
I 
CUSTOMER NO. I 383271 

CONTINUATION/DIVISIONAL APPLICATION TRANSMITTAL 
(Rule 53(b) Continuation or Divisional) □ DUPLICATE 

Assistant Commissioner of Patents Attorney Docket No.: NAGI-0005 
Address to: 

Box Patent Application First Named Inventor: YUASA 

Alexandria, VA 22313-1450 Total Pages: 35 

This requests a ® Continuation or D Divisional application under 37 CFR §1.53(b) of prior application: 
Appln. No.: 13/400,340 Group Art Unit: 2897 

Filed on: February 20, 2012 Examiner: Alonzo Chambliss 

Inventors SHINJIYUASA 

Entitled: MAGNETIC TUNNEL JUNCTION DEVICE 

~ 1. The entire disclosure of the pending, prior application is hereby incorporated by reference. 

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

□ 3. This application is filed by fewer then all the inventors named in the prior nonprovisional application, 37 
CFR l.53(b)(l). DELETE the following inventor(s): . 

□ 4. Submitted herewith is a copy of the signed Oath/Declaration from the prior application. 

□ 5. Small entity status was established in the prior application, and is still proper and desired. 

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

® 7. 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. 

® 8. Credit Card Form 2038 in the amount of$ 1,550.00 for filing fee and Assignment Recordation fee is 
submitted herewith. 

□ 9. Insert before the first sentence of the specification: 

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

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

® 12. Priority is claimed from U.S. Apilication 13/400,340 filed on February 20, 2012, which claims priority from 
U.S. 12/923,643 filed on Septem er 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. 

□ 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 I -20 = 0 X $62 = 0 
Independent claims: 4 I -3 = 1 X $250 = 250.00 

Multiple Dependent Claim 0 
STITES & HARBISON PLLC (Add $360.00): 
1199 North Fairfax Street Total 35 l -100 0 
Suite 900 Pages 
Alexandria, VA 22314 Subtotal: 1,510.00 
Telephone: (703) 739-4900 50% Reduction if Small Entitv Status: 0 

Please use Customer No. 38327 Total: 1,510.00 

Date: Name: /J /7 /'./Sign;ituw: Reg. No. 

'/:~/£//~ _.) ..., 
February 14, 2013 Juan Carlos A. Marquez 34,072 Y- .,,,,~ -, 7! ,._;;. -- • 7 -__-

ti ' (_,/ , 

t7 
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Approved for use through 01/31/2014. 0MB 0651-0032 
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 

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

Attorney Docket Number NAGl-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 

D 37 CFR 5.2 (Paper filers only. Applications that fall under Secrecy Order may not be filed electronically.) 

Inventor Information: 

Inventor 1 I Remove I 
Legal Name 

Prefix Given Name Middle Name Family Name Suffix 

Shinji YUASA 

Residence Information (Select One) 0 US Residency ® Non US Residency 0 Active US Military Service 

City lbaraki JCountry of Residence i I 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 

City I Tsukuba-shi, lbaraki I State/Province I 
Postal Code I 305-8568 I Country i I JP 

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

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

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

Customer Number 38327 

Email Address iplaw@stites.com I I Add Email I / Remove Email I 

CCC' \Af,...h '1 '1 c;: 
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Approved for use through 01/31/2014. 0MB 0651-0032 
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 

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

Attorney Docket Number NAGl-0005 
Application Data Sheet 37 CFR 1. 76 

Application Number 

Title of Invention Magnetic Tunnel Junction Device 

Application Information: 

Title of the Invention Magnetic Tunnel Junction Device 

Attorney Docket Number NAGl-0005 I Small Entity Status Claimed □ 
Application Type Non provisional 

Subject Matter Utility 

Suggested Class (if any) !Sub Class (if any) I 

Suggested Technology Center (if any) 

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

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

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

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

Representative Information: 

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

Please Select One: ® Customer Number I O US Patent Practitioner lo 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 I Remove I 
Application Number Continuity Type Prior Application Number Filing Date (YYYY-MM-DD) 

Continuation of US13400340 2012-02-20 

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

Number 
Continuity Type Number (YYYY-MM-DD) 

Patent Number (YYYY-MM-DD) 

US13400340 Continuation of US12923643 2010-09-30 8319263 2012-11-27 

CCC' \A/,-..h "') "') i::; 
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Approved for use through 01/31/2014. 0MB 0651-0032 
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 

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

Attorney Docket Number NAGl-0005 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention Magnetic Tunnel Junction Device 

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

Number 
Continuity Type 

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

US12923643 Continuation of US10591947 2006-09-08 7884403 2011-02-08 

Prior Application Status Pending I Remove I 
Application Number Continuity Type Prior Application Number Filing Date (YYYY-MM-DD) 

US10591947 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). 

I Remove I 
Application Number Country 1 Filing Date (YYYY-MM-DD) Priority Claimed 

2004-313350 JP 2004-10-28 @ Yes 0 No 

I Remove I 
Application Number Country 1 Filing Date (YYYY-MM-DD) Priority Claimed 

2004-071186 JP 2004-03-12 @ Yes 

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

Authorization to Permit Access: 

D 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. 

CCC' \/1/,....h 0 0 h 

0 No 

WD EX1008 
Western Digital v IP Bridge 

Page 4



I I V/Mll"'\I l'"t \UU- 1,:../ 

Approved for use through 01/31/2014. 0MB 0651-0032 
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 

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

Attorney Docket Number NAGl-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. 

I Clear I 

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

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

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

I 
Name of the Deceased or Legally Incapacitated Inventor:/ I 
If the Applicant is an Organization check here. ~ 
Organization Name I 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 I JP Postal Code 332-0012 

Phone Number Fax Number 

Email Address 

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

CCC' \1\/,-.h I") I") i;:: 
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Approved for use through 01/31/2014. 0MB 0651-0032 
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 

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

Attorney Docket Number NAGl-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 .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. 

I Clear I 

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

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

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

I 

Name of the Deceased or Legally Incapacitated Inventor :I 
If the Applicant is an Organization check here. [Z] 

Organization Name I 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 I 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 applicant(s). 

If the Assignee is an Organization check here. □ 

CCC \l\fr,.t-..,; 0 c. 
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Approved for use through 01/31/2014. 0MB 0651-0032 
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 

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

Attorney Docket Number NAGl-0005 
Application Data Sheet 37 CFR 1. 76 

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 I State/Province 

Countryi 
I 

Postal Code 

Phone Number Fax Number 

Email Address 

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

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

Signature Date (YYYY-MM-DD) 2013-02-14 

Additional ~nature 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. 

CCC \/\f,___h ~ ~ C: 
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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, 2006, 

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] (a) Concurrently with the above captioned U.S. Continuation application, 

whereby it is believed that no fee is due; OR 

WD EX1008 
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] (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 

](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 

](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 l(c) or l(d) above, 

Applicant( s) hereby certify that: 

[ ] Each 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 §l.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. 

-2-
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The Examiner is requested to acknowledge receipt and consideration of the information 

provided in this paper in accordance with prescribed procedures. 

STITES & HARBISON PLLC 
1199 N. Fairfax Street, Suite 900 
Alexandria, Virginia 22314 
(703) 739-4900 
February 14, 2013 

bmitted, 

-3-
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Customized PTO/SB/08a+b (07-09) 

Substitute for Form 1449/PTO Aoolication # To Be Determined 
Confirmation # 

INFORMATION DISCLOSURE Filinq Date Concurrently Herewith 

STATEMENT BY APPLICANT First Inventor Yuasa 
Art Unit 

Examiner 
Sheet 1 of 12 Docket# NAGl.0005 

U.S. PATENT DOCUMENTS 
Exam. Document No. Publ. Date N<illlle Relevance 
Initial* Number - Kind Code MM/DD/YYYY Patentee or Applicant Passages/Figs. 

US-2007/0128470 x 06/07/2007 Naqahama et al. 
US-2004/0144995 x 07/29/2004 Nagahama et al. 
US-2004/0245553 x 12/09/2004 Hosomi et al. 
US-2006/0056115 x 03/16/2006 Djayaprawira et al. 
US-2002/0159203 A 1 x 10/31/2002 Saito et al. 
US-2005/0207071 A 1 x 09/22/2005 Sato et al. 
US-2002/0191355 A1 x 12/19/2002 Hiramoto et al. 
US-2002/0149962 A1 x 10/17/2002 Horiguchi 
US-2007/0195592 A1 x 08/23/2007 Yuasa 
US-2009/0324814 A 1 Y, yy 12/31/2009 Parkin 
US-2008/0062581 A 1 v 03/13/2008 Parkin 
US-2007/0258170 A1 y 11/08/2007 Yuasa 
US-7,884,403 B2 y 02/08/2011 Yuasa 
US-6,544,801 B1 v 04/08/2003 Slauqhter et al. 
US-5,514,484 v 05/07/1996 Nishimoto 
US-6,379,978 11 04/30/2002 Goebel et al. 
US-7,276,384 YY 10/02/2007 Parkin et al. 
US-5,759,265 '' 06/02/1998 Nashimoto et al. 
US-6,911,685 11 06/28/2005 Anthony et al. 
US-6, 767,655 YY 07/27/2004 Hiramoto et al. 
US-6,054,226 '' 04/25/2000 Takeda et al. 
US-2008/0055793 8

' L 03/06/2008 Djayaprawira et al. 

I 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. 

** Corresponds to U.S. Patent 2007/0128470, U.S. Patent 2004/0144995, WO2002/099905, 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. 
3 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 
1° Corresponds to US 2006-0056115 (previously filed in IDS on 02-20-2012) and EP 1633007 listed above 

X = Filed in Great Grandparent Application 10/591,94 7 
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/08a+b (07-09) 

WD EX1008 
Western Digital v IP Bridge 

Page 11



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 2 of 12 Docket# NAGl.0005 

U.S. PATE.NT DOCUMENTS 
Exam. Document No. 
Initial* Number - Kind Code 

US-2002/0080641 A 1 9 • z 
US-2002/0064595 A 1 b, L 

US-2003/0128483 A1 L 

US-2004/0082201 A 1 5
• L 

US-2004/0136232 A1 4
, L 

US-2004/0139914 A1 L 

US-2004/0234818 A 1 L 

US-2004/0257719 A 1 L 

US-2005/0110004 A 1 L 

US-2006/0012926 A 1 L 

US-2006/0125034 A1 L 

US-2006/00261425 A1 L 

US-2008/0124454 A1 L 

US-2008/0180862 A1 L 

US-2008/0182342 A1 L 

US-2008/0212243 A 1 L 

US-2008/0253039 A 1 L 

US-2009/0128167 A1 L 

US-5,506,063 AL 
US-5,817,366 AL 
US-5,945,694 AL 
US-6,181,537 81 L 

US-6,201,672 81 L 

US-6,252, 750 B 1 L 

US-6,275,362 81 L 

I Examiner 
Signature 

Publ. Date 
MM/DD/YYYY 

06/27/2002 
05/30/2002 
07/10/2003 
04/29/2004 
07/15/2004 
07/22/2004 
11/25/2004 
12/23/2004 
05/26/2005 
01/19/2006 
06/15/2006 
11/23/2006 
05/29/2008 
07/31/2008 
07/31/2008 
09/04/2008 
10/16/2008 
05/21/2009 
04/09/1996 
10/06/1998 
08/31/1999 
01/30/2001 
03/13/2001 
06/26/2001 
08/14/2001 

Name 
Patentee or Applicant 

Asao et al. 
Nomura et al. 
Kamijo 
Sharma et al. 
Hosomi et al. 
Yamazaki et al. 
Tanahashietal. 
Ohba et al. 
Parkin et al. 
Parkin 
Ohba et al. 
Suemitsu et al. 
Djayaprawira et al. 
Djayaprawira et al. 
Parkin 
Zhao et al. 
Nagamine et al. 
Hamada et al. 
Kamijo et al. 
Arai et al. 
Reyes et al. 
Gill 
Pinarbasi 
Gill 
Pinarbasi 

Date 
Considered 

Relevance 
Pass.ages/Figs. 

* 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. 

4 Corresponds to JP 2004-12805 listed above 
5 Corresponds to JP 2004-153258 listed above 
6 Corresponds to KR 2002-0042448 listed above 
9 Corresponds to JP 2002-270790 listed above 

Z = Filed in Parent Application 1 3/400,340 

WD EX1008 
Western Digital v IP Bridge 

Page 12



Substitute for Form 1449/PTO Application # To Be Determined 
Confirmation # 

INFORMATION DISCLOSURE Filing Date Concurrently Herewith 

STATEMENT BY APPLICANT First Inventor Yuasa 
Art Unit 
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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/JP2005/004 720 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 10/591,94 7 

filed on September 8, 2006, which claims priority from PCT/JP2005/004 720 

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 MRAlVI 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. S(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. S(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. 

S(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 state, so that information "1" or "0" can be 
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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 J\,'IRAM. Fig. 9(A) 

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

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

structure of the MRAM. Referring to Fig. 9(A), in an MRAM, a word line WL 

and a bit line BL are disposed in an intersecting manner, with an MRAM cell 

disposed at each intersection. As shown in Fig. 9(B), the MRAM cell disposed 

at the intersection of a word line and a bit line comprises a MTJ device and a 

MOSFET directly connected to the MTJ device. Stored information can be 

read by reading the resistance value of the MTJ device that functions as a 

load resistance, using the MOSFET. The stored information can be rewritten 

by applying a magnetic field to the MTJ device, for example. As shown in Fig. 

9(C), an MRAM memory cell comprises a MOSFET 100 including a source 

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

101, and a gate electrode 111 formed on a channel region that is defined 

between the source and drain reg10ns. The MRAM also comprises a MTJ 

device 11 7. The source region 105 is grounded, and the drain is connected to 

a bit line BL via the MTJ device. A word line WL is connected to the gate 

electrode 111 in a region that is not shown. 

[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. 
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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 MRAMs with capacities on 

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

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

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

output voltage of the MTJ device, the magnetoresistance must be increased 

and the bias voltage characteristics must be improved. Fig. 10 illustrates 

how the magnetoresistance in a conventional MTJ device using an 

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

voltage (Ll). As shown, 1n the conventional MTJ device, the 

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

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

voltage when operation margins are taken into consideration is too small for 

the device to be employed for an actual memory device. Specifically, the 

magnetoresistance of the current MTJ device is small at approximately 70%, 

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

substantially half the output voltage of a DRAM. This has resulted in the 

problem that as the level of integration increases, signals are increasingly 

lost in noise and cannot be read. 
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[0014] It is an object of the invention to increase the output voltage of a MTJ 

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

a high magnetoresistance for stable operation. 

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

comprising a magnetic tunnel junction structure comprising: a tunnel barrier 

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

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

layer of the BCC structure formed on a second side of the tunnel barrier 

layer, wherein the tunnel barrier layer is formed by a single-crystal MgOx 

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

crystal plane is preferentially oriented. 

[0016] The invention further provides a magnetoresistive device comprising 

a magnetic tunnel junction structure comprising: a tunnel barrier layer 

comprising l\fgO(00l); a first ferromagnetic material layer comprising 

Fe(00l) formed on a first side of the tunnel barrier layer; and a second 

ferromagnetic material layer comprising Fe(00l) formed on a second side of 

the tunnel barrier layer, wherein the MgO layer 1s formed by a 

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

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

preferred embodiment, the band discontinuity value (the height of the tunnel 

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

and the Fermi energy of the Fe(00l) layer is smaller than an ideal value of a 

perfect single-crystal without defect. These features increase the 

magnetoresistance and thereby allow the output voltage of the MTJ device to 

5 

WD EX1008 
Western Digital v IP Bridge 

Page 32



be increased. By using any of the aforementioned ]\/ITJ devices as a load for a 

single transistor, a non-volatile memory can be formed. 

[0017] In another aspect, the invention provides a method of manufacturing 

a magnetoresistive device comprising: preparing a substrate; depositing a 

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

first Fe(00l) layer by electron beam evaporation under high vacuum, the 

tunnel barrier layer comprising a single-crystalline MgOx (001) or a 

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

preferentially oriented; and forming a second Fe(00l) layer on the tunnel 

barrier layer. 

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

MTJ device comprising a first step of preparing a substrate comprising a 

single-crystalline MgOx(00l) or a poly-crystalline MgOx (0 < x < 1) in which 

the (001) crystal plane is preferentially oriented, a second step of depositing 

a first Fe(00l) layer on the substrate and performing an annealing process to 

make the surface flat, a third step of depositing a tunnel barrier layer on the 

first Fe(00l) layer by electron beam evaporation, the tunnel barrier layer 

comprising a single-crystalline MgOJ00l) or a poly-crystalline MgOx (0 < x < 

1) in which the (001) crystal plane is preferentially oriented, and a fourth 

step of forming a second Fe(00l) layer on the tunnel barrier layer. The 

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

first and the second steps, the seed layer comprising a single-crystalline 

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

plane is preferentially oriented. The MgO layer may be deposited using a 
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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(00l), 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(00l) layer and the 

Fermi energy of the first or the second ferromagnetic material layer 

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

perfect single-crystal with no defect. 

[0020] BRIEF DESCRIPTION OF THE DRAWINGS 

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

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

of a ferromagnetic metal Fe(00l), illustrating the E- EF relationship with 

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

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

manufacturing a MTJ device with a Fe(00l)/MgO(00l)/Fe(00l) structure (to 

be hereafter referred to as a "Fe(00l)/MgO(00l)/Fe(00l) MTJ device") 

according to an embodiment of the invention. 
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[0023] Fig. 3(A) shows a RHEED image of a Fe(00l) lower electrode (a first 

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

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

the deposition chamber during the MgO evaporation. 

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

pressure during the MgO evaporation. 

[0026] Fig. 6 shows typical magnetoresistance 

Fe(00l)/MgO(00l)/Fe(00l) MTJ device. 

curves of the 

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

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

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

[0028] 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 

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. 
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[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 ElVIBODIMENTS 

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

crystal structure (NaCl structure), the (001) plane, the (100) plane, and the 

(010) plane are all equivalent. The direction perpendicular to the film 

surface is herein considered to be the z-axis so that the film plane can be 

uniformly described as (001). Also in the context of the present specification, 

BCC structure, which the crystalline structure of ferromagnetic electrode 

layer, means body-centered cubic lattice structure. More specifically, BCC 

structure includes the BCC structure with no chemical ordering so-called 

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

structre and 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 
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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] ~R/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: 

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

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

and Da t (EF) and Da .J.. (EF) are the density of state (DOS) at the Fermi 

energy (EF) of the majority-spin band and the minority-spin band, 

respectively. Since the spin polarization of ferromagnetic transition metals 

and alloys is approximately 0.5 or smaller, the Jullire's formula predicts a 

highest estimated MR ratio of about 70%. 

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

room temperature when a MTJ device was made using an amorphous Al-O 
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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 MTJ device in which the 

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

a poly-crystalline MgO in which the (001) crystal plane is preferentially 

oriented. It is the inventors' theory that, because magnesium oxide is a 

crystal (where the atoms are arranged in an orderly fashion), as opposed to 

the conventional amorphous Al-O barrier, the electrons are not scattered and 

the coherent states of electrons are concerved during the tunneling process. 

Fig. l(B) shows the MTJ device structure according to an embodiment of the 

invention. Fig. 1 (A) shows the energy band structure of the ferromagnetic 

Fe(00l), that is, the E-EF relationship with respect to the [001] direction of 

the momentum space. As shown in Fig. l(B), the MTJ device structure of the 

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

layer 5, and a single-crystalline MgOx (001) layer 3 or a poly-crystalline 

MgOx (0 < x < 1) layer 3 sandwiched therebetween, the polycrystalline layer 

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

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

conduction electrons is preserved in the tunneling process, the tunneling 

current that passes through MgO would be dominated by those electrons with 

wave vector kz in the direction perpendicular to the tunnel barrier (normal to 

the junction interfaces). In accordance with the energy band diagram shown 

in Fig. l(A) of Fe in the [001] (r-H) direction, the density of state (DOS) at the 

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

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

conserved in the tunneling process, only those conduction electrons that have 

totally symmetrical wave functions with respect to the axis perpendicular to 

the barrier would be coupled with the states in the barrier region and come to 

have a finite tunneling probability. The Al band in the Fe(00l) electrode has 

such totally symmetric wave functions. As shown in Fig. l(A), the majority 

spin Al band (solid line) has states at the Fermi energy EF, whereas the 

minority spin Al band (broken line) does not have state at the Fermi energy 

EF. 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 

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

the aforementioned coherent tunneling. 

[0044] In the following, a MTJ device according to a first embodiment of the 

invention and a method of manufacturing the same will be described with 

reference to the drawings. Figs. 2(A) to 2(D) schematically show the method 

of manufacturing the MTJ device having the Fe (001)/MgO(00l)/Fe(00l) 

structure according to the embodiment (to be hereafter referred to as a 

''Fe(00l)/MgO(00l)/Fe(00l) MTJ device"). Fe(00l) refers to a ferromagnetic 

material with the BCC structure. First, a single-crystal MgO(00l) substrate 

11 was prepared. In order to improve the morphology of the surface of the 

single-crystal MgO(00l) substrate 11, a MgO(00l) seed layer 15 was grown 

by the molecular beam epitaxy (MBE) method. This was subsequently 
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followed by the growth of an epitaxial Fe(00l) lower electrode (first 

electrode) 1 7 with the thickness of 50 nm on the MgO(00l) seed layer 15 at 

room temperature, as shown in Fig. l(B), and then annealing was performed 

at 350°C under ultrahigh vacuum (2 x 10-s 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 10-s Pa, and the 02 partial pressure was 1 x 10- 5 Pa. Alternatively, a 

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

stoichiometric composition (the ratio of l\lg to O is 1:1). 

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

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

17 possesses a good crystallinity and flatness. Thereafter, a MgO(00l) 

barrier layer 21 with the thickness of 2 nm was epitaxially grown on the 

Fe(00l) lower electrode (first electrode) at room temperature, also using the 

MgO electron-beam evaporation method. Fig. 3(B) shows a RHEED image of 

the MgO(00l) barrier layer 21. The image shows that the MgO(00l) barrier 

layer 21 also possesses a good crystallinity and flatness. 

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

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

at room temperature. This was successively followed by the deposition of a 

Co layer 25 with the thickness of 10 nm on the Fe(00l) upper electrode 
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(second electrode) 23. The Co layer 25 is provided to increase the coercive 

force of the upper electrode 23 so as to realize the antiparallel magnetization 

alignment. The thus prepared sample was then processed by 

microfabrication techniques to obtain the Fe(00l)/MgO(00l)/Fe(00l) MTJ 

device. 

[0047] The aforementioned MgO evaporation using an electron beam 

involved the formation of a film under ultrahigh vacuum of 10- 9 Torr. It can 

be seen that in this method, the film, even when formed on a glass substrate 

to the thickness of 300 nm, was colorless and transparent, showing that a 

good crystal film was formed. Fig. 4 shows the results of observing the 

quadrupole mass spectra in the deposition chamber during the MgO growth. 

The results show that the partial pressures regarding the spectrum Pl of 0 

and the spectrum P2 of 02 are high. Fig. 5 shows the film deposition rate 

dependency of the oxygen partial pressure during MgO evaporation. It will 

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

that the oxygen partial pressure increases as the deposition rate increases. 

These results indicate the separation of oxygen from MgO during the 

deposition of MgO. Since the separated oxygen is pumped out of the 

deposition chamber using vacuum pumps, there is the possibility that there 

are oxygen vacancy defects such as ]\/IgOx (0.9 < x < 1). When there are 

oxygen vacancy defects, the potential barrier height of the ]\/IgO 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(00l) electrodes is considered to be 0.7 to 
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2.5 eV. An ideal tunnel barrier height of a MgO crystal is 3.6 eV, and 

experimental values of 0.9 to 3. 7 eV have been obtained. Using the method 

according to the present embodiment of the invention, a tunnel barrier height 

of approximately 0.3 eV is expected, indicating that the resistance of the 

tunnel barrier can be lowered. However, it should be noted that other 

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

might also be involved. The value of x in MgOx due to oxygen vacancy defects 

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

ranges such that the sole presence of Mg is excluded and the characteristics 

of ]\/IgO can be basically maintained. 

[0048] The aforementioned tunnel barrier height cp was determined by fitting 

the electric conductance characteristics of the MTJ device (the relationship 

between tunnel current density J and bias voltage V) onto the Simmons' 

formula (Equation (20) in a non-patent document by J. G. Simmons: J. Appl. 

Phys. 34, pp. 1793-1803 (1963)) based on the WKB approximation, using the 

least squares method. The fitting was performed using the free electron 

mass (m = 9.11 x 10- 31 kg) as the electron's effective mass. When a bias 

voltage V (which is normally on the order of 500 mV to 1000 mV) is applied 

until non-linearity appears in the J-V characteristics, the height cp of the 

tunnel barrier and the effective thickness Lis of the tunnel barrier can be 

simultaneously determined by fitting the J-V characteristics using the 

Simmons' formula. 

[0049] The effective thickness Lis of the tunnel barrier was determined to be 

smaller than the thickness of the actual MgO(00l) 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(00l) layer thickness by the effect of the image potential produced at the 

interface between the MgO(00l) layer and the alloy layer consisting mainly 

of Fe and Co. 

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

using the cross-sectional transmission electron microscope (TEM) image, the 

height cp of the tunnel barrier can be more simply determined by the following 

technique. Namely, when the bias voltage V applied to the MTJ device 1s 

small (normally 100 m V or smaller), the tunnel current density J 1s 

proportional to the bias voltage V, such that the J-V characteristics become 

linear. In such a low-bias voltage region, the Simmons' formula can be 

described as follows: 

[0051] J = [(2mcp)112/As](e/h) 2 x exp[-(4rrAs/h) x (2mcp)112 ] x V (2) 

[0052] where m is the mass of the free electron (9.11 x 10- 31 kg), e 1s the 

elementary electric charge (1.60 x 10- 19 C), and h is the Planck's constant 

(6.63 x 10- 34 J-s). The effective thickness of the tunnel barrier As is 

approximately tMgO - 0.5 nm. By fitting the J-V characteristics of the MTJ 

device in the low-bias voltage region onto Equation (2), the height cp of the 

tunnel barrier can be simply and yet accurately estimated. 

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

Fe(00l)/MgO(00l)/Fe(00l) MTJ device produced by the above-described 
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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(00l) 

electrode and is thought rather to be related to a coherent spin-polarized 

tunneling. When 160 prototype MTJ devices were made, the variations 

regarding the MR ratio and tunneling resistance value were not more than 

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

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

The resistance-area (RA) product of the lVITJ device was on the order of a few 

knµm 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 Vhalf 

at which the MR ratio is reduced in half of the zero-bias value is 1250 mV, 

which is a very high value. In this connection, it is noted that the voltage 

Vhalf at which the MR ratio 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 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 lVIR 

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(00l) of BCC was 

employed, an Fe alloy of BCC, such as an Fe-Co alloy, Fe-Ni alloy, or Fe-Pt 

alloy, may be used instead. Alternatively, a layer of Co or Ni with the 

thickness of one or several monoatomic layers may be inserted between the 

electrode layer and the MgO(00l) layer. 

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

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

method of manufacturing a Fe(00l)/MgO(00l)/Fe(00l) MTJ device according 

to the present embodiment, MgO(00l) IS initially deposited In a 

poly-crystalline or amorphous state by sputtering or the like, and then an 

annealing process is performed such that a poly-crystal in which the (001) 

crystal plane is preferentially oriented or a single-crystal is obtained. The 

sputtering conditions were such that, for example, the temperature was room 

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

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

growth rate was 0.008 nm/s. Because MgO that is deposited under these 

conditions IS In an amorphous state, a crystallized MgO was obtained by 

increasing the temperature to 300°C from room temperature and 

maintaining that temperature for a certain duration of time. 

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

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

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

oxygen vacancy defects is subjected to an oxygen plasma process or natural 

oxidation so as to achieve a certain oxygen deficit level. 
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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 invention will be described with reference to the drawings. Fig. 11 

shows the structure of the MTJ device according to the variation, which 

corresponds to Fig. l(B). As shown in Fig. 11, the MTJ device of the variation 

is characterized in that, as in the MTJ device of the above-described 

embodiments, the electrodes disposed on either side of a single-crystal 

MgOx(00l) layer 503 or an oxygen-deficit poly-crystal MgOx (0 < x < 1) in 

which the (001) crystal plane is preferentially oriented comprises an 

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

amorphous ferromagnetic alloy can be formed by evaporation or sputtering, 

for example. The resultant characteristics are substantially identical to 

those of the first embodiment. 

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

and CoZr may be used, for example. Although an anneal process after the 

preparation of the MTJ device might cause the amorphous magnetic alloy in 

the electrode layers to be partially or entirely crystallized, this would not 

lead to a significant deterioration of the MR ratio. Thus, such a crystallized 

amorphous magnetic alloy may be used in the electrode layers. 

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

invention has been described, it should be apparent to those skilled in the art 
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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 10- 6 Pa in the case where oxygen is not introduced, for example. In 

the case where oxygen is introduced, the term refers to values on the order of 

10- 4 Pa. 

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

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

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

MTJ device can be reduced so that it is optimized for MRAM. The invention 

thus enables the level of integration of MRAM using the MTJ device to be 

readily increased. In accordance with the invention, the output voltage value 

of the MRAM roughly doubles over prior art, making the MTJ device of the 

invention suitable for very large scale integrated MRAMs of gigabit class. 
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What is claimed is: 

1. A 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 cp 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 cp is obtained by fitting J-V characteristics of a tunnel barrier 

junction structure to an equation (1): 

J = [(2mcp)112 

/ Lls](e/h) 2 x exp [-(4rrLls/h) x (2mcp)112

] x V (1) 

where J is a tunnel current density flowing through the tunnel barrier 

layer, V is an applied bias voltage that is 100 m V or smaller, m is the free 

electron mass, e is the elementary electric charge, his the Planck's constant, 

Lls 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. 

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 is preferentially oriented, and 

wherein the tunnel barrier layer has a tunnel barrier height cp 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 cp is obtained by fitting J-V characteristics of the tunnel 

barrier junction structure to an equation (1): 

J = [(2mcp)112 

/ Lls](e/h) 2 x exp [-(4rrLls/h) x (2mcp)ll 2

] x V (1) 

where J is a tunnel current density flowing through the tunnel barrier 

layer, V is an applied bias voltage that is 100 m V or smaller, m is the free 

electron mass, e is the elementary electric charge, his the Planck's constant, 

Lls 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. 
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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 1s 

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 iron-based alloy and 1s 

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 
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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 1s 

preferentially oriented, and 

wherein at least the first ferromagnetic material layer comprises an 

iron-based alloy and is 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(00l)/MgO(00l)/Fe(00l) lVITJ device, which is formed by microfabrication 

of a sample prepared as follows: A single-crystalline MgO (001) substrate is 

prepared. An epitaxial Fe(00l) lower electrode (a first electrode) is grown on 

a MgO(00l) seed layer at room temperature, followed by annealing under 

ultrahigh vacuum. A MgO(00l) barrier layer is epitaxially formed on the 

Fe(00l) lower electrode (the first electrode) at room temperature, using a 

MgO electron-beam evaporation. A Fe(00l) upper electrode (a second 

electrode) is then formed on the ]\/IgO(00l) barrier layer at room temperature. 

This is successively followed by the deposition of a Co layer on the Fe(00l) 

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

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

antiparallel magnetization alignment. 
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FIG. 2 (A) 

FIG. 2 (B) 
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FIG. 3 (A) 
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FIG. 7 (A) 
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SUBSTITUTE SPECIFICATION (Clean Version) 

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/JP2005/004 720 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. 

[o003] 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 and a second electrode made of a 

ferromagnetic metal. The tunnel barrier layer comprises an amorphous Al-0 

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 

2 

WD EX1008 
Western Digital v IP Bridge 

Page 72



SUBSTITUTE SPECIFICATION (Clean Version) 

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 state, so that 

information "l" or "0" can be stored depending on whether the resistance 

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

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

a non-volatile memory device. 

[0009] Fig. 9 shows an example of the basic structure of the MRAM. Fig. 9(A) 

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

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

structure of the MRAM. Referring to Fig. 9(A), in an MRAM, a word line WL 

and a bit line BL are disposed in an intersecting manner, with an MRAM cell 

disposed at each intersection. As shown in Fig. 9(B), the MRAM cell disposed 

at the intersection of a word line and a bit line comprises a MTJ device and a 

MOSFET directly connected to the MTJ device. Stored information can be 

read by reading the resistance value of the MTJ device that functions as a 

load resistance, using the MOSFET. The stored information can be rewritten 

by applying a magnetic field to the MTJ device, for example. As shown in Fig. 

9(C), an MRAM memory cell comprises a MOSFET 100 including a source 

region 105 and a drain region 103 both formed inside a p·type Si substrate 

101, and a gate electrode 111 formed on a channel region that is defined 

between the source and drain regions. The MRAM also comprises a 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 technologies, the characteristics of 

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

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

output voltage of the MTJ device, the magnetoresistance must be increased 

and the bias voltage characteristics must be improved. Fig. 10 illustrates 

how the magnetoresistance in a conventional MTJ device using an 

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

voltage (Ll). As shown, 1n the conventional MTJ device, the 

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

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

voltage when operation margins are taken into consideration is too small for 

the device to be employed for an actual memory device. Specifically, the 

magnetoresistance of the current MTJ device is small at approximately 70%, 
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and the output voltage is also small at no more than 200 m V, which 1s 

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 

comprisin~ a magnetic tunnel junction structure comprisi:ng: a tunnel barrier 

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

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

layer of the BCC structure formed on a second side of the tunnel barrier 

layer, wherein the tunnel barrier layer is formed by a single-crystal MgOx 

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

crystal plane is preferentially oriented. 

[0016] The invention further provides a magnetoresistive device comprising 

a magnetic tunn'el junction structure comprising: a tunnel barrier layer 

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

Fe(O0l) formed on a first side of the tunnel barrier layer; and a second 

ferromagnetic material layer comprising Fe(00l) formed on a second side of 

the tunnel barrier layer, wherein the MgO layer is formed by a 

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

layer in which the (001) crystal plane is preferentially oriented. In a 
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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(00l) layer 

and the Fermi energy of the Fe(00l) layer is smaller than an ideal value of a 

perfect single-crystal without defect. These features increase the 

magnetoresistance and thereby allow the output voltage of the MTJ device to 

be increased. By using any of the aforementioned MTJ devices as a load for a 

single transistor, a non-volatile memory can be formed. 

[0017] In another aspect, the invention provides a method of manufacturing 

a magnetoresistive device comprising: preparing a substrate; depositing a 

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

first Fe(00l) layer by electron beam evaporation under high vacuum, the 

tunnel barrier layer comprising a single-crystalline MgOx (001) or a 

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

preferentially oriented; and forming a second Fe(00l) layer on the tunnel 

barrier layer. 

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

MTJ device comprising a first step of preparing a substrate comprising a 

single-crystalline MgOx(00l) or a poly-crystalline MgOx (0 < x < 1) in which 

the (001) crystal plane is preferentially oriented, a second step of depositing 

a first Fe(00l) layer on the substrate and performing an annealing process to 

make the surface flat, a third step of depositing a tunnel barrier layer on the 

first Fe(00l) layer by electron beam evaporation, the tunnel barrier layer 

comprising a single-crystalline MgOx(00l) or a poly-crystalline MgOx (0 < x < 
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1) in which the (001) crystal plane is preferentially oriented, and a fourth 

step of forming a second Fe(00l) layer on the tunnel barrier layer. The 

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

first and the second steps, the seed layer comprising a single-crystalline 

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

plane is preferentially oriented. The MgO layer may be deposited using a 

target with the value of x in MgOx adjusted. The value of x in MgOx may be 

adjusted in the step of forming the MgO. 

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

device comprising a magnetic tunnel junction structure comprising a tunnel 

barrier layer comprising MgO(00l), a first ferromagnetic material layer 

comprising an amorphous magnetic alloy formed on a first sideof the tunnel 

barrier layer, and a second ferromagnetic material layer comprising an 

amorphous magnetic alloy formed on a second side of the tunnel barrier 

layer, wherein the discontinuous value (the height of the tunnel barrier) 

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

Fermi energy of the first or the second ferromagnetic material layer 

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

perfect single-crystal with no defect. 
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[0020] BRIEF DESCRIPTION OF THE DRAWINGS 

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

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

of a ferromagnetic metal Fe(00l), illustrating the E-EF relationship with 

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

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

manufacturing a MTJ device with a Fe(00l)/MgO(00l)/Fe(00l) structure (to 

be hereafter referred to as a "Fe(00l)/MgO(00l)/Fe(00l) MTJ device") 

according to an embodiment of the invention. 

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

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

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

the deposition chamber during the MgO evaporation. 

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

pressure during the MgO evaporation. 

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

Fe(00l)/MgO(00l)/Fe(00l) 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. 

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

device using an amorphous Al-O as the tunnel barrier changes depending on 

the bias voltage. 

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

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

[0032] DESCRIPTION OF THE PREFERRED EMBODIMENTS 

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

crystal structure (NaCl structure), the (001) plane, the (100) plane, and the 

(010) plane are all equivalent. The direction perpendicular to the film 

surface is herein considered to be the z·axis so that the film plane can be 

uniformly described as (001). Also in the context of the present specification, 

BCC structure, which the crystalline structure of ferromagnetic electrode 

layer, means body-centered cubic lattice structure. More specifically, BCC 

structure includes the BCC structure with no chemical ordering so-called 

A2·type structure, the BCC structure with chemical ordering such as B2·type 
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structre and L21 ·type structure, and also the aforementioned structures with 

slight lattice distortion. 

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

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

photoemission spectroscopy experiments (see W. Wulfhekel, et al.: Appl. 

Phys. Lett. 78 (2001) 509.). The term "ideal value" is used herein because the 

aforementioned state can be considered to be an upper limit value of the 

potential barrier height of the tunnel barrier of an ideal single-crystal MgO 

with hardly any oxygen vacancy defect or lattice defect. 

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

analysis conducted by the inventors is discussed. The magnetoresistance 

(MR) ratio of a MTJ device can be expressed by the following equation: 

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

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

of parallel and 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/(l • P1P2), and 

[0039] Pa = (Da t (EF) - Da .J, (EF))/(Da t (EF) + Da .J, (EF), 

[0040] where a = 1, 2 (1) 
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[0041] In the above equations, Pa is the spin polarization of an electrode, 

and Da t (EF) and Da t (EF) are the density of state (DOS) at the Fermi 

energy (EF) of the majority-spin band and the minority-spin band, 

respectively. Since the spin polarization of ferromagnetic transition metals 

and alloys is approximately 0.5 or smaller, the Jullire's formula predicts a 

highest estimated MR ratio of about 70%. 

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

room temperature when a MTJ device was made using an amorphous Al·O 

tunnel barrier and polycrystalline electrodes, it has been difficult to obtain 

the output voltage of 200 mV, which is comparable to the output voltages of 

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

[0043] The inventors tri(;)d an approach to deposit a MTJ device in which the 

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

a poly-crystalline MgO in which the (001) crystal plane is preferentially 

oriented. It is the inventors' theory that, because magnesium oxide is a 

crystal (where the atoms are arranged in an orderly fashion), as opposed to 

the conventional amorphous Al·O barrier, the electrons are not scattered and 

the coherent states of electrons are concerved during the tunneling process. 

Fig. l(B) shows the MTJ device structure according to an embodiment of the 

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

Fe(00l), that is, the E· EF relationship with respect to the [001] direction of 

the momentum space. As shown in Fig. l(B), the MTJ device structure of the 

present embodiment comprises a first Fe (001) layer 1, a second Fe (001) 
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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 tunneling process, the tunneling. 

current that passes through MgO would be dominated by those electrons with 

wave vector kz in the direction perpendicular to the tunnel barrier (normal to 

the junction interfaces). In accordance with the energy band diagram shown 

in Fig. l(A) of Fe in the [001] (r· H) direction, the density of state (DOS) at the 

Fermi energy EF does not exhibit a very high spin polarization due to the fact 

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

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

conserved in the tunneling process, only those conduction electrons that have 

totally symmetrical wave functions with respect to the axis perpendicular to 

the barrier would be coupled with the states in the barrier region and come to 

have a finite tunneling probability. The 111 band in the Fe(00l) electrode has 

such totally symmetric wave functions. As shown in Fig. l(A), the majority 

spin 111 band (solid line) has states at the Fermi energy EF, whereas the 

minority spin 111 band (broken line) does not have state at the Fermi energy 

EF. Because of such half-metallic characteristics of the Fe 111 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 
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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(00l)/Fe(00l) 

structure according to the embodiment (to be hereafter referred to as a 

"Fe(00l)/MgO(00l)/Fe(00l) MTJ device"). Fe(00l) refers to a ferromagnetic 

material with the BCC structure. First, a single-crystal MgO(00l) substrate 

11 was prepared. In order to improve the morphology of the surface of the 

single-crystal MgO(00l) substrate 11, a MgO(00l) seed layer 15 was grown 

by the molecular beam epitaxy (MBE) method. This was subsequently 

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

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

room temperature, as shown in Fig. l(B), and then annealing was performed 

at 350°C under ultrahigh vacuum (2 x 10-s 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 10-s Pa, and the 02 partial pressure was 1 x 10· 6 Pa. Alternatively, a 

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

stoichiometric composition (the ratio of Mg to O is 1:1). 
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[0045] Fig. 3(A) shows a RHEED image of the Fe(00l) lower electrode (a first 

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

17 possesses a good crystallinity and flatness. Thereafter, a MgO(00l) 

barrier layer 21 with the thickness of 2 nm was epitaxially grown on the 

Fe(00l) lower electrode (first electrode) at room temperature, also using the 

MgO electron-beam evaporation method. Fig. 3(B) shows a RHEED image of 

the MgO(00l) barrier layer 21. The image shows that the MgO(00l) barrier 

layer 21 also possesses a good crystallinity and flatness. 

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

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

at room temperature. This was successively followed by the deposition of a 

Co layer 25 with the thickness of 10 nm on the Fe(00l) upper electrode 

(second electrode) 23. The Co layer 25 is provided to increase the coercive 

force of the upper electrode 23 so as to realize the antiparallel magnetization 

alignment. The thus prepared sample was then processed by 

microfabrication techniques to obtain the Fe(00l)/MgO(00l)/Fe(00l) MTJ 

device. 

