( CUSTOMER NO. | 38327

CONTINUATION/DIVISIONAL APPLICATION TRANSMITTAL

(Rule 53(b) Continuation or Divisional) O DUPLICATE
aaaress o Assistant Commissioner of Patents Attorney Docket No.: NAGI-0005
Box Patent Application First Named Inventor: YUASA
Alexandria, VA 22313-1450 Total Pages: | 35
This requests a B Continuation or [ Divisional application under 37 CFR §1.53(b) of prior application:
Applin. No.: | 13/400,340 Group Art Unit: 2897
Filed on: | February 20, 2012 Examiner: Alonzo Chambliss

Inventors | SHINJI YUASA

Entitled: | MAGNETIC TUNNEL JUNCTION DEVICE

" The enfire disclosure of the pending, prior application is hereby incorporated by reference.

=

2. Submitted herewith is a copy of the complete prior application as filed.

O
%)

. This application is filed by fewer then all the inventors named in the prior nonprovisional application, 37
CFR 1.53(b)(1). DELETE the following inventor(s): .

Submitted herewith is a copy of the signed Oath/Declaration from the prior application.
Small entity status was established in the prior application, and is still proper and desired.

A month Petition for Extension of Time is filed concurrently in the prior application.

O oo
- NN

. The Commissioner is authorized to credit any overpayment and charge any deficiency in any fees required
under 37 CFR § 1.16 and/or 1.17 to Deposit Account No. 12-0555.

&

. Credit Card Form 2038 in the amount of $ 1.550.00 for filing fee and Assignment Recordation fee is
submitted herewith.

=
o0

O

9. Insert before the first sentence of the specification:

O

10. Cancel in this application original claims of the prior application before calculating filing fee.

[

11. The prior application is assigned of record to: Japan Science and Technology Agency and National Institute
of Advanced Industrial Science and Technology.

B 12. Priority is claimed from U.S. Ap]}o)lication 13/400,340 filed on February 20, 2012, which claims priority from
U.S. 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.

O 13. A Preliminary Amendment is enclosed.
14. Other: Information Disclosure Statement with Form PTO-1449
THE FILING FEE IS CALCULATED AS FOLLOWS: BASIC FEE (FILING, EXAM- $1,260.00
INATION AND SEARCH FEES):
Total Claims: 11 -20= 0 x $62 = 0
Independent claims: 4 3= 1 x $250 = 250.00
Multiple Dependent Claim 0
STITES & HARBISON PLLC (Add $360.00):
1199 North Fairfax Street Total 35 -100 0
Suite 900 Pages
Alexandria, VA 22314 Subtotal: 1,510.00
Telephone: (703) 739-4900 50% Reduction if Small Entity Status: 0
Please use Customer No. 38327 Total: 1,510.00
Date: Name: ﬂ /,S,Sign'ptu‘g?e: Reg. No.
February 14, 2013 Juan Carlos A. Marquez ( M%

J &

L
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Approved for use through 01/31/2014. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

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

Attorney Docket Number | NAGI-0005

Application Data Sheet 37 CFR 1.76

Application Number

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:

Inventor 1

Legal Name
Prefix| Given Name Middle Name Family Name Suffix
Shinji YUASA
Residence Information (Select One) (O USResidency (8 NonUSResidency (O Active US Military Service
City Jlbaraki @untry of Residence | » ‘JP

Mailing Address of Inventor:

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

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

City Tsukuba-shi, Ibaraki | State/Province |

Postal Code J 305-8568 ’ Country i JP

All Inventor§ Musﬁ Be Listed - Additional Inventor Information blocks may be v

generated within this form by selecting the Add button. J
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 38327

Email Address iplaw@stites.com } | Add Email | [Remove Email

CEQ \Wink 9 9 &
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Approved for use through 01/31/2014. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1895, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Application Data Sheet 37 CFR 1.76

Attorney Docket Number

NAGI-0005

Application Number

Title of Invention

Magnetic Tunnel Junction Device

Application Information:

Title of the Invention

Magnetic Tunnel Junction Device

Attorney Docket Number

NAGI-0005

| Small Entity Status Claimed []

Application Type

Nonprovisional

Subject Matter

Utility

Suggested Class (if any)

|Sub Class (if any) ;

Suggested Technology Center (if any)

Total Number of Drawing Sheets (if any)

10

Suggested Figure for Publication (if any)

Publication Information:

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

Request Not to Publish. | 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

L]

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 J (O US Patent Practitioner J (O Limited Recognition (37 CFR 11.9)
Customer Number 38327
Domestic Benefit/National Stage Information:

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

Prior Application Status | Pending '

Application Number Continuity Type Prior Application Number |  Filing Date (YYYY-MM-DD)

Continuation of US13400340 2012-02-20
Prior Application Status | Patented
Application - Prior Application Filing Date Issue Date
Number Continuity Type Number (YYYY-MM-DD) Patent Number (YYYY-MM-DD)
US13400340 Continuation of US12923643 2010-09-30 8319263 2012-11-27
WD EX1008
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Approved for use through 01/31/2014. OMB 0651-0032

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

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

Attorney Docket Number | NAGI-0005

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | Magnetic Tunnel Junction Device

Prior Application Status | Patented

Aﬁ%’ﬁﬁgﬁ” Continuity Type P”"Lﬁ'ﬂ;’f‘“on (Y\r(:iYﬁg?MDN?-th) Patent Number (Y\'(SW,GMDN?_%D)
US12923643 Continuation of US10591947 2006-09-08 7884403 2011-02-08

Prior Application Status | Pending

Application Number Continuity Type Prior Application Number Filing Date (YYYY-MM-DD)
UsS10591947 a 371 of international ' PCT/JP2005/04720 2005-03-10

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

Foreign Priority Information:

This section allows for the applicant to claim benefit of foreign priority and to identify any prior foreign application for which priority is
not claimed. 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(a).

RemoveJ
Application Number Country' Filing Date (YYYY-MM-DD) Priority Claimed
2004-313350 JP 2004-10-28 @® Yes O No
Iﬁzmove J
Application Number Country' Filing Date (YYYY-MM-DD) Priority Claimed
2004-071186 JP 2004-03-12 ® Yes O No
Additional Foreign Priority Data may be generated within this form by selecting the
Add button.

Authorization to Permit Access:

[] Authorization to Permit Access to the Instant Application by the Participating Offices

If checked, the undersigned hereby grants the USPTO authority to provide the European Patent Office (EPO),

the Japan Patent Office (JPO), the Korean Intellectual Property Office (KIPO), the World Intellectual Property Office (WIPO),
and any other intellectual property offices in which a foreign application claiming priority to the instant patent application

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

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

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

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

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

CEQ WMAh D A R
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Approved for use through 01/31/2014. OMB 0651-0032

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

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

Attorney Docket Number | NAGI-0005

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 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 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 Q Legal Represenfative under 35 U.S.C. 117 O Joint Inventor

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

If applicant is the legal representative, indicate the authority to 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 Japan Science and Technology Agency

Mailing Address Information:

Address 1 1-8, Hon-cho 4-chome

Address 2

City Kawaguchi-shi, Saitama State/Province

Country' } JP Postal Code 3320012
Phone Number Fax Number

Email Address

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

CEQ WAk 9 9 &
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Approved for use through 01/31/2014. OMB 0651-0032

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

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

Attorney Docket Number | NAGI-0005

Application Data Sheet 37 CFR 1.76 —
Application Number

Title of Invention | Magnetic Tunnel Junction Device

Applicant 2
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 obligation to assign the invention, or person
who otherwise shows sufficient proprietary interest in the matter who is the applicant under 37 CFR 1.48. 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 O Legal Representative under 35 U.S.C. 117 O Joint Inventor

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

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

Name of the Deceased or Legally incapacitated Inventor :

If the Applicant is an Organization check here. <

Organization Name National Institute of Advanced Industrial Science and Technology

Mailing Address Information:

Address 1 3-1, Kasumigaseki 1-chome, Chiyoda-ku

Address 2

City Tokyo State/Province

Country' ] JP Postal Code 100-8921
Phone Number Fax Number

Email Address

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

Non-Applicant Assignee Information:

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

Assignee 1

Complete this section only if non-applicant assignee information is desired to be included on the patent application publication in
accordance with 37 CFR 1.215(b). Do not include in this section 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), as the patent application publication will

include the name of the applicani(s).

If the Assignee is an Organization check here. ]

CCQ WA A2 &
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Approved for use through 01/31/2014. OMB 0651-0032
. U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

-
Application Data Sheet 37 CFR 1.76

Attorney Docket Number

NAGI-0005

Application Number

Title of Invention

Magnetic Tunnel Junction Device

Prefix

Given Name

Middle Name

Family Name

Suffix

Mailing Address Information:

Address 1

Address 2

City State/Province
Country i L Postal Code
Phone Number Fax Number

Email Address

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

Signature:

certifications

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

Signature / //é M— T T Date (YYYY-MM-DD)| 2013-02-14
R R

First Name /ﬂfaan CarosA. Marquez Registration Number | 34072

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

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

ECC WAk 7 2 &
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re U.S. Patent Application of

YUASA

Application Number: To Be Determined
Filed: Concurrently Herewith

For: MAGNETIC TUNNEL JUNCTION DEVICE

Attorney Docket No. NAGI-0005

Mail Stop Amendment
Commissioner of Patents
P.O. Box 1450

Alexandria, VA 22313-1450

INFORMATION DISCLOSURE STATEMENT

Sir:

The present application 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, 20006,
which is a National Stage Application of PCT/JP2005/004720 filed on March 10, 2005.

Pursuant to 37 C.F.R. §§ 1.56 and 1.97, this Information Disclosure Statement is being
submitted in connection with the above-identified patent application. A listing of documents to
be published on the face of any patent granted from this application is submitted herewith on the
accompanying Form PTO-1449. Any other documents or' information submitted for
consideration by the Examiner are listed in this paper. A copy of each non-US or foreign patent
or non-patent publication or any portion thereof listed or herein identified is submitted herewith.

CERTIFICATION

1. This Information Disclosure Statement is being submitted:
{x] (@) Concurrently with the above captioned U.S. Continuation application,

whereby it is believed that no fee is due; OR

WD EX1008
Western Digital v IP Bridge
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[ 1 (b) After three months from the. filing date of the above-identified U.S. patent
application but before the mailing date of the first Office Action on the merits of
the above-identified application, whereby it is believed that no fee is due; OR

[ 1(c) After three months from the filing date of the above-identified U.S. patent
application and after the mailing date of the first Office Action on the merits of
the above-identified application, but prior to the issuance of any Final Action or
Notice of Allowance sent in such application, whereby Applicant(s) hereby
submit the requisite certification hereinbelow, or authorization for the payment of
the requisite fee is attached; OR

[ 1(d) After the issuance of a Final Action or Notice of Allowance, but before the
payment of the Issue Fee, whereby Applicant(s) hereby submit the requisite
certification hereinbelow, and the attached authorization for the payment of the

requisite fee.

2. In accordance with the requirements of 37 C.F.R. §1.97, and Parts 1(c) or 1(d) above,

Applicant(s) hereby certify that: '

[ JEach item of information contained in this Information Disclosure Statement 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
Information Disclosure Statement; OR

[ ]No item of information contained in this Information Disclosure Statement was
cited in a communication from a foreign patent office in a counterpart foreign
application, and, to the knowledge of the person signing the certification after
making reasonable inquiry, no item of information contained in the information
disclosure statement was known to any individual designated in §1.56(c) more

than three months prior to the filing of this Information Disclosure Statement.

Please charge any additional fees or credit any overpayments in connection with the

submission of this Information Disclosure Statement to Deposit Account No 12-0555.

WD EX1008
Western Digital v IP Bridge

Page 9



The Examiner is requested to acknowledge receipt and consideration of the information

provided in this paper in accordance with prescribed procedures.

7%% pectfully submitted,
/‘L}
arquez” \

eglstratlon fumb 4, 072

STITES & HARBISON PLLC
1199 N. Fairfax Street, Suite 900
Alexandria, Virginia 22314
(703) 739-4900

February 14, 2013

WD EX1008
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Customized PTO/SB/08a+b (07-09)

Substitute for Form 1449/PTO Application # To Be Determined
Confirmation #
INFORMATION DISCLOSURE Filing Date Concurrently Herewith
STATEMENT BY APPLICANT First Inventor Yuasa
Art Unit
Examiner
Sheet 1 of 12 Docket # NAGI.0005
U.8. PATENT DOCUMENTS
Exam. Document No. Publ. Date Name Relevance
Initial* Number — Kind Code MM/DD/YYYY Patentee or Applicant Passages/Figs.
US-2007/0128470 * 06/07/2007 Nagahama et al.
US-2004/0144995 * 07/29/2004 Nagahama et al.
US-2004/0245553 > 12/09/2004 Hosomi et al.
US-2006/0056115 * 03/16/2006 Djayaprawira et al.
US-2002/0159203 A1 * 10/31/2002 Saito et al.
US-2005/0207071 A1 * 09/22/2005 Sato et al.
US-2002/0191355 A1 * 12/19/2002 Hiramoto et al.
US-2002/0149962 A1 10/17/2002 Horiguchi
US-2007/0195592 A1~ 08/23/2007 Yuasa
US-2009/0324814 A1 7" | 12/31/2009 Parkin
US-2008/0062581 A1 Y 03/13/2008 Parkin
US-2007/0258170 A1 Y 11/08/2007 Yuasa
US-7,884,403B2 " 02/08/2011 Yuasa
US-6,544,801B1 " 04/08/2003 Slaughter et al.
US-5,514,484 ¥ 05/07/1996 Nishimoto
US-6,379,978 V¥ 04/30/2002 Goebel et al.
US-7,276,384 77 10/02/2007 Parkin et al.
US-5,759,265 "' 06/02/1998 Nashimoto et al.
US-6,911,685 ¥ 06/28/2005 Anthony et al.
US-6,767,655 7' 07/27/2004 Hiramoto et al.
US-6,054,226 ¥ 04/25/2000 Takeda et al.
US-2008/0055793 ' © 03/06/2008 Djayaprawira et al.
Examiner Date
Signature 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. inciude copy of this form with next communication to the applicant.

** Corresponds to U.S. Patent 2007/0128470, U.S. Patent 2004/0144995, W02002/099905, and EP1 391 942, listed
above.
***  Corresponds to U.S. Patent 2004/0245553, WO 2003/085750, and EP 1 494 295, listed above.
**** Corresponds to U.S. Patent 2006/0056115, listed above.
# Corresponds to U.S. Document No. 2007-0195592 A1 listed above.
Corresponds to US 2004-0144995, (the U.S. Pat. of ‘995 was previously filed in an IDS on 02-20-2012
8 Corresponds to JP 2006-080116 and US 2006-0056115, which were filed in an IDS on 02-20-2012
' Corresponds to US 2006-0056115 (previously filed in IDS on 02-20-2012) and EP 1633007 listed above

X = Filed in Great Grandparent Application 10/591,947
Y = Filed in grandparent Application 12/923,643
YY = Cited by Examiner in grandparent Application 12/923,643

Z = Filed in Parent Application 13/400,340
Customized PTO/SB/O8a+b (07-09)
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Substitute for Form 1449/PTO Application # To Be Determined
Confirmation #
INFORMATION DISCLOSURE Filing Date Concurrently Herewith
STATEMENT BY APPLICANT First Inventor Yuasa
Examiner
Sheet 2 of 12 Docket # NAGI.0005
U.S. PATENT DOCUMENTS
Exam. Document No. Publ. Date Name Relevance
Initial® Number — Kind Code MM/DD/YYYY Patentse ar Applicant Passages/Figs.
US-2002/0080641 A1 * % | 06/27/2002 Asao et al.
US-2002/0064595 A1 > % | 05/30/2002 Nomura et al.
US-2003/0128483 A1 © 07/10/2003 Kamijo
US-2004/0082201 A1 > < | 04/29/2004 Sharma et al.
US-2004/0136232 A1 *“ | 07/15/2004 Hosomi et al.
US-2004/0139914 A1~ 07/22/2004 Yamazaki et al.
US-2004/0234818 A1~ 11/25/2004 Tanahashi et al.
US-2004/0257719 A1~ 12/23/2004 Ohba et al.
US-2005/0110004 A1~ 05/26/2005 Parkin et al.
US-2006/0012926 A1~ 01/19/2006 Parkin
US-2006/0125034 A1~ 06/15/2006 Ohba et al.
US-2006/00261425 A1 “ 11/23/2006 Suemitsu et al.
US-2008/0124454 A1~ 05/29/2008 Djayaprawira et al.
US-2008/0180862 A1~ 07/31/2008 Djayaprawira et al.
US-2008/0182342 A1~ 07/31/2008 Parkin
US-2008/0212243 A1< 09/04/2008 Zhao et al.
US-2008/0253039 A1 © 10/16/2008 Nagamine et al.
US-2009/0128167 A1~ 05/21/2009 Hamada et al.
US-5,506,063 A~ 04/09/1996 Kamijo et al.
US-5,817,366 A 10/06/1998 Arai et al.
US-5,945,694 A 08/31/1999 Reyes et al.
US-6,181,537 B1“ 01/30/2001 Gill
US-6,201,672 B1° 03/13/2001 Pinarbasi
US-6,252,750 B1~© 06/26/2001 Gill
US-6,275,362 B1 08/14/2001 Pinarbasi
Examiner Date
Signature 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.

© O g A

Corresponds to JP 2004-12805 listed above
Corresponds to JP 2004-153258 listed above
Corresponds to KR 2002-0042448 listed above

Corresponds to JP 2002-270790 listed above

Z = Filed in Parent Application 13/400,340

WD EX1008
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Substitute for Form 1449/PTO Application # To Be Determined
Confirmation #
INFORMATION DISCLOSURE Filing Date Concurrently Herewith
STATEMENT BY APPLICANT First Inventor Yuasa
Examiner
Sheet 3 of 12 Docket # NAGIL.0005
U.S. PATENT DOCUMENTS
Exam. Document No. Publ. Date Name Relevance
Initial* Number — Kind Code MM/DD/YYYY Patentse ar Applicant Passages/Figs.
US-6,828,260 B2 < 12/07/2004 Sharma et al.
US-6,831,312 B2 z 12/14/2004 Slaughter et al.
US-6,839,206 B2 © 01/04/2005 Saito et al.
US-6,927,952 B2 © 08/09/2005 Shimizu et al.
US-6,999,287 B2 © 02/14/2006 Hayashi et al.
US-7,149,105 B2 < 12/12/2006 Brown
US-7,220,498 B2~ 05/22/2007 Nagahama et al.
US-7,252,852 B1~ 08/07/2007 Parkin
US-7,262,064 B2 © 08/28/2007 Ohba et al.
US-7,270,896 B2 " “ 09/18/2007 Parkin
US-2006/0003185 * 01/05/2006 Parkin
US-7,408,749 B2 © 08/05/2008 Gill
US-7,443,639 B2 © 10/28/2008 Parkin
US-7,453,672 B2~ 11/18/2008 Dieny et al.
US-7,570,463 B2 © 08/04/2009 Parkin
US-7,598,555 B1 < 10/06/2009 Papworth Parkin
FOREIGN PATENT DOCUMENTS
Exam. Publ. Date Name Relev. Trans-
Initial Cguntry-Numﬂbﬂ;— MM_Dgfa Patentee or Applicant Psg/Figs. ;;Zai
- Kind Code
YYYY
JP 2003-318465** 11/7/2003 Abstract
JP 2002-204004 * 7/19/2002 Abstract
JP 2002-289943 * 10/4/2002
JP 2003-304010" * 10/24/2003 | Sony Corp Abstract
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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
13/400,340 filed on February 20, 2012, which 1s 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 1s a
National Stage Application of PCT/JP2005/004720 filed on March 10, 2005.
Priority is claimed 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
junction device with a high magnetoresistance and a method of

manufacturing the same.
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[0006] Description of Related Art

[0007] Magnetoresistive random access memories (MRAMs) refer to a
large-scale integrated memory circuit that is expected to replace the
currently widely used DRAM memories. Research and development of
MRAM devices, which are fast and non-volatile memory devices, are being
extensively carried out, and sample products of a 4Mbit MRAM have actually

been delivered.

[0008] Fig. 8 shows the structure and operation principle of a magnetic
tunnel junction device (to be hereafter referred to as a “MTJ device”), which
is the most important part of the MRAM. As shown in Fig. 8(A), a MTJ device
comprises a tunnelling junction structure in which a tunnel barrier (to be
hereafter also referred to as a “barrier layer”) made of an oxide is sandwiched
between a first and a second electrode made of a ferromagnetic metal. The
tunnel barrier layer comprises an amorphous Al-O layer (see Non-Patent
Document 1). As shown in Fig. 8(A), in the case of parallel magnetization
alignment where the directions of magnetizations of the first and second
ferromagnetic electrodes are aligned parallel, the electric resistance of the
device with respect to the direction normal to the interfaces of the tunneling
junction structure decreases. On the other hand, in the case of antiparallel
magnetization alignment where the directions of magnetizations of the first
and second ferromagnetic electrodes are aligned antiparallel as shown in Fig.
8(B), the electric resistance with respect to the direction normal to the
interfaces of the tunneling junction structure increases. The resistance

value does not change 1in a general state, so that information “1” or “0” can be

2
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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 MTdJ 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 applyving a magnetic field to the MTJ device, for example. As shown in Fig.
9(C), an MRAM memory cell comprises a MOSFET 100 including a source
region 105 and a drain region 103 both formed inside a p-type Si substrate
101, and a gate electrode 111 formed on a channel region that is defined
between the source and drain regions. The MRAM also comprises a MTJ
device 117. The source region 105 is grounded, and the drain is connected to
a bit line BL via the MTdJ device. A word line WL is connected to the gate

electrode 111 in a region that is not shown.

[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.

3
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[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 MRAMSs with capacities on
the order of 64Mbits based on the current technologies, the characteristics of
the MTJ device, which i1s 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 1llustrates
how the magnetoresistance 1n a conventional MTJ device using an
amorphous Al-O as the tunnel barrier changes as a function of the bias
voltage (L1). 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 is small at approximately 70%,
and the output voltage is also small at no more than 200 mV, which is
substantially half the output voltage of a DRAM. This has resulted in the
problem that as the level of integration increases, signals are increasingly

lost 1n 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 MgO«
(001) layer or a poly-crystalline MgO; (0 < x < 1) layer in which the (001)

crystal plane 1s 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 MgQO(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 1increase the

magnetoresistance and thereby allow the output voltage of the MTdJ device to
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be increased. By using any of the aforementioned MTdJ 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 MgOx (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
MTdJ device comprising a first step of preparing a substrate comprising a
single-crystalline MgOx(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) layver 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 MgO; (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
MgO«(001) or a poly-crystalline MgOx (0 < x < 1) in which the (001) crystal

plane 1s preferentially oriented. The MgO layer may be deposited using a
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target with the value of x in MgOx adjusted. The value of x in MgOx may be

adjusted in the step of forming the MgO.

[0019] In yet another aspect, the invention provides a magnetoresistive
device comprising a magnetic tunnel junction structure comprising a tunnel
barrier layer comprising MgO(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 MgQ(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.

[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.
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[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 Vou¢ of the MTJ device

(=bias voltage x (Rap-Rp)/Rap).

[0028] Fig. 8 shows 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

1ts structure.

[0030] Fig. 10 shows how the magnetoresistance of a conventional MTJ
device using an amorphous Al-O as the tunnel barrier changes depending on

the bias voltage.

WD EX1008
Western Digital v IP Bridge

Page 35



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

the invention, corresponding to Fig. 1(B).

[0082] 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 1s 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.

[0084] The term “ideal value” with regard to a perfect single-crystal without
defect herein refers to a value that has been estimated from ultraviolet
photoemission spectroscopy experiments (see W. Wulfhekel, et al.: Appl.
Phys. Lett. 78 (2001) 509.). The term “ideal value” is used herein because the

aforementioned state can be considered to be an upper limit value of the
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potential barrier height of the tunnel barrier of an i1deal 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%ﬁfJullire’s formula, the MR ratio at low bias

voltage can be expressed by:

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

[0041] In the above equations, Pa is the spin polarization of an electrode,
and Da T (Ep) and Da 4 (Er) 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

DRAMs, thereby preventing the realization of MRAM as mentioned above.

[0043] The inventors tried an approach to deposit a MTdJ device in which the
tunnel barrier comprises a single-crystal (001) of magnesium oxide (MgQO) or
a poly-crystalline MgO in which the (001) crystal plane is preferentially
oriented. It i1s the inventors’ theory that, because magnesium oxide 1s 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-Ey 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

Fermi energy Er does not exhibit a very high spin polarization due to the fact
11
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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 1s
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 MTdJ device 1s thought to be 1deal for realizing

the aforementioned coherent tunneling.

[0044] In the following, a MTJ device according to a first embodiment of the
invention and a method of manufacturing the same will be described with
reference to the drawings. Figs. 2(A) to 2(D) schematically show the method
of manufacturing the MTJ device having the Fe (001)/MgO(001)/Fe(001)
structure according to the embodiment (to be hereafter referred to as a
“Fe(001)/Mg0O(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 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
12
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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 Oq partial pressure was 1 x 108 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 MgQ(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.

[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

13

WD EX1008
Western Digital v IP Bridge

Page 40



(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 109 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 MgOx (0.9 < x < 1). When there are
oxygen vacancy defects, the potential barrier height of the MgO tunnel
barrier is thought to decrease (such as in the range of 0.10 to 0.85 eV; more
specifically, 0.2 to 0.5 eV), which is thought to result in an increase in the
tunneling current. In the case of a typical Al-O tunnel barrier, the height of

the tunnel barrier with respect to Fe(001) electrodes is considered to be 0.7 to
14
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2.5 eV. An i1deal tunnel barrier height of a MgO crystal 1s 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 MgO« 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 1s 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 103! 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 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)
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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 1is
small (normally 100 mV or smaller), the tunnel current density J 1is
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/Asl(e/h)2 x expl-(4rAs/h) x 2me)V/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 tugo — 0.5 nm. By fitting the J-V characteristics of the MTJ
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
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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 1s 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

kQpum?2, which 1s 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 1s 1250 mV,
which is a very high value. In this connection, it is noted that the voltage
Vhair at which the MR ratio 1s reduced in half of the zero-bias value in the
conventional MTJs with Al-O tunnel barrier is 300 to 600 mV. Fig. 7(b)
shows the output voltage Vout of the MTJ device (=bias voltage x (Rap —
Rp)/Rap). The maximum value of the output voltage Vou is 380 mV with a
positive bias. This value is about twice as large as that (a little less than 200
mV) in the case of the Al-O barrier. These high values in terms of both MR
ratio and output voltage suggest the effectiveness of the technique according

to the present embodiment.
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[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 Mg0O(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 1s 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 1s in an amorphous state, a crystallized MgO was obtained by
increasing the temperature to 300°C from room temperature and

maintaining that temperature for a certain duration of time.

[0057] Oxygen vacancy defects may be introduced by a method whereby
oxygen vacancy defects is produced during growth, a method whereby oxygen
vacancy defects is introduced subsequently, or a method whereby a state with
oxygen vacancy defects 1s subjected to an oxygen plasma process or natural

oxidation so as to achieve a certain oxygen deficit level.
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[0058] As described above, in accordance with the MTJ device technology of
the present embodiment, an annealing process 1s 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 1nvention will be described with reference to the drawings. Fig. 11
shows the structure of the MTdJ 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 MTdJ 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 1n 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
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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 106 Pa in the case where oxygen 1s not introduced, for example. In
the case where oxygen is introduced, the term refers to values on the order of

101 Pa.

[0062] In accordance with the invention, a larger magnetoresistance than in
the conventional MTdJ device can be obtained, and the output voltage of the
MTJ device can be increased. At the same time, the resistance value of the
MTdJ device can be reduced so that it 1s 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 MRAMSs of gigabit class.
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What is claimed is:
1. A tunnel barrier layer located between a first ferromagnetic material
layer and a second ferromagnetic material layer,

wherein the tunnel barrier layer comprises a poly-crystalline
magnesium oxide layer in which a (001) crystal plane is preferentially

oriented.

2. The tunnel barrier layer according to claim 1, wherein the tunnel

barrier layer has a barrier height ¢ in a range of 0.2 to 0.5 electron volts (eV).

3. The tunnel barrier layer according to claim 2, wherein the tunnel
barrier height ¢ is obtained by fitting J-V characteristics of a tunnel barrier
junction structure to an equation (1):

J =[2me) 2/ Asl(e/h)2 x exp [-(4mAs/h) x 2m@) V2] x V (v

where J 1s a tunnel current density flowing through the tunnel barrier
layer, V is an applied bias voltage that 1s 100 mV or smaller, m is the free
electron mass, e is the elementary electric charge, h is the Planck’s constant,
As 1s an effective thickness of the tunnel barrier layer that is approximately
equivalent to (tmgo — 0.5 nm), and tamgo is an actual thickness of the tunnel
barrier layer determined using a cross-sectional transmission electron

microscope image.

