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Customized PTOIAIA/15 (03-13) 

UTILITY PATENT Docket No. P11338US02/NBT 

APPLICATION TRANSMITTAL 1st Inventor YUASA, Shinji 

(Nonprovisional application under 37 CFR 1.53(b)) Title MAGNETIC TUNNEL JUNCTION DEVICE 
(Filing date after Sept. 16, 2012) 

APPLICATION ELEMENTS and ACCOMPANYING APPLICATION PAPERS 

IZI See Fee Determination Below D Power of Attorney (PTO/AIA/82B) and 
IZI Applicant asserts small entity status D Transmittal for Power (PTO/AIA/82A) 

IZI Specification [total pages = 27] IZI Power of Attorney & D 37 CFR 3.37(c) Statement 

IZI Drawings [total sheets = 1 O] D Power of Attorney - included with Declaration 
IZI Inv. Oath or Declaration [total sheets= 1] D Information Disclosure Statement 

D Newly executed (original or copy) D Preliminary Amendment 
IZI A Copy from a prior appl. (for cont.ldiv.) D Nonpublication Request 

IZI Application Data Sheet □ 

CORRESPONDENCE ADDRESS - the address associated with CUSTOMER NUMBER 881 

iZI This is a CONTINUATION APPLICATION of prior Application No. US 14/837,558 (as noted in the ADS). 
IF a petition for extension of time (EOT) is required in the prior application for copendency with the present application and IF that 

petition for EOT is not filed on this date or previously, applicant hereby petitions under 37 CFR §1. 136(a) for an EOT in the prior 
application of as many months as are required to render this submission copending with the prior application. The Commissioner is 
authorized to charge any fee or additional fee due in connection with this request to Deposit Account No. 12-0555. 

Further to Rule 1.57(a), the entire disclosure of the prior application is hereby incorporated by reference. 

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

STATUS of A1212licant is: □ MICRO □ SMALL IZI LARGE FEE DUE 

FEE FOR CALCULATION $ $ $ $ 

iZI BASIC - via EFS 70 70 280 280 
IZI SEARCH 150 300 600 600 
iZI EXAMINATION 180 360 720 720 
iZI TOTAL CLAIMS 22 - 20 = 2 (extra) X 20 = X 40 = X 80 = 160 
iZI INDEP. CLAIMS 2 - 3 = O (extra) X 105 = X 210 = X 420 = 0 
□ MUL. DEP. CLAIM claims 195 390 780 

□ APPL.SIZE # x .75 -100 =?,extra 50s 
X 100 = X 200 = X 400 = 

=? 

TOTAL I 1760 

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

iZI Payment of $1760 is made by ELECTRONIC FUNDS TRANSFER - submitted concurrently herewith. 

I 

If no payment or an insufficient payment is enclosed and a fee is due in connection herewith, the Director is authorized 
to charge any fee or additional fee due in connection herewith to Deposit Account No. 12-0555. 

Attorney Name: Nick Trenkle 
Registration No.: 54500 

Signed (for) by: /Stephen J. Weyer/ 

Registration No.: 43259 

Telephone No.: 703-739-4900 
Facsimile No.: 703-739-9577 

Date: February 9, 2017 

STITES & HARBISON PLLC • 1800 Diagonal Road• Suite 325 • Alexandria, VA 22314 

2355LT:10004:401967:l:ALEXANDRIA 
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PTO/AIN14 (11-15) 
Approved for use through 04/30/2017. 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 P11338US02/NBT 
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: 

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

Inventor Information: 

Inventor 11 I Remove I 
Legal Name 

Prefix Given Name Middle Name Family Name Suffix 

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

City lbaraki l1country of Residence i If P I 

Mailing Address of Inventor: 

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

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

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

Postal Code I ros-8568 I Countryi I ~p 

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

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

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

Customer Number )0881 

Email Address plaw@stites.com I I Add Email I I Remove Email I 

Application Information: 

Title of the Invention Magnetic Tunnel Junction Device 

Attorney Docket Number P11338US02/NBT I Small Entity Status Claimed □ 
Application Type Non provisional T 

Subject Matter Utility T 

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

EFSWeb2.2.12 
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PTO/AIN14 (11-15) 
Approved for use through 04/30/2017. 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 P11338US02/NBT 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention Magnetic Tunnel Junction Device 

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

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

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

I 

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

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

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

Representative Information: 

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

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

Customer Number ~0881 

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

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

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

I j:ontinuation of I· 14837558 ~015-08-27 

EFS Web 2.2.12 
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PTO/AIN14 (11-15) 
Approved for use through 04/30/2017. 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 P11338US02/NBT 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention Magnetic Tunnel Junction Device 

Prior Application Status !='atenled I· I Remove I 
Application Prior Application Filing Date Issue Date 

Number 
Continuity Type 

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

~S14837558 pontinuation of I· Ius13767290 ~013-02-14 p123463 ~015-09-01 

Prior Application Status !='atenled I· I Remove I 
Application Prior Application Filing Date Issue Date 

Number 
Continuity Type 

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

~S13767290 pontinuation of I· Ius13400340 ~012-02-20 '3405134 ~013-03-26 

Prior Application Status !='atenled I· I Remove I 
Application Prior Application Filing Date Issue Date 

Number 
Continuity Type 

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

~S13400340 pontinuation of I· lus 12923543 ~010-09-30 ~319263 ~012-11-27 

Prior Application Status !='atenled I· I Remove I 
Application Prior Application Filing Date Issue Date 

