continue applying the magnetic field over a temperature
range of from the heat-treating temperature down to 70°C during the cooling.

[0080]

In the process of manufacturing an MRAM, the heat-treating according to the present
invention may also be carried out immediately after a MTJ is formed. However, it is
possible that film depositing of an interlayer insulation layer, for example, in case
depositing a silicon oxide layer by plasma CVD, because this deposition is performed at a
temperature of 300°C or higher, it is desirable that the heat-treating according to the
present invention, that is performed after MTJ forming, is performed after this plasma
CVD.

[0081]

[Evaluation of characteristics]

An element for evaluating characteristics (hereafter, referred to as “TEG” (Test Element
Group) that corresponds to an embodiment of the magnetoresistive effect element and the
MRAM using the magnetoresistive effect element as a memory element, these are
according to the present invention, was prepared, and characteristics of the structure
according to the present invention was evaluated. The evaluation of characteristics and the
results are explained below.

As illustrated in Fig. 5, the MRAM includes the transistor 13 for switching besides the
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TMR element as a memory element. For the TEG formation of the transistor 13 for
switching on the semiconductor substrate 2, that is, on the semiconductor wafer was
omitted.

[0082]

As shown in Fig. 7 presenting a schematic plan view and in Fig. 8 presenting a schematic
cross-sectional view along the A-A line of Fig. 7, a 0.6 mm-thick semiconductor substrate
(semiconductor wafer) 2 having formed on the surface thereof an insulation layer 12 made
of a 2 um-thick thermal oxide film was provided.

On this semiconductor substrate 2 was formed a metal film for constituting a word line,
and then subjecting pattern etching by photolithography to form a word line WL that
extends in one direction.

At the etched part other than the part where the word line WL was formed, the oxide film
on the surface of the semiconductor substrate 2, i.e., the insulation layer 12 was etched to
a depth of 5 nm.

[0083]

On a portion of the word line WL was fabricated a TMR element 1. The TMR element 1
was fabricated such as, forming from the side of the semiconductor substrate 2, an
underlayer 3 made of a 3 nm-thick Ta layer and a 100 nm-thick Cu layer, an
antiferromagnetic layer 4 made of a 2 nm-thick PtMn layer, a magnetization fixed layer 5
comprising a non-magnetic conductive layer having a 3 nm-thick CoFe layer and a 0.8
nm-thick Ru layer and a ferrimagnetic layer made of a 2.5 nm-thick CoFe layer, an
intermediate layer 6 obtained by oxidizing 1 nm-thick Al, a magnetization free layer 7
made of a 5 nm-thick FeCoB layer, and a protective layer 8 made of a 5 nm-thick Ta layer.
[0084]

Thus, a portion of the laminated film constitutes the TMR element 1. For this purpose, the
part of the laminated film where the TMR element 1 was formed is provided thereon with
a mask layer (not shown) made of a photoresist layer by photolithography.

This mask layer was used as an etching mask for performing etching, for example, dry
etching the laminated film is performed to form the TMR element with the laminated film
having a necessary pattern.

Further, to cover the mask layer of the photoresist layer and periphery of the TMR element
1, Al,Os of around 100 nm was sputtered. Thereafter, the mask layer was removed and the
insulation layer on the TMR element 1 was removed, that is, lifted off, to expose the

surface of the TMR element 1.
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[0085]

In contact with the exposed TMR element 1 and extending across it was formed a metal
film. This was subjected to pattern etching by photolithography to form a bit line BL.
[0086]

This bit line BL and the word line WL, each of which was made of a Cu layer, were
formed to have a pattern in which these extend in mutually crossing directions.

[0087]

The composition of FeCoB of the ferromagnetic layer 7 that constitutes the magnetization
free layer, i.e., the information recording layer, was selected to be FesCo72B20 [atomic %].
The composition of CoFe of the ferromagnetic layer 5 that constitutes the magnetization
fixed layer was selected to be CorsFess [atomic %].

The tunnel barrier layer of the intermediate layer 6 was formed by first depositing an Al
film to a thickness of 1 nm by DC sputtering and subsequently plasma oxidizing the metal
Al film by ICP (Inductive Coupled Plasma) at a flow ratio of oxygen to argon being 1:1
with the gas pressure of the chamber being set to 0.1 mTorr. This oxidation time depended
on the ICP plasma output. In this example, the oxidation was performed for 30 seconds.
Film forming of layers other than the intermediate layer 6 was achieved by using a DC
magnetron sputtering method. The TMR element 1 was made to have an elliptical pattern
with a short axis of 0.5 um and a long axis of 1.0 pm.

[0088]

The word lines WL and the bit lines BL were respectively fabricated by forming a metal
film and patterning this by Ar plasma etching using photolithography.

The both ends of the word line WL and of the bit line BL extended and were each
provided with a terminal pad as shown in Fig. 7.

A plurality of such TEGs was formed on the common substrate 2.

The thus-fabricated sample TEGs were measured for their crystallization temperature,
which showed 300°C.

[0089]

The thus-fabricated TEGs were heated in a magnetic field by using a field heat-treating
apparatus. This heat-treating can also serve as ordering heat-treating for the
antiferromagnetic layer 4 made of PtMn. Thus, a ferromagnetic tunnel junction MTJ was
formed.

This heat-treating in a magnetic field was performed at a magnetic field strength of 10

kOe for a heat-treating time of 2 hours.
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[0090]

The thus-fabricated TEGs, which were fabricated at various heat-treating temperatures,
were measured for their TMR ratio, dispersion of inverted magnetic field Hc, and bias
voltage dependence. These were measured as follows.

[0091]

[Measurement of TMR ratio]

Recording of information to the memory element of the MRAM is achieved by use of
induction magnetic field generated by applying current to the bit line and the word line. In
the measurement of TMR ratios, the magnetization inversion of the information recording
layer, i.e., the magnetization free layer 7 of the TEG was achieved by applying an external
magnetic field.

This measurement was performed by first applying an external magnetic field for causing
the magnetization inversion of the information recording layer of the TMR element so that
it in a direction parallel to its axis of easy magnetization.

The strength of the magnetic field was set to 500 [Oe].

[0092]

Next, the strength of the magnetic field was swept form -500 [Oe] to +500 [Oe] as seen
from one of the axes of easy magnetization of the information recording layer and at the
same time the bias voltage applied to the terminal pad 23 of the word line and the terminal
pad 24 of the bit line BL was adjusted to 100 mV, in this state, tunnel current was flowed
to the ferromagnetic tunnel junction (MTJ). Values of resistance against respective
external magnetic fields were measured.

[0093]

Aratio of; a difference between a resistance value Ry at a state in which the magnetization
of the magnetization fixed layer 5 and the magnetization of the magnetization free layer 7
are in antiparallel and the resistance is high and a resistance value Ry, at a state in which
the magnetization of the magnetization fixed layer 5 and the magnetization of the
magnetization free layer 7 are in parallel and the resistance is low, to Ry; i.e., {(Ru -
RL)/RL}x100 was defined to be a TMR ratio. This TMR ratio is preferably 45% or higher
to achieve satisfactory read-out characteristics.

[0094]

[Measurement of inverted magnetic field and dispersion thereof]

The inverted magnetic field He was determined based on the R-H curve obtained by the

above-mentioned method of measuring TMR ratios. R-H was measured for element by
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element on the wafer and an average value and standard deviation ¢ of inverted magnetic
field Hc were obtained. A dispersion value was calculated as an average value of o/Hc.
The dispersion of inverted magnetic field Hc is preferably 10% or less to improve the
write-in characteristics.

[0095]

[Measurement of bias voltage dependence]

The R-H curve was obtained by varying the bias voltage from 100 mV to 1,000 mV at
intervals of 10 mV and TMR ratios were obtained based on the curve. The TMR ratios
against the bias voltages were plotted. Based on this graph, a TMR ratio at 0 mV was
obtained by extrapolating and then a bias voltage at which the TMR ratio was half the
TMR ratio at 0 mV was obtained, and it was named Vhalf.

Vhalf is preferably 550 mV or higher.

[0096]

Fig. 9 shows results of measurements regarding the relationship between the heat-treating
temperature and the TMR ratio (average value). Fig. 10 shows results of measurements
regarding the relationship between the heat-treating temperature and the inverted magnetic
field Hc. Fig. 11 shows results of measurements regarding the relationship between the
heat-treating temperature and the deviation of the inverted magnetic field He. Fig. 12
shows results of measurements regarding the relationship between the heat-treating
temperature and the bias voltage (average value).

[0097]

Figs. 9 to 12 indicate that the heat-treating in a magnetic field at a temperature equal to or
higher than the crystallization temperature of 300°C and equal to or lower than 400°C
enables the TMR ratio, the inverted magnetic field Hc, the dispersion of the inverted
magnetic field He, and the bias voltage to be within preferred characteristics ranges,
respectively.

[0098]

Fig. 11 indicates that the heat-treating in a magnetic field at a temperature equal to or
higher than the crystallization temperature and equal to or lower than 400°C clearly
reduces the dispersion of the inverted magnetic field among the TMR elements formed on
the same wafer to improve the write-in characteristics directly and widely.

Fig 12 indicates that the bias voltage dependence of TMR ratio is clearly reduced to give

satisfactory effects on the write-in characteristics and the read-out characteristics directly.
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[0099]
Also, Figs. 9 and 10 indicate that the heat-treating in a magnetic field at a temperature in
arrange from the crystallization temperature to 400°C enables improvement of TMR ratio
and maintenance of proper inverted magnetic field, which enables the element to have
well-balanced satisfactory characteristics.

[0100]

It is evident from these results that the write-in characteristics and the read-out
characteristics for MRAM are improved and further the error rates of these are widely
improved.

[0101]

As described above, the present invention has a construction that at least a magnetization
free layer, i.e., a ferromagnetic layer as an information recording layer of the memory
element in a magnetic memory device, comprises FeCoB or FeCoNiB containing B in an
amount of, preferably 10 atomic % or more and 30 atomic % or less. Further, the present
invention has a construction that for a sputtered film of the above feature, a ferromagnetic
layer deposited as a layer with an amorphous or microcrystalline structure is heat-treated
in a magnetic field to crystallize it. These enable stable enhancement of TMR ratio,
improvement of inverted magnetic field, reduction in dispersion of the inverted magnetic
field, improvement of asteroid characteristic by improvement of squareness in R-H
characteristic.

[0102]

In the above-mentioned example, explanation has been made mainly on the structure in
which the intermediate layer 6 sandwiched by the pair of the ferromagnetic layers 5 and 7
is made of a tunnel barrier layer, thus forming a TMR element. However, the
magnetoresistive effect element may be possible to be a so-called GMR element of a
spin-valve type having the intermediate layer 6 made of a non-magnetic conductive layer.
[0103]

Effects of the invention

As described above, the magnetoresistive effect element according to the present invention
can achieve improvement of MR ratio, reduction in bias voltage dependence of MR ratio,
decrease in inverted magnetic field, and decrease in dispersion of the inverted magnetic
field, and improvement of asteroid characteristics.

With these improvements, the magnetic memory device, which includes this

magnetoresistive effect element as a memory element, is particularly excellent in write-in
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characteristics and read-out characteristics and can achieve improvement of error rates,
stability and high reliability, and decrease in the power consumption.

[Brief explanation of the drawings]

Fig. 1 is a schematic cross-sectional view of an example of the magnetoresistive effect
element according to the present invention;

Fig. 2 is a schematic cross-sectional view of another example of the magnetoresistive
effect element according to the present invention;

Fig. 3 is a schematic cross-sectional view of an example of a field heat-treating apparatus
for use in the manufacturing method according to the present invention;

Fig. 4 is a schematic perspective view of an example of the magnetic memory device
according to the present invention;

Fig. 5 is a schematic cross-sectional view of a memory cell in an example of the magnetic
memory device according to the present invention;

Fig. 6 is a diagram illustrating TMR measurement curves against external magnetic field
of the TMR element according to the present invention and of the conventional TMR
element;

Fig. 7 is a schematic plan view of a characteristics evaluation element;

Fig. 8 is a schematic cross-sectional view of a characteristics evaluation element;

Fig. 9 is a diagram illustrating a change in TMR ratio by heat-treating temperature;

Fig 10 is a diagram illustrating a change in inverted magnetic field by heat-treating
temperature;

Fig 11 is a diagram illustrating a change in a dispersion from element to element of
inverted magnetic field by heat-treating temperature; and

Fig 12 is a diagram illustrating a change in bias voltage Vhalf by heat-treating
temperature.