[004 7] The aforementioned MgO evaporation using an electron beam 

involved the formation of a film under ultrahigh vacuum of 10·9 Torr. It can 

be seen that in this method, the film, even when formed on a glass substrate 

to the thickness of 300 nm, was colorless and transparent, showing that a 

good crystal film was formed. Fig. 4 shows the results of observing the 

quadrupole mass spectra in the deposition chamber during the MgO growth. 
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The results show that the partial pressures regarding the spectrum Pl of 0 

and the spectrum P2 of 02 are high. Fig. 5 shows the film deposition rate 

dependency of the oxygen partial pressure during MgO evaporation. It will 

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

that the oxygen partial pressure increases as the deposition rate increases. 

These results indicate the separation of oxygen from MgO during the 

deposition of MgO. Since the separated oxygen is pumped out of the 

deposition chamber using vacuum pumps, there is the possibility that there 

are oxygen vacancy defects such as MgOx (0.9 < x < 1). When there are 

oxygen vacancy defects, the potential barrier height of the MgO tunnel 

barrier is thought to decrease (such as in the range of 0.10 to 0.85 e V; more 

specifically, 0.2 to 0.5 eV), which is thought to result in an inc.rease in the 

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

the tunnel barrier with respect to Fe(00l) electrodes is considered to be 0. 7 to 

2.5 e V. An ideal tunnel barrier height of a MgO crystal is 3.6 e V, and 

experimental values of 0.9 to 3. 7 e V 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' 

form'ula (Equation (20) in a non-patent document by J. G. Simmons: J. Appl. 

Phys. 34, pp. 1793·1803 (1963)) based on the WKB approximation, using the 

least squares method. The fitting was performed using the free electron 

mass (m = 9.11 x 10· 31 kg) as the electron's effective mass. When a bias 

voltage V (which is normally on the order of 500 m V to 1000 m V) is applied 

until non-linearity appears in the J·V characteristics, the height ~ of the 

tunnel barrier and the effective thickness Lls of the tunnel barrier can be 

simultaneously determined by fitting the J ·V characteristics using the 

Simmons' formula. 

[0049] The effective thickness Lls of the tunnel barrier was determined to be 

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

determined from a cross-sectional transmission electron microscope image of 

the MTJ device by approximately 0.5 nm. This is the result of the effective 

thickness Lls of the tunnel barrier having been reduced from the actual 

MgO(00l) layer thickness by the effect of the image potential produced at the 

interface between the MgO(00l) layer and the alloy layer consisting mainly 

of Fe and Co. 

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

using the cross-sectional transmission electron microscope (TEM) image, the 

height~ 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 m V or smaller), the tunnel current density J is 

proportional to the bias voltage V, such that the J-V characteristics become 

linear. In such a low-bias voltage region, the Simmons' formula can be 

described as follows: 

[0051] J = [(2m~) 112/As](e/h)2 x exp[-(4nAs/h) x (2m~) 112] x V (2) 

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

elementary electric charge (1.60 x l0· 19C), and h is the Planck's constant 

(6.63 x 10·34 J-s). The effective thickness of the tunnel barrier As is 

approximately tMgO - 0.5 nm. By fitting the J-V characteristics of the MTJ 

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(00l)/MgO(00l)/Fe(00l) MTJ device produced by the above-described 

method. The MR ratio is 146% at the measurement temperature of 20K and 

88% at the measurement temperature of 293K. These values represent the 

highest MR ratios that have so far been obtained at room temperature. Such 

high MR ratios cannot be explained by the spin polarization of the Fe(00l) 

electrode and is thought rather to be 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 

kQµm 2 , which is suitable for MRAM. 

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

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

is fairly small. Although the characteristics are asymmetric, the voltage Vhalf 

at which the MR ratio is reduced in half of the zero·bias value is 1250 mV, 

which is a very high value. In this connection, it is noted that the voltage 

Vhalf at which the MR ratio is reduced in half of the zero·bias value in the 

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 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(00l) of BCC was 

employed, an Fe alloy of BCC, such as an Fe-Co alloy, Fe· Ni alloy, or Fe· Pt 

alloy, may be used instead. Alternatively, a layer of Co or Ni with the 

thickness of one or several monoatomic layers may be inserted between the 

electrode layer and the MgO(00l) layer. 

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

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

method of manufacturing a Fe(00l)/MgO(00l)/Fe(00l) MTJ device according 

18 

WD EX1008 
Western Digital v IP Bridge 

Page 88



SUBSTITUTE SPECIFICATION (Clean Version) 

to the present embodiment, MgO(00l) 1s initially deposited 1n 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 during growth, a .method whereby oxygen 

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

oxygen vacancy defects is subjected to an oxygen plasma process or natural 

oxidation so as to achieve a certain oxygen deficit level. 

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

the present embodiment, an annealing process is carried out for 

crystallization after an amorphous MgO has been deposited by sputtering, 

thereby eliminating the need for large·sized equipment. 

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

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

shows the structure of the MTJ device according to the variation, which 
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corresponds to Fig. l(B). As shown in Fig. 11, the MTJ device of the variation 

is characterized in that, as in the MTJ device of the above-described 

embodiments, the electrodes disposed on either side of a single-crystal 

MgOx(00l) layer 503 or an oxygen-deficit poly-crystal MgOx (0 < x < 1) in 

which the (001) crystal plane is preferentially oriented comprises an 

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

amorphous ferromagnetic alloy can be formed by evaporation or sputtering, 

for example. The resultant characteristics are substantially identical to 

those of the first embodiment. 

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

and CoZr may be used, for example. Although an anneal process after the 

preparation of the MTJ device might cause the amorphous magnetic alloy in 

-the electrode layers to be partially or entirely crystallized, this would not 

lead to a significant deterioration of the MR ratio. Thus, such a crystallized 

amorphous magnetic alloy may be used in the electrode layers. 

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

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

that the invention is not limited to those specific embodiments and various 

other modifications, improvements and combinations are possible. For 

example, the height of the tunnel barrier may be adjusted by doping Ca or Sr, 

instead of introducing an oxygen vacancy defects to the MgO layer. Further, 

while the MgO layer has been described to be deposited by electron-beam 

evaporation or sputtering, it should be obvious that other deposition methods 
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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 

10-4 Pa. 

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

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

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

MTJ device can be reduced so that it is optimized for MRAM. The invention 

thus enables the level of integration of MRAM using the MTJ device to be 

readily increased. In accordance with the invention, the output voltage value 

of the MRAM roughly doubles over prior art, making the MTJ device of the 

invention suitable for very large scale integrated MRAMs of gigabit class. 
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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/JP2005/004 720 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 daims 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 shov:s Figs. S(A) and S(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. S(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. S(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 the 

direction normal to the interfaces of the tunneling junction structure 

increases. The resistance value does not change in a general state, so that 

information "1" or "0" can be stored depending on whether the resistance 

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

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

a non-volatile memory device. 

[0009] Fig. 9 shows an example of the basic structure of the MRAM. Fig. 9(A) 

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

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

structure of the MRAM. Referring to Fig. 9(A), in an MRAM, a word line WL 

and a bit line BL are disposed in an intersecting manner, with an MRAM cell 

disposed at each intersection. As shown in Fig. 9(B), the MRAM cell disposed 

at the intersection of a word line and a bit line comprises a MTJ device and a 

MOSFET directly connected to the MTJ device. Stored information can be 

read by reading the resistance value of the MTJ device that functions as a 

load resistance, using the MOSFET. The stored information can be rewritten 

by applying a magnetic field to the MTJ device, for example. As shown in Fig. 

9(C), an MRAM memory cell comprises a MOSFET 100 including a source 

region 105 and a drain region 103 both formed inside a p·type Si substrate 

101, and a gate electrode 111 formed on a channel region that is defined 

between the source and drain regions. The MRAM also comprises a 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 11 7. The MRAMs are therefore 

suitable where high levels of integration are required. 

[0011] Non-Patent Document 1: D. Wang, et al,: Science 294 (2001) 1488. 

[0012] SUMMARY OF THE INVENTION 

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

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

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

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

output voltage of the MTJ device, the magnetoresistance must be increased 

and the bias voltage characteristics must be improved. Fig. 10 illustrates 

how the magnetoresistance in a conventional MTJ device using an 

amorphous Al·O as the tunnel barrier changes as a function of the bias 

voltage (Ll). As shown, 1n the conventional MTJ device, the 

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

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

voltage when operation margins are taken into consideration is too small for 

the device to be employed for an actual memory device. Specifically, the 

magnetoresistance of the current MTJ device is small at approximately 70%, 
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and the output voltage is also small at no more than 200 m V, which 1s 

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 layer; and a second ferromagnetic material 

layer of the BCC structure formed on a second side of the tunnel barrier 

layer, wherein the tunnel barrier layer is formed by a single-crystal MgOx 

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

crystal plane is preferentially oriented. 

[0016] The invention further provides a magnetoresistive device comprising 

a magnetic tunnel junction structure comprising: a tunnel barrier layer 

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

Fe(00l) formed on a first side of the tunnel barrier layer; and a second 

ferromagnetic material layer comprising Fe(00l) formed on a second side of 

the tunnel barrier layer, wherein the MgO layer is formed by a 

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

layer in which the (001) crystal plane is preferentially oriented. In a 
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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(00l) layer 

and the Fermi energy of the Fe(00l) layer is smaller than an ideal value of a 

perfect single-crystal without defect. These features increase the 

magnetoresistance and thereby allow the output voltage of the MTJ device to 

be increased. By using any of the aforementioned MTJ devices as a load for a 

single transistor, a non-volatile memory can be formed. 

[0017] In another aspect, the invention provides a method of manufacturing 

a magnetoresistive device comprising: preparing a substrate; depositing a 

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

first Fe(00l) layer by electron beam evaporation under high vacuum, the 

tunnel barrier layer comprising a single-crystalline MgOx (001) or a 

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

preferentially oriented; and forming a second Fe(00l) layer on the tunnel 

barrier layer. 

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

MTJ device comprising a first step of preparing a substrate comprising a 

single-crystalline MgOx(00l) or a poly-crystalline MgOx (0 < x < 1) in which 

the (001) crystal plane is preferentially oriented, a second step of depositing 

a first Fe(00l) layer on the substrate and performing an annealing process to 

make the surface flat, a third step of depositing a tunnel barrier layer on the 

first Fe(00l) layer by electron beam evaporation, the tunnel barrier layer 

comprising a single-crystalline MgOi/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(00l) layer on the tunnel barrier layer. The 

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

first and the second steps, the seed layer comprising a single-crystalline 

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

plane is preferentially oriented. The MgO layer may be deposited using a 

target with the value of x in MgOx adjusted. The value of x in MgOx may be 

adjusted in the step of forming the MgO. 

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

device comprising a magnetic tunnel junction structure comprising a tunnel 

barrier layer comprising MgO(00l), a first ferromagnetic material layer 

comprising an amorphous magnetic alloy formed on a first sideof the tunriel 

barrier layer, and a second ferromagnetic material layer comprising an 

amorphous magnetic alloy formed on a second side of. the tunnel barrier 

layer, wherein the discontinuous value (the height of the tunnel barrier) 

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

Fermi energy of the first or the second ferromagnetic material layer 

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

perfect single-crystal with no defect. 
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[0020] BRIEF DESCRIPTION OF THE DRAWINGS 

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

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

of a ferromagnetic metal Fe(00I), illustrating the E· EF relationship with 

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

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

manufacturing a MTJ device with a Fe(00l)/MgO(00l)/Fe(00l) structure (to 

be hereafter referred to as a "Fe(00l)/MgO(00l)/Fe(00l) MTJ device") 

according to an embodiment of the invention. 

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

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

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

the deposition chamber during the MgO evaporation. 

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

pressure during the MgO evaporation. 

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

Fe(00l)/MgO(00l)/Fe(00l) MTJ device. 

[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] Fig. 8 shoY1s 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. 

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

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

[0032] DESCRIPTION OF THE PREFERRED EMBODIMENTS 

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

crystal structure (NaCl structure), the (001) plane, the (100) plane, and the 

(010) plane are all equivalent. The direction perpendicular to the film 

surface is herein considered to be the z·axis so that the film plane can be 

uniformly described as (001). Also in the context of the present specification, 

BCC structure, which the crystalline structure of ferromagnetic electrode 

layer, means body-centered cubic lattice structure. More specifically, BCC 

structure includes the BCC structure with no chemical ordering so-called 

A2-type structure, the BCC structure with chemical ordering such as B2·type 
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structre and L21 ·type structure, and also the aforementioned structures with 

slight lattice distortion. 

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

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

photoemission spectroscopy experiments (see W. Wulfhekel, et aL: Appl. 

Phys. Lett. 78 (2001) 509.). The term "ideal value" is used herein because the 

aforementioned state can be considered to be an upper limit value of the 

potential barrier height of the tunnel barrier of an ideal single-crystal MgO 

with hardly any oxygen vacancy defect or lattice defect. 

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

analysis conducted by the inventors is discussed. The. magnetoresistance 

(MR) ratio of a MTJ device can be expressed by the following equation: 

[0036] ~R/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/(l-P1P2), and 

[0039] Pa= (Da t (EF) - Da t (EF))/(Da t (EF) + Da t (EF), 

[0040] where a= 1, 2 (1) 
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[0041] In the above equations, Pa is the spin polarization of an electrode, 

and Da t (EF) and Da -I, (EF) are the density of state (DOS) at the Fermi 

energy (EF) of the majority-spin band and the minority-spin band, 

respectively. Since the spin polarization of ferromagnetic transition metals 

and alloys is approximately 0.5 or smaller, the Jullire's formula predicts a 

highest estimated MR ratio of about 70%. 

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

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

tunnel barrier and polycrystalline electrodes, it has been difficult to obtain 

the output voltage of 200 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. l(B) shows the MTJ device structure according to an embodiment of the 

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

Fe(00l), that is, the E·EF relationship with respect to the [001] direction of 

the momentum space. As shown in Fig. l(B), the MTJ device structure of the 

present embodiment comprises a first Fe (001) layer 1, a second Fe (001) 
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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 tunneling process, the tunneling 

current that passes through MgO would be dominated by those electrons with 

wave vector kz in the direction perpendicular to the tunnel barrier (normal to 

the junction interfaces). In accordance with the energy band diagram shown 

in Fig. l(A) of Fe in the [001] (r· H) direction, the density of state (DOS) at the 

Fermi energy EF does not exhibit a very high spin polarization due to the fact 

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

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

conserved in the tunneling process, only those conduction electrons that have 

totally symmetrical wave functions with respect to the axis perpendicular to 

the barrier would be coupled with the states in the barrier region and come to 

have a finite tunneling probability. The Lil band in the Fe(00l) electrode has 

such totally symmetric wave functions. As shown in Fig. l(A), the majority 

spin Lil band (solid line) has states at the Fermi energy EF, whereas the 

minority spin Lil band (broken line) does not have state at the Fermi energy 

EF. Because of such half-metallic characteristics of the Fe .6.1 band, there is 

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

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

poly-crystal) MTJ device the scattering of electrons is suppressed during the 
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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(00l)/Fe(00l) 

structure according to the embodiment (to be hereafter referred to as a 

"Fe(00l)/MgO(00l)/Fe(00l) MTJ device"). Fe(00l) refers to a ferromagnetic 

material with the BCC structure. First, a single-crystal MgO(00l) substrate 

11 was prepared. In order to improve the morphology of the surface of the 

single-crystal MgO(00l) substrate 11, a MgO(00l) seed layer 15 was grown 

by the molecular beam epitaxy (MBE) method. This was subsequently 

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

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

room temperature, as shown in Fig. l(B), and then annealing was performed 

at 350°C under ultrahigh vacuum (2 x 10-s 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 10·8 Pa, and the 02 partial pressure was 1 x 10· 6 Pa. Alternatively, a 

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

stoichiometric composition (the ratio of Mg to O is 1:1). 
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[0045] Fig. 3(A) shows a RHEED image of the Fe(00l) lower electrode (a first 

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

17 possesses a good crystallinity and flatness. Thereafter, a MgO(00l) 

barrier layer 21 with the thickness of 2 nm was epitaxially grown on the 

Fe(00l) lower electrode (first electrode) at room temperature, also using the 

MgO electron-beam evaporation method. Fig. 3(B) shows a RHEED image of 

the MgO(00l) barrier layer 21. The image shows that the MgO(00l) barrier 

layer 21 also possesses a good crystallinity and flatness. 

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

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

at room temperature. This was successively followed by the deposition of a 

Co layer 25 with the thickness of 10 nm on the. Fe(00l) upper electrode 

(second electrode) 23. The Co layer 25 is provided to increase the coercive 

force of the upper electrode 23 so as to realize the antiparallel magnetization 

alignment. The thus prepared sample was then processed by 

microfabrication techniques to obtain the Fe(00l)/MgO(00l)/Fe(00l) MTJ 

device. 

[0047] The aforementioned MgO evaporation using an electron beam 

involved the formation of a film under ultrahigh vacuum of 10·9 Torr. It can 

be seen that in this method, the film, even when formed on a glass substrate 

to the thickness of 300 nm, was colorless and transparent, showing that a 

good crystal film was formed. Fig. 4 shows the results of observing the 

quadrupole mass spectra in the deposition chamber during the MgO growth. 
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The results show that the partial pressures regarding the spectrum Pl of 0 

and the spectrum P2 of 02 are high. Fig. 5 shows the film deposition rate 

dependency of the oxygen partial pressure during MgO evaporation. It will 

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

that the oxygen partial pressure increases as the deposition rate increases. 

These results indicate the separation of oxygen from MgO during the 

deposition of MgO. , Since the separated oxygen is pumped out of the 

deposition chamber using vacuum pumps, there is the possibility that there 

are oxygen vacancy defects such as MgOx (0.9 < x < 1). When there are 

oxygen vacancy defects, the potential barrier height of the MgO tunnel 

barrier is thought to decrease (such as in the range of 0.10 to 0.85 e V; more 

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

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

the tunnel barrier with respect to Fe(00l) electrodes is considered to be 0. 7 to 

2.5 eV. An ideal tunnel barrier height of a MgO crystal is 3.6 eV, and 

experimental values of 0.9 to 3.7 eV have been obtained. Using the method 

according to the present embodiment of the invention, a tunnel barrier height 

of approximately 0.3 e V is expected, indicating that the resistance of the 

tunnel barrier can be lowered. However, it should be noted that other 

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

might also be involved. The value of x in MgOx due to oxygen vacancy defects 

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

ranges such that the sole presence of Mg is excluded and the characteristics 

of MgO can be basically maintained. 
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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 10-31 kg) as the electron's effective mass. When a bias 

voltage V (which is normally on the order of 500 m V to 1000 m V) is applied 

until non· linearity appears in the J-V characteristics, the height ~ of the 
\ 

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

simultaneously determined by fitting the J-V characteristics using the 

Simmons' formula. 

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

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

determined from a cross-sectional transmission electron microscope image of 

the MTJ device by approximately 0.5 nm. This is the result of the effective 

thickness ~s of the tunnel barrier having been reduced from the actual 

MgO(00l) layer thickness by the effect of the image potential produced at the 

interface between the MgO(00l) layer and the alloy layer consisting mainly 

of Fe and Co. 

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

using the cross-sectional transmission electron microscope (TEM) image, the 

height ~ 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 m V or smaller), the tunnel current density J is 

proportional to the bias voltage V, such that the J-V characteristics become 

linear. In such a low-bias voltage region, the Simmons' formula can be 

described as follows: 

[0051] J = [(2m~)112/~s](e/h)2 x exp[-(4n~s/h) x (2m~)112] x V (2) 

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

elementary electric charge (1.60 x 10· 19 C), and h is the Planck's constant 

(6.63 x 10-34 J-s). The effective thickness of the tunnel barrier ~s is 

approximately tMgO - 0.5 nm. By fitting the J-V characteristics of the MTJ 

device in the low-bias voltage region onto Equation (2), the height ~ of the 

tunnel barrier can be simply and yet accurately estimated. 

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

Fe(00l)/MgO(00l)/Fe(00l) MTJ device produced by the above-described 

method. The MR ratio is 146% at the measurement temperature of 20K and 

88% at the measurement temperature of 293K. These values represent the 

highest MR ratios that have so far been obtained at room temperature. Such 

high MR ratios cannot be explained by the spin polarization of the Fe(00l) 

electrode and is thought rather to be 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 

kQµm 2, which is suitable for MRAM. 

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

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

is fairly small. Although the characteristics are asymmetric, the voltage Vhalf 

at which the MR ratio is reduced in half of the zero-bias value is 1250 mV, 

which is a very high value. In this connection, it is noted that the voltage 

Vhalf at which the MR ratio is reduced in half of the zero·bias value in the 

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 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(00l) of BCC was 

employed, an Fe alloy of BCC, such as an Fe·Co alloy, Fe· Ni alloy, or Fe· Pt 

alloy, may be used instead. Alternatively, a layer of Co or Ni with the 

thickness of one or several monoatomic layers may be inserted between the 

electrode layer and the MgO(00l) layer. 

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

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

method of manufacturing a Fe(00l)/MgO(00l)/Fe(00l) MTJ device according 
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to the present embodiment, MgO(00l) is initially deposited 1n 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 during growth, a method whereby oxygen 

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

oxygen vacancy defects is subjected to an oxygen plasma process or natural 

oxidation so as to achieve a certain oxygen deficit level. 

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

the present embodiment, an annealing process is carried out for 

crystallization after an amorphous MgO has been deposited by sputtering, 

thereby eliminating the need for large-sized equipment. 

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

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

shows the structure of the MTJ device according to the variation, which 
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corresponds to Fig. l(B). As shown in Fig. 11, the MTJ device of the variation 

is characterized in that, as in the MTJ device of the above-described 

embodiments, the electrodes disposed on either side of a single-crystal 

MgOx(00l) layer 503 or an oxygen-deficit poly-crystal MgOx (0 < x < 1) in 

which the (001) crystal plane is preferentially oriented comprises an 

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

amorphous ferromagnetic alloy can be formed by evaporation or sputtering, 

for example. The resultant characteristics are substantially identical to 

those of the first embodiment. 

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

a·nd CoZr may be used, for example. Although an anneal process after the 

preparation of the MTJ device might cause the amorphous magnetic alloy in 

the electrode layers to be partially or entirely crystallized, this would not 

lead to a significant deterioration of the MR ratio. Thus, such a crystallized 

amorphous magnetic alloy may be used in the electrode layers. 

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

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

that the invention is not limited to those specific embodiments and various 

other modifications, improvements and combinations are possible. For 

example, the height of the tunnel barrier may be adjusted by doping Ca or Sr, 

instead of introducing an oxygen vacancy defects to the MgO layer. Further, 

while the MgO layer has been described to be deposited by electron-beam 

evaporation or sputtering, it should be obvious that other deposition methods 
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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 

10·4 Pa. 

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

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

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

MTJ device can be reduced so that it is optimized for MRAM. The invention 

thus enables the level of integration of MRAM using the MTJ device to be 

readily increased. In accordance with the invention, the output voltage value 

of the MRAM roughly doubles over prior art, making the MTJ device of the 

invention suitable for very large scale integrated MRAMs of gigabit class. 
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4df7b4 2a3fc9f3f87f52 c71 d4f4 34ba2a9 53 0 
lee 

Warnings: 

Information: 
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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 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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Document code: WFEE 

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

MTEKLEMI SALE #00000006 Mailroom Dt: 04/01/2013 120555 13767290 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NUMBER 

13/767,290 

38327 
Juan Carlos A. Marquez 
c/o Stites & Harbison PLLC 
1199 North Fairfax Street 
Suite 900 
Alexandria, VA 22314-1437 

FILING OR 3 71 (C) DATE 

02/14/2013 

Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

Shinji YUASA NAGI-0005 
CONFIRMATION NO. 2082 

MISCELLANEOUS NOTICE 

1111111111111111111111 ll]~!l]!~l!~l!~H!~l!II II] 111111111111111 IIII IIII 

Date Mailed: 04/22/2013 

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

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

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

BASIC FEE N/A N/A N/A N/A 280 (37 CFR 1.16(a), (b), or (c)) 

SEARCH FEE N/A N/A N/A N/A 600 (37 CFR 1.16(k), (i), or (m)) 

EXAMINATION FEE N/A N/A N/A N/A 720 (37 CFR 1.16(0), (p), or (q)) 

TOTAL CLAIMS 11 (37 CFR 1.16(i)) 
minus 20= OR X 80 = 0.00 

INDEPENDENT CLAIMS 4 minus 3 = 1 X 420 = 420 (37 CFR 1.16(h)) 

If the specification and drawings exceed 100 
APPLICATION SIZE sheets of paper, the application size fee due is 
FEE $31 O ($155 for small entity) for each additional 0.00 
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C. 

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

MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00 

* If the difference in column 1 is less than zero, enter "O" in column 2. TOTAL TOTAL 2020 

APPLICATION AS AMENDED - PART II 

OTHER THAN 
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY 

CLAIMS HIGHEST 
REMAINING NUMBER PRESENT 

RATE($) 
ADDITIONAL 

RATE($) 
ADDITIONAL 

<( AFTER PREVIOUSLY EXTRA FEE($) FEE($) 
I- AMENDMENT PAID FOR z 
w Total Minus 

.. = OR 
~ (37 CFR 1.16(i)) X = X = 

0 
Independent ... = z Minus 

X = OR X = w (37CFR 1.16(h)) 

~ Application Size Fee (37 CFR 1.16(s)) <( 

FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR 

TOTAL OR TOTAL 
ADD'L FEE ADD'L FEE 

(Column 1) (Column 2) (Column 3) 

CLAIMS HIGHEST 
REMAINING NUMBER PRESENT 

RATE($) 
ADDITIONAL 

RATE($) 
ADDITIONAL 

Ill AFTER PREVIOUSLY EXTRA FEE($) FEE($) 
I- AMENDMENT PAID FOR z 
w Total Minus .. = X = OR 
~ (37 CFR 1.16(i)) 

X = 

0 Independent Minus ... = z X = OR X = w (37CFR 1.16(h)) 

~ Application Size Fee (37 CFR 1.16(s)) <( 

OR 
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) 

TOTAL OR TOTAL 
ADD'L FEE ADD'L FEE 

* If the entry in column 1 is less than the entry in column 2, write "O" in column 3. 
** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20". 

*** If 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 
Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

APPLICATION NUMBER FILING OR 3 71 (C) DATE FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

13/767,290 

38327 
Juan Carlos A. Marquez 
c/o Stites & Harbison PLLC 
1199 North Fairfax Street 
Suite 900 
Alexandria, VA 22314-1437 

02/14/2013 Shinji YUASA NAGI-0005 
CONFIRMATION NO. 2082 

FORMALITIES LETTER 

1111111111111111111111 ll]~!l]!~l!~l!~H!,l!lj!I~] 111111111111111 IIII IIII 

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 
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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/ AuthenticateUserlocal EP F. htm I 

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 
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.. U:r-.."ITED SVJES PATENT AND ThAoEMARK OFFICE 
B UNITED STAT.ES DEPARTMENT OF COMMERCE 

Uni<od Statee Patent And Trademark Office 
-COMMmSlONER FOR PATENTS 

P.O.~.l~~ 22Jll-J,OO 

APPLICATION 'NUMBER FILINGDA1E FIRST NAMED APPLICANT ATTY. DOCKET NomnE 

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

CONFIRMATION NO. 2082 

38327 
Juan Carlos A. Marquez 

1111~1mm1m1m1mim1mm1m11mmn~11m11 
*OC000000060200312* 

c/o 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)', arid (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-identffied application: 

D . A substitute specification. 

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

D 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. 

D Replacement drawing sheets with the figures renumbered. 

D A complete claim listing or a replacement claim listing with the claims renumbered. 

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

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

D A duplicate copy of the CD. 

D A statement that the replacement CD contains no new matter. 

Rev. 12/2008 
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B UNITED STATES PATENT AND 'Ilw>EMARK OFFICE 

Replies should be mailed to: Mail Stop Missing Parts 

Commissioner for Patents 

P.O. Box 1450 

Alexandria VA 22313-1450 

UNITED STATES DEPARTMENT OF COMMERCE 
Unitecl Sta""' PAteot nnd TrAdemark Office 
Admeor.COMM!SSIONER FOR PATENTS 

~r--.1•~ n:m-100 
-.mpto.tpl 

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

Rev. 12/2008 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re U.S. Patent Application of 

YUASA 

U.S. Application No.: 13/767,290 

Filed: February 14, 2013 

For: MAGNETIC TUNNEL JUNCTION DEVICE 

Attorney Docket No.: NAGI-0005 

Honorable Assistant Commissioner 
for Patents 

Washington, D.C. 20231 

) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 

Confirmation No.: 2082 

Art Unit 2686 

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 3 7 C.F .R. § 1.16 and 1.17 or credit any overpayment to Deposit 

Account Number 12-0555. 

STITES & HARBISON, PLLC 
1199 North Fairfax Street, Suite 900 
Alexandria, VA 22314-14 3 7 
(703) 739-4900 Voice 
(703) 739-9577 Fax 
Customer No. 38327 
May 13, 2013 

288625:2:ALEXANDRIA 
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Electronic Acknowledgement Receipt 

EFSID: 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: NAGl-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 I no 

File Listing: 

Document 
Document Description File Name 

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

42516 

1 
Applicant Response to Pre-Exam NAGl-0005_Response_to_Notic 

no 1 
Formalities Notice e_of_lncomplete_Reply.pdf 

48083624e64a8f65f572b344bc069e0be9fc 
0644 

Warnings: 

Information: 
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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 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number 

Substitute for Form PTO-875 13/767,290 

APPLICATION AS FILED - PART I OTHER THAN 

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

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

BASIC FEE N/A N/A N/A N/A 280 (37 CFR 1.16(a), (b), or (c)) 

SEARCH FEE N/A N/A N/A N/A 600 (37 CFR 1.16(k), (i), or (m)) 

EXAMINATION FEE N/A N/A N/A N/A 720 (37 CFR 1.16(0), (p), or (q)) 

TOTAL CLAIMS 11 (37 CFR 1.16(i)) 
minus 20= OR X 80 = 0.00 

INDEPENDENT CLAIMS 4 minus 3 = 1 X 420 = 420 (37 CFR 1.16(h)) 

If the specification and drawings exceed 100 
APPLICATION SIZE sheets of paper, the application size fee due is 
FEE $31 O ($155 for small entity) for each additional 0.00 
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C. 

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

MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00 

* If the difference in column 1 is less than zero, enter "O" in column 2. TOTAL TOTAL 2020 

APPLICATION AS AMENDED - PART II 

OTHER THAN 
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY 

CLAIMS HIGHEST 
REMAINING NUMBER PRESENT 

RATE($) 
ADDITIONAL 

RATE($) 
ADDITIONAL 

<( AFTER PREVIOUSLY EXTRA FEE($) FEE($) 
I- AMENDMENT PAID FOR z 
w Total Minus 

.. = OR 
~ (37 CFR 1.16(i)) X = X = 

0 
Independent ... = z Minus 

X = OR X = w (37CFR 1.16(h)) 

~ Application Size Fee (37 CFR 1.16(s)) <( 

FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR 

TOTAL OR TOTAL 
ADD'L FEE ADD'L FEE 

(Column 1) (Column 2) (Column 3) 

CLAIMS HIGHEST 
REMAINING NUMBER PRESENT 

RATE($) 
ADDITIONAL 

RATE($) 
ADDITIONAL 

Ill AFTER PREVIOUSLY EXTRA FEE($) FEE($) 
I- AMENDMENT PAID FOR z 
w Total Minus .. = X = OR 
~ (37 CFR 1.16(i)) 

X = 

0 Independent Minus ... = z X = OR X = w (37CFR 1.16(h)) 

~ Application Size Fee (37 CFR 1.16(s)) <( 

OR 
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) 

TOTAL OR TOTAL 
ADD'L FEE ADD'L FEE 

* If the entry in column 1 is less than the entry in column 2, write "O" in column 3. 
** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20". 

*** If 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 

APPLICATION NUMBER 

13/767,290 

38327 
Juan Carlos A. Marquez 
c/o Stites & Harbison PLLC 
1199 North Fairfax Street 
Suite 900 
Alexandria, VA 22314-1437 

FILING OR 3 71 (C) DATE 

02/14/2013 

Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

Shinji YUASA 

NOTICE 

NAGI-0005 
CONFIRMATION NO. 2082 

111111111111111111111111]~!1]!~1!~1!~1! 1111~i~i111111111111111111111111111 

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 

APPLICATION 
NUMBER 

13/767,290 

38327 

FILING or 
37l(c)DATE 

02/14/2013 

Juan Carlos A. Marquez 
c/o Stites & Harbison PLLC 
1199 North Fairfax Street 
Suite 900 
Alexandria, VA 22314-1437 

GRPART 

UNIT 

2686 
FIL FEE REC'D 

1650 

Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

ATTY.DOCKET.NO TOT CLAIMS IND CLAIMS 

NAGI-0005 11 4 
CONFIRMATION NO. 2082 

UPDATED FILING RECEIPT 

111111111111111111111111]~!1]!~1!~1!~1! 1111~i~i1111111111111111111 11111111 

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 

lnventor(s) 
Shinji YUASA, lbaraki, 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 (POX) program or contains a proper Request to 
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Retrieve Electronic Priority Application(s) (PTO/SB/38 or its equivalent). Consequently, the US PTO 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 AIA (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 US PTO must 
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application 
serves as a request for a foreign filing license. The application's filing receipt contains further information and 
guidance as to the status of applicant's license for foreign filing. 

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

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

LICENSE FOR FOREIGN FILING UNDER 

Title 35, United States Code, Section 184 

Title 37, Code of Federal Regulations, 5.11 & 5.15 

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

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

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

NOT GRANTED 

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

Select USA 

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

REQUEST FOR 

CORRECTED FILING RECEIPT 

Commissioner for Patents 
Office of Initial Patent Examination 
Customer Service Center 
P.O. Box 1450 
Alexandria, Virginia 22313 

SIR: 

Application # 

Confirmation # 

Filing Date 

First Inventor 

Art Unit 

Examiner 

Docket# 

Correction of the Filing Receipt is requested. 

13/767,290 

2082 

February 14, 2013 

YUASA 

2686 

NAGI-0005/JCM 

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. 

Date: June 14, 2013 
Signed By 

Attorney of Recor ,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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✓ 

1 UNITED STATES PxmNT AND TRADEMARK 0FFI~E 
UKl'fV.D S'r!\TllS DEPA RTMW:\11' OF GOMMllllGll 
United States P.ntent and Trndemark Office 
Adcl,m:COMMJSSIO)IBR FDR PATENTS 

P.O. Dox 14S0 
A1tx.J . .11dria, Vuginia 22313-MS0 
www.uspto.gov • 

APPLICATION 
NUMBER 

FJLJNGor 
371(c)DATE 

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

13/767,290 02/14/2013 2686 1650 NAGI-0005. 11 4 

38327 
CONFIRMATION NQ. 2082 

UPDATED FILING RECEIPT 
Juan Carlos A. Marquez 
c/o Stites & Harbison PLLC 
1199 North Fairfax Street 
Suite 900 

I llllllll lllllll lllll ll]ill!ijlm1m1m1~tl~~i~rn1~ lllll 111111111111111111 

Alexandria, VA 22314-1437 MAY 2 9 20\3 

STITES & HARBISON, PLLC 
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 subjectto 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 i=iling 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 

lnventor(s) 
Shinji YUASA, lbaraki, JAPAN; 

Applicant(s) 
Japan Science and T;ElOARD!iJ,' Agency, Kawaguchi-shi, JAPAN Technology 
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 10/591,94 7 09/08/2006 PAT 7884403 
which is a 371 of PCT/JP2005/004720 03/10/2005 

Foreign Applications (You niay be eligible to benefit from the Patent-Prosecution Highway program at the 
US PTO. Please see b.ttQ://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 (POX) program or contains a proper Request to. 
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Electronic Acknowledgement Receipt 

EFSID: 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: NAGl-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 I no 

File Listing: 

Document 
Document Description File Name 

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

111312 

1 Request for Corrected Filing Receipt 
NAGI-000S_LetterRequestForC 

no 2 
orrected Fi ling Receipt.pdf 

44ae26cd7531 daf4d59fd1 7 ebc4d0a87694 
edeOf 

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 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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-C ):t < Uf~!ffl3'e!Jif-y;b,r1 -C .:8 vJ , -fJU ;{.. ii, 4Mbi tOJMRAM!Ji-Jt /' 7 Jv tt\toJ ~ t1 k. ~ P -3 ~*it 
/Ji&) 6 0 

(0003) 
[ZJ 8 t-i, MRAMOJ 1t,!mHmcc66TMR~-=t'-OJ:fiiB:~, -z-OJi1J1tJ]Hl~/09[Zicc66o 

[ZJ 8 (A) (;::/09 J: -3 (;::, TM R~-i'-(: .BP -C ii, l@t1Ulo/.J!J:-. G tJ: 6 r- /' :f Jv~l~OJ fififfflU ~ 
5~ili'r1~~!J:-.G~6m-1 _&um 2 OJ 2 ~OJ'ffl'.:tit: J: t-J HUvti r- ✓ *;vtliB:~~L, -ci., "oo 
r- /' * Jv ~l~m ~ L, -C ii, 7 t Jv 7 7 :7-OJ A 1 - Om !Ji}t=J" \ G .rt -C "\ 6 ( 1Ftiit :Xi¥i-x 1 $ 
~.ij) 0 [ZJ s CA) ,=/09 J: -3 i=, m-1 0)5~-fiitt:ffl:ti ~ m 2 0)5~-ni'riffl:ti ~ OJ-ni1tOJ roJ ~ !Ji 

-'ffr~-'ffr-@11l::OJ~ii-,= ii, r-✓ * }v:fiiB:OJ-Wo'iH= .:s ~t 6 ititl:JJrtiJ i= 00 9 6 ~-=t'-OJ'ffi'.mi.\; 
fJ'[!Ji/J\ ~ < tJ: 60 -1], [ZI 8 ( B) (;::/09 J: -3 t:, m 1 OJ5~-fii'riffl:ti ~ m 2 OJ5~ilii'riffl:ti 
~ OJ-@11tOJ rtiJ ~ !Ji-'fff tJ:Jx-'f1riiii1tuJ~t'i-(: ii, r-✓ * 1v:tliB: OJ-Waai: .:s ~t 61~itl1JrtiJ t: 
oo 9 6 ~-=t'-OJ'ffl'.mi.\=t1[1Ji=k ~ < tJ: 6 C ~ OJi.\:fJ'[ftl'Ui, -~EfJ ~ tk~c ii3(1t--tti", i.\:tJ'[fil'f. 
!JirWJp!J:-.fJkp!J:-.(;::£-:5Pc'~ffl "l", "0" ~ l,'tgi::ti~.rt6a -'fff-nit1t~Jx-'ffr-ni1t 
~ ii~t'f3'ei= gcti ~ .r'L 6 t:::. (/), ~t'f3'e'ri _){ t 1J OJ£:;iis:~-=t7-~ L, -cm"\ o ~ ~ !Jic ~ 6 0 

(0004) 
[ZJ9~, MRAMOJ£:;iis:ffiiB:~~/09[Zicc6~, [ZJ9 (A) ~MRAMOJ~m[Zicc6~ 

' [ZJ 9 ( B ) i itl :i\ EfJ fJ: @I lffi :ti /JX [ZJ C &) V) ' [ZI 9 ( C ) ii' tiiB:fJU ~ /0 9 Wr 00 [ZJ C &) 6 0 

[ZJ 9 (A) (;::/09 J: -3 (;::, MR AM,:.:BP't ii 17- ~'rJ\tV L ~ !::::'' '>' r-itf BL~ /Ji5t~9 6 
J: 7 (:jlljc@'.~.rt, :x~i"f~(:MRAMtJv/Jijlljc@'.~.rt-CP6o [ZJ 9 (B) (;::/09 J: 7 (;::, 17 
- Fitl~ l::::'',y r-r.l~OJX~im(:jlljc@'.~.rtt.:MRAMtJHi, TMR~-1'-~, ~OJTMR~ 
-i'-~ t~Jilj fiMi: ~ .t'1 t.: MO S F E T ~ ~ ~ L, -C .:8 t-J , :& fori_\;fJ'[ ~ L, -C ~l'i~9 6 TM R ~-i'- OJ 
i.\;f1[1il'f. ~MOS FE T ,: J: tJ gn:~!lZ6 ~ ~ (;:: J: ~, gc.t~1~ffl~g1rr~tt\ 9 ~ ~ !Jic ~ 6 o ri1(f 
, '~ffiOJ~~f~;{..ii, JJU;{..it, TMR~-=t'-~OJ@lt~OJITT1Jm:J: t-Jff-5 ~ ~/Jic~6c [ZJ9 

(C) t:/09 J: -5 (:, MRAM;){t lJ t;Hi, p_!filS i £tlx 1 0 1 pg(;::70/JX~.t'Lk. ',J-:7-
tJUi 1 O 5 ~ F v ~ ✓tJUi 1 O 3 ~, -z-OJ Fa~,: !fill!-E ~ .rt6 cf---Y * Jvffltii:x-t L, -C 10/JX ~ n 
k. If - r-ffl:ti 1 1 1 ~ ~ 1J 9 6 MO S F E T 1 0 0 ~ , TM R ~-i'- 1 1 7 ~ ~ ~ L, -C P 6 
o V - Y-iiJUi 1 O 5 iifitih ( G ND) ~ .t'L, F v ~/'ii, TM R~-i'-~1f' L, -C !::::'' '>' r-~I B 
L(;::fJMi:~.rt-CP6c 17- FrJ\VLtiif- r-ffl:fi 1 1 1 (:x-;fL,-C[ZJ/0L,~L\iiJttit:.:BP't 
fiMi: ~ .rt -C " \ 6 o 

(0005) 
ttJ:J;:: ~BJ:J L, t.: J: 7 ,:, ~f'f3'e'ri;){ t lJ MR AM ii, 1 ~ OJM OS FE T 1 0 0 ~TM 

R~-1'- 1 1 7 ~ t= J: !J 1 ~ OJ y. t lJ t }v ~J0.QX9 6 ~ ~ !Jic ~ 6 t.: (/), rWJjUl1t(::@i L, t.: 
Y-t lJ ~-1'- ~ P -5 ~ ~ !Jic ~ 6 0 

(0006) 
(1Fliit:xm-x 1) D. Wang. et al. :Science 294 (2001) 1488. 