Number 
Continuity Type 

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

~S12923643 pontinuation of I· Ius10591947 ~006-09-08 ~884403 ~011-02-08 

Prior Application Status I I· I Remove I 
Filing or 371 (c) Date 

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

~S10591947 ► 371 of international I· PCT/JP2005/04720 ~005-03-10 

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

Foreign Priority Information: 

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

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

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

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

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

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

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

J/004-313350 ~p J/004-10-28 

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

J/004-071186 ~p J/004-03-12 

Additional Foreign Priority Data may be generated within this form by selecting the 
Add button. I Add I 
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PTO/AIN14 (11-15) 
Approved for use through 04/30/2017. 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 P11338US02/NBT 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention Magnetic Tunnel Junction Device 

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

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

□ 16,2013. 
NOTE: By providing this statement under 37 CFR 1.55 or 1.78, this application, with a filing date on or after March 
16, 2013, will be examined under the first inventor to file provisions of the AIA. 
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PTO/AIN14 (11-15) 
Approved for use through 04/30/2017. 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 P11338US02/NBT 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention Magnetic Tunnel Junction Device 

Authorization or Opt-Out of Authorization to Permit Access: 

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

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

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

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

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

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

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

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

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

any documents and information identified in subsection 1A above. 

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

application. 

NOTE: Once the application has published or is otherwise publicly available, the USPTO may provide access to the 
application in accordance with 37 CFR 1.14. 
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PTO/AIN14 (11-15) 
Approved for use through 04/30/2017. 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 P11338US02/NBT 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention Magnetic Tunnel Junction Device 

Applicant Information: 

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

Applicant 11 I Remove I 
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 
I 

Legal Representative under 35 U.S.C. 117 
I 

Joint Inventor 

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

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

1~1 
Name of the Deceased or Legally Incapacitated Inventor: I 

If the Applicant is an Organization check here. ~ 
Organization Name I ~apan Science and Technology Agency 

Mailing Address Information For Applicant: 

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

Address 2 

City Kawaguchi-shi, Saitama State/Province 

Country I ~P Postal Code 332-0012 

Phone Number Fax Number 

Email Address 

Additional Applicant Data may be generated within this form by selecting the Add button. I Add I 
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PTO/AIN14 (11-15) 
Approved for use through 04/30/2017. 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 P11338US02/NBT 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention Magnetic Tunnel Junction Device 

Applicant b I Remove I 
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 

0 Assignee 
I 

Legal Representative under 35 U.S.C. 117 
I 

Joint Inventor 

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

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

ITI 

Name of the Deceased or Legally Incapacitated Inventor: I 

If the Applicant is an Organization check here. [81 

Organization Name I ~ational Institute of Advanced Industrial Science and Technology 

Mailing Address Information For Applicant: 

Address 1 3-1, Kasumigaseki 1-chome, Chiyoda-ku 
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Abstract of the Disclosure 

The output voltage of an MRAM is increased by means of an 

Fe(00 1)/MgO(00 1)/Fe(00 1) MTJ device, which is formed by microfabrication 

of a sample prepared as follows: A single-crystalline MgO (OO 1) substrate 

is prepared. An epitaxial Fe(00 1) lower electrode (a first electrode) is 

grown on a MgO(00 1) seed layer at room temperature, followed by 

annealing under ultrahigh vacuum. A MgO(00 1) barrier layer is epitaxially 

formed on the Fe(00 1) lower electrode (the first electrode) at room 

temperature, using a MgO electron-beam evaporation. A Fe(00 1) upper 

electrode (a second electrode) is then formed on the MgO(00 1) barrier layer 

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

Co layer on the Fe(00 1) upper electrode (the second electrode). The Co 

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

in order to realize an antiparallel magnetization alignment. 
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What is claimed is: 

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

a first electrode comprising a first ferromagnetic material layer that 

includes Co, Fe, and B; 

a barrier layer disposed over the first electrode, the barrier layer 

comprising a magnesium oxide (MgO) layer that is formed of a poly­

crystalline MgO in which a (OO 1) crystal plane is preferentially oriented; 

and 

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

ferromagnetic material layer. 

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

ferromagnetic material layers is partially crystalized. 

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

ferromagnetic material layers is entirely crystalized. 

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

material layer includes Co, Fe, and B. 

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

material layer includes Co, Fe, and B. 

6. The MTJ device of claim 3, wherein the second ferromagnetic 

material layer includes Co, Fe, and B. 
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7. The MTJ device of claim 1, wherein each of the first and second 

ferromagnetic material layers is a poly-crystalline layer in which a (00 1) 

crystal plane is preferentially oriented. 

8. The MTJ device of claim 4, wherein each of the first and second 

ferromagnetic material layers is a poly-crystalline layer in which a (00 1) 

crystal plane is preferentially oriented. 

9. The MTJ device of claim 5, wherein each of the first and second 

ferromagnetic material layers is a poly-crystalline layer in which a (00 1) 

crystal plane is preferentially oriented. 

10. The MTJ device of claim 6, wherein each of the first and second 

ferromagnetic material layers is a poly-crystalline layer in which a (00 1) 

crystal plane is preferentially oriented. 

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

layer is in a range of 0.2 to 0.5 e V. 

12. The MTJ device of claim 11, wherein the barrier height cp of the 

barrier layer is obtained by fitting J-V characteristics of the MTJ device to 

an equation (1): 

J =[ (2mcp)112; ~s] (e/h)2xexp [-(4rr~s/h)x(2mcp) 112]xV (1), 

where J is a tunnel current density flowing through the barrier layer, 
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Vis 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 Planck's constant, 

~s is an effective thickness of the barrier layer that is approximately 

equivalent to (tMgo-0.5 nm), and tMgO is an actual thickness of the barrier 

layer determined using a cross-sectional transmission electron microscope 

image. 