[Explanation of signs]

1... magnetoresistive effect element (TMR element), 2... substrate, 3... underlayer,

4.. antiferromagnetic layer, 5... ferromagnetic layer (magnetization fixed layer), Sa... first
magnetization fixed layer, 5b... second magnetization fixed layer, Sc... non-magnetic
conductive layer, 6...intermediate layer (tunnel barrier layer), 7... ferromagnetic layer
(magnetization free layer), 8... protective layer, 9... ferromagnetic tunnel junction,
11...memory cell, 12...insulation layer, 13...transistor, 14... gate insulation layer,

15... gate electrode, 16...source region, 17...drain region, 18... contact hole,

19... conductive plug, 20... wire layer, 3, 4...terminal pads, 30...insulation layer, 31 to

32
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34.. first to fourth interlayer insulation layers, 131... vacuum chamber, 132.. heating

means, 133... magnetic field applying means, 134...rack, WL... word line, BL... bit line
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D3PV HELCEL—AN, FeCoBHBAWIEFeCoNI I BEEEITIHIEBEDHEM
B EHITIHERETIDEDTH D,

FLT. 2O0RBEODHHEMERBIX. FeCoB®HDWEFeCoNiIiBEEHTBHR/NY
AEOHBELRBERBICIDIILENEZEFE L L, 20
[002 3]

B, AFBHRZ., SOoBHEBAPEEZALTNASIATHY, EEIIRLTEEICE
RERT LI THRIENZELESIBAOBSENDERF L. COMKERDR
FFEESARAICHT T —FRPIVEY M REEZBADBIATVEBEOEEAEZTH
2T, REMEBOSIBEDLHECEL—H%., FeCoBHDWEIFeCoNIBEEAT
BTENLIT7RARBEVLEMBEREBROBBUEMBEZIREL. TO®R., COBBMEMARE
ORSBLELEEULEOEET. BEPRLEBL, TOT7ELI7RAHLVLEIAMBERER K
BREICBEZEYT 5.,

[002 4]

FTOFELIZIZ7RAHEVLEHMBEEEABOBHEMHEBOREEZ. FeCoBHBIWLWIEFe 30
CoNIBDRANRYARIZE2TITITEICEL2T,. BEICZ7EL I Z7RABEVLEMERE
BOBBEMBEEBELELTORENGZSIh B,

[0025]

Frh,. LR LEEXEAICE TSI FeCoBHDWVWIEFeCoNiIi BOEHAIX. FecC
oBltDoWTIHEH., X Feyx Co B, (AP, x. v. zEF3. BEFREX
¥) #HL. 55 x£45, 35=y=<85. 1022230, +y+z=100¢7%
B EMREFL L,

¢}

lIA <
x

Ff. FeCoNiBIZ2WTHH., #ifiXFeaCobNicBd (b, a~dIiE
FF¥%#%%k7d) 2BL. 52a£45, 35=b=85. 0<c=35, 1T0=d=£30
a+b+tc+d=100&FTBHIENEFLL, 40
[0026]

Fh . AFKBPILLIPBFHREFE LTINS FRLEBORLEEET (C) X, 280+
2x (BEFEB (%)) ETZ400¢ELT R ¢EREELLVEDTH D

[0027]
AERICFSIBIENDRERRTFSIVIOHBIENDERFEZERTIBIATVEEIIC
BLWTH., TORSKENYDERFERE T S. PABZALTRAT IR OBHERED L
H<¢tH—H%,. FeCoB, HBDWLWIEFeCoNIiBIZLE-THERETDIILDODTH DM,
COBRKIZTBWT., COHRBEOMHBEMBERNYAICE>THET R EE, FEILIT 7R
BOWLEMBEEEBORENLA L IALIN, AEBHIIBEWTE, COREBE*REEICBREE
BT H3ILI0&>T. BREENYDERFOHMSKER (MREL) oRE., R—HEBIROAR 50
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EOoHE. LK -2T. X704 FHEMHOHE. MREDNATRERKREROHE. &

BMADBE L 2EFT HOLEREBADELDENUELERDI_ENTED L LZRHELED

NDTHDB,

[0028]

FLT. AEBHAZICBEWLWTHE., TOREEILLE. BMBEDPRBLBIT K> TITS 2 EITED

T. Et#dLEEMREDME, REBMROELDEDEREILELELEREICTS LA TES D

DTHD, ChiE. CORBIZL- THBEBOEEBRISEARLN—FARIZHBEIN B

EITkBERDOLDND,

[0029]

w., ERLA-BEEMHEORNNYv A, REFREZRAVT., EBAZICETHESEE

TSXAIDLDAFVE, ARVAME—F Yy FIBREIETRANRNYRRNYEZYVTT DB

AE. HD2VELWHORREZAFVE—LANRNYAICET DR L3I, TR LF—ITHMES

FAFTVE—LERA—HF Y MIHBEIEDIZANYIE, EEOANYFITLDIENTE

%,

[o0030]

([RBHOERORE]

(MKERDERF)

AEBHICLIBIBENYRRTFO—FETHHEELE. BESATVEBOATVRFELTOH

SERDRFFTHEIN., COXEBEBICRLAZIDTEHLEL,

AEBHCSIBIRERNYRERFE. dO0BRBERE. EANICZE.,. BRLtEETBLHILLtEHEE

EN. PEBEANLTHASAAELBEERESRZ2AL. TOBERBEICEE. v HbEESA

MICBEREZR T CEINE>THIENREILEGEIBRITK DS,

ZLT.,. OBBEBOL LG LLBLEREEBRTIBUMERBE. AHEEBEET

FOLHECLELFeBEUCotHIIBEEFTSH. FeCoBHDBWLWIEFeCoNIB

DANYABEERHRBELLE-RABEBICLK>~THERT %,

[003 1]

COMKENDIRERFE. TOFEMEZ. BIZEFVRLNYTEIZE>THERT B L

C&EY., FPURILBISERDRE (TMR) fEFEEh b,

HHAWE., FOPRELZEUMBEEEERICLS > THALTRAEUANLIJEBSERYERTF

3%,

BHMEEL., EBEELTH5LELTELHIN., SBEELTHILENTEE., BlAFHIL

EITEZEBII%HHERBE. BEJVEBE LT D ENTE D,

[003 2]

H1E,. COMIKERYEEREF. IZEREVYALTEOTMR1IO—FIOBKRYERZ%Z

Y.

CoBlTIE. ERz2HAZES i ERLEiIZ, THESAERERIAh, COTHEIZNLTR

BHHEEAIAABRSh, COLz, PREIB6ZNA L THORBEESS LU 7ABESH

LFEEBEELSINhD,

COBTHEH. REBEEBILIC, BRELEETBZRBRA T HRBEEBSAEBRIA. CDLEIC
PRV YTEICED2PHEEGABE I, BEITCOLIC, BHREBRBL L HHILE

HEZ2RBAT2BHMERBR 7ARRSIAT., COBEBRBECI - THREE YR LES (U

TMTJUEWS) AERSHhDE, LT, COMTUJUOLEIZREES LWL B by Ta—
FPEAEBEER SN DS,

[0033]

THE3EF. BlIZAETaBIZLE»THERSHh B,

REBEMEEBELIEF. —FOBUHEEBESICLIHILEEES ELRBMENICHKET S LI

U, A HASHMENZEEHR. IZEATVEBCIBTIEZ2AABRIZE>TH

EARGZT I EH, BIZ, BLtEEBSOMIEORAZTE—ENDRAETICHEETSIHNT

b,

CORBEEEALI4EFE. Fe. Ni,. Pt, Il r. RhEZ&OLMnEd2. CoBit®H. N
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i BEVMEFICLDTREBATDRENATEDZLZDTHY ., CORBHEER4ET. AlAEP ¢t
MniZTE>THERT 5.

[003 4]

FEIBE6D RN TFTEER. EEEHNZETAIDODANRNVYIELIVWEEEZESZ. B
LEBEEHIVWEELELLEELEBEICLE > THEATALEATED, TOEHIM. O MY
FLNYTEER, FEERE. BRE. AV Y. ER. NBSF Y, N"OF VLA REEZRA
WCVD (Chemical Vapor Deposition) EITKBHEIC
EOoTHEHRT I LB TED,

[0035]

ZLT. COFREEB6EN LTRHRESINDIBLEEESSSIUHBMIELBEBRRE 7. FeCo
BHDWIEFeCoNI i BEZEFTIHRBERBICK->-TERIND, BMIELEEESX. £
BLELES3IT, RBEMEBAI LORABBERES L~ THIELORAEA—TEICEESIH B,
[0036]

ZLT. PRAB6ZN L CEESNITABER. B, PIZAEEHRERELLLIHEILE
HE. 74Hh5BHHEREB 73, FeCoBHDHWEFeCoNIBEEATIANVEE
FREBEILELEABEERBICETERSIN D,

[003 7]

BlZRBEREBRE L LTCOHLELEHEE 7 L. EE1nm~10nm&d5IEA. BIFL
HaEHEHERIDILTEFEL L,

ThbhEs, COBMILEBEB7OBEEN, 1TnmEixABTHI2BEEF., BMItLEBEEE L TOM
SEELAKRKEBECELADODA, FHh, 10nmEBADERBIAIPKXRECHYBE, BIZEH
[AEVEBDOAEVRFELLTAWSGHBE., EALTERLLEIETAAHDLLICEH
%,

[003 8]

WitEHB 713, £ LFFeCoB®HDIWIEFeCoNIBIZKIEEEELTDHIZR
bNB2BOTRAEL, IZECOHEBORBEERE. ChICELBLEEONMNS NI Fe
BLEOBEBELTDHILENTE, COHEERE. ChoBOHRENR1OnmEBADLIER
9Bt TED,

[O003 9]

Fl. FeCoB®HBWLWHEFeCoNIiBINK>»THILEETES®*HEHRTIEES. TOE
BEiFZ. 0. 5nm~6nmICBBETBHENEFL L,

hiE. BEtEEESDOEEMN., O. 5RXRBMTHIBEICE. BEEAEBLELTOHMKE
HhiEGbN, L6 mEZBEADLRBBUABLOXBBERAIN T NICELAG L
52 LIRS,

[0040]

FRL.BRI1TRLEGTE,. BILEETRBSZEERBELLEBETHIN. I21TF0—
FIOBBBEEREZRT LS. TOHBLEEESZ. BHEBE I UEBE LT 2N
TE b,

COBlTREH. REEMHEB 4L, CORBHBHUEEILREBEBETIE1OHLEERE
SafNBEIL, COLICHEUHEEEES c2NLTE2OHMILLtEEESbABBEINT
Wb,

EHMHEEEES clF. IZERU, Cu. Cr, Au, AgZDE2REREREICE-~THERT S
cEMRTED,

. B2280WT,. 1 ¢RI 2382 ERA—FELZRLTCEEHBEEERT 5,
Fh, ERLAFTE., PAB6MA. PR LAY FTETHDTTMREZFERELE
ETHAEN. PHEIE6AN. EHHEEBEICLI~THEAIHh, BEEARICEEA LI Z N
hHhH5CPP (Current Perpedicularcr t o Pl ane) & B
DAEVNHNLITRBSENYREFTFICERAT S LLTESD,

[004 1]

(MRERDREFOREAE]
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AEBHICLIBSENYRZTFOHUEAZOD—ERBELLT. 1 TRLEBIERD
RRFZHUETLI2HEEEHTT DS, LHALAGALG, AFEBHE., COEEREBIIBEIND
L OTEHEWL,
COEBOBECEVWTEH., LR LEER2LE~AD., THEI . RBEEELI. BELEE
Bs. PMEG6. MItLEBRE 7. REEBESOHRERE. IZAEYLFFryr o —BORNY
A UTEBIZE2THSISENTZE D,

[004 2]

COBE. KT, 12O0F vy NN—RNIZ. BlAELS i FYLDIER2ZEELT. 2OL
I, BXRFZETal&2THEI, PtMnIZE2RBBUEBI. SEBI2BBHERBD
TEHANDFe CoBHDWIEFeCoNIBIZXPHMIELEEES. BlZAIEAIEEBEIZ X
2hHEBE6E. EHEMICANRNYAEYUTITE2THET S,

[004 3]

TO®H.MOFry o N—RIZ,. ChoFEZRLAEZER2ZETL. COF v /NA—RIC
BWLWT., dHIE6ERATIAI 2EEOXR@EBIELLTEAEY>RLNYTREERAET 5.
TO®. BUERZ2Z2. 30 F vy N—RIZHESLBEL, BAEE6 LI, Ed L X
EHBPLERAOBBHERBLELT. FeCoBHEWEFeCoNIBIZKP2HMIELEEE?
EANRwABAYUTL, BIZ, COLic. lAETalcL2BREESEZ. EHR/NAvAEY Y
FIZ&->THKT %,

[004 4]

SRRy YU FiE, fiRLEZESC. REFREZAVWT., EBAZICELE>TRES
TERITSAIhoDAFUE. ARVAMDODE—S Y FNTEESE TRy EZYUTT B
HE. HD2VEFEVVHLREIZAFVE—LANRNYEIZE TR L3I, 8TRLF—IZMESHE
AT VE—LERE—F Y MIBBIFERZANYVAE, EBORNRN YR YVTITEBE
MTESB,

[0045)]

COESCLT. MRS EEHEEE., $ICFeCoB®HBWLWIEFeCoNiIiBIZKDH
tEEEBSHELUMIEEBEB 7. FELI77ABVLEHEEEEOBELTHESA
%,

[0046]

RIZ. COBEBEEHITI2ER2%. BishBRLET B,
COMBIFRALEBETOIBSIRALEEEL. ISICTO—HloOBMBHMAREZRT &£ 512
HAEREF N —131F8L. TORABFICEMNZIEE— 2 —ICTKDMBFE1S
2L PIZAEERABICEIBMBHNMFE133NABESIAEBRERET 5.