4. A magnetoresistive device having a tunnel barrier junction structure,
the magnetoresistive device comprising:

a first ferromagnetic material layer;
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a second ferromagnetic material layer; and

a tunnel barrier layer located between the first and second
ferromagnetic material layers, and

wherein the tunnel barrier layer comprises a single-crystalline
magnesium oxide layer in which a (001) crystal plane is preferentially
oriented or a poly-crystalline magnesium oxide layer in which a (001) crystal
plane 1s preferentially oriented, and

wherein the tunnel barrier layer has a tunnel barrier height ¢ in a

range of 0.2 to 0.5 eV.

5. The magnetoresistive device according to claim 4, wherein at least one

of the first and second ferromagnetic material layers comprises CoFeB alloy.

6. The magnetoresistive device according to claim 4, wherein the tunnel
barrier height @ 1s obtained by fitting J-V characteristics of the tunnel
barrier junction structure to an equation (1):

J = [(2me) 2/ Asl(e/h)2 x exp [—(4mAs/h) X (2me)1/2] x V (1)

where J 1s a tunnel current density flowing through the tunnel 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 the Planck’s constant,
As 1s an effective thickness of the tunnel barrier layer that is approximately
equivalent to (tmgo — 0.5 nm), and tmeo is an actual thickness of the tunnel
barrier layer determined using a cross-sectional transmission electron

microscope image.
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7. The magnetoresistive device according to claim 6, wherein at least one

of the first and second ferromagnetic material layers comprises CoFeB alloy.

8. A magnetoresistive device having a tunnel barrier junction structure,
the magnetoresistive device comprising:

a first ferromagnetic material layer deposited on a substrate;

a second ferromagnetic material layer; and

a tunnel barrier layer located between the first and second
ferromagnetic material layers, and

wherein the tunnel barrier layer comprises a single-crystalline
magnesium oxide in which a (001) crystal plane is preferentially oriented or a
poly-crystalline magnesium oxide in which a (001) crystal plane is
preferentially oriented, and

wherein at least the first ferromagnetic material layer comprises an

iron-based alloy and is crystallized.

9. The magnotoresistive device according to claim 8, wherein the second
ferromagnetic material layer comprises an 1iron-based alloy and 1is

crystallized.

10. A magnetoresistive device having a tunnel barrier junction structure,
the magnetoresistive device comprising:

a first ferromagnetic material layer deposited on a substrate;

a second ferromagnetic material layer; and

a tunnel barrier layer located between the first and second

23

WD EX1008
Western Digital v IP Bridge

Page 50



ferromagnetic material layers, and

wherein the tunnel barrier layer comprises a single-crystalline
magnesium oxide in which a (001) crystal plane is preferentially oriented or a
poly-crystalline magnesium oxide in which a (001) crystal plane is
preferentially oriented, and

wherein at least the first ferromagnetic material layer comprises an

iron-based alloy and 1s entirely crystallized.

11. The magnetoresistive device according to claim 10, wherein the
second ferromagnetic material layer comprises an iron-based alloy and is

entirely crystallized.
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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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MAGNETIC TUNNEL JUNCTION DEVICE

[0001] CROSS-REFERENCE TO RELATED APPLICATION

[0002] The present application 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 13/400,340 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 (MRAMs) refer to a
large-scale integrated memory circuit that is expected to replace the
currently widely used DRAM memories. Research and development of
MRAM devices, which are fast and non-volatile memory devices, are being
extensively carried out, and sample products of a 4Mbit MRAM have actually

been delivered.

[0008] Figs. 8(A) and 8(B) show the structure and operation principle of a
magnetic tunnel junction device (to be hereafter referred to as a “MTJ
- device”), which is the most important part of the MRAM. As shown in Fig.
8(A), a MTJ. device comprises a tunnelling junction structure in which a
tunnel barrier (to be hereafter also referred to as a “barrier layer”) made of
an oxide is sandwiched between a first énd 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 ahd 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

2
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antiparallel as shown in Fig. 8(B), the electric resistance with respect to the
direction normal to the interfaces of the tunneling junction structure
increases. The resistance value does not change in a general stéte, 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 crdss-section of an exarﬁple 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 MTdJ 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 alsé comprises a MTJ

device 117. The source region 105 is grounded, and the drain is connected to
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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.

[0010] Thus, a single non-volatile MRAM memory cell can be formed by a
single MOSFET 100 and a single MTJ device 117. The MRAMs are therefore

suitable where .high levels of integration are required.

[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 téchnologies, 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 i‘ncreased
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 (L1). As shown, in the conventional MTJ deviée, the
magnetoresistance is small and, notably, it tends to drastically decrease
upon application of bias voltage. With such characteristics, the output
voltage when operation margins are taken into consideration is too small for "
the device to be employed for an actual memory device. Specifically, the
magnetoresistance of the current MTJ device is small at approximately 70%,
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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.

[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 férroinagnetic 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'ci'ystal MgO«
(001) layer or a poly-crystalline MgOx (0 < x < 1) layer in which the (001)

crystal plane is preferentially oriented.

[0016] The invention furthér provideé a magnetoresistive device comprising
a magnefic tunnel jﬁnction 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
ferrbmagnetic material layer comprising Fe(001) formed on a second side of
the tunnel barrier layer, wherein the MgO layer is formed byi a
single-crystalline MgOx (001) layer or a poly-crystalline MgOyx (0 < x < 1)
layerv in which the (001) crystal plane is preferentially oriented. In a
b
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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 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 MgOyx (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 MgOx(001) or a poly-crystalline Mg‘Ox (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 MgOx(001) or a poly-crystalline MgOx (0 < x <
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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 MgOy (0 < x < 1) in which the (001) crystal
plane is preferentially oriented. The MgO layer may be deposited using a
target with the value of x in MgOx adjusted. The value of x in MgOx may be

adjusted in the step of forming the MgO.

[0019] In yet another aspect, the invention provides a magnetoresistive
device comprising a magnetic tunnel'junction structure comprising a tunnel
barrier layer comprising MgO(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.
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[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), illustrafing the E-Er relationship with

respect to the [001] direction of the momentum space.

[0022] Fig. 2(A) to Fig. 2(D) ‘schematically show the process of
manufacturing a MTJ device with a Fe(001)/Mg0O(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 magnetorésistance 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).
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[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.

[0080] 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

[0088] 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
' 9
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structre and L21-type structure, and also the aforementioned structures with

slight lattice distortion.

[0084] The term “ideal value” with regard to a perfect single-crystal without
defect herein refers to a value that has been estimated from ultraviolet
photoemission spectroscopy experiments (see W. Wulfhekel, et al.: Appl.
Phys. Lett. 78 (2001) 509.). The term “ideal value” is used herein because the
aforementioned state can be considered to be an upper limit value of the
potential barrier height of the tunnel barrier of an ideal single-crystal MgO

with hardly any oxygen vacancy defect or lattice defect.

[0085] 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 expfessed 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-P1P2), and
[0039] Pa = (Do 1 (Er) - Da 4 (Ep)/(Da 1 (Ep) + Da 4 (Ep),

[0040] where a =1, 2 . , . (1)
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[0041] In the above equations, Pa is the spin polarization of an electrode,
and Do T (Er) and Da ¥ (Ep) are the density of state (DOS) at the Fermi
energy (EF,) of the majority-spin band and the minority-spin band,
respectively. Since the spin polarization of ferromagnetic transition metals
and alloys is approximately 0.5 or smaller, the Jullire’s formula predicts a

highest estimated MR ratio of about 70%.

[0042] Although the MR ratio of approximately 70% has been obtained at
room temperature when a MTJ device was made using an amorphous Al-O
tunnel barrier and polycrystalline electrodes, it has been difficult to obtain
the output voltage of 200 mV, which is comparable to the output voltages of

DRAMs, thereby preventing the realization of MRAM as mentioned above.

[0043] The inventors tried an approach to deposit a MTJ device in which the
tunnel barrier comprises a single-crystal (001) of magnesium oxide (MgO) or
a poly'crystalline.MgO in which the (001) crystal.plane is preferentially
oriented. It is the inventors’ theory that, because magnesium oxide is a
crystal (where the atoms are arranged in an orderly fashion), as opposed to
the conventional amorphous Al-O babrrier, 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-Er relationship with respect to the [001] direction of
the momenturﬁ 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)
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layer 5, and a single-crystalline MgOyx (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
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. Howéver, in case the coherent states of eléctrons 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) electrodé 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 A1 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

12

WD EX1008
Western Digital v IP Bridge

Page 82



SUBSTITUTE SPECIFICATION (Clean Version)

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

the aforementioned coherent tunneling,.

[0044] In the following, a MTJ device according to a first embodiment of the
invention and a method of manufacturing the same will be described with
reference to the drawings. Figs. 2(A) to 2(D) schematically show the method
of manufacturing the MTJ device having the Fe (001)/MgO(001)/Fe(001)
structure according to the embodiment (to be hereafter referred to as a
“Fe(001)/Mg0O(001)/Fe(001) MTJ device”). Fe(001) refers to a ferroinagnetic
material with the BCC structure. First, a single-crystal MgO(001) substrate
11 was prepared. In order to improve the 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 temp'er:éture, as shown in Fig. 1(B), and then annealin-g was performed
at 350°C under ultrahigh vacuum (2 x 108 Pa). Electron-beam evaporation
conditiohs 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 m‘aterial ‘of the electron-beam evaporation was MgO of the
stoichiometric comf)osition (the ratio of Mg to O being 1:1), the distance
between the s\'ource and the substrate was 40 ém, the base'vacuufn pressure
was 1 x 108 Pa, and the Oz partial pressure was 1 x 10°¢ 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).
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[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 epitaiially 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.

[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 thé 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 séen 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.
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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 depésition 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 separatién of oxygen from MgO during the
deposition of MgO. Since the separated oxygen is pumped out of the
déposition 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 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) electfodes 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“1‘,0 3.7 eV have beeﬁ obtainéd. 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 solé presénce of Mg is excluded and the chafacteristics

of MgO can be basically maintained.
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[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 e_ffe(_:tive thicknessts of the 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 (tmgo0)
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
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technique. Namely, when the bias voltage V applied to the MTJ device is
small (normally 100 mV or smaller), the tunnel current devnsity J 1is
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 bé

described as follows:
[0051] J = [(2m¢)1/2/As](e/h)? x expl-(4nAs/h) x (2m¢)112] 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°1°C), and h is the Planck’s constant
(6.63 x 1034 J.s). The effective thickness of the tunnel barrier As is
approximately tmMgo — 0.5 nm. By fitting the J-V characteristics of the MTJ
device in the low-bias voltage region onto Equatlon (2), the helght ¢ of the

tunnel barrler can be simply and yet accurately estimated.

[0058] 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 measﬁremént 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.
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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
ié 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 ﬁV. Fig. 7(b)
'shows the output voltage Vous of the MTJ device (=bias voltage x (Rap -
Rp)/Rap). The maximum value of the output voltage Vout is 380 mV with a
positive bias. This value is about twice as large as that (a little less than 200
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
18
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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.

[0057] Oxygen vacancy defects may be introduced by a method whereby
oxygen vacancy defects is produced durihg 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
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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
MgO0x(001) layer 503 or an oxygen-deficit poly-crystal MgOx (0<x<1in
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 alldy, FeCoB, FeCoBSi, FeCoBP, FeZr,
and CoZr may be used, for example. Although an anneal process after the
preparation of the MTJ device might cause the amorphous magnetic alloy in
“the electrode layers to be partially or entirely crystallized, this would not
lead to a significant deterioration of the MR ratio. Thus, such a crystallized

amorphous magnetic alloy may be used in the electrode layers.

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

20

WD

EX1008

Western Digital v IP Bridge

Page 90



SUBSTITUTE SPECIFICATION (Clean Version)

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 increaée d. 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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MAGNETIC TUNNEL JUNCTION DEVICE

[0001] CROSS-REFERENCE TO RELATED APPLICATION

[0002] The present application 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. Applicationb 10/59»1,947 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 13/400,340 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 (MRAMs) refer to a
large-scale integrated memory circuit that is expected to replace the
currently widely used DRAM memories. Research and development of
MRAM devices, which are fast and non-volatile memory devices, are being
extensively carried out, and sample products of a 4Mbit MRAM have actually

been delivered.

[0008] Fig—8-shows 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
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antiparallel as shown in Fig. 8(B), the electric resistance with respect to thé
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. Flg 9(C) is a cross-éection of an exémple of the
structure of the MRAM. Referring to Fig. 9(A), in an MRAM, a word line WL
and a bit line BL are disposed in an intersecting manner, with an MRAM cell
disposed at each intersection. As shown in Fig. 9(B), the MRAM cell disposed
at the intersection of a word line and a bit line comprises a MTJ device and a
MOSFET directly connected to the MTJ device. Stored information can be
read by reading the resistance value of the MTJ device that functions as a
load resistance, using the MOSFET. The stored information can be rewritten
by applying a magnetic field to the MTJ device, for example. As shown in Fig.
9(C), an MRAM memory cell comprises a MOSFET 100 including a source
region 105 and a drain region 103 both formed inside a p-type Si substrate
101, and a gate electrode 111 formed on a channel region that is defined
between the source and drain regions. The MRAM also comprises a MTJ

device 117. The source region 105 is grounded, and the drain is connected to
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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.

[0010] Thus, a single non-volatile MRAM memory cell can be formed by a
single MOSFET 100 and a single MTJ device 117. The MRAMs are therefore

suitable where high levels of integration are required.

[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 MRAMSs 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 integratioﬁ 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
amorphqus‘Al'O as the tunnel barrier changes as a function of the bias
voltage (L1). As shown, in the conventional MTJ device, the
magnetoresistance is small and, notably, it tends to drastically decrease
upon application of bias voltage. With such characteristics, the output
- voltage when opve‘rat‘ion margins are taken into consideration is too small for
the device to be employed for an actual memory device. Specifically, the
magnetoresistance of the current MTJ device is small at approximately 70%,
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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.

[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 léyer§ and a seéond 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 struéture comprising: a tunnel barrier layer
comprising MgO(OOl)? a first ferromagnetic material layer comprising
Fe(001) formed on a first side of fhe 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
5
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preferred emb‘odiment, the band discqntinuity_ 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 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 MgOx (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 MgOx(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 MgOx(001) or a poly-crystalline MgOx (0 < x <
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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) o;' a poly-crystalline MgOx (0 < x < 1) in which the (001) crystal
plane is preferentially oriented. The MgO layer may be deposited using a
target with the value of x in MgOx adjusted. The value of x in MgOx may be

adjusted in the step of forming the MgO.

[0019] In yet another aspect, the invention provides a magnetoresistive
device comprising a magnetic tunnel junction structure comprising a tunnel
barrier layer comprising MgO(OOl), 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.
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[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.

[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 ‘magnetoi’esistance 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).
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[0028] Eig-8-shews 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.

[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.

[00381] 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 fhe
(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 speAcification,
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
9
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structre and L21-type structure, and also the aforementioned structures with

slight lattice distortion.

[0034] The term “ideal value” with regard to a perfect single-crystal without
defect herein refers to a value that has been estimated from ultraviolet
photoemission spectroscopy experiments (see W. Wulfhekel, et al.: Appl.
Phys. Lett. 78 (2001) 509.). The term “ideal value” is used herein because the
aforementioned state can be considered to be an upper limit value of the
potential barrier height of the tunnel barrier of an ideal single-crystal MgO

with hardly any oxygen vacancy defect or lattice defect.

[0035] Before describing the preferred embodiments of the invention, an
analysis conducted by the inventors is discussed. The magnetoresistance

(MR) ratio of a MTJ device can be expressed by the following equation:
[0036] 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-PiP3), and
[0039] Pa = (Da T (Ep) - Da ¥ (Ep)/(Da T (Er) + Da 4 (Er),

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

10
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[0041] In the above equations, Po is the spin polarization of an electrode,
and Do T (Er) and Da 4 (Er) 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 approxilﬁately 70% has been obtained at
room temperature when a MTJ device was mad\e using an amorphous Al-O
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

DRAMs, thereby preventing the realization of MRAM as mentioned above.

[0043] The inventors tried an approach to deposit a MTJ device in which the
tunnel barrier comprises a single-crystal (001) of magnesium oxide (MgO) or
a poly-crystalline MgO in which the (001) crystal plane is preferentially
oriented. It is the inventors’ theory that; because magnesium oxide is a
crystal (where the atoms are arranged in an orderly fashion), as opposed to
the conventional amorphous Al-O barrier, the electrons are not scattered and
the coherent states of electrons are concerved during the tunneling process.
Fig. 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)
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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 tﬁnneling 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
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 minor.ity-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 stafes 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 A1 band, there is
the possibility that a very high MR fatio can be obtained in a coherent spin
polarized tunneling. Since in an epitaxial '(single-c_rystal, or (001) oriented

poly-crystal) MTJ device the scattering of electrons is suppressed during the

12
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tunneling process, an epitaxial MTJ device is thought to be ideal for realizing

the aforementioned coherent tunneling.

[0044] In the following, a MTJ device according to a first embodiment of the
invention and a method of manufacturing the same will be described with
reference to the drawings. Figs. 2(A) to 2(D) schematically show the method
of manufacturing the MTJ device having the Fe (001)/MgO(001)/Fe(001)
structure according to the embodiment (to be hereafter referred to as a
“Fe(001)/Mg0O(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 pbr.e.pared. In brder t;) improve tihe'morphology iof the surface of the
single-crystal MgO(001) substrate 11, a MgO(ODl) 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 thenénnealihg 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 e{/aporation 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, ahd the O3z partial préssure Wasll x 106 Pa. Alternatively, a
source with oxygen vacancy defects may be used instead of the MgO of the

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

13

WD EX1008
Western Digital v IP Bridge
Page 104



SUBSTITUTE SPECIFICATION (Marked-up Version)

[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 ﬂatnes.s. 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.

[0046] As shown in Fig. Z(D), a Fe(001) upper electrode (a second electrode)
23 with the thickness of 10 nm was formed on the MgO.(OO“I)‘ barrier layer 21
at room temperature. This was successively followed by the deposition of a
Co layer 25 with the thickness of 10 nm on the Fe(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 prepafed 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.
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The results show that the partial pressures regarding the spectrﬁm 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 MgOx (0.9 < x < 1). When there are
oxygen vacancy defects, the potential barrier height of the MgO tunnel
barrier is thought to decrease (such as in the range of 0.10 to 0.85 eV; more
specifically, 0.2 to 0.5 eV), which is thought to result in an increase in the
tunneling current. In the case of a typical Al-O tunnel barrier, the height of
the tunnel barrier Wifh respect to Fe(001) elecfrodes is considered to be 0.7 to
2.5 eV. An ideal tunnel barrier height of a MgO crystal is 3.6 eV, and
experimentél 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.
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[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 sduarés method. The fitting was performed using the free electron
mass (m = 9.11 x 1031 kg) as the electron’s effective mvass. When a bias
voltage V (which is normally on the ;)rder of 500 mV to 1000 mV) is applied
until non-linearity appears in the J-V characteristics, the height ¢ of the
tunnel 'bar;ier and the effective thickness As of the 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 tobev
smaller than the thickness of the actual MgO(001) tunnel barrier layer (tmgo0)
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 tmego 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
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technique. Namely, when the bias voltage V applied to the MTJ device is
small (normally 100 mV or smaller), the tunnel current density J is
proportional to the bias voltage V, such that the J-V characteristics become
linear. In such a low-bias voltage region, the Simmons’ formula can be

described as follows:
[0051] J = [(2m¢)V/2/As](e/h)? x expl-(4nAs/h) x (2m¢)1/2] x V (2)

[0052] where m is the mass of the free electron (9.11 x 103! kg), e is the
elementary electric charge (1.60 x 101°C), and h is the Planck’s constant
(6.63 x 1034 J.g). The effective thickness of the tunnel barrier As is
approximately tmgo — 0.5 nm. By fitting the J-V characteristics of the MTJ
device in the low-bias voltage region onto Equation (2), the height ¢ of the

tunnel barrier can be simply and yet aécurately 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 MTdJ devices was 90% or more at the laboratory stage.
These high values suggest the effectiveness of the approach of the invention.
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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 Vhais
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
Vhait at which the MR ratio is reduced in half of the zero-bias value in the
conventional MTJs with Al-O tunnel barrier is 300 to 600 mV. Fig. 7(b)
shows the output voltage Vout of the MTJ device (=biaé voltége x (Rap —
Rp)/Rap). The maximum value of the output voltage Vout is 380 mV with a
positive bias. This value is about twice as large as that (a little less than 200
mYV) 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
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to the present embodiment, MgO(001) is initially deposited in a
poly-crystalline or ainorphdus 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.

[0057] Oxygen vacancy defects may be intréduced by a method whereby
oxygen vacancy defects is produced during' growth, a method Wheréby 6xygen
vacancy defects is introduced subsequently, or a method whereby a state with
oxygen vacancy defects is subjectéd to an oxygen plasma process or natural

oxidation so as to achieve a certain oxygen deficit level.

[()058] 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
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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
MgO,(001) layer 503 or an oxygen-deficit poly-crystal MgOy (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 prdcess after the
preparation of the MTJ device might cause the amorphous magnetic alloy in
the electrode layers to be partially or entirely crystallized, this would not
lead to a significant deterioration of the MR ratio. Thus, such a crystallized

amorphous magnetic alloy may be used in the electrode layers.

[0061] While the MTJ device according to various embodiments of the
invention has been described, it should be apparent to those skilled in the art
that the invention is not limited to those specific embodiments and various
other modifications, improvements and combinations are possible. For
example, the height of the tunnel barrier may be adjusted by doping Ca or Sr,
instead of introducing an oxygen vacancy defects to the MgO layer. Further,
while the MgO layer has been described to be deposited by electron-beam

evaporation or sputtering, it should be obvious that other deposition methods
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are also possible. The term “high vacuum” refers to values on the order of no
more than 10°6 Pa in the case where oxygen is not introduced, for example. In
the case where oxygen is introduced, the term refers to values on the order of

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.

282413:1:ALEXANDRIA

21

WD EX1008
Western Digital v IP Bridge
Page 112



Electronic Acknowledgement Receipt

EFS ID: 15338990
Application Number: 13767290
International Application Number:
Confirmation Number: 2082
Title of Invention: Magnetic Tunnel Junction Device
First Named Inventor/Applicant Name: Shinji YUASA
Customer Number: 38327
Filer: Juan Carlos A. Marquez/Linda Greene
Filer Authorized By: Juan Carlos A. Marquez
Attorney Docket Number: NAGI-0005
Receipt Date: 25-MAR-2013
Filing Date: 14-FEB-2013
Time Stamp: 09:33:39
Application Type: Utility under 35 USC 111(a)

Payment information:

Submitted with Payment no

File Listing:

Document . . File Size(Bytes)/ Multi Pages
Number Document Description File Name Message Digest | Part/.zip| (if appl.)
66079
1 Transmittal Letter restocorrect.pdf no 2

b141fa4482bc3a1dc8b9ccb35f56800d945
4cal

Warnings:

Information:

WD EX1008
Western Digital v IP Bridge
Page 113



1016230

2 Specification clean.pdf no 21
9102ad 1b57d3d82a3e9f56bb1351¢1833e4|
Warnings:
Information:
1022719
3 Specification marked.pdf no 21
1€25016057f7e2391162c602{95dbe3c7b07|
3137
Warnings:
Information:
Total Files Size (in bytes):l 2105028

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

New Applications Under 35 U.S.C. 111

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

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

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application asa
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.

WD EX1008
Western Digital v IP Bridge
Page 114



Document code: WFEE

United States Patent and Trademark Office
Sales Receipt for Accounting Date: 09/16/2013

MTEKLEMI  ADJ #00000006 Mailroom Dt: 03/25/2013
Seq No: 9 Sales Acctg Dt: 04/12/2013 110600 13767290
01 FC:1051 140.00 CR

WD EX1008

Western Digital v IP Bridge

Page 115



Application # | 13/767,290
Confirmation # | 2082

LETTER - -
Filing Date | February 14, 2013
REQUEST FOR First Inventor | YUASA
CORRECTED FILING RECEIPT Art Unit | 2686

Examiner
Docket # | NAGI-0005/JCM

Commissioner for Patents

Office of Initial Patent Examination
Customer Service Center

P.O. Box 1450

Alexandria, Virginia 22313

SIR:
Correction of the Filing Receipt is requested.
Submitted herewith is a copy of the Filing Receipt for the above-identified application

showing the requested corrections in boldface type. The corrections are readily apparent from the

application papers.

It is respectfully requested that the records of the Patent Office be corrected and that a

Corrected Filing Receipt be sent to the undersigned. .

Respectfully submitted,

(}%«ﬁ/g«ﬁ/\ %:u/DWm’\ =t
Date: April 1, 2013 f 4’%"&5’/‘? X

Signed By Name: Juan Carlos A. Marquez
Attorney of Record  Registration No.:

STITES & HARBISON PLLC ¢ 1199 North Fairfax Street ¢ Suite 900 ¢ Alexandria, VA 22314
TELEPHONE: 703-739-4900 ¢ FAX: 703-739-9577 « CUSTOMER NO. 38327

283831:1:ALEXANDRIA

WD EX1008
Western Digital v IP Bridge
Page 116



UniTED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMTENT OF COMMERCTE
United States Patent and Trademark Office
Address: 08MMIS%£OVE]» FOR PATENTS

Alc\fumn Virginia 22313-1450

W] usplo HOV

Blﬁlﬁlﬁggf i I 3;71[(Lc];\1130;1€13 G%RT I FIL FEE RECD | ATTY.DOCKET.NO ITOTéLA]MSI]NDCLAJh@_I

13/767,290  02/1472013 2686 - 1510 NAGI-0005 11 T

' PR CONFIRMATION NO. 2082
38327 : FILING RECEIPT :
Juan Carlos A. Marquez 0 ‘ — '
MAR 14 ZUB | i “' i

6o Stites & Harbison PLLG 1 LRI
cfo Stea & Harbison PLL AR
Suite 900 ‘\?\E)L}UN PLLO

Alexandria, VA 22314-1437 STTTES &HA

Date Mailed: 03/14/2013

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 ideritification 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 Scnence and Technogy Agency, Kawaguchl-shl JAPAN
Assignment For Published Patent Application

Japan Science and Technology Agency, Kawaguchi-shi, JAPAN

Power of Attorney: None

 Domestic Priority data as claimed by applicant .

This application 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 hitp://www.uspto.gov for more mformatlon)
. JAPAN 2004-313350 10/28/2004 . )
JAPAN 2004-071186 03/12/2004

Request to Retrieve - This application either claims priority to one or more applications filed in an intellectual
propetty 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: 03/05/2013

° pagetof3

National Instltute of Advanced Industrial Science and Technology, Chlyoda -ku, Japan

N

WD EX1008
Western Digital v IP Bridge
Page 117



Electronic Acknowledgement Receipt

EFS ID: 15402349
Application Number: 13767290
International Application Number:
Confirmation Number: 2082

Title of Invention:

Magnetic Tunnel Junction Device

First Named Inventor/Applicant Name:

Shinji YUASA

Customer Number:

38327

Filer:

Juan Carlos A. Marquez/Tynisha Purifoy

Filer Authorized By:

Juan Carlos A. Marquez

Attorney Docket Number: NAGI-0005
Receipt Date: 01-APR-2013
Filing Date: 14-FEB-2013
Time Stamp: 16:41:47

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment no
File Listing:
Document Document Description File Name File Size( B){tes)/ Multl' .Pages
Number Message Digest | Part/.zip| (if appl.)
NAGI-0005_R: tC tedF >4
1 Request for Corrected Filing Receipt TLo_nequest-orrecte no 2
ilingReceipt.pdf
4df7b42a3fc9f3f87f52¢71d4f434ba2a9530|
lee
Warnings:
Information:
WD EX1008

Western Digital v IP Bridge

Page 118



Total Files Size (in bytes){ 111543

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

New Applications Under 35 U.S.C. 111

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

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

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

New International Application Filed with the USPTO as a Receiving Office

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

WD EX1008
Western Digital v IP Bridge
Page 119



Document code: WFEE

United States Patent and Trademark Office
Sales Receipt for Accounting Date: 09/16/2013

MTEKLEMI  SALE #00000006 Mailroom Di: 04/01/2013 120555 13767290
01 FC : 1051 140.00 DA

WD EX1008
Western Digital v IP Bridge
Page 120



UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: gg}gMIi%gOVER FOR PATENTS

a 0X

Alexandria, Virginia 22313-1450
WWW.USPLO.gov

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
13/767,290 02/14/2013 Shinji YUASA NAGI-0005
CONFIRMATION NO. 2082
38327 MISCELLANEOQOUS NOTICE
Juan Carlos A. Marquez
c/o Stites & Harbison PLLG R AR AL
1199 North Fairfax Street 000000060200312

Suite 900
Alexandria, VA 22314-1437

Date Mailed: 04/22/2013

A communication which cannot be delivered in electronic form has been mailed to the applicant.

page 1 of 1

WD EX1008
Western Digital v IP Bridge
Page 121



PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number
Substitute for Form PTO-875 13/767,290
APPLICATION AS FILED - PART | OTHER THAN
(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($)
BASIC FEE
e .01 0) N/A N/A N/A N/A 280
SEARCH FEE
o) N/A N/A N/A N/A 600
EXAMINATION FEE
(37 CFR 1.16(o), (o). or (2) N/A N/A N/A N/A 720
TOTAL CLAIMS *
(37 CFR 1.16(i)) 11 minus 20= OR |x 80 0.00
INDEPENDENT CLAIMS *
(37 CFR 1.16(n) 4 minus 3 = 1 x 420 420
If the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
FEE $310 ($155 for small entity) for each additional 0.00
(87 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00
* If the difference in column 1 is less than zero, enter "0" in column 2. TOTAL TOTAL 2020
APPLICATION AS AMENDED - PART Il
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
< AFTER PREVIOUSLY EXTRA RATE(S) FEE(S) RATE(S) FEE(S)
E AMENDMENT PAID FOR
L Total . i - =
s (37 oFg? 16(7)) Minus OR |«x
=) - r =
E (égdoerRe? .?S(T‘t)) Minus OR |«x
3 Application Size Fee (37 CFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16())) OR
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
m AFTER PREVIOUSLY EXTRA RATE(S) FEE(S) RATE(S) FEE(S)
E AMENDMENT PAID FOR
(11| Total * Minus ** =
= (a7 CFg ?.16(\)) OR |x
% Independent Minus | *** = OR x
L (37 CFR 1.16(h))
z Application Size Fee (37 CFR 1.16(s))
OR
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16()))
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
* If the entry in column 1 is less than the entry in column 2, write "0" in column 3.
** |f the "Highest Number Previously Paid For” IN THIS SPACE is less than 20, enter "20".
*** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3".
The "Highest Number Previously Paid For" (Total or Independent) is the highest found in the appropriate box in column 1.
WD EX1008

Western Digital v IP Bridge

Page 122



UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: gg}gMI?%gOVER FOR PATENTS

Q. Box

Alexandria, Virginia 22313-1450
WWW.USPLO.gov

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
13/767,290 02/14/2013 Shinji YUASA NAGI-0005

CONFIRMATION NO. 2082

38327 FORMALITIES LETTER

Juan Carlos A. Marquez

c/o Stites & Harbison PLLC LT R

1199 North Fairfax Street 000000060470699

Suite 900

Alexandria, VA 22314-1437
Date Mailed: 04/22/2013

NOTICE OF INCOMPLETE REPLY (NONPROVISIONAL)

Filing Date Granted

The U.S. Patent and Trademark Office has received your reply on 03/25/2013 to the Notice to File Missing Parts
(Notice) mailed 03/14/2013 and it has been entered into the nonprovisional application. The reply, however,
does not include the following items required in the Notice. A complete reply must be timely filed to prevent
ABANDONMENT of the above-identified application. Replies should be mailed to: Mail Stop Missing Parts,
Commissioner for Patents, P.O. Box 1450, Alexandria VA 22313-1450.