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

vacancy defects. 

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

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

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

a first electrode made of a first CoFeB layer; 

a barrier layer made of a magnesium oxide (MgO) layer that is a poly­

crystalline layer in which a (OO 1) crystal plane is preferentially oriented; 

and 

a second electrode made of a second CoFeB layer, and 

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

second electrode. 

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

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

CoFeB layers is entirely crystalized. 

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

CoFeB layers is a poly-crystalline layer in which a (OO 1) crystal plane is 

preferentially oriented. 

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

layer is in a range of 0.2 to 0.5 e V. 

20. The MTJ device of claim 19, wherein the barrier height cp of the MgO 

layer is obtained by fitting J-V characteristics of the MTJ device to an 

equation (1): 

J =[ (2mcp)112; ~s] (e/h)2xexp [-(4rr~s/h)x(2mcp) 112]xV (1), 

where J is a tunnel current density flowing through the MgO 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 Planck's constant, ~s is an 

effective thickness of the MgO layer that is approximately equivalent to 

(tMgo-0.5 nm), and tMgO is an actual thickness of the MgO layer determined 

using a cross-sectional transmission electron microscope image. 

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

vacancy defects. 

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

[0001] CROSS-REFERENCE TO RELATED APPLICATION 

[o002] The present application is a Continuation of U.S. Application 

14/837,558 filed on August 27, 2015, which is a Continuation of U.S. 

Application 13/767,290 filed on February 14, 2013, which is a Continuation 

of U.S. Application 13/400,340 filed on February 20, 2012, which is a 

Continuation of U.S. Application 12/923,643 filed on September 30, 2010, 

which is a Continuation of U.S. Application 10/591,94 7 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 13/767,290 

filed on February 14, 2013, which claims priority from U.S. Application 

13/400,340 filed on February 20, 2012, which claims priority from U.S. 

Application 12/923,643 filed on September 30, 2010, which claims priority 

from U.S. Application 10/591,947 filed on September 8, 2006, which claims 

priority from PCT/JP2005/004720 filed on March 10, 2005, which claims 

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

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

hereby incorporated by reference into this application. 

[0003] BACKGROUND OF THE INVENTION 

[o004] 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. 

[o008] Figs. 8(A) and 8(B) show the structure and operation principle of a 

magnetic tunnel junction device (to be hereafter referred to as a "MTJ 

device"), which is the most important part of the MRAM. As shown in Fig. 

8(A), a MTJ device comprises a tunnelling junction structure in which a 

tunnel barrier (to be hereafter also referred to as a "barrier layer") made of 

an oxide is sandwiched between a first and a second electrode made of a 

ferromagnetic metal. The tunnel barrier layer comprises an amorphous Al­

o layer (see Non-Patent Document 1). As shown in Fig. 8(A), in the case of 

parallel magnetization alignment where the directions of magnetizations of 

the first and second ferromagnetic electrodes are aligned parallel, the 

electric resistance of the device with respect to the direction normal to the 

interfaces of the tunneling junction structure decreases. On the other 

hand, in the case of antiparallel magnetization alignment where the 

directions of magnetizations of the first and second ferromagnetic 

electrodes are aligned antiparallel as shown in Fig. 8(B), the electric 
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resistance with respect to the direction normal to the interfaces of the 

tunneling junction structure increases. The resistance value does not 

change in a general state, so that information "1" or "0" can be stored 

depending on whether the resistance value is high or not. Since the 

parallel and antiparallel magnetization alignments can be stored in a non­

volatile fashion, the device can be used as a non-volatile memory device. 

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

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

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

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

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

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

MRAM cell disposed at the intersection of a word line and a bit line 

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

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

the MTJ device that functions as a load resistance, using the MOSFET. 

The stored information can be rewritten by applying a magnetic field to the 

MTJ device, for example. As shown in Fig. 9(C), an MRAM memory cell 

comprises a MOSFET 100 including a source region 105 and a drain region 

103 both formed inside a p-type Si substrate 101, and a gate electrode 111 

formed on a channel region that is defined between the source and drain 

regions. The MRAM also comprises a MTJ device 117. The source region 

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

device. A word line WL is connected to the gate electrode 111 in a region 

that is not shown. 
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[00 10] 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, in the 

conventional MTJ device, the magnetoresistance is small and, notably, it 

tends to drastically decrease upon application of bias voltage. With such 

characteristics, the output voltage when operation margins are taken into 

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

memory device. Specifically, the magnetoresistance of the current MTJ 

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

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

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

increases, signals are increasingly lost in noise and cannot be read. 
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[00 14] 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. 

[00 15] 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 (00 1) layer or a poly-crystalline MgOx (O < x < 1) layer 

in which the (00 1) 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(00 1); a first ferromagnetic material layer comprising 

Fe(00 1) formed on a first side of the tunnel barrier layer; and a second 

ferromagnetic material layer comprising Fe(00 1) formed on a second side of 

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

crystalline MgOx (00 1) layer or a poly-crystalline MgOx (O < x < 1) layer in 

which the (00 1) crystal plane is preferentially oriented. In a preferred 

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

between the bottom of the conduction band of the MgO(00 1) layer and the 

Fermi energy of the Fe(00 1) layer is smaller than an ideal value of a perfect 

single-crystal without defect. These features increase the 

magnetoresistance and thereby allow the output voltage of the MTJ device 
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to be increased. By using any of the aforementioned MTJ devices as a load 

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

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

manufacturing a magnetoresistive device comprising: preparing a 

substrate; depositing a first Fe(00 1) layer on the substrate; depositing a 

tunnel barrier layer on the first Fe(00 1) layer by electron beam evaporation 

under high vacuum, the tunnel barrier layer comprising a single-crystalline 

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

plane is preferentially oriented; and forming a second Fe(00 1) 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(00 1) or a poly-crystalline MgOx (O < x < 1) in which 

the (00 1) crystal plane is preferentially oriented, a second step of 

depositing a first Fe(00 1) 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(00 1) layer by electron beam 

evaporation, the tunnel barrier layer comprising a single-crystalline 

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

plane is preferentially oriented, and a fourth step of forming a second 

Fe(00 1) 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(00 1) or a poly­

crystalline MgOx (O < x < 1) in which the (00 1) crystal plane is 
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preferentially oriented. The MgO layer may be deposited using a target 

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

adjusted in the step of forming the MgO. 