[004 7]
CHOEEFYyUNRN—131HDOSYY 13412, b -BEBEEZAETIER2ZEZEEBL
HEHBHMFE133ICX-2TRAI135IIFTT LS, BEBREOE@AMICAS . ITE
NDEAEOHBEZMMLERETNMREFHRE1I3 212> THHRTZ., COBRMLEIZE > T,
FELIZ7RABOVLEHWEREEBLE L TEBASAELBLEEESBLUHMIELEBRRE7 24
EEILT B,

COEE, COMBPRUVLEBIZEI T, AHIC, RABAFEEBLIOHRBILTHHLEREDR
EICHIEL. ChiTX-o2TCZORBHEHEBILICELTERSAL, RBEEE 4 L REH
BHHEESh-HRBBEERCLI2BELtEERBSOBItE—ARICBEET 2 ENTED,
[00 48]

COMBPFRLEE, 500k0 e ltOHBERT. REERE. 74HLHHBILEEES &£
VBILEBRBE LTORBEBS A LU 7TORBHEMHBOERILLEEULDEETITS .,
BEEMICEK. COMBPRLBEET (C) . #iIc##hd2280+2x%x (BEHE [
%] ) SET=Z400¢&9 %,

[0049]

(R AEVEBELTOREARAE]

AEBHICEIIBMIATYVEEBRE. TOATYVELLEBRTIAETVRFN., LR LEAXRE
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HBOERBRICLIPBIERDIERZTF. IZETMREFICEDTER IS,
COMAKAEVEBE. IAERK4IZ. TO—HlOEFOMBEROMEARERL. KIS

2. TD12D0AFTYELLT1T1OBBFEERERT LS. VOXKRA Y FEDODMRAM

FLABEBEELETBIENTES,

[0050]

ThHhHE, COMRAMIZEWTHE., BRI EZEHOT—FRWLE., ChidT—
FWLEFTATFTAITIARNIIRXTDELIICHEEBERI S EEHROEY FBEBLEEZEFAL
ChoTD—FHWLEEY FRBLEDBHODIERNZTIXEIZ., ThFALAEY L1
ELT,. ARBPRLIIBIERDRFTF. IZAETMREFIHLVEESIN D,

H4BWTRH.,. BEAEVREBIZETFZI23Xx3DAE)VEIL1IIATRFY I ZAKIZEE
Shi®BarZERLTLDS,

[005 1]

BAEVENLTI1E. RSIZFRT L3I, BIZAESVaIVERIYRDIFERERZ2 LT

BHbYBRIINEIZ, RAVFUOTRAORNS VPO RE2 1308/ BREINDB,
COLZUPRE13E. BIZAEMOS FS VPR (MMBEYFYF—FERDIRBE IS UOX
2) FYKD., CnBE., FEXRER 2LV - FRBB1AA/AEAEAESHL, COLIZHY—
FPEB1ISAEBSINELZRES - FRBABRIN S,

T, $EKRER2IZ. BBEY - FREZRATETOmMBIZY —XEH16&ERFLUESE
17 BASHE, COBRITEVWT, Y—+FEB15EF. RAHLAODT— FWL
1 ZERLTWLS,

[005 2]
CORSUIDRE1IBAEHSAEFERER2LICF., Y- FEBE1S5ZB>-TE1OD

BR#BEI1IABRIA. COFE10EMMBBEE3I 1O, £V —REE168LKUFL

A VHEB1 7L, BEREBES12E@BLCaV 2 FR— L1 8AEHRSHA, £V
A bR —L18IC. BERETSVT19”KESIN B,

ZLT. E1TOBMAB®EEI1LIC, V—XBH16ICHTHIERE20HA., V—XEHE
162V 89 FEMEEEMTST19LITENR>THERRIAS,

[005 3]

FI. BB 202F TE1O0EBMMBBES1LICE20EMBEBEI 2ABRSIND
COE2OEMBBEEI 21ZEF. FLAVEB1 72248 PSS -EBEHETSH 109

2. 308 R—NL18HAEBREHRSIA., ChITEBRETIST19”KEIID,
[005 4]

F20EMMBEEEI2LIZE. IAESHAELAT7—FHRWL1 OEREARMIZCERLT
H4DT—F®RBWLICHLEITZ2EZAHARA7—FEWL2 HERIHhB,

Fh. COBETRAHARAT—FBWL2 %2ZF-TC. $20EMMBEBEI 2Lz, Al AE®

L VavEYRIESIOBRBBEEIIARAIIAD., COESOERBEEZEEII3ICH
WTH, FLAVEB1 72429 P EEERTSFT19LI2, avsaE s bikR—1
18AEEFHRSh. ChICBEEMR TSV 19”KTEEIND,

[0055]

ZLT. COESOEHMBEIIILERTIBEESIS/19I2arvi2 LT, E30D

EMi#ZEE3I3I LI, H1HAPVWVEH2TRLAE-EEEOMZETa Lk YREITHESZ
BRL. COT#HEILIZ. BKERDEZFFHALTMREFI1ZEZHAT S,
[0056]

BIZ. COTHBEILEINDLENDTMREF1Z2EDTEINDERMBBEREI4A”BRAS .
COLEIZ, EEXAAFAT—FHBRWLLEEHY>»T. EvFrRBLEBAT S,

[005 7]

Eyv FBLLEICE. IHFRLAVWAREREENADECELTHERIA S,

LB LAEE1I~FI0EBHBBERECREEZEEELE. IZETSXTCVDIZE>TH

BTdeENTED,
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[005 8]
BRENMYRERTFOTMREFIOBESRIVHEAFAZRZ,. fIBLAEZELESC,. B2H5 0
BH3IOEEF. ARPRNESFATHBPLEBAMBESLIUABEAZICK T, REMHY
B4, BEHDAVWEHEEIJIZIVEBECLDIHILEERES. dEE6 X /v 2 ) v iiTk
STHAL. PREB6ICHTI2BRELEL LIEELRLEBZTNO. VT, BtEBRE 7
BEEBSODARANRYAY VT EFTSISEIZE2THAT R ENTESD,

[0059]

LizA>T., COBEBIIEVWTY., BILtEAEEORBHEREBS . BLUHBILLtERE T 4DLDE
BHRIEBEEOBHEMEE 7. FeCoBHhDAWIEFeCoNIBOF7ENLITIZRAEWLWLIX
MESEBELELTRAEAINS,

Cho, AEVELIIE, BOFERKER2TEHLEFERTIINLEIC, B4TERT
KA. TP Y RRKICEINETH B,

[0060]

RIZ. COFBERER2%. I3 THBLABEDPRULBEEICK>T., AHKIZ. HiGH
BUEBELT., BKRERMYIREZTFOTMREFIO, FELIZ7REVLEMBERMERE L
TS EHLtEEERS LS UVUHMILEBEROABMERBS LUV 72REBEILT S,
COEE, COBBDRPRULBICE>T., AHIC. REBEBMEE40HRAL T GbE RBH]M
BA4ZHENDRAETICHLEL. ChHIZE-2-TORBHUHEEILCELTEEEIAINAER
BHEMEEA S - BHEEBICL2MEtEETBSOMIELEZ—ARICEET 2N TEDB,
[006 1]

CORBRICEPBIATVEBER. EvEFBLEEZTAHFT—FHBWL (WL 1 ) &
CHEBEOERZBEBET DA LICES> T, BREINAXXBOAEY LT 1OHBIERD
EXZFHAIAETMREFIOHMILEREIC. MEY FEBLEEZRAHT—FHBRWLIZTEK
PREBAOEAICLEIMEOETAABALTHMMLT, IR LEZ&LS3I1C, BMItBEBHE®
MitERESET. FHROEHKEIT S,

[o006 2]

CHOEHBOHFEHAELE., BERSAIEHZAHAHEHLETS ATV ELIZEHLSI IO ZXE2 13
NDH—FEB1S5THbbEHEAELT— FHEWL 1 CHEOAEEZHMLT M Y
CRAA13FFVRELEL,. EVFREBLEINSUYSRE13DOY —REH160EKE
20D, ZAHLEFREBEET I ELEICE»TEFOERHAHELETS

[006 3]

EFRLEESEC, AEPICLIBIENDERFE. BLtEEBS L UHMILEBREE B
TERBMEBSS LU 7. BICHLtEEEZEBA T ABBEB 7 ABEBERSERTRT
HDDHDFe,. CotbHIZIBEEEIT D DFeCoB, FeCoNIiIiBIZEKDTH#ERTSHZEIZ
FYRGHMAROEXRLEARLEN S,

Thbhbbt, BEEEBEREEAROATRHEEBLERN TORKEEEDTMREF TR, X
EVHBEORALEREBMAROERLELEEAEERGEVWEVLWSISTFHEND 5,

hickklL, kL7 ~FeCoB, FeCoNIiIiBIZ&EDEZF, REVHABEOHLE
RICRBOA T LUHDEREBAOERNARTREINSG, §4bb. AEVHBELATOHLND
CEIT&koT, IR (1) XALBVEREILE, 7F4HB5TMREFIIEVLTE. B
TMREABLONIND, T, REBMAODERICE> T, BEKATUVEEBEIZIBWLWT., #0004
EVRFELTOBIEBENYRRFIIATIEERAHABR. THhHhEbEZTAHBEHRDOEHR
EFRBENTED,

[006 4]

ZFLT,. BIZAREBIIELWTE., ZFELIZ77RBZ0VLEHMESEBE L TEESIAEL., C
DHBEOBRHEHERELZ., MEBEPRUEIT I LIILI>»THEEREOHMSHWERS LS 58E T
TIhIBAIEARELFEIAL, R—-HEROARBEIEOLA, BILBEBHETHAHLEE
HERBEOREMRAILLET 5.