Applicant is given TWO MONTHS from the date of the Notice to File Missing Parts (Notice) mailed 03/14/2013
within which to file all required items and pay any fees required below to avoid abandonment. Extensions of time
may be obtained by filing a petition accompanied by the extension fee under the provisions of 37 CFR 1.136(a).

Items Required to Avoid Abandonment:

The required items noted below SHOULD be filed along with any items required above. The filing date of this
nonprovisional application will be the date of receipt of the items required above.

The application is informal since it does not comply with the regulations for the reason(s) indicated below.
The required item(s) identified below must be timely submitted to avoid abandonment:

* A substitute specification in compliance with 37 CFR 1.52, 1.121(b)(3), and 1.125, is required. The substitute
specification must be submitted with markings and be accompanied by a clean version (without markings) as
set forth in 37 CFR 1.125(c) and a statement that the substitute specification contains no new matter (see 37
CFR 1.125(b)). The specification, claims, and/or abstract page(s) submitted is not acceptable and cannot be
scanned or properly stored because:

* The application contains drawings, but the specification does not contain a brief description of the several
views of the drawings as required by 37 CFR 1.74 and 37 CFR 1.77(b)(7).

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

Items Required To Avoid Processing Delays:

Applicant is notified that the above-identified application contains the deficiencies noted below. No period for
reply is set forth in this notice for correction of these deficiencies. However, if a deficiency relates to the inventor's
oath or declaration, the applicant must file an oath or declaration in compliance with 37 CFR 1.63, or a substitute

page 1 of 2

WD EX1008
Western Digital v IP Bridge
Page 123



statement in compliance with 37 CFR 1.64, executed by or with respect to each actual inventor no later than the
expiration of the time period set in the "Notice of Allowability" to avoid abandonment. See 37 CFR 1.53(f).

* A properly executed inventor's oath or declaration has not been received for the following inventor(s):
All
Applicant may submit the inventor's oath or declaration at any time before the Notice of Allowance and Fee(s)
Due, PTOL-85, is mailed.

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

Replies should be mailed to:

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

Alexandria VA 22313-1450

Registered users of EFS-Web may alternatively submit their reply to this notice via EFS-Web.
https://sportal.uspto.gov/authenticate/AuthenticateUserlL ocalEPF.html

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

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

/mbayou/

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

page 2 of 2

WD EX1008
Western Digital v IP Bridge
Page 124



UNITED STaTES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
TENTS

COMMISSTH FOR PA’
FP.O. Bax 1430
. Am Viginis 22313)-1430
| APPLICATIONNUMBER | FILING DATE |  FIRSTNAMED APPLICANT |  ATTY.DOCKET NO/TITLE |

13/767,290 02/14/2013 Shinji YUASA NAGI-0005

CONFIRMATION NO. 2082

38327 MG D@ mm

Juan Carlos A. Marquez *0OC000000050200312*
clo Stites & Harbison PLLC

1199 North Fairfax Street

Suite 900

Alexandria, VA 22314-1437

Date Mailed: 04/22/2013

NOTICE OF INCOMPLETE REPLY
Filing Date Granted

Applicant's reply to the Notice mailed on _03/14/13 _ was received in the U.S. Patent and Trademark
Office on _03/25/13 __ and has been entered into the application. The reply, however, does not include
the following item(s) required in the Notice.

The period for reply continues to run from the mailing date of the prior Notice. The item(s) listed below
must be timely filed to avoid abandonment of the application. No new time period for reply is provided in
this communication. If the period for reply set forth in the prior Notice has expired, this application will
become abandoned unless applicant: (1) submits the following checked item(s), and (2) obtains an
extension of time under 37 CFR 1. 136(a) (including the appropriate fee (37 CFR 1.17(a)). In no case
may an applicant obtain an extension of time for more than FIVE (5) MONTHS beyond the date for reply
set forth in the prior Notice.

A complete reply which includes the following checked item(s) must be timely filed to prevent
ABANDONMENT of the above-identified application:

. A substitute specification.
A statement that the substitute specification contains no new matter.

A replacement abstract commencing on a separate sheet in compliance with 37 CFR
1.72(b) and 1.121 (deleting the drawings or flow diagrams).

New and replacement drawing sheets.
Replacement drawing sheets with the figures renumbered.
A complete claim listing or a replacement claim listing with the claims renumbered.

An amendment to the claims in compliance with 37 CFR 1.121 (deleting the drawings or
flow diagrams).

A replacement transmittal letter listing all of the files except the missing or unreadable file.

A duplicate copy of the CD.

o0oOo oooag D\(D

A statement that the replacement CD contains no new matter.

Rev. 12/2008
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UNITED STATES PATENT AND TRADEMARK OFFICE

Replies should be mailed to: ~ Mail Stop Missing Parts
Commissioner for Patents

P.O. Box 1450
Alexandria VA 22313-1450

R Y
UNITED STATES DEPARTMENT OF COMMERCE
United Statos Patent and Trademark Offico
Address: COMMISSIONER FOR PATENTS
PO.Bax 140 - laso
WWW.CSpO. GOV

Registered users of EFS-Web may alternatively submit their reply to this notice via EFS-Web.
https://sportal. uspto.gov/authenticate/AuthenticateUserLocal EPF. htm|

For more information about EFS-Web, please call the USPTO Electronic Business Center at 1-866-217-

9197 or visit our website at http://www.uspto.qov/ebc.

@/LQ%JJ o ;Z;»m JETA.

Application Ais/skance Unit (571) 272-4200

Rev. 12/2008
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IN THE UNITED STATES PATENT AND TRADEMARK OEFICE
In re U.S. Patent Application of
YUASA Confirmation No.: 2082
U.S. Application No.: 13/767,290 Art Unit 2686
Filed: February 14, 2013

For: MAGNETIC TUNNEL JUNCTION DEVICE

N’ e S N N ' ' —w — mtt “w—

Attorney Docket No.: NAGI-0005

Honorable Assistant Commissioner
_ for Patents
Washington, D.C. 20231

RESPONSE TO NOTICE OF INCOMPLETE REPLY

This is in response to the Notice of Incomplete Reply mailed on April 22, 2013, advising
Applicant to submit a statement that the substitute specification contains no new matter. The Notice
of Incomplete Reply was dated April 22, 2013, and the prior Notice was dated March 14, 2013. The
period for response is set to expire on May 14, 2013.

Applicant hereby states that the substitute specification filed on March 25, 2013 contains no
new matter; and hereby complies with the requirements.

Please direct any inquiries in connection with this application to the undersigned.

The Commissioner is hereby authorized to charge payment of any fees associated with this
communication, including fees under 37 C.F.R. § 1.16 and 1.17 or credit any overpayment to Deposit
Account Number 12-0555.

Respecifully sybmiited,

=

Jdan Carlos A. Marquéz
Registration:Xfambeéf 34,0
STITES & HARBISON, PLLC

1199 North Fairfax Street, Suite 900
Alexandria, VA 22314-1437

(703) 739-4900 Voice

(703) 739-9577 Fax

Customer No. 38327

May 13, 2013

288625:2:ALEXANDRIA
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Electronic Acknowledgement Receipt

EFS ID: 15763669
Application Number: 13767290
International Application Number:
Confirmation Number: 2082

Title of Invention:

Magnetic Tunnel Junction Device

First Named Inventor/Applicant Name:

Shinji YUASA

Customer Number:

38327

Filer:

Juan Carlos A. Marquez/Janice Rosier

Filer Authorized By:

Juan Carlos A. Marquez

Attorney Docket Number: NAGI-0005
Receipt Date: 13-MAY-2013
Filing Date: 14-FEB-2013
Time Stamp: 18:09:38

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment no
File Listing:
Document Document Description File Name File Size( B){tes)/ Multl' .Pages
Number Message Digest | Part/.zip| (if appl.)
. . 42516
Applicant Response to Pre-Exam NAGI-0005_Response_to_Notic|
1 I . no 1
Formalities Notice e_of_Incomplete_Reply.pdf
48083624e64a8f65f572b344bc069e0bedfc|
Warnings:
Information:
WD EX1008
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Total Files Size (in bytes){ 42516

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

New Applications Under 35 U.S.C. 111

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

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

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

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number
Substitute for Form PTO-875 13/767,290
APPLICATION AS FILED - PART | OTHER THAN
(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($)
BASIC FEE
e .01 0) N/A N/A N/A N/A 280
SEARCH FEE
o) N/A N/A N/A N/A 600
EXAMINATION FEE
(37 CFR 1.16(o), (o). or (2) N/A N/A N/A N/A 720
TOTAL CLAIMS *
(37 CFR 1.16(i)) 11 minus 20= OR |x 80 0.00
INDEPENDENT CLAIMS *
(37 CFR 1.16(n) 4 minus 3 = 1 x 420 420
If the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
FEE $310 ($155 for small entity) for each additional 0.00
(87 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00
* If the difference in column 1 is less than zero, enter "0" in column 2. TOTAL TOTAL 2020
APPLICATION AS AMENDED - PART Il
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
< AFTER PREVIOUSLY EXTRA RATE(S) FEE(S) RATE(S) FEE(S)
E AMENDMENT PAID FOR
L Total . i - =
s (37 oFg? 16(7)) Minus OR |«x
=) - r =
E (égdoerRe? .?S(T‘t)) Minus OR |«x
3 Application Size Fee (37 CFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16())) OR
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
m AFTER PREVIOUSLY EXTRA RATE(S) FEE(S) RATE(S) FEE(S)
E AMENDMENT PAID FOR
(11| Total * Minus ** =
= (a7 CFg ?.16(\)) OR |x
% Independent Minus | *** = OR x
L (37 CFR 1.16(h))
z Application Size Fee (37 CFR 1.16(s))
OR
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16()))
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
* If the entry in column 1 is less than the entry in column 2, write "0" in column 3.
** |f the "Highest Number Previously Paid For” IN THIS SPACE is less than 20, enter "20".
*** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3".
The "Highest Number Previously Paid For" (Total or Independent) is the highest found in the appropriate box in column 1.
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

PQ. Box 1450

Alexandria, Virginia 22313-1430

WWW.USPLO.gov|

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
13/767,290 02/14/2013 Shinji YUASA NAGI-0005

CONFIRMATION NO. 2082

38327 NOTICE

Juan Carlos A. Marquez

c/o Stites & Harbison PLLC R AR AR A

1199 North Fairfax Street 000000061402876

Suite 900

Alexandria, VA 22314-1437
Date Mailed: 05/29/2013

INFORMATIONAL NOTICE TO APPLICANT

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

The item(s) indicated below are also required and should be submitted with any reply to this notice to avoid
further processing delays.

« A properly executed inventor's oath or declaration has not been received for the following inventor(s):

All
Applicant may submit the inventor's oath or declaration at any time before the Notice of Allowance and Fee(s)

Due, PTOL-85, is mailed.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: gg}gMI?%%OVER FOR PATENTS

Q. Box 145

Alexandria, Virginia 22313-1450
WWW.USDO.gOV

APPLICATION FILING or GRP ART
NUMBER I 371(c) DATE UNIT I FIL FEE RECD I ATTY.DOCKET.NO ITOT CLAIMSI IND CLAIMSl
13/767,290 02/14/2013 2686 1650 NAGI-0005 11 4
CONFIRMATION NO. 2082
38327 UPDATED FILING RECEIPT

Juan Carlos A. Marquez

clo Sties & Harbison PLLG O
1199 North Fairfax Street 000000061402875

Suite 900

Alexandria, VA 22314-1437

Date Mailed: 05/29/2013

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 Technogy Agency, Kawaguchi-shi, JAPAN

National Institute of Advanced Industrial Science and Technology, Tokyo, JAPAN
Assignment For Published Patent Application

Japan Science and Technology Agency, Kawaguchi-shi, JAPAN

National Institute of Advanced Industrial Science and Technology, Tokyo, JAPAN

Power of Attorney: None

Domestic Priority data as claimed by applicant
This application 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

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
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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: 03/05/2013

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 13/767,290

Projected Publication Date: 09/05/2013

Non-Publication Request: No

Early Publication Request: No
Title

Magnetic Tunnel Junction Device
Preliminary Class
360
Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition Applications:

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

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

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

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

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

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4158).
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LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

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

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

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

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

NOT GRANTED

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

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote and facilitate business investment. SelectUSA provides information assistance to the international investor
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic development organizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop
technology, manufacture products, deliver services, and grow your business, visit http:/www.SelectUSA.gov or call
+1-202-482-6800.
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Application # | 13/767,290
Confirmation # | 2082

LETTER — -
Filing Date | February 14, 2013
REQUEST FOR First Inventor | YUASA
CORRECTED FILING RECEIPT Art Unit | 2686

Examiner
Docket # | NAGI-0005/JCM

Commissioner for Patents

Office of Initial Patent Examination
Customer Service Center

P.O. Box 1450

Alexandria, Virginia 22313

SIR:

Correction of the Filing Receipt is requested.

Submitted herewith is a copy of the Filing Receipt for the above-identified application
" showing the requested corrections in boldface type. The corrections are readily apparent from the

application papers.

It is respectfully requested that the records of the Patent Office be corrected and that a

Corrected Filing Receipt be sent to the undersigned.

Respectfully submitted,

Date: June 14, 2013

Signed By gfiia‘?q arlo A Marquez
Attorney of Recox Reglslra of 34,072

STITES & HARBISON PLLC ¢ 1199 North Fairfax Street ¢ Suite 900 + Alexandria, VA 22314
~TELEPHONE: 703-739-4900 ¢ FAX: 703-739-9577 ¢« CUSTOMER NO. 38327 '

293101:1:ALEXANDRIA
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UnNITED STATES PATENT AND TRADEMARK OFFICE -
. UNTTED STATES DEPARTMENT OF COMMERCT
United States Patent and Trademark Office
Addicss: COMMIS’:!IOVTJR FOR PATDN’[‘S

x 1450
1dnn Virginia 22313-1450
js usplo.gov

APPLICATION FICING or GRP ART .
NUMBER l 371(c) DATE UNIT l FIL FEE RECD I ATTY.DOCKET.NO ITOT CLAIMSI]ND CLA]MS]
13/767,290  02/14/2013 2086 1650 NAGI-0005. 11 4
: CONFIRMATION NO. 2082
38327 ' UPDATED FILING RECEIPT

Juan Carlos A. Marquez
c/o Stites & Harbison PLLC
1199 North Fairfax Street

Suite 900 _
A:ngndria, VA 22314-1437 MAY 28 2013

R

HARBISON PLLC Date Mailed: 05/29/2013
STITES & HAK oL

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. I 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 réquested corrections

Inventor(s) e ‘

Shinji YUASA, Ibaraki, JAPAN;
Applicant(s) . '
Japan Science and Feekuegy Agency, Kawaguchi-shi, JAPAN Technology
National Institute of Advanced Industrial Sc:ence and Technology, Tokyo, JAPAN

Assignment For Published Patent Application
Japan Science and Technology Agency, Kawaguchi-shi, JAPAN
National Institute of Advanced Industrlal Science and Technology, Tokyo, JAPAN

Power of Attorney: None
) Domestlc Priority data as claimed by applicant
This application 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/AJP2005/004720 03/10/2005

Foreign Applications (You may be eligible to benefit from the Patent-Prosecution Highway program at the

USPTO. Please see hitp://www.uspto.qoy. for more information.}
JAPAN 2004:313350 10/28/2004
JAPAN 2004-071186 03/12/2004

Request to Retrieve - This application either claims priority to one or more applications filed in an intellectual
propeity Office that participates in the Priority Document Exchange (PDX) program or contains & proper Request to -
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Electronic Acknowledgement Receipt

EFS ID: 16047072
Application Number: 13767290
International Application Number:
Confirmation Number: 2082

Title of Invention:

Magnetic Tunnel Junction Device

First Named Inventor/Applicant Name:

Shinji YUASA

Customer Number:

38327

Filer:

Juan Carlos A. Marquez/Jovelita Fonseca

Filer Authorized By:

Juan Carlos A. Marquez

Attorney Docket Number: NAGI-0005
Receipt Date: 14-JUN-2013
Filing Date: 14-FEB-2013
Time Stamp: 16:13:48

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment no
File Listing:
Document Document Description File Name File Size( B){tes)/ Multl' .Pages
Number Message Digest | Part/.zip| (if appl.)
NAGI-0005_LetterR tForC i
1 Request for Corrected Filing Receipt —-eriernequestt or no 2
orrectedFilingReceipt.pdf
44ae26¢d7531daf4d59fd17ebcad0a87694,
ede0f
Warnings:
Information:
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Total Files Size (in bytes){ 111312

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

New Applications Under 35 U.S.C. 111

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

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

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

New International Application Filed with the USPTO as a Receiving Office

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

WD EX1008
Western Digital v IP Bridge
Page 138



H A E % &F T

JAPAN PATENT OFFICE

IMAENTOZEH LB SIA TV IR HTI TROBHEEHR ALK IAT
WAHLEIHEERE —THHI ETiE#H$ 5,

This is to certify that the annexed is a true copy of the following application as filed
with this Office.

W B 4 H H
Date of Application: 20044 3H12H

wom & 5
Application Number: TfEE2 004—071186

N FERI X A EAN DN

CH 5 B O RO ER

L AEEOET - FEHE

EFe

The country code and number JP2004—0711868
of your priority application,

to be used for filing abroad

under the Paris Convention, is

H B A
Applicant(s): JHAZATIBUE AR e BUAS AR

AT BUR N PESS LT A SRS ERT

FRFTEEO»
Commissioner, »
Japan Patent Office J
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B3 5EZTOBBLINDIMAREL s, ZoIbifiiE, —BAkegciaZ b3, #iKbiE
TRE IR ST 17 . 07 2 LTEEE NS, iRk e P TRAL
SR RICEES NS0, NERMERAEYOREAZT L L THWAZ LN TESL,

K91k, MRAMOEAREEMZ I THY, M9 (A) IMRAMOEHRNTH Y
. X9 (B) FEAN2EEFERHTH Y. X9 (C) & MMz rdRmHcd 5.
9 (A) IS RT L9512, MRAMICBWTIZT — REWL &2y RMEB L & 5528595
EOITHE S, REEHIIMR AMEVE S TS, 9 (B) IRT LT, 7
— R vy M oRBEIBICME S N/MRAME VIE, TMRZFZETE, o TMR#HE
T LEIEMENIMOSFETE2HLTEY, B U THEEET A TMRETD
P EZMOSFETIC LY EANS Z 22k, BB HREZRAR T Z &8 TE S, 1)
. EROFEHAT, AR, TMREZTFANORGOANIC L VITS 2 & TES. M9
(C) ITrT &2, MRAMXEY ELIE, pMS il 01 WiTiERENAEZY —2
WK1 O3 RLAHIKL 05 &, ToICHESNST v 2V L TEKRE
o — R NEM11122HTAMOSFET1I00&, TMRETF1I1722FHL TS
o VAT 03T —REME 1 1 3ENLTHEM (GND) &5, KL A 41 0
5, RUA EMI 1 5ETMREZTFEEZNLTEy MEB LIZEwMINTWS, 7T—
REEWLIEF — hdEME 1 1 LIS L TEPR LU WEIRIc B UEmS vt 4,

[0004)

PLEIZEH L 72 2 912, NMEFRMEAEUMRAMIZ, 1 >2OMOSFET100&TM
RET11TEICENV 1 2DAEYVIVEERT DI W TELHzD, BEMIGCEL 2
ABYFZETELNDZENTELSL,

(000 5]

[FEFFEF A 1 ] D.Wang, et al.:Science 294 (2001) 1488,

(FIH DBFI7R]

(FEEADSER L £ 5 & 7 % 3]8H)

(000 6]

BRI Z 5221k 0D64Mb i t HEOMRAMZERTLAELIZ T - T
B, Fnll LoEsEf{to=9i2ld. MRAM®O.LDIEERCH A TMR EZFoiFE%2 b L
STHELPLERH L, FHZ, TMRETFoljERE% N E3¥ 511, Bidioli ke E
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R otGE oM M ETH L, M1 0d, 7ELT 7 AA 1 —0% K> RrILEEEEY L
TP ERMTMRZ T ORI AIMELIC L 222 RIXTHL (L1) . X1 012
TR LIS, HERMTMRZEZTICEBOL T, Ay hes L, FRCER 28T 52 &
IZ kD BRI IYEITN S RS AL NS, T ok D RIFE T, EifEr—Y >
ZERBLIZEIEEWNETEL LD, FEOLREETICHC 2o L, kY BARE
Wi, BURO TMRZ 7 omSHTER70% k<. 2B /TEEH200 m VLT & K
7z, DRAM®OEIJEEICH AR TEREITESTH Y, BFEELZ FT L1200 {3508
A RO NTFALE TR TLED 20 H BENS 5 72,

(000 7]

RFEHIE, TMRETICBULENERE2 KESLTLH22HEETH, &6, K&
RS kD WEICEWE T AR EE 2R T A o 2 HE T 5,

GREE 2 3 5 7z o TR

(000 8]

FFEHO—FLIT L IE, b VREEEg . X b R IVEREBoF 1 mElcER S
7o-BCCHGEZFI 58 1 ofehiiEe. BIEE b > VRERERG o 2 AN R S vz
BCCHEZ BT HH 2 o ARE L. 253 584N 2NVEGHETH - T, BIEE
k2 R OVBEEEEAS, HATEMg O (1 00) HHvE (1 00) HRmAaESAm L 72
ZAERMg O x (0<<x<1) JEICEDIEREN TS Z & 25 3 5 SHTE T
fRftans,

(000 9]

F7/2. MgO (100) o s by xIVPEEERG Y. bk > ILBEEERE o 1 mHha
Eh/zFe (100) 6758 1 oigetihE &, FJEE b > rIVEEEEE o 2 Al
Ek&En/zFe (100) »onsdf2omlikge., 25T 285N > 2IVEGHIE
TdH - T, HIGEEM g Ofg4s, BHfiEEMgOx (1 00) HHWE (1 00) HRAMHAIEL
BUH L 72 Z5EMg O x (0<x<1) JHICEVIERENT VDS Z & 21 e T 5 UL
ETRE IS, AIicMgO (1 00) [Bofs8d Mme Al Fe (1 00) @7
=)V I Z RN F—DloNEmE (b2 R VEESS) 2HEARBICBULHE LD K<L
ez B E 5, iz WS & BRI RL TMRETO R IJETE 2K
ELTABZENTCER, 1D IAYOERME LT LORSENETEZHS &,
MNMERM OLIEZET 2R T L 2 & AVTE 2,

[0010]

ARFEHOMOBLAIC LUE, e &I 2 TR, FEMWMECFE1oFe (100)
BT L TfE, Il 1loFe (100) B RICETE—LAZEFIC LY BEEM
g0x (100) H2W0E (1 00) FHRAMAMEIAML 224 HFMg 0 (0<x<1
Y IS h N R IVEEEE R SRS NICBWTHEFE T A TREE . k2 pILEREESg o
20Fe (100) [@2ERTLIREEHIT LI L 2T E I oI FoRE S
EREE NS,

(001 1]

Frz. BRiEMgOx (100) 2% (1 00) AEMAMELRN L 224 EM g
Ox (0<x<1) okl MEEfTLH 1 T, FZFEMEICEHE1OFe (100
) BEHEFEL., RO T. #R oo 7 =— L2738 2 TFRE, BIiE 1oFe (1
00) Jg LICETFTLE—LEGHRICLVENEMg O (100) HH50E (1 00) Hig
HPMEEI L 722/ EMg O 4 (0<x<1) o sb hrp)fEEgLrmEzE Fics
WTHERE T A 3 TFE e, A VERERB FICE 20 Fe (1 00) 2EARTLHHE4
TFE2H9 52 &R e T2AIMSErollE gt s hsg, . gled 1 ¢
FReBE2 THEOEIC, BHEMegOx (1 00) HD:E (1 0 0) H&HAMEICHEN
L7=Z#EMg 0O, (0<x<1) mosbs—REE2RETHIREZAL T THRN
. EL BT ENT » AMgOfg%. Mg O O x iz fEHLDH — 4w &2 T
HEFFL TH R, ZoF FIEE7ENLTY 7 AMg O%2 AT 5 TFEHIZ, Mg O x @ x{H
R TL EV,
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(001 2]

RFEHO S HIIHOBAITEINIE. MgO (1 00) oA Ny rLfEERB L. K
VR NVEEEE OE 1 NSRS N T T v ARMES S0 5 70 A 1 OlhMARE &

BIGC b > rIVFEEEf o 2 NI E NI T IV 7 7 ARG 52 58 2 Dihik
Mg L., 20T 208 2 MESGHETH - T, AlicMg O (1 00) [EofmEE T
e Bl 7 BT » ARMES SN 658 1 UEE 2 ofmkiiAE L © 7 =)L I E{1 o
OAERE (M RIVEEEORS) ZEMARICBUL2HEENE LD I Lz & 25
eI 2 RSIRIEE TR S S,

(FEBH D R )

(001 3]

KRFEC LN, RO TMREZTICHANT RS SBGHIIZELZ 28T, TMR
i%wmﬁ FEHZRKELTLHZIENTESL, (5T, TMRETZHW/EMRAMOEHE
FALSE R L WO S 5.