[00 19] In yet another aspect, the invention provides a magnetoresistive 

device comprising a magnetic tunnel junction structure comprising a tunnel 

barrier layer comprising MgO(00 1), 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(00 1) layer and the 

Fermi energy of the first or the second ferromagnetic material layer 

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

perfect single-crystal with no defect. 

[0020] BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] Fig. 1 (B) shows the structure of a MT J device according to a first 

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

structure of a ferromagnetic metal Fe(00 1), illustrating the E-EF 

relationship with respect to the [00 1] direction of the momentum space. 
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[0022] Fig. 2(A) to Fig. 2(D) schematically show the process of 

manufacturing a MTJ device with a Fe(00 1)/MgO(00 1)/Fe(00 1) structure (to 

be hereafter referred to as a "Fe(00 1)/MgO(00 1)/Fe(00 1) MTJ device") 

according to an embodiment of the invention. 

[0023] Fig. 3(A) shows a RHEED image of a Fe(00 1) lower electrode (a first 

electrode), and Fig. 3(B) shows a RHEED image of a MgO(00 1) 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(00 1)/MgO(00 1)/Fe(00 1) MTJ device. 

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

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

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

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

operating principle. 

[0029] Fig. 9 shows an example of the basic structure of an MRAM, Fig. 

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

schematic circuit diagram, and Fig. 9(C) showing a cross-sectional view of 

an example of its structure. 
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[0030] Fig. 10 shows how the magnetoresistance of a conventional MTJ 

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

on the bias voltage. 

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

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

[0032] DESCRIPTION OF THE PREFERRED EMBODIMENTS 

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

crystal structure (Na Cl structure), the (00 1) 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 (00 1). 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 
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value of the potential barrier height of the tunnel barrier of an ideal single­

crystal MgO with hardly any oxygen vacancy defect or lattice defect. 

[o035] 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 t (EF))/(Da t (EF) + Da t (EF), 

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

the output voltage of 200 m V, which is comparable to the output voltages of 

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

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

the tunnel barrier comprises a single-crystal (00 1) of magnesium oxide 

(MgO) or a poly-crystalline MgO in which the (00 1) 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(00 1), that is, the E-EF 

relationship with respect to the [00 1] direction of the momentum space. As 

shown in Fig. l(B), the MTJ device structure of the present embodiment 

comprises a first Fe (00 1) layer 1, a second Fe (00 1) layer 5, and a single­

crystalline MgOx (00 1) layer 3 or a poly-crystalline MgOx (0 < x < 1) layer 3 

sandwiched therebetween, the polycrystalline layer having the (00 1) 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 [00 1] (r-H) direction, the density of state (DOS) at the 
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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 ~1 band 

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

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

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

have state at the Fermi energy EF. Because of such half-metallic 

characteristics of the Fe ~1 band, there is the possibility that a very high 

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

an epitaxial (single-crystal, or (00 1) 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 

(00 1)/MgO(00 1)/Fe(00 1) structure according to the embodiment (to be 

hereafter referred to as a "Fe(00 1)/MgO(00 1)/Fe(00 1) MTJ device"). Fe(00 1) 

refers to a ferromagnetic material with the BCC structure. First, a single­

crystal MgO(00 1) substrate 11 was prepared. In order to improve the 
2355LT:1Q004:401898TALEXANDRIA 12 

WD EX1012 
Western Digital v IP Bridge 

Page 30



morphology of the surface of the single-crystal MgO(00 1) substrate 11, a 

MgO(00 1) seed layer 15 was grown by the molecular beam epitaxy (MBE) 

method. This was subsequently followed by the growth of an epitaxial 

Fe(00 1) lower electrode (first electrode) 17 with the thickness of 50 nm on 

the MgO(00l) seed layer 15 at room temperature, as shown in Fig. l(B), 

and then annealing was performed at 350°C under ultrahigh vacuum (2 x 

10-8 Pa). Electron-beam evaporation conditions included an acceleration 

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

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

beam evaporation was MgO of the stoichiometric composition (the ratio of 

Mg to 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). 

[0045] Fig. 3(A) shows a RHEED image of the Fe(00 1) lower electrode (a 

first electrode). The image shows that the Fe(00 1) lower electrode (first 

electrode) 17 possesses a good crystallinity and flatness. Thereafter, a 

MgO(00 1) barrier layer 21 with the thickness of 2 nm was epitaxially grown 

on the Fe(00 1) 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(00 1) barrier layer 21. The image shows that the 

MgO(00 1) barrier layer 21 also possesses a good crystallinity and flatness. 
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[0046] As shown in Fig. 2(D), a Fe(00 1) upper electrode (a second electrode) 