T, B (RO YY) 28ATDIELEICE»TNATFREERERABRESIN D,

[006 5]
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CCT. EHREBEENACoOo, , Fegq B, o [FF%] 2T HLKAXBHIZIELBTMR
RFFEL. BHREBLENCoy o Fe, o [BEF%] 2EFTHTMREFLEMERL.,
WMo OWTHEBEBOLEICIHTE PR LERENELRZIAELL. TOTMR [
%) — SN EHIE (Oe] HIRDATEHKREELZ. HO6ICFT, HI6ITHENTIE, AR 6 1(F.
BHMIEBEBMNCo, , Feg oB,  DTMREFDIHBANDTMR N BHBEHMBTHY
BB 21, BHEBEEMNCOg o Fe;,  DTMREFOTMR -NBEUESEHBTH
%,

[0066]

HiR61&6 2B LTHLALZEIIC, FHEHEEBENFe. Co,. BEEETHTM
RiZ. Fe. CoDAHEEFITAHATMREFICELTTIMREZECHELDD. REND
Hec2BRBIT D ENRARETH =,

Ffh. TMR-HBEL—TO0ABERALTIRERIC, MLINTEY/ A XBEHESH
TW3bERDHI DB,

[006 7]

Lz >T, AEBHITLIDIHMAENYDERTFICLLDIBKATYVEBEDATVRFE.
AABEFROERIARILINDENMY THLS, FRATHAS FHBORRELEHIESINEZ I LIZE
2T, BEERAAEUEAALEL., BEHOELDEARESIL., T, EE2RAHFIS—OEEN
Bohbd,

[006 8]

COEI3IBHEIPBENIEREHABETHVA., BEEETIHBUEEBEFTORELEEZLDL
he k. COBEHOREL. RBUEBAPZELI 7 ALGVLEMESKEBZIELNLTRT
L3yBohdioclEan., §44hHhs, LR LEKERIEBEEULT. D OBBEPRLEIC
O THBELESIh, D OBIEAMEFTAILIICHMEIADIIELITE>TELBD LR
hh b,

[006 9]

ZLT. MR ATYEEBECELWTRK. A—EREIC, BOTEHOAETVEF. Thbb
BMASERDRZFFAER IS IENAL, LR LEEZAAEROERE. TbhoOTKE
BAKZLI LT EOTHY. . <A E7FRATOAFHBREBRSBDIENTEEH L
COFYRELEBASNEEORELEAIRLOAIELEE. BOTEELETH D,

[o007 0]

M., BEMEENAEEITDSFeCoB, FeCoNi i  BOALHAIZE. FFELLWEENE
T 2D THD. ChbFeCoB, FeCoNIiBIZLI2BRBMUEBICLXIBISERD
BRF. AEVRFIIOVNTEH., AEBEAICKSEHE2002—-10692685TTT
CRELTWREZATH D,

[007 1]

THEbhE, BHHEEBENEETSFe. Co. BOEEMRIZIODVWTHE., AAE#LGTHY T
FEBHOLT,. HAEAXFeyx Co, B, (MR P. x. y. zE. BEF%ERT)
hoEHeh, 55x=45, 3565y=<85, 102z=230THdENFFELL,
ZDEE, x+y+ 2z 100THD., choHBOBEEIZOWTUTHRBEYT %,
[007 2]

FF. BOFMEBIZOWTHMHET 2, COBDAMEN1O0ORFREXRBTHDI E. R—2X
LB Fe—Cof2NHIEERARE(RBRIA, BOIMLHE UEILBDOLADHOD
HTHD. LEER2T., 1TOFRFRLULDBZEEEFT DI ELEIZEY., Fe, CoHFZRL
HETCELEELELEBELT, TMREABEECEKRIT I L1, B -—HEdE (R—H
) OARMAREIND, T, TMREODARSAZTREEXELHESHh., BIZ, F8H
HREOHIEREALTELTWVWS . REBIOEL>ENNSC, R-—HEKRLEIZAES
hd/4AXHKRIBIZERT 5.

[007 3]

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

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

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

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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Application # | 15/428,842
INFORMATION Confirmation # | 9576

Filing Date | February 9, 2017
DISCLOSURE First Inventor | YUASA

Art Unit | 2837
STATEMENT Examiner | Chambliss, Alonzo

Docket # | P11338US02/NBT

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

This IDS is submitted pursuant to 37 CFR. §1.97-1.98 and includes the following:
Xl A listing of the documents on PTO-1449.
X A copy of all non-US documents which are listed on the PTO-1449.

[] A copy of a corresponding Foreign or PCT Search Report which explains the relevance of
the documents noted therein (and which is listed on the PTO-1449).

] 1t will be noted that the relevance of some of the listed references is at least as is disclosed
in the specification.

[] A separate explanation of relevance.

Please note the following particulars concerning the filing of this IDS:

[] 1. This IDS is filed (Rule 1.97(b)) at whichever is the latest of:

o within three months of the filing date of a NATIONAL APPLICATION other than a CPA, or

¢ within three months of the date of entry into the NATIONAL STAGE as set forth in 37 CFR.
§1.491 in an international application, or

e before the mailing date of a first Office Action on the merits (including after filing of an
RCE) (but if a first Office Action is mailed but not yet received and the date on the face of the
attached communication makes it evident that this IDS is submitted within three months from the
mailing of the search report, then applicant is entitled to have this IDS considered under 2.B.
below and such boxes should be considered as having been checked).

X 2. This IDS is filed (Rule 1.97(c)) after a first Office Action, but before a Final Action,

Allowance, or any other action which closes prosecution, and:

X A.ls accompanied by a payment as required by 37 CFR. §1.17(p) in the amount of:
[X] $240 large entity or
1 $120 small entity

or (one of the following)

[l B. I hereby state that each item of information contained in this IDS was first cited in
any communication from a foreign patent office in a counterpart foreign application not
more than three months prior to the filing of this IDS.

[0 C. I hereby state that no item of information in this IDS herewith was cited in a
communication from a foreign patent office in a counterpart foreign application, and, to
my knowledge after making reasonable inquiry, was known to any individual
designated in 37 CFR. §1.56(c) more than 3 months prior to the filing of this IDS.

[] D. An appropriate Statement is attached.
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[] 3. This IDS is filed (Rule 1.97(d)) after a final action or allowance, but on/before payment of
the issue fee, and:

[] A.is accompanied by a payment as required by 37 CFR. §1.17(p) in the amount of:
[] $180 large entity or
[] $90 small entity .

and (one of the following)

[0 B. I hereby state that each item of information contained in this IDS was first cited in
any communication from a foreign patent office in a counterpart foreign application not
more than three months prior to the filing of this IDS.

[] C. I hereby state that no item of information in this IDS herewith was cited in a
communication from a foreign patent office in a counterpart foreign application, and, to
my knowledge after making reasonable inquiry, was known to any individual
designated in 37 CFR. §1.56(c) more than 3 months prior to the filing of this IDS.

[] D. An appropriate Statement is attached.

[] 4. This IDS does not comply with 37 CFR 1.97-1.98, and is being filed for placement in the
file pursuant to 37 CFR. §1.97(i).

X 5. It will also be appreciated that:

a. ltis believed that this IDS complies fully with 37 CFR 1.56 and 1.97-98 and with MPEP §
609; but if for some reason it does not and will not be entered, the examiner is requested
to telephone the undersigned so that any deficiency can be timely remedied.

b. Some of the documents may have markings thereon, but no significance should be
attached to those markings.

¢. These documents are not necessarily analogous art.

d. Where an English language translation of any part of a document is provided from a
public source, applicant cannot vouch for the accuracy of that translation.

X 6. If no payment is enclosed and a fee is due in connection with this communication or if the
payment enclosed is insufficient, the Director is authorized to charge any fee or additional
fee due with this communication to Deposit Account No. 12-0555.

Respectfully submitted,

Date: September 13, 2018 /B. Aaron Schulman/
By: B. Aaron Schulman
Registration No.: 31,877

STITES & HARBISON PLLC + 1800 Diagonal Road ¢ Suite 325 ¢ Alexandria, VA 22314
TEL: 703-739-4900 ¢ FAX: 703-739-9577 ¢ CUSTOMER NO. 881
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re U.S. Patent Application of

YUASA

Application Number: 15/428,842

Filed: February 9, 2017

For: MAGNETIC TUNNEL JUNCTION DEVICE

ATTORNEY DOCKET NO. P11338US02/NBT

Mail Stop Amendment
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

A e S P g

Confirmation No. 9576
Art Unit 2897

Examiner
Alonzo Chambliss

RESPONSE AND AMENDMENT UNDER 37 C.F.R. §1.111

Sir:

This is in response to the Office Action mailed on June 1, 2018, the period of response to

which is set to expire on October 1, 2018, with the payment of the appropriate extension fees for

an extension of time of one month. Please amend the above-referenced application as follows:
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IN THE CLAIMS
Claims 1-3, 7-9, and 11-33 are pending in this application, wherein claims 27-33 are being

newly added, as follows:

1. (Previously Presented) A magnetic tunnel junction (MTJ) device, comprising:

a first electrode comprising a first ferromagnetic material layer that includes Co, Fe, and

a barrier layer disposed over the first electrode, the barrier layer comprising a magnesium
oxide (MgQ) layer that is formed of a poly-crystalline MgO in which a (001) crystal plane is
preferentially oriented; and

a second electrode disposed over the barrier layer and comprising a second ferromagnetic
material layer that includes Co, Fe, and B, and

wherein each of the first and second ferromagnetic material layers is entirely crystallized.

2. (Previously Presented) The MTJ device of claim 1, wherein the first ferromagnetic
material layer is in direct contact with the barrier layer, and wherein the second ferromagnetic

material layer is in direct contact with the barrier layer.

3. (Previously Presented) The MTJ device of claim 1, wherein the first ferromagnetic
material layer is in direct contact with the MgO layer, and wherein the second ferromagnetic

material layer is in direct contact with the MgQO layer.

4-6. (Canceled).

7. (Original) The MT]J device of claim 1, wherein each of the first and second ferromagnetic

material layers is a poly-crystalline layer in which a (001) crystal plane is preferentially oriented.

8. (Previously Presented) The MTJ device of claim 2, wherein each of the first and second
ferromagnetic material layers is a poly-crystalline layer in which a (001) crystal plane is

preferentially oriented.
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9. (Previously Presented) The MTJ device of claim 3, wherein each of the first and second
ferromagnetic material layers is a poly-crystalline layer in which a (001) crystal plane is

preferentially oriented.

10.  (Canceled).

11. (Original) The MT]J device of claim 1, wherein a barrier height ¢ of the barrier layer is in
arange of 0.2to 0.5 eV.

12. (Previously Presented) The MTJ device of claim 11, wherein the barrier height ¢ of the
barrier layer is obtained by fitting J-V characteristics of the MTJ device to an equation (1):
J=[(2m@)"?/As](e/h)*<exp[—(4nAs/h)x(2me) > xV (1),
where J is a tunnel current density flowing through the barrier layer, V is an applied bias
voltage that is 100 mV or smaller, m is the free electron mass, e is the elementary electric charge,
h is Planck’s constant, As is an effective thickness of the barrier layer that is equivalent to

(tmgo—0.5 nm), and tmgo is an actual thickness of the barrier layer.

13. (Previously Presented) The MTJ device of claim 1, wherein a value of x in MgOx for the
MgO layer is greater than 0 and less than 1.

14. (Previously Presented) The MTJ device of claim 1, wherein a value of x in MgOx for the
MgO layer is greater than 0.9 and less than 1.

15. (Previously Presented) A magnetic tunnel junction (MTJ) device, comprising:

a first electrode made of a first CoFeB layer;

a barrier layer made of a magnesium oxide (MgO) layer that is a poly-crystalline layer in
which a (001) crystal plane is preferentially oriented; and

a second electrode made of a second CoFeB layer, and

wherein the barrier layer is located between the first electrode and the second electrode,
and

wherein both the first and second CoFeB layers are entirely crystallized.
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16. (Previously Presented) The MTJ device of claim 15, wherein the first CoFeB layer is in
direct contact with the MgQO layer, and wherein the second CoFeB layer is in direct contact with

the MgO layer.

17.  (Previously Presented) The MTJ device of claim 15, wherein the MgO layer and the first
CoFeB layer form a first interface of the MTJ, and wherein the MgO layer and the second
CoFeB layer form a second interface of the MTJ.

18.  (Original) The MTJ device of claim 15, wherein each of the first and second CoFeB

layers is a poly-crystalline layer in which a (001) crystal plane is preferentially oriented.

19. (Original) The MT]J device of claim 15, wherein a barrier height ¢ of the MgO layer is in
arange of 0.2to 0.5 eV.

20. (Previously Presented) The MTJ device of claim 19, wherein the barrier height ¢ of the
MgO layer is obtained by fitting J-V characteristics of the MTJ device to an equation (1):
J=[(2m@)"?/As](e/h)*xexp[—(4nAs/h)x(2m@) 2] xV (D),
where J is a tunnel current density flowing through the MgO layer, V is an applied bias
voltage that is 100 mV or smaller, m is the free electron mass, e is the elementary electric charge,
h is Planck’s constant, As is an effective thickness of the MgO layer that is equivalent to

(tme0—0.5 nm), and tamgo is an actual thickness of the MgO layer.

21. (Previously Presented) The MTJ device of claim 15, wherein a value of x in MgOx for the
MgO layer is greater than O and less than 1.