[%m%%ﬁTéﬁ@@ﬁﬁ@%,]

(0014)

KREAIEIC BTGB RICHE T S TTHER2E] & 0BT, EANOEE T8
DOEERISHER L 7= TH 5 (BECHL : W. Wulfhekel, et al.: Appl. Phys. Lett. 78
(2001) 509.) . Z D kD RAETIL, M%K%%%?K%#ukhgﬁwﬁﬁmﬁﬁm

BMgOD KR VERED FEIREL S D Z 2T 500, HHERRE L v HEZ Ak
f\_o

(001 5]

FHH D FFEDIZHEIZ DT T B HC, FIHBE DTS 2 HBRITOWTERHEZITY. M
T J oEEdddin (MR) d, DIToXATtRaEns,

AR/ Rp= (Rap—Rp) /Rp

22T, RpMURapld, 2200&EMOEALSTATE X HATOEHEGD b2 2 UEGE
edhs, JullireonNRNiTEE BN 7RETICBIAOMREE. DTk
HIEREND,

MRIit= (Rap—Rp) /Rp=2P P2/  (1—P1P2) THY,
Pa= (Dal (Eg) —Dal (Egp)) / (Da? (Ep) +Dal (Eg) . a=

1, 2 (1)
eFREND,

(001 6]

T2, Pold. BToA 3 THY, Dal (Eg) Dol (Ep) &
FNEN, ZBRERACE AR R A AV RO 7 2R 22X — (ER) BT A
REEEE (Density of state:DOS) Tha, GMENSBERTES
DA DML 0 . 5T THE7-D, JulliredniRITENIE HLEWHE
EMREELTT7TO%NTHIENS,

MTJZFZ7ENT7 7 ADA L —0D L > x)U[EEE L AR EEME 2 HOTIER T %
. FERTOMREELTHTO%EIMHEMNESNT S0, DRAMIE O JJETET
HLH200mVEELIOITHLL., FAOEIIIMRAMEROH T LMELAE - T
%,

(001 7)

FHEFT, B2 T8 (1 00) HAH0NE (1 00) FEHAEITAL
LEZiEREMgO% b L fEEY L THWEMT J2RET A7 Ta—F 2T s
. ERDTENT 7 ADT IV FEEE L TFE Y B~ 7 R T LR RTEAY
ELLEWL=WE) Thoze, ETHEELENT, EToake — v/b%%ﬁ}/?
NBREOBOWTREFEENS Z e TSNS, M1, KEBOFEE LL5MT JHETH
B (X1 (B) ) &, dEikefEcHsLFe (100) @zzn/ﬂe AVAN: ot
‘ D, EEZERO [100] HESd 52 E—E o2 Rr9 (M1 (A) ) T
H5H. M1 (B) IRT &I, KXEEOEBCLLIMT JEZTHEE FH1oFe (1
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00) fJ@le, FH2dDFe (100) @by, ZhoBIcHENZBHEREMg O (1
00) EHLHWE (1 00) FRARMAMEIEIN L 722 EMg O (0<x<1) 3 ¢&
VDR AELTHERENATWS, FdJullireoEsdflicihd, BEETOERALH
LSk Ta 2 BWTREFEENLS TS5, MgO2FEMT 5 k> RIVERIIE

b > IVRREEICHEE Ze 1) (FEE AT 2358 A 0D o7 vk 2, 2 B4 5E
TSNS 4. K1 (A) 1R [100] (r—H) HEIIBITLFe T x L ¥ —
Ny RERCTENE, 7= VI EAE pIZ B SREERRE (DOS) 1. ZRAREY V2K
A DOV TN R 2 )V IBNE pll BWTREBEBL Tnb o, ThUFEEE G
MRz m&E g, LnLedis, @Foab—Lr MREER R D 2 VBB BWLTHRES
NAHTJEITE, PEEECEE 2N LT b — NS R @il e 9 5 BlE T o &
PFREERURIC BT S RBE B L, HL—ED b pUERE2 > 2 i s, M1 (A
) AITRT RIS, ZBHAE YA LAY R B 7 =V IEAE plREB2 59 505
PEAE A LAY (BGERD F7 =V SEME piOREEZH L2, ZokdRFeA
1N RON=T X VRIS £ D JFRICECMR I e — L > b7 2 e o it
i BT sNLa RS 5. 2y X2 vl (ERiRHL0E (1 00) K
MZAR) OMT Jidk, b > RV BI 2E T ofGELysdli s h s 20, Fido k
DAL =LY N by RNV ERBIT L20ICEHEN TS L L ER 605,

[001 8]

LI, ARFEHDOH 1 OFFEOIZREIC L D diiza 7 MO odlidE ki 2u»THim %
ZHL>28AZT>. M2 (A) o2 (D) £TiE AREHOERMOEBIZ LS F
e (100) /MgO (100) /Fe (100) #azHI2EAMEIET (AT, T
Fe (100) /MgO (100) /Fe (100) MTJJ ¢¥¥2%5. ) ol Tz
HAMNRIHTHS, Fe (100) X, BCCHEEZ2HIT LMmBIMEATHS, T
BEREMgO (100) #iR1 1 Z%¥fHL, MBEE (o3 —F) kb,
HHEEMgO (100) #fil loRAoTE 70y —28ET L5720, MgO (100
) Y= KE1l5&ikETSL. WmL T, M1 (B) ITRT LI, 50nm/EoEr ¥
% J)LFe (100) TEp&EM (B1EM 1 72Mg0O (100) >—K/Eg15 FicxE
BTREL, /ROT, #HEEZS T (2X10—8Pa) BT, 350CT7=—)L%
119, W, ETHRESFICBU 25405 MEEES8 KV THY, REEHENMO0., 02n
m/F, RERESER (293K) . V-2 LUHMFEGHHMKROMg O (Mg &
OLDHA1 + 1) MV, V—2rHEWME DX 4 0cmeiL, Ry 27592 KD
BHZEER1 X1 0—8Pa, OsHENLI X1 0—6PaThsb. M. fEEEi#Ko
MgO (Mg O&lAtl : 1) ofibhic, OKEEZ2HFIT LY —AE2HHATLZEb
aRETH B,

[001 9]

M3 (A) X ZofFEoFe (100) MEREM (3B 1EM) 1 7TORHEEDA X —
VERTHTHL, M3 (A) 1ITRTLEIIC, Fe (100) EREM GE1EMN 17
RS REEE FHEZ B L TSI 2R LT 5, KW, M2 (C) ITrRT LD
T, 2nm/EOMgO (100) NUFPE21%2Fe (100) TFEfEMm (GF 1EM 1
7T RZEETZEY XY LIRET S, ZoBb, MgOo@ETE—LEEER W,
M3 (B) X, coBoOMgO (100) NUFPE21DPRHEEDA XA—Y %2 9T
H5H, A3 (B) ITRTE2IC, MgO (100) NUTE2 1 b RHZABMEE T
PHLTWALAZ R RLTWNS,

[0020]

K2 (D) ITorT &5, MgO (100) NU7PE21 Rz, FETEZ1O0nmo
Fe (100) Lif@EM G2 232kl gl T, 10nm/EEDCol@
25%Fe (100) [EpEM (E2&EM) 23 FICHTEL /2, Cof@2 51%. FEEM
23D NEROLZ Ik UCPATHALRE 2 KA 27200 b0 TH L, RNT
. P OVERRREIEZ B T L TCFe (100) /MgO (100) /Fe (100) M
TJIZTE2FRT 5.
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(002 1]

FAHEBICEAMgOZEFHIE, 10—9Tor r OEEZRETHKRIEZ T/, 2O
FHETIEH, MAIEH T AER T3 00 nmoREL2IT-2BE T, BEFIHTHY.
BRI B RSN SN ThWA 2 e %hh s, M4 13, Mg ORERICHIT 4 W EHEM
as s A7 MVOERGRZ RITH L, H41T8-T L2, ODAXRZ MLP 1 &
OoDANT MIVP 2 2ICETAHENTENFHZ &30 %, X515, Mg OzE5F o=
SHEOFHERHERFEZ R~ TH S, MBI RT LT, BESHAESI R EGS
. HMEEEE 2 HIIMmESTOEL 528, 2XlE, Mg ODHERHIIBITZMg O
B2 OBZOREZ RBIT 200 THY, MgOx (0. 9<x<1) kDI
FRABE T T LuJREM S 5, BEERIEMET S5 2 Mg O b ¥ RIVEEEE D i S MK L
L rEZON (BIAE 0.10~0.85e V., XV FEMICIF0.2~0.5e VOFIHN) . =h
Wk, hURLVERSHENTLI b0 EZZONS, B, —HBHARA L —O k> R ILFEEE
DS, Fe (100) oo hrxEEDEEE. 0. 7~2. beViExoh
L. ZHICHTL T, Mg OFfERIFIIAER s ko R IVfEEDO S S133. 6e VTHY, Fhp
flie LTH0. 9~3. 7TeVaoBEonTws, KEMOEZLL HTEE2HGS &

0. 3eVFEED LRIV EEOSIMEES . N2 rVEEOIKOUEASEEETH
LZ Wbt HL, FolhoER., A Zpiitoae—1L >y e ko 2oL H
WL T BB 5, . BENEICE S Mg O oxfie LT, 0. 98<C
x<1, KFOHELIFO0. 99<x<IFETHY., MgBEEKD LI LDITZTENT
. Mg ODEMEMEARINTITHIF S N A2HPHTH 5.

(002 2]

M6t FitoAFickvdlEL/7~Fe (100) /MgO (100) /Fe (100
) MT J#HEToMIf e i iz mdMch 5, BERE 2 O KicBWIMRE 1L
46%THY. APERE2 93 KICBWIMRIIZ8 8% Th -7z, ~Dfilt. B{EE T
WCERICBWIEHONEELVECMRIETHL, 2ok RECGMREE Fe (100
) DO A UAMERIC L > CEIAT 22213 TET. HLAH, ab—L» b RAE U H
WmhoxU > ZcllidassEzrzons, 1600MT IJETEZRMEL24HE. MRILY
o UEUE S ST 2IE0 2 1E, 20%LIATH -2, MT J oG E D L FEME
BT 0% ETHh o7z, CokdImEMELEL., A7 T —FofRFHEZREL TS
. MTJIJoidni—=U 78 (RA) 2. kQum27THY., ZofEld. MRAMIZHEL
B TH S,

(002 3]

X7 (a) I FRICBIAMRE DAL 7 2EFRENEZ RTXTH S, 7 (a)
WRT & 912, MRED AL 7 AEBEREEE 2 DR Z 2% 5, JEI Rt R
RIS, MRHNERKRTAEFE Vhal £131 250mVEWHIEFFICEWIRESNT
WhH, . IEROA 1 —ORICBUDLMRIEDFKTLEEV ha 1 £1E300~600
mVTHS, M7 (b) il MTIJDOHTTEREV, yrlE (=77 R&EHEX (Rap—
Rp) /Rap) 27, H/EEV ,q DRANEFZEAS 7 ZIBWT380m Vo
ERELNTHS, ZofElE. ALl —ORNY 7oEEoM (200mV) OF 21D T
HLH., 2ok, MRILE B JER ol TEVVESE S /e 2 k. REOTGE
WSk BEroFMERZ RL T s,

[0024)

M. FHEROIZEEIC B TIE, BCCohFe (100) ZH:7A. fAbYicBCC
DF e%E54. Mz, Fe—Cof4. Fe—Nig4e, Fe—PtEdatHnsze
LTEL, BiidFe (100) JE&MgO (100) Jge iz, 1518 XIFUET
BREDEEDCo, NiRE&EiEAL THRV,

[0025)]

Kz, ARFEIADE 2 OFEOTREIC X LRSS T RO ofliE ki ounTERIA %
179, KEBOFEEIZLALFe (100) /MgO (100) /“Fe (100) TMRZ
Tt EHETIE, ET ANy 2 Yo 7ERyickdMgO (100) 28EE2137
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Ty DREETHEIEL . TRy =— iR Ty 2 &2k (1 00) FEmmAE
ML 72ZAE R E R ERREALT AR E T 5., 2oy 2 U R MBE. AE RE
WEE (293K) THY., #¥—Fy heLTEH2A4>F ogoMgORH. A r FEFAR
T2 B Y T RiT57z, IMEEJNFZ200WTHY ., REHEIZO0O. 008 nm,/
sSTHAH, ZOFRFETHEHFLAEMESOWTTENLT » RIREETH A=, FEENMPS5300°C
EFCE/EE FHESE, 300 CICBWT ERNHERITEL TS0k, MRflkshizM
sO&HELZ RS,

[0026)]

i, OKIBOW AN FEE L TCE, REMIZOKENEL 58:TREZRZITY HiE. OK
HBE2EPOEAT L. OKEOH LIREED & | 2 13WsE 7 5 X< ALEE X3 B IAMR L7
SV EBILEIT o THAEEEDOOKRME CHET 2 HFEoWTREHGTL Ry,

(002 7]

PLE, REBOFEIC L SESEAZ AN L. ANy 2 U 7EEHGT7*E
W7 7 AM g OB MEFEL 2RI 7 = — VBRI L W R LT 5728, THITE R0 72
EEPVEIR N WO RS 5,

(002 8]

Kz, ARFEAOFFED ZRED BN & 2 B SdNhiE T Ic 2 Wi 2 B L oD 2l
2119, M1 1. AFREHORBOEREOEC L AOIMT J 0= THELZ RITH Y
LT (B ISR AXTH S, 1 LISRT K DI, AREEOIFREIC L SR IizE
T, FRACFEROIZREIC kL eI T 2 EFRC, BREMgOx (1 00) L0
(1 00) HFABMMAMEIIKN L 722X EEZM Mg O x (0<x<{1) @5 03iTxfL
THT o LEHe LT, 7ENLT v At G4, AZCoFeBE501. 505
ORISR S, TRV T » ARG S MIAFEF TR CIE ARy U
TEERAGTERBETH 5., o NRHFEE | oFHOEDG G 2 IRIFEFTH
5,

(002 9]

M. TEIINT 7 ARSI o TE, A2l FeCoB. FeCoBSi. FeCoBP., FeZr. CoZr
mERRANWLZIE L TES,

[0030]

PLE, REBOIZEEIC kA RSHEAETFIC O W TEMH L 72838, RKRIHIZZ NS ICHIR S
NLLOTIHvy, Toft, flienZHE, R, A EN0]EER 2 &Y ESFITHH
THSD., AL, Mg ORICHEXIREZEATLNDYIC, flIAIFCa®Sri K-
VIUTLZETh R NAEEOSESERBTL AP TOLRY, £/, Mg Ofgaif
MAFEL LT, ETe—LaBEEXIANy Z Y o 7FERHNI U THRIHL 72085, Fofto
HEFE DB RETH L 2 29 T Th2w, £/, SmEZe oHEEL. M2 1 3E%
WHALZWESICBWT, 721 0—6PallTofEzigL. —/f. MEL2MHEEFNICE A
TEHBETH, 10— 4P afiEBoE%2iEd.

(PE3E _EoF] Ha) gEME]

(003 1]

MR AM@E JEFESEROR 2512 EL. ¥y Mo EEMR AMIZ#E
L7zRE S 5T b,

([ o0 P . 70 2B

(003 2]

(1) RFHDOHE | OFHOFEICLLMT IE TGS (M1 (B) ) &, ifked
hef@THsLFe (100) DR AF—Ny RG22 RITHY, o [
100] AW I 2E—EpoBREZrdX (H1 (A) ) ThHoD.

(2] M2 (A) 7262 (D) £TE. ARHOEHmEOIZEEI LS Fe (100
) /MgO (100) /Fe (100) HEZzHJI Lz (LIT. TFe (
100) /MgO (100) /Fe (100) MTJ| 95, ) odlisTF% M
AMNTRIHTH L.
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(B3] 13 (A) 1, Fe (100) NipdEM (G5 1dEM) ORHEEDA X—¥
ZRIHTHY, M3 (B) 1F. ZofFEoMg0O (100) NXUFPEORHEEDA
A=V ERTHTH S,

(4] Mg ORREFRFICHBANEMMa s s A7 M oBHIGREZ <IN TH S

(5] Mg OZEEFTOMESEOEHEFRIERGTEEZ I NTH S,
(6] Fe (100) / MgO (100) /Fe (100) MT JEToUmI%z
b 2 ~IMTH S,
(7] M7 (A) & ZHiEICBT O2MREOAS 7 2ABERER 2RI TH 5.
X7 (B) 2. MTIJOHEITETEV utld (=4 72AEHEX (Rap—Rp)
Rap) 2RI TH S,
(XM8] TMRZEZTwMEY, oW E ~IHNTH 5.
(9] MRAM@OEAFEMZ RIHTHY, M9 (A) IMRAMDEHMTH
D, X9 (B) EHERXFZEFEFERETH Y, X9 (C) &, WiEflZ 3 kmc
H5,
(F10)] FEIAL 77 AA 1 —0% N2 RAFEREL LU 2E R TMRZ T oRAET
DOHIINEEIZ X 2L RTATH 5,
(1 1) AKFREHOFEFEDONZEEDZEIAANT L AMT J oETHEZ ~IITH Y.
1 (B) gyt d 5HTH 5,
(715 o kA )
(003 3]
1-#1dDFe (100) 8. 3--BfHEMgO, (100) HL5WE (1 00) FiqH
[HAMEE L 722 EMeg O 8 (0<x<{1) ., 5 2dmFe (100) 8. 11
CHFREMg O, (100) H50E (1 00) MBAIAEIAH L 72ZMEM g O 4
M (0<x<<1), 15-Mg0O (100) ¥—KJg, 1 7--ZE¥xFL % )LFe (10
0) TEBdEM (GBE1dEM) . 21 -MgOoOnNU7E (100) ., 232X XT 3 )LF
e (100) [EpEM (F2@&EM) . 503 - BHEMgO, (001) HAHWE (00
1) AHEREAMEREN L Z224Mg O X/ (0<x<{1) . 50 1 --F7EINT ¥ ARk
MEARIC k5 TEbEM: B 1EM) . 503--MgOXNY 7@, 505 7EILT v Ak
MEARIZ & % EEREEM: (58 2 EEh) .
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(x12]
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(®)

(o))
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F—~—15 Mg0(100)
—KE

—"\_/11

7 =—JL(350°C)

b~ 17 Fe(100) TSR EE

1

+—~——15 (50nm)

+—~11

F—~——21 Mgo(100)/ S UTP R

17 (2nm)

—~—15

—~11
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4~— 23 Fe(100) L I ELE
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: gg}gMI?%%OVER FOR PATENTS

Q. Box 145

Alexandria, Virginia 22313-1450
WWW.USDO.gOV

wi%ﬁggON I 37FlI(L£\I§AOTrE Glg\l?fT I FIL FEE REC'D I ATTY.DOCKET.NO ITOT CLAIMSIIND CLAIMSl
13/767,290  02/14/2013 2811 1650 NAGI-0005 11 4
CONFIRMATION NO. 2082
38327 CORRECTED FILING RECEIPT
Juan Carlos A. Marquez
c/o Stites & Harbison PLLG AR LR A A A
1199 North Fairfax Street 0000000620800
Suite 900

Alexandria, VA 22314-1437
Date Mailed: 06/26/2013

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
Assignment For Published Patent Application

Japan Science and Technology Agency, Kawaguchi-shi, JAPAN

National Institute of Advanced Industrial Science and Technology, Tokyo, JAPAN

Power of Attorney: None

Domestic Priority data as claimed by applicant
This application 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

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
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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: 03/05/2013

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 13/767,290

Projected Publication Date: 09/05/2013

Non-Publication Request: No

Early Publication Request: No
Title

Magnetic Tunnel Junction Device
Preliminary Class
257
Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition Applications:

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

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

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

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

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

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

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

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

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

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

NOT GRANTED

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

SelectUSA

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

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

P.0O. Box 1450

Alexandria, Virginia 22313-1450

WWW.USPLo.gov

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKETNO. | CONFIRMATION NO. |
13/767,290 02/14/2013 Shinji YUASA NAGI-0005 2082
38327 7590 07/10/2013 | |
EXAMINER
Juan Carlos A. Marquez
c/o Stites & Harbison PLLC CHAMBLISS, ALONZO
1199 North Fairfax Street
. | ART UNIT | PAPER NUMBER |
Suite 900
Alexandria, VA 22314-1437 2897
| NOTIFICATION DATE | DELIVERY MODE |
07/10/2013 ELECTRONIC

Please find below and/or attached an Office communication concerning this application or proceeding.
The time period for reply, if any, is set in the attached communication.
Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the

following e-mail address(es):

iplaw @stites.com
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Application No. Applicant(s)
13/767,290 YUASA ET AL.
Office Action Summary Examiner Art Unit AIA (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 3MONTH(S) OR THIRTY (30) DAYS,
WHICHEVER IS LONGER, 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. § 133).

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
)X Responsive to communication(s) filed on 2/14/13.
[ 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. 213.

Disposition of Claims
5)X Claim(s) 1-11 is/are pending in the application.

ba) Of the above claim(s) is/are withdrawn from consideration.
6)[] Claim(s) is/are allowed.
7)X Claim(s) 1-11 is/are rejected.
8)[] Claim(s) ____is/are objected to.
9)[d 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/Awww usoto.gov/patents/init_events/pph/indax.jsp or send an inquiry to PPHfeadback@uspio.gov.

Application Papers
10)[] The specification is objected to by the Examiner.
11)[X] The drawing(s) filed on 14 February 2013 is/are: a)[_] accepted or b)[X] 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 ().
Certified copies:
a)XJ Al b)[] Some * ¢)[[] 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)).

* See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)
1) IXI Notice of References Cited (PTO-892) 3) |:| Interview Summary (PTO-413)
Paper No(s)/Mail Date.
2) Information Disclosure Statement(s) (PTO/SB/08) 4 D Ot: . (e) -
Paper No(s)/Mail Date 2/14/13, ) L Lp—
U.S. Patent and Trademark Office
PTOL-326 (Rev. 05-13) Office Action Summary Part of Paper No./Mail Date 20130702
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Application/Control Number: 13/767,290 Page 2
Art Unit: 2897

DETAILED ACTION
Priority
1. 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 3/10/05.

Information Disclosure Statement
2. The information disclosure statement (IDS) submitted on 2/14/13 was filed before
the mailing date of the non-final rejection on 7/2/13. The submission is in compliance
with the provisions of 37 CFR 1.97. Accordingly, the information disclosure statement is

being considered by the examiner.

Drawings
3. The drawings are objected to as failing to comply with 37 CFR 1.84(p)(5)
because they include the following reference character(s) not mentioned in the
description: 113. Corrected drawing sheets in compliance with 37 CFR 1.121(d), or
amendment to the specification to add the reference character(s) in the description in
compliance with 37 CFR 1.121(b) are required in reply to the Office action to avoid
abandonment of the application. Any amended replacement drawing sheet should
include all of the figures appearing on the immediate prior version of the sheet, even if
only one figure is being amended. Each drawing sheet submitted after the filing date of

an application must be labeled in the top margin as either “Replacement Sheet” or “New
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Application/Control Number: 13/767,290 Page 3
Art Unit: 2897

Sheet” pursuant to 37 CFR 1.121(d). If the changes are not accepted by the examiner,
the applicant will be notified and informed of any required corrective action in the next

Office action. The objection to the drawings will not be held in abeyance.

Claim Rejections - 35 USC § 102
4, The following is a quotation of the appropriate paragraphs of pre-AlA 35 U.S.C.

102 that form the basis for the rejections under this section made in this Office action:

A person shall be entitled to a patent unless —

(b) the invention was patented or described in a printed publication in this or a foreign country
or in public use or on sale in this country, more than one year prior to the date of application
for patent in the United States.

5. Claims 1 and 8-11 are rejected under pre-AlA 35 U.S.C. 102b as being clearly
anticipated by “Large magnetoresistance in Fe/MgO/FeCo(001) epitaxial tunnel
junctions of GaAs(001) ” journal.

With respect to Claims 1 and 8-11, the journal teaches a tunnel barrier layer
located between a first ferromagnetic material layer and a second ferromagnetic
material layer, wherein the tunnel barrier layer comprises a poly-crystalline magnesium
oxide layer in which a (001) crystal plane is preferentially oriented. The first and second
ferromagnetic material layer comprises an iron-based alloy (i.e. made of FeO) and is

entirely crystallized (see pages 1655 and 1656).

Double Patenting
6. 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
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Application/Control Number: 13/767,290 Page 4
Art Unit: 2897

and to prevent possible harassment by multiple assignees. A nonstatutory double
patenting rejection is appropriate where the claims at issue 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); and 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 a nonstatutory
double patenting ground provided the reference application or patent either is shown to
be commonly owned with this application, or claims an invention made as a result of
activities undertaken within the scope of a joint research agreement. A terminal
disclaimer must be signed in compliance with 37 CFR 1.321(b).

The USPTO internet Web site contains terminal disclaimer forms which may be
used. Please visit http://www.uspto.gov/forms/. The filing date of the application will
determine what form 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

http://www.uspto.gov/patents/process/file/efs/guidance/eTD-info-1.jsp.
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Application/Control Number: 13/767,290 Page 5
Art Unit: 2897

7. Claims 1-3 are rejected on the ground of nonstatutory double patenting as being
unpatentable over claim 1 of U.S. Patent No. 7,884,403. Although the claims at issue
are not identical, they are not patentably distinct from each other because the instant
application and the patent recite a first and second ferromagnetic material layers with a
tunnel barrier layer made of poly-crystalline magnesium oxide layer between the
ferromagnetic materials.
8. It is inherent that the magnesium oxide layer has some level of oxygen
vacancy defects. 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); and 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.
9. Claims 4 -7 are rejected under 35 U.S.C. 101 as claiming the same invention as
that of claim 5 of prior U.S. Patent No. 7,884,403. This is a statutory double patenting

rejection.
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10. Claims 10 and 11 are rejected on the ground of nonstatutory double patenting as
being unpatentable over claim 4 of U.S. Patent No. 7,884,403. Although the claims at
issue are not identical, they are not patentably distinct from each other because the
instant application and the patent recite a first and second ferromagnetic material layers
with a tunnel barrier layer made of poly-crystalline magnesium oxide layer between the
ferromagnetic materials. The first ferromagnetic material layer comprises an iron based

alloy.

Allowable Subject Matter
11.  Claims 2 and 3 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.

12.  The following is a statement of reasons for the indication of allowance subject
matter: the prior art of record does not teach or suggest the combination of a wherein
the tunnel barrier layer has a barrier height g~ in a range of 0.2 to 0.5 electron volts (eV)

in claims 2 and 4.

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

product of the instant invention.
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Conclusion
13.  Any inquiry concerning the communication or earlier communications from the
examiner should be directed to Alonzo Chambliss whose telephone number is (571)
272-1927.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Fernado 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/July 3, 2013 /Alonzo Chambliss/

Primary Examiner, Art Unit 2897
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

For: MAGNETIC TUNNEL JUNCTION DEVICE

In re U.S. Patent Application of )
)

YUASA ) Confirmation No. 2082
)

U.S. Application No.: 13/767,290 ) Art Unit 2686

: )

Filed: February 14,2013 ) Examiner
) Alonzo Chambliss
)
)
)

Attorney Docket No.: NAGI-0005

Commissioner of Patents
P.O. Box 1450

Alexandria, VA 22313-1450

RESPONSE AND AMENDMENT UNDER 37 C.F.R. §1.111

Sir:

This is in response to the Office Action mailed on July 10, 2013, the period of response

to which is set to expire on November 10, 2013, with the payment of the requisite fee for an

extension of time of one month. This response is being timely filed on November 12, 2013, in

accordance with 37 C.F.R. §1.7(a). Please amend the above-referenced application as follows:
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IN THE CLAIMS:

Claims 1-3, 5 and 10-11 stand for consideration in this application, wherein claims 5 and
10-11 are being amended to more particularly point out and distinctly claim the subject

invention; claims 4 and 6-9 are being canceled without prejudice or disclaimer, all as follows:

1. (Previously Presented) A tunnel barrier layer located between a first ferromagnetic
material layer and a second ferromagnetic material layer,
wherein the tunnel barrier layer comprises a poly-crystalline magnesium oxide

layer in which a (001) crystal plane is preferentially oriented.

2. (Previously Presented) A tunnel bather layer according to claim 1,

wherein the tunnel barrier layer has a barrier height in a range 0of 0.2 to 0.5¢e V.

3. (Previously Presented) A tunnel barrier layer according to claim 2, wherein the tunnel
barrier layer height ¢ is obtained by fitting J-V characteristics of a tunnel barrier junction
structure to an equation (1):

J=[2m $)"/A s] (e/h)* x exp [-(4 7 A s/h) x 2m ) *] xV (1)
where J is a tunnel current density flowing through the tunnel barrier layer, V is an
applied bias voltage that is 100 mV or smaller, m is the free electron mass, € is the
elementary electric charge, h is the Plank's constant, A s is an effective thickness of the
tunnel barrier layer that is approximately equivalent to (tMg0 —0.5 nm), and tyg0 is an
actual thickness of the tunnel barrier layer determined using a cross-sectional

transmission electron microscope image.
4. (Canceled).
5. (Currently Amended) The magnetoresistive-deviee tunnel barrier layer according to claim

[[4]] 1, wherein atleast-eone—of the tunnel barrier layer is on the first and-seeond
ferromagnetic material layesrs layer which comprises CoFeB alloy.

6-9. (Canceled).
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10.

11.

(Currently Amended) The tunnel barrier layer according to claim 5, A-magnetoresistive

wherein atJeast-the first ferromagnetic material layer CoFeB comprises-an-iron
based-alley-and is entirely crystallized.

(Currently Amended) The magnetoresistive—deviee tunnel barrier layer according to

claim 10, wherein the second ferromagnetic material layer comprises an iron-based alloy

and is entirely crystallized.

WD EX1008
Western Digital v IP Bridge
Page 221



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 July 10,
2013 (USPTO Paper No. 20130702). 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, 5 and 10-11 stand for consideration in this application,
wherein claims 5 and 10-11 are being amended to more particularly point out and distinctly
claim the subject invention; claims 4 and 6-9 are being canceled without prejudice or disclaimer.
Any and all amendments to the specification and/or to the claims are fully supported throughout
the disclosure of the invention. Applicants submit that no new matter is being introduced into

this application through the submission of this response.

Double Patenting Rejections

Claims 4-7 were rejected under 35 U.S.C. §101 for statutory double patenting as being
unpatentable over claim 5 of U.S. Patent No. 7,884,403. Further, the Examiner rejected
claims 1-3 and 10-11 under the judicially-created doctrine of obviousness-type double
patenting in view of claims 1 of U.S. Patent No. 7,884,403, which was the predecessor of
this application.

As outlined above, the claims are being amended to more particularly point out and
distinctly claim the subject invention. In addition, a Terminal Disclaimer is being submitted
concurrently herewith. As such, Applicants will submit that the Examiner’s double patenting

rejections have been obviated and/or rendered moot.