23 with the thickness of 10 nm was formed on the MgO(00 1) 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(00 1)/MgO(00 1)/Fe(00 1) 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 P 1 of O and the spectrum P2 of 02 are high. Fig. 5 shows the film 

deposition rate dependency of the oxygen partial pressure during MgO 

evaporation. It will be seen from the figure that the oxygen partial 

pressure itself is high, and that the oxygen partial pressure increases as 

the deposition rate increases. These results indicate the separation of 

oxygen from MgO during the deposition of MgO. Since the separated 

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

there is the possibility that there are oxygen vacancy defects such as MgOx 

(0.9 < x < 1). When there are oxygen vacancy defects, the potential barrier 
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height of the MgO tunnel barrier is thought to decrease (such as in the 

range of 0.10 to 0.85 eV; more specifically, 0.2 to 0.5 eV), which is thought 

to result in an increase in the tunneling current. In the case of a typical 

Al-O tunnel barrier, the height of the tunnel barrier with respect to Fe(00l) 

electrodes is considered to be 0.7 to 2.5 eV. An ideal tunnel barrier height 

of a MgO crystal is 3.6 eV, and experimental values of 0.9 to 3. 7 eV have 

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

the invention, a tunnel barrier height of approximately 0.3 eV is expected, 

indicating that the resistance of the tunnel barrier can be lowered. 

However, it should be noted that other factors, such as the influence of the 

aforementioned coherent tunneling, might also be involved. The value of x 

in MgOx due to oxygen vacancy defects is such that 0.98 < x < 1, and more 

preferably 0.99 < x < 1. These are the ranges such that the sole presence of 

Mg is excluded and the characteristics of MgO can be basically maintained. 

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

fitting the electric conductance characteristics of the MTJ device (the 

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

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

Simmons: J. Appl. Phys. 34, pp. 1793-1803 (1963)) based on the WKB 

approximation, using the least squares method. The fitting was performed 

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

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

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

the height <p of the tunnel barrier and the effective thickness ~s of the 
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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(00 1) 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(00 1) layer thickness by the effect of the image potential 

produced at the interface between the MgO(00 1) layer and the alloy layer 

consisting mainly of Fe and Co. 

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

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

the height <p of the tunnel barrier can be more simply determined by the 

following technique. Namely, when the bias voltage V applied to the MTJ 

device is small (normally 100 mV or smaller), the tunnel current density J 

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

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

be described as follows: 

[0051] J = [ (2mcp) 112

/ ~s](e/h) 2 x exp [-(4n~s/h) x (2mcp) 112

] x V (2) 

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

elementary electric charge (1.60 x 10-19c), and his the Planck's constant 

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

approximately tMgO - 0.5 nm. By fitting the J-V characteristics of the MTJ 
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device in the low-bias voltage region onto Equation (2), the height <p of the 

tunnel barrier can be simply and yet accurately estimated. 

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

Fe(00 1)/MgO(00 1)/Fe(00 1) 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(00 1) electrode and is thought rather to be related to a coherent spin­

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

variations regarding the MR ratio and tunneling resistance value were not 

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

laboratory stage. These high values suggest the effectiveness of the 

approach of the invention. The resistance-area (RA) product of the MTJ 

device was on the order of a few kQµm 2 , which is suitable for MRAM. 

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

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

ratio is fairly small. Although the characteristics are asymmetric, the 

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

is 1250 m V, which is a very high value. In this connection, it is noted that 

the voltage 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 m V. 

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

(Rap - Rp)/Rap). The maximum value of the output voltage Vout is 380 mV 
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with a positive bias. This value is about twice as large as that (a little less 

than 200 m V) in the case of the Al-O barrier. These high values in terms of 

both MR ratio and output voltage suggest the effectiveness of the technique 

according to the present embodiment. 

[0055] Although in the above-described embodiment Fe(00 1) 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(00 1) 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(00 1)/MgO(00 1)/Fe(00 1) MTJ device 

according to the present embodiment, MgO(00 1) 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 (00 1) 

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

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

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

sputtering was conducted in an Ar atmosphere. The acceleration power 

was 200 W and the growth rate was 0.008 nm/s. Because MgO that is 

deposited under these conditions is in an amorphous state, a crystallized 

MgO was obtained by increasing the temperature to 300°C from room 

temperature and maintaining that temperature for a certain duration of 

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

oxygen vacancy defects is produced during growth, a method whereby 

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

state with oxygen vacancy defects is subjected to an oxygen plasma process 

or natural oxidation so as to achieve a certain oxygen deficit level. 

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

the present embodiment, an annealing process is carried out for 

crystallization after an amorphous MgO has been deposited by sputtering, 

thereby eliminating the need for large-sized equipment. 

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

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

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

corresponds to Fig. 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(00 1) layer 503 or an oxygen-deficit poly-crystal MgOx (0 < x < 

1) in which the (00 1) crystal plane is preferentially oriented comprises an 

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

amorphous ferromagnetic alloy can be formed by evaporation or sputtering, 

for example. The resultant characteristics are substantially identical to 

those of the first embodiment. 

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

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

preparation of the MTJ device might cause the amorphous magnetic alloy 
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in the electrode layers to be partially or entirely crystallized, this would 

not lead to a significant deterioration of the MR ratio. Thus, such a 

crystallized amorphous magnetic alloy may be used in the electrode layers. 

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

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

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

various other modifications, improvements and combinations are possible. 