( 3'e BJ=I OJ lffl /0) 
(3'e8J=I !JiWi!d( L, J: -5 ~ 9 6 §!~) 

(0007) 
:Elt~OJfxfiitr~Jt:JP6~ ~,=J: IJ 6 4Mb i tf'Ern'.OJMRAM~~:El96J!:'rmL,(iv~-c 

p 6 !Ji, -z-.rt0LOJrWJjUl1tOJ t.: (/) t= ii, MR AMOJ1L>1Dli'r~c &) 6 TM R~-=t'-vJti+i ~ rtiJ 
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J:::. ~ 7± oi:'..,~iJrdb <So f¥(s:::, ~~-=t-O)t±\1J'ffl'.EE~ ftiJl::. ~ 7± o ts: ~i, fi7lt5J1[0)tttk: ~ 'ffl'.EE 
tittO)C~73"0)fffiJ7'JiJi£,~cdboo ['.R] 1 0 ti, 7tJv'7 7 AA 1 -0 ~ r- :,,/:fJvp};i~~ LJ::. 
t'E:¥:2fll TM R~-=t'-O)fiYl1fiJ1[0) Ef];/Jo'ffl'.J±(S::: J: Q ?t1t ~~9['.R]c db Q ( L 1 ) 0 ['.R] 1 0 t=~ 
9 J: 7 (:, tE*2fllTMR~-=t-(s:::.Bi, ,-c [i, 11iYl~t1[iJi1J\ ~ <, ti(s:::'ffl'.EE~ Ef];/Jo--t 6 2:: ~ (-=: 
J: VJ mYl~t1LiJi~,:tus:::1J\ ~ < tct o fl:JftiJiJi,7f. s tt o O 2:: 0) J: 7 tcttittc ii, t1Jff'"?- :J > ~ 
~ JJi LJ: /t 1J'ffl'.J±iJi1J\ ~ 9 'i~?' of::. 61), *~OJgcti~-=t-(s:::ffl P 6 O)iJiJl L, Po J: v) J:! 1*ITT (S::: 
ii, EVl:kO)TMR~-=f"O)msr(~t1Lti~70% ~ {5; <, ~ t::.t±\1J'ffl'.)±'b200 m V t:iT' ~ili;Pt::. 
6(), DR AMO) It 1J'ffl'.)±(S::: tt:✓{.-c *ff ITT ts:::¥:5tc db VJ, ~UlBt ~ J:::. ~f'o (S:::ifEP1§~iJi / ,1' 
.:::;qs:::tJ. 'b tl 'tgmdf.t±\7±-tct < tct ~-CL-~ 7 ~ i,, 7 Fn~~i:Jrdb ~ ko 

(0008] 
:;i!s:~BJ=Hi, TMR~-=t-ts:::.Brt 6 t±\1J'ffl'.EE~:k~ < 9 6 2:: ~~§ITT~ --t <So ~ G ts:, :k~ 

fct11iYl~t1Lts::: J: V), 32£(-=:i1J1t--t ogcti~u'l'.~NHtt--t o 2:: ~~§ITT~ --t Oo 
(gJ~~M~--t o t::.61) O)cf:M¼:J 

(0009] 
:;iis:~B/iO)-fffl.,r~~,s:::J:tttf, t-->-:fJvrl~ri~, gt t-->-:fJv~~fiO)m 1 aatUts:=ff:;J»t~tl 

t::. BC ctJia-~1J--t om 1 0)5~li#i111:1im ~, ¢!Ul:lc r- > -:fJvrl~fioJm 2 OOfflU(:ffJmt~ -ht::. 
B c ctJJEt~1f9 om 2 0)5~fi 111:1im ~, ~1f9 offiy( r- > ;f Jvtffi§--tlJEtc db~ 't, ¢!Ul:lC 
r- > -:f }vp};i~fiiJ\ **a fil,M g Ox ( 1 0 0) db 6 i,, (i ( 1 0 0) *a fill 00i:Ji(:l-5tjlljc[ti] L-t::. 
$*5 fil,M g Ox ( x < 1 ) Yi t= J: v) ffJmt ~ tL 'ti,, 6 2:: ~ ~ tif:l& ~ --t 6 my(~t1L~-=t'-iJiH1!1~ 
~tloo 

(0010] 
~ t::., Mg o ( 1 o o) iJ, G tct 6 r-> -:f Jvrl~ri ~, it r-> -:f Jvrl~ri O)m 1 001JU1s:=~ 

_fix.,~ tl t::. F e ( 1 o o) iJ, G tct om 1 0) 5~m'l1:iim ~, ¢!Ul:lc t--> -:f Jvrl~ri 0) m 2 OOfflU ts: 
~.J$t~ tit::. Fe ( 1 0 0) iJ, G tct 6 m 2 0)5~f#i1r11ifi ~, ~1f--t 611#i71. r- > -:f Jvtiii-tiJEt 
cdb~'t, ¢JUgcMg0fiiJr, **afillMgOx (1 0 0) dboP(i (1 0 0) *afillTiaiJif:l-5t 
jlljcftiJ L-t-=$*5§1JM go x c x < 1) mi-= J: vJ ~mt~ tt -c i, "o 2:: ~~till&~ --t omy(~t1L~ 
-=t'-iJiH!(~ ~ tl 6 o ¢JiJgcM g O ( 1 0 0) Yi 0)1i}J!~T'ft@ ~ ¢JiJgc F e ( 1 0 0) Yi 0) '7 .'CL Jv 
~ :c-:fJv:¥'-O)Fs~O)::filMcfl Ct-->-:fJvrl~~~) ~*1f:afillt=-B~to1lJ: VJ 'bin< L-t::.2: 
~ ~ tiftk ~ 9 Q O J:::.gcfimt ~ m I, \ Q ~ ' fi7l~t1[i:Jit~tk L, TM R ~-=t-0) It 1J'ffl'.EE ~ * ~ < 
--to 2:: ~ i:Jic ~ t::. 0 1 ~ 0) t--:J > :J A !I O)Jl tor~ L--c J:::.gcf#i7l~t1L~-=t-~mi,, o ~, ::ftl 
~•[1:0)gcti~-=t-~~mt--t 6 2:: ~ i:Jic ~ ko 

( 0 0 1 1 J 
:;ijs:~BJ:I OJffu.O)tfflJ~~,= J: tl (1, £t!J ~ ~1/ffi9 6 If.'£~, it£tWJ:::.ts::: m 1 OJ F e ( 1 0 0) 

fi~itU--toif.'£~, ¢!Ul:lcm 1 O)F e ( 1 0 0) fil::.(:'ffi'.-=t-1:::''-b~~j~(=J: v) **afilJM 
go x c 1 o o) db o i, ,ii c 1 o o) *afillaaiJr11-51cjlljcftiJ L-t-=$¥afilJM go x c x < 1) iJ, 
1?> ~ o r-> -:f Jvrl~ri ~ ~][~T'(s::: ;f3 i, "-Citfl--t 6 If.'£~, t~ r-> -:f Jvrl~ri J:::.1-=: m 2 0) 
Fe ( 1 0 0) fi ~~Jrx:9 <$If.'£~ ~1f9 6 2:: ~ ~tif:l& ~ 9 of#i-71.~11L~-=f"O)ffijJ:rg7'5$iJi 
ti*~ tloo 

(0012] 
~ t-=, **afilJM g ox c 1 o o) db op r-i c 1 o o) *afilJOOiJif:l-5tjlljcftiJ L-t::. $¥afilJM g 

0 x ( x < 1) iJ, G ~ o£tJJ ~~1/ffi9 6 m 1 If.'£~, gt,£tJJJ:::.t=m 1 0) F e ( 1 0 0) ti 
~ittlL-, fAL"c, *Bfill1tO)f::.&')0)7_::::.-;v~fr7m2If.'£~, ¢!Ul:lcm 1 O)F e ( 1 0 0 
) fi 1::.,='ffl'.-=t-l:::''-b~~$t-= J: IJ **afilJM go X c 1 o o) db o Pii c 1 o o) ¥afillaai:Jr 
f:l-5tjlljcftiJ L-t::.$*5§1JM go x c x < 1) iJ, G tct o t--> -:f Jvrl~ri ~ ~][~T'ts:::.BP-Citfl 
9 6 m 3 If.'£~, gt, r-> -:f Jvp};i~fi J:::.ts:::m 2 0) F e ( 1 0 0) ti ~~q)t9 6 m 4 If.'£~ ~ 

1f--t 6 2:: ~ ~tif:l&~ --t ofuy(~t1L~-=f"O)ffi!JJEt:15$iJit:!!*~ tl-60 rr16, ¢!Ul:lcm 1 If.'£~ m 2 
If.¥~ O)Fiflts:::, **afilJM go x c 1 o o) db o P(i c 1 o o) ¥afillaai:Jr,1-51cjlljc[ti] L-t::.$¥a 
fil,M g Ox (x < 1) iJ, G ~ 6 y- ~-ti~ Jrx:~9 6If.'£~1f L-'t P't '8~Po ~ t::., ¢!Ul:lC 
7t Jv'7 7 AM g om~, Mg ox 0) x fl ~!ll'll~~df-0) !I -if ,y t--~ mi, --.-cttfl L--c 'b~ 
i,--.0 2:: O)~, ¢1iJl:lc7t 1v:1 7 AM go ~~rtx.,--t oif.'£$ ,-::, Mg ox 0) x fl~~~ L--c 'b 
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,R po 
(3'eBJ=J OJ711J~) 

(0013) 
*3'eBJH= d:. t1tJ\ ifE*O) TM R~-j'-(:: .!::t~ ---C:::k ~ 7J: u.¥imt&t1i: ~f~ 6--= ~ iJic ~' TM R 

~-i'-OJ/:t:tJffi:EE~:::k~ < 9-0..:. ~iJic~6o iJE--:,---C, TMR~-i'-~Jtiv\kMRAMOJr'a':i* 
fl1tiJt~® '= t.r_ 6 ~ t \ 7 flJ,~iJi~ 6 C 

(3'eBJ=J ~*mf!.9 6 tc. l1J OJ:®:ftOJlf;~) 
(0014) 

*BJ=J~m~,= .:SP ---Cm Pk*®@(:: .:S ~t 6 1fj!_~EfJ t.r_1!1J ~ OJ tti§-eH::L ~Jt--*!:7tffi:-i'-:5t:7t 
OJ*iifJ\1~tti&ULJ-=:flic~6 ($~J]fi*: W. Wulfhekel, et al.: Appl. Phys. Lett. 78 
(2001) 509.) 0 --= 0) d:. 7 t.r_)l1\~C it, fflt~Xtffel--'?~-i'-XPIBiJirf ~Iv~·~ pfj!_~Ef]t.r_ **a 

@Mg o OJ f' :,,/::f Jv~~ Cl) J:::JIHii ~ § 7 .:. ~ iJic ~.::st-:: l:lJ, fl;t~tEfJ t.r_1ii ~ v. 7 m§t ~ m v. 
ko 

( 0 0 1 5) 
3'eBJ=J OJ*mfiOJyf;:;~(::-=:) P ---C g52.8J:J9 6 ~U (::, 3'eBJ:J~ OJ fr-:, k ~~(::-=:) P---C g52,BJ=J ~ fr 7 o M 

T J OJ·n.¥im!&t1i: (MR) 1:tii, L?Ff OJ:i:\c:.N: ~ t16 o 

LlR/Rp= (Rap-Rp) /Rp 
..:. ..:. c, R P Bz u R a P ii, 2 -=:) u)ffi;t_iOJir.¥i1tiJt+fr ~ Bz +ff OJ~iiOJ f' / * Jvfikiit& 

t1i:c ~ 6 0 J u 1 1 i r e OJ05:\t= d:. tH:;t 11\;/\ .{ 7 A ffi'.EEt= .:s ~t 6 MR ttii, t?Ff 0) d:. 
"J (:::_N:~ .f1-0c 
MRJ::l= (Rap-Rp) /Rp=2P1P2/ (l-P1P2) c~tJ 
..:...:.c, Pa= (Dai (Ep) -Da 1 (Ep)) /(Dai (Ep) +Da 1 (Ep 
) , a=l, 2 (1) ~:.N:~t16c 

(0016) 
..:...:.c, Pati, ffi;-j'-OJ.Ae°/?tf~:$<:c~VJ, Dai (Ep) ~Da 1 (Ep) ~ii, 

-f t1-rt1, cj[//;j:,.A e° / /\ / F ~ ;}'~A e° / /\ / F OJ 7 _x.}v ~ :C*Jv::¥'- ( E F) (S:::.:S~t 6 
~~&'rn'. (Dens i t y of state : DOS) c~6o 5~~tt1~f$~~Bzu"'i'r-
~OJA e°/OJ1fmit~iio. 5t?Ffc~6t-=:l1J, Ju 1 1 i r eOJ05:\(S:::d:.t1i:f, :®:Y:Jr'a'JPtt 
Y.EM R .!::t ~ L ---C 7 O % iJt-=r,i,&U ~ t16 o 

(0017) 
MT J ~-j'-~ 7-=E Jv7 7 AOJ A 1 -0 OJ f' ✓ *Jvpi;f~~ $*a@ffi:t~~ ~JtiP---C 1-f,6><:9 6 

~, _¥ifill_ cOJMRtt~ L ---C ¥~ 7 o % ~ v \ 7111/Ji,r~ G tt---C t \ 6 !Ji, DR AMWOJ/:t:tJffi:EEc 
~6 2 0 0 mV~f~60JtiJitL <, J:::.~OJJ: 7 (::MRAM*flOJ:Xt96Fu~~,~~t.r_--:,---CP 
6 0 

( 0 0 1 8) 
3'eBJ:J~ii, fflt1t"'<::7'*:,,n:'.7LOJ**fi@ (100) ~6Pii (100) ®@OlliJi(l'5t;jlljcfti] 

L k$*a@Mg O ~ f' / *}vpi;f~~ L ---cmv.t-:MT J ~OX-ft-9 6 77°P-7~~Eh----CP6 
0 ifE* 0) 7-=E Jv 7 7 A 0) 7 }v ~ 1--pi;[~~ ii~TJ: VJ ' fflt1t"'< !f * 1/ r:'.7 L ii®@ (™-j'-iJimJlU 
IE L < jlljc}IJ L t-=: tmff) c ~ 6 k l1J, ffl:-j'-iJi~tiL ~ t19, ffi:-1'-OJ ::::r l::: - v / f' )11\~iJ{ f' / * 
}v~f'EOJ.:SP---C1l(ff~ t16..:. ~ !Ji-=ri&U~ t16o []I 1 ii, **MfiOJlf;~t= d:. 6MT J ~-1'-ti 
111 ([]! 1 (B) ) ~, 5~ir.¥it11is:~~c~6 Fe ( 1 O 0) OJ:r:.*Jv::¥'-/\/ Ftl111~~9 
[]le~ V), i&:f'i(g;gFs~OJ [ 1 0 0] j=jfti](S::::X'1°9 6 E- E F OJ~1i~~9[]1 ([]! 1 (A) ) c 
~<Sc []I 1 (B) (::~9 d:. 7 (::, **MfioJlf;~t::J:6MT J~-=t'-ti11Hi, ~ 1 OJF e ( 1 
0 0 ) fi 1 ~ , ~ 2 OJ F e ( 1 0 0 ) fi 5 ~ , 2:. t1 G OJ FEi:I (:: t~ ~ t1 k *® @M g O x ( 1 
0 0) fi~6Pii (100) *a@TiaiJif'.J:5t;jlljcftiJLt-=:$*a@Mg0x (x<l) fi3 ~, ~ 
if L ---C ti mt ~ t1 ---C P 6 o J:::. gc J u 1 1 i r e OJ -=E -r' J v (:: d:. ,t1. i ;f, € .ij! ffi:-j'-OJ -=E ~ / ::7 L iJ i 
f' ✓ *Jv':7P-tA$(S:::.:SP---C(:l(ff~.f16 ~96 ~, Mg 0~:6!~96 f' ✓ *Jvffi'.ifiUi f' ✓ 
* Jvrl~ (:: :m:tffi.t.r_j=jftiJ C NkiiWTia t= xt9 6 $t.!j=jftiJ) OJil!i.~ ~ ~ f' Jv k z ~ if9 6 ffl:-i'-iJi 
3!zjlljcEfJ(::t.r_6o []I 1 (A) (::~9[ 1 0 O] (r-H) j=jfti](::.:s~t6 Fe OJ:C*Jv::¥'-/\/ 
F[]J(::J:t1i:f, 7_x.Jv~~1JLEp(S:::.:S~t6)11\~&'rn'. (DOS) ii, $~Ae°/~0'~Ae° 
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> uJ--l}-:f/". > Fhi7 x.Jv ~ ~1JL E F (:::;Bit \--ctk~~~ LL It \,b tc. l:JJ, --f .tH~ ~: iW:J lt ,ffmfti* 
~ ~ ~ fctv \0 L 7)'> L fctl)i G > ~~O) :.::r 1::: - V / [' tk~hi [' / ;f.Jv~f'£0);Blt \ L i:T:ff ~ .t'Lo 
~-i'i-t= ti, pf~i= *~tctfm t= ~LL j, - :7 1H=xtf#tcti&i1J~~ ~~9 Q £lJ~~O) cij.l)ipf 
~tJui,= B~t otk~ ~ ~:rl L, &1:> 6 ~JE'.O) r- > * Jvtri*~.fi-::::>..: ~ i= fct 6 c cm 1 CA) t= 
~9 J: -5 t=, $~7-. 1::: > ~ 1 i /"-> F C***) hi7 x.Jv ~ ~1JL E F i=tk~~~9 6 h\ j;• 
lx7-. 1::: > ~ 1 t /'\ > F Cii&'*I) Ii 7 X. Jv ~ ~1JL E F t=)tk~~~ L fct po ~ 0) J: 7 fct F e ~ 
1 t /"- > ~, 0)/,- 7 ;I. Jr Jv !f'] fct4'¥ID:t= J: t'.), ?F'mt= iW:i PM R.l::t.hi:.::r l:::: - v > r- fct 7-. 1::: >ffmf 
ti f' > * JH= .:t~ p Li~ G .t'L 6 aJ ~~t'thi&':> 6 0 :.c 1::: :7 ::\=-1/ --v Jv C **6 fill&') 6 p ti C 1 0 0) 
jlljc[o]$*afil!) O)MT J ,i, r- > *;v~f'E$t=;s~t .;s~~O)i'RtiLhitflJltU~ no t:..l:JJ, J::.gcO) 
J: -5 ~ :.::r 1:::: - v > r-~ r- > * 1v ~*:6!9 .;st:.. l:JJ t= tiil~,lf'Jc &1:> .;s ~ ~ x. G .t'Lo 0 

(0019) 
t_:rf, ::zls:3%BJ=I O)m 1 O)*tft[O)Jf;~t= J: o,@iY\ID:t:n:~~ &cF--E O)ffi!.JJ£:1Jj~,=-:::) p --c cmoo ~ 

$~,ijL-::::>-::::>g52.8J=I~ff70 cm2 CA) iPGcm2 CD) ~c[;L ::zp:3'£B)=Ju)*1.i't[O)Jfj~(=J:6F 
e C 1 0 0) /Mg O C 1 0 0) /Fe C 1 0 0) l~J£:~~9 6fnY\ID:t1i:~~ CtlT', 1 
Fe C 1 0 0) /Mg O C 1 0 0) /Fe C 1 0 0) MT J J ~ fa:;9 60 ) O)ffi!.JJ£:If'E~ 
li:i\lf'J t-=:~9cmc &1:> 6 o F e C 1 0 0) ,i, BC C ti:J£: ~~9 6 5~11i1!1.ftc &1:> 6 o ~ --9\ 
**afil!MgO Cl 0 0) £t/xl 1 ~~{imL, MBE$ C::5t~tf:r:.1:::Jr::\=-1/-$) i=J:t'.), 
*~fil!MgO C100)£~110)~TifiO)t7~Py-~~~96kl1J, MgOCl00 
) 1/-nifl 5~P½-ft9-bo :rl~L--C, cm1 CB) t:::~9J:-5t=, 50nmM[O):r:.1:::Jr::\=-
1/--'7 Jv Fe C 1 0 0) T'i'f~~ti Cm 1 ~ti) 1 7 ~Mg O C 1 0 0) 1/- Fri 1 5 J::.t-=::¥: 
wac,irx:~L, ~?:Pc, iUiiW:il:r~T' c2 x 1 o-8 Pa) t=BP--C, 3 s 0°Cc7--==---1v~ 
ff -5 o rr16, ~~~l~iin= ;s ~t 6 *14,i, :!Joi!~J±hi 8 kV c &1:> !'.), ,Jrx:-fti!JJ'.hi 0. 0 2 n 
m/ft}\ P½-ftiiia!J'.hi'.¥:t'ffi_ C 2 9 3 K) , 'J- 7-. ~ L --C li11::$_m.i~ITT*Ji$;0)M g O CM g ~ 
0 ~ O)J::t_hi 1 : 1) ~J:liP, ',/- 7-. ~ £t!x~ O)f?elfl~ 4 0 cm~ L, /'\ '1/ !7 !7''7 r'.7 > FO) 
l[~JJ'.hi 1 X 1 0 - 8 P a, 0 2 ::5t )±hi 1 X 1 0 - 6 P a c &1:> 6 0 rr1rj, 11::$ _m.i~!f'JtJl.,1ftuJ 
Mg O (Mg ~ 0 ~ O)J::t_hi 1 : 1) O)i-\h IJ t=, 0 :Xti't ~~9 6 'J - 7-. ~fiJ:f19 6..: ~ t> 
aJ ~~c &') .;s 0 

(0020) 
cm 3 ( A) ,i, ..: O)~O) F e ( 1 0 0) T'i'f~~li Cm 1 ~t-i) 1 7 0) RHEE D ~ ;I. -

Y ~~9cmc &1:> 6 o cm 3 CA) t=~9 J: 7 t:::, Fe C 1 0 0) T'i'f~~li Cm 1 ~ti) 1 7 
li.R:ff fcti'f.Bfili'r'E ~ -'ftl::!111. ~ ~ L --C P 6..: ~ ~ ~ L --C P 6 o ~);:Pc, cm 2 ( C) t=~9 J: -5 
t=, 2 nm)],[O)MgO Cl 0 0) /"-lJ7fi2 1 ~Fe (100) T'ir~~ti (m1~ti) 1 
7 1:. t= :¥:wa c :.c 1::: Jr ::\=-1/ -v 1virx:* 9 .;s C .:: 0) ~ t>, Mg o u)~~ t::::' -1-:-..~~$ ~ m L \ k 0 

cm3 (B) (i, ._:O)~u)MgO Cl 00) /"-lJ7fi210)RHEED-{;,(-y~~9cmc 
&1:> 6 o cm 3 CB) t:::~9 J: -5 t:::, Mg O C 1 0 0) /"- lJ 7 fi 2 1 t> .R:ff~tf-Bfilr'r'E ~ -'ftl::!111. 
~~L --CP6..: ~ ~~L --Cit 'Oo 

(0021) 
cm2 (D) t:::~9J:7(:::, MgO Cl 0 0) /"-lJ7Fi2 1 J::.t-=:, ~iiiacW~ 1 0 nmO) 

Fe Cl 0 0) J::.ir~~ti Cm2~ti) 2 3~7f;mtLt:..o :rl~L--C, 1 0 nmM!~O)Cofi 
2 5 ~ F e ( 1 0 0) l:.J'f~~ti Cm 2 ~ti) 2 3 J::.t:::tlfi L t:..o C o fi 2 5 Ii, l:.J'f~~ti 
2 3 0) 1:~ni 1J ~ iW:i l1J Q ..= ~ '= J: --:::, L lx-'f-fT fn 11::jlljc @'. ~ *f~ 9 6 t:.. l1J 0) t) 0) C &') 6 0 y~ p C 
, J::.~O)WJ»t~~~m~~IL--CFe (100)/MgO Cl00)/Fe (l00)M 
T J ~~ ~ Jf;,IJX:9 6 o 

(0022) 
J::.gcE B t::: J: 6M g O~~(i, 1 0 - 9 To r r O);uliW:J§f~)tk~clftm~ff--::;, k.o ..: 0) 

1Jj~c(i, 1YU:z.(j:7J7 7-.£t!xl:.(::: 3 0 0 n mO),irx:m~ff--:::, k~-i'i-c t), ~§j~BJ=}c&':> V), 

.R:ff ~*t:afiliJWhiJf;lft ~ ,fl L p 6 ._: ~ 7)i;p7)'1,b O cm 4 (i, Mg O B½-ftBi(::: ;Bit 6 lffi_mtiM 
ass 7-.-r-Z!7 r-JvO)l~JlU~~~~9cmc&1:>60 cm4 t=~9 J: -5 t=, O0)7-.-r-Z/7 r-JvP 1 ~ 
o 2 0) 7---r-Z/7 r-Jv P 2 ~ i= ~9 6::5tJ±hiiW:J P..: ~ hi;bh~o o cm 5 Ii, Mg o~~tj=t O)M~ 
::5t)±O)}Wtlfii!JJ'.11-<t¥~~9cmc&1:>60 cm 5 t=~9 J: -5 t=, M~::5tJ±§fthih~tct ~) iW:JP..: 
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~ , :ltflif Bt ~ ~ td: ~~:51- EE 'b iW:i < i.J: 6 ('."_ ~ , feet ~,, ii, M g O OJ tf fl Hi (: .:B ~t 6 M g O 
**59§7'.J\ G 0~~0imt~£~T~9 .::s ti 0c~ tJ, Mg ox co. g < x < 1) 0 J: "J t=~ 
~Xtffei.7'.Ji1=_ t: ---c P 6 aJ~~t't7'.Ji~ 6 o ~~Xtffei.7'.Ji1=_ t: 6 ~Mg o f" > ,:z-Jvrf~OJiW:1 ~ 7'.Ji{5; < 
fJ: 6 ~ ~ ;t G t1 ( iYU ;t r:;t O . 1 0 r-..; 0. 8 5 e V ( J: IJ ~i~m ,: ri O. 2 ~ 0 . 5 e V 0) 

JTil±f!fiJ) ) , ('."_.f1t: J: IJ, f" > :Z-Jv'~ifit7'.Jiti1J□9 6 ti OJ~ ~;t Gt160 roj, -~Ef]fJ:A 1 
- o f" > ,:z-Jv~~OJ~c"'r, F e ( 1 o o) ~ 0 Fa~ 0 f" > ,:z-Jv~~OJ iW:1 ~ ti, o. 7 ._____, 2. 
5 e V ~ ~ ;t Gt16o ('."_ ttt:xt L ---C, Mg Oif.59§tiil~,Ef}feet f" > :Z-Jvpi;f~OJiW:1 ~ ii 3. 6 
e V c ~ vJ, *'*fl~ L ---ui o. 9 r-..; 3. 7 e V 01l7'.Jif~ G t1 ---C P 6 o **rn!!.010,lH: J: 
615$ ~ ffl P 6 ~, o. 3 e V f:'EJJ'. U) I, > ,:z-Jvpi;f~O) iW:i ~ 7'.JijfJE ~ tt, f" > ,:Z-}vpi;f~OJ{lk 
tlk-t1i: 1t7'.JiaJ~~c ~ 6 ('."_ ~ i,)q~7'.l\ 6 0 1§ L, --E 0ft!!0~l:z-l iYU .:t it~u~oJ :::r e - v > f" i.J: [" 
> :Z-JvOJJJ~ti 00:1i. L ---Ct-\6 aJ~~t'E7'.Ji~ 60 

(0023) 
CZ! 6 it, J:J~c07J$,: J: tJ ~Jg Lt-=: Fe ( 1 0 0) /Mg O ( 1 0 0) /Fe ( 1 0 0 

) MT J ~-=t"-0ftlr:;!filff}feetuitYltlk-t1i:ElEfi~T9CZic~6o itlUJE:Viarn'.2 0 Kt=.t~P---CMRl::t 1 
4 6%c~VJ, itlUJE:Viarn'.2 9 3K(:;BP---CMR1::tti8 8%c~-_::,f-=o ('."_O)f!iti, :EltE:ic 
(:~Via,: .:BP ---Cf~ G nt-::®: '8 iW:J PM Rl::tc~ 6 o ('."_ OJ J: "J feet iW:1 PM Rl::t:[i, F e ( 1 0 0 
) ffi:ti OJ .7-l::: > :5t ti.'¥ (: J: -:;, ---C gR BjJ 9 6 ('."_ ~ ii c ~ 9, ts L 6 , :::r e - v > f" fJ: .7-l::: > {FmJ 

ti f" > ,:z-1J > ~-'(: 00:rl9 6 ~ ~ ;t G t16o 1 6 O OJMT J ~-=t'-~~t1i: L kif.B:~FL MRl::t~ 
f" > :Z-Jvtlk-t1i:1ii ~ (: 009 6 ~j G-=> ~ ~i, 2 0 %1,J[i] c ~-:;, t-=:o MT J OJtiF~ :i t:J ti*'*~ 

W:~c 9 O %1,JJ:::. c ~ ~ t-=:o ('."_ OJ J: "J fJ: iW:Jl-vfl1i, ::,!s:7-:.7° P -cJ- 01f:::C1rt1: ~T~ L ---Ct-\ 6 
0 MTJ0tik-t1i:-:clJYfl (RA) ii, ~kOµm2c~l"J, ('."_uJf!i~i, MRAM(:JOOL, 
tdlic~6o 

(0024) 
CZl7 (a) ii, ~Via1=.t~~t6MRttoJ/\.-f7.7-ffi:)±{&:(¥tt~T9CZic~6o CZl7 (a) 

(:T9 J: "J (:, M RttO)/\ 1 7 A ffi:EE1:t:<1¥1t1:ti7'.J\feet vJ 1~ p _::: ~ 7'.Ji;b7'.J\6 0 ?Fxtfti.J:li'r1 ~ 

T97Ji, MRJ::t:7'.Ji"¥:~96ffi:J±Vha 1tlil25 OmV~P"J?F1¥f(:iW:JPf!i7'.Jif~Gt1---C 
P 6 o roj, ffE*OJ A 1 -0 *(: .:Btt 6M Rtt0"¥:(ox9 6 ffi:J±V h a 1 f ri 3 0 0 ,..___, 6 0 0 
mVc~6o CZl7 (b) (:, MTJ0/t1Jffi:J±V 0 ut(i (=/\17.7-ffi:)±X (Rap­
R p) / R a p) ~T9 o /t::tJffi:J±V O u t 0:®:::k11iii/l[W,1'\.-{ 7 7- (: .:BP ---C 3 8 0 m V 0) 

fli7'.Jif~ G n L p 6 0 ('."_ 011i~i, A 1 -0 /\ 1) 7 O)t~iiOJ1ii ( 2 0 0 m V) O);fr) 2 H'r0fii C 
~ 6 o 2: 0 J: "J (:, M Rtt~ It 1Jffi:EE ~ oJfifiJ7'5c iW:i t-\1l7'.Jif~ G ttk 2: ~ 1i, **rn!!.010@ 
,: J: 6 t>ZfiflT01f:Sc1J'l"E ~TL, L l, \ 6 0 

(0025) 
roj, J:::.gc*rn!!.070@(:.:BP---C (i, BC C OJ Fe ( 1 0 0) ~/tiPf-:7'.Ji, 1,;b vJ (:BC C 

OJ F e *-€5-~, fU ;t 11, F e - C o ii~, F e - N i ii~, F e - P t ii~~ ffl P 6 2: ~ 
tic~6o ~L\iiFe (100) fi~MgO (100) fi~OJFa~(:, 1™-=t'-fiX.[if9-:™-=t'­
fi f'Ern'. OJ W ~ OJ C o , N i fJ: ~·~ti¥ A L ---C 'b ~Po 

(0026) 
lR(:, ::,js:¥E,BF} OJ M 2 O)*rn!!.0)70@(: J: 6 uiimtlk-t1i:~-=t'-& U' --f O)~JE/J)it=-=> P ---C g5t8F} ~ 

iT"Jo **rnl!.070J~H:J:6 Fe ( 1 0 0) /Mg O ( 1 0 0) /Fe ( 1 0 0) TMR~ 
-=t'-OJ~Jg/JJ~cii, :i9.7-/'\,y !71J >:7'$i.J:~'t:J: vJMg o ( 1 o o) ~:$,*59§:it-:1i7 
=e;v7 7 :7.tk:@c:ltflL, --E01~t=Y _::::.-;v'9ll:Hlt~ff "J _::: ~ t= J: iJ C 1 o o) tii9§007'.JiJ'Nc 
fo]Lt-::$,Jf;59§:itdi*if-59§ft96,~~lif:l!t~90o .A/\,y !71} >f*11t1i, fU.:t1io Viarn'. 
7'.Ji~Via ( 2 9 3 K) c~ !'.), !7-J:f ,;1 f" ~ L---C ri 2 .-{ >cJ- cp OJM g O ~ fflP, Ar ~l±flm 
g::i c .7-/\ ,y !7 1) > :7· ~ ff-:;, t-=: o :!Jo.ifffi:::tJ 1i 2 O O \Ve~ t:J , Jrx>~1WJJ'.ri O. O O 8 n m/ 
s C ~ 6 0 _::: O)*·f1tc:ltfl L, kM g O (i 7 t }v 7 7 .7-:J;k:@c ~ 6 k rlJ, ~Via7J\ G 3 0 0 °C 
~ cViarn'.~ l::.:¥f-~ -t±, 3 o o 0c 1:.t3P---C ~JEHiFEi:11=~+¥~9 .::s ('."_ ~ ,~ J: tJ, if.59§1t~ nt-:M 
g O ~f~Q _::: ~ 7'.Jitt\*60 

(0027) 
roj, O);:tffei.OJlJA7'5$~ L ---c ~i, ox:*Hit= oxtffei.7'.Jij=_ t: 6*14clft*~ff "J 7'5½t ox 
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tffel ~ 1fziJ" 1?> lJ A 9 o 15tt, o Xtffel OJ &f> o if\~/J" G 1JIJ ;t ~iM~ 7° :J 7:.'? :Wlflx. rt§ ~M1ttJ:,. 
<:_" i= J: vJ M1t ~ff-:> -c &') o f'V!E v) o xis@~ ---c ~~9 o 15it:.OJ 1r, 9 t1 ~ m 1r, -c ti~ 1r, C 

(0028) 
1,11:_, **MEOJfu;~t= J: o u.ffi5n,tf\JJt~rt:x:ril\r t= J: tHt, AJ\ ,y !7 1J ✓ ::7''{~ ~mp -c 7 =c 

Jv 7 7 7'M g O ~ :ltfi LJdfzt= 7 _;::. -Jv:WlfU: J: iJ *i1i~11::9 6 t.= i:b, --f ,h. ri <:_"=kiJi!J, tJ tJ:,. 
~@'.!Jt£,~tJ:,.1t, <:_ 1t, "J fU~iJt&f> 6 o 

(0029) 
t11:_, **MEOJfu;~t= J: ouiml\:t:n:~rt= -=>It -.-c~BJ=I L-t-=n\ ::zjs:3%BJ=Itt-.: t1 G i=tU~N~ 

tl6 t, OJ c titJ:,. lt "o --f OJfth, fi Ir OJ~~, C:){~, ii"Jl7f-t"i-.b--J:t/JiciJ/'jtfJ:,. C: <:_ it~ *~t: § B}j 
c&f> 6 "Jo flJ:tti, Mg o fiH=M~X!Sta ~=!JA 9 61it--> 1J t:, 1JIJ:titc a--'? s r ~ F- ~ 
Y ::7'9 6-.: <:_ c f' Y *Jv~fll%OJra'J ~ ~ ~~9 6 jjif;.~ffl 1t "ct, ~Po ~ k, Mg Om OJ:it 
fi15tt <:_ L, c, ~r l::::'' - b.~~tt)Ui7' /\ ,y !7 1J Y ::7''if;. ~ 1JIJ t: L, c l:;52.B}j L, t.= /J\ --f OJ fthOJ 
:ltfitt tdlffifflciJ/'jtc &f> 6 -.: <:_ ~t § "J ~ct, tJ: Po ~ k, ra'J][~ <:_ vJ ffll:1-ef ri, ·fJIJ ;t itM~ ~ 
lJ}\L,tctP~t"i't:.:J'3Pc, llliP 1 0-6 p atlrOJ1ii~mL,, -15, M~~fU:iH'Jt==!JA 
9O~iic'Ei, 1 o- 4 P af'Ern'.OJfii~m9o 

(~*l:_OJfUfflciJ/'jt'i1:) 
(0030) 

M R AM OJ 1±\ 1]~)± 1ii !J it'!:* OJ iiO 2 1-& (: [ti] l:_ L, , :Jf 7J l::::'' ,y Hr& OJ ffira'J 1JfUiM R AM t: 100 
L, k tJJjg <:_ tJ: -:> c 1t .. 6 o 

( [XI 00 OJ M * tct §52. BJ=I) 
(0031) 

([XI 1 ) ::zjs:3%BJ=} O)m 1 OJ*tftEOJfu;~t= J: 6 MT J ~r;fljg ([Xi 1 ( B) ) <:_, 5~11i1!1: 
1i~~c&f>6 Fe ( 1 O 0) O):C*}v::}f-F~/' FtJJjg~/]'9[Xic&f> VJ, ~&:t1l~Fs~OJ [ 
1 0 0] jj[o] t:xi'9 6 E - E F OJ00{*~/]'9(XJ ([Xi 1 (A) ) c &f> 6 o 

([XJ2) [XJ2 (A) ir-G[XJ2 (D) ~cli, ::zjs:3%BJ=}OJ*JJiE.OJfu;~t:J:6Fe (100 
) /Mg O ( 1 0 0) /Fe ( 1 0 0) tJJjg~1f9 6uiml\:t1i:~r (tlr, r Fe ( 
1 0 O) /Mg O ( 1 0 0) /Fe ( 1 0 0) MT J J <:_~960 ) OJ~1Eif'E~tJ 

:i\ Ei'J (: /]' 9 [XI c &f> 6 o 
([XI 3) [XI 3 ( A) ti, F e ( 1 0 0) r-g.~~t:i Cm 1 ~t:i) OJ RH E ED ,1' ;,< - :J 

~/]'9[Xic&f> tJ, [XI 3 (B) ti, -.: OJ~OJM g O ( 1 0 0) /'\ 1) 7Jlf OJ RHEE D,1' 
;,<-:J~/]'9[Xlc&f>60 

([XI 4) Mg O .!vtftHit= .:13 ~t 6 immt:iM a s s 7' ~ ::7 f' Jv OJRt&U*a* ~ /]'9[Xlc &f> 6 

( [XI 5 ) M g o ~~ q=i OJ M~:5H± OJ !IJ:ltfii!rn'. 11xt¥ ~ /]' 9 [XI c &f> 6 o 
([XI 6) Fe ( 1 0 0) /Mg O ( 1 0 0) /Fe ( 1 0 0) MT J ~rvJ~tf'1Ei']tJ:,. 

uiml\:t:n:eMJ ~ /]'9[Xlc &') o 0 

([XI?) [XI? (A) (i, ~1 1iiU::Brt6MR1::tOJ/'\,,f77'~J±11xt¥ 1!1:~/]'9[Xic&f>60 
[Xi? (B) [i, MT J OJl±\1]~)±V O ut tt (=/'\,,f77'~)±X (Ra p-R p) / 
Ra p) ~/]'9[Xlc&f> 60 
( [XI 8 ) TM R ~r OJ tJJjg <:_ , --f OJ 11111' J]UI ~ /]' 9 [XI c &f> 6 o 
([XI 9) MRAMOJ£::zjs:tJJjgflj~/]'9[Xic&f> VJ, [XI 9 (A) iiMRAMOJf~-m[Xic&f> 

~) , [XI 9 ( B ) ~ t ti :i\ Ei'J tJ: @I Ii!& ;fl mt [XI c &f> 1) , [XI 9 ( C ) ~ t, 1i1E flj ~ /]' 9 l!fr 00 [XI c 
&') 6 0 

( [XI 1 0 ) 7 =c Jv 7 r 7' A 1 - 0 ~ f' Y * Jv ~ill% <:_ L, k tE*tf'1 TM R ~r vJ uiml\:tJt 
0) ITTn□~EEt= J: o ~11:: ~ /]'9[Xlc &') o 

(1-f~OJl:;52.BJ=I) 
(0032) 

1 ···ml OJFe (100) }lf, 3···**a~MgOx (100) &f>oPit (100) *a~ 
]J'jj;1Jiff,5t;jlljc[o]L,t.:$*5~MgOxfi (x<l), 5···m20JFe (100) }lf, 1 1--·* 
*a~M go x c 1 o o) &') o Pii c 1 o o) *a~OOJJif'.l:n:J'lic[ti] L-t-=:$*a~M go x £1ff c 
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x<l), 15···MgO (100) y-Ffi, 17···:Cl:::::$'~1/-vJvFe (100) T'fm 
~1:i ( ~ 1 ~1:i) , 2 1 • • • M g O ( 1 0 0 ) /\ lJ 7 Yi, 2 3 • • • :c l:° :::1 ~ 1/ -v Jv F e ( 1 0 
0) J::.~~~1:i (~ 2 ~1:i) 0 
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(~~:g) CillTia 
([ill 1 ) 

(A) 

(B) 

,.-... 

> 
(1) 

........... 
lt.il,t.. 

I 
lLJ 

1.5 

1.0 

0.5 

0.0 

-0.5 

5 

3 

1 

•♦• ··~ ~ h. I 

••••• 1-v 

. . . .. . . .. 

r 

. . . . . . . . : . ,. . . .. .. . . . . . . 
: . . . . . .. . . . . . . 

~ . .. . . . . . . . . . 
~ i . .. . .. 
X . . .. ~ . . . . . . . . .. . . . 

. . . .. . . .. . . .. . . .. .. .. . 

[100] 1.Jfti] 

Fe(100) 

MgO(100) 

Fe(100) 

. . . . . . .. . . . . .. . . . . _. . . .. . 
.. .. . . . 