Formality Objection

The Examiner objected to the drawings for a minor formality and has requested
correction thereof. The Examiner objected to the drawings due to the inclusion of reference

character 113 which was not mentioned in the description. However, Applicants did not locate

WD EX1008
Western Digital v IP Bridge
Page 222



reference character 113 in the drawings. Applicants will respectfully make any such foﬁnality
corrections to the drawings upon clarification by the Examiner. The Examiner’s kind

consideration is respectfully requested.

Prior Art Rejections
The Examiner rejected claims 1 and 8-11 under 35 U.S.C. §102(b) as being

anticipated by Bowen (“Large magnetoresistance in Fe/MgO/FeCo(001) epitaxial tunnel
junctions on GaAs(001)”. Appl. Phys. Lett. 79 (11): 1655. (2001)). Applicants have
reviewed the above-noted rejection and hereby respectfully traverse.

For anticipation to be present under 35 U.S.C. §102, “[t]he identical invention
must be shown in as complete detail as is contained in the...claim.” Richardson v. Suzuki
Motor Co., 868 F.2d 1226, 1236 (Fed. Cir. 1989). More particularly, under 35 U.S.C.
§102, “[a] claim is anticipated only if each and every element as set forth in the claim is
found, either expressly or inherently described, in a single prior art reference.”
Verdegaal Bros. v. Union Oil Co. of Cal., 814 F.2d 628, 631 (Fed. Cir. 1987). That is, to
anticipate a claim under §102, a single source must contain all of the elements of the
claim. Lewmar Marine Inc. v. Burient, Inc., 827 F.2d 744, 747 (Fed. Cir. 1987).

The present invention as now recited in claim 1 is directed to a tunnel barrier layer
located between a first ferromagnetic material layer and a second ferromagnetic material layer,
wherein the tunnel barrier layer comprises a poly-crystalline magnesium oxide layer in
which a (001) crystal plane is preferentially oriented.

Contrary to the Examiner’s assertions in citing Bowen, this reference merely discloses a
tunnel barrier that is single-crystalline, whereas the tunnel barrier layer of the present invention
comprises a poly-crystalline magnesium oxide layer. Therefore, the reference of Bowen does
not show each and every element of the present invention as claimed. As such, Bowen cannot
and does not anticipate thé claimed invention.

Further, Applicants will contend that the structural and chemical characteristics of a
single-crystalline tunnel barrier are distinctly different from those of a tunnel barrier layer having
a poly-crystalline magnesium oxide layer in which a (001) crystal plane is preferentially oriented

of disclosed in the journal is distinctly different from that of the present invention. Thus, Bowen
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also cannot be cited for showing or suggesting every feature of the claimed invention. , Rather,
one of ordinary skill in the art would not have turned to the single-crystalline tunnel barrier
structure of Bowen to achieve, much less teach, the tunnel barrier having a poly-crystalline
magnesium oxide layer in which a (001) crystal plane is preferentially oriented, as in the claimed
invention. The present invention would not be rendered obvious in view of Bowen.
Consequently, the present invention as recited in independent claim 1 and all of its dependent

claims is distinguishable and thereby allowable over the reference of Bowen.

Allowable Subject Matter

In the Office Action, the Examiner only objected to claims 2 and 3 as being dependent on
a rejected base claim, but would allow the claims if they are amended to add all the limitations of
its base claim and any intervening claims, and to address the above-noted informality objection.
As outlined above, the claims are distinguishable and thereby allowable over the prior art of
record. In view of all the above, Applicants will submit that all the claims remaining of record

are now in condition for allowance.

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 as a
whole. These differences are more than sufficient 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 phone number indicated below.

Respectfully submitted,

ooples 5 e e

Juan Carlos A. Marquez
Registration Number 34,072

STITES & HARBISON, PLL.C
1199 North Fairfax Street

Suite 900

Alexandria, VA 22314-1437
(703) 739-4900 Voice

(703) 739-9577 Fax

Customer No. 38327

November 12,2013
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re U.S. Patent Application of )
)
YUASA ) Confirmation No. 2082
)
U.S. Application No.: 13/767,290 ) Art Unit 2686
)
Filed: February 14,2013 ) Examiner
' ) Alonzo Chambliss
For: MAGNETIC TUNNEL JUNCTION DEVICE )
)
Attorney Docket No.: NAGI-0005 )
Mail Stop Amendment
Commissioner of Patents
P.O. Box 1450
Alexandria, VA 22313-1450
TERMINAL DISCLAIMER

Sir:

I, Juan Carlos A. Marquez, represent that I am the attorney of record for the above-
identified application. '

The invention has been assigned to Japan Science and Technology Agency and National
Institute of Advanced Industrial Science and Technology, who are the owners by assignment of
100 percent of the right, title and interest in the above-captioned patent application.

Japan Science and Technology Agency and National Institute of Advanced Industrial
Science and Technology are also the owners of 100 percent of the right, title and interest to U.S.
Patent No. 7,884,403 by assignment and hereby disclaims, except as otherwise provided
hereinbelow, the terminal. part of any patent granted on the above-captioned patent application,
which would extend beyond the expiration date of the full statutory term of the prior patent
U.S. Patent No. 7,884,403, the term of said prior patent is defined in 35 U.S.C. §§154 and 173,
and as the term of said prior patent is presently shortened by any terminal disclaimer. Japan
Science and Technology Agency and National Institute of Advanced Industrial Science and
Technology hereby agree that any patent so granted on the instant application shall be

enforceable only for and during such period that it and the prior patent are commonly owned.

WD EX1008
Western Digital v IP Bridge
Page 226



This agreement runs with any patent granted on the instant application and is binding upon the
grantee, its successors or assigns.

In making the above disclaimer, Japan Science and Technology Agency and
National Institute of Advanced Industrial Science and Technology do not disclaim the
terminal part of the term of any patent granted on the instant application that would
extend to the expiration date of the full statutory term as defined in 35 U.S.C. §§154 and
173 of the prior patent, “as the term of said prior patent is presently shortened by any
terminal disclaimer,” in the event that said prior patent later: (a) expires for failure to
pay a maintenance fee; (b) is held unenforceable; (c) is found invalid by a court of
competent jurisdiction; (d) is statutorily disclaimed in whole or terminally disclaimed
under 37 CFR 1.321; (e) has all claims canceled by a reexamination certificate; (f) is
reissued; or (g) is in any manner terminated prior to the expiration of its full statutory

term as presently shortened by any terminal disclaimer.

Respectfully submitted,

Juan Carlos A. Marquez
Registration Number 34,072

STITES & HARBISON, PLLC
1199 N. Fairfax Street

Suite 900

Alexandria, VA 22314
Telephone: 703-739-4900
Facsimile: 703-739-9577
Customer No. 38327 '

November 12,2013
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Electronic Patent Application Fee Transmittal

Application Number: 13767290

Filing Date: 14-Feb-2013

Title of Invention: Magnetic Tunnel Junction Device
First Named Inventor/Applicant Name: Shinji YUASA

Filer: Juan Carlos A. Marquez/Nancy DeSanti
Attorney Docket Number: NAGI-0005

Filed as Large Entity

Utility under 35 USC 111(a) Filing Fees

Description Fee Code Quantity Amount Sul:l-;l's(tsa)l in
Basic Filing:
Pages:
Claims:
Miscellaneous-Filing:
Petition:
Patent-Appeals-and-Interference:
Post-Allowance-and-Post-Issuance:
Extension-of-Time:
Extension - 1 month with $0 paid 1251 1 200 200
WD EX1008

Western Digital v IP Bridge

Page 228



o . Sub-Total in
Description Fee Code Quantity Amount USD($)
Miscellaneous:
Statutory or Terminal Disclaimer 1814 1 160 160
Total in USD ($) 360
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Electronic Acknowledgement Receipt

EFS ID: 17377230
Application Number: 13767290
International Application Number:
Confirmation Number: 2082
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Magnetic Tunnel Junction Device

First Named Inventor/Applicant Name:

Shinji YUASA

Customer Number:

38327

Filer:

Juan Carlos A. Marquez/Nancy DeSanti

Filer Authorized By:

Juan Carlos A. Marquez

Attorney Docket Number: NAGI-0005
Receipt Date: 12-NOV-2013
Filing Date: 14-FEB-2013
Time Stamp: 14:34:58

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment yes
Payment Type Credit Card
Payment was successfully received in RAM $360

RAM confirmation Number 1095
Deposit Account 120555

Authorized User

STITES & HARBISON PLLC

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:
Charge any Additional Fees required under 37 C.F.R. Section 1.16 (National application filing, search, and examination fees)
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Charge any Additional Fees required under 37 C.F.R. Section 1.19 (Document supply fees)
Charge any Additional Fees required under 37 C.F.R. Section 1.20 (Post Issuance fees)
Charge any Additional Fees required under 37 C.F.R. Section 1.21 (Miscellaneous fees and charges)
File Listing:
Document .. . File Size(Bytes Multi Pages
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Amendment/Req. Reconsideration-After Non-Final Reject 3 3
Claims 4 5
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

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

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

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application asa
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
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re U.S. Patent Application of )
)
YUASA ) Confirmation No. 2082
)
U.S. Application No.: 13/767,290 ) Art Unit 2686
)
Filed: February 14,2013 ) Examiner
) Alonzo Chambliss
For: MAGNETIC TUNNEL JUNCTION DEVICE )
)
Attorney Docket No.: NAGI-0005 )
Mail Stop Amendment
Commissioner of Patents
P.O. Box 1450
Alexandria, VA 22313-1450
’ COVER LETTER
Sir:
[x] The fee for submission of claims is calculated as shown below:
For TOTAL WITH TOTAL CLAIMS RATE CALCULATION
NEW CLAIMS CURRENTLY ON ALREADY
ADDED FILE PAID
Total Claims 6 11 x $80 0
(Over 20)
Independent 1 4 x $420 0
Claims 1
: (Over 3)
MULTIPLE + $780 0
DEPENDENT
CLAIM(S)
REDUCTION FOR FILING BY SMALL ENTITY (note 37 C.FR. §§ 1.9, 1.27, 1.28). X Ya
TOTAL $0

In addition, the below-identified communications are submitted in the above-captioned application or

proceeding:

[ x ] Response and Amendment to Office
Action (with claim amendments)

[ ] Substitute Abstract

[ ] Terminal Disclaimer

Q=

Information Disclosure Statement

sheets of drawings

RCE
ther:

Western Digital
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[x] Applicant(s) hereby request and petition that the time for taking action in this case be
extended pursuant to 37 C.F.R. § 1.136(a) for:
[ x] one (1) month [ ]two (2) months [ ]three (3) months

The fee set in 37 C.F.R. § 1.17 for the extension of time is $200.00 for a large entity.

[x] Credit card information for $200.00 to cover the 1-month extension fee and $160.00 to cover the
Terminal Disclaimer fee associated with this filing is enclosed.

[ ] Please charge my Deposit Account Number in the amount of to cover the fees for

[x] The Commissioner is hereby authorized to charge any additional fees associated with this
communication, including fees under 37 C.F.R. § 1.16 and 1.17, or credit any overpayment to Deposit
Account Number 12-0555.

Respectfully submitted,

/
2 / (;0 Mamfw

Juan Carlos A. Marquez
Registration No. 34,072

STITES & HARBISON PLLC
1199 North Fairfax Street, Suite 900
Alexandria, VA 22314

Telephone: (703) 739-4900
Facsimile: (703) 739-9577
Customer No. 38327

November 12, 2013
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Application Number Application/Control No. Qpplicar_ll(st)_/Patent under
T e
Document Code - DISQ Internal Document — DO NOT MAIL
TERMINAL
DISCLAIMER [1APPROVED X DISAPPROVED

Date Filed : 11/12/13

This patent is subject
to a Terminal
Disclaimer

Approved/Disapproved by:

The person who signed the terminal disclaimer (only for applicati ns filed on or after
September 16,2012 is not the applicant, patentee or an attorney or agent of record. 37
CFR 1.321 (a) and (b). (See FP 14.26.08)

Jean Proctor

U.S. Patent and Trademark Office
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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.0O. Box 1450

Alexandria, Virginia 22313-1450

WWW.USPLo.gov

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKETNO. | CONFIRMATION NO. |
13/767,290 02/14/2013 Shinji YUASA NAGI-0005 2082
38327 7590 12/31/2013 | |
EXAMINER
Juan Carlos A. Marquez
c/o Stites & Harbison PLLC CHAMBLISS, ALONZO
1199 North Fairfax Street
. | ART UNIT | PAPER NUMBER |
Suite 900
Alexandria, VA 22314-1437 2897
| NOTIFICATION DATE | DELIVERY MODE |
12/31/2013 ELECTRONIC

Please find below and/or attached an Office communication concerning this application or proceeding.
The time period for reply, if any, is set in the attached communication.
Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the

following e-mail address(es):

iplaw @stites.com

PTOL-90A (Rev. 04/07)
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Application No. Applicant(s)
13/767,290 YUASA, SHINJI

Office Action Summary Examiner Art Unit AIA (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. § 138).

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
)X Responsive to communication(s) filed on 11/12/13.
[ A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filedon ____ .
2a)[X] This action is FINAL. 2b)[] 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. 213.

Disposition of Claims*
5)X Claim(s) 1-3,5,10 and 11 is/are pending in the application.

ba) Of the above claim(s) is/are withdrawn from consideration.
8)[ ] Claim(s) ____is/are allowed.
7)X Claim(s) 1-3.5.10. and 11 is/are rejected.
8)[] Claim(s) ____is/are objected to.
9)[d 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/Awww usoto.gov/patents/init_events/pph/indax.jsp or send an inquiry to PPHfeadback@uspio.gov.

Application Papers
10)[] The specification is objected to by the Examiner.
11)[X] The drawing(s) filed on 2/14/13 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 ().
Certified copies:
a)XJ Al b)[] Some** ¢)[[] 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.
3.0 Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).
** See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)
1) D Notice of References Cited (PTO-892) 3) |:| Interview Summary (PTO-413)
2) |:| Inf tion Discl Stat t(s) (PTO/SB/08: d/or PTO/SB/08b) Paper No(s)Mail Date. __
nformation Disclosure Statement(s a and/or Vg . . ;
Paper No(s)/Mail Date ) 4) Other: see Detailed Action.
U.S. Patent and Trademark Office
PTOL-326 (Rev. 11-13) Office Action Summary Part of Paper No./Mail Date 20131218
WD EX1008
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Application/Control Number: 13/767,290 Page 2
Art Unit: 2897

DETAILED ACTION
1. The present application is being examined under the pre-AlA first to invent
provisions.
2. The amendment filed on 11/12/13 has been fully considered and made of record

in this application.

Oath/Declaration

3. An Oath/Declaration has not been filed along with this application.

Terminal Disclaimer
4. The terminal disclaimer filed on 11/12/13 disclaiming the terminal portion of any
patent granted on this application which would extend beyond the expiration date of US
7,884,403 has been reviewed and is NOT accepted.
5. The terminal disclaimer does not comply with 37 CFR 1.321 because:

Juan Carlos A. Marquez is not the applicant, patentee, or an attorney or agent of record.

Response to Arguments
6. Applicant's arguments filed 11/12/13 have been fully considered but they are not
persuasive. Inregards to Bowen failing to disclose a poly-crystalline magnesium oxide
layer. However, Bowen discloses a poly-crystalline magnesium oxide layer (see page

1656 first full paragraph). Therefore, this action is made final.
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Application/Control Number: 13/767,290 Page 3
Art Unit: 2897

Claim Rejections - 35 USC § 102
7. The following is a quotation of the appropriate paragraphs of pre-AlA 35 U.S.C.

102 that form the basis for the rejections under this section made in this Office action:

A person shall be entitled to a patent unless —

(b) the invention was patented or described in a printed publication in this or a foreign country
or in public use or on sale in this country, more than one year prior to the date of application
for patent in the United States.

8. Claim 1 is rejected under pre-AlA 35 U.S.C. 102b as being clearly anticipated by
“Large magnetoresistance in Fe/MgO/FeCo(001) epitaxial tunnel junctions of
GaAs(001) ” journal.

With respect to Claim 1, the journal teaches a tunnel barrier layer located
between a first ferromagnetic material layer and a second ferromagnetic material layer,
wherein the tunnel barrier layer comprises a poly-crystalline magnesium oxide layer in
which a (001) crystal plane is preferentially oriented. The first and second
ferromagnetic material layer comprises an iron-based alloy (i.e. made of FeO) and is

entirely crystallized (see pages 1655 and 1656).

Double Patenting
9. 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 claims at issue 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
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Application/Control Number: 13/767,290 Page 4
Art Unit: 2897

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); and 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 a nonstatutory
double patenting ground provided the reference application or patent either is shown to
be commonly owned with this application, or claims an invention made as a result of
activities undertaken within the scope of a joint research agreement. A terminal
disclaimer must be signed in compliance with 37 CFR 1.321(b).

The USPTO internet Web site contains terminal disclaimer forms which may be
used. Please visit http://www.uspto.gov/forms/. The filing date of the application will
determine what form 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
http://www.uspto.gov/patents/process/file/efs/guidance/eTD-info-1.jsp.

10. Claims 1-3, 5, 10, and 11 are rejected on the ground of nonstatutory double
patenting as being unpatentable over claim 1 of U.S. Patent No. 7,884,403. Although
the claims at issue are not identical, they are not patentably distinct from each other

because the instant application and the patent recite a first and second ferromagnetic
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Application/Control Number: 13/767,290 Page 5
Art Unit: 2897

material layers with a tunnel barrier layer made of poly-crystalline magnesium oxide

layer between the ferromagnetic materials.

Allowable Subject Matter
11.  Claims 2 and 3 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.

12.  The following is a statement of reasons for the indication of allowance subject
matter: the prior art of record does not teach or suggest the combination of a wherein
the tunnel barrier layer has a barrier height in a range of 0.2 to 0.5 electron volts (eV) in

claims 2 and 4.

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

product of the instant invention.

Conclusion
13.  THIS ACTION IS MADE FINAL. 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
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Application/Control Number: 13/767,290 Page 6
Art Unit: 2897

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
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.

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
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/December 19, 2013 /Alonzo Chambliss/

Primary Examiner, Art Unit 2897
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Customized PTO/SB/30 (07-09)

Application # | 13/767,290
REQUEST FOR Confirmation # | 2082

‘ Filing Date | February 14, 2013
CONTINUED EXAMINATION First Inventor | YUASA, et al.

RCE) Transmittal Art Unit | 2897
( ¢ ) Examiner | Chambliss, Alonzo
Mail Stop RCE Docket # | NAGI-0005

This is a Request for Continued Examination (RCE) under 37 CFR § 1.114 of the above application.
RCE practice does not apply to any utility application filed prior to June 8, 1995, or to any design application.
Prosecution must be closed.

faal ; Note: If the RCE is proper, any previously filed unentered amendments and amendments enclosed
Submission 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-entry).

(] Previously submitted. if a final Office action is outstanding, any amendments filed after the final Office action
may be considered by the PTO as 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: v
Enclosed
Amendment/Reply ] Information Disclosure Citation

(] Affidavit(s)/Declaration(s) Other: Terminal Disclaimer

Miscellaneous |

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

FEES | calculated below (after reduction for an amendment if noted above).
STATUS of Applicantis: [ JMICRO []SMALL [X| LARGE

NOW | Prev. | Extra $ $ $ $
J TOTAL Claims 6 -20 0 X20= X40 = X80 = 0
<) INDEP. Claims 1 -3 0 X105 = X210 = X420 = 0
FIRST RCE 300 600 , 1200 1200
[(] SECOND/FURTHER RCE 425 850 1700
X Extension of Time for ONE month(s) (serving as a constructive EOT Petition) 200
[[] Other fee for

TOTAL OF ALL FEES = 1400

X Payment of $1400 is made by: (X ELECTRONIC FUNDS TRANSFER submitted herewith.
(] CREDIT CARD (Form PTO-2038 is enclosed).

The Director is authorized to charge any fee, additional fee or extension fee due in connection
herewith to Deposit Account No. 12-0555:
(1) if no payment or an insufficient payment is enclosed and a fee is due in connection herewith; or
(2) if no petition for extension of time is enclosed but an EOT is required - and in this event, applicant
hereby petitions under 37 CFR 1.136(a) for an extension of time of as many months as are
required to render this submission timely.

Date: April 30, 2014 Neddo B Zdi

Signed By Name: Nicholas B. Trenkle
Attorney of Record Registration No.: 54,500

STITES & HARBISON PLLC o 1199 North Fairfax St. e Suite 900 e Alexandria, VA 22314
TEL: 703-739-4900 ¢ FAX: 703-739-9577 ¢ CUSTOMER NO. 881

2355LT:00005:327000:1:ALEXANDRIA
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PTO/SB/26 (08-11)

Approved for use through 07/31/2012. OMB 0651-0031

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

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

TERMINAL DISCLAIMER TO OBVIATE A DOUBLE PATENTING Docket Number (Optional)
REJECTION OVER A “PRIOR” PATENT NAGI-0005

In re Application of: YUASA, Shinji
Application No.: 13/767,290

Filed: February 14, 2013

For: MAGNETIC TUNNEL JUNCTION DEVICE
' Japan Science and Technology Agency and
National institute of Advanced Industrial Science

The owner*,and Technology , of 100 percent interest in the instant application hereby disclaims,
except as provided below, the terminal part of the statutory term of any patent granted on the instant application which would extend beyond
the expiration date of the full statutory term of prior patent No. 7,884,403 as the term of said prior patent is presently shortened
by any terminal disclaimer. The owner hereby agrees that any patent so granted on the instant application shail be enforceable only for and
during such period that it and the prior patent are commonly owned. This agreement runs with any patent granted on the instant application
and is binding upon the grantee, its successors or assigns.

In making the above disclaimer, the owner does not disclaim the terminal part of the term of any patent granted on the instant application that
would extend to the expiration date of the full statutory term of the prior patent, “as the term of said prior patent is presently shortened by any
terminal disclaimer,” in the event that said prior patent later:

expires for failure to pay a maintenance fee;

is held unenforceable;

is found invalid by a court of competent jurisdiction;

is statutorily disclaimed in whole or terminally disclaimed under 37 CFR 1.321;

has all claims canceled by a reexamination certificate;

is reissued; or

is in any manner terminated prior to the expiration of its full statutory term as presently shortened by any terminal disclaimer,

Check either box 1 or 2 below, if appropriate.

1. D For submissions on behalf of a business/organization (e.g., corporation, partnership, university, government agency,
etc.), the undersigned is empowered to act on behalf of the business/organization.

I hereby declare that all statements made herein of my own knowledge are true and that all statements made on information and
belief are believed to be true; and further that these statements were made with the knowledge that willful false statements and the like so
made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code and that such willful false
statements may jeopardize the validity of the application or any patent issued thereon.

2. The undersigned is an attorney or agent of record. Reg. No._00881

m}e&&w 6 gwlt April 25, 2014

Signature ' Date

Nicholas B. Trenkle
Typed or printed name

703-739-4900
Telephone Number

D Terminal disclaimer fee under 37 CFR 1.20(d) included.

WARNING: Information on this form may become public. Credit card information should not
be included on this form. Provide credit card information and authorization on PT0-2038.

*Statement under 37 CFR 3.73(b) is réquired if terminal disclaimer is signed by the assignee (owner).
Form PTO/SB/96 may be used for making this certification. See MPEP § 324,

This collection of information is required by 37 CFR 1.321. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO
fo process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14, This collection is estimated to take 12 minutes to c omplete,
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 bu rden, should be sent fo the Chief Information Officer, U.S. Patent
and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450,

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

For: MAGNETIC TUNNEL JUNCTION DEVICE

in re U.S. Patent Application of ) .
) v
YUASA ) Confirmation No. 2082
)
U.S. Application No.: 13/767,290 ) Art Unit 2897
)
Filed: February 14,2013 ) Examiner
) Alonzo Chambliss
)
)
)

Attorney Docket No.: NAGI-0005 .

Mail Stop RCE
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

RESPONSE AND AMENDMENT UNDER 37 C.F.R. §1.114

Sir:

This is in response to the Final Office Action mailed on December 31, 2013, the
period of response to which is set to expire on April 30, 2014, with the payment of the
appropriate extension fees for an extension of time of one month. A Request for Continued
Examination (RCE) and a replacement terminal disclaimer in compliance with 37 C.F.R.
1.321 are being submitted herewith. Because the replacement terminal disclaimer is being
submitted to replace the terminal disclaimer that was previously filed on November 12, 2013,
Applicants submit that, in accordance with section 1490 of the MPEP, the terminal disclaimer
fee for the previously filed terminal disclaimer should be applied to the replacement terminal
disclaimer submitted herewith, and, therefore, a second terminal disclaimer fee should not be

assessed/charged. Please amend the above-referenced application as follows:
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IN THE CLAIMS

Claims 1-3, 5, 10, and 11 stand for consideration in this application, wherein claims 1,

5, 10, and 11 are being amended to improve form, as follows:

6-9.

(Currently Amended) A tunnel barrier layer located between a first ferromagnetic
material layer and a second ferromagnetic material layer,

wherein the tunnel barrier layer comprises a poly-crystalline magnesium oxide
layer in which a (001) crystal plane is preferentially oriented, and

wherein the first ferromagnetic material layer comprises CoFeB alloy that is at

least partially crystallized.

(Previously Presented) A tunnel bather layer according to claim 1, wherein the tunnel

barrier layer has a barrier height in a range 0of 0.2t0 0.5¢ V.

(Previously Presented) A tunnel bérrier layer according to claim 2, wherein the tunnel
barrier layer height ¢ is obtained by fitting J-V characteristics of a tunnel barrier
Junction structure to an equation (1):

T =[2m $)"!/A s] (e/h)? x exp [-(4 w A s/h) x (2m ¢) 2] xV )

where J is a tunnel current density flowing through the tunnel barrier layer, V
is an applied bias voltage that is 100 mV or smaller, m is the free electron mass, ¢ is
the elementary electric charge, h is the Plank’s constant, A s is an effective thickness
of the tunnel barrier layer that is approximately equivalent to (tmg0 — 0.5 nm), and
tmeoO is an actual thickness of the tunnel barrier layer determined using a cross-

sectional transmission electron microscope image.

(Canceled).

(Currently Amended) The tunnel barrier layer according to claim 1, wherein the

tunnel—barrier—layer—is—on—the first ferromagnetic material layer is _entirely
crystallizedwhich-comprises-CoFeB-aloy.

(Canceled).

-
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10.

11.

(Currently Amended) The tunnel barrier layer according to claim 2[[5]], wherein the

first ferromagnetic material layer CeEeB—is entirely crystallized.

| (Currently Amended) The tunnel barrier layer according to claim 1[[0]], wherein the

second ferromagnetic material layer comprises an iron-based alloy and is entirely

crystallized.

3.
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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 31, 2013 (U.S. Patent Office Paper No. 20131218). 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, 5, 10, and 11 stand for consideration in this
application, wherein claims 1, 5, 10, and 11 are being amer_lded to improve form.

All amendments to the application are fully supported therein. For example, the
amendments to the claims are supported by paragraphs [0052-53] of the present application
~ as originally filed, as well as by Figure 11. 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 2 and 3 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, 5, 10, and 11 as being unpatentable over claim 1 of
U.S. Patent No. 7,884,403 (“the ‘403 application™) on grounds of nonstatutory obviousness~
type double patenting. In response, Applicants respectfully submit that the present
application and the ‘403 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. Accordingly, as set
forth above, Applicants are submitting a replacement terminal disclaimer in compliance with
37 C.F.R. 1.321 herewith that replaces the terminal disclaimer that was previously filed on
November 12, 2013 and not accepted, thereby rendering moot and/or obviating the non-

statutory obviousness-type double patenting rejections.
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Prior Art Rejections

The Examiner rejected claim 1 under 35 U.S.C. §102(b) as being anticipated by
Bowen (“Large magnetoresistance in Fe/MgO/FeCo(001) epitaxial tunnel junctions on
GaAs(001)”. Appl. Phys. Lett. 79 (11): 1655. (2001)). Applicants have reviewed the above-
noted rejection, and hereby respectfully traverse.

For anticipation to be present under 35 U.S.C. §102, “[t]he identical invention must
be shown in as complete detail as is contained in the...claim.” Richardson v. Suzuki Motor
Co., 868 F.2d 1226, 1236 (Fed. Cir. 1989). More particularly, under 35 U.S.C. V§102, “la]
claim is anticipated only if each and every element as set forth in the claim is found, either
expressly or inherently described, in a single prior art reference.” Verdegaal Bros. v. Union
0il Co. of Cal,, 814 F.2d 628, 631 (Fed. Cir. 1987). That is, to anticipate a claim under §102,
a single source must contain all of the elements of the claim. Lewmar Marine Inc. v. Burient,
Inc., 827 F.2d 744, 747 (Fed. Cir. 1987).

As outlined above, claims 1-3, 5, 10 and 11 remain of record. Applicants respectfully
submit that Bowen fails to show each and every limitation of claim 1. For example, Bowen
fails to teach or disclose that “the tunnel barrier layer comprises a poly—cryétalline

magnesium oxide layer in which a (001) crystal plane is preferentially oriented” as

réquired by independent claim 1. Rather, Bowen contrastingly describes “tunneling
experiments on Fe(001)MgO (20 A)/FeCo(001) single-erystal epitaxial junctions.”
(Abstract) (emphasis added).