22. (Previously Presented) The MTJ device of claim 19, wherein a value of x in MgOx for the
MgO layer is greater than 0 and less than 1.

23. (Previously Presented) A magnetic tunnel junction (MTJ) device, comprising:

a first ferromagnetic material layer that includes Co, Fe, and B;
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a barrier layer disposed on the first ferromagnetic material layer, the barrier layer
comprising a magnesium oxide (MgQ) layer that is a poly-crystalline MgO in which (001)
crystal plane is preferentially oriented; and

a second ferromagnetic material layer that is disposed on the barrier layer and includes
Co, Fe, and B, and

wherein each of the first and second ferromagnetic material layers is entirely crystallized.

24, (Previously Presented) The MTJ device of claim 23, wherein a value of x in MgOx for
the MgO layer is greater than O and less than 1.

25. (Previously Presented) The MTJ device of claim 23, wherein a barrier height ¢ of the

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

26. (Previously Presented) The MTJ device of claim 25, wherein the barrier height ¢ of the
barrier layer is obtained by fitting J-V characteristics of the MTJ device to an equation (1):
J=[(2m@)"?/As](e/h)*xexp[—(4nAs/h)x(2me@) > xV D),

where J is a tunnel current density flowing through the barrier layer, V is an applied bias
voltage that is 100 mV or smaller, m is the free electron mass, e is the elementary electric charge,
his Planck’s constant, As is an effective thickness of the barrier layer that is equivalent to (tmgo—0.5

nm), and tmgo is an actual thickness of the barrier layer.

27. (New) The MTJ device of claim 1, wherein each of the first and second ferromagnetic

material layers has a Body-Centered Cubic (BCC) structure.

28.  (New) The MT]J device of claim 7, wherein each of the first and second ferromagnetic

material layers has a BCC structure.

29.  (New) The MTJ device of claim 15, wherein each of the first and second CoFeB layers has
a BCC structure.
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30.  (New) The MT]J device of claim 18, wherein each of the first and second CoFeB layers has
a BCC structure.

31. (New) The MTJ device of claim 23, wherein each of the first and second ferromagnetic

material layers has a BCC structure.

32. (New) The MTJ device of claim 23, wherein each of the first and second ferromagnetic

material layers is a poly-crystalline layer in which a (001) crystal plane is preferentially oriented.

33.  (New) The MTJ device of claim 32, wherein each of the first and second ferromagnetic

material layers has a BCC structure.
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REMARKS
The above amendments to the above-captioned application along with the following
remarks are being submitted as a full and complete response to the Office Action dated June 1,
2018 (U.S. Patent Office Paper No. 20180523). In view of the above amendments and the
following remarks, the Examiner is respectfully requested to give due reconsideration to this

application, to indicate the allowability of the claims, and to pass this case to issue.

Status of the Claims

As outlined above, claims 1-3, 7-9, and 11-33 stand for consideration in this application,
wherein claims 27-33 are being newly added. All amendments to the application are fully
supported therein.

In particular, Applicants note that, with reference to the USPTO publication of the present
application as originally filed (U.S. Patent Application Pub. No. 2017/0155042), the specification
of the present application describes exemplary embodiments of the present invention that provide
“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 MgOy (0<x<1) layer in which the (001) crystal plane is
preferentially oriented.” (Para. [0012]). To this point, paragraph [0028] explains that, “in the
context of the present specification, BCC structure, which the crystalline structure of
ferromagnetic electrode layer, means body-centered cubic lattice structure.”

With reference to Figures 2(A)-2(D), the present application further discloses an
embodiment of “[a] method of manufacturing the MTJ device having the Fe
(001)/MgO(001)/Fe(001) structure according to the embodiment (to be hereafter referred to as a
‘Fe(001)/MgO(001)/Fe(001) MT]J device’)” in which “Fe(001) refers to a ferromagnetic material
with the BCC structure.” (Para. [0035]). The present application further describes that “[a]lthough
in the above-described embodiment Fe(001) 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.” (Para. [0045]).

In this regard, with reference to Figure 11, the present application further describes “a MTJ

device according to a variation of the embodiments” disclosed therein in which “the MTJ device
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of the variation is characterized in that, as in the MTJ device of the [other] embodiments [disclosed
therein], the electrodes disposed on either side of a single-crystal MgOx (001) 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.” (Para.
[0049]). With further reference to this embodiment, the present application discloses that, “[a]s
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.” (Para. [0050]).

With reference to the cited disclosure discussed above, as well as the additional disclosure
otherwise provided in paragraphs [0028-50] of the present application, Applicants further note that
paragraph [0051] of the present application specifically states that, “[w]hile 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.” Accordingly, Applicants
hereby submit that no new matter is being introduced into the application through the submission

of this response.

Allowable Subject Matter

The Examiner indicated that claims 11-14 would each be allowable if rewritten to include

all the limitations of the base claim and any intervening claims from which it depends.

Examiner Interview Summary

A telephonic interview was held with Examiner Chambliss on July 13, 2018, relating to
the present application. The interview was held to discuss the rejections of claims 15-22 under 35
U.S.C. §101 as being unpatentable over claim 4 of U.S. Patent Application No. 13/400,340 (U.S.
Patent No. 8,405,134; “the ‘134 patent”), claims 23-26 as being unpatentable over claim 3 of the
‘134 patent on grounds of double patenting, and claims 1-3 and 7-9 under 35 U.S.C. §103(a) as
being unpatentable over Parkin (U.S. Patent No. 7,252,852) and in view of Ohba (U.S. Patent
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Application Pub. No. 2006/0125034), which were issued in the Office Action mailed on June 1,
2018.

During the interview, with respect to the double patenting rejections issued under 35 U.S.C.
§101, Applicants’ representative presented arguments that claims 23-26 of the present application
are substantively different from and not identical to claim 3 of the ‘134 patent and that claims 15-
22 of the present application are likewise substantively different from and not identical to claim 4
of the ‘134 patent. In view of these arguments, an agreement was reached that the statutory-type
double patenting rejections of claims 15-26 would be withdrawn.

With respect to the claim rejections issued under 35 U.S.C. §103(a), Applicants’
representative presented arguments that the cited references fail to teach, suggest, or otherwise
render obvious the limitation required by independent claim 1 of “a second electrode...comprising
a second ferromagnetic material layer that includes Co, Fe, and B.” In reply, the Examiner replied
by expressing that these arguments would receive consideration upon being presented in a formal
response to the Office Action.

Applicants respectfully thank Examiner Chambliss for his consideration in conducting the
above-discussed interview of July 13, 2018 with Applicants’ representative.

Applicants further note that an earlier telephonic interview was also held with Examiner
Chambliss on May 16, 2018, relating to the present application. The interview was held to discuss
the two references that were listed in the Information Disclosure Statement (IDS) submitted on
February 23, 2018, U.S. Patent Application Pub. No. 2006/003185 (“the Parkin ‘185 reference”)
and U.S. Patent No. 7,252,852 (“the Parkin ‘852 reference”). In the discussion held during this
interview, Applicants’ representative provided an explanation of the distinctions between the
different embodiments disclosed in the two Parkin references and the claims of the present
application as presented in the Amendment that was submitted with the IDS on February 23, 2018.

In reply to the remarks, the Examiner acknowledged the distinctions between the
disclosures of the two Parkin references and the claims of the present application noted by
Applicants’ representative. Nevertheless, the Examiner also indicated he would be conducting a
further search of the prior art in view of the embodiment of a magnetic tunnel junction disclosed
in the Parkin ‘185 reference with reference to Figure 11. More specifically, the Examiner

expressed that he would be searching for the existence of one or more additional reference
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teachings that may potentially be used in conjunction with the embodiment of Figure 11 of Parkin
‘185 to conduct an obviousness analysis of the claims of the present application.
Applicants respectfully thank Examiner Chambliss for his consideration in conducting the

above-discussed interview of May 16, 2018 with Applicants’ representative.

Double Patenting Rejections

The Examiner rejected claims 15-22 under 35 U.S.C. §101 as being unpatentable over
claim 4 of U.S. Patent Application No. 13/400,340 (U.S. Patent No. 8,405,134, “the ‘134 patent”)
and claims 23-26 as being unpatentable over claim 3 of the ‘134 patent on grounds of double
patenting. As discussed above, the Examiner has indicated that the statutory-type double patenting
rejections will be withdrawn in view of the discussion that was held during the Examiner Interview

conducted on July 13, 2018.

Prior Art Rejections

The Examiner rejected claims 1-3 and 7-9 under 35 U.S.C. §103(a) as being unpatentable
over Parkin (U.S. Patent No. 7,252,852) and in view of Ohba (U.S. Patent Application Pub. No.
2006/0125034). Applicants have reviewed the above-noted rejections, and hereby respectfully
traverse.

A proper obviousness rejection under 35 U.S.C. §103 requires a determination that the
claimed invention “as a whole” would have been obvious to person of ordinary skill in the art
when the invention was unknown and just before it was made. MPEP §2142. Accordingly, “[a]ll
words in a claim must be considered in judging the patentability of that claim against the prior
art.” In re Wilson, 424 F.2d 1382, 1385 (C.C.P.A. 1970). When considering obviousness of a
combination of prior art elements, the operative question is whether “the improvement is more
than the predictable use of prior art elements according to their established functions.” KSR Int']
Co. v. Teleflex, Inc., 550 U.S. 398, 418 (U.S. 2007). To properly support a conclusion that a
claimed invention is directed to obvious subject matter, “either the references must expressly or
impliedly suggest the claimed invention or the examiner must present a convincing line of
reasoning as to why the artisan would have found the claimed invention to have been obvious in

light of the teachings of the references.” FEx parte Clapp, 227 USPQ 972, 973 (Bd. Pat. App. &
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Inter. 1985). Inthis respect, “[t]he key to supporting any rejection under 35 U.S.C. 103 is the clear
articulation of the reason(s) why the claimed invention would have been obvious.” MPEP §2141.

As outlined above, claims 1-3, 7-9, and 11-33 remain of record. Accordingly, Applicants
respectfully submit that Parkin, either alone or in combination with Ohba, fails to teach, suggest,
or disclose each and every limitation of claims 1-3 and 7-9. For example, neither Parkin nor Ohba
teaches or suggests “a second electrode...comprising a second ferromagnetic material layer that
includes Co, Fe, and B, and...is entirely crystallized” as required by independent claim 1. In
this regard, on page 3 of the Office Action, the Examiner cites the free ferromagnetic layer 134
disclosed in Parkin with respect to the embodiments of a magnetic tunnel junction illustrated in
Figures 2A-2C as teaching the second electrode required by claim 1. The Examiner, however,
further notes that “Parkin fails [to] explicitly disclose the...second ferromagnetic material layer][ ]
is entirely crystalized.” (Office Action, p. 3). Nevertheless, the Examiner further asserts, citing
paragraph [0074] of Ohba, that “Ohba discloses a...second ferromagnetic material layers should
be crystalline material free from a defect in which a crystal structure is changed such as to be
crystallized by annealing.” (Office Action, p. 3-4). Applicants respectfully disagree with these
assertions.

In particular, with respect to the assertion that the free ferromagnetic layer 134 disclosed
in Parkin with respect to the embodiments of a magnetic tunnel junction illustrated in Figures 2A-
2C teaches “a second electrode...comprising a second ferromagnetic material layer that includes
Co, Fe, and B” as required by claim 1, Applicants note that Parkin, in contrast to claim 1, merely
describes the ferromagnetic layers 119 and 134 of the magnetic tunnel junction disclosed therein
that are being cited by the Examiner as respectively disclosing the first and second electrodes
required by claim 1 as including cobalt and iron, not also boron as is specifically required by claim
1. For example, at column 19, lines 20-23, Parkin describes that “the ferromagnetic layer 134,

which acts as the counter electrode of the MTJ for the samples used in collecting the data shown
in FIG. 4, was formed from a 100 A thick CossFess.” (Emphasis added). As another example,

at column 16, lines 25-29, Parkin describes that “FIG. 3 shows the detailed dependence of

resistance and TMR on the thickness of the Mg layer 122 for a series of otherwise nominally

identical MTJs with a structure formed from 75 A Ta/250 A Ir26Mn74/8 A CosqFe16/18 A Fent

Mg/18 A Mg0/200 A CossFers/100 A Ta.” (Emphasis added). In terms of the embodiments of
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a magnetic tunnel junction described in Parkin with reference to Figures 2A-2C, this example

shows that the lower ferromagnetic electrode is formed from the bilayer 115 of 8 A CossFers
(layer 118) and 18 A Fe (layer 119), and that the upper ferromagnetic electrode is formed from

200 A CogFers (layer 134). In other words, Parkin shows magnetic tunnel junctions in which the

ferromagnetic electrodes are formed from CoFe or CoFe/Fe layers.