Fe 

H 

WD EX1008 
Western Digital v IP Bridge 

Page 150



(CZ! 2 J 

(A) 

(B) 

(C) 

(D) 

MgO(l 00)¥ffi 

7=.-Jl,,(350°C) 

15 MgO(100) 
:.,,-F~ 

-r-----17 Fe(100)"F$ffl.f~ 

15 (50nm) 

- -_ -11 

--

-----
- -

--

21 MgO(100)1{ 1J7~ 
17 (2nm) 

15 

11 

i:=======================:;~----25 Co~(10nm) 
~ - - 23 Fe(100)..t$ffl,fi,~ 

l:=======================~-1----..._ ____ 21 (10nm) 
...---........--17 

15 

---11 
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(CR! 3 J 

(a) 

(b) 
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(CRl4 J 
4.0x10-s I ' I . I I I I 

d''~P2 

3.0x1 o-s - -: B.P.(1.0X1 □-10Torr) -
r-... ~: MgO depo.(6X10- 9Torr) 
=! 
~ 

'-' 

a. 2.0x10-8 - P1 -

~ I 
(R N 0 0 :r: 0 

1.0x1 o-a .;, 
z 

0 bO N 

N :::l:; 0 
:r: 

fk 
0 

0.0 
I _J _n, I I D I I I 

10 20 30 40 50 60 70 80 

If~~ 

Mass.A A';.? t---JI.,, 

(CR! 5 J 
7.0x10- 8 

6.0x10-s 

,,--... 5.0x10- 8 

::'i 
«j 

'--" 4.0x10-s 
a.. 
~ 3.0xlo-s 
(R 

2.ox10-s 

1.ox10-s 

0.0 
0.0 0.5 1.0 1.5 2.0 2.5 

tlffiil~C A/s) 

Mg0~3gtj:JO)~i~~'-EE 
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(CZ! 6 J 

6500 

6000 Bias V= 30 mV ___._ T = 20 K 

MR= 146 % 

5500 

-0---- T= 293 K 
.-----, 
N 5000 MR= 88 % ,--... 
E 
:::::t 
~ 4500 a 
L......I 

---
~ 

4000 

'--' 

~ 3500 
l;l;ti -

3000 

2500 

2000 L._.,L_--'-----'-___J_-----'----''-..__.....__,____.___.---------.L___,_,___.__---L-______.___,_-----L_L--....,___.___. 

-100 -50 a 50 100 
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(CZ! 7 J 

(a) 
90 

1.0 

80 
T= 293 K 

70 

,,.-.. 60 
~ 

z 
0 .,_ .__,. 

50 0 
3 
Q.l 

·.p 
ca 40 J... 

0.5 j::;j" 
(l) 

a:: 0... 

~ 30 s: 
:::0 

20 

10 

0 L......L---'-_,_---'-------'L_____L------'----'-------'--'"--'-------'---'--_.___.___.____.___.___._.,__,____.__,___._..___. 0.0 
-1000 -500 0 500 1000 

1,-{7.7.~J± V( mV) 

(b) 
400 

T= 293 K 

300 

,,-.._ 

> 
E 

...__, 200 ..... ::; 
":::::..o 

100 

0 
-1000 -500 0 500 1000 

1,-{?A~EE V(mV) 

(CZ! 8 J 
(A) (B) 

fflt~ ► 
t--:,,*;1.,~m 

11111 

<stmtt~.rnii) (~-fl::;!to/j) 

► ► 
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(CR! 9J 

(B) 

(C) 

GND 

103 

-+--
TMR~~ ~ 117 

--+-

I ~it:,~ I WL 

113 

p 

MOSFET 100 

100 
115 / 

111 ~ 

105 
101 
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(CZ! 1 0 ) 

0 
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CU) L \ 9,f11J" 1 JJ[(;:: gcti0liimt5:t1i:~-=t-~ 
~1f9 6 gc'f,~~-=fo 
ml ::KJJl 1 9 ) 
£:t!x ~ ~1fm9 6 If'E ~ , 
gl£tJxJ:J;:: 7 -1:-Jv'7 7 A1J<tl11'1-@'r:~ir, G tct 6 m 1 05~11i1r11tfi ~:ftHt9 6 If'E ~' 
glm 1 05~~ 1r11tfi J:J;:: 7-1:-Jv 7 7 7--M go fi ~~!ft L, 7 -==--;H;:: J: vJ gl7-1:-Jv'7 7 

:AM g o ra ~ if-afill1t L -c **a filJM g ox c 1 o o) cit) op t-t c 1 o o) *a filf OO?J~1.15t]'ljcftiJ 
L k:~'7f;fffillM go x ( o < x < 1) ;o-. G tct 6 r-✓ -=fJv~l~fi ~~Jft9 6If'E ~, 

gl r-✓ ;f Jv~~fi J:J;:: 7-1:-Jv'7 7 A1Jftl1:i'i-~7J-. G tct 6 m 2 05~liit!:1tfi ~:ftHt9 6If'E 
~1f9 o--: ~ ~t1rn ~ 9 oliimt5:t:n:~-=t-0mUjg1J$0 
rnl<KJJl 2 o ) 
~uic*if-afilJM go x c 1 o o) cit) o Pit c 1 o o) if-afilloo?J~11:5t]'ljcftiJ L t-=$*afilJM go 

x (O<x< 1) 7J-.Gtct6 r-✓ -=fJv~i;f~fi~~Jft96If'E$ti, 7--/~,1/ !7 1) ✓ :7--{*(;::J: ~) 
M g o x 0 x 111 ~ mfl~~ J-J.. 0 !7 - 1f '1/ t--~ m L \ -c :ttn 9 o --: ~ ~ t~rn ~ 9 o 11iY\t5:t:n:~-=t-
0 mUjg1J~*o 
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(~~:g) BJ:J;t._ffi~ 
( 3'e BJ:J OJ :g fa:) iJitsr(i.\;fJ'[~r Bz u -z-OJ ffiYiB:1Jit 
(txfiitrnffJ 

(0001) 
:;i1s:3'esmi, fuisr(i.\:tJ'[~r & u -z-OJffilJiB:1Jit ,= oo L,, tit=, rWJ" "iiiisr(i.\:tJ'[ ~~9 o fuimi.\: 

tJ'[~r&u-z- OJffilJ:rg1Jj~,= 009 6 0 

(~~txfiitrJ 
(0002) 

MRAM (Magnetoresistive Random Access Memory) ii, :EltEJ:t < }t=JPG.rt-CP6gi::ti~ 
rcc66 D RAM(:1-\h6=k'@_mJtiJ~tgc.t~~rcc6 V)' IP~, rWJJlfJ:~t'f3'ett;){ t 1) ~ L, 
-C ):t < Uf~!ffl3'e!Jif-y;b,r1 -C .:8 vJ , -fJU ;{.. ii, 4Mbi tOJMRAM!Ji-Jt /' 7 Jv tt\toJ ~ t1 k. ~ P -3 **it 
/Ji&) 6 0 

(0003) 
[ZJ 8 t-i, MRAMOJ 1t,!mHmcc66TMR~rOJ:fiiB:~, -z-OJi1J1tJ]Hl~/09[Zicc66o 

[ZJ 8 (A) (;::/09 J: -3 (;::, TM R~r(: .BP -C ii, l@t1Ulo/.J!J:-. G tJ: 6 r- /' :f Jv~l~OJ fififfflU ~ 
5~ili'r1~~/J'>G~om-1 ,&um 2 OJ 2 ~OJ'ffl'.:tit= J: VJ HUvti r- /' *}vfiJB:~~L, cl, 4 00 
r- /' * Jv ~l~m ~ L, -C ii, 7 t Jv 7 7 :7-OJ A 1 - Om !Ji}t=J" \ G .rt -C "\ 6 ( 1Ftiit :Xi¥i-x 1 $ 
~.ij) 0 [ZJ s CA) ,=/09 J: -3 i=, m-1 0)5~-fiitt:ffl:ti ~ m 2 0)5~-ni'riffl:ti ~ OJ-ni1tOJ roJ ~ !Ji 
-'ffr~-'ffr-@11l::OJ~ii-,= ii, r-✓ * }v:fiiB:OJ-Wo'iH= .:s ~t 6 ititl:JJrtiJ i= 00 9 6 ~rOJ'ffi'.mi.\: 
fJ'[!Ji/J\ ~ < tJ: 60 -1], [ZI 8 ( B) (;::/09 J: -3 t:, m 1 OJ5~-fii'riffl:ti ~ m 2 OJ5~ilii'riffl:ti 
~ OJ-@11tOJ rtiJ ~ !Ji-'fff tJ:Jx-'f1riiii1tuJ~t'i-(: ii, r-✓ * 1v:tliB: OJ-Waai: .:s ~t 61~itl1JrtiJ t: 
oo 9 o ~rOJ'ffl'.mi.\:t1[1Ji=k ~ < tJ: o O ~ OJi.\:tJ'[ftl'Ui, -~EfJ ~ tk~-c ii3(1t--tti", i.\:tJ'[fil'f. 
!JirWJp!J:-.fJkp!J:-.(;::£-:5Pc'~ffi "1", "O" ~ l,'tgi::ti~.rt6o -'fff-nit1t~Jx-'ffr-ni1t 
~ ii~t'f3'ei= gctt ~ .r'L 6 t:::. (/), ~t'f3'e'ri _){ t 1J 0)£:;iis:~r ~ L, -cm"\ o ~ ~ !Jic ~ o 0 

[ZJ9~. MRAMOJ£:;i!s:ffliB:~~/09[Zicc6~. [ZJ9 (A) ~MRAMOJ~m[Zic&)~ 
, [ZJ 9 ( B ) i i;tJ 5:\ EfJ fJ: @I !Flt ti mt [ZJ c c6 I') , [ZI 9 ( C ) ii, iiiB: fU ~ /0 9 ~ 00 [ZJ c c6 6 o 

[ZJ9 (A) (;::/09J:7,:, MRAM(:;J:3P-Cti17-FitfWL~l:::'',y r-fiBL~/Ji~~96 
J: 7 ,:jllfc@'. ~ ,(1, ~~]'j~(:M RAM t Jv!Jijlljc;@'. ~ .rt L" 4 6 0 [ZJ 9 ( B) i=/09 J: 7 (:, 17 
- Fitl~ l:::'',y r-fi~OJ~~-&~t:jlljc@'.~.rtt.:MRAMtJVii, TMR~r~, ~uJTMR~ 
r ~ t~JIJti~ ~ .rtt.:M OS F ET~ ~~ L, -C .:8 1), jl fori_\;fJ'[ ~ L, -C~~t9 6 TM R~rOJ 
i.\;fJ'[fil'f. ~MOS FE T (;:: J: t-J l:Jn:,ij-IJ:Xo ~ ~ (;:: J: t-J, gi::t~'~ffi~ l:Jn:,ij-tt\ 9 ~ ~ !Jic ~ 6 o rr1a 
, '~ffiOJ~~~;{..ii, JJU;{..i-f, TMR~r.As.OJ-ni~OJITT1Jm:J: ~fr-3 ~ ~/Jic~6o [ZJ9 

(C) ,:/09 J: -5 (;::, MRAM;){t lJ tJvii, p_!fllS i £:tJJ 1 O 1 p,n:Mtvt~.rtt.: 'J-Y­
tJJ:ti 1 0 3 ~ F v-1' ✓tJti 1 0 5 ~, -z-OJ Fa~ t= [mjJE ~ .rt6-'f-- -v *JvtJtii=xt L, -C M,W<: ~ .rt 
t.: Jf- r-ffl:ti 1 1 1 ~ ~ ~9 6 MO S F E T 1 0 0 ~ , TM R ~T 1 1 7 ~ ~ ~ L, -C P 6 
o 'J - Y-tJ{tQX 1 0 3 ti 'J - Y-'ffi'.:ti 1 1 3 ~fr L, -Ctit-1!!. ( G ND) ~ .rt, F v-1' /''iJYltQX 1 0 
5/i, J<v-1'/''ffl'.til 1 5 ~TMR~r~~frl,-Cl:::'',y r-fiB Lt:ti~~,r1-Ct,\60 17-
FfJW L iiij'- r-'ffl'.:ti 1 1 1 t=xt L, L [ZJ/0 L, ~ PtJui,= ;}~P -Cti~~ n L p 6 0 

(0004) 
tL1::.t:g£8J=J L,t.: J: -5 (;::, ~t'f3'e'ri;){ t lJ MRAtvHi, 1 ~OJMO SF ET 1 0 0 ~ TM 

R~r 1 1 7 ~ (;:: J: t') 1 ~OJ;){ t lJ t Jv ~M.!rx:9 6 ~ ~ !Jic ~ 6 t.: (lJ, rWJjUl1tt:iOO L, t.: 
;){ t lJ ~r ~ P -5 ~ ~ !Jic ~ 6 o 

(0005) 
(J-Ftiit:xm-x 1 ) D. Wang, et al. :Science 294 (2001) 1488. 

(3'e8J=J OJ lffl/0) 
(3'eBJ=J !JiP!li!'d( t.,, J: -5 ~ 9 6 l:ll~) 

(0006) 
:EltT\OJtxfiitr~ }t=JP6 ~ ~ (;:: J: ~ 6 4 Mb i t f'E&OJM RAM ~*:El9 6Je..im. L, iiv--::> -C P 
6 /J\ -z-ntll:.OJrWJ*fl1tOJ f.:(/J i= ii, MR AMOJ,t\lixi'i~c c6 6 TMR~rOJti'ri ~ roJJ::. 
~ --tt 6;J2:'..,~!Jic6 6 o ti,:, TM R~rOJ tt\:tJ'ffl'.EE ~ rtiJ_l::. ~ --tt 6 ,: ii, -@imi.\;fJ'[uJti=k ~ ffl 
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J±ti'riO)~~~O)[ilif7J;lJ't£,~c&':>00 CRl 1 Oti, 7t}V77AA 1-0~ 1--->*Jvpi;I~~ L, 
ktu:*2:E!TMR~~O)tJfimtl\Jr[vJEf];fJoffi:J±ts:= J: 6~1t~~9CRJc&':> 6 ( L 1) o CR! 1 0 ts:= 
~9 J: -5 i=, tu:*2:E!TMR~~i=:t3Pcti, liimt&t1[fJS:1J\~ <, tit=ffi:EE~ITT1J□90 c: ~ 
(-::: J: vJ liimt&t1[iJi~,JfHs:=1J\ ~ < tcct: 6ftJlfoJiJi,:JJ. G.hoo c: 0) J:. -5 iJ:ti'l1:cri, i1Jft?--::; > 
~ ~ fli L, k ti:\ 1Jffl:J±iJi;J\ ~ 9 ~-6 t-=: &), *~O) ict'i~~,= !ti P 6 0) iJiJl L, po J: V) g 1:f ff] 
t= ti, EU:k:O) TM R~~CIJ1tllmt1M1Ui~70% ~ 1~ <, :i k tl:\1Jffi:J± ti 200 m V J,:j_ T' ~ 11\;v" 
t-=&0, D RAMO)tl:\1Jffi:J±t=tt«-c*fiff1t=¥:nc&':l vJ, JlHlm'.~ J:::31'6 ts:::tu:P1i~iJi/ 
,,f 7-:'ts:=t_l ti .h cg,c,:JJ.j:\--tt;IJ: < fcct: -::J -Cl,,~ -5 ~ v 4 -5 Fn~~iJi&':l-:::, ko 

(0007) 
*¥€BJ=J [i, TM R~~(S:::;t3it 6 ti:\ 1Jffi:J±~::k ~ < 9 6 c: ~ ~ § ffJ ~ 9 6 c ~ /~ \·=, ::k ~ 

tcct:liimt&t1[t= J: vJ, 32J-Et=m1J1t9 o ic:t'i~u"r ~t:5!{P~9 o 2: ~ ~ § ff1 ~ 9 o 0 

(gJ~~Rli!~9 6 t-::&0 0)-=f:W:J 
(0008) 

*¥€BJ=JO)-f~.,t~~J=J:ttit, I--->*Jvrl~m~, g:t, I--->*Jvrl~mO)m 1 Til'.i'i!:tUt=10mt~.h 
t-= B c ctim~1f9 om 1 0)5~lii'l1:1im ~, ¢iuic: 1--->*1vrl~mO)m 2 oomu,=10,irx:~ .t1t-: 
B c cttia ~1f9 om 2 0)5~lii 11'11im ~, ~1f9 o liim I---> * ,vti-E';-ttmc &')-:::, -c, ¢iuic 
1---> *Jvpi;i~miJ\ **afillM g Ox ( 1 0 0) &':> 6 Pii ( 1 0 0) *afillOOiJi{f,5tjlljc[ti] l,, t-=: 
$*5fillM go x co< x < 1) mi= J: VJ 10mt~ tt -c po c: ~ ~w~n& ~ 9 oliimt&t1[~~iJ{ 
t:5!* ~ .hoo 

(0009) 
~ t-=:, Mg O ( 1 0 0) 7J" G fcct: 6 J, > *Jvpi;i~m ~, g:t, 1---> * Jvpi;I~m O)m l OOfflUt:10 

mt~.ht-=:Fe (1 O 0) iJ"GiJ:om-10)5~lii 111:1im~, ¢JUgcl--->*Jvrl~mO)m200fflU(s::: 
10mt ~ .tlk F e ( 1 o o) iJ-. G tcct: 6 m 2 0)5~lii'l1:1im ~, ~1f9 6lifim 1---> * Jvtit5-ttm 
c &')-:::, -c, ¢iuic:M go mh\ **afillM go x c 1 o o) &') o Pii c 1 o o) *afillOOiJiff'51c 
jlljcftiJ L, t-= $*5 fillM g ox co< x < 1 ) m ,= J: vJ .ffJmt ~ .t1 -c po -:. ~ ~tin&~ -to linmt& 
fJL~~iJij:5!{~ ~ .t16 c ¢JUgcM g O ( 1 0 0) fi O){z~:ijl1f!T'lLffil ~ ¢!Ugc F e ( 1 0 0) m 0) 7 
.:,:. Jv ~ :r. *;v :¥'- O)Fa~ O)~.il~1ii ( I---> *'vrl~ra'J ~) ~ **a fill ts:=:t3it 6 fii J: t:J ti 1~ < L, 
t-= c: ~ ~tin&~ 9 o O -1:_ic:ttnx ~mp o ~, liimt&t1[!JS:tw::k L, TM R~~O) ti:\ :tJffi:J± ~ ::k 
~ < 9 6 2: ~ iJic ~ ko 1 -=> 0) I---7 >-::; 7--. !J O)j't ~ ~ L,, c l:_gclrlmt&t1[~~ ~ !ti v "6 ~, 
~tl¥E.UvJgct'i~~~10Jr5t9 6 c: ~ iJic ~ko 

(0010) 
*¥€8Ji uJft!!O)H,~(s:= J:tHi, £tlx~~l009 6If.'£ ~, g:t,£tJxl:_ts:=m 1 0) Fe ( 1 0 0) 

fi ~:ftfj't9 6If.'£ ~, ¢!Ugcm 1 0) Fe ( 1 0 0) fi l:_(s:=ffi:~ e---1,,~=ff)it: J: t:J **afillM 
go x c 1 o o) &') o Pti c 1 o o) Jt-afillOOiJif,t51cjlljcfoJ L, t-:$Jt-afillM go x co< x < 1 
) iJ-. G iJ: 6 l---> * Jvpi;i~m ~ ra'Jl[g;gT'(s::: ;t3P c:ftfj't9 6 If.'£~, g:t, l---> * Jvpi;i~m _1_(-:::m 
2 0) Fe ( 1 0 0) m ~706½9 6If.'£ ~ ~1f9 6 2: ~ ~tiif.t ~ 9 6liim:Jf\;t1[~~0)ffik[jg:1J 
{~iJij:5!* ~ .h 6 0 

( 0 0 1 1 ) 
~ t-=, **5 fillM g ox c 1 o o) &')op ii c 1 o o) *5 fill OOiJif'l51cjlljcfoJ L, t-=$*a fillM g 

Ox (0<x< 1) iJ-.Gfcct:6£tJx~~1/ffi90m 1 If.'£~, g:t,£tJxl:_ts:=m 1 O)F e ( 1 0 0 
) m ~ :ftfi l,,, £AP c, *a fill4t0) k &0 0) 7 __:::::..-Jv ~ ff 7 m 2 If.'£~, ¢!Ugcm 1 JJ F e ( 1 
0 0) ml:_(s:=ffl:~e---l,,~:ff$(s:=J:t'.)**afil1MgOx (100) &':loP~i (100) *5fill 
00iJiff,5'cjlljcfoJL,,t-=:$*5fillMg Ox (0<x< 1) iJ-.Gfcct:61--->*Jvrl~ri~ra'Jl[g;gT'(s:::;t3 
Pc:ltfl90m3If.'£~, g:t,l--->*Jvpi;i~fil:_(-:::m20)Fe (1 O 0) m~70)r5<:90m4 
If.'£~ ~1f9 6 C: ~ ~ti?:tt~ 9 6@iyt:jf\;j1[~~0)ffik[jg:1Ji~!Jimf~~ .hoo rr'ti, ¢!Ugcm 1 I 
f.¥~m2If.'£~0)Fa~(S:::, **afillMgOx (100) &':loPii (100) *afillOOiJiff,5tjlljc[ti] 
L, t-=$*afillM go x co< x < 1 ) 7J" G iJ: o y- Fm~ m<:~9 oif.¥ ~1:r L, -c p -c ti ftp 

0 ~ t-=, ¢iuic7 t ,v 7 7 7--.M go m ~, Mg ox 0) xiii~ ~1ZiJ'f,:JJ.O) !l -if '1/ I---~ m v "-c 
:ftfj'tL,,-CtiftPo 2:0)~, ¢JUgc7tJv777--.Mg0~70frit96If.'£g=tts:=, Mg0xO)x1!i 
~ ~rz L, c ti ftv "o 
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(0012] 
:;iis:%Bl=J 0) ~ G t= '6U 0) fm,r~~u= J: ;h ii, M g O ( 1 0 0 ) /J'< G fJ:_ 6 r- / * Jv ~l!;i'Ji ~, g?z r­

/ * Jv~~ri O)m 1 o'offlUt:ff;mt ~ ttt-: 7-=t Jv 7 7 -7.f1i'l1:ii-~iJ" G tJ:. 6 m 1 0)5~fii'l'11ifi ~ 
, ¢JiJgc r- / * Jvpl~ri O)m 2 o'offlUt:ff;mt ~;ht-=: 7-=E Jv 7 7 A,UfJ.'11:i'r~/J'< G fJ:_ 6 m 2 0)5~fi 
1!'11ifi~, ~~96fim r- ✓ *Jvtii'riliB:c'&)--:,L, ¢JIJgcIV1g O ( 1 O 0) J'i0)£,!J~T' 
{!#o ~ ¢!Ugc7-=t Jv7 7 -7.fi'l'1i'i-~iJ" G tJ:. 6 m 1 x.ttm 2 0)5~fi 11'11ifi ~ 0) 7 .x.Jv ~ ~1iO)Fa~ 
OJ::f:rlEMc:fii ( f' / *Jvpl~O)r'a:, ~) ~ $;f.a@(:;f3~t 6IIWEfJIJ:1!l'i J: ~) 'bm < L, k:::.. ~ ~i~ 
rn ~ 9 o fimt&t1i:~-=t'-JJ{t:lf:1~ ~ tt o 0 

(%BJ=l O)"J:fJ:~J 
(0013] 

:;iis:%Bl=Jt: J: ttii, 17]:*0) TM R~-=t'-i=.!::t.rZ---C:=k ~ tJ:.fimt&t1i: ~1~6:::.. ~ iJic ~, TM R 
~-j"-0)/:t:tJffi:EE~:=k~ < 90:::.. ~!Jic~6o 171:--:,---C, TMR~-=t'-~JtiPkMRAMO)r'a:,* 
fi1LiJ{'@~ (: 1J: 6 ~ it" -5 ff 1BiJ{'&) 6 c 

(%Bl=J ~*:tifE9 6 t-=:(!J O)~_RO)jf;~J 
(0014] 

:;ijs:BF}*ffi~(= Blt "---Cm v "k $;f.a@t= B tt 6 1IIWEfJ IJ:1!l'iJ ~ 0) mi-i':f tJ:, ~JHrl7tffi'.-=t'-j}7t 
O)*!tiJ"Gtth&UL,td!ic'&)6 ($~:xlii:k: W. Wulfhekel. et al.: Appl. Phys. Lett. 78 
(2001) 509.) 0 :::.. 0) J:. 7 fJ:_)(1\~c it, ~~:Xtffel~iet-=t'-:X~te!Ji(;: ~Iv~·~ PIIWlfJtJ:. $;fa 

@Mg o 0) r- ✓ * 1vrl~O) J:-rJlf!l'i ~ § -5 :::.. ~ !Jic ~ o t-= (/), If;'!1tEfJtJ:.1!i ~ L-. -5 mi-i':f ~ml" 
ko 

( 0 0 1 5 J 
%BF} O)*:filEO)jf;~(: ~ lt "---C g£8J=I9 6 ¢JU(:, %B)=J~O)f-y--:, t-=: ~,~,H: ~ l "---C g£8F} ~ fr-5 o M 