To this point, as explained in the Response submitted on November 12, 2013, it is
clear that Bowen merely discloses a tunnel barrier that is single-crystalline, and the structural
and chemical characteristics of a single-crystalline tunnel barrier are distinctly different from
those of a tunnel barrier léyer having a poly-crystalline magnesium oxide layer in which a
(001) crystal plane is preferentially oriented, as required by claim 1.

In reply to these arguments, the Examiner, on page 2 of the Final Office Action, now

asserts that the first full paragraph on page 1656 of Bowen discloses a poly-crystalline

magnesium oxide layer. The portion of Bowen being cited here by the Examiner, however,
simply references a disclosure of “previous transport studies using...polycrystalline MgO by
Moodera et al.” (“Ferromagnetic-insulator-ferromagnetié tunneling:  Spin-dependent
tunneling and large magnetoresistance in trilayer junctions”, J.- Appl. Phys. 79, 4724 (1996)).
In this regard, Applicants note that not only is a simple reference to studies using

“polycrystalline MgO” clearly not a description of a poly-crystalline magnesium oxide layer

-5-
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“in which a (001) crystal plane is preferentially oriented” as specifically required by claim 1,
the Moodera article that is cited in Bowen fails to actually include any disclosure of

polycrystalline MgO at all. Rather, while Moodera describes “[tjunneling between

ferromagnet-insulator-ferromagnet (FM-I-FM) trilayer thin-film planar junction...with ALOs

or MgO as the barrier layers™ (Abstract), Moodera fails to include any mention or suggestion
of even whether such MgO is crystal or amorphous. While references to such MgO as the
barrier layer can be found in Moodera at columns 1 and 2 of page 4725, column 1 of page
4726, column 1 of page 4727, column 2 of page 4728, and column 1 of page 4729, none of
the references to MgO in the entire Moodera include any further description of such a barrier
layer beyond éimply “MgO.” \

Accordingly, it is clear that the reference in Bowen to a disclosure of “polycrystalline
MgO by Moodera et al.” cited by the Examiner is clearly a misstatement by the author that
should not be taken literally, not an actual disclosure of a poly-crystalline magnesiurﬁ oxide
layer, much less a disclosure of “a poly-crystalline magnesium oxide layer in which a (001)
crystal plane is preferentially oriented” as specifically required by claim 1. In other words,
the simple description of an MgO layer, as described in Moodera and referenced by Bowen,
is clearly not a description of a poly-crystalline magnesium oxide layer as required by claim
1, much less a description of “a poly-crystalline mégnesium oxide layer in which a (001)
crystal plane is preferentially oriented” as more specifically required by claim 1. For this
reason alone, claim 1 is clearly patentable over Bowen. _

As another example, Bowen fails to teach or disclose that “the first ferromagnetic
material layer comprises CoFeB alloy that is at least partially crystallized” as required by
claim 1. Rather, in contrast to claim 1, Bowen merely describes Fe and FeCo layers and fails
to include any mention or suggestion of any ferromagnetic material layer comprising CoFeB

alloy. For this reason alone, claim 1 is patentable over Bowen.
4 For at least these reasons, Applicants respectfully submit that Bowen fails to teach or
disclose each and every limitation of claim 1 and, therefore, that claim 1 is now in condition
“for allowance. Applicants therefore respectfully request reconsideration and withdrawal of
the rejection based on Bowen and submit that the preseﬁt 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 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.

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,
Nicholas B. Trenkle
Registration Number 54,500

STITES & HARBISON PLLC

1199 North Fairfax Street

Suite 900

Alexandria, VA 22314-1437
(703) 739-4900 Voice

(703) 739-9577 Fax
Customer No. 00881

April 30,2014
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9)[1 Claim(s) are subject to restriction and/or election requirement.
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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-
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Application/Control Number: 13/767,290 Page 2
Art Unit: 2897

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

provisions.

Continued Examination Under 37 CFR 1.114
2. A request for continued examination under 37 CFR 1.114, including the fee set
forth in 37 CFR 1.17(e), was filed in this application after final rejection. Since this
application is eligible for continued examination under 37 CFR 1.114, and the fee set
forth in 37 CFR 1.17(e) has been timely paid, the finality of the previous Office action
has been withdrawn pursuant to 37 CFR 1.114. Applicant's submission filed on 4/30/14

has been entered.

Response to Arguments
3. Applicant’s arguments with respect to claims 1-3, 5, 10, and 11 have been
considered but are moot because the arguments do not apply to any of the references

being used in the current rejection.

Double Patenting
4. It is inherent the first ferromagnetic material layer would be deposited on a
substrate. Therefore, 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...”
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Application/Control Number: 13/767,290 Page 3
Art Unit: 2897

(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); and 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.

5. Claims 1-3, 5, 10, and 11 are rejected under 35 U.S.C. 101 as claiming the same
invention as that of claim1 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 process

and product of the instant invention.

Conclusion
6. 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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Application/Control Number: 13/767,290 Page 4
Art Unit: 2897

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 4, 2014 /Alonzo Chambliss/

Primary Examiner, Art Unit 2897
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Alonzo Chambliss
For: MAGNETIC TUNNEL JUNCTION DEVICE

In re U.S. Patent Application of )
. )

YUASA ) Confirmation No. 2082
)

U.S. Application No.: 13/767,290 ) Art Unit 2897
)

Filed: February 14,2013 ) Examiner -
)
)
)
)

Attorney Docket No.: NAGI-0005

Mail Stop Amendment

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

RESPONSE AND AMENDMENT UNDER 37 C.F.R. § 1.111

Sir: .

This is in response to the Office Action mailed on May 8, 2014, the period of
response to which is set to expire on September 8, 2014, 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, 5, and 10 stand for consideration in this application, wherein claim 11 is
being canceled without prejudice or disclaimer, and wherein claims 1, 5, and 10 are being

amended to improve form, as follows:

1. (Currently Amended) A tunnel barrier layer located betweendisposed on a—first
ferromagnetic material layer that is disposed on a substrateand-a-second-ferromagnetic
material-layer,

wherein the tunnel barrier layer comprises a poly-crystalline magnesium oxide

layer in which a (001) crystal plane is preferentially oriented, and
wherein the ﬁ%spferromagnetlc material layer comprises CoFeB alloy that is at

least partially crystallized.

2, (Previously Presented) A tunnel bather layer according to claim 1, wherein the tunnel

barrier layer has a barrier height in a range 0of 0.2t0 0.5¢ V.

3. (Previously Presented) A tunnel barrier layer according to claim 2, wherein the tunnel
barrier layer height ¢ is obtained by fitting J-V characteristics of a tunnel barrier
junction structure to an equation (1):

=[(2m $)"?/A s] (e/h)* x exp [-(4 © A s/h) x 2m ¢) 2] xV 1)
where J is a tunnel current density flowing through the tunnel 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 the Plank’s constant, A s is an effective thickness
of the tunnel barrier layer that is approximately equivalent to (tmg0 — 0.5 nm), and
tmg0 is an actual thickness of the tunnel barrier layer determined using a cross-

sectional transmission electron microscope image.
4. (Canceled).

5. (Currently Amended) The tunnel barrier layer according to claim 1, wherein the-fiest

ferromagnetic material layer is entirely crystallized.

Western Digital
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6-9.

10.

11.

(Canceled). .

(Currently Amended) The tunnel barrier layer according to claim 2, wherein the-first

ferromagnetic material layer is entirely crystallized.

(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 Office Action dated May
8, 2014 (U.S. Patent Office Paper No. 20140504). 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, 5, and 10 stand for consideration in this application,
wherein cla;im 11 is being canceled without prejudice or disclaimer, and wherein claims 1, 5,
and 10 are being amended to improve form.

All amendments to the application are fully supported therein. For example, the
amendments to the claims are supported by paragraphs [0014] and [0036] of the present
application as originally filed, as well as by Figures 2A-2D. Applicants hereby submit that

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

response.

Double Patenting Rejections
The Examiner rejected claims 1-3, 5, 10, and 11 under 35 U.S.C. §101 as being
unpatentable over U.S. Patent Application No. 13/400,340 (U.S. Patent No. 8,405,134; “the

‘134 patent”) on grounds of double patenting. Applicant has reviewed the above-noted
rejections, and hereby respectfully traverse.

Claims 1-3, 5, and 10 stand for consideration in the present application. “In
determining whether a statutory basis for a double patenting rejection exists, the question to
be asked is: Is the same invention being claimed twice? 35 U.S.C. 101 prevents two patents
from issuing on the same invention. ‘Same invention’ means identical subject matter.
Miller v. Eagle Mfg. Co., 151 U.S. 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 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? If there is such an embodiment, then identical subject matter

is not defined by both claims and statutory double patenting would not exist.” MPEP

804(IL.A) (emphasis added).
4
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Accordingly, Applicants respectfully submit that claims 1, 3, 5, and 10 of the present
application are substantively different from and not identical to claim 1 of the 134 patent. In
particular, Applicants first note that the claims of the present application is directed to a
tunnel barrier layer, while claim 1 of the ‘134 patent is contrastingly directed to a
magnetoresistive device that specifically requires, in addition to a tunnel barrier layer, further
components that are not required by the tunnel barrier layer of the claims of the present
application. Thus, a tunnel barrier layer, as recited by the claims of the presenf application, is
clearly not a magnetoresistive device, as recited by claim 1 of the ‘134.

For example, claim 1 of the ‘134 patent requires each of the limitations of “a second
ferromagnetic material layer” and that the tunnel barrier layer be “located between the first
and second ferromagnetic material layers.” Neither of these limitations are required by the
claims of the present application. Thus, it would clearly be possible to literally infringe the
claims of the present application without also literally infringing claim 1 of the ‘134 patent.

Moreover, there are also embodiments of a magnetoresistive device in which a tunnel
barrier layer that is included therein comprises a single-crystalline magnesium oxide in which
(001) crystal plane is preferentially oriented that would fall within the scope of claim 1 of the
‘134 patent but not within the scope of the claims of the present application, which are
directed to a tunnel barrier layer that, in contrast to the tunnel barrier layer in such
embodiments a magnetoresistive device, comprises a poly-crystalline magnesium oxide layer
in which a (001) crystal plane is preferentially oriented. Thus, it would also clearly be
possible to literally infringe claim 1 of the ‘134 patent without also literally infringing the
claims of the present application.

For at least these reasons, Applicants respectively submit that the present invention as
claimed is distinguishable from claim 1 of the ‘134 application. Accordingly, Applicants
respectively request reconsideration and withdrawal of the rejections to claims 1, 3, 5, and 10
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.

-5
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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.

STITES & HARBISON PLLC
1199 North Fairfax Street

Suite 900

Alexandria, VA 22314-1437
(703) 739-4900 Voice

(703) 739-9577 Fax

Customer No. 00881
September 3, 2014

336157:1:ALEXANDRIA

~ Respectfully submitted,

Nicholas B. Trenkle
Registration Number 54,500
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Application No. Applicant(s)
13/767,290 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 9/3/14.
[] A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filedon _____ .
2a)[X] This action is FINAL. 2b)[] 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) 1-3,5 and 10 is/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) 1-3.5 and 10 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/privindax.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 2/14/13 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 20141026
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Application/Control Number: 13/767,290 Page 2
Art Unit: 2897

DETAILED ACTION
1. The present application is being examined under the pre-AlA first to invent
provisions.
2. The amendment filed on 9/3/14 has been fully considered and made of record in

this application.

Response to Arguments
3. Applicant’s arguments with respect to claims 1-3, 5, and 10 have been
considered but are moot because the arguments do not apply to any of the references

being used in the current rejection.

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:

(a) A patent may not be obtained though the invention is not identically disclosed or described
as set forth in section 102 of this title, 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.
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Application/Control Number: 13/767,290 Page 3
Art Unit: 2897

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, 2, 5, and 10 rejected under pre-AlA 35 U.S.C. 103(a) as being
unpatentable over Applied Physics Letters (Large magnetoresistance in Fe/MgO/FeCo
(001) epitaxial tunnel junctions on GaAs (001)and Collins et al. (US 5,800,635) in view
of Collins et al. (US 5,800,635).

With respect to Claims 1, 2, 5, and 10, the Applied Physics Letters discloses a
tunnel barrier layer comprises a poly-crystalline magnesium oxide layer in which a (001)
crystal plane is preferentially oriented. A ferromagnetic material layer comprises FeCo
alloy (see pages 1655 and 1656). The Applied Physics Letters fails to disclose the
ferromagnetic material layer comprises CoFeB alloy that is at least partially crystallized
and entirely crystallized. However, Collins discloses a ferromagnetic material layer
comprises CoFeB alloy that is at least partially crystallized and entirely crystallized
during the anneal process at a temperature range between 400 — 430 (see col. 4 lines
65-67 and col. 5 lines 1-10). Thus, the Applied Physics Letters and Collins have
substantially the same environment of tunnel barrier layer on a ferromagnetic layer.
Therefore, one skilled in the art at the time of invention would readily recognize
substituting the CoFeB layer for the CoFe layer of the Applied Physics Letters, since the
CoFeB layer would provide a reliable material for the tunnel barrier layer in magnetic

optical data storage system as taught by Collins.

WD EX1008
Western Digital v IP Bridge

Page 289



Application/Control Number: 13/767,290 Page 4
Art Unit: 2897

With respect to Claim 2, the Applied Physics Letters discloses wherein the tunnel
barrier layer has a barrier height in a range of 0 - .9¢eV (i.e. between .2 - .5eV) (see page

1656).

Double Patenting

7. 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 claims at issue 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); and 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 a nonstatutory
double patenting ground provided the reference application or patent either is shown to

be commonly owned with this application, or claims an invention made as a result of
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activities undertaken within the scope of a joint research agreement. A terminal
disclaimer must be signed in compliance with 37 CFR 1.321(b).

The USPTO internet Web site contains terminal disclaimer forms which may be
used. Please visit http://www.uspto.gov/forms/. The filing date of the application will
determine what form 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
http://www.uspto.gov/patents/process/file/efs/guidance/e TD-info-l.jsp.

8. Claims 1-3, 5, and 10 are rejected on the ground of nonstatutory double
patenting as being unpatentable over claim 4 of U.S. Patent No. 7,884,403. Although
the claims at issue are not identical, they are not patentably distinct from each other
because the application and the patent both recite a tunnel barrier layer comprises a
poly-crystalline magnesium oxide layer in which a (001) crystal plane is preferentially

oriented. A ferromagnetic material layer comprises CoFeB alloy.

Allowable Subject Matter
9. Claim 3 is 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 the tunnel
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barrier layer height gb is obtained by fitting J-V characteristics of a tunnel barrier
junction structure to an equation (1):J = [(2m gb)m/A s] (e/h)2 x exp [-(4 ~ A s/h) x (2m
gb) 1/2] xV (1) where J is a tunnel current density flowing through the tunnel 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 the Plank's constant, A s is an effective
thickness of the tunnel barrier layer that is approximately equivalent to (tMgO = 0.5 nm),
and tMgO is an actual thickness of the tunnel barrier layer determined using a cross-
sectional transmission electron microscope image in claim 3.

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

the instant invention.

Conclusion
10.  Applicant's amendment necessitated the new ground(s) of rejection presented in
this Office action. Accordingly, THIS ACTION IS MADE FINAL. See MPEP
§ 706.07(a). 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 date of this final action.

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
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/October 27, 2014 /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 Confirmation No. 2082
U.S. Application No.: 13/767,290 Art Unit 2897

Examiner
Alonzo Chambliss

Filed: Februwary 14, 2013

For: MAGNETIC TUNNEL JUNCTION DEVICE

N S e et et e’ e e’ s’ et et

Attorney Docket No.: NAGI-0005

Mail Stop RCE

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

RESPONSE AND AMENDMENT UNDER 37 C.F.R. § 1.114

Sir:

This is in response to the Final Office Action mailed on October 30, 2014, the period
of response to which is set to expire on March 30, 2015, with the payment of the appropriate
extension fees for an extension of time of two months. A Request for Continued
Examination (RCE) is being filed concurrently herewith. Please amend the above-referenced

application as follows:
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IN THE CLAIMS

Claims 1 and 5 are pending in this application, wherein claims 2, 3, and 10 are being

canceled without prejudice or disclaimer, and wherein claim 1 is being amended to improve

form, as follows:

2-4.

6-11.

(Currently Amended) A tunnel barrier layer disposed on a ferromagnetic material
layer that is disposed on a substrate,

wherein the tunnel barrier layer comprises a poly-crystalline magnesium oxide
layer in which a (001) crystal plane is preferentially oriented,

wherein the tunnel barrier layer has a barrier height ¢ in a range 0of 0.21t0 0.5 ¢

V, where the barrier height ¢ is obtained by fitting J-V characteristics of a tunnel

barrier junction structure to an equation (1):

J =[2m &)"*/As] (e/h)? x exp [(4 7 A s/h) x (2m &) ] xV 1))

where J is a tunnel current density flowing through the tunnel barrier layer, V

is an applied bias voltage that is 100 mV or smaller, m is the free electron mass, € is

the elementary electric charge, h is the Plank’s constant, As is an effective thickness

of the tunnel barrier layer that is approximately equivalent to (tmz0 — 0.5 nm), and

tmp0 is an actual thickness of the tunnel barrier layer determined using a cross-

sectional transmission electron microscope image, and

wherein the ferromagnetic material layer comprises CoFeB alloy that is at

least partially crystallized.

(Canceled).

(Previously Presented) The tunnel barrier layer according to claim 1, wherein the

ferromagnetic material layer is entirely crystallized.

(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
October 30, 2014 (U.S. Patent Office Paper No. 20141026). 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 and 5 stand for consideration in this application, wherein
claims 2, 3, and 10 are being canceled without prejudice or disclaimer, and wherein claim 1 is
being amended to improve form. _

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 claim 3 would 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, 5, and 10 as being unpatentable over claim 4 of
U.S. Patent No. 7,884,403 (“the ‘403 application”) on grounds of nonstatutory double
patenting. Applicants have reviewed the above-noted rejections, and hereby respectfully
traverse.

In particular, Applicants note a terminal disclaimer was already in the present
application with respect to the ‘403 application on April 30, 2014, and this terminal
disclaimer was reviewed and accepted by the USPTO on May 2, 2014. Accordingly,
Applicants respectfully note that the nonstatutory double patenting rejections appear to have

been issued in error.

WD EX1008

Western Digital v IP Bridge

Page 301



Prior Art Rejections

The Examiner rejected claims 1, 2, 5, and 10 under 35 U.S.C. §103(a) as being

unpatentable over Bowen (“Large magnetoresistance in Fe/MgO/FeCo(001) epitaxial tunnel
junctions on GaAs(001)”. Appl. Phys. Lett. 79 (11): 1655. (2001)) in view of Collins (U.S.
Patent No. 5,800,635). Applicants have reviewed the above-noted rejections, and hereby
_respectfully traverse.
As outlined above, claims 2, 3, and 10 are being canceled without prejudice or
disclaimer, and, therefore, claims 1 and 5 are presently of record in the present application.

Independent claim 1 is being amended to further include all of the limitations of claims 2 and

3 of the present application as previously presented in the Response submitted on September

- 3,2014. Accordingly, claim 1 is now presented in a form that the Examiner stated would be
allowable. Moreover, because claim 5 depends directly from claim 1, Applicants respectfully
submit that claim 5 is also now in condition for allowance. Accordingly, Applicants
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 solicifed.
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,
Wtdua B, Trad

Nicholas B. Trenkle
Registration Number 54,500

STITES & HARBISON PLLC
1199 North Fairfax Street

Suite 900

Alexandria, VA 22314-1437
(703) 739-4900 Voice

(703) 739-9577 Fax

Customer No. 00881

March 25, 2015
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' , Application # | 13/767,290
INFORMATION Confirmation # | 2082

Filing Date | February 14, 2013
DISCLOSURE First Inventor | YUASA

STATEMENT Art Unit | 2897

Examiner | Chambilis, Alonzo
Docket # | NAGI-0005

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:
X A listing of the documents on PTO-1449. :
(XI 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 1DS:

X 1. This IDS is filed (Rule 1.97(b)) at whichever is the latest of:

¢ within three months of the filing date of a NATIONAL APPLICATION other than a CPA, or

o 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).

[] 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:

(] A.ls accompanied by a payment as required by 37 CFR. §1.17(p) in the amount of:
[_1$180 large entity or
[] $90 small entity

or (one of the following)

(] B.Ihereby 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.

[l C.Ihereby 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)

(] B.Ihereby 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.Ihereby 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. 1t will also be appreciated that:

a. lItis 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.

c. 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,

A . <
Date: March 25, 2015 | Noctllne Tsdie
By: Nicholas Trenkle
Registration No.: 54500

STITES & HARBISON PLLC ¢ 1199 North Fairfax St. ¢ Suite 900 ¢ Alexandria, VA 22314
TEL: 703-739-4900 ¢ FAX: 703-739-9577 ¢ CUSTOMER NO. 881
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Substitute for Form 1449/PTO Application # | 13/767,290

Confirmation # | 2082

INFORMATION DISCLOSURE | _Filing Date | February 14, 2013
STATEMENT BY APPLICANT |Frtinventor | FRASA

Art Unit | 2897

Examiner | Chamblis, Alonzo

Sheet 1 of 1 Docket # | NAGI-0005

U.S. PATENT DOCUMENTS

Initial

)

Document No. Publ. Date Name ' Corresponds
Number — Kind Code MM-DD-YYYY Patentee or Applicant to

UsS-2003/0203189 | 10-30-2003 FUTAMOTO et al. JP2001023140

US-2004/0001372 | 01-01-2004 HIGO et al. JP2004031694

US-6,819,586 11-16-2004 ANTHONY et al.

US-2005/0047027 | 03-03-2005 - | LIN, et al.

FOREIGN PATENT DOCUMENTS
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Country-Number- Publ. Date Name
Kind Code " mown MM-DD-YYYY Patentee or Applicant

Trans-
lation

JP2004022599 (A) 01-22-2004 | MIZUGUCHI TETSUA et al.

Yes

NON PATENT LITERATURE DOCUMENTS

Exam.
Initial*

Include NAME of the author (in CAPS), Title of Article/ltem, Date, Page(s) Volume-Issue
No., Publisher, City and/or Country where published

Trans-
lation

SHANG, et al “The First-principles Study of Electronic Structure of Fe/MgO/Fe
Magnetic Tunnel Junctions Interface”, 2005, pp.2255-2258, vols. 475-479,
Materials Science Forum

MEYERHEIM, et al “Surface X-Ray Diffraction Analysis of the MGO/FE(001)
Interface: Evidence for an FEO Layer”, 2002, pp. 144433-1- 144433-7, vol. 65,
Physical Review

DJAYAPRAWIRA, et al, “230% Room-Temperature Magnetoresistance in
COFEB/MGO/COFEB Magnetic Tunnel Junctions” 2005, pp. 092502-1 —
092502-3, vol. 86, Appl. Phys. Lett.

MIYOKAWA, et al., “X-Ray Absorption and X-Ray Magnetic Circular Dichroism
Studies of a Monatomic FE(001) Layer Facing a Single-Crystalline”, 2005, pp.
L9-L11, vol. 44, no. 1, Japanese Journal of Applied Physics

KLAUA, et al, “Growth, Structure, Electronic, and Magnetic Properties of
MGO/FE(001) Bilayers and FE/MGOQ/FE(001) Trilayers” 2001, vol. 64, pp.
134411-1 — 134411-8, Physical Review B

MITANI, et al, “FE/MGO/FECO(100) Expitaxial Magnetic Tunnel Junctions
Prepared by Using in situ Plasma Oxidation” May 15, 2003, pp. 8041-8043, vo.
93, no. 10, parts 2 & 3, J. Appl. Phys.

YUASA, et al, “Giant Room-Temperature Magnetoresistance in Single-Crystal
FE/MGO/FE Magnetic Tunnel Junctions” December 2004, pp. 868-871, vol. 3,
Nature materials

NOZAKI, et al, “Bias Voltage Effect on Tunnel Magnetoresistance in Fully
Epitaxial MGO Double-Barrier Magnetic Tunnel Junctions” 2005, pp. 082501-1-
082501-3, vol. 86, Appl. Phys. Lett.
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BUTLER, et al. “Spin-Dependent Tunneling and Conductance of FE/MGO/FE
Sandwiches”, 2001, pp. 054416-1 — 054416-11, vol. 63, Physical Review

ZHANG, et al, “Large Magnetoresistance in BCC. CO/MGO/CO and
FECO/MGO/FECO Tunneling Junctions”, November 17, 2012, pp. 1-9

BOUBETA, et al “Magnetization Reversal and Magnetic Anisotropies in Epitaxial
FE/MGO and Fe/MgO/Fe heterostructures grown on Si(001)”, February 15,
2003, pp. 2126-2134, vol. 93, no. 4, J. Appl. Phys.
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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.

2355L.T:00005:346994: 1:ALEXANDRIA

WD EX1008
Western Digital v IP Bridge
Page 307



PATENT ABSTRACTS OF JAPAN

(11)Publication number : 2004-022599
(43)Date of publication of application : 22.01.2004

(51)Int.Cl. HO1L 43/08
G11B 5/39
G116 11/15
HO1F 10/32
HO1L 27/105
HO1L 43/10
HO1L 43/12

(21)Application number : 2002-171806 (71)Applicant ;: SONY GORP

(22)Date of filing : 12.06.2002  (72)Inventor : MIZUGUCHI TETSUYA
HOSOMI MASAKATSU

OBA KAZUHIRO
BESSHO KAZUHIRO
HIGO YUTAKA
YAMAMOTO TETSUYA
SONE TAKESHI

KANO HIROSHI

(54) MAGNETORESISTANCE EFFECT ELEMENT AND MAGNETIC MEMORY, AND
THIER FABRICATING PROCESS

(57)Abstract: s
PROBLEM TO BE SOLVED: To provide a magnetoresistance effect element
exhibiting good magnetic characteristics by controlling the magnetic anisotropy of a
ferromagnetic layer, and to provide a magnhetic memory comprising the
magnetoresistance effect element and exhibiting excellent writing characteristics,
and thier fabricating process.

SOLUTION: The magnetic memory has such a structure as a pair of ferromagnetic
layers (a fixed magnetization layer 5 and a free magnetization layer 7) facing each
other through an intermediate layer 6, and the magnetic resistance is varied by
supplying a current perpendicularly to the film surface. At least the free
maghetization layer 7 of the ferromagnetic layers has amorphous or microcrystal
texture and comprises a magnetoresistance effect element 1 heat treated in a
magnetic field at a temperature between 300° C and the crystallization point of the
free magnetization layer 7, and a bit line and a word line sandwiching the
maghetoresistance effect element 1 in the direction of thickness. After formation of
at least the free magnetization layer 7, the heat treatment process in a magnetic
field is carried out thus fabricating the magnetoresistance effect element 1 and the

maghetic memory.
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JP 2004-022599 A
FN089240P/US4

[PUBLICATION NUMBER] Japanese Laid-Open Patent
Publication No. 2004-22599 (P2004-22599A)

[TITLE OF INVENTION] MAGNETORESISTANCE EFFECT ELEMENT
AND MAGNETIC MEMORY, AND THIER FABRICATING PROCESS
[NUMBER OF CLAIMS] 10

[APPLICATION NUMBER] P2002-171806

[FILING DATE] June 12, 2002

[APPLICANT] Sony Corporation

[CLATIMS]
[Claim 1] A magnetoresistance effect element,
comprising a pair of ferromagnetic layers facing each
other through an intermediate layer and a structure in
which the magnetoresistance is varied by supplying a
current perpendicularly to the film surface, wherein:

one of the ferromagnetic layers 1s a fixed
magnetization layer and the other is a free
magnetization layer;

at least the free magnetization layer of the
ferromagnetic layers has amorphous or microcrystal
texture; and

the ferromagnetic layer 1s provided with heat
treatment in a magnetic field at a temperature between
300 [deg.] C and the crystallization temperature of the

free magnetization layer.
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[Claim 2] A magnetoresistance effect element
according to claim 1, wherein:

the free magnetization layer comprises material
selected from FeCoB, FeCoNiB, and FeCoSiB.
[Claim 3] A magnetoresistance effect element
according to claim 1, wherein:

the magnetoresistance effect element is a tunnel
magnetoresistance effect element that uses a tunnel
barrier layer comprised of an insulator or a

semiconductor as the intermediate layer.

[Claim 9] A method for manufacturing a
magnetoresistance effect element, comprising a pair of
ferromagnetic layers facing each other through an
intermediate layer and a structure in which the
magnetoresistance is varied by supplying a current
perpendicularly to the film surface, wherein:

the magnetoresistance effect element assumes a
structure in which one of the ferromagnetic layers is
a fixed magnetization layer and the other is a free
magnetization layer and at least the free magnetization
layer of the ferromagnetic layers has amorphous or
microcrystal texture; and

after formation of at least the free magnetization

layer, the heat treatment process in a magnetic field
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is carried out at a temperature between 300 [deg.] C
and the crystallization temperature of the free

magnetization layer.