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

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

Further, while the MgO layer has been described to be deposited by 

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

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

values on the order of no more than 10-6 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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I tlareby l1Pi,¢1nt PracUtloMf(t) nllmed in tha aftache<.J lk.t (form PTOIAWf?.2,C) a$ rnylour attofl"lliY(lil) or egeol{&), and to transact. 
all bus!noss In too United Stateu Patant and Ttc.demR)r}; 0ffl¢o oonnemed thonwJilh for th~ i:mfent api,l1cmlon reft1(0I\Ct1d lo 1he-

. 

eltaclled U'Qnamittal le\t~r {form f>TOIAIA/82A) or [(lenllffed above. (Noto: C~mplete iorm P10/AIA!8'2.C.} 

Pleas, rec:ogn~~ or chanQe the correspondence add,e-ss for the t'pplk:nticm identified itl the attached transm1ttat 
letter or th~ hox0$ above to: 
.J~ The address ass¢ciatctl with ihe ahove•menti{\M!i Co~tomer Number 

OR - . 
□ 'rile addre'S$. associated With Customer Number: ~ ; 9 ~:

8 8 1 
.__ I OR • -- -

Firm or 
lnc!Mdutil Namo . 

Add-ro&~ ' 

Cliy I Stato I 121p I 
Coun1ry 
j()Jephone . !'El'Aflll I 
I am tho App\le;,.llt (If the Appllcjffll 1$ g Jutltnlc entil~, list the Applicant rmme in the boxt . 
L.~~~~P-~~--~~ienc~ 

... ' ' J and Tc.chnolog¥ Agency 
' -

□ lnvootor orJr;lnt lnv❖otor (Ut(t.\ not fl1qulred b0f.ow) . 
EJ l~gt! Ropre~enlAtivtl Ma Oeoea$ad or Legally Incapacitated Inventor (title not requlro<l bQIOW} 

~ Assig1t1;1a or Person to ~horn the lrwentor 15 Url!;f$r f}n Obl!g•_~on to Alrnign (provide sinners title if applicant ls 0 ,ll.lt1$t!c tnllty) 

D Per.iM Who Otherwi&iG Showa Sufficient Proprietary Interest {e.g., a petition under 31 CrR 1,4S(b){2.} wM (!ranted In the 
appllealion or Is eonormMtN' befnn flied with thla. doollfl'IGOU (t:1rovid6 sioner"s U!Ie if aoolicant is a lurlr.tlc entlM 

SIGNATURE of Applii:;a!:lt ror PAtent 
'11m undenugri~ (whose liUc ls illipplled below) I~ IIUlhOriz~d to act on l:>etu,lf of the appllC41't (e.g., where tha app\lean.t ~ ti lurlatlG t>ntll)l), 

staneture A ..,..,£1.-.Zif"',.-'f? .~ f Oaio (Ootloron I 
Nama Hitoshi SAI'l'O 
Title Senior n:i.x-ector 
~ Slgnalum -Thls form l't\Usl be ~Inned b-f tho uppllolint lo lloootdanOQ With at CFR 1.33. See 37 CFR 1.4 for signature r~qulterMntl! 
an<! certiflr~llons, Ii more than one applicant, use multlplo forms. 

Go1a1oi rQ'ffi'IJ!. aro aubmitt$d, 
, 

'(lll,; OOl/oOl?(ln al' btltVml\bGn 1,,rEl>i:((ijf&l by 37 CFR 1.1:11, 1,32, snd 1,'J3 tM lrolorme\lrin I:; ~li<!Kl \o Ol!\l)t,', l)t tt:o!n lll)N)ll!ll by tl!O j1\ibr ... wll!c.t1 hl lo fw (111\d ½'1ha> 
IJS?TQ b) 1)1£i<i,Wa) sn .il!f.lllWll<lll. Corrlioort\l.,uy I<.. g11v11rnoo I>-/ M lJ.S,C, 122 ;;p,:137 CFR 1, 11 fWl<l 114. Th!11 f.l)UMl!on ii f.tlmollld lo tako ~ m!nul41 ICI cornpkiw, 
,~r.wt!!ng gatherlflQ, fl(llj!Ul!lij, Iii~ ,,.ul,11111lil'i{j tilt /,;.eyffi[ll<!,lti'J: A/ll)liCMiClt !aim I,) ttii;i, u:;prO. I~ 'ffl'l Vin}' ~ndin(l upqt\ OIL'! lll!ti\<!dueJ ~-IJ(l.Myoommonl4 c\11 IM tm,e;<Jnl 
of furn\~ mqu!m kl WIT!NOih 11\lil folm nndfQ( tl~Mllon• for 1Afit~i\ll !Im b11r,.tl11l, tlhoU\dbu~l lo 1hr, Chiaf!nf¢1,naikm Ofli;M, U.~. lla1enl r.nd T«Hlcm111ll ()ffi¢4, v.s. 
i..epaM\ool l1f Ctm·<l11<1.:.!, P.O. !lox 1-tSO, A!a)!Slndria. V/\ 2131iM4,~ Ii!'> NOT SEND rr.~ 00 COMflt.R fl:!) !'ORMS '(Q 'rrt\SAOORE'SS. sam TO: Cu,11m1~,1on111r 
krr P;ik:'f\1$, P.O. i:rox 14~Q. MeKandri;i, VA ;12313'145(!, • 

If yt}f1 r,111,uJ ,0i,!j/3'1,1ncu tn camp~fillfr th/J tom,, €XI// 1•f100.PT0·9 ff/9 atld !iclect i,pllon 2, 
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, 

\.. 

Doc Code: PA.. 
Document Description: Power of Attorney PTO/AIA/82A (07-13) 

Approved for use through 11/30/2014. 0MB 0651-0051 
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. 

TRANSMITTAL FOR POWER OF ATTORNEY TO ONE OR MORE 
REGISTERED PRACTITIONERS 

NOTE: This form is to be submitted with the Power of Attorney by Applicant form (PTO/AIA/82B) to identify the application to which the 
Power of Attorney is directed, in accordance with 37 CFR 1.5, unless the application number and filing date are identified in the Power of 
Attorney by Applicant form. If neither form PTO/AIA/82A nor form PTO/AIA82B identifies the application to which the Power of Attorney is 
directed, the Power of Attorney will not be recognized in the application. 