T J O),ufi71.tf\;;t1i: (MR) J::tii, 1,j_T' O):i\c~~ ;fL6a 
LiR/Rp= (Rap-Rp) /Rp 

:::.. :::.. c, R p }Zzu"' Ra p ii, 2 ~ O)ffi'.tiO)fi1LiJ{f1T ~ BzffroJ±ti'i'oJ r- / t--1Hii'rt& 
t1i:c'&)6o Ju 1 1 i r e0)0:i\t:J:ttii, fl\;/'\,,-f7-7.ffi:,EE(:.t~~t6MRl::tJi, J,j_T'O)J: 
"J \=~~ ;fLOc 
MRl::t= (Rap-Rp) /Rp=2P1P2/ (l-P1P2) c'&)t"), 
Pa= (Dai (Ep) -Da 1 (Ep)) /(Dai (Ep) +Da 1 (Ep), a= 
1, 2 (1) 
~~~;fLOo 

(0016] 
:::..:::..c, Pa(i, ffi;-j"-0)-7.e°/j};f-i-$:c'&)i'J, Dai (Ep) ~Da 1 (Ep) ~ii, 

-f ;h-i:' ;h, $f!x_-7. e° ✓ /'\ / F ~ j,·f!x_-7, e° / /'\ / F 0) 7 .x. }v ~ :c * Jv :¥'- ( E F) ,: B tt 6 
~~iff)J'. (Dens i t y of state : DOS) c'&)6o 5i1HJfl'l'1.il!~~~&u"'i'r 
~0)-7, e° / O)'lfmi;f!lzii O . 5 tl T'c '&) 6 t-=: (/), J u 1 1 i r e 0)0:i\(: J:.ttii, ~ 'b r'aJ Ptit 
Yi:M R 1:t ~ L, ---C 7 O % iJ{-=fJlU ~ tL 6 o 

MT J ~-=t'-~ 7 -=t Jv 7 7 -7. 0) A 1 - O 0) r- / t--Jv rl~ ~ $;f.a@ffi:l!lz ~ ~ Jti P ---C 1t }ft9 6 
~, ':¥:ii'la c 0) MR l::t ~ L, ---C ~ 7 O % ~ P -51[l[iJi1~ G tL ---C P 6 iJ{, D RA M_ill7, 0) It :tJffi:EEc 
'&) 6 2 0 0 m V ~1~6 oJiiJt l, <, -1:'cl!OJ J: 7 (:tv1R AM*fJ!O)J-;j"9 6 Fn~~,B~ lJ:--:, LP 
6 0 

(0017] 
%BJ=I~it, ~1L'"'<':'.~"'*1/r'JLO)$¥a@ c 1 o o) '&)oPli c 1 o o) if:a@OOJJ{{f5t:Jl§cfoJ 

L,f-=$;f.a@Mg O ~ f' / t--Jvpl~~ L, ---CJ:tiv'>t-:MT J ~)ft~96 77°P-7~~:i'\df.Llt'>6 
0 fJE* 0) 7-=t Jv 7 7 -7. 0) 7 Jv ~ -r rl~ ~ ii~tJ:. IJ , ~1L'"'<' ::~", * 1/ r'J L ii*6@ (J]t-=t'-iJ{~~JlU 
IE L, < JJ§cJU L, tdo/lff) c '&J 6 k (!J, ffi'.-j"-iJ{l'r{t;L ~ t19, ffi:-j"-0) :::r l: - v / r-)(1\~iJi r- / * 
Jv1rl'hf_¥0).J3P""C1:~t¥~tt6:::.. ~iJ{-=fi!:lU~t16o CK! 1 ii, **:filEO)jf;~(:J:6MT J~-=t'-il 
J"ff (CR] 1 (B) ) ~' 5~fi 11'1W~~c'&J6 Fe ( 1 O 0) O):Ct-,Jv:¥'-/'\/ Fii:rE~~9 
CR] c '&) tJ , ~&:f!x.~ Fa~ 0) [ 1 0 0 ] 15 ftiJ i: x-;f 9 6 E - E F 0) ~ {* ~ ~ 9 CR] ( CR] 1 ( A) ) c 
'&)60 CR] 1 (B) (:~9 J: 7 (:, **:filEO)jf;~(:J:6MT J~-=t'-itiB:ii, m 1 OJF e ( 1 
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00) fil ~, m2(l)Fe Cl 00) fi5~, --:;hG(l)FJH:::t~~tLt-=*~fil!MgOx Cl 
0 0) fi&f)oPtJ:. Cl O 0) ~fil!TiiJi:Ji'Jl::5'cjllj['.[ti]l,,f.::$*afil1IV1g0x CO<x<l) iji/3 ~ 
, ~~l,,-C,f#f,!rx:~.h-CPoo J::J~cJ u 1 1 ire (l)=f-yJH:::J:tti;J:, £lJ~~C7)=f-){ >!7 
L,.i:J{ r- > t--Jv7ot;;z.,g::i(:::.:t3v"c1:~t¥~ t16 ~ 9 6 ~, Mg o ~:6!~9 6 r- > :r-.1v~mui 

r- > * Jv rl ~ t::: ½ ~ tct 7J ftiJ Ct-ff ·€5-fr Tio t::: x19 6 $*!tn ftiJ) Cl) iBt!lJ/-Z !! r- Jv k z ~ ~ 9 6 ffl: 
~i:Jixjlljcff}(:::tctoo [2] 1 CA) (:::~9[ 1 0 0] Cr -H) 7Jfti](:::.:t3~t 6 Fe Cl):.C,:fJv:¥'­

/'\ > F[2] t::: J: t1tJ\ 7 .x-Jv ~ ~1:t[ E F (::: .B ~t 6 tk:@~& CD OS) ii, $'£1{;;t., l:::: > ~ 0'~ 
;;z., 1:::: > (7)-lf'--:f,1'\ > Fi:Ji7 .x-Jv ~ ~1:tr E Ft= .Bv "ctk@~~ t,, -c 11 "6 t-= rJJ, -f ttri ~· rWi 11 "1Fmi 
:ti*~~~ fcct: Po l,, i:J, l,, ~/Ji G, ffi;~OJ :::t l::: - v > r- t~@i:Ji r- > ;f Jv~f'£(7).J3P -C 1:'f:t¥~ 
.h6~5t:::ii, p};i~(:::½~tctfan:::~ L, -Cr- - !J Jvt=:xt~tcct:i&:111~~~~9 6£lJffi;~C7)h­
i:Jipf~~tii:::.:t~it ot~@~ ~Jll,,, &f)o-JE(l) r- > :fJvu'i*~=ti-:J--: ~ t=:tctoo [2] 1 CA 
) (:::~9 J: -5 t:::, ~;;z., l::::> ~ l /'\':/ }-:' CJ!Jl) iJi7.x-Jv~~f:t[E p(:::>[:k:@~~90/J\ 
0"~;;t., l::::::,,,, ~ 1 /'\::,,,, }-:' Oi&*l) ti 7 .x-Jv ~ ~1:tr E Ft= tk:@~ ~ L, ~It"◊ --: Cl) J: -5 tct F e ~ 
1 /'\::,,,, F (7)/, - 7 ;J. !J Jvff}tcttifi&(::: J: i), 3Fm'(::: rWJ PM Rl::t;i:Ji:::z l::: - v::,,,, r- fct ;z l:::: ::,,,,1fmiti 
f' ✓ * Jv(::: .BP L 1~ G tL 6 oJi'H~11'1i:Ji&f) 6 0 :.cl:::: !7 q-y --v Jv C **a fill &f) 6 p ii C 1 0 0) jlljc 
ftiJ:$*afil!) (l)MT J (i, r- ::,,,,,:f;v~f'E$t:::.:t3~t6~~(7)~15Li:Jit[l]mU~tL6t.:r1J, J::J~c(l)J: 
7 ~ :::z l::: - V ✓ [' tct [' > * }v ~*±J!9 6 t-= r1J t= (iil;11tffJc &f) 6 ~ 75 ;z_ G ti 6 0 

( 0 0 1 8) 
l,,_1 T', ::zjs:~8)=} Cl)m 1 (l)*JJlE(l)jf;@(::: J: 6-n.¥i5?1.tE~J1i:~~& u"'-f (7)~J£7JJ~(::: -:JP -C [2]]J'ij ~ 

$~l,~ l,,-:J-:Jg52,8}=}~1T 7 0 [2] 2 CA) 7J' G [2] 2 CD) ~ cii, ::zjs:~8)=} (l)*JJlE(l)jf;@(::: J: 6 F 
e C 1 0 0) /Mg O C 1 0 0) /Fe C 1 0 0) t#.J£~~9 6-n.¥i5?1.l\:t1i:~~ CJ;_lT-, 1 
F e C 1 0 0) /Mg O C 1 0 0) / F e C 1 0 0) MT J J ~ ~9 6 o ) (l)~ia-If'E ~ 
tJS:\ffJt:::~9[2]c&f)oo Fe C 1 O 0) (i, B CCt#.J£~~9o5~-n.¥i'l'11i-c&f)oo ~9, 
*~fil!M g O C 1 0 0) £tJx 1 1 ~~{im l,,, MB E $ C:5t~ifJ:.c l:::: 7 q-y-$) (::: J: !t), 
*~fil!MgO (100)£Wll(l)~]J'ij(l)=f-7~P1/-~~~9of-=r1J, MgOClOO 
) y- F.fi 1 5 ~-0½*9 6 c :rl®rr l,, -C, [2] 1 CB) (:::~9 J: -5 (:::, 5 0 n m}]j[JJ:.C l:::: 7 q­
Y--v Jv Fe C 1 O O) T'irB~ti Cm 1 ~ti) 1 7 ~Mg O C 1 O O) y- Fri 1 5 J:J:::'¥: 
Mac Jrx:* l,,, (AP c, ;!JlrWJ]lg;gT' C 2 X 1 0 - 8 P a) (:::.;BP-C, 3 5 0 °Cc 7-.:=.. - }v ~ 

fr -5 o rsj, ffl:~ifl~~t::: .B ~t 6 *14-ti, noif~J±i:Ji 8 kV c &f) vJ, lft*iSR&i:Ji O. O 2 n 
m/fy-, Jrx:*w!&i:Ji'¥:Wil_ C 2 9 3 K) , 'J- ;;t., ~ l,, -C 1i1l$_m.~@fflifJif1XOJM g O CM g ~ 
0 ~ Cl) tt;i:Ji 1 : 1 ) ~ J=Fi P, 'J - ;;t., ~ £:rJx ~ Cl) I?ewt ~ 4 0 c m ~ L,, /'\ '';/ !' !!'' 7 r) ::,,,, F Cl) 
l[g;gJ3ti:Ji 1 X 1 0 - 8 P a, 0 2 jj-J±i:Ji 1 X 1 0 - 6 P a c &f) 6" rsj, 1l$_m.~@fflifJif1XC7) 
Mg O CM g ~ 0 ~ (7)}:t;i:Ji 1 : 1) (7)1-\h vJ (:::, 0 :Xtffel ~~9 6 'J - ;;t., ~ fiJ=Fi9 6--: ~ t> 
oJ~~c&f) oo 

(0019) 
[2] 3 CA) (i, --: (7)~(7) F e C 1 0 0) T'irBffl:;f-i Cm 1 ~;f-i) 1 7 Cl) RHEE D ,,f ;;< -

1/~~9[2]c&f)oo [2] 3 CA) (:::~9 J: -5 t:::, Fe C 1 O O) T'irB~ti Cm 1 ffl:ti) 1 7 
ii~3lf~t:afill'l"E:~-'-f'-t§ 11'1~~l,,-CP0('.". ~ ~~l,,c~"Oo /;i;:Pc, [2]2 CC) t=~9 J: -5 
t:::, 2 n mW Cl) Mg o C 1 o o) /'\ lJ 7 Ti 2 1 ~ F e C 1 o o) T'irBffl:t!lz C~ 1 ffl::r!lz) 1 
7 --1:.t:::'¥:Wil_ c:.c l:::: !7 q-Y--v Jvf1X*9 oo --: Cl)~ t>, Mg O Cl)ffi;~ l::::'-L,.~~~12~ J=FiPt.:o 
[2]3 CB) ti, ('.".(7)~(7)Mg0 Cl O 0) /'\l)7fi21 (l)RHEED,,f ;J.-1/~~9[2]c 

&f) 6 o [2] 3 CB) t:::~9 J: -5 (:::, Mg O C 1 0 0) /'\ lJ 7 Ti 2 1 l> ~3lf ~*a fill'ri ~ -'-F-tl:!11'1 
~~l,, -CPo--: ~ ~~l,, -CPoo 

(0020) 
[2] 2 CD) t:::~9 J: -5 (:::, Mg O C 1 O O) /'\ 1J 7fi 2 1 ____t(:::, '¥:wa cW~ 1 On m(l) 

Fe C 1 O O) --1:.irBffl:ti C~ 2 ffl:ti) 2 3 ~lf;Jrx: L, ko :rl®rr L, -C, 1 O n mW~ Cl) Co Ti 
2 5 ~Fe C 1 o o) --1:.irB~ti Cm 2 ffl:ti) 2 3 --1:.t::::ttHi L, ko co Ti 2 5 ('i, --1:.irBffl:ti 
2 3 (7)f:'f:ti1J ~ rWJrJJ o--: ~ ,::: J:-:::, -c Jx+ffun1ljlljc@'. ~*119 o t-= rJJ Cl) t> o)c &f) o O t;i;:P c 
, ____tgc(l)f'f!rx:~:i'tt-:/-~ib&*ffi7JDI l,, -CF e C 1 0 0) /Mg O C 1 0 0) /Fe C 1 0 0) M 
T J ~~~ffjJrx:9 oc 
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(0021] 
J::J;cE B (: J: 6M g o~~(i, 1 0 -9 TO r r 0)JE!!ra':Jl!s§tk@cmtlll~fr--:::, k..o --= 0) 

15j~cti, 1§Ux.tijJ7 7-.£tJxJJ: 3 0 On mOJB'x:/ll~fr--:::, k..~cS"c t>, ~lfE~BJ:Jctib V), 

fttrf lJ: **a fil!Jlihifu;$t ~ ;fl L p 6 --= ~ 7)i;p7)'16 0 cm 4 ti, Mg O mt~Bii= :8 it 6 lill!IUiM 
ass 7-..r-Z/7 r-JvOJID!itlU7f:a~~;;r;:9cmcc1t:>60 cm4 i:::,r;:9 J: -5 t:, OOJ7-..r-Z!7 r-JvP 1 ~ 
0 2 OJ 7--. .r-Z !7 r-Jv P 2 ~ (: fffl 9 6 ft-J±hira':J v "2:". ~ hi;p7)'16 o cm 5 1i, Mg O ~~g=t OJI®:~ 
ft-EEOJntttfi:r!!JJ'.1tt¥~::;r;:9cmcc1t:>60 cm s ,:::,r;:9 J: -5 i=, i®:~ft-J±§ftiJiiJ'lt~ vJ ra':JP2:". 
~, t[fjJ!!jJ'. ~ ~ ti (:!®:~ft-)± l> ra':i < t~ 6 2: ~, t~ ~'ti, Iv1 g O OJt[fiBii:.:;i'3 ~t 6M g 0 
**51ilih'IGOJl®:~OJ~ij£~;,r;:~96tivJccit:>tJ, MgOx (0. 9<x<l) OJJ:-5t:i®: 
~XtffetiJi1=. t: --c P 6 ciJi'It'f4.iJitib 6 o l®:~XtffetiJi1=. t: 6 ~Mg o r- > *Jvpi;f~OJra':1 ~ iJifl\; < 
t~ 6 ~ ~ ;t G ;h (f§U ;t ti, O. 10,..____,0. 85 e V, J: vJ ~$$ffi t: tiO. 2r--,;O. 5 e V OJ:iTilffl pq) , 2: ;h 
t= J: VJ, t--> *;1,,ffi:ifit!Jiti1J□9 6 't> uJ ~ ~ ;t EdTo O ri1D, -~lf]t~ A 1 - o r- > * ;1,,~~ 
vJtii'i-, Fe ( 1 0 0) ~ OJFa~OJ r- > *Jvpi;f~OJra':1 ~ ti, 0. 7 r--,; 2. 5 e V ~ ~ ;t t~ ;h 
6 o 2: ;h(:xi L --C, Mg O 7f:fifill tiI_E!l.?/1llf]t~ r- > * Jv~~OJ ra':I ~ ti 3. 6 e V c cit:> vJ, *'* 
1ii ~ L --C ti 0. 9 r--,; 3. 7 e V OJf!ihif~ Gtl --C v "60 :;,js:*1JlEOJfu;@(: J: 615it.~ l=fiv "o ~ 
, o. 3 e Vf_¥)J'.OJ I'-> *Jvpi;f~OJra':1 ~ iJiflJE~ ti, r- > *Jvpi;f~oJ1l\:tltt1i:1tiJiciJi'Itccit:> 
6 --= ~ l)i;fJ/')"Q O 1§ L' --f 0) HhvJ~l:z.-:L f:1Ux. ti~U:izt 0) ::::r l: - V > f' t~ f' > * }vOJ:fi~ t> fffl 
ii LL V \ 6 ciJi'It1f4.hicit) 6 0 ri1rj, l®:~Xtffelt:£-5 <Mg OX 0) X OJ1ii ~ LL (i, 0. 9 8 < 
x< 1, J: VJ trf:i L < ti0. 9 9<x< 1 f_¥JJ'.ctib vJ, Mg *1*vJJ:-5 t~t>OJti~;i;h9 
' Mg O 0Jti 1f4.hi£:;,js:Jf] (: li$Ui ~ tlo iTilfflc cit) Q 0 

(0022] 
cm 6 ti, J:J~cOJ15$,: J: tJ ~Jg Lt-=: Fe ( 1 0 0) /Mg O ( 1 0 0) /Fe ( 1 0 0 

) MT J ~-=t'-OJftir::!fillfJt~uttYlID:t1i:ElEfJ~;;r;:9cmctiboo i&UJEViarn'.2 o Kt=.t~P--CMRtt 1 
4 6%ccit:>vJ, itlUJEViarn'.2 9 3K(:;BP--CMR1::tti8 8%cclt:>-_::,f:::..o 2:".0Jf!iti, :EltE:ic 
(:~Viat: :BP --Cf~ G ;ht-::®: l> ra':i PM Rl::tccit:> 6 o 2: OJ J: 7 t~ ra':I PM Rl::1:::ti, F e ( 1 0 0 
) ffl:tillirOJ 7- 1:::: >ft-tillir$:t= J:--:::, --c~sJJ9 6--= ~tic~ i", tr L ;s, ::::r l: - v > t--t~ A 1:::: >1Fmi 
tillir r- > * 1J > t;lt= ffflJl9 o ~ ~ x. G tio O 1 6 o OJM T J ~-=t"-~~i\ft L t::..if-a~, M Rtt~ 
r-> *;vID;t1i:fii~ t:fffl9 6 ti G ~~ti, 2 0 %t117'1cclt:>--:::, k..o MT J OJ~~;t vJ ti*!*~ 
~~c 9 o % u_-1:_ c tib--:::, t::.. C 2: OJ J: -5 iJ: ra':i 1. ,fliti, 2's:7 :f i=r - ":f-OJi:f~1J,f4. ~ ;;r;:~ L --c 1.-. 6 
o MT J vJID;t1i:-:.c 1) 7fi (RA) ti, ~k Q µ m2ccit:> tJ, 2:".0Jf!iti, MRAM(:JffilL 
tdliccit:>60 

(0023] 
cm7 (a) ti, ~Via,::B~t6MR1::l:::OJ/'\,,f77-.ffi:J±1tt¥'14.~;;r;:9cmctib60 cm7 (a) 

(:::,r;:9 J: 7 t=, MR 1::1:::v) /'\ ,,f 7 A ffi:EE 1tt¥'14. tiiJ'lf~ !J 1lh \--= ~ iJi;fJ /')"Q O ?Fxifi:IJ:l~ 114. ~ 
::,r;:9/Ji, MRl::l:::hi"¥:~96ffi:)±Vha 1tlil25 0mV~P7?F1¥f(:ra':JP1!ihi1~Gtl--C 
P 6 o ri1rj, iJE*OJ A 1 -0 *(: .:stt 6M Rtl:::OJ"¥:ilox9 6 ffi:J±V h a 1 f ti 3 0 0 ,..____, 6 0 0 
mVccit:>60 cm7 (b) t:, MTJOJ/t1Jffi:)±V 0 utti (=/'\177--ffi:)±X (Rap­
R p) / R a p) ~ ::,r;:9 o /t ::tJffi:J±V O u t OJ:®:::k1!iti/l[W/'\,,f 7 7--. (:.:SP --C 3 8 0 m V OJ 
flihif~ G ;h --C P 6 0 2: OJ1iiti, A 1 -0 /'\ 1) 7 OJtii'i-OJ1ii ( 2 0 0 m V) OJ;fr] 2 H}OJf!i c 
cit:> 6 0 2: OJ J: -5 t:, M Rtt~ te ::tJffi:EE ~ oJfifiJ15c ra':i 1. ,filiJif~ G tit::.. 2: ~ 1i, **MEOJfu;@ 
,= J: ot3zf#rOJi:f~M1 ~;;r;: L --c 1.-. o 0 

(0024] 
roj, __l:_gc*1JlEOJfu;@t:;t3P--C ti, BC C OJ Fe ( 1 0 0) ~/tiPf:::..iJi, {\;fJ vJ t: BC C 

OJ F e *-@r~, fU ;t ti, F e - C o ii~, F e - N i ii~, F e - P t ii~~ J=f1 P 6 2: ~ 
l>c~6o ~L-.tiFe (100) fi~MgO (100) fi~OJFa~,:, 1™-=t'-fiX.tif9-:™-=t'­
fif'Ern'.OJW~ OJC o, N it~ ~·~ti¥A L --C l>.R:Po 

(0025] 
rxt=, :;,js:¥E,BF} OJ M 2 0)*1JlEOJff::;@t= J: 6 uiimID:t1i:~-=t'-& Zf--f O)~JE15)it= ~ P --C g~BF} ~ 

iT7o :;,js:*1JlEOJff::;J~H:J:6 Fe ( 1 0 0) /Mg O ( 1 0 0) /Fe ( 1 0 0) TMR~ 
-=t'-OJ~Jgjjj~cti, ;i97,./'\,y !7 lJ >:Y'if;.IJ:~'ts:::J: vJMg O ( 1 0 0) ~:$,*afil!:it-:~i7 
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=c Jv 7 r ,:::;z ~~c :ttfl L , -f (7) t'!t t = 7 .:=.. - JvYL!:fl ~ ff -5 .:: .t t = J:: vJ C 1 o o ) Jfta fill Tia !JiJ'Nc 
ftiJ L t-:$Jfta fill j: tdi*Jftafill1L9 6 ,~ ~ 1i~ .t 9 6 o ,::;z,1'\ ,y !J lJ > :7•'*141i, f:JIJ ;t lie Wilm'. 
!Ji~Wi\_ (2 9 3K) c&'>t), !J-if,y l---.tL-Cti2~>.cf-cp(7)Mg0~/tiP, Ar~lfflsr\ 
q=t c A/'\ '1/ !J 1) > :7•' ~ff-::> k C :JJoilffi:1J ,i 2 0 0 We&'> 1) , it5t-ftilfi'.ii O. 0 0 8 n m/ 
s C &') 6 0 --= (7)*·f4c:ftfl L kM g O ii 7 t Jv 7 7 ,:::;z:~~c &') 6 k tlJ, ~Wi\_!J, G 3 0 0 °C 
j: cWil.Bt~ J:.~ ~ it, 3 0 0 °C (S:::;r3P't ~JEH~Fa~1:'f:ti~9 6--= .t t= J:: v)' JftBfill1t~ t1J-:M 
g O ~ilJ!J,6..: .t !Jitb*oo 

(0026) 
rnJ, oxt~(l)lJJ\./11~.t L't(i, M-ftH~t=oxtffit!Jij=_t:6*14c,Q½-ft~fr-5:1J{~, ox 

tffit ~ 1fz!J, t?> lJ A 9 6 /Jtt, 0 Xtffet (7) &') 6 if\~!J, G fJIJ ;t iiM~ /
0 

7 A'Y Yll:flx. ti§ ~M1ttJ:,. 
.t"(: J:: VJ M1L~ff-::> -c &'> of'Efi'.v) o ,);:js@j: c~~9 6:1Jif;.(7)1t '>9,fl~ ffllt 'Lt, ~It 'c 

(0027) 
1,_1--1:., **ME(l)fu;~i= J:: o unmtl\JJt~rHziil\r ,= J:: tHi, AJ\ ,y !l JJ > :7--{~ ~mp -c 7 =c 

Jv 7 r ,::;zM go ~:ftfl LJdfzt: 7 .:=..-;vJl1:EU: J:: vJ Jftafill1L9 6 t-=: tiJ, -f ti.rt .t"*!Ji!J, vJ tJ:,. 
~@'.!Jt£,~tJ:,.1t, .t 1t, -5 fU~!Jt&'> 6 o 

(0028) 
~,X(:, ::zjs:3%BJ:I (7)*Jm(7),f0~(7)3(,ff;{YIJ i= J:: 6 uimtl\;tJt~rt= ~ lt 4 L [ZJTia ~$~,ij L ~~g52.BJ:J 

~ff-5o [ZJ 1 1 ti, ::zjs:3%8}I(l)*J]iE(l)70~(7)3(701JIJ(:J::6MT J (l)~rti:1£~:,r:9[Zic&'> v) 

, [Zil (B) t::x-;fJ;JS96[Zic&'>00 [Zil l(S::::,r:9J::7(:, **JmvJ,f0~(:J::6li#imtl\;tJt~ 
rii, J:.gc*ME.(7)10~,= J:: o uimtl\;t:n:~r .t [o];t!H=, **a fillM g ox c 1 o o) &')op ti 

( 1 O 0) JftafillOO!Jtff:5t;jJljcftiJLkM~Xtffet$JftafillMg Ox (O<x< 1) Fi 5 O 3 ts:=xiL 
-C §~tt G t16 ffi:ti .t L -C, 7 =E-Jv 7 7 ,:::;z 5~t1i1!1:i'i-~, f:jlj ;t ii C o F e B Fi 5 0 1 , 5 0 5 
~fflPt-:,~(:1i~t!Jt&'>oo 7=E-Jv77,:::;z5~,@1111:€i-~ti, fJIJ;zti~~if;.~Pti,:::;z,1'\,y !J lJ > 
y-j~~fflP't,f0,qx;iiJ~Ec&'>oo 11J!J,Gtlk1i1!1:~ti~ 1 (7)*Jm(7),f0~(7)~i';-.t titI'[o];tfc&'> 
60 

(0029) 
roj, 7=E-Jv7 7 ,:::;zf.ffi1!1:i';-~(S:::~P't ti, f:jlj;tti, FeCoR FeCoBSL FeCoBP, FeZr, CoZr 

tJ:,. .t" ~ ffl P 6 ..: .t tJ c ~ 6 o 

(0030) 
l'lJ:., ***(7)70~(= J:: olrimtl\;tJt~r(: ~ P -c g52,B}I L k !Ji, ::zjs:3%BJHi.:: tl G (S:::fijljpN ~ 

tlo tJ (l)c/itJ:,.1t 'o -f vJfttr., li 1r (7)3(~, c'iz~, ii"il.h-i'i-.bitiJiiiJ~EtJ:,. ._: .t ti~*~'=§ B}=J 
c &'> 0 -5 o f:JIJ ;tti, Mg o Fi t=M~X!Sta ~lJA 961,.t--> ~ ts:, f:JIJ;t tic a--'? s r ~ F- ~ 
:,,,, :7•'9 6..: .t c I---:,,,, :f Jvpi;I~(l)~ ~ ~ ~~9 6 :1Jtt ~!tit, -C tJ ~t 'o j: k, Mg O Fi (7):ft 
fl:1Jtt .t L -C, ffi:r l:::''-b~~tt.Xti::7-/" ,y !J 1) :,,,, :7''if;.~ fJIJt: L -C gQB}=J L t-=:!J\ -f (7)fm(7) 
:tifl1~ t, 1fffiffloJ~tc &'> 6 .-= .t ti§ -5 j: ct, tJ: Po :it-:, ~][~ .t (7) mi-ef ti, fJIJ ;t tiM~ ~ 
lJ]\L;IJ:t,:tii';-(:;t3P-C, llli:0.1 o- 6 P aLJT"(l)fii~ffiL, -:1J, M~~fU:iff'l(:lJ]\ 
90~iic'Ei, 1 o- 4 p af'£Bt(l)fii~ffi90 

(~* --1:. JJ fU m oJ ~t'r1J 
(0031) 

M R AM (7) tb 1Jffi:J± 111 !J ti!E* (7) *l 2 11H: ftiJ J:. L , ~ 7J !:::'' ,y 1' it'& (7) !EH~ lUlM R AM t: JOO 
L kti:1£.t tJ:,.-::> -C 1t 'oo 
( [ZJTia (7) M * tJ:,. gQBJI) 

(0032) 
([ZJ 1 ) ::zjs:3%BJ=} (7)~ 1 (7)*Jm(7),f0~(: J:: 6 MT J ~rti:1£ ([ZJ 1 ( B) ) .t, 5~lri 1!1: 

iis:~~c &'> 6 F e ( 1 o o) (7) X:f Jv~ - /'\ > Fti:1£ ~:,r:9[Zlc &'> vJ, 115tJ&~Fa~ (7) [ 
1 0 0] :1JftiJ (S::::Xi9 6 E - E F (7)~1*~:,r:9[ZJ ([ZJ 1 (A) ) c &1:i 6 o 
([ZJ 2) [ZJ 2 ( A) !J, G [ZJ 2 ( D) j: c ti, ::zjs:3%B}I (7)*Jm(7),f0~(: J:: 6 F e ( 1 0 0 

) /Mg O ( 1 0 0) /Fe ( 1 0 0) ti:1£~1f9 6uimtl\;t1i:~r (1,_lT", 1 Fe ( 
1 0 0) /Mg O ( 1 0 0) / F e ( 1 0 0) MT J J .t ~9 6 o ) (7)ffiJl:I£If'E ~ ti 

:i\ ITT t: :,r: 9 [ZJ c &1:i 6 o 
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([2] 3 J [2] 3 ( A) ii, F e ( 1 0 0) T'f'fW~tir Cm 1 'ffl:t~) uJ RH E ED ,,f ;,Z - :} 

~~9[2)c&1:ivJ, [2)3 CB) ii, 2:0J~OJMgO (100) /\ 1}7tiOJRHEED,-{ 
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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-HAL T (1-866-999-4258). 
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GRANTED 

LICENSE FOR FOREIGN FILING UNDER 

Title 35, United States Code, Section 184 

Title 37, Code of Federal Regulations, 5.11 & 5.15 

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

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

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

NOT GRANTED 

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

Select USA 

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for 
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources 
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to 
promote and facilitate business investment. SelectUSA provides information assistance to the international investor 
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states, 
and regions competing for global investment; and counsels U.S. economic development organizations on investment 
attraction best practices. To learn more about why the United States is the best country in the world to develop 
technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call 
+ 1-202-482-6800. 
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Application No. 
13/767,290 

Applicant(s) 
YUASA ET AL. 

Office Action Summary Examiner 
ALONZO CHAMBLISS 

Art Unit 
2897 

AIA (First Inventor to File) 
Status 

No 

-- The MAILING DA TE 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 .J. MONTH(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 
1 )~ Responsive to communication(s) filed on 2/14/13. 

0 A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on __ . 

2a)O This action is FINAL. 2b)~ This action is non-final. 
3)0 An election was made by the applicant in response to a restriction requirement set forth during the interview on 

__ ; the restriction requirement and election have been incorporated into this action. 
4)0 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 G.D. 11, 453 O.G. 213. 

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

5a) Of the above claim(s) __ is/are withdrawn from consideration. 

6)0 Claim(s) __ is/are allowed. 
7)~ Claim(s) 1-11 is/are rejected. 
8)0 Claim(s) __ is/are objected to. 

9)0 Claim(s) __ are subject to restriction and/or election requirement. 
* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a 

participating intellectual property office for the corresponding application. For more information, please see 

http://www.usoto.gov/patents/init events/pph/index.isp or send an inquiry to PF'Hfeedback(wuspto.aov. 

Application Papers 
10)0 The specification is objected to by the Examiner. 
11 )~ The drawing(s) filed on 14 February 2013 is/are: a)O accepted orb)~ 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)~ Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 
Certified copies: 

a)~ All b)O Some* c)O None of the: 

1.0 
2.~ 
3.0 

Certified copies of the priority documents have been received. 
Certified copies of the priority documents have been received in Application No. 10/591,947. 
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) ~ Notice of References Cited (PTO-892) 

2) ~ Information Disclosure Statement(s) (PTO/SB/08) 
Paper No(s)/Mail Date 2114/13. 

U.S. Patent and Trademark Office 
PTOL-326 (Rev. 05-13) Office Action Summary 

3) 0 Interview Summary (PTO-413) 

Paper No(s)/Mail Date. __ . 

4) 0 Other: __ . 

Part of Paper No./Mail Date 20130702 
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DETAILED ACTION 

Priority 

Page 2 

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 (I OS) 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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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-AIA 35 U.S.C. 

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

A person shall be entitled to a patent unless -
(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-AIA 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 

WD EX1008 
Western Digital v IP Bridge 

Page 196



Application/Control Number: 13/767,290 

Art Unit: 2897 

Page 4 

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 Langi, 759 F.2d 887, 225 USPQ 645 (Fed. Cir. 1985); In re Van Ornum, 

686 F.2d 937, 214 USPQ 761 (CCPA 1982); In re Vogel, 422 F.2d 438, 164 USPQ 619 

(CCPA 1970); 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-l.jsp. 
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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 q~ 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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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 

In re U.S. Patent Application of 

YUASA 

U.S. Application No.: 13/767,290 

Filed: February 14, 2013 

For: MAGNETIC TUNNEL JUNCTION DEVICE 

Attorney Docket No.: NAGI-0005 

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

) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 

Confirmation No. 2082 

Art Unit 2686 

Examiner 
Alonzo Chambliss 

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. §l.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 of 0.2 to 0.5 e V. 

3. (Previously Presented) A tunnel barrier layer according to claim 2, wherein the tunnel 

barrier layer height q, is obtained by fitting J-V characteristics of a tunnel barrier junction 

structure to an equation (1): 

J = [(2m q,)112
/~ s] (e/h)2 x exp [-(4 n ~ s/h) x (2m q,) 112

] xV (1) 

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

applied bias voltage that is 100 m V or smaller, m is the free electron mass, e is the 

elementary electric charge, h is the Plank's constant, ~ 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. 

4. (Canceled). 

5. (Currently Amended) The magnetoresistive device tunnel barrier layer according to claim 

[[4]] 1, wherein at least one of the tunnel barrier layer is on the first and second 

ferromagnetic material layers layer which comprises CoFeB alloy. 

6-9. (Canceled). 
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10. (Currently Amended) The tunnel barrier layer according to claim 5, /\. magnetoresistive 

device having a tunnel barrier ju.notion 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 bet>.veen the first and second ferromagnetic material 

layers, and 

\Vherein 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 vmieh a (001) crystal plane is preferentially oriented, and 

wherein at least the first ferromagnetic material layer CoFeB comprises an iron 

based alloy and is entirely crystallized. 

11. (Currently Amended) The magnetoresistive device tunnel barrier layer according to 

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

and is entirely crystallized. 
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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 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 mmor 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 
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reference character 113 in the drawings. Applicants will respectfully make any such formality 

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 3 5 U.S. C. § 102(b) as being 

anticipated by Bowen ("Large magnetoresistance in Fe/MgO/FeCo(00l) epitaxial tunnel 

junctions on GaAs(00l)". 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 the 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 

- 5 -
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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. 

STITES & HARBISON, PLLC 
1199 North Fairfax Street 
Suite 900 
Alexandria, VA 22314-14 3 7 
(703) 739-4900 Voice 
(703) 739-9577 Fax 
Customer No. 38327 

November 12, 2013 

- 7 -

Respectfully submitted, 

Juan Carlos A. Marquez 
Registration Number 34,072 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re U.S. Patent Application of 

YUASA 

U.S. Application No.: 13/767,290 

Filed: February 14, 2013 

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: 

Confirmation No. 2082 

Art Unit 2686 

Examiner 
Alonzo Chambliss 

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. 

- 8 -
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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. 

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 

310289: I :ALEXANDRIA 

- 9 -

Respectfully submitted, 

Juan Carlos A. Marquez 
Registration Number 34,072 
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characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re U.S. Patent Application of 

YUASA 

U.S. Application No.: 13/767,290 

Filed: February 14, 2013 

For: MAGNETIC TUNNEL JUNCTION DEVICE 

Attorney Docket No.: NAGI-0005 

Mail Stop Amendment 
Commissioner of Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 

Confirmation No. 2082 

Art Unit 2686 

Examiner 
Alonzo Chambliss 

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) 

Inde£endent 1 4 
1 

x$420 0 
C aims 

(Over 3) 

MULTIPLE +$780 0 
DEPENDENT 
CLAIM(S) 

REDUCTION FOR FILING BY SMALL ENTITY (note 37 C.F.R. §§ 1.9, 1.27, 1.28). x½ 

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 

[ ] Information Disclosure Statement 
[ ] _ sheets of drawings 
[ ] RCE 
[ ] Other: ____ _ 
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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. § l.136(a) for: 
[ x] one (1) month [ ] two (2) months [ ] three (3) months 

The fee set in 3 7 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 3 7 C.F.R. § 1.16 and 1.1 7, or credit any overpayment to Deposit 
Account Number 12-0555. 

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 

310226: 1 :ALEXANDRIA 

Respectfully submitted, 

[) (~~ f. ,if! -<'Jd, N,. /$1( 
~ - 1 - • J-i-ii~/8 

Juan Carlos A. Marquez 
Registration No. 34,072 
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PTO/SB/06 (09-11) 
Approved for use through 1/31/2014. 0MB 0651-0032 

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

PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number Filing Date 

Substitute for Form PTO-875 13/767,290 02/14/2013 □ To be Mailed 

ENTITY: [8J LARGE 0 SMALL 0 MICRO 

APPLICATION AS FILED - PART I 

(Column 1) (Column 2) 

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

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

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

□ EXAMINATION FEE 
(37 CFR 1.16(0), (p), or (q)) 

N/A N/A N/A 

TOTAL CLAIMS 
minus 20 = * 

(37 CFR 1.16(i)) X $ = 

INDEPENDENT CLAIMS 
minus 3 = * 

(37 CFR 1.16(h)) X $ = 

If the specification and drawings exceed 100 sheets 

□APPLICATION SIZE FEE 
of paper, the application size fee due is $31 O ($155 
for small entity) for each additional 50 sheets or 

(37 CFR 1.16(s)) 
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)) 

* If the difference in column 1 is less than zero, enter "0" in column 2. TOTAL 

APPLICATION AS AMENDED - PART II 

(Column 1) (Column 2) (Column 3) 

CLAIMS HIGHEST 

11/12/2013 REMAINING NUMBER 
PRESENT EXTRA RATE($) ADDITIONAL FEE($) 

f-- AFTER PREVIOUSLY 
z AMENDMENT PAID FOR 
w 

Total (37 CFR 
~ 1.16(i)) * 6 Minus ** 20 = 0 X $80 = 0 
0 

Independent z (37 CFR 1 .16(h)) * 1 Minus ***4 = 0 X $420 = 0 
w 
~ D Application Size Fee (37 CFR 1.16(s)) 
<( 

□ FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) 

TOTAL ADD'L FEE 0 

(Column 1) (Column 2) (Column 3) 

CLAIMS HIGHEST 
REMAINING NUMBER PRESENT EXTRA RATE($) ADDITIONAL FEE($) 

AFTER PREVIOUSLY 

f--
AMENDMENT PAID FOR 

z Total (37 CFR * Minus ** = X $ = w 1.16(i)) 

~ Independent * Minus *** = X $ = 0 (37 CFR 1 .16(h)) 

z D Application Size Fee (37 CFR 1.16(s)) w 
~ 
□ FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) <( 

TOTAL ADD'L FEE 

* If the entry in column 1 is less than the entry in column 2, write "0" in column 3. LIE 
** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20". /PARTHENIA D. MERRILL/ 
*** If 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 number found in the appropriate box in column 1. 

This collection of 1nformat1on Is required by 37 CFR 1.16. The 1nformat1on Is required to obtain or retain a benefit by the public which Is to file (and by the US PTO 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, ca/11-800-PTO-9199 and select option 2. 
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Application Number Application/Control No. Applicant(s)/Patent under 
Reexamination 

13/767,290 YUASA, SHINJI 

I 

Document Code - DISQ Internal Document - DO NOT MAIL 

TERMINAL 
□ APPROVED ~ DISAPPROVED DISCLAIMER 

This patent is subject 
Date Filed: 11/12/13 to a Terminal 

Disclaimer 

I 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 

I 
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UNITED STA IBS p A IBNT AND TRADEMARK OFFICE 

APPLICATION NO. FILING DATE 

13/767,290 02/14/2013 

38327 7590 12/31/2013 

Juan Carlos A. Marquez 
c/o Stites & Harbison PLLC 
1199 North Fairfax Street 
Suite 900 
Alexandria, VA 22314-1437 

FIRST NAMED INVENTOR 

Shinji YUASA 

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

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

ATTORNEY DOCKET NO. CONFIRMATION NO. 

NAGI-0005 2082 

EXAMINER 

CHAMBLISS, ALONZO 

ART UNIT PAPER NUMBER 

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. 
13/767,290 

Applicant(s) 
YUASA, SHINJI 

Office Action Summary Examiner 
ALONZO CHAMBLISS 

Art Unit 
2897 

AIA (First Inventor to File) 
Status 

No 

-- The MAILING DA TE 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 .J. 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. § 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 
1 )~ Responsive to communication(s) filed on 11/12/13. 

0 A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on __ . 

2a)~ This action is FINAL. 2b)O This action is non-final. 
3)0 An election was made by the applicant in response to a restriction requirement set forth during the interview on 

__ ; the restriction requirement and election have been incorporated into this action. 
4)0 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 G.D. 11, 453 O.G. 213. 

Disposition of Claims* 
5)~ Claim(s) 1-3.5. 10 and 11 is/are pending in the application. 

5a) Of the above claim(s) __ is/are withdrawn from consideration. 
6)0 Claim(s) __ is/are allowed. 
7)~ Claim(s) 1-3.5. 10. and 11 is/are rejected. 
8)0 Claim(s) __ is/are objected to. 
9)0 Claim(s) __ are subject to restriction and/or election requirement. 

* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a 

participating intellectual property office for the corresponding application. For more information, please see 

http://www.usoto.gov/patents/init events/pph/index.isp or send an inquiry to PF'Hfeedback(wuspto.aov. 

Application Papers 
10)0 The specification is objected to by the Examiner. 
11 )~ The drawing(s) filed on 2/14/13 is/are: a)~ accepted or b)O 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)~ Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 
Certified copies: 

a)~ All b)O Some** c)O None of the: 

1.0 
2.~ 
3.0 

Certified copies of the priority documents have been received. 
Certified copies of the priority documents have been received in Application No. 10/591.947. 
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) 0 Notice of References Cited (PTO-892) 

2) 0 Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b) 
Paper No(s)/Mail Date __ . 

U.S. Patent and Trademark Office 
PTOL-326 (Rev. 11-13) Office Action Summary 

3) 0 Interview Summary (PTO-413) 

Paper No(s)/Mail Date. __ . 

4) ~ Other: see Detailed Action. 

Part of Paper No./Mail Date 20131218 
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Application/Control Number: 13/767,290 

Art Unit: 2897 

DETAILED ACTION 

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

provisions. 

Page 2 

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. In regards 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 

Art Unit: 2897 

Claim Rejections - 35 USC § 102 

Page 3 

7. The following is a quotation of the appropriate paragraphs of pre-AIA 35 U.S.C. 

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

A person shall be entitled to a patent unless -
(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-AIA 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 

Art Unit: 2897 

Page 4 

obvious over, the reference claim(s). See, e.g., In re Berg, 140 F.3d 1428, 46 USPQ2d 

1226 (Fed. Cir. 1998); In re Goodman, 11 F.3d 1046, 29 USPQ2d 2010 (Fed. Cir. 

1993); In re Langi, 759 F.2d 887, 225 USPQ 645 (Fed. Cir. 1985); In re Van Ornum, 

686 F.2d 937, 214 USPQ 761 (CCPA 1982); In re Vogel, 422 F.2d 438, 164 USPQ 619 

(CCPA 1970); 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-l.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 

Art Unit: 2897 

Page 5 

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 

Art Unit: 2897 

Page 6 

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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Approved for use through 07/31/2012. 0MB 0651-0031 

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

TERMINAL DISCLAIMER TO OBVIATE A DOUBLE PATENTING I Docket Number (Optional) 
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In re Application of: YUASA, Shinji 

Application No.: 13/767,290 

Filed: February 14, 2013 
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Japan Science and Technology Agency and 
National Institute of Advanced Industrial Science 

The owner*, and Technology , of ---1.QD ____ 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 shall be enforceable only for and 
during such period that it and the prior patent are commonly owned. This agreement runs with any patent granted on the instant application 
and is binding upon the grantee, its successors or assigns. 

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

expires for failure to pay a maintenance fee; 
is held unenforceable; 