In this regard, Applicants note that while Parkin also remarks that the method for forming
a tunnel barrier disclosed therein can “also be used for the formation of improved [Mgi.xZnx]O
tunnel barriers on a wide variety of underlayers ranging from crystalline layers prepared on
crystalline substrates...to amorphous underlayers (such as CoFeB)” (cols. 31-32, 1. 66-4)
(emphasis added), the term “underlayer” is specifically used in Parkin to reference the layers that
are under the tunnel barrier layer 120 or 120’ of the embodiments of a magnetic tunnel junction
disclosed therein, such as the ferromagnetic layer 119, as opposed to the ferromagnetic layer 134
that is being cited by the Examiner as disclosing the second electrode required by claim 1.

To this point, Applicants note that, throughout the disclosure of Parkin, the ferromagnetic
layer 134 is specifically described therein as being an “overlayer” as opposed to an “underlayer.”
For example, with reference to the embodiment of a magnetic tunnel junction illustrated in Figure
16, Parkin describes that “the free ferromagnetic layer 134 and the spacer layer 225 comprise

an overlayer. Generally, the magnetic tunnel junction will include an overlayer formed on

top_of the [MgixZnx]O tunnel barrier 120° which may be comprised of one or more
ferromagnetic layers with or without a non-magnetic spacer layer, or, more generally, from a
multiplicity of ferromagnetic and non-ferromagnetic, non-ferrimagnetic layers. Similarly, the

magnetic tunnel junction will include an underlayer beneath the [Mg:xZn]O tunnel barrier

120’ which may be comprised of one or more ferromagnetic layers with or without a non-magnetic
spacer layer (e.g., spacer layer 226), or, more generally, from a multiplicity of ferromagnetic and
non-ferromagnetic, non-ferrimagnetic layers.” (Col. 31, 1l. 48-62) (emphasis added).

Therefore, as Parkin clearly fails to include any teaching or suggestion to modify the
ferromagnetic layer 134 of the magnetic tunnel junction disclosed therein to further include boron
in addition to cobalt and iron, it is readily apparent that Parkin, in addition to failing to teach or

suggest a second ferromagnetic material layers being entirely crystallized as required by claim 1,
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also fails to teach or suggest a second electrode. .. comprising a second ferromagnetic material layer
that includes Co, Fe, and B” as required by claim 1.

Furthermore, with respect to the assertion on pages 3-4 of the Office Action that “Ohba
discloses a...second ferromagnetic material layer[] should be crystalline material free from a
defect in which a crystal structure is changed such as to be crystallized by annealing,” Applicants
note that the disclosure of Ohba, in contrast to claim 1, is specifically directed to a magnetoresistive
device that “has an arrangement including a pair of ferromagnetic layers (magnetization fixed layer
5 and magnetization free layer 7) being opposed to each other through an intermediate layer 6,”
with “the pair of ferromagnetic layers 5, 7 composed of the magnetization fixed layer 5 made of a
crystalline ferromagnetic layer provided under the intermediate layer 6 and the magnetization

free layer 7 being made of an amorphous ferromagnetic layer being provided above the

intermediate layer 6.” (Abstract) (emphasis added).

To this point, Applicants note that this description in Ohba of the magnetization free layer
that is provided above the intermediate layer of the magnetoresistive device disclosed therein being
made of an amorphous ferromagnetic layer is repeated numerous times throughout the disclosure
of Ohba. For example, Ohba specifically describes this magnetization free layer as being made of
an amorphous ferromagnetic layer, for example, in each of paragraphs [0027], [0028], [0029],
[0040], [0043], [0058], [0062], [0066], [0067], [0069], [0071], and [0072]. Moreover, claim 1 of
Ohba explicitly recites “a magnetization free layer being made of an amorphous ferromagnetic
layer being provided above said intermediate layer.” (Emphasis added).

In this regard, Applicants note that while paragraph [0074] of Ohba, as cited by the
Examiner, inconsistently states that “it is desired that the ferromagnetic layer formed on the tunnel
barrier layer should be made of a crystalline ferromagnetic material,” it is readily apparent that the
term “on” used in the phrase “formed on” in this statement is a typographical error that occurred
during the translation of the original Japanese text of the corresponding international patent
application, WIPO Patent Application No. PCT/JP03/09824 (published as WIPO Publication WO
2004/015791), from which Ohba is a national stage entry, into the English language, rather than
an intent to contradict the entirety of the disclosure provided in Ohba.

To this point, Applicants note that, in the Japanese text of the corresponding international
patent application, the Kanji character that corresponds to the term “on” in paragraph [0074]

specifically translates to the English term “under” in a manner that, in a correct translation, would
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result in paragraph [0074] of Ohba being consistent with the entirety of the remainder of the
disclosure of Ohba, confirming that the term “on” used in the phrase “formed on” in paragraph
[0074] is a typographical error that occurred during the translation process. In other words,
paragraph [0074] of Ohba is intended to be a description of the magnetization fixed layer 5 that is
made of a crystalline ferromagnetic layer and provided under the intermediate layer 6, not the
magnetization free layer 7 that is made of an amorphous ferromagnetic layer and provided above
the intermediate layer 6.

This proper interpretation of the disclosure of Ohba is further supported by the immediately
subsequent paragraph [0075], which specifically states that “[a]s the amorphous ferromagnetic
material for use with the magnetization free layer 7, there can be used amorphous alloys,” as well
as paragraph [0076], which again describes that “the TMR device 1 has the arrangement in which
the magnetization free layer 7 (adjoining the upper surface of the tunnel barrier layer) disposed on
the tunnel barrier layer 6 is made of the amorphous ferromagnetic material.”

Accordingly, it is clear that Ohba, as with Parkin, fails to teach or suggest “a second
electrode...comprising a second ferromagnetic material layer that includes Co, Fe, and B, and.. .is
entirely crystallized” as required by claim 1. For this reason alone, claim 1 is patentable over the
cited references.

For at least these reasons, Applicants respectfully submit that Parkin, either alone or in
combination with Ohba, fails to teach, disclose, or suggest each and every limitation of claim 1
and, therefore, that claim 1 is now in condition for allowance. Where an independent claim is
nonobvious under 35 U.S.C. §103, then any claim depending therefrom is nonobvious. /n re Fine,
5U.P.S.Q.2d 1596, 1598 (Fed. Cir. 1988). Because claims 2, 3, and 7-9 depend either directly or
indirectly from claim 1, Applicants respectfully submit that Parkin, either alone or in combination
with Ohba, does not render obvious claims 2, 3, and 7-9 for at least the reasons set forth above that
it does not render obvious claim 1 and, therefore, that claims 2, 3, and 7-9 are also now in condition
for allowance.

Therefore, Applicants respectfully submit that the present invention as claimed is

distinguishable and thereby allowable over the prior art of record.
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Conclusion

In view of all the above, Applicants respectfully submit that certain clear and distinct
differences as discussed exist between the present invention as now claimed and the prior art
references upon which the rejections in the Office Action rely. These differences are more than
sufficient to establish that the present invention as now claimed would not have been anticipated
nor rendered obvious given the prior art. Rather, the present invention as a whole is
distinguishable, and thereby allowable over the prior art.

Favorable reconsideration of this application as amended is respectfully solicited. Should
there be any outstanding issues requiring discussion that would further the prosecution and
allowance of the above-captioned application, the Examiner is invited to contact the Applicants’

undersigned representative at the address and phone number indicated below.

Respectfully submitted,

/NicholasBTrenkle/
Nicholas B. Trenkle
Registration Number 54,500

STITES & HARBISON PLLC
1800 Diagonal Road

Suite 325

Alexandria, VA 22314

(703) 739-4900 Voice

(703) 739-9577 Fax

Customer No. 00881
September 21, 2018
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Application/Control Number: 15/428,842 Page 2
Art Unit: 2897

Notice of Pre-AlA or AIA Status

1. The present application is being examined under the pre-AlA first to invent
provisions.
2. The amendment filed on 9/21/18 have been fully considered and made of record

in this application.

Response to Arguments
3. Applicant’'s arguments with respect to claims 1-3, 7-9, and 11-33 have been
considered but are moot because the arguments do not apply to any of the references

being used in the current rejection.

Information Disclosure Statement
4. The information disclosure statement (IDS) submitted on 9/13/18 was filed before
the mailing date of the Non-Final rejection on 11/27/18. The submission is in
compliance with the provisions of 37 CFR 1.97. Accordingly, the information disclosure

statement is being considered by the examiner.

Claim Rejections - 35 USC § 103
5. The following is a quotation of pre-AlA 35 U.S.C. 103(a) which forms the basis

for all obviousness rejections set forth in this Office action:

(a) A patent may not be obtained though the invention is not identically disclosed or described
as set forth in section 102, if the differences between the subject matter sought to be patented
and the prior art are such that the subject matter as a whole would have been obvious at the
time the invention was made to a person having ordinary skill in the art to which said subject
matter pertains. Patentability shall not be negatived by the manner in which the invention was
made.
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6. The factual inquiries set forth in Graham v. John Deere Co., 383 U.S. 1, 148
USPQ 459 (1966), that are applied for establishing a background for determining
obviousness under pre-AlA 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.

7. Claims 1-3, 7-9, 15-18, 23, and 27-33 are rejected under pre-AlA 35 U.S.C.
103(a) as being unpatentable over Sony Corporation (JP 2004-31605) in view of
Nashimoto (US 5,514,484) and Parkin (US 2006/0003185).

With respect to Claims 1, 15, 18, 23, and 32, Sony discloses a first electrode
comprising a first ferromagnetic material layer 5 that includes Co, Fe, and B. A barrier
layer 6 disposed over the first electrode. A second electrode 7 disposed over the
barrier layer and comprising a second ferromagnetic material layer that includes Co, Fe,
and B. Each of the first and second ferromagnetic material layers is entirely crystallized
when the temperature higher than the crystallization temperature of the ferromagnectic
material layer as state in claim 8 (see paragraphs 35, 36, 39, 40, 43, and 45; Fig. 2).
Sony fails to explicitly disclose a barrier layer comprises a magnesium oxide (MgO)
layer that is formed of a poly-crystalline MgO in which a (001) crystal plane
is preferentially oriented. However, Nashimoto discloses a barrier layer comprises a
magnesium oxide (MgO) layer that is formed of a poly-crystalline MgO in which a (001)

crystal plane is preferentially oriented (see col. 2 lines 55-62, col. 5 lines 1-7, col. 6 lines
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Art Unit: 2897

5-14, and col. 8 lines 57-62; Fig. 2). However, Sony and Nashimoto have substantially
the same environment of barrier layer made of a material is between to two
ferromagnetic materials. Therefore, one skilled in the art at the time of invention would
readily recognize to substitute the poly-crystalline MgO which has a (001) crystal plane
for the barrier material of Nashimoto, since the poly-crystalline MgO as a material for
the barrier layer would improve the polarization state of the ferroelectric substance in
the device as taught by Nashimoto.

With respect to Claims 2 and 16, Sony discloses wherein the first ferromagnetic
material layer is in direct contact with the barrier layer. The second ferromagnetic
material layer is in direct contact with the barrier layer (see Fig. 2).

With respect to Claims 3 and 17, Sony discloses wherein the first ferromagnetic
material layer is in direct contact with the MgO layer, and wherein the second
ferromagnetic material layer is in direct contact with the MgO layer (see Figs. 2).

With respect to Claims 7-9, Sony discloses wherein each of the first and second

ferromagnetic material layers is a poly-crystalline layer in which a (001) crystal plane is

preferentially oriented (see col. 2 lines 55-62, col. 5 lines 1-7, col. 6 lines 5-14, and col.

8 lines 57-62).