Application Number New Application 

Filing Date On Even Date Herewith 
YUASA 

First Named Inventor 

Title Magnetic Tunnel Junction Device 

Art Unit 

Examiner Name 

Attorney Docket Number P11338US01 /NBT 

SIGNATURE of Applicant or Patent Practitioner 

Signature /B. Aaron Schulman/ Date (Optional) August27,2015 
Name B. Aaron Schulman Registration 31877 

Number 

Title (if Applicant is a 
juristic entity) 

Applicant Name (if Applicant is a juristic entity) 

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

I v' I *Total of two forms are submitted. 

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

Application Number: 

Filing Date: 

Title of Invention: Magnetic Tunnel Junction Device 

First Named Inventor/Applicant Name: Shinji YUASA 

Filer: Stephen John Weyer/Gregory Kleitsch 

Attorney Docket Number: Pl 1338US02/NBT 

Filed as Large Entity 

Filing Fees for Utility under 35 USC 111 (a) 

Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Basic Filing: 

UTILITY APPLICATION FILING 1011 1 280 280 

UTILITY SEARCH FEE 1111 1 600 600 

UTILITY EXAMINATION FEE 1311 1 720 720 

Pages: 

Claims: 

CLAIMS IN EXCESS OF 20 1202 2 80 160 

Miscellaneous-Filing: 

Petition: 
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Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Patent-Appeals-and-Interference: 

Post-Allowance-and-Post-Issuance: 

Extension-of-Time: 

Miscellaneous: 

Total in USO($) 1760 
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Electronic Acknowledgement Receipt 

EFSID: 28315661 

Application Number: 15428842 

International Application Number: 

Confirmation Number: 9576 

Title of Invention: Magnetic Tunnel Junction Device 

First Named Inventor/Applicant Name: Shinji YUASA 

Customer Number: 881 

Filer: Stephen John Weyer/Gregory Kleitsch 

Filer Authorized By: Stephen John Weyer 

Attorney Docket Number: Pl 1338US02/NBT 

Receipt Date: 09-FEB-2017 

Filing Date: 

Time Stamp: 16:56:34 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment yes 

Payment Type CARD 

Payment was successfully received in RAM $1760 

RAM confirmation Number 0210171NTEFSW16571900 

Deposit Account 120555 

Authorized User Gregory Kleitsch 

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows: 

37 CFR 1.16 (National application filing, search, and examination fees) 

37 CFR 1.17 (Patent application and reexamination processing fees) 
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37 CFR 1.19 (Document supply fees) 

37 CFR 1.20 (Post Issuance fees) 

37 CFR 1.21 (Miscellaneous fees and charges) 

File Listing: 

Document 
Document Description File Name 

File Size(Bytes}/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

158866 

1 Transmittal of New Application 
Pl 1338US02_UTILITY _ TRAN SM 

no 1 
ITTAL.pdf 

abfaad543e7303db250f5884eeb6522d51 a 
a2745 

Warnings: 

Information: 

1880917 

2 Application Data Sheet Pl 1338US02_UTILITY _ADS.pdf no 9 
b451ac785Scfb1800d8b11999938e79e250 

39af9 

Warnings: 

Information: 

173626 

3 Pl 1338US02_UTILITY _SPEC.pd yes 27 
4b27ca59f6442c4e918d1 861 d5Sf2ff2ab08 

1337 

Multipart Description/PDF files in .zip description 

Document Description Start End 

Abstract 27 27 

Claims 22 26 

Specification 1 21 

Warnings: 

Information: 

279249 

4 
Drawings-other than black and white Pl 1338US02_UTILITY _FIGURES. 

no 10 
line drawings pdf 

72c27f09d4ff9f9faf1 51 31941 c283b 16fb393 
c4 

Warnings: 

Information: 

71534 

5 Oath or Declaration filed 
Pl 1338US02_UTILITY _DECLAR 

no 1 
ATION.pdf 

cdac0aea359ed37a63f0Sb00cd 1 ead9c7f9a 
0554 
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Warnings: 

Information: 

387581 

6 
Pl 1338US02_UTILITY _POAS. 

yes 3 
pdf 

038ac0cf3960e22d563ba571929bca2e569 
c9110 

Multipart Description/PDF files in .zip description 

Document Description Start End 

Power of Attorney 3 3 

Power of Attorney 2 2 

Transmittal Letter 1 1 

Warnings: 

Information: 

36844 

7 Fee Worksheet (5B06) fee-info.pdf no 2 
Sdf0680a84be8789b4b 17e 7df3f4c2d698e 

ba21 

Warnings: 

Information: 

Total Files Size (in bytes) 2988617 

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

New Agglications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 

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

New International Agglication Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number 

Substitute for Form PTO-875 15/428,842 

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 22 minus 20= 2 (37 CFR 1.16(i)) 
OR X 80 = 160 

INDEPENDENT CLAIMS 2 minus 3 = X 420 = 0.00 (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 1760 

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 
37l(c)DATE 

GRPART 

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

15/428,842 02/09/2017 2827 1760 Pl 1338US02/NBT 22 2 

881 
CONFIRMATION NO. 9576 

FILING RECEIPT 
STITES & HARBISON PLLC 
1800 Diagonal Road 1111111111111111111111 m~mmmmHt ~11~, 11111111111111111111111 

SUITE 325 
ALEXANDRIA, VA 22314 

Date Mailed: 02/21/2017 

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

lnventor(s) 
Shinji YUASA, lbaraki, JAPAN; 