is found invalid by a court of competent jurisdiction; 
is statutorily disclaimed in whole or terminally disclaimed under 37 CFR 1.321; 
has all claims canceled by a reexamination certificate; 
is reissued; or 
is in any manner terminated prior to the expiration of its full statutory term as presently shortened by any terminal disclaimer. 

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 ofTitle 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. 0 The undersigned is an attorney or agent of record. Reg. No._0_0_8_8_1 ____ ~_ 

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 PTO-2038. 

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

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 Ille (and by the US PTO 
to process) an application. Confidentiality is governed by 35 U.S.C.122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 12 minutes to complete, 
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and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS 
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re U.S. Patent Application of 

YUASA 

U.S. Application No.: 13/767,290 

Filed: February 14, 2013 

For: MAGNETIC TUNNEL JUNCTION DEVICE 

Attorney Docket No.: NAGI-0005 

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

) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 

Confirmation No. 2082 

Art Unit 2897 

Examiner 
Alonzo Chambliss 

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, I 0, and 11 stand for consideration in this application, wherein claims 1, 

5, I 0, and 11 are being amended to improve form, as follows: 

1. (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. 

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

barrier layer has a barrier height in a range of 0.2 to 0.5 e V. 

3. (Previously Presented) A tunnel barrier layer according to claim 2, wherein the tunnel 

barrier layer height cp is obtained by fitting J-V characteristics of a tunnel barrier 

junction structure to an equation (1): 

J = [(2m cp)112/Li s] (e/h)2 x exp [-(4 n Li s/h) x (2m cp) 112
] xv (1) 

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

is an applied bias voltage that is 100 m V or smaller, m is the free' electron mass, e is 

the elementary electric charge, h is the Plank's constant, Li 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. 

4. (Canceled). 

5. (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 alloy. 

6-9. (Canceled). 

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

first ferromagnetic material layer CoFeB is entirely crystallized. 

11. (Currently Amended) The tunnel barrier layer according to claim 1 [[O]], 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 amended 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)(l) 

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. 

-4-
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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(00l) epitaxial tunnel junctions on 

GaAs(00l)". 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). 

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-crystalline 

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

required by independent claim 1. Rather, Bowen contrastingly describes "tunneling 

experiments on Fe(00l)MgO (20 A)/FeCo(00l) single-crystal epitaxial junctions." 

(Abstract) (emphasis added). 

To this point, as explained in th1;, 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 layer having a poly-crystalline m<!gnesium 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-ferromagnetic 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 (00 I) crystal plane is preferentially oriented" as specifically required by claim I, 

the Moodera article that is cited in Bowen fails to actually include any disclosure of 

polycrystalline MgO at all. Rather, while Moodera describes "[t]unneling between 

ferromagnet-insulator-ferromagnet (FM-I-FM) trilayer thin-film planar junction ... with A)zO3. 

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 I of page 4729, none of 

the references to MgO in the entire Moodera include any further description of such a barrier 

layer beyond simply "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 magnesium 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 magnesium 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 I. Rather, in contrast to claim I, 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. 

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 present invention as claimed is 

distinguishable and thereby allowable over the prior art ofrecord. 

-6-
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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. 

STITES & HARBISON PLLC 
1199 North Fairfax Street 
Suite 900 
Alexandria, VA 22314-14 3 7 
(703) 739-4900 Voice 
(703) 739-9577 Fax 
Customer No. 00881 
April 30, 2014 

325216: I :ALEXANDRIA 

-7-

Respectfully submitted, 

Nicholas B. Trenkle 
Registration Number 54,500 
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Application/Control Number: 13/767,290 

Art Unit: 2897 

DETAILED ACTION 

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

provisions. 

Continued Examination Under 37 CFR 1. 114 

Page 2 

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 

Art Unit: 2897 

Page 3 

(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 

Art Unit: 2897 

Page 4 

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 

In re U.S. Patent Application of 

YUASA 

U.S. Application No.: 13/767,290 

Filed: February 14, 2013 

For: MAGNETIC TUNNEL JUNCTION DEVICE 

Attorney Docket No.: NAGI-0005 

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

) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 

Confirmation No. 2082 

Art Unit 2897 

Examiner 
Alonzo Chambliss 

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

Sir: 

This is in response to the Office Action mailed on 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 IO stand for consideration in this application, wherein claim 11 is 

being canceled without prejudice or disclaimer, and wherein claims I, 5, and 10 are being 

amended to improve form, as follows: 

I. (Currently Amended) A tunnel barrier layer located bet1.veendisposed on a---iifst 

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 fust..ferromagnetic 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 of 0.2 to 0.5 e V. 

3. (Previously Presented) A tunnel barrier layer according to claim 2, wherein the tunnel 

barrier layer height cp is obtained by fitting J-V characteristics of a tunnel barrier 

junction structure to an equation (1): 

J = [(2m <!>)112
/~ s] (e/h)2 x exp [-(4 n ~ s/h) x (2m cp) 112

] xV (I) 

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

is an applied bias voltage that is I 00 m V or smaller, m is the free electron mass, e is 

the ~lementary electric charge, h is the Plank's constant, ~sis 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. 

4. (Canceled). 

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

ferromagnetic material layer is entirely crystallized. 

-2-
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6-9. (Canceled). 

10. (Currently Amended) The tunnel barrier layer according to claim 2, wherein the....fust 

ferromagnetic material layer is entirely crystallized. 

11. (Canceled). 

-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 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 claim 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 subiect matter 

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

804(ll.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 present 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-

WD EX1008 
Western Digital v IP Bridge 

Page 280



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 22314-143 7 
(703) 739-4900 Voice 
(703) 739-9577 Fax 
Customer No. 00881 
September 3, 2014 

336157: I :ALEXANDRIA 

-6-

Respectfully submitted, 

Nicholas B. Trenkle 
Registration Number 54,500 
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Application/Control Number: 13/767,290 

Art Unit: 2897 

DETAILED ACTION 

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

provisions. 

Page 2 

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-AIA 35 U.S.C. 103(a) which forms the basis 

for all obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described 
as set forth in section 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-AIA 35 U.S.C. 103(a) are summarized as follows: 

1. Determining the scope and contents of the prior art. 

2. Ascertaining the differences between the prior art and the claims at issue. 
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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-AIA 35 U.S.C. 103(a) as being 

Page 3 

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. 
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Page 4 

With respect to Claim 2, the Applied Physics Letters discloses wherein the tunnel 

barrier layer has a barrier height in a range of 0 - .9eV (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 Langi, 759 F.2d 887, 225 USPQ 645 (Fed. Cir. 1985); In re Van Ornum, 

686 F.2d 937,214 USPQ 761 (CCPA 1982); In re Vogel, 422 F.2d 438,164 USPQ 619 

(CCPA 1970); 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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Art Unit: 2897 

activities undertaken within the scope of a joint research agreement. A terminal 

disclaimer must be signed in compliance with 37 CFR 1.321 (b). 

Page 5 

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-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 qb is obtained by fitting J-V characteristics of a tunnel barrier 

Page 6 

junction structure to an equation (1 ):J = [(2m qb)m/A s] (e/h)2 x exp [-(4 ~ A s/h) x (2m 

qb) 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 

U.S. Application No.: 13/767,290 

Filed: February 14, 2013 

For: MAGNETIC TUNNEL JUNCTION DEVICE 

Attorney Docket No.: NAGI-0005 

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

) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 

Confirmation No. 2082 

Art Unit 2897 

Examiner 
Alonzo Chambliss 

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: 

1. (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 <I> in a range of 0.2 to 0.5 e 

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

barrier junction structure to an equation (1): 

J = [(2m <!>)112/~s] {e/h)2 x exp [-(41t ~ s/h) x (2m <!>) 112
] xV (1) 

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

is an applied bias voltage that is 100 m V or smaller, m is the free electron mass, e is 

the elementary electric charge, h is the Plank's constant, ~s is an effective thickness 

of the tunnel barrier layer that is approximately equivalent to (t_~1.g,o - 0.5 nm), and 

!:ty1gO 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. 

2-4. (Canceled). 

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

ferromagnetic material layer is entirely crystallized. 

6-11. (Canceled). 

-2-
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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. 

-3-
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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(00l) epitaxial tunnel 

junctions on GaAs(00l)". 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. 

-4-
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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. 

STITES & HARBISON PLLC 
1199 North Fairfax Street 
Suite 900 
Alexandria, VA 22314-143 7 
(703) 739-4900 Voice 
(703) 739-9577 Fax 
Customer No. 00881 
March 25, 2015 

352532: I :ALEXANDRIA 

-5-

Respectfully submitted, 

Nicholas B. Trenkle 
Registration Number 54,500 
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Examiner 
Docket# 

13/767,290 
2082 
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D It will be· noted that the relevance of some of the listed references is at least as is disclosed 
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D A separate explanation of relevance. 

Please note the following particulars concerning the filing of this IDS: 

~ 1. This IDS is filed (Rule 1.97(b )) at whichever is the latest of: 
• within three months of the filing date of a NATIONAL APPLICATION other than a CPA, or 
• within three months of the date of entry into the NATIONAL STAGE as set forth in 37 CFR. 

§1.491 in an international application, or 
• 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 2.8. 
below and such boxes should be considered as having been checked). 

D 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: 
D A. Is accompanied by a payment as required by 37 CFR. §1.17(p) in the amount of: 

D $180 large entity or 
D $90 small entity 

or ( one of the following) 
D B. I hereby state that each item of information contained in this IDS was first cited in 

any communication from a foreign patent office in a counterpart foreign application not 
more than three months prior to the filing of this IDS. 

D C. I hereby state that no item of information in this IDS herewith was cited in a 
communication from a foreign patent office in a counterpart foreign application, and, to 
my knowledge after making reasonable inquiry, was known to any individual 
designated in 37 CFR. §1.56(c) more than 3 months prior to the filing of this IDS. 

D D. An appropriate Statement is attached. 
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D 3. This IDS is filed (Rule 1.97(d)) after a final action or allowance, but on/before payment of 
the issue fee, and: 
D A. is accompanied by a payment as required by 37 CFR. §1.17(p) in the amount of: 

D $180 large entity or 
D $90 small entity . 

and ( one of the following) 
D B. I hereby state that each item of information contained in this IDS was first cited in 

any communication from a foreign patent office in a counterpart foreign application not 
more than three months prior to the filing of this IDS. 

D C. I hereby state that no item of information in this IDS herewith was cited in a 
communication from a foreign patent office in a counterpart foreign application, and, to 
my knowledge after making reasonable inquiry, was known to any individual 
designated in 37 CFR. §1.56(c) more than 3 months prior to the filing of this IDS. 

D D. An appropriate Statement is attached. 

D 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). 

~ 5: It will also be appreciated that: 
a. It is 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. 

~ 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. 

Date: March 25 2015 
' 

Respectfully submitted, 

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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Art Unit 2897 

Examiner Chamblis, Alonzo 
Sheet 1 of 1 Docket# NAGl-0005 
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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-L 11, 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/MGO/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 TunnelinQ 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. 

I Examiner Signature I Date Considered 

* Examiner: Initial if reference considered, whether or not citation is in conformance with MPEP §609. Draw line through 
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(51)Int.CI. 

PATENT ABSTRACTS OF JAPAN 

(11 )Publication number : 2004-022599 

(43)Date of publication of application : 22.01.2004 

H01L 43/08 
G11B 5/39 
G11C 11/15 
H01F 10/32 
H01L 27/105 
H01L 43/10 
H01L 43/12 

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

(22)Date offiling: 12.06.2002 (72)Inventor: MIZUGUCHI TETSUYA 
HOSOMIMASAKATSU 
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: 

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 magnetic 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 

magnetization 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 

magnetoresistance 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 

magnetic memory. 
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[PUBLICATION NUMBER] Japanese 

JP 2004-022599 A 
FN089240P/US4 

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 

[CLAIMS] 

[Claim l] 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 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 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. 

1 
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[Claim 2] A magnetoresistance 

according to claim 1, wherein: 

JP 2004-022599 A 
FN089240P/US4 

effect element 

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] 

[ o o o 1 l 

[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. 

[ o o o 7 l In a spin valve type TMR element, its 

resistance value change rate is defined by the following 

expression (A), letting Pl and P2 stand for the spin 

polarizability of each ferromagnetic layer. 

2PlP2 / (1 - PlP2) (A) 

Thus, the greater each spin polarizability is, the 

greater the resistance change rate becomes. 

[ o o o 8 l 

3 

WD EX1008 
Western Digital v IP Bridge 

Page 312



[TECHNICAL PROBLEM] 

JP 2004-022599 A 
FN089240P/US4 

As disclosed in, for example, Japanese Laid-Open 

Patent Publication No. Hl0-116490, 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, 

selective writing into TMR elements is carried out using 

asteroid characteristics. 

[ o o o 9 l There is a problem that in an MRAM, the 

magnetic property of TMR elements varies according to 

each element and, if there is a variation when an 

identical element is used repeatedly, 

writing using asteroid characteristics 

difficult. 

selective 

becomes 

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 is 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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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 

important. 

anisotropy direction control is very 

[ o o 11 l In order to solve the problem described 

above, the present invention provides a 

magnetoresistance 

magnetic property 

effect element exhibiting good 

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. 

[ o o 16 J 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. 

[ o o 18 J 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 in a magnetic field is carried out at a 

temperature between 300 [deg. l C and the 

crystallization temperature of the free magnetization 

layer, and hence the magnetic anisotropy of at least 

the free magnetization layer is 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. 

[ o 02 o J 

[EMBODIMENTS] 
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The present invention is 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 is 

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 is 

provided with heat treatment in a magnetic field at a 

temperature between 300 [deg. l C and the 

crystallization temperature of the free magnetization 

layer. 

[ o 021 l In addition, the present invention is the 

magnetoresistance effect element in which the free 

magnetization layer comprises material selected from 

FeCoB, FeCoNiB, and FeCoSiB. 

[ o 02 2 l 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. 
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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). 

[ o 02 9 J 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 a pair 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. 

[ o o 3 o l The antiferromagnetic layer 4 is a layer 
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that, by being antiferromagnetically coupled with the 

fixed magnetization layer 5, which is one of the 

ferromagnetic layers, does not invert magnetization of 

the fixed magnetization layer 5 even by the current 

magnetic field for writing, 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 is 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. 

[ o o 31 l In the spin valve 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. 

[ o o 32 l 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. 

[ o o 3 4 l 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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It is 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. 

[ o o 3 7 l It is to be noted that while an alloy 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.] C gives 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. 

[ o o 3 8 l Here, the spin valve 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 in 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 squareness 

of R-H curve and reduced Barkhausen noise, compared with 

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. 

[ o o 3 9 l 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. 

[ o o 4 o J 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. 

[ o o 41 l 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. 

[ o o 4 2 l In addition, while the upper limit 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.] Cat highest in view 

of heat resistance of the TMR element. 

[ o o 4 3 J 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. 

[ o o 4 4 l 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 

13 

WD EX1008 
Western Digital v IP Bridge 

Page 322



JP 2004-022599 A 
FN089240P/US4 

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. 

[ o o 4 5 J 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 O. 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 O. 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. 

[ o o 5 4 l 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 is 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, if 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 anti ferromagnetic 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. 

[ o o 6 3 l 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 anti ferromagnetic layer are formed on an upper layer 

than the free magnetization layer (so-called top spin 

type), it is 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. l 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 

anti ferromagnetic layer have been formed, heat 

treatment in a magnetic field is carried out at a 

temperature 300 [deg.] C or higher, there is 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. 

[ o o 6 4 l (Embodiment) 

<Sample l> 

[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 µm thick) formed on its surface was prepared. 

Next, after a film of 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. 

[ o o 6 7 l Subsequently, a TMR element 22 constituted 

with the layer structure (1) described below is produced 

by using a publicly known lithography technique 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)-Ox / 

Free Magnetization Layer (t nm) / Ta (5 nm) -(1) 

[ o o 6 8 l 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 Al-Ox 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 O .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. 

[ o o 8 7 l 

[ADVANTAGEOUS 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 is applied to a 

magnetic memory, write errors can be reduced and thus 

an excellent writing property can be achieved. 

[ o o 8 8 l 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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,::, -c w!i 'A m vt ~ {~ ~ 1~ 0 1-JII: pj/; 0) w!i 'A m vt t::/J * * -f- c , 
1:: i2 w!£ 'A m vt t::/J * * -f-~ J'J[ dj- --Ji fciJ ,~ r:'k tr 17 ~ F ii'Jll & a t:'' ;; r ii'Jll c ~ 11m :t , 
1:: i2 si w!i ti Ji 0) 5 t::i ~ --Ji 7'.J, w!i {~ [jl,] ;E Ji 't' Jt:i t-J , {th --Ji 7'.J, w!i {~ § s:i Ji 't' Jt:i t-J , 

1:: llc si w!£ ti Ji 0) 5 t::i & ft. < c ti 1:: llc w!£ {~ § s:i Ji t:t , 7 -'E-1v 7 7 7. Jt:i 0 1i, t:t ~ ;m c1~ ii'Jl. ti ~ 11 

L, ' 

J:: llc si w!£ ti Ji i'.I' , 3 0 0 °C ~ J:: , J:: llc w!£ {~ § S3 Ji 0) im cl~ {~ 11m. l3t ~ T 't' , w!£ ~ q:i W,\ :7L1 l'!I!. 2' h 
t 1;, 0 

:. c ~ ~f'l&c T0 w!i'A} -'E-lJ ~fl!lo 
[ fl:strJl:6 l 
J:: llc w!£ {~ § S3 Ji 7'.J, , F e C o B , F e C o N i B , F e C o S i B 7'.J, i::> ~ f;f h 0 tJ :f--t 7'.J, i::> 30 

fDG 0 :. c ~ ~ f'l!k c T 0 fl :st rJ 5 ,~ llc tit 0) w!i 'A } -'E-1J ~ w: o 

[ fl:stJJ'l:7] 
J:: llc w!£ 'A 1=ft m 3?::/J * * -f- 7'.J, J:: llc q:i Fai Ji c L t iM5 ii'~ {t ti L < f:l: '¥-i1'J {t 7'.J, t::> fDG 0 r ✓ * ;v /< 1J 7 

Ji ~ ffl v' t~ r ✓ * ;v w!i 'A 1=ft m 3?::/J * * -f- 't' Jt:i 0 :. c ~ ~ f'l& c T 0 fl :st rj 5 ,~ llc tit 0) w!i 'A} -'E­

lJ ~ w: 0 

[ fl:strJs l 
1:: llc w!£ 'A 1=J=t m 3?::/J * * -f- i'.I' ffi Ji 7 ::c 1J i'-JII: m ~ 1f T 0 :. c ~ ~ f'l& c T 0 fl :st Jj 5 ,~ llc tit 0) w!i 'A 
} -'cl) ~W:o 
[ fl:strJg] 
xct 0) si w!£ ti Ji 7'.J, q:i Fai Ji ~ :fr L t X':t fciJ 2' h t ft. t-J , Hl lm ,~ X':t L t fil [J![ ,~ ~ JJrE ~ JJrE T :. c ,~ J.: 40 
,::, -c w!i 'A m vt ~ {~ ~ 1~ 0 1-JII: pj/; 0) w!i 'A m vt t::/J * * -f-~ ~ m T 0 --JJ r:li; "(' &,) ,::, -c , 
1:: i2 w!i 'A m vt t::/J * * -f- r:t , 1:: i2 si w!i ti Ji 0) 5 t::i ~ --Ji 7'.J, w!i {~ [jl,] ;E Ji 't' Jt:i t-J , {th --Ji 7'.J, w!i {~ § s:i 
Ji 't' Jt:i t-J , 1:: llc si w!£ ti Ji 0) 5 t::i & ft. < c ti 1:: llc w!£ {~ § s:i Ji t:t , 7 -'E-1v 7 7 7. Jt:i 0 1i, t:t ~ ;m 
c1~ii'Jl.ti~ 1fT0 i'-Jll:fDG't'Jt:i t-J, 

P ft. < c ti J:: llc w!£ {~ § S3 Ji ~ * fDG L t~ 1i ,~ , 3 O O °C ~ J:: , J:: llc w!£ {~ § S3 Ji 0) im cl~ {~ 11m. l3t 
~T't', w!£~q:iW,\:7L1l'!I!.~~Tiffl~fi5 
:.c~~ScT0w!i'Amm~**-f-O)~m1i$0 
[ fl:strJ1 o] 
xct 0) si w!£ ti Ji 7'.J, q:i Fai Ji ~ :fr L t X':t fciJ 2' h t ft. t-J , Hl lm ,~ X':t L t fil [J![ ,~ ~ JJrE ~ JJrE T :. c ,~ J.: 

,::, -c w!i 'A m vt ~ {~ ~ 1~ 0 1-JII: pj/; 0) w!i 'A m vt t::/J * * -f- c , 1:: i2 w!i 'A m vt t::/J * * -f-~ J'J[ dj- --JJ fci] ,~ so 
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~~?~r~&al::°o/r~c~~~~~'A}t9~•~~mT0h$~~~t, 
1:: i2 ~ 'A m vt t::/J * * -f- r:t , 1:: i2 si ~ ti Ji (T) 5 t::i ~ h 7'.J, ~ {~ [jl,] ;E Ji ~ ~ t-J , {th h 7'.J, ~ {~ § s:i 
Ji ~ ~ t-J , 1:: llc si ~ ti Ji <TJ 5 t::i & ft. < c ti 1:: llc ~ {~ § s:i Ji r:t , 7 t 1v 7 7 7. ~ 0 1i, r:t ~ ;m 
c1~ii'Jitl~ '1fT0 i'-Jll:fDG~~ t-J, 

P ft. < c ti J:: llc ~ {~ § S3 Ji ~ * fDG L t~ 1i f~ , 3 O O °C ~ J:: , J:: llc ~ {~ § S3 Ji <TJ im cl~ {~ 11m. l3t 
~T~, ~~~~~m~~Tiffl~fi5 
~c~~ScT0~'A}t9~-<TJ~mh$o 

[ 3B l3Jl <TJ !$ ii'IE ft. !~ l3Jl l 
[0001] 

[ 3B l3Jl <TJ ~ T 0 tt fll'r 5H 1-f l 
;;$: 3B l3Jl f:l: , Hl lm f~ X':t L t fil [J![ f~ ~ JJrE ~ JJrE T ~ c f~ J.: ~ t ~ 'A m m ~ {~ ~ 1~ 0 i'-JII: fDG <TJ ~ 'A m 
vt t::/J * * -f- & a ~ 'A m vt t::/J * * -f- ~ ~ ~ t fDG 0 ~ 'A } t 9 ~ a r~ {f v 0 0 ~ t~ , ~ (T) ~ 'A 
m vt t::/J * * -f- (T) ~ m h tft & a ~ 'A } t 9 ~ a (T) ~ m h tft r~ {f v 0 0 

[0002] 

[ 1JE*<TJttfll'rl 
Il'f $R iffl ft ~ ~ , ~ f~ m m ft//il * ft. c' <TJ M A Jtl ;j, ~ ~ ~ <TJ m 111 i'l'J ft. w & f~ {'¥ v, , ~ n ~ i'-JII: fDG T 
0 } t 9 ~ o :,:; o/ ,;; t$ (T) * -f- r~ r:t , ?@i ~ m {~ , ?@i if {~ , 1.1t ~ JJ {~ t$ , ~ Ji (T) ?@i ti -rm {~ 7'.J, ~ 

it 2' n t 1i, 0 0 ~ r~ -:er::: w % ti J t 9 (T) ?@i w l3t • * $I. m {~ r:t , PJ l!l fm fJ (T) T¥ 1± r~ J.: t-J * w i'l'l 
r~ 1J, ~ {~ 7'.J, -:er::: PJ -rm ft. /, ~ r :y-· -1 7. ,;; ~ x. :y-· -1 7. ,;; ~ a ~ ~ ~ 0 tt fll'r c L t , ~ T ~ T m ~ 

10 

(~ ft. ~ t ~ t 1; \ 0 0 20 
[0003] 

;;r::: $ 3B ti } t 9 c L t f:l: , '¥-i/'J {t ~ ffl v' t~ 7 7 o/ Y :1 } t 9 ~ , si ~ ~ {t ~ ffl v' t~ F R A 

M(Ferro electric Random Access Memory )t$ 

7'.J, ~ ft' t::> h 0 o 

L 7'.J, L ft. 7'.J, C::> , 7 7 o/ Y :1 } t 9 f:l: , ~ ~ iL lj.. if l3t 7'.J, µ ,rJ; <TJ :d-~ ;l ~ c ii! v' c v' 5 JC }~ 7'.J, 

~ 0 a ~ h , F R A M f~ :J:;3 v' t f:l: , ~ ~ ~ ~ PJ 1m @J ~ 7'.J, & ft. v' c v' 5 F"~ ~ 7'.J, j:~ tillf 2' h t v' 
0 0 

[ 0 0 0 4 ] 

~ h i::> <TJ JC }~ 7'.J, ft. v' ;;r::: w 3B ti } t 9 c L t a ~ 2' h t v' 0 <TJ 7'.J, , 1:ftl ~ f;f I W a n g e t 

a 1 . , I E E E T r a n s . M a g n . 3 3 ( 1 9 9 7 ) , 4 4 9 8 J f~ llc it 30 

2' h t v' 0 J.: 5 ft. , M R A M ( M a g n e t i c R a n d o m A c c e s s M e m 

o r y ) c Wf f;f h 0 ~ 'A } t 9 ~ ~ 0 a ~ <TJ M R A M f:l: , i'-JII: m 7'.J, ~ ;lilli ~ ~ 0 t~ cl) ?@i ~ ffi 
{~ 7'.J, $ £ ~ ~ t-J , ~ t~ ~ 'A t ~ J ✓ r (T) @J ,i r~ J.: t-J i2 ~ ~ ft 5 t~ cl) r~ ~ ~ ~ ~ PJ -rm @J ~ 7'.J, 

* ~ ~ 0 o ~ t~ 7 /J t 7. aif Fai f~ -::i v' t ti ?F ~ f~ ?@i if ~ ~ 0 ~ c 7'.J, -r Jl 2' h , Jl!.E f~ --J-/ tJ; ii' 

~ l!J 11 PJ 1m ~ ~ 0 ~ c 7'.J, 11t it 2' h t v' 0 o 

[0005] 

~ <TJ M R A M f~ Jtl v' i::> h 0 , ~ 'A j:J:t m 3?::/J * * -f- , ~ f~ r ✓ * Jv ~ 'A j:J:t m 3?::/J * ( T u n n e 

1 M a g n e t O r e s i s t a n C e : T M R ) * -f- f:l: ' £ * i'l'l f~ si ~ ti Ji / r ✓ * 
;v /< 9 7 Ji / si ~ ti Ji <TJ ffi Ji 7'.J, t::> fDG 0 si ~ ti r ✓ * ;v ~ i:r ~ i'-JII: fDG 2' h 0 o ~ <TJ * -f- ~ f:l: , 
si ~ ti Ji Fai f~ ~ IE <TJ ~ JJrE ~ JJrE L t~ ik." Jlj ~ si ~ ti Ji Fai f~ 71-fm ~ ~ ~ FO~ :1JD L t~ ~ i:r , jj!jf ~ ti Ji 40 
(T) ~ {~ (T) 1§ xct ft! l3t r~ Ft c. t ~ 'A m vt t::/J * 7'.J, m n 0 0 7Y. h (T) si ~ ti Ji (T) ~ {~ (T) fci] ~ 7'.J, DE -'-JZ ft 
(T) ~ i:r r:t m vt 1, i'.I' ii * c ft. t-J , -'-JZ ft (T) ~ i:r r:t m vt 1, i'.I' ii 11, c ft. 0 0 } t 9 * -f- c L t (T) ~ 
-rm f:l: 71-fm ~ ~ f~ J.: t,J DE -'-jL fi C -'-jZ fi (T) ;t;k_-Jl& ~ 11 t-) t±l T ~ C f~ J.: ~ t ti t~ t::> 2' h 0 0 

[0006] 

~ f~ 7. I::° ✓ /< ;v 7' ~ <TJ T M R * -f- f~ :J:;3 v' t f:l: , ~ h <TJ si ~ ti Ji 7'.J, ~ ~ T 0 DE si ~ ti Ji c DE 

si ~ ti i'l'l f~ im i:r T 0 ~ c f~ J.: ~ t ~ {~ <TJ fciJ ~ 7'.J, ~ f~ ~ IE c 2' h t~ ~ {~ [jl,] IE Ji c 2' h 0 o {th 

h (T) si ~ ti Ji f:l: ' 71-fm ~ ~ t$ f~ J.: ~ t ${. £ (~ ~ {~ BE ilii T 0 ~ {~ § S3 Ji C 2' h 0 0 ~ L, t ' 

~ <TJ ~ {~ § S3 Ji 7'.J, ~ 'A J t 9 f~ :J:;5 ft 0 Il'f $R llc ~ Ji c ft. 0 o 

[0007] 

7. I::° ✓ /< Jv 7' ~ <TJ T M R * -f- f~ :J:;3 v' t , ~ <TJ j=ft m 1!!'[ <TJ ~ {~ ~ f:l: , ~ h :f! h <TJ si ~ ti Ji <TJ 7. 50 

WD EX1008 
Western Digital v IP Bridge 

Page 331



(4) JP 2004-22599 A 2004.1.22 

e ✓ 71ti~~Pl, P2cT::Sc, Tllc<TJ:i:t(A) C:*2'h00 
2PlP2/(l-PlP2) (A) 

:. (T) J.: 5 ,~ , ~ h :f! h (T) 7. e ✓ 71 ti ~ 7'.J, * ~ 1i, f~ , m vt ~ {~ ~ 7'.J, * ~ < ft. ::s 0 

[0008] 

[ 3B l3Jl 7'.J, ~, ~ L J.: 5 c T 0 1lf ~ l 
c :. 6 c: , M R A M <TJ £ ;;$: i'l'J ft. i'-JII: pj/; f:l: , {:ftl ;t f;f /l<'f ~ -'-JL 1 0 - 1 1 6 4 9 0 % 0 $R f~ ~ 7f; 2' 
ht 1;,,;;s J.: 5 ,~, :rl~<TJ t:'';; r ~~ JLctj-tJR ( 1;,:t::, v9J ::st:'';; r *Jil) c, :. ht:, :rl~<TJ t:'';; r 
~~ JLctj-tJJlf~[J![-3(T0 rl~<TJ17 ~f ~~ JLctj-tJR( v'VV'Jl::S 17 ~f tJR) c ~tJnt, :. ht:,!::'' 

;; r ~ ~ iL ij tJR c 17 ~ F ~ ~ iL ij tJR c <TJ _3l'. }~ f~ w!i 'n } "E-1J * -f- c L t T M R * -f- 7'.J, l'ii: 2' h 
t fDG 0 o ~ L t , :. <TJ J.: 5 ft. M R A M c: llc ~ ~ 1T 5 ifi f~ f:l: , 7 7. T o ,{ F !l<f ti ~ flj Jtl L t 10 

T M R * -f- f~ X':t L t ~ JR ~ ~ iL ij ~ 1T 5 a 

[0009] 

M R A M (~ :J:;3 v' t T M R * -f- <TJ w!£ 'n /l<'f •ri 7'.J, * -f- re: (~ f;f C::, -::i < :. c ~ , [PJ ~ * -f- ~ f!llt t-J ,il.& L, 

{l ffl L t~ ~ if <TJ f:f t:, -::i ~ 7'.J, T¥ 1=E T 0 c , 7 7. 7" o ,{ F !l<f ·ri ~ fl Jtl L t~ ~ JR ~ ~ iL dj- 7'.J, EEi Jl 
,~ ft. 0 c v' 5 F"~ ~ }~ 7'.J, Jt:i 0 o 

1JE ,::, t , T M R * -f- f~ f:l: , l'!I!. Jl i'l'J ft. 7 7. T o ,{ F all tJJl ~ ti 7'.J, {t 0 t~ cl) <TJ w!i 'n !l<'f ·ri ti :s::K 'd) t;, 

h 0 o 

l'!I!. Jl i'l'J ft. 7 7. T o ,{ F all tfR ~ ti i'.I' {t 0 t~ cl) ,~ (:l: , T M R {!!lj IE ~ 1T ,::, t~ lfi <TJ R - H ( j:j:t m -
w!£ ~ ) Jv ~ 7° ,~ :J:;5 v' t /< Jv /,7 /, r) i! ✓ / ,{ 7-' t$ (T) / ,{ 7-' i'.I' ft. v' :. c , ~ * (T) ft! * ti i'.I' J.: v' 
:. C ' w!£ {~ ;tk,-Jl& i'.I' '12 ;E L, t :j:;3 t,J 1ci w!i jJ H C (T) ,:r t:, /) ~ i'.I' ,Jr ft. V \ :. C i'.I' &;, ~ C: &,) 0 0 20 
[0010] 
/< ;v ,;7 /, r) i! ✓ / ,{ X ~ ft! * ti <TJ (#; {~ , 1ci w!i jJ <TJ f;f t:, -::i ~ f:l: , =E ,~ ~ <TJ tJ :f--t <TJ w!i 'n ~ --Ji ti 
,~ il:a iE1 L t v' 0 o Hl lm P'I c: w!i 'n ~ --Ji ti <TJ --Ji fciJ ~ si l3t 7'.J, 71 ll5C L t v' 0 c , :. h t:, <TJ F"~ ~ 7'.J, 3B 
:'±'. T 0 J]l1: [El C ft. 0 t~ cl) ' w!i 'A ~ --Ji ti (T) --Ji fci] mu jp (:l: ?F ~ ,~ _m ~ C: &,) 0 0 

[0011] 
1:: ~ L t~ F"~ ~ (T) ~, ~ (T) t~ cl) ,~ , * % l3Jl ,~ :j:;3 1i, t r:t , si w!i ti Ji (T) w!i 'A ~ --Ji ti ~ mu jp T ::s :. c 
,~ J.: t-J iut ft. w!i 'A !l<f ti ~ '1f T ::s w!£ 'A m vt t::/J * * -f- , & a :. (T) w!i 'A m vt t::/J * * -f- ~ 11m :t -c 111 
h t~ ~ ~ iL dj- !l<'f ti ~ '1f T ::s w!i 'A J "E-1J ~ w: , ilt a ,~ :. h r::, w!i 'A m vt t::/J * * -f- & a w!i 'A J "E-

1J ~ w: <TJ ~ m --JJ $ ~ ~ ~ T 0 ti <TJ c: Jt:i 0 o 

[0012] 
[ 1lf ~ ~ ~, ~ T 0 t~ cl) <TJ -¥ @'. l 