[DETAILED DESCRIPTION OF THE INVENTION]
[0001]
[Technical Field to Which Invention Pertains]

This invention relates to a magnetoresistance
effect element that assumes a structure in which the
magnetic resistance is varied by supplying a current
perpendicularly to the film surface and a magnetic
memory that includes the magnetoresistance effect
element. In addition, this invention relates to a
fabricating process for the magnetoresistance effect
element and a method for manufacturing the magnetic

memory.

[0007] In a spin valve type TMR element, its
resistance value change rate is definedby the following
expression (A), letting Pl and P2 stand for the spin
polarizability of each ferromagnetic layer.

2P1P2 / (1 - PLlP2) (&)

Thus, the greater each spin polarizability is, the
greater the resistance change rate becomes.

[0008]
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[TECHNICAL PROBLEM]

As disclosed in, for example, Japanese Laid-Open

Patent Publication No. H10-116490, an MRAM has a basic
structure in which a plurality of bit write lines (so
called bit lines) and a plurality of word write lines
(so called word lines), which are perpendicular to the
plurality of bit write lines, are provided and TMR
elements are disposed at intersections between the bit
write lines and the word write lines as magnetic memory
elements. Then, at a time of recording with such MRAM,
selectivewriting into TMR elements is carried out using
asteroid characteristics.
[0009] There is a problem that in an MRAM, the
magnetic property of TMR elements varies according to
each element and, if there is a wvariation when an
identical element is used repeatedly, selective
writing using asteroid characteristics becomes
difficult.

Accordingly, the TMR elements are required to have
a magnetic property to make an ideal asteroid curve.

Making an ideal asteroid curve requires that the
R-H (resistance - magnetic field) loop in TMR
measurement 1is free from Barkhausen noise and other
types of noise, has a good waveform squareness, and a

stable magnetization state, thereby giving little
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variation in coercivity Hc.

[0010] Barkhausen noise, deterioration in
squareness, and variation in coercivity are caused
mainly by the magnetic anisotropy of the material.
Magnetic anisotropy direction and intensity that vary
in a film surface cause these problems, and hence

magnetic anisotropy direction control is very

important.
[0011] In order to solve the problem described
above, the present invention provides a

magnetoresistance effect element exhibiting good
magnetic property by controlling the magnetic
anisotropy of a ferromagnetic layer, a magnetic memory
comprising the magnetoresistance effect element and
exhibiting an excellent writing property, and a method
for manufacturing the magnetoresistance effect element

and the magnetic memory.

[0016] According to the structure of a
magnetoresistance effect element of the present
invention described above, one of the ferromagnetic
layers is a fixed magnetization layer and the other is
a free magnetization layer, at least the free
magnetization layer of the ferromagnetic layers has

amorphous or microcrystal texture, the ferromagnetic
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layer is provided with heat treatment in a magnetic
field at a temperature between 300 [deg.] C and the
crystallization temperature of the free magnetization
layer, and thus the magnetic anisotropy of the
ferromagnetic layer is controlled, thereby improving
squareness of the resistance - external magnetic field
curve of a magnetoresistance effect element and

improving variation in coercivity.

[0018] According to the method for manufacturing
a magnetoresistance effect element of the present
invention described above, after formation of at least
the free magnetization layer, the heat treatment
process 1n a magnetic field is carried out at a
temperature between 300 [deg.] C and the
crystallization temperature of the free magnetization
layer, and hence the magnetic anisotropy of at least
the free magnetization layer 1is controlled and it
becomes possible to produce a magnetoresistance effect
element having improved variation of squareness of the
resistance - external magnetic field curve and

coercivity of the magnetoresistance effect element.

[0020]

[EMBODIMENTS]
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The present 1invention 1is a magnetoresistance
effect element, comprising a pair of ferromagnetic
layers facing each other through an intermediate layer
and a structure in which the magnetic resistance 1is
varied by supplying a current perpendicularly to the
film surface, wherein one of the ferromagnetic layers
is a fixed magnetization layer and the other is a free
magnetization layer; at least the free magnetization
layer of the ferromagnetic layers has amorphous or
microcrystal texture; and the ferromagnetic layer 1is
provided with heat treatment in a magnetic field at a
temperature between 300 [deg.] C and the
crystallization temperature of the free magnetization
layer.

[0021] In addition, the present invention is the
magnetoresistance effect element in which the free
magnetization layer comprises material selected from
FeCoB, FeCoNiB, and FeCoSiB.

[0022] In addition, the present invention is the
magnetoresistance effect element that assumes a
structure in which the magnetoresistance effect
element is a tunnel magnetoresistance effect element
that uses a tunnel barrier layer comprised of an

insulator or a semiconductor as the intermediate layer.

WD EX1008

Western Digital v IP Bridge

Page 316



JP 2004-022599 A
FN089240P/US4

[0028] At first, an outline structure diagram of
an embodiment of a magnetoresistance effect element of
the present invention is presented in FIG. 1. FIG. 1
presents an embodiment in which the present invention
is applied to a tunnel magnetoresistance effect element
(hereinafter referred to as a TMR element).

[0029] The TMR element 1 is constituted with an
underlayer 3, an antiferromagnetic layer 4, a fixed
magnetization layer 5, which is a ferromagnetic layer,
a tunnel barrier layer 6, a free magnetization layer
7, which is a ferromagnetic layer, and a top coat layer
8, which are layered in this order on a substrate 2 that
comprises silicon and the like. Namely, one of the
ferromagnetic layers is the fixed magnetization layer
5 and the other is the free magnetization layer 7, thus
constituting a so-called spin valve type TMR element,
and the fixed magnetization layer 5 and the free
magnetization layer 7, which are apair of ferromagnetic
layers, sandwich the tunnel barrier layer 6, thereby
forming a ferromagnetic tunnel junction 9. Then, when
the TMR element 1 is applied to a magnetic memory and
the like, the free magnetization layer 7 becomes an
information recording layer, on which information is
recorded.

[0030] The antiferromagnetic layer 4 is a layer
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that, by being antiferromagnetically coupled with the
fixed magnetization layer 5, which 1is one of the
ferromagnetic layers, does not invert magnetization of
the fixed magnetization layer 5 even by the current
magnetic field forwriting, and does maintain a constant
direction of magnetization of the fixed magnetization
layer 5. Namely, in the TMR element 1, presented in FIG.
1, magnetization of only the free magnetization layer
7, which is the other ferromagnetic layers, is inverted
by an external magnetic field or the like. Since the
free magnetization layer 7 1s a layer on which
information is recorded when the TMR element 1 is
applied to, for example, a magnetic memory or the like,
it is referred to as an information recording layer.
The antiferromagnetic layer 4 may be constituted
with material such as Mn alloy that include Fe, Ni, Pt,
Ir, Rh, and the like, Co oxide, and Ni oxide.
[0031] In the spin wvalve type TMR element 1
presented in FIG. 1, by being antiferromagnetically
coupled with the antiferromagnetic layer 4, a constant
direction of magnetization of the fixed magnetization
layer 5 is maintained. Due to this, magnetization of
the fixed magnetization layer 5 is not inverted even
by the current magnetic field at the time of writing.

[0032] The tunnel barrier layer 6 is a layer through
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which the fixed magnetization layer 5 and the free
magnetization layer 7 are magnetically isolated and
tunnel current flows.

The tunnel barrier layer 6 may be constituted with

insulating material such as oxide, nitride, and halide
of Al, Mg, Si, Li, Ca, and the like.
[0033] The tunnel barrier layer 6 can be obtained
by oxidizing or nitriding a metal film having been
formed using the sputtering method, the evaporation
method, or the like.

In addition, it can also be obtained with the CVD
method that uses organic metal with oxygen, ozone,
nitrogen, halogen, halogenated gas, and the like.
[0034] The present embodiment assumes a particular
structure in which the ferromagnetic tunnel junction
9 including the fixed magnetization layer 5 and the free
magnetization layer 7, which are ferromagnetic layers,
have been provided with heat treatment in a magnetic
field at a temperature 300 [deg.] C or higher. This
structure improves squareness of the R-H curve and
reduces variation in coercivity.

[0035] It is preferable that the direction of
magnetic field in the heat treatment in a magnetic field
is parallel to the magnetic easy axes of the

ferromagnetic layers 5 and 7.
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[0036] It 1is preferable that the ferromagnetic
layer, in particular the free magnetization layer 7
comprises amorphous or microcrystal material composed
mostly of any of Fe, Co, and Ni or a plurality of them.
[0037] It is tobe noted that while analloy composed
mostly of Fe, Co, and Ni such as FeCo is crystalline
in normal film thickness, it is in a state close to
amorphous if its film thickness is reduced to as very
thin as, for example, about 1 nm, and the hence the heat
treatment at a temperature 300 [deg.] Cgives an effect.
However, this alloy has crystal magnetic anisotropy and
the crystal magnetic anisotropy is difficult to control
by heat treatment, and thus its effect is less than that
of amorphous material.

[0038] Here, the spin wvalve type TMR element
assuming a structure in which the free magnetization
layer 7 comprises amorphous ferromagnetic material
with composition of Co72Fe8B20 (atom %) is actually
produced by providing heat treatment 1in a static
magnetic field at a temperature 300 [deg.] C and the
same is actually produced by providing heat treatment
in a static magnetic field at a temperature 250 [deg.]
C. FIG. 2 presents the results of measurement of the
resistance - external magnetic field curve (R-H curve)

for each of them. As clearly indicated by FIG. 2, the
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TMR element provided with heat treatment at a
temperature 300 [deg.] C exhibits improved sguareness
of R-H curve and reduced Barkhausen noise, comparedwith
the TMR element provided with heat treatment at a
temperature 250 [deg.] C. Accordingly, the present
invention achieves improvement in the shape of asteroid
curve and improvement in writing property and reduction
in write errors.
[0039] While it is not clear as to what improves
the property in a heat treatment condition at a
temperature 300 [deg.] C or higher, suggesting that a
temperature close to Curie temperature is related.
[0040] The heat treatment furnace in which heat
treatment in a magnetic field is carried out assumes
a structure presented in, for instance, FIG. 3. This
heat treatment furnace is constituted with a heater 32
disposed outside a vacuum chamber 31 and a magnet 33
disposed further outside.
[0041] In this heat treatment furnace, heat
treatment in a magnetic field is carried out as follows.
At first, a wafer 30 where the TMR element is to
be formed is placed on a rack 34 in a vacuum chamber
31 such that a main surface 30A of the wafer 30 is
parallel to the direction of a magnetic field 35 by the

magnet 33.
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Then, it is possible to carry out heat treatment
in a magnetic field for the TMR element of the wafer
30 by heating it with the heater 32 and applying the
magnetic field with the magnet 33.

[0042] In addition, while the upper 1limit of
temperature of heat treatment in a magnetic field is
determined according to the crystallization
temperature of the amorphous or microcrystal material
used for the ferromagnetic layer, it is determined to
be equal to or less than 400 [deg.] C at highest in view
of heat resistance of the TMR element.

[0043] Since the heat treatment in a magnetic field
is intended to improve the magnetization inversion
property of a ferromagnetic layer, the treatment is
provided to at least the free magnetization layer 7 and,
more preferably, both the free magnetization layer 7
and the fixed magnetization layer 5.

This results in giving a more remarkable effect
of improving the magnetic property of the TMR element
1.

[0044] In addition, in order to provide more
effective heat treatment described above for instance,
it is desirable that the film thickness of amorphous
or microcrystal material used for the free

magnetization layer 7 is between 1 nm and 15 nm. The
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film thickness being within this range ensures an
excellent magnetic property. When the film thickness
of the free magnetization layer 7 is less than 1 nm,
interdiffusion by heat significantly damages the
magnetic property, and meanwhile, when the film
thickness of the free magnetization layer 7 exceeds 15
nm, coercivity of the TMR element 1 becomes excessively
high, and hence it may be inappropriate in practice.
[0045] In addition, similarly, in order to provide
more effective heat treatment described above when
amorphous or microcrystal material is also used for the
fixed magnetization layer 5, it is desirable that the
film thickness of amorphous or microcrystal material
used for the fixed magnetization layer 5 is between 0.5
nm and 6 nm. The film thickness being within this range
ensures an excellent magnetic property. When the film
thickness of the fixed magnetization layer 5 is less
than 0.5 nm, interdiffusion by heat significantly
damages the magnetic property, and meanwhile, when the
film thickness of the fixed magnetization layer 5
exceeds 6 nm, an exchange coupling magnetic field with
the antiferromagnetic layer 4 may not be sufficiently

obtained.

[0054] It is to be noted that the range of intensity
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of the magnetic field at the heat treatment in magnetic
field depends on the structure, film thickness, and
property of the fixed magnetization layer 5 because in
a structure as the TMR element 1 of the embodiment
mentioned above, in which the free magnetization layer
7 1s on an upper layer side than the fixed magnetization
layer 5 (so-called bottom spin type), heat treatment
in a magnetic field at a temperature 300 [deg.] C or
higher doubles heat treatment that determines the bias
acting on the fixed magnetization layer 5 from the
antiferromagnetic layer 4.

For example, 1f the fixed magnetization layer 5
only comprises a CoFe film (single layer) with the film
thickness of 2 nm and the antiferromagnetic layer 4
comprises FeMn, RhMn, IrMn, or the like, a magnetic
field of about 1 kOe is sufficient. Also in a structure
where the fixed magnetization layer 5 comprises a CoFe
film (single layer) with the film thickness 2 nm, if
the antiferromagnetic layer 4 comprises PtMn or the like,
a magnetic field of about 3 kOe is required.

In addition, if as in the TMR element 10 and the
like presented in FIG. 4, a robust antiferromagnetic
coupling is formed because of the fixed magnetization
layer 5 having a laminated ferrimagnetic structure, all

of the plurality of magnetic layers that form this
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antiferromagnetic coupling are required to have
magnetization with the same direction. For example, if
the fixed magnetization layer 5 has a structure of CoFe
(2 nm) / Ru (0.8 nm) / CoFe (2 nm), a magnetic field
of about 10 kOe is required.

On the other hand, while there is not any
particular upper limit of the magnitude of the magnetic
field, it is set to an appropriate size because in order
to increase the magnetic field, the magnetic field

application means needs to be large in size.

[0063] It is to be noted that in a structure, for
instance, in which the arrangement of the fixed
magnetization layer and the free magnetization layer
is opposite to the structure of the embodiment mentioned
above (so-called bottom spin type), i.e., a structure
in which the free magnetization layer is formed on the
substrate side and the fixed magnetization layer and
the antiferromagnetic layer are formed on an upper layer
than the free magnetization layer (so-called top spin
type), it 1is considered that after formation of the
ferromagnetic film of the free magnetization layer and
heat treatment in a magnetic field carried out at a
temperature 300 [deg.] C or higher, the fixed

magnetization layer and the antiferromagnetic layer
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are formed, and the after that, heat treatment in a
magnetic field is carried out at a temperature of less
than 300 [deg.] C so as to regularize (determine the
bias described above) the antiferromagnetic layer

In this case, heat treatment in a magnetic field is
carried out twice. However, compared with the case in
which after the fixed magnetization layer and the
antiferromagnetic layer have Dbeen formed, heat
treatment in a magnetic field is carried out at a
temperature 300 [deg.] C or higher, there 1is an
advantage that the fixed magnetization layer and the
antiferromagnetic layer, which are close to the surface
of the TMR film, are free from the effect of the

temperature 300 [deg.] C or higher.

[0064] (Embodiment)

<Sample 1>

[0066] More specifically, the TEG presented in FIG.
8 and FIG. 9 was produced as follows.

At first, a substrate 21 comprised of silicon of
0.6 mm thick that is provided with a thermally oxidized
film (2 pm thick) formed on its surface was prepared.

Next, after a filmof material of the word line is formed
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on the substrate 21 and masked by photolithography, a
part other than the word line is selectively etched by
Ar plasma, thereby forming the word line WL. At this
time, the region other than the word line WL is etched
to the depth of 5 nm of the substrate 21.

After that, the word line WL is covered by an
insulation film 26, and the surface is planarized.
[0067] Subsequently, a TMR element 22 constituted
with the layer structure (1) describedbelow is produced
by using a publicly known lithography technigque and
etching. In the layer structure (1), the left hand side
of “/” represents the substrate side and inside “()”
represents the film thickness.

Ta (3 nm) / Cu (100 nm) / PtMn Film (20 nm) / CoFe
(3 nm) / Ru (0.8 nm) / CoFe (2.5 nm) / Al (1 nm)-0, /
Free Magnetization Layer (t nm) / Ta (5 nm) -(1)
[0068] It is to be noted that in the layer structure
(1) mentioned above, the composition of the free
magnetization layer was Co72Fe8B20 (atom %), and the
film thickness t of the free magnetization layer was
4 nm.

In addition, the composition of each CoFe film was
Co75Fe25 (atom %) .

[0069] The A1-0y, film of the tunnel barrier layer

6 was formed by at first depositing the metal Al film
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by 1 nm using the DC sputtering technique, then
determining the flow ratio of oxygen/argon as 1:1 and
the chamber gas pressure as 0.1 m Torr, and plasma
oxidizing the metal Al film by plasma from ICP
(inductively coupled plasma). While oxidizing time
depends upon ICP plasma output, it was 30 seconds in

the present embodiment.

[0087]
[ADVANTAGEQOUS EFFECT OF THE INVENTION]

According to a magnetoresistance effect element
and the manufacturing method of the present invention
described above, improvement of squareness of R-H curve
and improvement of variation of coercivity can be
achieved.

Due to this, for instance, when a
magnetoresistance effect element 1is applied to a
magnetic memory, write errors can be reduced and thus
an excellent writing property can be achieved.
[0088] In addition, according to a magnetic memory
and the manufacturing method of the present invention,

an excellent writing property can be achieved.
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BERALZHAOEL SERNEETHE, 72T AR BHEE2HERAL 2 E@REX A LD K H
Wb E W) MEARD S,

o T, TMRETFIEZ, BEMNART AT oA N MBREB LTI LD0BKEMEDL kD5
nos .,

HAEMLT AT oA B2 AE5 720D 1CE, TMRBEX{T-o72EOR —H ( E#t —
WME) V=W BVTARARAI AT B ) A RED ) A AR VWD, BEOABERS L W
ZE, BMEREIALZEL CBY R IHce ORFL 22X B30l RN LEBETHDL, 20
[o010]

RNV T AT B ) AXLABEOLLL, BBAOOEL 212, TLFOMFOMIEFTMH
WERL TWs, BENTHIKEFEOFRASCHER SHL TWAEE, Z b O M &N
ETHEREAEARL LD, BMREFTHEO FHHEEHEIEFCHEHETS 5,

[o011]
FRLULEZMEBOMBROEDIC, RERHICBVTE, MHEMEEOBRIKBEFEZ BT 52 L
kY ROFZMARIFHEET AT IOMIEBHIOREZETF, KO OBMKIBERORFFE ML CHE
NEEXAABMEZATOIBEA T BB, YOO BAERYIEZEFROMBA A T
VEBOREFEEZRETLI OTH D,

[o01 2] 30
[ BEL MR T D200 FE]

AFXPHOBKERADRZTE., SOoRBEBLAPMEBEZ AL THBMENTARY | BE@EICH

L CHEBRBICEREZR T Z L CE o THIBENELEZBLIER L, T, REEB DY b —
FHRAMAEEE COY MAFRBILEBEEECHY | MEEROY AR &b BLE AEIX
VTENMNT ARSI MESRERE AL, BREMEEN3 00 CUERMLLE BB ORI
BEUTCTHEEPRPRALBINTVDLIS ODTH DL,

[ o001 3]

AEHOBRAE) EBX, SOMBEBAPHABEZ AL CxmMENLTRY | EHICAL
TEBELERZBE T L LI THISEAEZLEZ B2 EBROBIKBEROIRETL . BRKIK
MARFZFTEELZFACEKEDY —FHBEOE Yy N BEZHL, BRBEEEOS b — F2ABL 40
BEE T tAFRBILEBRECHY . MBEEEO? AR L BILBEERBEX., 7TV
Ty AHHVIEIMAAESLERET AL, REMEBA3 00 CUEMLEBEEOMKMILRELT
THEBETELBINLTWVWELOTH D,

[0014]

AFEHOBKBENDRFZTTOREFET, SOoBRBEREAPHEEBEEZ ML THAE W TRY
VEHRECHL TCEECEREZR T L - THAERLZLZBLSHER THY | BREIEE
D)L —FPBMILEEETOHY MAFPBILEBHBETHY | BEEBOY HAHR LD Bt
BHBE7EAMN 7 7 2050V HMESHEB LA TOIMIBERDRETEZRHET S B, &
BRLEL Db HWILEHBHBZHRLEZZIZ, 300 CULBILABEBOMEAILIEEUT CHREF
BNBEHET LEEZITY D OTH B, 50
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[o015]

AKEHOBRIA ) EEOREFIEZ, *OMBERBATHEELZ ML CHmME L TRY
BEHICH L CEBERCERLZET L Ll THAERLLE2 B THy | MBEMEREO®
Y —HFAHMIEEEBE TCHOY MM EABILBEBEETHY , MBEEEBEDS AR LD LB
HBRTEAVZ 7 205 VEAMERAREZ AT IHAIERIRRZETLE, ZOoBAKERDR
FTEEAFTACHEDY —FBEOE y N BEZHALHMESA TY EEB2 WET LB,
LR b HMILBEBBE BRELEZHIZ, 300 CULHBILEHBORKAIIEEMNT TS
FPRALEZ BT TEREZT D OTH D,

[0016]
FROAFHOBIKERDIREZFOBBEICINE., BEEEBOY b —F P HILETETH
D A BIEEEECTCHY , MEEMEEDOY AR L MIELBEREBIX, 7TELT v 2 b5
WIS E AL, RBMEENA3 00 CUEBILE BEEOMMSLIEEMT TSR
MEBENTHWLEILEREDY , BMEPALBICELY BHEEBOBMKETEAHBI LD 20
EBRERDRZETORN BB EBRoOARMEUET ALY, BBOIOIES o0&
W ETLHILEDNARRICR D,

[0o01 7]

FdoAKRORBRIA T EBOMEICI LIZ, BRKEADREFL ., BKERYREF
EELFMICHEDY ~FBREVCEy N BEZ2HA, REEADRZTVP EZORERH O
FERDRZTOBKR THLHILICEIY , BMBEPTHRLBICIY MBEERBOBKREF M H
MEhT, BMIEADRZTTOBRN UM EBBOABEEZEKEL ., R OO EL oX
FUEBTALAARECARDI 2O, BREKENDREZFTOT AT AN BEROBRIKES
N, BRAT) EBEBITLIFEROERBZIAAPNEBEZECLZEL TIT25 L9 R b,
[o018]
FROAREHOBKIEBERDREZTTORETFHEILINLIE, 2L ELBILEBREEZ BRL &
B, 300 CULEMILEBEEBOMEMAMILBEUL T CHGPIRALEBL BT TEEZITH 2 & I
I, PR L MILBEBHBORMAKEFHEZHBAL ¢, BKERDRETFOBRA — S HH®
SHMBOARBMESLCERNOEL ST P UREBS W EBMEAERAD R R TEHNET S 2 & 28 4
W75,

[0019]

FRoAFEHOBRA T EEOREFERCINIDE., PR ELBMILEEEL BEL - #%
i, 300  CULBMILtEHBORMBILEEUL T CHSGSTALEEZ BT ITRET) 2L I
D, AR b WMItEBEBEORKEFEZHML ¢, BRKEADRET ORI — S5
HBEOABESCHEBEIO FZo xR ES L, BHROBREFZIAAPEFZLCREL TITX
HMRAETY EBERETLHL AFREICR D,

[0020]

[ WO ERDEE

AERZT, oBmBEBAFEBLZ AL CHmME N TAaY , FRIEANL CEECERZ K
T RI o THAERZLLZELIMEAOBIABMIREZEFTH-, T, BAEEE®Y b —
FAMILBEEB T thFABILEEETHY , MEEREOY bAoA L BLE BB
VTENMNT s ARSI MAESRERE AL, RBEMEEN3 00 CUEMLLE BB ORI
BEUTTHEEFPALBI N TSI BEAERADIRERRTTH S,

[0021]

FREAERE, FPEMSEADIREZFTCBEBN T, BMIELEHBENFe Co B, Fe Co Ni
B, FeCoSiBnbRBEINSME»S KEMME T5,

[ 002 2]

FhEARRT, FPEMAIERDRETF IR VT, FLTREABE L CTHEBEEDS L < X FEK
MH LN RZ AR TEEFAVEN ORAVBIIBNDEEFTCLLMHERE 75,
[0oo02 3]

FEAREHZ, FEBAKERAIRZTFTCBVT, BB =) BEZATOIHME T5,
[0o024]
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AERT, doBmBEBAFEBLZ AL CHmENTAaY , FRKKANL CEECERZ K
TILRI o THAERZLZELIMEOBIBERIRETL, RAERDREEFE2 E A
FRCEDY —F RBREOCEY Yy N BEEZHL., BEEREOY D F2P LB EB by F
REILEBBHEBCTCHY , MBEEEOY DARS L HMILEBEEBIEZ, 7V 7 7 255 WV ixHK
HEmEREAL, MBEMEBIAI3 000 CULHBMILABHBOBAELEEMU T THE T HALES
NTVWLIHIRAE) EEBTH DL,

[ 0025]

FREARFERHT, FRBIA ) EEBICBWT, BMILBEEENRFe CoB, Fe CoNi B
.FeCoSiBroBEBIENAMENLD RAMBE 75,

[ 0026

FREAFEHT, FPEMISA T BBV T, BMIREASRZTTFAFHBEL ClEEKED
L BFHEELPLRAEN VFARY 7 EEZHVEN VA VEBEAERDREET b 5 HkE
T 5,

[o02 7]
FEARHT, LERKA T EBICBVT, BR
ZHERE TH,

[ 002 8]

TP, AEHOBMKIEBERDIRRZTTO —EZHOBROBMBEERRKERL KR T, 201 I
AT ERBEBOFREIEZ, AEHEZN VANVHEIERLDIRET(UTFT, TMRETLEHT S, )
WAL EHEAEZ AL TV,

[o029]

COTMREZTFL I, YV arErokdEke o, THEIS &, XEBEEE4 &, #
MHEETHLIMILBEEES &, X ARNY TE6 L, BBMMEEBTOLHABMILEBERET &
My Z7a—-r B8 LAZOHECHEBENLTHEBRINLTWVWS, ML, BWHEMERBO — PRk
BEEG L&ah, MAFAMELEER7 t&hk, WhWwAAE Y A LTHOT MR £ T %
ML CBY | IOBREMEB TS MILBEEES L MILBBHBT & Ch 2D TE6
LA EICEY | BRBEN A AVERI ERRL TS,

ZTL T, MEA T EBEICZOTMRETFL ZEALZHA I, BILABHEB7T PER
MEEE Y BRI EBEE NS,

[0o030]

KBBMEEA T, REEBO - F CHHHILEEES E KBHEENICKEAETLIZ L ITEY
VBERAOTZDOBERBERACEL o CHMILBEEBS O KES® P, BILEEHES
DHALOMETZEL—ELTHREDOBETHL, B, W1 EARTTMREFFLIECBWNT
X, MFOBBMEBE CHIMILEBRET TR ABMBESZICL - CHILKES ¥5, Bk
BEHB7 1. TMREZF1 22 FHIA ) EBZCHEAL-HEACHERILHKE LS
BLhdied, FREHKBELDHI NS,

RemtE4es 2 kT2 ML T3, Fe, Ni ., Pt . I r., Rh%ZEHMn b4
.Co ik, Ni BtHELHEATL LB TE D,

[0o031]

M1 EFRTAE Ly AALTEHOTMREZFL EBWTIE, BIELEEES X, KAKMEEL &
KEHBENICEAETAZ LIk CHIbORAETEZ —FELIND, 20, BXALORE
OBWMHEACEL > T BILBETES OBLIEIRKBEL 2\,

[0032]

MYy RARY 7E6 F, MILEEES EWMLBBEBE7 L2 MAMICoETSE LB, b
VANVERERT OO TH D,

Mo xnAR"y 7E6 MR TLAo2MEEL T, flxIFAL (. Mg, Si . Li ., Ca%%®
ik, Z2iw, "u Xk EoRBEHEEERTLI LN TE S,

[ 0033]

TOXY RN RARY TEE L, ANy Y T EREBEZRLL o CTHRIEE &R
BE ., MAEAXEFELLTAILICEY BN TE S,
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F. BHARBL BE. VL, EBEE, A sy AR HA LT AELEHANVSCVD
BILE o THbB/BELEZERTE S,

[ 0034]

AEBOBRBIECBW R, BIUBHBEEE CH»LoMILEEES . MILEBEBT7 2 & R4
M FVERID, 300 CUETCHMBFTRALBABEI N VDI ERE 75,

IOX) ERETHI LI R-HIIBROARBEETWEL, REIOEL 22X & (&
BTsroncxsb,

[ 0035]
COMBTFRABICRBTABBOMET X, BEBEEES , 7T OBLESEWMLE BITICT A L
WA EL W,

[ 0036]

BEMEE, BICHMILEBEBT I, Fe, Co, Ni owFhdr, 50k, Z hd #EE
Uk ERSLELETEALY y AT ERBEROMEBRIHEETL W,

[0o037]