With respect to Claims 27-33, it is well known in the semiconductor industry

wherein each of the first and second ferromagnetic material layers has a Body-Centered

Cubic (BCC) structure as evident by Parkin (see paragraph 26).
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Double Patenting
8. The nonstatutory double patenting rejection is based on a judicially created
doctrine grounded in public policy (a policy reflected in the statute) so as to prevent the
unjustified or improper timewise extension of the “right to exclude” granted by a patent
and to prevent possible harassment by multiple assignees. A nonstatutory double
patenting rejection is appropriate where the conflicting claims are not identical, but at
least one examined application claim is not patentably distinct from the reference
claim(s) because the examined application claim is either anticipated by, or would have
been obvious over, the reference claim(s). See, e.g., In re Berg, 140 F.3d 1428, 46
USPQ2d 1226 (Fed. Cir. 1998); In re Goodman, 11 F.3d 1046, 29 USPQ2d 2010 (Fed.
Cir. 1993); In re Longi, 759 F.2d 887, 225 USPQ 645 (Fed. Cir. 1985); In re Van Ornum,
686 F.2d 937, 214 USPQ 761 (CCPA 1982); In re Vogel, 422 F.2d 438, 164 USPQ 619
(CCPA 1970); 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 §§ 706.02(I)(1) -
706.02(1)(3) for 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).
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The USPTO Internet website contains terminal disclaimer forms which may be
used. Please visit www.uspto.gov/patent/patents-forms. The 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/process/file/efs/guidance/eTD-info-1.jsp.

9. Claims 1-3, 7-9, and 11-33 are rejected on the ground of nonstatutory double
patenting as being unpatentable over claim 4 of U.S. Patent No. 8,405,134. Although
the claims at issue are not identical, they are not patentably distinct from each other
because the application and the patent both recite a first electrode comprising a first
ferromagnetic material layer that includes Co, Fe, and B. A barrier layer disposed over
the first electrode, the barrier layer comprising a magnesium oxide (MgO) layer that is
formed of a poly-crystalline MgO in which a (001) crystal plane is preferentially oriented;
and a second electrode disposed over the barrier layer and comprising a second
ferromagnetic material layer that includes Co, Fe, and B, and wherein each of the first

and second ferromagnetic material layers is entirely crystallized.

Allowable Subject Matter
10. Claims 11-14, 19-22, 24-26 are objected to as being dependent upon a rejected
base claim, but would be allowable if rewritten in independent form including all of

the limitations of the base claim and any intervening claims.
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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 barrier
height x of the barrier layer is in a range of 0.2 to 0.5 eV. in claims 11, 19, and 25.

A value of x in MgOx for the MgO layer is greater than 0 and less than 1 in claims
13,21,and 24 .

A value of x in MgOx for the MgO layer is greater than 0.9 and less than 1in

claims 14 and 22.

Conclusion
11.  Any inquiry concerning the communication or earlier communications from the
examiner should be directed to Alonzo Chambliss whose telephone number is
(571) 272- 1927.

Applicant's submission of an information disclosure statement under 37 CFR
1.97(c) with the fee set forth in 37 CFR 1.17(p) on 9/13/18 prompted the new ground(s)
of rejection presented in this Office action. Accordingly, THIS ACTION IS MADE
FINAL. See MPEP § 609.04(b). Applicant is reminded of the extension of time policy
as set forth in 37 CFR 1.136(a).

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

extension fee pursuant to 37 CFR 1.136(a) will be calculated from the mailing date of
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the advisory action. In no event, however, will the statutory period for reply expire later
than SIX MONTHS from the mailing date of this final action.

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 http://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 27, 2018 /Alonzo Chambliss/

Primary Examiner, Art Unit 2897
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re U.S. Patent Application of

YUASA

Application Number: 15/428,842

Filed: February 9, 2017

For: MAGNETIC TUNNEL JUNCTION DEVICE

ATTORNEY DOCKET NO. P11338US02/NBT

Mail Stop AF
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

N S ' “am “amt “mr’ “mt’ “’

Confirmation No. 9576
Art Unit 2897

Examiner
Alonzo Chambliss

RESPONSE AND AMENDMENT UNDER 37 C.F.R. §1.116

Sir:

This is in response to the Final Office Action mailed on December 3, 2018, the period of

response to which is set to expire on April 3, 2019. An extension of time is being requested herein.

Please amend the above-referenced application as follows below on page 2. Remarks begin on

page 6.
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IN THE CLAIMS
Claims 1-3, 11, 12, 14-17, 19, 20, 23, 25, and 26 are pending in this application, wherein
claims 1, 15, and 23 are being amended to improve form, and wherein claims 7-9, 13, 18, 21, 22,

24, and 27-33 are being canceled without prejudice or disclaimer, as follows:

1. (Currently Amended) A magnetic tunnel junction (MTJ) device, comprising:

a first electrode comprising a first ferromagnetic material layer that includes Co, Fe, and

a barrier layer disposed over the first electrode, the barrier layer comprising a magnesium
oxide (MgQ) layer that is formed of a poly-crystalline MgO in which a (001) crystal plane is
preferentially oriented; and

a second electrode disposed over the barrier layer and comprising a second ferromagnetic
material layer that includes Co, Fe, and B, and

wherein each of the first and second ferromagnetic material layers is entirely crystallized,
and

wherein a value of x in MgOx for the MgO layer is greater than O and less than 1.

2. (Previously Presented) The MTJ device of claim 1, wherein the first ferromagnetic
material layer is in direct contact with the barrier layer, and wherein the second ferromagnetic

material layer is in direct contact with the barrier layer.

3. (Previously Presented) The MTJ device of claim 1, wherein the first ferromagnetic
material layer is in direct contact with the MgO layer, and wherein the second ferromagnetic

material layer is in direct contact with the MgO layer.

4-10. (Canceled).

11. (Original) The MTJ device of claim 1, wherein a barrier height ¢ of the barrier layer is in
arange of 0.2 to 0.5 eV.
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12. (Previously Presented) The MTJ device of claim 11, wherein the barrier height ¢ of the
barrier layer is obtained by fitting J-V characteristics of the MTJ device to an equation (1):
J=[(2me)"?/As](e/h)*xexp[—(4nAs/h)x(2m@) > xV (1),
where J is a tunnel current density flowing through the barrier layer, V is an applied bias
voltage that is 100 mV or smaller, m is the free electron mass, e is the elementary electric charge,
h is Planck’s constant, As is an effective thickness of the barrier layer that is equivalent to

(tmgo—0.5 nm), and tmgo is an actual thickness of the barrier layer.

13.  (Canceled).

14. (Previously Presented) The MTJ device of claim 1, wherein a value of x in MgOx for the
MgO layer is greater than 0.9 and less than 1.

15. (Currently Amended) A magnetic tunnel junction (MTJ) device, comprising:

a first electrode made of a first CoFeB layer;

a barrier layer made of a magnesium oxide (MgO) layer that is a poly-crystalline layer in
which a (001) crystal plane is preferentially oriented; and

a second electrode made of a second CoFeB layer, and

wherein the barrier layer is located between the first electrode and the second electrode,
and

wherein both the first and second CoFeB layers are entirely crystallized, and

wherein a value of x in MgOy for the MgO layer is greater than 0 and less than 1.

16. (Previously Presented) The MTJ device of claim 15, wherein the first CoFeB layer is in
direct contact with the MgO layer, and wherein the second CoFeB layer is in direct contact with

the MgO layer.

17.  (Previously Presented) The MTJ device of claim 15, wherein the MgO layer and the first
CoFeB layer form a first interface of the MTJ, and wherein the MgO layer and the second
CoFeB layer form a second interface of the MTJ.
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18.  (Canceled).

19. (Original) The MTJ device of claim 15, wherein a barrier height ¢ of the MgO layer is in
arange of 0.2to 0.5 eV.

20.  (Previously Presented) The MTJ device of claim 19, wherein the barrier height ¢ of the
MgO layer is obtained by fitting J-V characteristics of the MTJ device to an equation (1):
J=[(2me)"?/As](e/h)*xexp[—(4nAs/h)x(2me) 2] xV (1),
where J is a tunnel current density flowing through the MgO layer, V is an applied bias
voltage that is 100 mV or smaller, m is the free electron mass, e is the elementary electric charge,
h is Planck’s constant, As is an effective thickness of the MgO layer that is equivalent to

(tmgo—0.5 nm), and tmgo is an actual thickness of the MgO layer.

21-22. (Canceled).

23. (Previously Presented) A magnetic tunnel junction (MTJ) device, comprising:

a first ferromagnetic material layer that includes Co, Fe, and B;

a barrier layer disposed on the first ferromagnetic material layer, the barrier layer
comprising a magnesium oxide (MgQ) layer that is a poly-crystalline MgO in which (001)
crystal plane is preferentially oriented; and

a second ferromagnetic material layer that is disposed on the barrier layer and includes
Co, Fe, and B, and

wherein each of the first and second ferromagnetic material layers is entirely crystallized.

24, (Canceled).

25. (Previously Presented) The MTJ device of claim 23, wherein a barrier height ¢ of the

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

26. (Previously Presented) The MTJ device of claim 25, wherein the barrier height ¢ of the
barrier layer is obtained by fitting J-V characteristics of the MTJ device to an equation (1):
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J=[(2me)'?/As](e/h)*xexp[—(4nAs/h)x(2me) 2] xV (D),

where J is a tunnel current density flowing through the barrier layer, V is an applied bias
voltage that is 100 mV or smaller, m is the free electron mass, e is the elementary electric charge,
his Planck’s constant, As is an effective thickness of the barrier layer that is equivalent to (tmgo—0.5

nm), and tmgo is an actual thickness of the barrier layer.

27-33. (Canceled).
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REMARKS

The above amendments to the above-captioned application along with the following
remarks are being submitted as a full and complete response to the Final Office Action dated
December 3, 2018 (U.S. Patent Office Paper No. 20181127). In view of the above amendments
and the following remarks, the Examiner is respectfully requested to give due reconsideration to

this application, to indicate the allowability of the claims, and to pass this case to issue.

Status of the Claims
As outlined above, claims 1-3, 11, 12, 14-17, 19, 20, 23, 25, and 26 stand for consideration

in this application, wherein claims 1, 15, and 23 are being amended to improve form, and wherein
claims 7-9, 13, 18, 21, 22, 24, and 27-33 are being canceled without prejudice or disclaimer
All amendments to the application are fully supported therein. Applicants hereby submit

that no new matter is being introduced into the application through the submission of this response.

Allowable Subject Matter
The Examiner stated that claims 11-14, 19-22, and 24-26 would each be allowable if

rewritten in independent form to include all the limitations of the base claim and any intervening

claims from which it depends.

Double Patenting Rejections

The Examiner rejected claims 1-3, 7-9, and 11-33 as being unpatentable over claim 4 of
U.S. Patent No. 8,405,134 (“the ‘134 application”) on grounds of nonstatutory obviousness-type
double patenting. In response, Applicants respectfully submit that the present application and the
‘134 application were commonly owned pursuant to 35 U.S.C. §103(c)(1) at the time the claimed
invention of the present application was made. Moreover, Applicants note that a terminal
disclaimer has already been filed in the present application with respect to the ‘134 application on
October 2, 2017 and approved by the USPTO. Accordingly, Applicants respectfully submit that
the non-statutory obviousness-type double patenting rejections are improper and, therefore, should

be withdrawn.
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Prior Art Rejections
The Examiner rejected claims 1-3, 7-9, 15-18, 23, and 27-33 under 35 U.S.C. §103(a) as

being unpatentable over Hosomi (Japanese Patent Application Pub. No. JP 2004-31605) in view
of Nashimoto (U.S. Patent No. 5,514,484). Applicants have reviewed the above-noted rejections,
and hereby respectfully traverse.

As outlined above, claims 7-9, 13, 18, 21, 22, 24, and 27-33 are being canceled without
prejudice or disclaimer, and, therefore, claims 1-3, 11, 12, 14-17, 19, 20, 23, 25, and 26 are
currently remain of record in the present application. Independent claim 1 is being amended to
further include all of the limitations of claim 13 of the present application as previously presented
in the Response submitted on September 21, 2018. Accordingly, claim 1 is now presented in a
form that the Examiner stated would be allowable. Moreover, independent claim 15 is being
amended to further include all of the limitations of claim 21 of the present application as previously
presented in the Response submitted on September 21, 2018. Accordingly, claim 15 is now
presented in a form that the Examiner stated would be allowable. Likewise, independent claim 23
is being amended to further include all of the limitations of claim 24 of the present application as
previously presented in the Response submitted on September 21, 2018. Accordingly, claim 23 is
now presented in a form that the Examiner stated would be allowable.