;;$: 3B l3Jl <TJ w!i 'n m m 3?::/J * * -f- f:l: , X':t <TJ si w!£ ti Ji 7'.J, q:i Fai Ji ~ :fr L t X':t fciJ 2' h t ft. t-J , Hl lm ,~ X':t 
L -c fil [J![ ,~ ~ 1m ~ 1m T :. c ,~ J.: ,::, -c w!i 'A m vt ~ {~ ~ 1~ ::s ct-JI\: pj/; c: &,) ,::, -c , si w!i ti Ji (T) 5 t::i ~ 
--Ji 7'.J, w!£ {~ [jl,] IE Ji c: Jt:i t-J 1th --Ji 7'.J, w!£ {~ § S3 Ji c: Jt:i t-J , si w!£ ti Ji <TJ 5 t::i & ft. < c ti w!£ {~ § S3 Ji f:l: 

, 7 "E-Jv 7 7 7. Jt:i 0 v' (:l: ~ im cl~ ii'Jl. ti ~ ,ff L , si w!£ ti Ji i'.I' 3 0 0 °C ~ 1:: w!£ {~ § S3 Ji <TJ im cl~ {~ 

1lm.13t ~Tc: w!i ~ q=i W,\ :7L1 l'!I!. 2' ht v' 0 ti <TJ c: Jt:i 0 o 

[0013] 
;;$: 3B l3Jl <TJ w!i 'n } "E-1J ~ w: f:l: , X':t <TJ si w!£ ti Ji 7'.J, q:i Fai Ji ~ :fr L t X':t fciJ 2' h t ft. t-J , Hl lm ,~ X':t L 

-c fil [j![ ,~ ~ 1m ~ 1m T :. c ,~ J.: ,::, -c w!i 'A m vt ~ {~ ~ 1~ ::s 1-lll: pj/; (T) w!i 'A m vt t::/J * * -f- c , w!i 'A m 

30 

vt t::/J * * -f- ~ J'J[ ij --Ji fciJ ,~ t:'k tr 17 ~ F *Jil & a t:'' ;; r *Jil c ~ 11m :t , si w!i ti Ji (T) 5 t::i ~ --Ji 7'.J, w!i {~ 40 
[jl,] IE Ji c: Jt:i t-J 1th --Ji 7'.J, w!£ {~ § S3 Ji c: Jt:i t-J , si w!£ ti Ji <TJ 5 t::i & ft. < c ti w!£ {~ § S3 Ji f:l: , 7 "E-;v 

7 7 7. Jt:i 0 v' f:l: ~ ;m c1~ ii'Jl. ti ~ '1f L , si w!£ ti Ji 7'.J, 3 o o °C ~ J:: w!£ {~ § S3 Ji <TJ ;m c1~ {~ 11m. l3t ~ T 

c:w!£~q:iW,\:7L1l'!I!.2' htv'0 ti <TJc:Jt:i::S o 

[ 0 0 1 4 ] 

;;$: 3B l3Jl <TJ w!i 'n m m 3?::/J * * -f- <TJ ~ m --Ji /ft f:l: , X':t <TJ si w!£ ti Ji 7'.J, q:i Fai Ji ~ :fr L t X':t fciJ 2' h t ft. t-J 

, Hl lm ,~ X':t L t fil [J![ ,~ ~ JJrE ~ JJrE T :. c ,~ J.: ,::, t w!£ 'n m m ~ {~ ~ 1~ 0 i'-JII: fDG c: Jt:i t-J , si w!£ ti Ji 
<TJ 5 t::i ~ --Ji 7'.J, w!£ {~ [jl,] IE Ji c: Jt:i t-J 1th --Ji 7'.J, w!£ {~ § S3 Ji c: Jt:i t-J , si w!£ ti Ji <TJ 5 t::i & ft. < c ti w!£ {~ 
§ S3 Ji f:t 7 "E- ;v 7 7 7. Jt:i 0 v' f:t ~ ;m c1~ ii'Ji ti~ '1f T 0 w!£ 'nm m 3?::/J * * -f- ~ ~ m T 0 lfi ,~ , & 
ft. < c ti w!£ {~ § S3 Ji ~ * fDG L t~ 1i ,~ , 3 o o °C ~ J:: w!£ {~ § S3 Ji <TJ im c1~ {~ 11m. l3t ~ T c: w!i ~ q=i 

W,\:7&l'!I!.~~Tiffl~11'5ti<TJc:Jt:i00 50 
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[0015] 

;;$: 3B l3Jl <TJ w!i 'n } -'E-1J ~ w: <TJ ~ m --Ji /ft f:l: , X':t <TJ si w!£ ti Ji 7'.J, q:i Fai Ji ~ :fr L t X':t fciJ 2' h t ft. t-J , 

Hl lm f~ X':t L t fil [J![ f~ ~ JJrE ~ JJrE T :. c f~ J.: ,::, t w!£ 'n m m ~ {~ ~ 1~ 0 i'-JII: fDG c: Jt:i t-J , si w!£ ti Ji <TJ 

5 t::i ~ --Ji 7'.J, w!£ {~ [jl,] IE Ji c: Jt:i t-J {th --Ji 7'.J, w!£ {~ § S3 Ji c: Jt:i t-J , si w!£ ti Ji <TJ 5 t::i & ft. < c ti w!£ {~ § 

S3 Ji f:l: 7 -'E-;v 7 7 7. Jt:i 0 v' f:l: ~ im c1~ ii'Jl. ti ~ 1f T 0 w!£ 'n m m 3?::/J * * -f-c , :. <TJ w!i 'n m m 3?::/J * * -f-~ J'J[ lj. --Ji fciJ f~ t:'k t? 17 ~ F ii'Jil l!z tf !::'' ;; r ii'Jll c ~ {Im ;t t~ w!i 'n } -'E-1J ~ fl!l ~ ~ m T 0 lfi f~ , 

& ft. < c ti w!£ {~ § S3 Ji ~ * fDG L t~ 1i f~ , 3 o o °C ~ J:: w!£ {~ § S3 Ji <TJ im c1~ {~ 11m. l3t ~ T c: w!i ~ 
q:i~~m~~Tiffl~fi5ti<TJc:Jt:i::So 
[0016] 

1:: ~ (T) * % l3Jl (T) w!i 'A m vt t::/J * * -f- (T) 1-lll: pj/; r~ J.: n r:r , si w!i ti Ji (T) 5 t::i ~ --JJ 7'.J, w!i {~ [jl,] IE Ji c: &,) 10 
t-J {th --Ji 7'.J, w!£ {~ § S3 Ji c: Jt:i t-J , si w!£ ti Ji <TJ 5 t::i & ft. < c ti w!£ {~ § S3 Ji f:l: , 7 -'E-;v 7 7 7. Jt:i 0 

v' f:l: ~ im c1~ ii'Jl. ti ~ 1f L , si w!£ ti Ji 7'.J, 3 O O °C ~ J:: w!£ {~ § S3 Ji <TJ im c1~ {~ 11m. l3t ~ T c: w!i ~ q=i ~ 

~ m 2' n -c 1i, ::s :. c r~ J.: t-J , w!£ ~ q:i ~ ~ m r~ J.: t-J si w!i ti Ji (T) w!i 'A ~ --Ji ti 7'.J, mu jp 2' n ::s t~ cl) 

, w!i 'A m vt t::/J * * -f- (T) m vt - 71-ff~ w!i ~ all ii'Jll (T) ft! * ·r:1 ~ cf ~ T ::s :. c ~ , ti w!i JJ (T) r:r r::, ") ~ 
~ cf ~ T 0 :. c 7'.J, PJ 1m f~ ft. 0 o 

[0017] 

1:: ~ (T) * % l3Jl (T) w!i 'A } -'E-1J ~ w: (T) 1-lll: pj/; r~ J.: n r:r , w!i 'A m vt t::/J * * -f-c , w!i 'A m vt t::/J * * -f­
~ )'J[ dj- --Ji fciJ r~ r:'k tr 17 ~ F ii'Jll & a t:'' ;; r ii'Jll c ~ 11m :t , w!i 'A m vt t::/J * * -f-7'.J, 1:: i2 (T) * % l3Jl (T) w!i 
'A m vt t::/J * * -f- (T) 1-lll: fDG c: &,) ::s :. c r~ J.: t-J , w!i ~ q=i ~ ~ m r~ J.: t-J si w!i ·r:1 Ji (T) w!i 'A ~ --Ji ·r:1 7'.J, mu 
jp 2' n -c , w!i 'A m vt t::/J * * -f- (T) m vt - 71-ff~ w!i ~ all ii'Jll (T) ft! * ·r:1 ~ cf ~ L , ti w!i JJ (T) r:r r::, ") ~ 20 
~ CJ( ~ T 0 :. c i'.I' PJ -rm f~ ft. 0 t~ cl) , w!i 'n j=ft m 3?::/J * * -f-<TJ 7 7. T o ,{ F all ii'Jll <TJ * ;tk,-i'.I' CJ( ~ 2' 
h , w!£ 'n } -'E-1J ~ w: f~ :J:;5 it 0 Il'f $R <TJ ~ JR ~ ~ iL lj. 7'.J, $ £ f~ '12 IE L t fi ;t 0 J.: 5 f~ ft. 0 o 

[0018] 

1:: ~ (T) * % l3Jl (T) w!i 'A m vt t::/J * * -f- (T) ~ m --JJ tft r~ J.: n r:r , & ft. < c ti w!£ {~ § s:i Ji ~ * pj/; L t~ 
1i f~ , 3 o o °C ~ J:: w!£ {~ § S3 Ji <TJ im c1~ {~ 11m. l3t ~ T c: w!i ~ q=i ~ ~ m ~ ~ T I f~ ~ ft 5 :. c f~ 

J.: t-J , & ft. < c ti w!i {~ § s:i Ji (T) w!i 'A ~ --JJ ·r:1 ~ mu jp L -c , w!i 'A m vt t::/J * * -f- (T) m vt - 71-ff~ w!i 
~ all ii'Jll (T) ft! * ·r:1 ~ ti w!i JJ (T) r:r r::, ") ~ 7'.J, cf ~ 2' n t~ w!i 'A m vt t::/J * * -f-~ ~ m T ::s :. c 7'.J, PJ -rm 
(~ ft. 0 0 

[0019] 

J:: ~ <TJ ;;$: 3B l3Jl <TJ w!i 'n } -'E-1J ~ w: <TJ ~ m --Ji /ft f~ J.: h f:f , & ft. < c ti w!£ {~ § S3 Ji ~ * fDG L t~ 1i 30 

f~ , 3 o o °C ~ J:: w!£ {~ § S3 Ji <TJ im c1~ {~ 11m. l3t ~ T c: w!i ~ q=i ~ ~ m ~ ~ T I f~ ~ ft 5 :. c f~ J.: 
t-J , & ft. < c ti w!i {~ § s:i Ji (T) w!i 'A ~ --JJ ·r:1 ~ mu jp L -c , w!i 'A m vt t::/J * * -f- (T) m vt - 71-ff~ w!i ~ 
all ii'Jll <TJ ft! * ·r:1 ~ {lf: w!£ JJ <TJ f:f t:, ") ~ 7'.J, cf ~ 2' h , Il'f $R <TJ ~ JR ~ ~ iL lj. 7'.J, $ £ f~ '12 IE L t ft ;t 

0 w!£ 'n } -'E-1J ~ w: ~ ~ m T 0 :. c 7'.J, PJ 1m f~ ft. 0 o 

[0020] 

[ 5Bl3Jl<TJ~~<TJ*JI~] 
;;$: 3B l3Jl f:l: , X':t <TJ si w!£ ·r:1 Ji 7'.J, q:i Fai Ji ~ :fr L t X':t fciJ 2' h t ft. t-J , Hl lm f~ X':t L t fil [J![ f~ ~ JJrE ~ JJrE 
T :. c r~ J.: ,::, -c w!i 'A m vt ~ {~ ~ 1~ ::s ct-JI\: pj/; (T) w!i 'A m vt t::/J * * -f-c: &,) ,::, -c , si w!i ·r:1 Ji (T) 5 t::i ~ 
--Ji 7'.J, w!i {~ [jl,] IE Ji c: &,) t-J {th --Ji 7'.J, w!i {~ § s:i Ji c: &,) t-J , si w!i ·r:1 Ji (T) 5 t::i & ft. < c ti w!i {~ § s:i Ji r:t 

, 7 -'E-Jv 7 7 7. Jt:i 0 v' f:l: ~ im cl~ ii'Jl. ti ~ 1f L , si w!£ ·r:1 Ji i'.I' 3 0 0 °C ~ 1:: w!£ {~ § S3 Ji <TJ im cl~ {~ 40 

1lm.13t ~Tc: w!i ~ q=i ~ ~ m 2' n t 1;, ::s w!i 'Am vt t::/J * * -f-c: Jt:i ::s 0 

[0021] 

~ t~ ;;$: 3B l3Jl f:l: , 1:: jji:, w!£ 'n j=ft m 3?::/J * * -f- f~ :J:;3 v' t , w!£ {~ § S3 Ji 7'.J, F e C o B , F e C o N i 

B , F e C o S i B 7'.J, C::, ~ f;f h 0 tJ :f--t 7'.J, C::, fDG 0 i'-JII: fDG c T 0 a 

[0022] 

~ t~ * 3B l3Jl f:t , J:: llc w!£ 'n mm 3?::/J * * -f- f~ :J:;5 v' t , J:: llc q:i Fai Ji c L t MH~ {t ti L < f:t '¥-i/'J {t 
7'.J, t:, fDG 0 r ✓ * ;v /< 1J 7 Ji ~ Jtl v' t~ r ✓ * ;v w!i 'n j=ft m 3?::/J * * -f-c: Jt:i 0 i'-JII: fDG c T 0 o 
[0023] 

~ t~ * % l3Jl f:l: ' J:: jji:, w!£ 'A m m 3?::/J * * -f- f~ :j:;3 1; \ t ' ffi Ji 7 ::c 1J i'-JII: lli ~ 1f T 0 i'-JII: pj/; C T 0 0 

[ 0 0 2 4 ] 50 
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;;$: 3B l3Jl f:l: , X':t <TJ si w!£ ti Ji 7'.J, q:i Fai Ji ~ :fr L t X':t fciJ 2' h t ft. t-J , Hl lm f~ X':t L t fil [J![ f~ ~ JJrE ~ JJrE 
T :. c r~ J.: ,::, -c w!i 'A m vt ~ {~ ~ 1~ 0 1-JII: pj/; (T) w!i 'A m vt t::/J * * -f- c , w!i 'A m vt t::/J * * -f- ~ J1J[ dj­

--JJ fciJ r~ r:'k tr 17 ~ F *Jil & a t:'' ;; r *Jil c ~ 11m :t , si w!i ·ri Ji (T) 5 t::i ~ --Ji 7'.J, w!i {~ [jl,] ;E Ji c: Jt:i t-J {th --Ji 
7'.J, w!£ {~ § S3 Ji c: Jt:i t-J , si w!£ ·ri Ji <TJ 5 t::i & ft. < c ti w!£ {~ § S3 Ji f:l: , 7 "E-;v 7 7 7. Jt:i 0 v' f:l: ~ 

im c1~ tJl. ti ~ 1f L , si w!£ ti Ji 7'.J, 3 o o °C ~ J:: w!£ {~ § S3 Ji <TJ im c1~ {~ 11m. l3t ~ T c: w!i ~ q=i W,\ :7L1 l'!I!. 2' 
htv'0w!i'A} "1:-l_J ~w:c:Jt:i00 
[0025] 

~ t~ ;;$: 3B l3Jl f:l: , 1:: jji:, w!£ 'A } "E- 1_} ~ W: f~ :J:;3 v' t , w!£ {~ § S3 Ji 7'.J, F e C o B , F e C o N i B 

, F e C o S i B 7'.J, i::> ~ f;f h 0 tJ :f--t 7'.J, i::> fDG 0 i'-JII: fDG c T 0 a 

[0026] 10 

~ t~ * 3B l3Jl f:t , J:: llc w!£ 'A} "E- l_J ~ w: f~ :J:;5 v' t , w!£ 'Am m 3?::/J * * -f- 7'.J, q:i Fai Ji c L t MH~ {t ti 
L < f:l: '¥-i/'J {t 7'.J, f::> fDG 0 r ✓ * Jv /< 1_} 7 Ji ~ ffl v' t~ r ✓ * Jv w!i 'A 1=J=t m 3?::/J * * -f- c: Jt:i 0 i'-JII: fDG c 

T0 o 

[0027] 

~ t~ * % l3Jl r:t , 1:: i2 w!£ 'A} "E- l_J ~ w: r~ :j:;3 1i, -c , w!i 'Am vt t::/J * * -f- i'.I' m Ji 7 ::c l_J 1-JII: m ~ 11 T 
01-Jll:fDGcT00 
[0028] 

~ f' , * % l3Jl (T) w!i 'A m vt t::/J * * -f- (T) ~ sJ!: :nm (T) * Jl& (T) ffl me-1-JII: pj/; [2I) ~ [2I) 1 r~ 7f; T O :. (T) [2I) 1 r~ 

7f;TsJ!:1im<TJ*G~, ;;$:5Bl3Jl~r ✓ *~w!i'AJ=ftm~**-f-(~T, TMR*-f-c~T00) 
(~ :ii Jtl L, t~ ~ if ~ 7f; L, t 1; \ 0 0 

[0029] 

:. <TJ T M R * -f- 1 f:l: , Y 1_} :::r ✓ t$ i'.I' f::> ft. 0 £ ti 2 J:: f~ , T j:,jg Ji 3 c , DE si w!£ ti Ji 4 c , si 
w!£ ti Ji c: Jt:i 0 w!£ {~ [jl,] JE Ji s c , r ✓ * 1v /< 1_} 7 Ji 6 c , si w!£ ti Ji c: Jt:i 0 w!£ {~ § s:i Ji 7 c , 
r o/ 7° :::r ~ r Ji 8 C i'.I' :. (T) Ji~ f~ ffi Ji 2' h t i'-JII: pj/; 2' h t 1; \ 0 0 t!P 1=, ' si w!£ ti Ji (T) ~ --Ji i'.I' w!i {~ 
[jl,] IE Ji 5 c 2' h , {th --Ji 7'.J, w!i {~ § S3 Ji 7 c 2' h t~ , v' b v9J 0 7. l::° ✓ /< ;v 7' ~ <TJ T M R * -f- ~ 

i'-JII: fDG L t :J:;3 t-J , xc:t <TJ si w!£ ti Ji c: Jt:i 0 w!£ {~ [jl,] JE Ji s c w!£ {~ § s:i Ji 7 c c: r ✓ * 1v /< 1_} 7 Ji 6 

~ t:'k ij iL t? :. c r~ J.: t-J , si w!£ ti r ✓ * 1v ~ if g ~ * fDG L t 1i, 0 0 
~ L t , w!£ 'A } "E- l_J ~ tl!l: t$ f~ :. <TJ T M R * -f- 1 ~ :ii Jtl L t~ ~ if f~ f:l: , w!£ {~ § S3 Ji 7 7'.J, Il'\' $R 
llc ~ Ji c ft. t-J , ~ :. f~ Il'f $R 7'.J, llc ~ 2' h 0 o 

20 

[0030] 30 

BE si w!£ ti Ji 4 f:l: , si w!£ ti Ji <TJ ~ --Ji c: Jt:i 0 w!£ {~ [jl,] IE Ji 5 c DE si w!£ ti r'i'J f~ im if T 0 :. c f~ J.: t-J 

, ~ ~ iL dj- <TJ t~ cl) <TJ ~ JJrE w!£ !l'f. f~ J.: ,::, t ti w!£ {~ [jl,] JE Ji 5 <TJ w!i {~ ~ BE ilii 2' {t f' , w!£ {~ [jl,] JE Ji 5 

<TJ w!i {~ <TJ fciJ ~ ~ ~ f~ ~ IE c T 0 t~ cl) <TJ Ji c: Jt:i 0 o t!P 1=i , [2I) 1 f~ 7f; T T M R * -f- 1 f~ :J:;3 v' t 
r:t , {th --Ji (T) si w!i ti Ji c: Jt:i 0 w!i {~ § s:i Ji 1 t~ it ~ 71-fm w!i ~ t$ r~ J.: ,::, t w!i {~ BE ,i 2' {t 0 0 w!i {~ 
§ S3 Ji 7 f:l: , T M R * -f- 1 ~ {:ftl ;t f;f w!£ 'A } "E- l_J ~ w: t$ f~ :ii Jtl L t~ ~ if f~ Il'\' $R 7'.J, llc ~ 2' h 0 

Ji c ft. 0 t~ cl) , Il'\' $R llc ~ Ji c ti lfF 2' h 0 o 

BE si w!£ ti Ji 4 ~ i'-JII: fDG T 0 tJ :f--t c L t f:l: , F e , N i , P t , I r , R h t$ ~ ,s t? M n if 'lE 
, C o !'f8t {~ !Ito , N i !'f8t {~ !Ito t$ ~ {l ffl T 0 :. c 7'.J, c: ~ 0 o 

[0031] 

[2I) 1 f~ 7f; T 7. l::° ✓ /< ;v 7' ~ <TJ T M R * -f- 1 f~ :J:;3 v' t f:l: , w!£ {~ [jl,] IE Ji 5 f:l: , DE si w!£ ti Ji 4 c 40 
BE si w!£ ti r'i'l f~ im if T 0 :. c f~ J.: ,::, t w!£ {~ <TJ fciJ ~ ~ ~ IE c 2' h 0 o :. <TJ t~ cl) , ~ ~ iL dj- <TJ lfi 
<TJ ~ J)iE w!i !l'f. f~ J.: ,::, t ti w!£ {~ [jl,] IE Ji 5 <TJ w!i {~ f:l: DE ilii L ft. v' a 

[0032] 

r ✓ * Jv /< l_] 7 Ji 6 f:l: , w!£ {~ [jl,] IE Ji 5 c w!£ {~ § S3 Ji 7 c ~ w!£ 'A r'i'J f~ fJ 14ft T 0 c c ti f~ , r 
✓ * 1v ~ JJrE ~ JJrE T t~ cl) <TJ Ji c: Jt:i 0 o 

r ✓ * Jv /< 1_} 7 Ji 6 ~ i'-JII: pj/; T 0 tJ :f--t c L, t f:l: , {:ftl ;t f;f A 1 , M g , S i , L i , C a t$ <TJ 
!'f8t {~ !Ito , ~ {~ !Ito , /, o ff ✓ {~ !Ito t$ <TJ !M5 *~ tJ :f--t ~ {l ffl T 0 :. c 7'.J, c: ~ 0 o 

[0033] 

:. <TJ J.: 5 ft. r ✓ * Jv /< 1_] 7 Ji 6 f:l: , 7. /" ;; l:J 1_] ✓ /J' /ft ~ ~ ~ /ft t$ f~ J.: ,::, t g,li; Hl 2' h t~ 'lE ~ 
Hl ~ , !'f8t {~ JZ f:l: ~ {~ T 0 :. c f~ J.: t-J ;f~ 0 :. c 7'.J, c: ~ 0 o 50 
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~ t~ , 1f ~ 'lE ~ c , !'18t * , T '/ ✓ , ~ * , /, o ff ✓ , /, o ff ✓ {t jf 7. t$ c ~ Jtl v' 0 C V D 

/ft ,~ J.: ,::, t ti 1~ 0 :. c 7'.J, c: ~ 0 o 

[ 0 0 3 4 ] 

* sJ!: :nm (T) * Jl& ,~ :j:;3 1i, t r:t , !l<f ,~ si w!i ti Ji c: &,) ::s w!i {t [jl,] ;E Ji s , w!i {t § s:i Ji 1 ~ ,s tr si w!i ·ri 
r ✓ * ;v ~ i:r 9 7'.J, , 3 o o °C ~ J:: c: w!i ~ q=i W,\ :7L1 l'!I!. 7'.J, :nm 2' h t v' 0 i'-JII: fDG c T 0 o 

:. <TJ J.: 5 ft. i'-JII: fDG c T 0 :. c ,~ J.: t-J , R - H all tJR <TJ ft! * ·ri ~ fciJ J:: L , 1ci w!i jJ <TJ f;f C::> -::i ~ ~ 1ft 
~ T 0 :. c 7'.J, c: ~ 0 o 

[0035] 

:. <TJ w!i ~ q=i W,\ :7L1 l'!I!. ,~ :J:;5 it 0 w!£ ~ <TJ fciJ ~ f:l: , si w!£ ti Ji 5 , 7 <TJ w!i {t $I. £ !11il! c -'-JZ 11' ,~ T 0 :. c 
i'.I' frt ~ L, 1; \ 0 10 

[0036] 

si w!£ ti Ji , !l<f ,~ w!£ {t § S3 Ji 7 ,~ f:l: , F e , C o , N i <TJ v' T h 7'.J, , Jt:i 0 v' f:l: , :. h C::> rl ~ 
~ J:: ~ =1:: pj/; fJ c L t~ 7 -'E-;v 7 7 7. ~ t~ f:l: ~ im c1~ <TJ tJ :f--t 7'.J, frt ~ L v' o 

[0037] 

f,1,j , F e , C o , N i ~ =E fDG fJ c L t~ i:r 'lE {:ftl ;t f;f F e C o t$ f:l: , iffl ~ <TJ Hl )'J[ c: f:l: im c1~ W c: 

Jt:i 0 7'.J, , 1:ftl ;t f:f Hl )'J[ 1 n m f~ l3t c :_' < 7w. < L t~ ~ i:r ,~ f:l: , 7 -'E-;v 7 7 7. ,~ :i!i v' ;tk,-Jlj ,~ ft. 0 

t~ cl) , 1:: ~ L t~ 3 o o °C ~ J:: <TJ W,\ 7L1 l'!I!. <TJ 3?::/J * 7'.J, ;f~ t::> h 0 o L 7'.J, L ft. 7'.J, t::> , :. <TJ i:r 'lE ,~ f:l: im 
c1~ w!i 'A ~ --JJ ti 7'.J, T¥ 1± L , :. (T) ;m c1~ w!i 'A ~ --JJ ti ,:t W,\ :m l'l ,~ J.: ::s mu jp 7'.J, EEi Jt c: &,) ::s t~ cl) , 7 -'E­

Jv 7 7 7. tJ :f--t ,~ J:t r-:: 0 c 3?::/J * 7'.J, 1J, 2' < ft. 0 o 

[ 0 0 3 8 ] 20 
:. :. "T: , w!£ {t § S3 Ji 7 7'.J, , C o 7 2 F e 8 B 2 0 ( J]l1: -f- % ) <TJ tJl. pj/; <TJ 7 -'E-Jv 7 7 7. si w!£ ti 
tJ :f--t i'.I' f::> fDG 0 i'-JII: fDG (T) 7. !::° ✓ /< Jv 7' ~ T M R * -f- (~ -::i v' t , 3 0 0 °C "T: (T) ti w!£ ~ q:i W,\ :7L1 l'!I!. ~ 
:nm L t~ ti (T) c , 2 s o 0c c: (T) ti w!i ~ q=i W,\ :m l'!I!. ~ :nm L t~ ti (T) ~ ~ n :f! n sJ!: lfi ,~ 11 ~ L , :. n 
f::, ,~ /) V \ t m m - 71-fm w!£ ~ all tfR ( R - H all tfR ) ~ {!!lj ;E L, t~ im * ~ [2I) 2 ,~ 7f; T 0 

[2I) 2 7'.J, f::> l3Jl f::> 7'.J, ft. J.: 5 (~ , 3 0 0 °C c: W,\ 7L1 l'!I!. L, t~ T M R * -f- c: (:l: , 2 5 0 °C "T: W,\ :7L1 l'!I!. L, t~ 
T M R * -f- f~ J:t r-:: , R - H all tJJl <TJ ft! * ti 7'.J, fciJ J:: T 0 c +!; f~ /< Jv /J /, r) i! ✓ / ,{ X ti {ft ~ 2' 
h t~ o 1JE ,::, t , ;;$: 3B l3Jl ,~ J.: h f;f , 7 7. T o ,{ F all tJR <TJ * ;tk,-ti cf ~ 2' h t ~ ~ iL lj.. !l<'f ti 7'.J, fciJ 

J:: L , ~ ~ iL lj.. ::r:. 7 ~ <TJ 1ft ~ ~ [2I) 0 :. c 7'.J, PJ 1m c ft. 0 o 

[0039] 

:. <TJ 3 0 0 °C ~ J:: <TJ W,\ 7L1 l'!I!. §;k 1!:f: c: /l<'f ti 7'.J, cf ~ 2' h 0 J]l1: [El f:l: IE 7'.J, c: ft. v' 7'.J, , tJ :f--t <TJ im c1~ {t 11m. 30 

l3t J.: t-J 1ft < , ::lf-1 1_] ~ 11m. l3t ,~ :i!i v '11m. l3t c: Jt:i 0 :. c 7'.J, ~ ff L t v' 0 c ~ ;t C::> h 0 o 

[0040] 

w!i ~ q=i W,\ :7L1 l'!I!. ~ 11' 5 W,\ :7L1 l'!I!. J:p f:l: , 1:ftl ;t f:f [2I) 3 f ~ 7f; T i'-JII: fDG c T 0 o 

:. <TJ W,\ 7L1 l'!I!. J:p f:l: , ~ ~ :r -'f ✓ /< ~ 3 1 <TJ 71-,~ t: ~ l:l ~ 3 2 ~ l'ii: w: L , 2' t::> ,~ 71-{j[IJ ,~ 7 /J' * 
o/ }- 3 3 ~ j!'jr, w: L, t pj/; 0 0 

[0041] 

:. (T) W,\ 7L1 l'!I!. j'.p ,~ :j:;3 1; \ t ' w!£ ~ q:i W,\ :7L1 l'!I!. (:l: f7Z (T) J.: 5 ,~ L, t 1T 5 0 

~ T , T M R * -f- 7'.J, * g,li; 2' h 0 r) ::c /, 3 o ~ , ~ ~ 'T -'I' ✓ /< ~ 3 1 P'I <TJ 7 ;; /J 3 4 ,~ , 7 

/J' * ;; r 3 3 ,~ J.: 0 w!£ ~ 3 5 <TJ --Ji fciJ ,~ r) ::c /, 3 o <TJ =E lm 3 o A 7'.J, -'-JZ 11' ,~ ft. 0 J.: 5 ,~ tit w: T 

0 0 40 
~ L t , t: ~ l:l ~ 3 2 ,~ J.: t-J :1JD W,\ T 0 c +t: ,~ , 7 /J' * ;; r 3 3 ,~ J.: t-J w!£ ~ ~ FO~ :1JD T 0 :. c 

f~ J.: ,::, t , r) ::c /, 3 0 <TJ T M R * -f- f~ X':t L t w!£ ~ q:i W,\ :7L1 l'!I!. ~ 1T 5 :. c 7'.J, c: ~ 0 o 

[ 0 0 4 2 

~ t~ , w!i ~ q=i W,\ :7L1 l'!I!. <TJ 11m. l3t <TJ 1:: ~El: (:l: , si w!£ ti Ji ,~ Jtl v' 0 7 -'E-Jv 7 7 7. ~ t~ (:l: ~ im cl~ <TJ tJ :f--t 
<TJ im c1~ {t 11m. l3t f~ J.: t-J ~ IE 2' h 0 7'.J, , 2' i::> f~ T M R * -f- <TJ ffift W,\ ti c <TJ ~ h i:r v' 7'.J, i::> , ?@i < c 
ti400°C~TcT00 

[0043] 

w!i ~ q=i W,\ :7L1 l'!I!. f:l: , si w!£ ti Ji <TJ w!i {t BE !11i !l<'f ti ~ cf ~ T 0 ~ i'l'l 7'.J, t::> 11' ,::, t v' 0 t~ cl) , & ft. < c 
ti w!£ {t § S3 Ji 7 ,~ , J.: t-i frt ~ L < f:t w!£ {t § S3 Ji 7 l!z a w!i {t [jl,] JE Ji 5 <TJ 7Y. --Ji ,~ 7L1 l'!I!. ~ :nm T J.: 
5 ,~ T 0 o 50 
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:. h f~ J.: t-J , T M R * -f- 1 <TJ w!i 'n !l<'f ti <TJ cf ~ ~ [2I) 0 3?::/J * ~ J.: t-J fil!ll: :i= f~ 1~ i::> h 0 o 

[ 0 0 4 4 ] 

~ t~ , 1:ftl ;t f;f J:: ~ <TJ W,\ 7L1 l'!I!. ~ J.: t-J 3?::/J * i'l'J ft. ti <TJ ,~ T 0 t~ cl) ,~ f:l: , w!£ 1t § S3 Ji 7 ,~ Jtl v' 0 7 

-'E-;v 7 7 7. ~ t~ f:l: ~ im c1~ <TJ tJ :f--t <TJ Hl )'J[ ~ 1 n m ~ J:: , 1 5 n m ~ T c T 0 :. c 7'.J, ~ ~ L v' 
o :. <TJ ifi1i lttl P'I ,~ Jt:i 0 :. c ,~ J.: ,::, t .Bl ff ft. w!i 'n !l<'f ti ~ 11:m 1ci c: ~ 0 o w!£ 1t § S3 Ji 7 <TJ Hl )'J[ 7'.J, 1 
n m * jF,ilf c: Jt:i 0 ~ i:r ,~ f:l: , W,\ ,~ J.: 0 t§ Ji. })1; ll5C ,~ J.: t-J w!£ 'n !l<'f ti 7'.J, * $1 ,~ JcJl ft. b n , ;i1E ,~ w!i 1t 
§ S3 Ji 7 <TJ Hl )'J[ 7'.J, 1 5 n m ~ J:: @J 0 ~ i:r ,~ f:l: , T M R * -f- 1 <TJ 1ci w!i jJ 7'.J, i@I JU ,~ ?@i < ft. 0 <TJ 

c: sJ!: ffl J:: ;;r::: :ii ~ c ft. 0 :J:;5 ~ h 7'.J, Jt:i 0 o 

[0045] 

~ t~ , iPJ t.m ,~ , w!£ 1t [jl,] JE Ji 5 ,~ ti 7 -'E-;v 7 7 7. ~ t~ f:l: ~ ;m c1~ <TJ tJ :f--r ~ Jtl 1;' 0 ~ i:r ,~ , J:: ~ 10 

<TJ W,\ 7L1 l'!I!. ~ J.: t-J 3?::/J * i'l'J ft. ti <TJ ,~ T 0 t~ cl) ,~ f:t , w!£ 1t [jl,] JE Ji 5 ,~ Jtl 1;, 0 7 -'E-1v 7 7 7. ~ t~ f:t 
~ im c1~ <TJ tJ :f--t <TJ Hl )'J[ ~ o . 5 n m ~ J::, 6 n m ~ T c T 0 :. c 7'.J, ~ ~ L v' o :. <TJ iri1i lttl P'I ,~ 
Jt:i 0 :. c ,~ J.: ,::, t .Bl ff ft. w!i 'n !l<'f ti ~ 11:m 1ci c: ~ 0 o w!£ 1t [jl,] IE Ji 5 <TJ Hl )'J[ 7'.J, o . 5 n m * jF,ilf c: 
Jt:i 0 ~ i:r ,~ f:l: , W,\ ,~ J.: 0 t§ Ji. })1; ll5C ,~ J.: t-J w!£ 'n !l<'f ti 7'.J, * $1 ,~ JcJl ft. b n , ;i1E ,~ w!i 1t [jl,] IE Ji 5 <TJ 

Hl )'J[ 7'.J, 6 n m ~ J:: @J 0 ~ i:r ,~ f:l: , DE si w!£ ti Ji 4 c <TJ 5( ~ im i:r w!i !l'f. ~ 1E fJ ,~ 1~ t::> h ft. < ft. 0 
:J:;5 ~ h 7'.J, Jt:i 0 o 

[0046] 

J:: ~ <TJ ;;$: sJ!: 15m <TJ * Jlj <TJ T M R * -f- 1 f~ J.: h f;f , 3 0 0 °C ~ J:: w!£ 1t § S3 Ji 7 <TJ im c1~ 1t 11m. l3t ~ 
T c: w!i ~ q=i W,\ :7L1 l'!I!. i'.I' :nm 2' ht v' 0 i'-JII: g.1/; c T 0 :. c ,~ J.: t-J , si w!£ ti Ji 5 , 7 <TJ w!i 'n ~ h ·r:1 ~ 
mu jp L t , R - H all tJJl <TJ ft! * ·r:1 ~ fciJ J:: L , /< ;v /J /, r) i! ✓ / ,{ X ~ 1ft ~ T 0 :. c 7'.J, c: ~ 0 20 
0 ~ t~ ' 1ci w!i jJ H C (T) ,:r f::, /) ~ ~ jfp mu L, t ' T M R * -f- 1 (T) 7 7. T p ,{ F all tfR (T) * ;t;k_-~ CJ( 

~ T 0 :. c 7'.J, c: ~ 0 o 

[0047] 

:. h (~ J.: t-J , 1:ftl ;t f;f if, ~ <TJ T M R * -f- ~ 1f L, t g.1/; 0 w!£ 'n } -'E-1J ~ fl!l (~ T M R * -f- 1 ~ :ii Jtl 
L t~ ~ i:r f~ , T M R * -f- 1 <TJ 7 7. T o ,{ F all tJJl <TJ * ik_-~ cf ~ L t , ~ ~ iL lj.. !l<'f ·r:1 ~ fciJ J:: T 
0 :. c ,~ J.: t-J , ~ ~ iL lj.. ::r:. 7 ~ ~ 1ft ~ T 0 :. c 7'.J, c: ~ 0 o 

~ t~ , T MR * -f- ~ 1f L t g.1/; 0 w!£ 'n ~;; F ~ w!i 'n t ✓ '-l;r f~ :ii Jtl L t~ ~ i:r f~ f:l: , DE ilii w!i !l'f. <TJ 

!Jt it 1!!'[ i'.I' t::> <TJ T h ~ jfp mu L t , ~ m ;1p< -li'i1 ~ t-J ~ fciJ J:: T 0 :. c ~ l!J 11 -:er::: .Bl ~ llJJ 1c T 0 :. c i'.I' 
PJ -rm ,~ ft. ::s 0 

[0048] 

f,1,j , * % l3Jl ,~ :J:;3 1i, t r:t , [2I) 1 ,~ 7f; T J.: 5 ft. w!i {t [jl,] ;E Ji 5 & a w!i {t § s:i Ji 1 (T) ~ n :f! n 7'.J, ~ 

Ji 7'.J, i::> i'-JII: g.1/; 2' h t~ T M R * -f- 1 f~ ~.fil: IE 2' h ft. v' a 

1:ftl ;t f:f [2I) 4 ,~ 7f; T J.: 5 ,~ , w!i {t [jl,] IE Ji 5 7'.J, , m 1 <TJ w!i {t [jl,] IE Ji 5 a c m 2 <TJ w!i {t [jl,] IE Ji 5 

b c c: ?F w!£ •r:1 l1'J ~ 1t Ji 5 c ~ r:'k dj- JL 1v c: ft. ::s m Ji 7 ::r:. 1J 1-lll: m c 2' n ::s ~ i:r c: &,) ,::, -c ti , * 
3B l3Jl <TJ 3?::/J * ~ 1~ 0 :. c 7'.J, c: ~ 0 o 

[0049] 

[2I) 4 f~ 7f; T T M R * -f- 1 O c: f:l: , m 1 <TJ w!i {t [jl,] IE Ji 5 a 7'.J, DE si w!£ ·r:1 Ji 4 c ~ L t :J:;3 t-J , :. 

h t::> <TJ Ji Fai ,~ 11 < 5( ~ t§ Ji. 11 ffl ,~ J.: ,::, t , m 1 <TJ w!i {t [jl,] IE Ji 5 a f:l: si v' ~ h fciJ <TJ w!i 'n ~ h 
·r:1 ~ ft -::i o ~ t~ , m 2 <TJ w!i {t [jl,] IE Ji 5 b f:l: , r ✓ * ;v /< 1J 7 Ji 6 ~ :fr L t w!£ {t § S3 Ji 7 c 

30 

X':t fciJ L , 7. I::° ✓ <TJ fciJ ~ i'.I' w!£ {t § S3 Ji 7 c J:t ~ 2' h [J![ ~ M R J:t ,~ ~ :b 0 si w!£ ·r:1 Ji c ft. 0 t~ cl) 40 

, $Jffi!ictilfF2'h00 
[0050] 

m Ji 7 ::r:. 1J 1-lll: m (T) ?F w!£ •r:1 l1'J ~ 1t Ji 5 c ,~ m 1i, t::> n ::s tJ :r-+ c L -c ,:t , 1:ftl :t ,:r R u , R h , r 
r, Cu, Cr, Au, Ag ~7lL~H-fi::>h0 O [2I)4 <TJTMR *-f-1 0 f~:J:;3v't, ~<TJ{tl!,<TJ 

Ji f:l: [2I) 1 f~ 7f; L, t~ T MR * -f- 1 c Vii Vif' iPJ t.m <TJ i'-JII: g.1/; c: Jt:i 0 t~ cl) , [2I) 1 c iPJ [. f,4 % ~ {-t L, t ~$ 

*IE ft. !JI, l3Jl ~ '!§' We-T 0 o 

[0051] 

:. <TJ ffi Ji 7 ::r:. 1J i'-JII: m ~ 1f T 0 T M R * -f- 1 0 f~ :J:;3 v' t ti , 3 0 0 °C ~ J:: w!£ {t § S3 Ji 7 <TJ im 
c1~ {t 11m. l3t ~ T c: w!i ~ q=i W,\ :7L1 l'!I!. 7'.J, :nm 2' h t~ i'-JII: g.1/; c T 0 :. c ,~ J.: t-J , [2I) 1 ,~ 7f; L t~ T M R * -f-

1 c iPJ t.m ,~ , R - H all tJR <TJ ft! * ·r:1 ~ fciJ J:: L , /< ;v /J /, r) i! ✓ / ,{ X ~ 1ft ~ T 0 :. c 7'.J, c: ~ 50 
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0 0 ~ t~ ' 1ci w!i jJ H C (T) f;f f::, /) ~ ~ jfp mu L, t ' T M R * -f- 1 0 (T) 7 7. T p ,{ F all tfR (T) * ;tk,-

~ cf ~ T 0 :. c 7'.J, c: ~ 0 o 

[0052] 

f,1,j , J:: ~ <TJ sJ!: 15m <TJ * Jlj c: f:l: , w!£ 'n j=ft m 3?::/J * * -f- c L t T M R * -f- ( r ✓ * Jv w!i 'n j=ft m 3?::/J * * -f- ) 1 , 1 o ~ Jtl v' t~ 7'.J, , ;;$: 3B l3Jl f:l: , X':t <TJ si w!£ ti Ji 7'.J, q:i Fai Ji ~ :fr L t X':t fciJ 2' h , Hl lm f~ 

xc:t L -c fil [j![ f~ ~ 1m ~ 1m L -c w!i 'A m vt ~ {~ ~ 1~ ::s 1-lll: pj/; ~ 11 T ::s ~ (T) {m (T) w!i 'A m vt t::/J * * -f- f~ 
ti :ii Jtl T 0 :. c 7'.J, c: ~ 0 o 

{:ftl ;t f;f q:i Fai Ji c L t C u t$ <TJ ?F w!£ ti i/'J ~ Ji ~ Jtl v ' t~ g ::k w!£ 'n j=ft m 3?::/J * * -f- ( G M R * -f- ) 

c: , Hl lm f~ X':t L t fil [J![ f~ ~ JJrE ~ JJrE L t w!£ 'n m m 3?::/J * ~ 1~ 0 i'-JII: fDG , t!P t::i v' b v9J 0 c P P ~ <TJ 

G M R * -f- f~ ti ;;$: 3B l3Jl ~ :ii Jtl T 0 :. c 7'.J, c: ~ 0 o 10 
[0053] 

2' t::> f~ , w!£ {~ [jl,] IE Ji ~ BE si w!£ ti {t <TJ tJ :f--t , w!£ {~ [jl,] IE Ji 1JIJ f~ :J:;5 ft 0 ffi Ji 7 ::c 1J i'-JII: m <TJ 1f ~ t$ 

f:l: , ;;$: 3B l3Jl <TJ ;;$: j[ ~ tJ! ft. b ft. v' ~El: t-J ti k <TJ ~ * i'.1' PJ 1m "T: Jt:i 0 0 

[ 0 0 5 4 ] 

f,1,j , w!£ ~ q:i W,\ :7L1 l'!I!. f~ :J:;3 ft 0 w!£ ~ <TJ si l3t <TJ ifi1i ittl f:l: , 1:: ~ <TJ sJ!: 15m <TJ * Jlj <TJ T M R * -f- 1 <TJ J.: 5 
f~ w!£ {~ § S3 Ji 7 7'.J, w!£ {~ [jl,] IE Ji 5 J.: t-J 1:: Ji {j[lj f~ Jt:i 0 i'-JII: fDG ( v' b v9J 0 # r A 7. I::° ✓ ~ ) "T: f:l: , 

3 o o °C ~ J:: <TJ w!i ~ q=i W,\ :7L1 l'!I!. 7'.J, DE si w!£ ti Ji 4 7'.J, t::> w!£ {~ [jl,] JE Ji 5 f~ 7'.J, 7'.J, 0 /< ,1 7 7. ~ ~ JE T 
0 W,\ :7L1 l'!I!. ~ ~ h 0 t~ cl) , w!i {~ [jl,] IE Ji 5 <TJ i'-JII: m , Hl )'J[ , !l<'f ti f~ J.: t-J ~ ft. 0 o 

1:ftl ;t f:f , w!£ {~ [jl,] IE Ji 5 7'.J, Hl )'J[ 2 n m <TJ c o F e Hl <TJ lj. ( ~ Ji ) 7'.J, t::> fDG t-J , DE si w!£ ti Ji 4 <TJ 

tJ :f--t 7'.J, F e M n ~ R h M n , I r M n t$ "T: Jt:i 0 ~ i\- f~ f:l: , 1 k O e t~ l3t <TJ w!£ ~ c: ;E fJ c: Jt:i 20 

0 0 

:. <TJ w!i {~ [jl,] IE Ji 5 7'.J, Hl )'J[ 2 n m <TJ c o F e Hl <TJ lj. ( ~ Ji ) c: Jt:i 0 i'-JII: fDG c: ti , DE si w!£ ti Ji 4 

<TJ tJ :f--t 7'.J, P t M n t$ c: Jt:i 0 ~ i:r f~ f:l: , 3 k O e t~ l3t &;, ~ c ft. 0 o 

2' i::> f~ , [2I) 4 f~ 7f; L t~ T M R * -f- 1 0 t$ , w!£ {~ [jl,] IE Ji 5 7'.J, ffi Ji 7 ::c 1J i'-JII: m ~ 1f T 0 :. c f~ 

J.: t-J , si [jl,] ft. BE si w!i ti ;m i:r 7'.J, * fDG 2' n ::s ~ i:r f~ f:t , :. (T) BE si w!i ti ;m i:r ~ * fDG L t 1i, ::s :rl ~ 
<TJ w!i ti Ji T r-:: t 7'.J, iPJ C --Ji fciJ <TJ w!i {~ ~ 1f T 0 J.: 5 f~ T 0 &;, ~ 7'.J, Jt:i 0 o 1:ftl ;t f:f c o F e ( 2 n 
m ) / R u ( 0 . 8 n m ) / C o F e ( 2 n m ) (T) J.: 5 ft. i'-JII: m (T) w!i {~ [jl,] ;E Ji 5 C: Jt:i 0 ~ i:r 
f~ f:l: , 1 O k O e t~ l3t <TJ w!i ~ 7'.J, &;, ~ c ft. 0 o 

~ --Ji , w!i ~ <TJ ::k ~ 2' <TJ 1:: ~El: f:l: !l<f f~ ft. v' 7'.J, , w!£ ~ ~ ::k ~ < T 0 t~ cl) f~ f:l: w!£ !l'f. FOP :1JD cf @: ~ ::k ~ 

{~ T 0 &;, ~ 7'.J, Jt:i 0 t~ cl) , :ii l3t ft. ::k ~ 2' f~ !Jt IE 2' h 0 o 30 

[0055] 

J:: ~ <TJ J.: 5 ft. T M R * -f- 1 , 1 o t$ <TJ w!i 'n j=ft m 3?::/J * * -f- f:l: , 1:ftl ;t f;f M R A M t$ <TJ w!i 'n } -'E-

lJ ~ fl!l f~ Jtl v' i::> ht frt :ii c: Jt:i 0 o ~ T , ;;$: 3B l3Jl <TJ T MR * -f- ~ Jtl v' t~ M R A M f~ -::i v' t , 
[2I) ~ $ Jffi L ft. 7'.J, t::> !~ l3Jl T 0 o 

[0056] 

;;$: 3B l3Jl <TJ T M R * -f- ~ 1f T 0 /J o 7. ;tc; ,{ ✓ r ~ <TJ M R A M 7 v ,{ ~ , [2I) 5 f~ 7f; T o :. <TJ M 

R A M 7 v ,{ f:l: , rl ~ <TJ 17 ~ F tfR W L c , :. h f::> 17 ~ F tfR W L c [J![ 5( T 0 rl ~ <TJ 1::·· -;; r tfR 
B L c ~ 1f L , 17 ~ F tJJl W L c 1::·· -;; r tJJl B L c <TJ 5( }~ f~ ;;$: 3B l3Jl <TJ T M R * -f- 7'.J, l'ii: fl!l 2' h t 
pj/; 0 } -'E-1J t Jv 1 1 C ~ 1f T 0 0 t!P 1=, ' :. (T) M R A M 7 V ,{ C: f:l: ' 3 X 3 (T) } -'E-1J t Jv 1 

1 7'.J, 7 r 1J /J 7. ik." f~ l'ii: w: 2' h 0 o 

[0057] 

f,1,j , M R A M 7 v ,{ f~ Jtl v' i::> h 0 T M R * -f- c L, t f:l: , [2I) 1 f~ 7f; L, t~ T M R * -f- 1 f~ ~El: IE 
2' h T , ffi Ji 7 ::c 1J i'-JII: m ~ 1f T 0 [2I) 4 f~ 7f; T T M R * -f- 1 o t$ , Hl lm f~ X':t L t fil [J![ f~ ~ JJiE 

~ 1m T :. c f~ J.: ,::, -c w!i 'A m vt ~ {~ ~ 1~ ::s ct-JI\: pj/; (T) w!i 'A m vt t::/J * * -f- f~ :j:;3 1i, -c w!i ~ q=i 3 o o 0c 
~ J:: c: W,\ 7L1 l'!I!. 2' h t :J:;5 t-J , & ft. < c ti w!£ {~ § S3 Ji 7 ~ ,s t? si w!£ ti Ji 7'.J, 7 -'E-;v 7 7 7. tJ :f--t 7'.J, 

f::> fDG 0 i'-JII: fDG "T: Jt:i h f;f v' i'.I' ft. 0 i'-JII: fDG "T: Jt:i ,::, t ti i'-JII: :b ft. v' 0 

[0058] 

~ t~ , } -'E-1J * -f- f~ if, ~ Jt:i 0 } -'E-1J t ;v 7'.J, t::> 1 -::i <TJ } -'E-1J t ;v ~ J& t-J t±l L t , li;fr lm i'-JII: m ~ 
[2I) 6 f~ 7f; To 

40 

'6- } -'E-1J t 1v 1 1 f:t , [2I) 6 f~ 7f; T J.: 5 f~ , 1:ftl ;t f:f v 1J :::r ✓ £ ti 1 2 J:: f~ , ff ~ r ~ ti 1 3 50 
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, '/ ~ 7. iJt :I:~ 1 4 l!z a F v ,{ ✓ iJt :I:~ 1 5 tJ, C::> ft. 0 r 7 ✓ :} 7. l:J 1 6 ~ 1f T 0 o ff ~ r ~ ti 
1 3 f:l: , iJG lj.. t±l L Jtl <TJ 17 ~ F tJJl W L 1 ~ i'-JII: fDG L t v' 0 o ff ~ r ~ ti 1 3 J:: f~ f:l: , iM§ *~ Ji ~ 
:fr L t ~ ~ iL lj.. ffl <TJ 17 ~ F tJR ( M ~ L t~ 17 ~ F ~ ~ iL lj.. tJR f~ i'§ ~ T 0 ) w L 2 7'.J, * fDG 2' h 
t v' 0 o r 7 ✓ :} 7. l:J 1 6 <TJ F v ,{ ✓ iJt :I:~ 1 5 f~ f:l: :::r ✓ l:J /J r } l:J ;v 1 7 7'.J, ~ ff-n 2' h , 2' 
t::> f~ :::r ✓ l:l /J r } l:l ;v 1 7 f~ f:l: T tili Ji 1 8 7'.J, ~ ff-n 2' h t v' 0 o :. <TJ T tili Ji 1 8 J:: <TJ ~ ~ iL 

lj. ffl <TJ 17 ~ F tJJl W L 2 <TJ 1:: --Ji f~ X':t Ft T 0 {ll tl!l f~ , ;;$: 3B l3Jl <TJ T M R * -f- 1 7'.J, * fDG 2' h t v' 0 
o :. <TJ T M R * -f- 1 J:: f~ , 17 ~ F tJJl W L 1 l!z tf W L 2 c [J![ 5( T 0 !::'' ;; r tJJl ( M ~ L t~ !::'' ;; 

r ~ ~ iL lj.. tJR f~ i'§ ~ T 0 ) B L 7'.J, * fDG 2' h t v' 0 o f,1,j , T tili Ji 1 8 f:l: , -'-JZ lm {ll tl!l <TJ ~ ft. 0 

T M R * -f- 1 c F v ,{ ✓ iJt :I:~ 1 5 c <TJ ~ 'n i'l'J ~ ff-n ~ T 0 q~ lrJ tJ, C::> , /< ,{ /" 7. c ti lfJ; 2' h 0 

~ t~ , '6-17 ~ F tJR W L 1 , W L 2 c T M R * -f- 1 c ~ iM§ *~ T 0 t~ cl) <TJ Ji Fai iM§ *~ Hl 1 9 l!z a 
iM5 *~ Hl 2 o c , :£: ft ~ 1ci if T 0 /" ;; v ~ ~ v 3 ✓ Hl ( [2I) 7f; {t T ) t$ ~ 1f L t fDG 0 o 

[0059] 

:. <TJ M R A M f:l: , 3 0 0 °C ~ J:: im c1~ {t 11m. l3t ~ T <TJ w!i ~ q=i W,\ :7L1 l'!I!. f~ J.: t-J w!£ {t § S3 Ji 7 <TJ w!i 'n 

~ --Ji ti i'.I' mu jp 2' h t~ T M R * -f- 1 ~ Jtl v' t v' 0 <TJ c: , R - H al3 tfR (~ :J:;5 v' t / ,{ X i'.I' {.It ~ L 
, 7 7. 7" o ,{ F !l<f ·ri 7'.J, fciJ J:: T 0 <TJ c: , ~ ~ iL lj. ::r:. 7 ~ <TJ {ft ~ ~ [2I) 0 :. c c: ~ 0 o 

[0060] 

:. :. c: , ;;$: 3B l3Jl <TJ ~ m --Ji /ft (~ J.: t-J M R A M ~ ~ m T 0 ~ if <TJ 7° o t 7. 7 o ~ <TJ * Jlj ~ , [2I) 

7 A l!z a [2I) 7 B f~ ~ h :f! n 7f; T 0 

10 

£ ti f~ C MO S @J n ( {:flj ;t f;f [2I) 6 <TJ r 7 ✓ ✓ 7. l:J 1 6 ) ~ * fDG L t~ 1i , 17 ~ F tJJl ( {:flj ;t f;f 20 

[2I) 6 <TJ W 2 ) ~ * fDG L , 17 ~ F tJR <TJ rJ!. cl) iL lj. ~ fi v' , * lm ~ -'-JZ tll. {t L t~ 1i , T M R Hl ~ pji; 

Hl T 0 If~~ c: f:l: , [2I) 7 A l!z a [2I) 7 B c: +!; iffl f~ ft. ,::, t v' 0 o 

[0061] 

[2I) 7 A f~ 7f; T 7° o t 7. 7 o ~ c: f:l: , T M R Hl ~ pji; Hl L t~ 1i , T (' w!£ ~ q:i W,\ :7L1 l'!I!. ~ fi v' , ~ 
<TJ 1i /< ,{ /" 7. * pj/; I f~ t!P 1=i [2I) 6 <TJ T tili Ji 1 8 <TJ /" l:J ~ :::c. ✓ /J' , * -f- fm * fDG I f~ t!P 1=i T M R 

* -f- 1 <TJ /" l:J ~ :::c. ✓ /J' , * -f- <TJ :1:1!. cl) iL lj. I f~ t!P 1=i T M R * -f- 1 ~ iM§ *~ Hl c: :1:1!. cl) iL t? I f~ , 
!::'' o/ r tfR * fDG If~ , !::'' o/ r tfR <TJ rj[ cl) iL lj. I f~ <TJ '6-I f~ ~ 1T 5 J.: 5 f~ L t v' 0 o 

~ t~ , [2I) 7 B f~ 7f; T 7° o t 7. 7 o ~ c: f:l: , T M R Hl ~ pji; Hl L , ~ <TJ 1i /< ,{ /" 7. * pji; I f~ , 
* -f- ff~ * fDG I f~ , * -f- <TJ rj[ cl) iL lj. I f~ , !::'' ;; r tfR * fDG I f~ , !::'' ;; r tfR <TJ rj[ cl) iL lj. I f~ <TJ '6-
If~~ 1'J,::, f~ 1i, w!£~r:pW,\)IL1J'!I!.~:f'r5 J.:5 f~Ltv'00 30 

[0062] 

v' T h f~ L t ti , T M R Hl ~ pji; Hl L t~ 1i f~ w!£ ~ q:i W,\ :7L1 l'!I!. ~ :nm T <TJ 7'.J, ~ ~ L v' 7'.J, , & ft. < c 
ti T M R Hl <TJ 5 t::i w!i {t § S3 Ji 7 ~ fDG Hl L t~ 1i f~ T 0 &;, ~ 7'.J, Jt:i 0 o 

[0063] 

f,1,j , 1:frJ :t r:r w!i 1t [jl,] ;E Ji & a w!i 1t § s:i Ji (T) l'ic: w: 7'.J, 1:: ~ L t~ sJ!: :nm (T) * Jl& (T) i'-lll: fDG ( 1i, :b v9J ::s # r 
A 7. l::° ✓ ~ ) c f:l: :ilE c: Jt:i 0 i'-JII: fDG , t!P t::, w!i {t § S3 Ji ~ £ ti {j[lj f~ , w!£ {t [jl,] IE Ji l!z a BE si w!£ ti Ji 
~ w!i 1t § S3 Ji J.: t-J ti J:: Ji f~ * fDG T 0 i'-JII: fDG ( v, b v9J 0 r ;; 7° 7. e ✓ ~ ) c: f:t , w!£ 1t § S3 Ji <TJ 

si w!£ ti Hl ~ pj/; Hl L t 7)\ i::> 3 0 0 °C ~ J:: c: w!i ~ q=i W,\ :7L1 l'!I!. ~ 1T ,::, t~ 1i , w!£ {t [jl,] IE Ji l!z tf BE si w!£ 
ti Ji ~ fDG Hl L , ~ <TJ 1i DE si w!£ ti Ji ~ -!:Ji, JllJ 1t T 0 ( J:: ~ L t~ /< ,1 7 7. ~ ~ IE T 0 ) t~ cl) <TJ w!i 
~ q:i W,\ :7L1 l'!I!. ~ 3 o o °C * j]lilj c: fi 5 :. c 7'.J, ~ :t C::> h 0 o 

:. <TJ ~ if , w!i ~ q=i W,\ :7L1 l'!I!. ~ 2 @J 1'r 5 :. c f~ ft. 0 i'.I' , w!£ {t [jl,] IE Ji l!z a BE si w!£ ti Ji ~ fDG Hl L t~ 

1i f~ 3 o o °C ~ J:: <TJ w!i ~ q=i W,\ :7L1 l'!I!. ~ 1'r 5 ~ if c J:t ~ T 0 c , T M R Hl <TJ * lm f~ :i!i v' w!i {t [jl,] 

;E Ji l!z a BE si w!£ ti Ji f~ 3 0 0 °C ~ J:: (T) 11m. l3t (T) I; ~ i'.I' l!z (;f ft. V \ C V \ 5 flj }~ ~ 1f T 0 0 

[ 0 0 6 4 ] 

( sJ!: :nm 1:ftl ) 
~ T , ;;$: 3B l3Jl ~ :ii Jtl L t~ J.l. {t i'l'J ft. sJ!: 15m {:ftl f~ -::i v' t , sJ!: .~ im * f~ £ "5 v' t !~ l3Jl T 0 o 

f,1,j , [2I) 6 f~ 7f; L, t~ J.: 5 f~ , M R A M f~ f:l: T M R * -f- 1 ~ 71-f~ 7. ,{ ;; 'T ✓ /J' ffl <TJ r 7 ✓ ✓ 7. 

l:/ 1 6 7'.J, ff fr T 0 7'.J, , ;;$: sJ!: 15m {:ftl c: f:l: T M R !l<f ti ~ !Jlu r-:: 0 t~ cl) (~ , [2I) 8 l!z tf [2I) 9 f~ 7f; T J.: 5 
ft. si w!£ ti }- ✓ * Jv ~ if (T) dj- ~ * pji; L, t~ r) ::C /, f~ J.: t,J !l<f ti (T) {lllj ;E • if {iffi ~ 1T '::) t~ o 

40 

~ f', si w!£ ti r ✓ * 1v ~ if <TJ w!i {t § s:i Ji r~ fl k <TJ tJ :f-+ ~ ffl 1;, t~ ~ if <TJ, W,\ :m l'!I!.1fill.13t {Jlz ff ti so 
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,~ -::i 1;, t liJlu r-:: t~ o 

[0065] 

< '-l;r ✓ 7° ;v 1 > 

( 11) JP 2004-22599 A 2004.1.22 

[2I) 8 ,~ -'-JL lm [2I) , [2I) 9 ,~ [2I) 8 <TJ A - A ,~ :J:;5 It 0 li;fr lm [2I) ~ ~ h :f! h 7f; T J.: 5 ,~ , !l<'f ti 11'!" {iffi Jtl * 
-f- T E G ( T e s t E 1 e m e n t G r o u p ) c L, t , £ ti 2 1 J:: f~ 17 ~ F tJJl W L 

c 1::·· ;; r tfR B L c i'.I' [J![ 5( L t l'ii: fl!l 2' h , :. h i::> 17 ~ F tfR W L c 1::·· ;; r tfR B L c <TJ 5( ~ T 0 

fm 71 (~ T M R * -f- 2 2 i'.I' * fDG 2' h t~ i'-JII: m ~ {1 ~ L t~ o :. <TJ T E G (:l: , T M R * -f- 2 2 i'.I' ~E 
!11il!0 . 5 µ m X:!lt!![il! 1 . 0 µ m <TJ ffi p:j *:tk.-'t' Jt:i t-J , 17 ~ F tJJlWL l!z a1::··;; r tJJlB L <TJ jjljfft/M 

,~ ~ h :f! h ft/M -f- /" o/ F 2 3 , 2 4 i'.I' * fDG 2' h , 17 ~ F tfR W L c 1::·· o/ r tfR B L c ~ A 1 2 

o 3 tJ, t::> fDG 0 iM5 ii'~ Hl 2 5 , 2 6 ,~ J.: ,::, t Ji. v' ,~ ~ -n i'l'l ,~ iM5 ii'~ L t~ i'-JII: fDG c ft. ,::, t v' 0 o 10 

[0066] 

J.l. {t i'l'J f~ f:l: , f7Z <TJ J.: 5 f~ L t [2I) 8 l!z tf [2I) 9 f~ 7f; T T E G ~ {1 ~ L t~ a 

~ f' , * lm ,~ W,\ !'f8t {t Hl ( J'J[ 2' 2 µ m ) 7'.J, * fDG 2' h t~ )'J[ 2' o 6 m m <TJ v 1J :::r ✓ tJ, t::> fDG 0 £ 
ti 2 1 ~ Jtl ~ L, t~ 0 

t1z ,~ , :. <TJ £ ti 2 1 J:: ,~ 17 ~ F tJR <TJ tJ :f--t ~ fDG Hl L , 7 :ct r 1J '/ /J' '7 7 -1 ,~ J.: ,::, t 7 ;,.. /J L 

t~ 1i ,~ 17 ~ F tJR ~ 71-<TJ fm 71 ~ A r 7° 7 X 7 ,~ J.: t-J ~ JR i'l'J ,~ ::r:. ;; 'T ✓ /J' L , 17 ~ F tJR W L ~ 

* pji; L t~ o :. <TJ c ~ , 17 ~ F tJR W L ~ 71-<TJ iJt :I:~ f:l: , £ ti 2 1 <TJ ~ 2' 5 n m ~ 't' ::r:. ;; 'T ✓ /J' 

L, t~ O 

~ <TJ 1i , 17 ~ F tJR W L ~ ~ ,::, t iM5 ii'~ Hl 2 6 ~ * fDG L , * lm ~ -'-JZ :rll. {t L t~ o 

[0067] 

ff,nv't, Tllc<TJJIH-Jll:g,li;( 1) 7)\f::, ft.::ST MR *-f-2 2 ~' 05:P<TJlJ '//J'7 7-1 

'T ✓ /J' ,~ J.: t-J {1 ~ L t~ o Ji i'-JII: fDG ( 1 ) f:l: , / <TJ .tr: {l!IJ 7'.J, £ ti {l!IJ c ft. ,::, t :J:;5 t-J , 

~lf;To 

/ft & a ::r:.;; 
) P'I f:t Hl )'J[ 

Ta ( 3nm) /Cu ( 100nm) /Pt MnHl( 20nm) /Co Fe 3nm) / 

R u ( 0 . 8 n m ) / C o F e ( 2 5 n m ) / A 1 1 n m ) - 0 x / w!£ {t § S3 Ji ( 
tnm)/Ta(5nm) -(1) 

[0068] 

f,1,j , J:: llc <TJ Ji i'-JII: pj/; ( 1 ) <TJ 5 t::, , w!i {t § S3 Ji <TJ ii'Jl. pj/; ~ C o 7 2 F e 8 B 2 0 ( J]l1: -f- % ) c 
L , w!£ {t § S3 Ji <TJ Hl )'J[ t ~ 4 n m c L t~ o 

20 

~ t~ , '6-C o F e Hl <TJ ii'Jl. pj/; ~ , C o 7 5 F e 2 5 ( J]l1: -f- % ) c L t~ a 30 

[0069] 

r ✓ * Jv /< 1J 7 Ji 6 <TJ A 1 - 0 x Hl (:l: , ~ T 'lE ~ A 1 Hl ~ D C 7. /" ;; l:J /ft ,~ J.: t-J 1 n m 