M, Fe, Co, Ni #2FXEHNEL2A&llixEFe Co%i3, BEOHEECIHHERE T
HHEP, FIZEHEElI n mBEL IS EBLLEEARE, 7TFAT7 7y A CHEVWKREBIZAR S
W, FRLZ3 00 CULEOBLBOGERIEL NS, L2ALARL, 2O/ &ITEHE
mMBRAEFTEIFEL ., TOMABREFHERALBICII2HEIRNETCHDL D, 7T E
NT 7 AMBICH R EREDNNEL 0D,

[ 003 8]

T, BMIEEHB7T BN, Co72Fe 8B20(HT%) OMBROT ENLT v 2 REEME
ME»S RO MBHROAE Y AV T BT MR EZTFICOWVWT, 300 CTOFHMEGFHRLES
L 7Zb D&, 250 CTORBEFTARLEEZBEL 26 0F T ENERICHERL. 2 h
LICOWTHES —AHBEEMA (R —HBK) Z2MELHERER2 CRT,

M2 6B nel)>ic, 300 CTRAULELETMRFETFTTIEZ, 250 CTERLBEL
TMREZFFICHS, R-HBBoABENAMETS LAV AT B 4B KEE
Nk, o T, AERHICIhiIE, TAT7 2 AN HBROBRD KBS N CTEXAREEET M
FL, BXALZT7 —0OEBERD Z & BAHREE 2D,

[ 0039]

ZO300 CUEOBLBEHFTHEEPILEBEINSDFERIIENL TR WA, ME O HKLLE
EXy K, 2 —BERCETEVEETHLIZEPERBL THWLHEEXDL DL,
[0040]

B PARLEEAT) BABIF X, Al ER3 CRTHERERE 75,

COBMBEIF L, BEEFx L N —31 08I — X% —32 FRBEL., &5 ICHMIITY S R
N33 EZEEL THKDS,

0041]

ORMEBIFIZEBNT, BEPRLBIIROLY ITL TITH .,

FTF,. TMREFVPERLEINSA YV =2"30%F, EEZF ¥ N—=31AOT v 7342, <
32y F33ICLEAWMBEISOFMICY 230 DOEES3O0APFETICASL LY CHET
D,

LT, b —Z—32 Xy MEaATHLH T, ~7 Xy 33 IV BBEEMTS L
WE 2T, Va2n"n30DTMRFBFIIHL THEETRLBELAITY) 2L B TX D,

[ 004 2]

Fh, MEBEPALBEBOBREO ERIT, MEEBICAWVWS 7T LY 7 A F 2 XM E O M
OFFLEECIYVREEND D, EH5ECTMREZFOMBAME OFREVLL , B &
5400 CUTE TS,

[ 004 3]

WG PAQMET, REEBOMIELREFEZUBETSEMNLLToT0EED, L
bEEABBEBET I, IV HFL IMEEBAET KOMLEEES ORFICLAEE ET X
)T D,
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IHNIEY . TMRET1L OMIBEHEOLEBELND HREZ LD HEKLEL LD,

[ 0044]

T, 2R EROBMEELZIY HRNALLOITAHAEHDICE, BMILEBEHB7T CTHWS T
FEAN Ty AELFLEEBESOMBOEEZ Ll nmPE, 1 5 nm FETAHZEREFEFL W
c COFEHBANILHAZELEL o CTRERBIEET RETES, MILEBHB7T OFEENL
nmARMTHLEEHERICIT, AL 2MHAEALRBICELY BEESES RKBIEBERDL., ¥ I
BHEBE7ORER1L S5 nm% FEHLZHFEICIEF, TMREFL ORBOPNBRICELS D0
TERERBEBHRLERLIBENED L,

[ 0045]

Fh, B, BLETETEB Kb TELVZ 7 AE L EHEROMEZ A Haic, B
OBLEE LY DR ARADORCTA DT, BILEBEES CRAVWATEALY 7 A E LT
WHEBHOMBOBEELZ0 . 5 nmlEl, 6nmUTFETHIERZEEL VL, Zo®MANIK
HBHZ LI - CTEHRHBIEELTECET S, BIELEAEES OBEENO0 . 5n mERMT
bHHBECE, BRI 2 MHARBHICIY BRBEDS RKIBICEZ2ZDODNL, FCHMILEERES ©
BEEHX6n ma FERIGHEAICIE, KBEEEL L OXBREEHMALT S THEL R 8D
BENWRH D,

[ 0046]
FROREBOFBBEOT MR FF1L KX NIE, 300 CLLEBILEBEBT © 5% LIEEL
TCHBPRPHRLEIBEBI NN WA HERE T52Licky ., REMERES, 70BKXEF KL
HEHL T, R-—H#BRBROABEZHLEL, "V AN XEy ) A X /BT HZIENTED
c EL BB SIHCe O o2 MHEHL T, TMREFTL OT7 2572 4N HROFIRE K
BETHIENTES,

[o0o04 7]

Ihicky | xR SEEOTMREFTEAL CTHRABRAETY EBICT MR F71 % i H
LZzH/AaW, TMREFLOTAT AN EROBRELEBEL ¢, BXAAEEE R ET
HZt iy BEEXERAEDT —EFRERTALENTES,

F2, TMREFTEZAL (THRAMA~Yy P PHEK Ty JPICEALEHAGICE, KEB#HEAO
BHELrLOTREMHL ¢, REHAFEFV 2 ETEILHEREEZBIET S LN
FRE ISR D,

[ 0048]

B, AR TE, KL E7RTE9 R#EEELS XOBILAEBRET OF L ERHE
EBrLEHRENETMR F2F1 KBEE LAV,

BlzZ X4 LR TH) T, BifkEETES 2, F1 OWMILEEES a & FH2 OBMLEEES
bt CHMBMMUEEBERES c 2HARAATRIBERE 2 LI N2 HAETH-, Th, K
EHOMBREBRLZE B TX S,

[ 0049]

M4 AT TMRETLO Tk, Bl OBLBEEES a PEABEMEEL L EL T | Z
o oOBMICH RBEMEERICE > T, F#1 OB{LEERBS a IEVW—FHOBEREN
HE RO, £, B2 OoOMLEEES D X, N FARY TEGEZNL CHMILEHBHBET &
HMAL ., AV CyrORMTAHILEBBET t MBS WEEMR EICEHLO MEEBLE 25720
BREBEL BRI ND,

[ 0050

HE 72 BMEOEBMMEEARES c THAVS NS HEEL TIE, HlZz1ERu., Rh .1
r,. Cu.,.Cr ., Au., AgERETFoNL, 4 ODTMRFEZFFLOKBWVWT, ZOfo
BiEK1L CRLAETMR EFZFL EFERBEOER TCHDLI LD, M1 &AL HFEE ML T
M AT ABT S,

[0051]

OB ) MEEATAHTMREZFLOICEWVWTL, 300 CULEBILtEBET O
mILIREUL T CHRETALEBLIBI L-@BlkeE 62k K1 AL %ET MR £+
1R, R-—HEROABELTHEL ., "NV AT B ) A XFRBTEHZENTE
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5, ¥, BB Hce oFs 22 ZMHL T, TMREFTFLOOT7T AT 124K HBBEOHEIR
FRETDHLENTED,

[o05 2]

MW, EAROEBMOBETIE, BRKEMPIREFTFLL TCTMREF(M UV AVEIERLDR
FF) L, 1LOFAVER, KEHEIT, AoBBEBATEELZ AL CxtmE v, KA
ML CEELCEREZBL CHEIERZLLEBLIBREATH2ZO0MOBRBRAIRETIC
b@ATAIZE R TE D,

Flz3HFMBEL CCuS0kMHEEERZ AVEEABAKERYREET( GMR FT)
T, BmEIEXHL CEECEREZBRAL CTHIBEADIREZEGLIHER., IbVWbYLCPP RO
GMR EFFILObAEHAZHEATHE R TE D,

[ 005 3]

SH I, BMItEBERBSOKBAEMEEOME ., BILETBUMICST2EE =) BEDO RS
T, AERBHORKBEEZRLDRVWEY BxOLEBRWNETD D,

[ 005 4]

M., BB PALBICRSTAMBOMEOMMBIT, FPAROEBMOBEDOT MRETFT1 O XD
Rt BHB7 PHELEEEES LV EBMICGAHER( Wby bd AN A2 B) Tk,
SO0 CLUEOHBTFRULBLNKEHBIEE4L 2O BILBEEBS KD AT A ERET
LHENEBEIRNLIZD, BWILETETES OFE, BEE, ik x5,

Bz, BiftEBERES PEE2n mOCoFe BHEoA( HE) b Kb . RAMMKEE4L ©
MEAFe Mon RhMn, I r Mn 2 ThboHAICIE., 1k Oe BEOHE TCHES TH
%,

COMILEEES PEE2n m P CoFe KOAR( BE) THLIMERTH ., KRBBIEE4
OMERPt Mn 2 CTHHHBAICIE, 3k Oe BEXLEL 25,

IH i, M4 R LETMREZFTFLO %, BILEEES "HE7 = BEZATLHZ LK
I, MEAARBREMKEIFERSES NS EAICE. TORBHEE/KEEETEL TS EK
OHWHEBT X CARL FAOHMILEAETLHLE) WTEHELERDD, fliiECoFe (2n
m) JRu(0. 8nm) /CoFe (2nm) Ok BHBEOHILEERES TbsHEL
WX, 10k Oe BREOHENLEL 5,

—FH, MBEORZTIOERBEIFICRLVE, BEEZ RIS TH5EDICEHMAMNFEREZ KA
kT HRERSLLHZD, BERRKIILLETETI NG,

[ 005 5]

kol ZTMRFFL, 1O Z0HMIEADREFFI. XA EMRAMEOMK A E
VEBICAVWLRTHE TS, U T, REHOT MR EFFEZHVEMRAMIZ DWW T,
MEZ L2 #WHT 5,

[ 005 6]
AFEHOTMRFEFFZAHATHIBAKRALA LN HBEOMRAMT VA%, K5 KART, ZT0OM
RAMT7TUVAZ, BHOU —FBWLE, 2hALY —FBRWL EXZXTAEKOE v N #
BL:ZAL, V—FHBWLEEYFBRBBLEOXTAKAEBHOTMR EZFHIEES LT
A5 A€ A1 1 ERZAETSH, L, 2OMRAMTLUL A Tid, 3 X3 DAY A1
1 A~=rY) 7 2RECEBEI NS,

[o05 7]

M, MRAMT7VAIHAWVWOLNAETMREFTFEL T, KL IRLAEZT MR EFTF1 ICRE
EnT, HEV ) BEPATHOINA4KCARTTMRETLO Z, BMHICHL CTEHEICER
EFWRITZE LT THIERAEZLEZ G5 BROMKBERAIRFZTTFTECBVCEHEPT3 00T
UETHUABE N TEY , 2R ELHBILBHBT 2 E0RBEER T LT 7 2 M B
LEABER CTCOHNIEONRDBERTH - Th bk,

[ 005 8]

Fh, A BTFREEHDLZAEY EAL1L SDOAEY EALERY HL ¢, FrAa#EEL
K6 ZmsT,

KA BT 1, K6 xR T 9, flxEyy arERL 2 Fic, ¥—h EF1 3
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VY AL AR VAU EKL S NS RAENTF UV RAEZLEEATS, F—k BEE
13, #AHLAOY —FBRWL 1 Z##KEL CWs, ¥F—hEBL 3 LI, kEZ
AL TCEZRAAOY —FBOHERLZY —F FXRAAZBICHYTS) WL 2 BEEE L
TWb, h7 YA F16 OF VA YHEBLS I EZ I AZLVL T HRERES N, &
HiaryZI7MNAZ VL 7T IKETHEL S PEHINL TS, ZOTHEL S FoEXIA
HRAOU —F BWL 2 O LFHIEHIETEMERL, REHOTMRETL BAEEE LTS
e TOTMR FF1 LT, V—F#HBWL1 EKOWL 2 LtEXTHIEy N BORIKL LY
FhEXRAALABICHYETS) BLEABREALTWS, MW, THEL S I, TEMEORERS
TMRFFLEFNUVALAUHEKL S L OEBIMEREZ THHEPL, XA 2L H HEIND

Fh, HY7 —FHWL 1, WL2:TMREFLLEZMEBETLO2ELOOEHMMERHRKEL 9 XV
W2 0L, 2hERETSE ANy v AN —va VE(RFIET) 2 AL THS.,

[ 005 9]

COMRAMIIE, 300 CUELEEBILBEUTORSEPALBICIY BILBEB7 OBX
BHEMPHBEANAEZETMREFLZAVTVLSD T, R-—HMBMRIIBWV T/, £ X BNIEREL
TATRARNESEAAETAOT, BEEXRAALDT —OEKERKLEZE TE D,

[ 006 0]

T, ARPOREFERLLIY MRAMZREET A A Y e tA2A 72 —0OREEZ, K
7TAERECRT BIRENNZENRT,

EHRIKCMOS BIB( 2 X6 O I Y 2F16) K LEHZ, V—FKHILIT
M6 OW2 ) ZFMEL, V—FBROBDIALZZIT, £HEZ FHALL ZH. TMR ES K
B35 TREECTE, N7 ARUOK7 B THBIZA, TS,

[o06 1]

M7ACFRT 7 e A7 Tk, TMREZEBELZ#%, 7<EETRLEZ TV, £
DBAALRZABRLEMNLEENG O THEL 8 D AF —=v 7 ZFEHBHEEALIENST MR
FF1LORY —=2v 7 ZETFOHDAATEINBTMREFTFL 2HEBZFETCHD AL TR,
Ey NMERIE, vty N ROBEOALTITROEILELZIT) L5 KL TWd,

F2, I7BRTFT e xrrve —Cik, TMR EZ &EL., TO#% 4 2Bk TE,
FrEEARLIERE, FFT0EDALTE, Uy BEBRIE, vy HBOEDALTEOS
TEZITo2%, BMEBEPTALEZITY L9 ICL TW5H,

[ 006 2]

WKL T, TMR EZ BBl 2% CHMEPRALBLZHETORZEL WA, Sl &
HBbTMRIEDY LRBEAHBABT 2 MEL A BICTHILERD S,

[ 006 3]

B, Blx SEILEEBAUOCMILEBRBOEBEN ERL EEBOBEBOHEE ( Wb DAL
LAV R LI ThHL R, b EBELZ EHRMIC, BEERE RO BEERE
FHACBEBLIY b EBECEERTLIHER( wWbws sy 72 0 8) ¢, BILEHBO®
BB E RIEL THA5 300 CUECTHBETRLEE To 2K, BLEER K O KRB
HEEERKEL , 2o KBBERBL HALTE( ERLEZAALATAZRET D) 2O
HBHALEEZ 300 CRMTITI 2LEBEBEZXL D,

CoHBE, MBPERAMEE2 BT LRI P, MILEETBAOKBBERBE KKEL &
%IZ300 CLUEOBMBTHALBEIT) AL LT HL ., TMR BEOR®EIZITWER
EREORBBEEEIC3 000 CULOBREOEEN ELELVE W) AIREzAT5,

[ 006 4]

(% % fl)

UTF, AEPHZEALEEEFEMAREBHRICO VT, ERFBERICESVWTHBAT S,

MW, M6 CRL7ZLH) I, MRAMIRIFTMR EZFTFL UHNRKAAS Yy Fr 7 HON 70V R
16 BRHEETDIZH, KERBA CIETMRBEEZFANL DI, I8 RTKI R T L9
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*** If the “Highest Number Previously Paid For” IN THIS SPACE is less than 3, enter “3”.

TOTAL ADD’L FEE

LIE

/ANNETTE SMITH/

The “Highest Number Previously Paid For” (Total or Independent) is the highest number found in the appropriate box in column 1.

=
This collection of information is required by 37 CE% 1.16. 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, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS

ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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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

NOTICE OF ALLOWANCE AND FEE(S) DUE

881 7590 04/23/2015 | EXAMINER |
STITES & HARBISON PLLC CHAMBLISS, ALONZO
1199 NORTH FAIRFAX STREET
SUITE 900 | ART UNIT PAPER NUMBER |
ALEXANDRIA, VA 22314 2897

DATE MAILED: 04/23/2015
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. | CONFIRMATION NO.
13/767,290 02/14/2013 Shinji YUASA NAGI-0005 2082

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 07/23/2015

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: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of
maintenance fees. It is patentee's responsibility to ensure timely payment of maintenance fees when due.
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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

ap)
in

maintenance fee notifications.

ropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as
icated 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

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address)

881 7590 04/23/2015
STITES & HARBISON PLLC
1199 NORTH FAIRFAX STREET
SUITE 900
ALEXANDRIA, VA 22314

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

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
I hereby certify that this Fee(s) Transmittal is being deposited with the United
States Postal Service with sufficient postage for first class mail in an envelope
addressed to the Mail Stop ISSUE FEE address above, or being facsimile
transmitted to the USPTO (571) 273-2885, on the date indicated below.

(Depositor's name)

(Signature)
(Date)
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
13/767,290 02/14/2013 Shinji YUASA NAGI-0005 2082
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 07/23/2015
I EXAMINER | ART UNIT | CLASS-SUBCLASS |
CHAMBLISS, ALONZO 2897 257-295000

1. Change of correspondence address or indication of "Fee Address" (37
CFR 1.363).

[ Change of correspondence address (or Change of Correspondence
Address form PTO/ S%/ 122) attached.

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

2. For printing on the patent front page, list

(1) The names of up to 3 registered patent attorneys
or agents OR, alternatively,

(2) The name of a single firm (having as a member a 2
registered attorney or agent) and the names of up to

2 registered patent attorneys or agents. If no name is 3
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

Please check the appropriate assignee category or categories (will not be printed on the patent) :

(B) RESIDENCE: (CITY and STATE OR COUNTRY)

[ Individual A Corporation or other private group entity [ Government

4a. The following fee(s) are submitted:
[ Issue Fee
(] Publication Fee (No small entity discount permitted)
[ Advance Order - # of Copies

4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)

A check is enclosed.
(| Payment by credit card. Form PTO-2038 is attached.

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)
| Applicant certifying micro entity status. See 37 CFR 1.29

| Applicant asserting small entity status. See 37 CFR 1.27

| Applicant changing to regular undiscounted fee status.

NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue
fee payment in the micro entity amount will not be accepted at the risk of application abandonment.

NOTE: If the application was previously under micro entity status, checking this box will be taken
to be a notification of loss of entitlement to micro entity status.

NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro
entity status, as applicable.

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

Authorized Signature

Date

Typed or printed name

Registration No.

PTOL-85 Part B (10-13) Approved for use through 10/31/2013.
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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 DOCKETNO. | CONFIRMATION NO. |
13/767,290 02/14/2013 Shinji YUASA NAGI-0005 2082
881 7590 04/23/2015 | EXAMINER |
STITES & HARBISON PLLC CHAMBLISS, ALONZO
1199 NORTH FAIRFAX STREET
SUITE 900 | ART UNIT PAPER NUMBER |
ALEXANDRIA, VA 22314 2897

DATE MAILED: 04/23/2015

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.

Page 3 of 3
PTOL-85 (Rev. 02/11)

WD EX1008
Western Digital v IP Bridge
Page 355



IApplication No. IApplicant(s)

. .. 13/767,290 Shinji YUASA
Notice Requiring Inventor’s Oath or
Declaration [Examiner Art Unit
ICHAMBLISS, ALONZO 897

This notice is an attachment to the Notice of Allowability (PTOL-37), or the Notice of Allowability For A Design
Application (PTOL-37D).

An inventor’s oath or declaration in compliance with 37 CFR 1.63 or 1.64 executed by or with respect to each
inventor has not yet been submitted.

An oath or declaration in compliance with 37 CFR 1.63, or a substitute statement in compliance with 37 CFR
1.64, executed by or with respect to each inventor (for any inventor for which a compliant oath, declaration, or
substitute statement has not yet been submitted) MUST be filed no later than the date on which the issue fee is
paid. See 35 U.S.C. 115(f). Failure to timely comply will result in ABANDONMENT of this application.

A properly executed inventor’s oath to declaration has not been received for the following inventor(s):

If applicant previously filed one or more oaths, declarations, or substitute statements, applicant may have received
an informational notice regarding deficiencies therein.

The following deficiencies are noted:

INFORMAL ACTION PROBLEMS
* A properly executed inventor's oath or declaration has not been received for the following inventor(s): Shinji
YUASA.
Applicant may submit the inventor's oath or declaration at any time before the Notice of Allowance and
Fee(s) Due, PTOL-8S5, is mailed.

Questions relating to this Notice should be directed to the Application Assistance Unit at 571-272-4200.

U.S. Patent and Trademark Office

PTO-2306 (01-13) Notice Requiring Inventor’s Oath or Declaration
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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)
13/767,290 YUASA, SHINJI
: i i i AlA (First Inventor to
Notice of Allowability /Etgr;?ngHAM BLISS ggg;j i File) 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 RCE filed on 3/25/15.
[] A 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. ] The allowed claim(s) is/are 1 and 5. 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
hitp: /e usplo.gov/patenis/init_events/pph/index.jsg or send an inquiry to PPHigedback@usplo.qov .

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)[JSome *c)[] None of the:
1. [ Certified copies of the priority documents have been received.
2. [X] Cetrtified 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. [J Examiner's Amendment/Comment

2. X Information Disclosure Statements (PTO/SB/08), 6. [J Examiner's Statement of Reasons for Allowance
Paper No./Mail Date 3/25/15

3. [ 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 20150414
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Application/Control Number: 13/767,290 Page 2
Art Unit: 2897

DETAILED ACTION
1. The present application is being examined under the pre-AlA first to invent
provisions.
Continued Examination Under 37 CFR 1.114
2. A request for continued examination under 37 CFR 1.114, including the fee set

forthin 37 CFR 1.17(e), was filed in this application after final rejection. Since this
application is eligible for continued examination under 37 CFR 1.114, and the fee set
forthin 37 CFR 1.17(e) has been timely paid, the finality of the previous Office action
has been withdrawn pursuant to 37 CFR 1.114. Applicant's submission filed on 3/25/15

has been entered.

Information Disclosure Statement

3. The information disclosure statement (IDS) submitted on 3/25/15 was filed before
the mailing date of the notice of allowance on 4/14/15. The submission is in compliance
with the provisions of 37 CFR 1.97. Accordingly, the information disclosure statement is
being considered by the examiner.

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: 13/767,290 Page 3
Art Unit: 2897

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
information for unpublished applications is available through Private PMR only. For
more information about the PMR system see http://pair-kect.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/April 14, 2015 /Alonzo Chambliss/

Primary Examiner, Art Unit 2897
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Receipt date: 03/25/2015

13767290 - GAU: 2897

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

Substitute for Form 1449/PTO Application # | 13/767,290
Confirmation # | 2082
INFORMATION DISCLOSURE F Fitlilng D?te %laigiry 14, 2013
. irst Inventor
STATEMENT BY APPLICANT Art Unit | 2857
Examiner | Chamblis, Alonzo
Sheet 1 of 1 Docket # | NAGI-0005

U.S. PATENT DOCUMENTS

Initial Document No. Publ. Date Name Corresponds
*) Number — Kind Code MM-DD-YYYY Patentee or Applicant to
US-2003/0203189 | 10-30-2003 FUTAMOTO et al. JP2001023140
US-2004/0001372 | 01-01-2004 HIGO et al. JP2004031694
US-6,819,586 11-16-2004 ANTHONY et al.
US-2005/0047027 | 03-03-2005 - | LIN, et al.
FOREIGN PATENT DOCUMENTS
Initial Country-Number- Publ. Date Name Trans-
*) Kind Code """ MM-DD-YYYY Patentee or Applicant lation
JP2004022599 (A) 01-22-2004 | MIZUGUCHI TETSUA et al. Yes

NON PATENT LITERATURE DOCUMENTS

Exam.
Initial*

Include NAME of the author (in CAPS), Title of Article/ltem, Date, Page(s) Volume-Issue
No., Publisher, City and/or Country where published

Trans-
lation

SHANG, et al “The First-principles Study of Electronic Structure of Fe/MgO/Fe
Magnetic Tunnel Junctions Interface”, 2005, pp.2255-2258, vols. 475-479,
Materials Science Forum

Physical Review

MEYERHEIM, et al “Surface X-Ray Diffraction Analysis of the MGO/FE(001)
Interface: Evidence for an FEO Layer”, 2002, pp. 144433-1- 144433-7, vol. 65,

DJAYAPRAWIRA, et al, “230% Room-Temperature Magnetoresistance in
COFEB/MGO/COFEB Magnetic Tunnel Junctions” 2005, pp. 092502-1 —
092502-3, vol. 86, Appl. Phys. Lett.

MIYOKAWA, et al., “X-Ray Absorption and X-Ray Magnetic Circular Dichroism
Studies of a Monatomic FE(001) Layer Facing a Single-Crystalline”, 2005, pp.
L9-L11, vol. 44, no. 1, Japanese Journal of Applied Physics

KLAUA, et al, “Growth, Structure, Electronic, and Magnetic Properties of

MGO/FE(001) Bilayers and FE/MGOQ/FE(001) Trilayers” 2001, vol. 64, pp.
134411-1 — 134411-8, Physical Review B

MITANI, et al, “FE/MGO/FECO(100) Expitaxial Magnetic Tunnel Junctions
Prepared by Using in situ Plasma Oxidation” May 15, 2003, pp. 8041-8043, vo.
93, no. 10, parts 2 & 3, J. Appl. Phys.

YUASA, et al, “Giant Room-Temperature Magnetoresistance in Single-Crystal
FE/MGO/FE Magnetic Tunnel Junctions” December 2004, pp. 868-871, vol. 3,
Nature materials

NOZAKI, et al, “Bias Voltage Effect on Tunnel Magnetoresistance in Fully
Epitaxial MGO Double-Barrier Magnetic Tunnel Junctions” 2005, pp. 082501-1-
082501-3, vol. 86, Appl. Phys. Lett.

2355L.T:00005:346994:1:ALEXANDRIA

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /

AC/
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Receipt date: 03/25/2015 ’ | 13767290 - GAU: 2897

BUTLER, et al. “Spin-Dependent Tunneling and Conductance of FE/MGO/FE
Sandwiches”, 2001, pp. 054416-1 — 054416-11, vol. 63, Physical Review
ZHANG, et al, “Large Magnetoresistance in BCC. CO/MGO/CO and
FECO/MGO/FECO Tunneling Junctions”, November 17, 2012, pp. 1-9
BOUBETA, et al “Magnetization Reversal and Magnetic Anisotropies in Epitaxial
FE/MGO and Fe/MgO/Fe heterostructures grown on Si(001)”, February 15,
2003, pp. 2126-2134, vol. 93, no. 4, J. Appl. Phys.

Examiner Signature /Alonzo Chambiiss/ (04/14/2015) Date Considered
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IN THE U.S. PATENT AND TRADEMARK OFFICE
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Title: MAGNETIC TUNNEL JUNCTION DEVICE
Inventor(s): YUASA, Shinji

Filed: February 14, 2013

Art Unit: 2897

Examiner: Chambliss, Alonzo

Docket No.: NAGI-0005/NBT

Customer No.: 000881

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

Submission of Qath/Declaration

Honorable Commissioner:

In response to the Notice Requiring Inventor’s Oat or Declaration (PTO-2306)
received on April 23, 2015 with the Noﬁce of Allowance and in compliance with 37 CFR
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our Deposit Account on September 16, 2013.

Further and favorable action is requested.

Respectfully submitted,

Date: July 8, 2015 MAW “ﬁm,\m
By: Nicholas Trenkle
Registration No.: 54,500

STITES & HARBISON PLLC ¢ 1199 North Fairfax St. ¢ Suite 900 ¢ Alexandria, VA 22314
TEL: 703-739-4900 ¢ FAX: 703-739-9577 ¢ CUSTOMER NO. 000881
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US Application No. 13/767,250
flled on February 14, 2013
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! hereby acknowledge that any willful false statement made in this declaration is punishable under 18 U.8.C.
- 1001 by fine or Imprisonment of not more than {3) years, or both,
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the duty to disclese information which is material to patentability as defined in 37 CFR 1.56.
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2355L.7:00005:323562;1; ALEXANDRIA

Western Digital

WD EX1008
v IP Bridge
Page 371



Electronic Acknowledgement Receipt

EFS ID: 22860458
Application Number: 13767290
International Application Number:
Confirmation Number: 2082

Title of Invention:

Magnetic Tunnel Junction Device

First Named Inventor/Applicant Name:

Shinji YUASA

Customer Number:

881

Filer:

Billy Aaron Schulman/Stacy Johnson

Filer Authorized By:

Billy Aaron Schulman

Attorney Docket Number: NAGI-0005
Receipt Date: 08-JUL-2015
Filing Date: 14-FEB-2013
Time Stamp: 16:29:29

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment no
File Listing:
Document . . File Size(Bytes)/ Multi Pages
Number Document Description File Name Message Digest | Part/.zip| (if appl.)
i 105737
NAGI_0005Letter_Declaration.
1 yes 2
pdf
ad47e5faacf12d5fbfd355dc1434e925b865)
WD EX1008

Western Digital v IP Bridge
Page 372



Multipart Description/PDF files in .zip description
Document Description Start End
Transmittal Letter 1 1
Oath or Declaration filed 2 2
Warnings:
Information:
Total Files Size (in bytes):l 105737

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

New Applications Under 35 U.S.C. 111

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

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