Moreover, because claims 2, 3, 11, 12, and 14, claims 16, 17, 19, and 20, and claims 25
and 26 each depends either directly or indirectly from claims 1, 15, and 23 respectively, Applicants
respectfully submit that claims 2, 3, 11, 12, 14, 16, 17, 19, 20, 25, and 26 are also now in condition
for allowance. Applicants therefore respectfully submit that the present invention as claimed is

distinguishable and thereby allowable over the prior art of record.

Conclusion

In view of all the above, Applicants respectfully submit that certain clear and distinct
differences as discussed exist between the present invention as now claimed and the prior art
references upon which the rejections in the Final Office Action rely. These differences are more
than sufficient to establish that the present invention as now claimed would not have been
anticipated nor rendered obvious given the prior art. Rather, the present invention as a whole is

distinguishable, and thereby allowable over the prior art.
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Favorable reconsideration of this application as amended is respectfully solicited. Should

there be any outstanding issues requiring discussion that would further the prosecution and

allowance of the above-captioned application, the Examiner is invited to contact the Applicants’

undersigned representative at the address and telephone number indicated below.

STITES & HARBISON PLLC
1800 Diagonal Road

Suite 325

Alexandria, VA 22314-2861
(703) 739-4900 Voice

(703) 739-9577 Fax

Customer No. 00881

March 5, 2019

2355LT:10004:464274:1

Respectfully submitted,

/B. Aaron Schulman/
B. Aaron Schulman
Registration Number 31,870

Nicholas B. Trenkle
Registration Number 54,500
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| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. |
15/428,842 02/09/2017 Shinji YUASA P11338USO02/NBT 9576
| EXAMINER |
881 7590 03/20/2019
STITES & HARBISON PLLC CHAMBLISS, ALONZO
1800 Diagonal Road
SUITE 325 | ART UNIT PAPER NUMBER |
ALEXANDRIA, VA 22314 2897

DATE MAILED: 03/20/2019

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 1(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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OMB Clearance and PRA Burden Statement for PTOL-85 Part B

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

The information collected by PTOL-85 Part B is required by 37 CFR 1.311. The 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 OMB control number.

Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the requirements
of the Act, please be advised that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)
(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information
is used by the U.S. Patent and Trademark Office is to process and/or examine your submission related to a patent
application or patent. If you do not furnish the requested information, the U.S. Patent and Trademark Office may not
be able to process and/or examine your submission, which 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. Arecord from this system of records may be disclosed, as a routine use, to the Administrator, General Services,
or his/her designee, during an inspection of records conducted by 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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Application No. Applicant(s)
] B 15/428,842 YUASA, Shinji
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Application/Control Number: 15/428,842 Page 2
Art Unit: 2897

Notice of Pre-AlA or AIA Status
1. The present application is being examined under the pre-AlA first to invent
provisions.
2. The amendment filed on 3/5/19 has been fully considered and made of record in

this application.

EXAMINER’S AMENDMENT
3. An examiner's amendment to the record appears below. Should the
changes and/or additions be unacceptable to applicant, an amendment may be filed
as provided by 37 CFR 1.312. To ensure consideration of such an amendment, it
MUST be submitted no later than the payment of the issue fee.

Authorization for this examiner’'s amendment was given in a telephone interview
with B. Aaron Schulman on March 14, 2019.

CLAIMS:

In claim 23, after “ crystallized ” insert -- , and wherein a value of x in MGOx for
the MGO layer is greater than 0 and less than 1 --.

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
accompany the issue fee. Such submissions should be clearly labeled "Comments on

Statement of Reasons for Allowance."

WD EX1012
Western Digital v IP Bridge
Page 343



Application/Control Number: 15/428,842 Page 3
Art Unit: 2897

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 http://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/March 14, 2019 /Alonzo Chambliss/

Primary Examiner, Art Unit 2897
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re U.S. Patent Application of

YUASA

Application Number: 15/428,842

Filed: February 9, 2017

For: MAGNETIC TUNNEL JUNCTION DEVICE

ATTORNEY DOCKET NO. P11338US02/NBT

Mail Stop AF
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

N S ' “am “amt “mr’ “mt’ “’

Confirmation No. 9576
Art Unit 2897

Examiner
Alonzo Chambliss

AMENDMENT UNDER RULE 312

Honorable Commissioner:

This is in response to the Notice of Allowance mailed on March 20, 2019, please amend

the claims of the above-referenced application as follows below on page 2. Remarks begin on page

6.
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IN THE CLAIMS
Claims 1-3, 11, 12, 14-20, 23 and 25, and 26 are allowed in this application, wherein claim

23 is being amended to improve form, as follows:

1. (Previously Presented) A magnetic tunnel junction (MTJ) device, comprising:

a first electrode comprising a first ferromagnetic material layer that includes Co, Fe, and

a barrier layer disposed over the first electrode, the barrier layer comprising a magnesium
oxide (MgQ) layer that is formed of a poly-crystalline MgO in which a (001) crystal plane is
preferentially oriented; and

a second electrode disposed over the barrier layer and comprising a second ferromagnetic
material layer that includes Co, Fe, and B, and

wherein each of the first and second ferromagnetic material layers is entirely crystallized,
and

wherein a value of x in MgOx for the MgO layer is greater than 0 and less than 1.

2. (Previously Presented) The MTJ device of claim 1, wherein the first ferromagnetic
material layer is in direct contact with the barrier layer, and wherein the second ferromagnetic

material layer is in direct contact with the barrier layer.

3. (Previously Presented) The MTJ device of claim 1, wherein the first ferromagnetic
material layer is in direct contact with the MgO layer, and wherein the second ferromagnetic
material layer is in direct contact with the MgO layer.

4-10. (Canceled).

11. (Original) The MTJ device of claim 1, wherein a barrier height ¢ of the barrier layer is in
arange of 0.2 to 0.5 eV.

12. (Previously Presented) The MTJ device of claim 11, wherein the barrier height ¢ of the
barrier layer is obtained by fitting J-V characteristics of the MTJ device to an equation (1):

2355LT:10004:470359:1
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J=[(2me)?/As](e/h)*xexp[—(4nAs/h)x(2m@) 2] xV (1),

where J is a tunnel current density flowing through the barrier layer, V is an applied bias
voltage that is 100 mV or smaller, m is the free electron mass, e is the elementary electric charge,
h is Planck’s constant, As is an effective thickness of the barrier layer that is equivalent to

(tmgo—0.5 nm), and tmgo is an actual thickness of the barrier layer.

13.  (Canceled).

14. (Previously Presented) The MTJ device of claim 1, wherein a value of x in MgOx for the
MgO layer is greater than 0.9 and less than 1.

15. (Previously Presented) A magnetic tunnel junction (MTJ) device, comprising:

a first electrode made of a first CoFeB layer;

a barrier layer made of a magnesium oxide (MgO) layer that is a poly-crystalline layer in
which a (001) crystal plane is preferentially oriented; and

a second electrode made of a second CoFeB layer, and

wherein the barrier layer is located between the first electrode and the second electrode,
and

wherein both the first and second CoFeB layers are entirely crystallized, and

wherein a value of x in MgOx for the MgO layer is greater than 0 and less than 1.

16. (Previously Presented) The MTJ device of claim 15, wherein the first CoFeB layer is in
direct contact with the MgQO layer, and wherein the second CoFeB layer is in direct contact with

the MgO layer.
17. (Previously Presented) The MTJ device of claim 15, wherein the MgO layer and the first
CoFeB layer form a first interface of the MTJ, and wherein the MgO layer and the second

CoFeB layer form a second interface of the MTJ.

18. (Canceled).
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19. (Original) The MTJ device of claim 15, wherein a barrier height ¢ of the MgO layer is in
arange of 0.2 to 0.5 eV.

20. (Previously Presented) The MTJ device of claim 19, wherein the barrier height ¢ of the
MgO layer is obtained by fitting J-V characteristics of the MTJ device to an equation (1):
J=[(2me)"?/As](e/h)*xexp[—(4nAs/h)x(2m@) 2] xV (D),
where J is a tunnel current density flowing through the MgO layer, V is an applied bias
voltage that is 100 mV or smaller, m is the free electron mass, e is the elementary electric charge,
h is Planck’s constant, As is an effective thickness of the MgO layer that is equivalent to

(tmgo—0.5 nm), and tmgo is an actual thickness of the MgO layer.

21-22. (Canceled).

23. (Currently amended) A magnetic tunnel junction (MTJ) device, comprising:

a first ferromagnetic material layer that includes Co, Fe, and B;

a barrier layer disposed on the first ferromagnetic material layer, the barrier layer
comprising a magnesium oxide (MgQ) layer that is a poly-crystalline MgO in which (001)
crystal plane is preferentially oriented; and

a second ferromagnetic material layer that is disposed on the barrier layer and includes
Co, Fe, and B, and

wherein each of the first and second ferromagnetic material layers is entirely crystallized,
and wherein a value of x in MGOxMgOx for the MGOMgO layer is greater than 0 and less than
1.

24, (Canceled).

25. (Previously Presented) The MTJ device of claim 23, wherein a barrier height ¢ of the

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

26. (Previously Presented) The MTJ device of claim 25, wherein the barrier height ¢ of the
barrier layer is obtained by fitting J-V characteristics of the MTJ device to an equation (1):
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J=[(2me)'?/As](e/h)*xexp[—(4nAs/h)x(2me) 2] xV (D),

where J is a tunnel current density flowing through the barrier layer, V is an applied bias
voltage that is 100 mV or smaller, m is the free electron mass, e is the elementary electric charge,
his Planck’s constant, As is an effective thickness of the barrier layer that is equivalent to (tmgo—0.5

nm), and tmgo is an actual thickness of the barrier layer.

27-33. (Canceled).
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REMARKS

By this amendment, a minor correction is made to Claim 23 in response to the Examiner’s
Amendment on page 2 of the Notice of Allowance dated March 20, 2019. As can be observed in
the Examiner’s amendment, the formula “MgOx” was incorrectly indicated as “MGOx”, and the
formula MgO was indicated as “MGQO”. Applicant has now made the necessary corrections to this

claim.

Conclusion
In light of the foregoing, the present amendments should be entered under Rule 312. Such

action is respectfully requested.

Respectfully submitted,

/B. Aaron Schulman/
B. Aaron Schulman
Registration Number 31,870

Nicholas B. Trenkle
Registration Number 54,500

STITES & HARBISON PLLC
1800 Diagonal Road

Suite 325

Alexandria, VA 22314-2861
(703) 739-4900 Voice

(703) 739-9577 Fax

Customer No. 00881

May 20, 2019
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Application No. Applicant(s)

15/428,842 YUASA, Shinji
Response to Rule 312 Communication Examiner Art Unit | AlA Status
ALONZO CHAMBLISS 2897  |No

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

1. M The amendment filed on 20 May 2019 under 37 CFR 1.312 has been considered, and has been:
a) ] entered.

b) entered as directed to matters of form not affecting the scope of the invention.

c)[J disapproved because the amendment was filed after the payment of the issue fee.
Any amendment filed after the date the issue fee is paid must be accompanied by a petition under 37 CFR 1.313(c)(1)
and the required fee to withdraw the application from issue.
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Primary Examiner, Art Unit 2897
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OK TO ENTER: /a.c/

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re U.S. Patent Application of

Confirmation No. 9576
YUASA

Art Unit 2897
Application Number: 15/428,842

Examiner

Filed: February 9, 2017 Alonzo Chambliss
For: MAGNETIC TUNNEL JUNCTION DEVICE

ATTORNEY DOCKET NO. P11338US02/NBT

N S ' “am “amt “mr’ “mt’ “’

Mail Stop AF
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

AMENDMENT UNDER RULE 312

Honorable Commissioner:
This is in response to the Notice of Allowance mailed on March 20, 2019, please amend
the claims of the above-referenced application as follows below on page 2. Remarks begin on page

6.
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UNITED STATES PATENT AND TRADEMARK OFFICE
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WWW,USPlO.gOV
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15/428,842 07/30/2019 10367138 P11338US02/NBT 9576
881 7590 07/10/2019
STITES & HARBISON PLLC
1800 Diagonal Road
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ISSUE NOTIFICATION

The projected patent number and issue date are specified above.

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

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

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

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

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

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

Japan Science and Technology Agency, Kawaguchi-shi, JAPAN;
Shinji YUASA, Ibaraki, JAPAN;
National Institute of Advanced Industrial Science and Technology, Tokyo, JAPAN

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