:l,t ffi 2' -tt , ~ <TJ 1i !'f8t * / 7 ;v ::i' ✓ <TJ J)iE m J:t ~ 1 : 1 c L , 'T -'I' ✓ /< ~ jf 7. !± ~ 0 . 1 m T 

o r r c L , I c P ( ~ i1'J im i:r 7° 7 X 7 ) tJ, C::> <TJ 7° 7 X 7 ,~ J.: t-J 'lE ~ A 1 Hl ~ 7° 7 X 7 !'f8t 
{t 2' -tt 0 :. c ,~ J.: t-J * fDG L t~ o !'f8t {t ail° Fai f:l: I C P 7° 7 X 7 t±l jJ ,~ {Jlz t¥ T 0 7'.J, , ;;$: sJ!: 15m {:ftl 't' 

f:l: 3 o .fJ; c L t~ o 

[0070] 

~ t~ , r ✓ * 1v /< 1J 7 Ji 6 <TJ A 1 - o x 

fDG Hl L t~ o 

[0071] 

t1z ,~ , w!i ~ q=i W,\ :7L1 l'!I!. J:p ,~ t , 1 o k o e <TJ w!i !l'f. q:i , 2 o o ~ 3 6 o °C 't' , 5 ail° Fai <TJ W,\ 7L1 l'!I!. 

~ 11' v' , BE si w!£ ti Ji 't' Jt:i 0 P t M n Ji <TJ -!:Ji, Jl.lJ {t W,\ :7L1 l'!I!. ~ 11' v' , si w!£ ti r ✓ * ;v ~ i:r 9 ~ * 

pj/; L, t~ O 

ff,n v' t , T M R * -f- 2 2 l!z tf ~ <TJ T <TJ iM§ ii'~ Hl 2 6 ~ /" l:/ ~ :::c. ✓ /J' L t , [2I) 8 ,~ 7f; T -'-JZ lm /" 
l:/~ ✓ ~~T0TMR*-f-22~*fDGT00 

2' C::> ,~ , A 1 2 o 3 ~ 7. /" ;; l:J T 0 :. c ,~ J.: t-J , J'J[ 2' 1 o o n m f~ l3t <TJ iM§ ii'~ Ji 2 5 ~ 

fDG Hl L , 2' f::> ,~ 7 :ct r 1J '/ /J' 7 7 -1 ,~ J.: t-J 1::·· ;; r tfR B L l!z tf ft/M -f- /" ;; F 2 4 ~ * fDG L , [2I) 

8 l!z tf [2I) 9 (~ 7f; L t~ T E G ~ 1~ t~ o 

[0072] 

< '-l;r ✓ 7° ;v 2 > 

40 

50 
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(12) JP 2004-22599 A 2004.1.22 

w!i {~ § S3 Ji 7 <TJ ii'Jl. pj/; ~ C o 7 0 . 5 F e 4 5 S i 1 5 B 1 0 ( J]l1: -f- % ) c L- , w!£ {~ § S3 
Ji 7 <TJ Hl )'J[ ~ 4 n m c L- t~ ~ 71-f:l: '-l;r ✓ 7° ;v 1 c iPJ t.m f~ L- t T E G ~ 1~ t~ o 

[0073] 

< '-l;r ✓ 7° ;J...-3 > 
w!£ {~ § S3 Ji 7 <TJ ii'Jl. fDG ~ C o 3 5 N i 3 5 F e 1 0 B 2 0 ( J]l1: -f- % ) c L- , w!£ {~ § S3 Ji 7 <TJ 

Hl )'J[ ~ 4 n m c L- t~ ~ 71-f:l: '-l;r ✓ 7° ;v 1 c iPJ t.m f~ L- t T E G ~ 1~ t~ o 

[0074] 

< '-l;r ✓ 7° ;J...-4 > 
w!i {~ § S3 Ji 7 <TJ ii'Jl. pji; ~ c o 7 5 F e 2 5 ( JJl'l -f- % ) c L- , w!£ {~ § S3 Ji 7 <TJ Hl )'J[ ~ 2 n m c 
L- t~ ~ 71-f:l: '-l;r ✓ 7° ;J...-1 c iPJ t.m f~ L- t T E G ~ 1~ t~ a 10 

[0075] 

< '-l;r ✓ 7° ;J...-5 > 
w!i {~ § S3 Ji 7 <TJ ii'Jl. pji; ~ c o 9 o F e 1 o ( JJl'l -f- % ) c L- , w!£ {~ § S3 Ji 7 <TJ Hl )'J[ ~ 2 n m c 
L- t~ ~ 71-f:l: '-l;r ✓ 7° Jv 1 c iPJ t.m f~ L- t T E G ~ 1~ t~ a 

[0076] 

~ L- t , 1~ i::> h t~ '6-'-l;r ✓ 7° Jv 1 ~ '-l;r ✓ 7° Jv 5 <TJ T E G f~ X':t L- t , T llc <TJ J.: 5 (~ L- t R - H 

all ii'Jll <TJ {lllj IE ~ 1T ,::, t , 2' f::> f~ R - H all ii'Jll TJ' f::> {i w!£ jJ <TJ (;f i::> -::i ~ ~ 3=K cl) t~ o 

[0077] 

( R - Hall ii'Jll <TJ {lllj JE) 

iffl ~ <TJ M R A M t$ <TJ w!i -n } -'E-1J ~ fl!l c: f:l: , ~ JJrE w!£ !l'f. (~ J.: ,::, t w!£ -n j=ft m 3?::/J * * -f- ~ w!£ {~ BE ilii 20 

2' -tt -c -rJ $R ~ ~ ~ JL tr tJ, , * sJ!: :nm 1:ftl c: r:t , 71-fm w!i !l'f. r~ J.: ,::, -c w!i -n m vt t::/J * * -f- ~ w!i {~ 2' -tt 
0 :. C f~ J.: t,J ' m m {!!'[ (T) {lllj ;E ~ 1T ,::, t~ 0 t!P 1=, ' ~ T T M R * -f- 2 2 (T) w!i {~ § S3 Ji ~ w!£ {~ BE 
ilii 2' -tt 0 t~ cl) <TJ 71-fm w!£ !l'f. ~ w!i {~ § S3 Ji <TJ w!i {~ $I. £ iliil! f~ X':t L- t -'-JZ 11' c ft. 0 J.: 5 f~ FOP :1JD L- t~ o 

{!!IJ IE <TJ t~ cl) <TJ 71-fm w!£ !l'f. <TJ * ~ 2' f:l: , 5 o o o e c L- t~ o 

[0078] 

t1: f~ , w!£ {~ § S3 Ji (T) w!i {~ $I. £ !11il! (T) ~ --Ji {j[lj TJ' C::> ~ t - 5 0 0 0 e TJ' C::> + 5 0 0 0 e ~ C: m 5 I 
T 0 c iPJ aif f~ , 17 ~ F ii'Jil W L <TJ ft//il -f- /" ;; F 2 3 c 1::·· ;; }- ii'Jil B L <TJ ft//il -f- /" ;; F 2 4 c f~ tJ, tJ, 

0 /< ,{ 7 7. ~ !± tJ, 1 0 0 m V c ft. 0 J.: 5 f~ liJlu 1'i)j L- t , si w!£ ti }- ✓ * ;J...-~ i:r f~ }- ✓ * ;J...-~ JJiE 
~ JJrE L- t~ 0 :. (T) C ~ (T) '6-71-fm w!£ !l'f. (~ X't T 0 mm{!!'[~ {!!lj ;E L- t R - H all ii'Jll ~ 1~ t~ 0 

[ 0 0 7 9] 30 
( {i w!£ jJ H c (T) (;f f::, "J ~ ) 

J:: llc <TJ {lllj IE --Ji /ft (~ J.: t-J R - H all ii'Jll ~ {!!IJ IE L- , R - H all ii'Jll tJ, f::> , w!£ {~ ljl,] IE Ji c w!i {~ § S3 Ji <TJ 

w!i {~ tJ, BE -'-JZ :fi' (T) ik." Jl& c: &,) ,::, -c m vt tJ, ?@j 1i, ik." Jl& c: (T) m vt 1, c , w!i {~ ljl,] ;E Ji c w!£ {~ § s:i Ji (T) w!i 
{~ tJ, -'-JZ :fi' (T) ik." Jl& c: &,) ,::, -c m vt tJ, 1.1t 1i, ik." Jl& c: (T) m vt 1, c (T) -'-JZ t;(J 1, ~ * cl) , :. (T) -'-JZ t;(J 1, (T) m vt 
1, tJ, 1~ t::> n ::s c ~ (T) 71-fm w!£ !l'f. (T) 1, ~ 1ci w!i JJ H c c L- t~ 0 :. (T) 1ci w!i JJ H c ~ , 1PJ ti r~ 11 ~ 2' 
n t~ * -f- ( T E G ) s o o M r~ xc:t L- t :fT 1i, , :. n t::> (T) ;tJ tj!, iffil ~ ll H c ~ * cl) t~ 0 ~ L- t , 
ll H C / ( H C (T) -'-jL J:;(J {!!'[ ) ~ 1ci w!i jJ H C (T) (;f t::> /) ~ (T) {!!'[ C L- t~ o 

f,1,j , ~ ~ iL lj.. !l<'f ti <TJ fciJ J:: ~ l2I! 0 c v' ,::, t~ tm }~ 7)\ i::> , 1ci w!i jJ H c <TJ (;f i::> -::i ~ f:l: , 6 % ~ T c: 
Jt:i 0 :. c tJ, ff ~ L- v' o 

[ 0 0 8 0 ] 40 
'-l;r ✓ 7° 1v 1 ~ '-l;r ✓ 7° 1v s <TJ ~ n :f! n r~ -::i 1i, t , w!£ {~ § s:i Ji 7 <TJ ii'Jl. pji; l!z a Hl )'J[ ~ * 1 r~ 7f; L-

, ~ t~ tJt !11il! f~ W,\ :7L1 l'!I!. 11m. l3t ~ c t-J , Mil: !11il! f~ 1ci w!i jJ H c <TJ (;f i::> -::i ~ ~ c t-J , 7° o ;; }- L- t l2I) 1 

o f~ 7f; To 
0 0 8 1 ] 

* 1 ] 
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(13) JP 2004-22599 A 2004.1.22 

~:.,,,"1')!., !i•nx: MH t §l EB JiUJlnx Jill¥ 
No. C@:r%) (nm) 

1 1 C 012F eaB20 4 

2 1 C o 1 o. , F e 4. o S i 1 5 B 1 o 4 

3 1 Co35Ni35Fe10B20 4 

4 1 Co15Fe25 2 

5 1 Co90Fe10 2 

[0082] 

[2I) 1 o tJ, t::> l3Jl t::> tJ, ft. J.: 5 ,~ , -If-✓ 7° ;v 1 ~ -If-✓ 7° ;v 3 <TJ J.: 5 ,~ , 7 -'E-;v 7 7 7. tJ :f--r ~ w!£ {t 

§ S3 Ji 7 ,~ Jtl v' t , tJ, -::i w!£ ~ q:i W,\ :7L1 l'!I!. <TJ 11m. l3t ~ 3 o o °C M J:: c T 0 :. c ,~ J.: t-J , 1* w!i jJ H 

C (T) ,:r f::, /) ~ ~ jfp ;t 0 :. C 7]> C: ~ 0 :. C 7]> :b 7)\ 0 0 

[0083] 

:. <TJ :. c tJ, C::> , 7 -'E-;v 7 7 7. tJ :f--t ~ w!£ {t § S3 Ji 7 ,~ Jtl v' , tJ, -::i 3 o o °C M J:: <TJ w!i ~ q=i W,\ :7L1 

10 

l'!I!. ~ 15m T:. c (~ J.: t-J , T MR * -f- <TJ 1* w!£ jJ H c <TJ (;ff::> -::i ~ ~ jfp ;t t , MR A M <TJ ~ ~ iL lj. 20 

!l<f ti ~ cf ~ T 0 3?::/J * tJ, 1~ C::> h 0 :. c tJ, :b tJ, 0 o 

[ 0 0 8 4 ] 

f,1,j , -If-✓ 7° ;v 1 & a -If-✓ 7° ;v 3 c , -If-✓ 7° ;v 2 c ~ J:t ~ T ::s c , -If-✓ 7° ;v 2 <TJ --Ji tJ, ::\'- :1 1J 

~ 11m. l3t ~ im c1~ {t 11m. l3t 7J> ?@i < ft. 0 TJ' , [2I) 1 0 (T) 1* w!£ jJ H c (T) (;f f::> "J ~ (~ "J v' t ti , iPJ t$ (T) (;f 

C::> -::i ~ Jfp #\IJ 3?::/J * ~ 1~ 0 <TJ ,~ -If-✓ 7° ;v 2 <TJ --Ji tJ, ~ ~ ?@i v' 11m. l3t ~ ~ T 0 :. c tJ, :b tJ, 0 o 

[0085] 

f,1,j ' * % l3Jl (T) w!i 'A m m 3?::/J * * -f- ( T M R * -f- t$ ) (:l: ' M ~ L, t~ w!i 'A } -'E-1J ~ w: (T) dj- ft. t::> T 
, w!£ 'n ~ ;; F l!z a :. <TJ w!£ 'n ~ ;; F ~ ti tit L t~ /, ~ F 7'' -1 7. /J F 7 ,{ 7' ~ w!i 'n t ✓ -If-, ~ ffi 
§l n :r o/ 7° , 2' t::> ,~ ,:t /" '/ :::r ✓ , m m: t//il * , m m: m it ~ frt cl) c T ::s '6-oft m -f-~ ~ , m -f-~ 
~ t$ ,~ :ii Jtl T 0 :. c tJ, c: ~ 0 o 30 

[0086] 

;;$: 3B l3Jl f:l: , J:: ~ <TJ sJ!: 15m <TJ * Jlj f~ ~El: IE 2' h 0 ti <TJ c: f:l: ft. < , ;;$: 3B l3Jl <TJ ~ \§' ~ ~ !m L ft. v' i[iti lttl 
C: ~ (T) {ill ;jc,m k ft. 1-JI\: )1x; 7J> J& t-J 1~ 0 o 

[0087] 

[ 5Bl3Jl<TJ3?::/J*l 
1:: ~ (T) * % l3Jl (T) w!i 'A m vt t::/J * * -f- & a ~ (T) ~ m --Ji 1ft ,~ J.: n ,:r , R - H all *JR (T) ft! * ti (T) cf ~ 

, 1* w!i JJ <TJ f:f t::> -::i ~ <TJ cf ~ ~ [2I) 0 :. c tJ, c: ~ 0 o 

:. n ,~ J.: t-J , 1:ftl :t ,:r w!i 'A m vt t::/J * * -f-~ w!i 'A } -'E-1J ~ w: ,~ ® m L t~ ~ if ,~ , ~ ~ JL dj- :r 7 
~ ~ {ft ~ T 0 :. c tJ, c: ~ , {11 n t~ ~ ~ iL lj. !l<'f ti tJ, 1~ C::> h 0 o 

[0088] 

~ t~ , * % l3Jl (T) w!i 'A J -'E-1J ~ w: & a~ (T) ~ m --Ji 1ft ,~ J.: n ,:r, 111 n t~ ~ ~ iL dj- !l<'f ti~ sJ!: m T 

0 :. c tJ, c: ~ 0 o 

[ [2I) lm <TJ m ~ ft. !~ l3Jl l 
[ [2I)l] ;;$:5Bi3JJ<TJ~sJ!::Jjm<TJ*~<TJTMR*-f-<TJffl~mg,\/;[2I)c:~00 

[ [2I) 2 ] w!£ ~ q:i W,\ :7L1 l'!I!. <TJ 11m. l3t 7]> 3 0 0 °C <TJ ~ if c 2 5 0 °C <TJ ~ if "T: T M R * -f- <TJ j=ft m - 71-

l'f~ w!£ ~ all tfR ~ J:t ~ L, t~ [2I) C: ~ 0 0 

[ [2I) 3 l w!£ ~ q:i W,\ :7L1 l'!I!. ,~ Jtl v, 0 W,\ :7L1 l'!I!. J:p <TJ ~ * Jlj ~ 7f; T [2I) c: ~ 0 o 

[ [2I)4] ffi}i711Jmm~~T0TMR*-f-<TJM~mg,\/;[2Ilc:~00 
[ [2I) 5 ] ;;$: 3B l3Jl <TJ T M R * -f-~ } -'E-1J t Jv c L, t ~ T 0 , /J o 7. ;tc; ,{ ✓ r ~ M R M 7 v ,{ 

40 

<TJ~$~7f;Tffl~mg,\/;[2I)c:~::So ~ 

WD EX1008 
Western Digital v IP Bridge 

Page 341



( 14) JP 2004-22599 A 2004.1.22 

[ [2I) 6 l [2I) 3 ,~ 7f; T } -'E-1J t 1v <TJ Jc)1; * li;fr lm [2I) c: Jt:i 0 o 

[ [2I) 7 ] A , B ;;$: 3B l3Jl f~ J.: t-J M R A M ~ ~ m T 0 ~ i:r <TJ 7° o t 7. 7 o ~ <TJ * Jlj ~ 7f; L, t~ 
[2I) C: &,) 0 0 

[ [2I)8]TMR*~<TJ~~ffl<TJTEG<TJ~ffij[2I)c:Jt:i0 0 

[ [2I) 9 ] [2I) 8 <TJ A - A (~ :J:;3 It 0 li;fr lm [2I) "T: Jt:i 0 o 

[ [2I) 1 0 ] W,\ :7L1 l'!I!. 11m. l3t C 1ci w!i jJ H C (T) ,:r f::, /) ~ C (T) ~ 1* ~ 7f; T [2I) C: &,) 0 0 

[ f,-1f%<TJ!~l3Jl] 
1 , 1 0 , 2 2 r ✓ * Jv w!i 'n j=ft m 3?::/J * * ~ ( T M R * ~ ) , 2 , 2 1 £ ti , 3 T tili 
Ji , 4 DE si w!£ ti Ji , 5 w!£ {~ [jl,] IE Ji , 5 a m 1 <TJ w!i {~ [jl,] IE Ji , 5 b m 2 <TJ w!i {~ [jl,] IE Ji 
( $ Jffi Ji ) , 5 c ?F w!£ ti i/'J ~ {t Ji , 6 r ✓ * Jv /< 1J 7 Ji , 7 w!£ {~ § S3 Ji , 9 si w!£ 10 

ti r ✓ * ;v ~ i:r , 1 1 } -'E-1J t ;v , 2 3 , 2 4 /" ;; F , 3 o r:; ::c /, , 3 2 1:: ~ l:l 
~, 3 3 -;,:::7'*;; r, WL, WL 1, WL 2 17 ~)--" tfR, BL !::'';; r tfR 

[ [2I) 1 ] 

1 

[ [2I) 2 ] 

300°Clll!Jilll!I 2 5 0°Clll!!IHl! 

50~----+-~-----'t--~ 

45 

40 

35 

30 

25 

20 

15 

10 

--- -----0 c__ _ ____._ ___ ........____.__.....L.-'.-----' 

-100 -50 50 100 

!Ulilltl (Oe) 

33 

[ [2I) 4 ] 

l.Q 

32 
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1.1 

18 ---e;::::=::;:=== 
~20 

~WL2 
17 

15 14 

12 

16 

[2I) 8 ] 

23 23 

[2I) 9 ] 

25 25 

22 

26 

WL 

21 

(15) JP 2004-22599 A 2004.1.22 

[2I) 1 

13 

12 

11 

! 10 

"" 9 
[' 
'~ ... 
R 7 

Ill 6 !!I! 
5 

4 

3 

0 

lUi 
(CMOS@li&,¥.,~J) 

;'Eal; 

A 

] 

200 250 300 

i!/l!lll!lillll ("Cl 

;'Eal; 

B 

___.._-tj-::.,-:J11.,1 

--+--tt::.,::fJL,2 

~-tj-::.,:;fJL,3 

-Q--+;-:,?'JH 

--9- -tj-::., -:J )L, 5 
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( 16) JP 2004-22599 A 2004.1.22 

(51) Int. Cl. 7 FI 7~7:::r ~f ( $~) 

HO 1 L 43/10 
HO 1 L 43/12 

(72) %13Jl* :;k:t!J} 'tr:JtW: 

HO 1 L 43/10 
HO 1 L 43/12 
HO 1 L 27/10 4 4 7 

Jl'!::$:i3Jl,Jl[[R~~Jl,Jl[6 T ~ 7 if3 5 % '/ ::::.~t;i;:i:t~t±P'I 
(72) %13Jl* J51Jp}f 'j:Q* 

Jl'!::$:i3Jl,Jl[[R~~Jl,Jl[6 T ~ 7 if3 5 % '/ ::::.~t;i;:i:t~t±P'I 
(72)5Bl3Jl* ~E1i -fe.l 

Jl'!::$:i3Jl,Jl[[R~~Jl,Jl[6 T ~ 7 if3 5 % '/ ::::.~t;i;:i:t~t±P'I 
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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: Billy Aaron Schulman/Stacy Johnson 

Attorney Docket Number: NAGl-0005 

Filed as Large Entity 

Filing Fees for Utility under 35 USC 111 (a) 

Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Basic Filing: 

Pages: 

Claims: 

Miscellaneous-Filing: 

Petition: 

Patent-Appeals-and-Interference: 

Post-Allowance-and-Post-Issuance: 

Extension-of-Time: 
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Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Extension - 2 months with $0 paid 1252 1 600 600 

Miscellaneous: 

RCE-2nd and Subsequent Request 1820 1 1700 1700 

Total in USD ($) 2300 
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Electronic Acknowledgement Receipt 

EFSID: 21877568 

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: NAGl-0005 

Receipt Date: 25-MAR-2015 

Filing Date: 14-FEB-2013 

Time Stamp: 17:18:06 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment yes 

Payment Type Credit Card 

Payment was successfully received in RAM $2300 

RAM confirmation Number 3135 

Deposit Account 

Authorized User 

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

Document 
Document Description File Name 

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

1 
NAGI_000SRCETransmittal_Am 

dt.pdf 

417702 

yes 6 
4ce8b9fed99c487fe5cb9f67f094e6f462df7 

189 

Multipart Description/PDF files in .zip description 

Document Description Start End 

Request for Continued Examination (RCE) 1 1 

Amendment Submitted/Entered with Filing of CPA/RCE 2 6 

Warnings: 

Information: 

382754 

2 NAGI_000SIDSLetter_List.pdf yes 4 
9d46bff5c0f9731 c6fae 79bd462f49864f9ac 

058 

Multipart Description/PDF files in .zip description 

Document Description Start End 

Transmittal Letter 1 2 

Information Disclosure Statement (IDS) Form (SB0S) 3 4 

Warnings: 

Information: 

743066 

3 Foreign Reference JPA2004_022599.pdf no 37 
51 d7dfa85c0cdc878395b827dcfc40fe4a4d 

b873 

Warnings: 

Information: 

11733826 

4 Non Patent Literature SHANGArticle.pdf no 4 
7 e4 2f9e 7 e 24 3f4a 02 7984 3c344af080 7 cd 2b 

bbdf 

Warnings: 

Information: 

1161657 

5 Non Patent Literature MEYERH EIMArticle.pdf no 7 
81146a79954290afa676cdd9384fc69a8cb3 

6061 

Warnings: 
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Information: 

533154 

6 Non Patent Literature DJAYAPRAWIRAArticle.pdf no 4 
b70599aeb28e5f1 6c51 de91 a462c59bdb96 

92ce8 

Warnings: 

Information: 

9052980 

7 Non Patent Literature MIYOKAWAArticle.pdf no 4 
ed686d1 2d60d9ab28881 cfd939fd65ae509 

OceaO 

Warnings: 

Information: 

9327014 

8 Non Patent Literature KLAUAArticle.pdf no 9 
a8452961 01 a2018d414efc1 5312e623fb50( 

8240 

Warnings: 

Information: 

485281 

9 Non Patent Literature MITANIArticle.pdf no 3 
e9bd 7 a3 e 7 4 5 facS a0 7 a4 98c05 657 ef57 d 8b 

823a 

Warnings: 

Information: 

9434620 

10 Non Patent Literature YUASAArticle.pdf no 5 
6b9c5692f9563dc29f8c4c506f3f2c3d4fcea 

e83 

Warnings: 

Information: 

8529774 

11 Non Patent Literature NOZAKIArticle.pdf no 4 
bdf859f8ad a20c0cf ca09244fd 031 03 cb 19fc 

c2b 

Warnings: 

Information: 

11635719 

12 Non Patent Literature BUTLERArticle.pdf no 12 
1 0 7f85 ed 90a90d5 ea3a3 5 fS 3df3 72e0d 25d t' 

b6e1 

Warnings: 

Information: 

5010595 

13 Non Patent Literature ZHANGArticle.pdf no 9 
e98866d 9-fbead 3654 9bef65 fb 7b91 82e902 

adda6 

Warnings: 

Information: 

1403365 

14 Non Patent Literature BOU BETAArticle.pdf no 9 
8c251 fc728dc7df89673a5b055b6cd1 9c93a 

0402 

Warnings: 
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Information: 

32612 

15 Fee Worksheet (5B06) fee-info.pdf no 2 
62599d5e 7c235da 131203fb278eb2331357 

1d620 

Warnings: 

Information: 

Total Files Size (in bytes) 69884119 

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 A~~lications 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 A~~lication 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 A~~lication Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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PTO/SB/06 (09-11) 
Approved for use through 1/31/2014. 0MB 0651-0032 

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

PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number Filing Date 

Substitute for Form PT0-875 13/767,290 02/14/2013 □ To be Mailed 

ENTITY: ~ LARGE 0 SMALL 0 MICRO 

APPLICATION AS FILED - PART I 

(Column 1) (Column 2) 

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

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

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

□ EXAMINATION FEE 
(37 CFR 1.16(0), (p), or (q)) 

N/A N/A N/A 

TOTAL CLAIMS * 
(37 CFR 1.16(i)) minus 20 = X $ = 

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

If the specification and drawings exceed 100 sheets 

□APPLICATION SIZE FEE 
of paper, the application size fee due is $310 ($155 
for small entity) for each additional 50 sheets or 

(37 CFR 1.16(s)) 
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)) 

* If the difference in column 1 is less than zero, enter "0" in column 2. TOTAL 

APPLICATION AS AMENDED - PART II 

(Column 1) (Column 2) (Column 3) 

CLAIMS HIGHEST 

03/25/2015 REMAINING NUMBER 
PRESENT EXTRA RATE($) ADDITIONAL FEE ($) 

f-- AFTER PREVIOUSLY 
z AMENDMENT PAID FOR 
w 

Total (37 CFR ~ 1.16(i\\ 
* 2 Minus ** 20 = 0 X $80 = 0 

0 
Independent z * 1 Minus ***3 = 0 X $420 = 0 w (37 CFR 1.16(hll 

~ D Application Size Fee (37 CFR 1.16(s)) 
<( 

□ FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) 

TOTAL ADD'L FEE 0 

(Column 1) (Column 2) (Column 3) 

CLAIMS HIGHEST 
REMAINING NUMBER 

PRESENT EXTRA RATE($) ADDITIONAL FEE ($) 
AFTER PREVIOUSLY 

f--
AMENDMENT PAID FOR 

z Total (37 CFR * Minus ** = X $ = w 1.16(i)) 

~ Independent * Minus *** = X $ = 0 (37 CFR 1.16(h)) 

z D Application Size Fee (37 CFR 1.16(s)) w 
~ 
□ FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) <( 

TOTAL ADD'L FEE 

* If the entry in column 1 is less than the entry in column 2, write "0" in column 3. LIE 
** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20". /ANNETTE SMITH/ 
*** If 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 number found in the appropriate box in column 1. 

This collection of information is required by 37 CFR 1.16. The information is required to obtain or retain a benefit by the public which is to file (and by the US PTO 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 US PTO. 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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PTO/SB/06 (09-11) 
Approved for use through 1/31/2014. 0MB 0651-0032 

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

PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number Filing Date 

Substitute for Form PTO-875 13/767,290 02/14/2013 □ To be Mailed 

ENTITY: [8J LARGE 0 SMALL 0 MICRO 

APPLICATION AS FILED - PART I 

(Column 1) (Column 2) 

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

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

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

□ EXAMINATION FEE 
(37 CFR 1.16(0), (p), or (q)) 

N/A N/A N/A 

TOTAL CLAIMS 
minus 20 = * 

(37 CFR 1.16(i)) X $ = 

INDEPENDENT CLAIMS 
minus 3 = * 

(37 CFR 1.16(h)) X $ = 

If the specification and drawings exceed 100 sheets 

□APPLICATION SIZE FEE 
of paper, the application size fee due is $31 O ($155 
for small entity) for each additional 50 sheets or 

(37 CFR 1.16(s)) 
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)) 

* If the difference in column 1 is less than zero, enter "0" in column 2. TOTAL 

APPLICATION AS AMENDED - PART II 

(Column 1) (Column 2) (Column 3) 

CLAIMS HIGHEST 

03/25/2015 REMAINING NUMBER 
PRESENT EXTRA RATE($) ADDITIONAL FEE($) 

f-- AFTER PREVIOUSLY 
z AMENDMENT PAID FOR 
w 

Total (37 CFR 
~ 1.16(i)) * 2 Minus ** 20 = 0 X $80 = 0 
0 

Independent z (37 CFR 1 .16(h)) * 1 Minus ***3 = 0 X $420 = 0 
w 
~ D Application Size Fee (37 CFR 1.16(s)) 
<( 

□ FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) 

TOTAL ADD'L FEE 0 

(Column 1) (Column 2) (Column 3) 

CLAIMS HIGHEST 
REMAINING NUMBER PRESENT EXTRA RATE($) ADDITIONAL FEE($) 

AFTER PREVIOUSLY 

f--
AMENDMENT PAID FOR 

z Total (37 CFR * Minus ** = X $ = w 1.16(i)) 

~ Independent * Minus *** = X $ = 0 (37 CFR 1 .16(h)) 

z D Application Size Fee (37 CFR 1.16(s)) w 
~ 
□ FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) <( 

TOTAL ADD'L FEE 

* If the entry in column 1 is less than the entry in column 2, write "0" in column 3. LIE 
** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20". /ANNETTE SMITH/ 
*** If 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 number found in the appropriate box in column 1. 

This collection of 1nformat1on Is required by 37 CFR 1.16. The 1nformat1on Is required to obtain or retain a benefit by the public which Is to file (and by the US PTO 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, ca/11-800-PTO-9199 and select option 2. 
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UNITED STA IBS p A IBNT AND TRADEMARK OFFICE 
UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

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

NOTICE OF ALLOWANCE AND FEE(S) DUE 

881 7590 04/23/2015 

STITES & HARBISON PLLC 
1199 NORTH FAIRFAX STREET 
SUITE 900 
ALEXANDRIA, VA 22314 

APPLICATION NO. FILING DATE 

13/767,290 02/14/2013 

TITLE OF INVENTION: Magnetic Tunnel Junction Device 

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE 

nonprovisional UNDISCOUNTED $960 

EXAMINER 

CHAMBLISS, ALONZO 

ART UNIT PAPER NUMBER 

2897 

DATE MAILED: 04/23/2015 

FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO. 

Shinji YUASA NAGI-0005 2082 

PUBLICATION FEE DUE PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE 

$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. 

IL 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. 

III. All communications regarding this application must give the application number. Please direct all communications prior to issuance to 
Mail Stop ISSUE FEE unless advised to the contrary. 

IMPORTANT REMINDER: 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 

or Fax 
Alexandria, Virginia 22313-1450 
(571)-273-2885 

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

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block I for any change of address) 

Note: A certificate of mailing can only be used for domestic mailings of the 
Fee(s) Transmittal. This certificate cannot be used for any other accompanying 
papers. Each additional paper, such as an assignment or formal drawing, must 
have its own certificate of mailing or transmission. 

881 7590 04/23/2015 

STITES & HARBISON PLLC 
1199 NORTH FAIRFAX STREET 
SUITE 900 
ALEXANDRIA, VA 22314 

APPLICATION NO. FILING DATE 

13/767,290 02/14/2013 

TITLE OF INVENTION: Magnetic Tunnel Junction Device 

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE 

nonprovisional UNDISCOUNTED $960 

EXAMINER ART UNIT 

CHAMBLISS, ALONZO 2897 

I. Change of correspondence address or indication of "Fee Address" (37 
CFR 1.363). 

0 Change of correspondence address ( or Change of Correspondence 
Address form PTO/SB/122) attached. 

0 "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. 

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. 

FIRST NAMED INVENTOR ATTORNEY DOCKET NO. 

Shinji YUASA NAGI-0005 

PUBLICATION FEE DUE PREV. PAID ISSUE FEE TOTAL FEE(S) DUE 

$0 $0 

CLASS-SUBCLASS 

257-295000 

2. For printing on the patent front page, list 

(I) The names of up to 3 registered patent attorneys 
or agents OR, alternatively, 

$960 

(Depositor's name) 

(Signature) 

(Date) 

CONFIRMATION NO. 

2082 

DATE DUE 

07/23/2015 

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

2 ______________ _ 

3 ______________ _ 

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

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

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

Please check the appropriate assignee category or categories (will not be printed on the patent) : 0 Individual O Corporation or other private group entity O Government 

4a. The following fee(s) are submitted: 

0 Issue Fee 

0 Publication Fee (No small entity discount permitted) 

0 Advance Order - # of Copies _________ _ 

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

0 Applicant certifying micro entity status. See 37 CFR 1.29 

0 Applicant asserting small entity status. See 37 CFR 1.27 

0 Applicant changing to regular undiscounted fee status. 

4b. Payment ofFee(s): (Please first reapply any previously paid issue fee shown above) 

0 A check is enclosed. 

0 Payment by credit card. Form PTO-2038 is attached. 

0 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). 

NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue 
fee payment in the micro entity amount will not be accepted at the risk of application abandonment. 

NOTE: If the application was previously under micro entity status, checking this box will be taken 
to be a notification of loss of entitlement to micro entity status. 

NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro 
entity status, as applicable. 

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

Authorized Signature _______________________ _ 

Typed or printed name ______________________ _ 

PTOL-85 Part B (10-13) Approved for use through 10/31/2013. 
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UNITED STA IBS p A IBNT AND TRADEMARK OFFICE 

APPLICATION NO. FILING DATE 

13/767,290 02/14/2013 

881 7590 04/23/2015 

STITES & HARBISON PLLC 
1199 NORTH FAIRFAX STREET 
SUITE 900 
ALEXANDRIA, VA 22314 

FIRST NAMED INVENTOR 

Shinji YUASA 

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

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

ATTORNEY DOCKET NO. CONFIRMATION NO. 

NAGI-0005 2082 

EXAMINER 

CHAMBLISS, ALONZO 

ART UNIT PAPER NUMBER 

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

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

Page 3 of 3 
PTOL-85 (Rev. 02/11) 
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Application No. ~pplicant(s) 

Notice Requiring Inventor's Oath or 
13/767,290 Shinji YUASA 

Declaration Examiner ~rt Unit 
CHAMBLISS, ALONZO Q897 

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 CPR 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 CPR 1.63, or a substitute statement in compliance with 37 CPR 
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-85, 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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0MB Clearance and PRA Burden Statement for PTOL-85 Part B 

The Paperwork Reduction Act (PRA) of 1995 requires Federal agencies to obtain Office of Management and 
Budget approval before requesting most types of information from the public. When 0MB approves an agency 
request to collect information from the public, 0MB (i) provides a valid 0MB Control Number and expiration 
date for the agency to display on the instrument that will be used to collect the information and (ii) requires the 
agency to inform the public about the 0MB Control Number's legal significance in accordance with 5 CFR 
1320.5(b). 

The information collected by PTOL-85 Part B is required by 37 CFR 1.311. The information is required to obtain 
or retain a benefit by the public which is to file (and by the USPTO to process) an application. Confidentiality is 
governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 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 0MB control number. 

Privacy Act Statement 

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

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

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

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

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

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

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

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

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

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

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law 
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation. 
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Notice of Allowability 

Application No. 
13/767,290 
Examiner 
ALONZO CHAMBLISS 

Applicant(s) 
YUASA, SHINJI 
Art Unit AIA (First Inventor to 

2897 File) Status 

No 

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

1. [gl This communication is responsive to the RCE filed on 3/25/15. 

DA declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on ___ . 

2. D 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. [gl 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 
~;ttp://V'vww.uspto.gov/patents/init events/pph/index.is.Q or send an inquiry to PPHfeedback@uspto.aov . 

4. [gl Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

Certified copies: 

a) [gl All b) D Some *c) D None of the: 

1. D Certified copies of the priority documents have been received. 

2. [gl Certified copies of the priority documents have been received in Application No. 10/591,947. 

3. D 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. D CORRECTED DRAWINGS ( as "replacement sheets") must be submitted. 

D 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. D Notice of References Cited (PTO-892) 

2. [gl Information Disclosure Statements (PTO/SB/08), 
Paper No./Mail Date 3/25/15 

3. D Examiner's Comment Regarding Requirement for Deposit 
of Biological Material 

4. D Interview Summary (PTO-413), 
Paper No./Mail Date __ . 

U.S. Patent and Trademark Office 

5. D Examiner's Amendment/Comment 

6. D Examiner's Statement of Reasons for Allowance 

7. [gl Other see Detailed Action. 

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 

Art Unit: 2897 

DETAILED ACTION 

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

provisions. 

Continued Examination Under 37 CFR 1.114 

Page 2 

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 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 

Art Unit: 2897 

Page 3 

Any inquiry concerning the communication or earlier communications from the 

examiner should be directed to Alonzo Chambliss whose telephone number is (571) 

272-1927. 

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 Filinq Date February 14, 2013 

STATEMENT BY APPLICANT First Inventor YUASA 
Art Unit 2897 

Examiner Chamblis, Alonzo 
Sheet 1 of 1 Docket# NAGl-0005 

U.S. PATENT DOCUMENTS 
Initial Document No. Publ. Date Name Corresponds 

(*) Number - Kind Code MMsDD-YYYY Patentee or Applicant to 
US-2003/0203189 10-30-2003 FUT AMO TO et al. JP2001023140 
US-2004/0001372 01-01-2004 HIGO et al. JP2004031694 
US-6,819,586 11-16-2004 ANTHONY et al. 
US-2005/004 7027 03-03-2005 . LIN, et al. 

FOREIGN PATENT DOCUMENTS 
Initial Country-Number- Publ. Date Name Trans-

(*) Kind Code if known MM-DD-YYYY Patentee or Applicant lation 
JP2004022599(A) 01-22-2004 MIZUGUCHI TETSUA et ;:ii. Yes 

NON PATENT LITERATURE DOCUMENTS 
Exam. Include NAME of the author (in CAPS), Title of Article/Item, Date, Page(s), Volume-Issue Trans-
Initial* No., Publisher, City and/or Country where published 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-L 11, 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/MGO/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 TunnelinQ 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 Chambliss/ (04/14i2015) 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. 
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Examiner 
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IN THE U.S. PATENT AND TRADEMARK OFFICE 

U.S. Appl. No.: 13/767,290 Confirmation No.: 2082 

Title: 

Inventor( s): 

MAGNETIC TUNNEL JUNCTION DEVICE 

YUASA, Shinji 

Filed: 

Art Unit: 

Examiner: 

Docket No.: 

Customer No.: 

February 14, 2013 

2897 

Chambliss, Alonzo 

NAGI-0005/NBT 

000881 

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

Submission of Oath/Declaration 

Honorable Commissioner: 

In response to the Notice Requiring Inventor's Oat or Declaration (PTO-2306) 

received on April 23, 2015 with the Notice of Allowance and in compliance with 37 CFR 

1.63, Applicants submit herewith the Oath/Declaration in the above-identified 

application. It will be noted that the Surcharge for Late Filing of the Oath was charged to 

our Deposit Account on September 16, 2013. 

Further and favorable action is requested. 

Respectfully submitted, 

Date: July 8, 2015 ~~vv J~~~ 
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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DECLARATION FOR UTILITY OR Docket No. NAGt-0005 

DESl'3N PATENT APPLICATION 111 Inventor YUASA 

(37 CFR 1.63) - and POWER COMPLETE IF KNOWN 

[NOT~ earnest of us or PCT gpplfcptfon fJ/ing Anni.NO, 131767,290 
d{ltG must be en Qt.ilft~C September 15, 2012} Filing Date Februarv 14, 2013 

U Declaration Submitted with Initial Filing Art Unit 2$97 
(8l Declaration Submitted {lfter Initial Fntng examiner Chambliss, Alonzo 

TITLEOF I INVENTION Magnetic Tunnel Junction Device 

A$ the below named lnventor(s), I hereby deela(e that: 

This declaration is directed to: 
0 Tho attached application, 
181 us Application No. 13/767.~90 

flied on February 14, 2013 

The above-Identified application was made or authorized to be made by me. 

I believe that I am the original inventor or an original joint inventor of a claimed invention in the applicaition, 

I hereby acknowledge that any willful false statement made in this declaration is punishable under i 8 U.S.C. 
- 1001 by fh,e or Imprisonment of not more than ($) yeirs. or both. 

F'urthet, I have reviewed and understand the contents of the above-Identified application; and I acknowledge 
the duty to disclose information whfch Is material to patentability as defined in 37 CFR 1.56. 

YUASA 

5-8568 JAPAN 

SIGN ANO 
DAiE HERE hwe(IW'.$ $ll'Ji\atur<1 Date 
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