Applicant( s) 
Japan Science and Technology Agency, Kawaguchi-Shi, JAPAN; 
National Institute of Advanced Industrial Science and Technology, Tokyo, JAPAN 

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

Domestic Priority data as claimed by applicant 
This application is a CON of 14/837,558 08/27/2015 
which is a CON of 13/767,290 02/14/2013 PAT 9123463 
which is a CON of 13/400,340 02/20/2012 PAT 8405134 
which is a CON of 12/923,643 09/30/2010 PAT 8319263 
which is a CON of 10/591,947 09/08/2006 PAT 7884403 
which is a 371 of PCT/JP2005/004720 03/10/2005 

Foreign Applications (You may be eligible to benefit from the Patent Prosecution Highway program at the 
USPTO. Please see http://www.uspto.gov for more information.) 
JAPAN 2004-313350 10/28/2004 
JAPAN 2004-071186 03/12/2004 

Permission to Access Application via Priority Document Exchange: Yes 

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

Request to Retrieve - This application either claims priority to one or more applications filed in an intellectual 
property Office that participates in the Priority Document Exchange (POX) program or contains a proper Request to 
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: 02/16/2017 

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

Projected Publication Date: 06/01/2017 

Non-Publication Request: No 

Early Publication Request: No 
Title 

Magnetic Tunnel Junction Device 

Preliminary Class 

365 

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

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES 

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

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

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

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

GRANTED 

LICENSE FOR FOREIGN FILING UNDER 

Title 35, United States Code, Section 184 

Title 37, Code of Federal Regulations, 5.11 & 5.15 

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

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

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

NOT GRANTED 

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

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 
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community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states, 
and regions competing for global investment; and counsels U.S. economic development organizations on investment 
attraction best practices. To learn more about why the United States is the best country in the world to develop 
technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call 
+ 1-202-482-6800. 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NUMBER 

15/428,842 

881 
STITES & HARBISON PLLC 
1800 Diagonal Road 
SUITE 325 
ALEXANDRIA, VA 22314 

FILING OR 3 71 (C) DATE 

02/09/2017 

Title:Magnetic Tunnel Junction Device 

Publication No.US-2017-0155042-A 1 
Publication Date:06/01 /2017 

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 Pl 1338US02/NBT 
CONFIRMATION NO. 9576 

PUBLICATION NOTICE 

111111111111111111111111]~!1]i~1i~1i~1i ~1ui11111] 11111111111111111111111 

NOTICE OF PUBLICATION OF APPLICATION 

The above-identified application will be electronically published as a patent application publication pursuant to 37 
CFR 1.211, et seq. The patent application publication number and publication date are set forth above. 

The publication may be accessed through the USPTO's publically available Searchable Databases via the 
Internet at www.uspto.gov. The direct link to access the publication is currently http://www.uspto.gov/patft/. 
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( C) t::m9 J: -5 ,::, MR AM;,{ =c 1) t }v/i., p MS i ~tlx 1 0 1 IAJ t=mP½ ~.:ht:-.',)- A 
'pj'!;l:!!JG 1 o 3 ~ rv-1 YiJ'i:t!!JG 1 o 5 ~- T®fa9,::@JE~tL6r--\7;'f-JviJ'i:t!!JGt::xtG--cIDAA~tL 
t:-.1f- }-ffl~ 1 1 1 ~ ~fl96MO SF ET 1 0 0 ~- TMR*r 1 1 7 ~ ~flGLv'Q 
o ',J - 7--'J1J!~ 1 0 3 /i. ',/ - 7--ffltiIE 1 1 3 ~ fr L, --C :!¥:It!! ( G N D ) ~ ;h, r v -1 Y 'J1Ji:l:!!JG 1 0 
5/i., rv-1Yffl~l 1 5~TMR*r~~frl,--Ct::',y r-tJRBLt::;J¥~~.:h--Cv"6o 17-
r*IWL Ii.If'- }-ffl~ 1 1 1 t::xtG--C~mL,~1,,,iJi:t!!JGt::B1,,,--c;J¥~~.:h--Cv'60 

(0004] 
J;J_J::t::EfilBJ_J L, t:-. J: -5 t::, T-w~'i'-i;,{ t l) MR AM /i., 1 -::J®M O S F ET 1 0 0 ~TM 

R*r1 1 7 ~,=J:u l-:J®;,{=c 1JtJv~IDJJ½96=~-JJ{-c~6t:-.cb, ra'J~m1U=J@Gt:-. 
;,{ t l) *T ~I,,' ":J = ~ iJ{t: ~ Qo 

(0005] 
(1Mfi3'f:X~ 1] D. Wang, et al. :Science 294 (2001) 1488. 

(~BJ_J®fmm] 
(~BJ_J;iJ{frj~~ l, J: -5 ~ 9 6 ~~] 

(0006] 
:f~Ax®&ffi~ ffit,,6 = ~ t:: J: I) 6 4 Mb i t f~)}t®M RAM ~~~9 6 Je.Ji!! L, /i.1'l ~--c1,,, 
6 iJ{, T.:hJ;).J::® ra'J~m1L®t:-.cb t= Ii., MR AM®JL\ffl'!'f~t: d) 6 TM R*r®ff'['-1 ~ foJJ:: 
~ tt Q &;,~;iJ{d) Q O ff t::, TM R*r® tB:tJfflff ~ foJJ:: ~ tt Q ,:: Ii., ~:d~t.l&m®m* ~ ffl 
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ff~tt®~~®~h~~~--C:~Qo 1§10~. Yt~7YAA1-O~~y~~-m~G 
t::-Att*~TMR*r®111i~t.1&m®~PJJ□fflffr:J::Q2t1~~m91§c-~Q CL 1) 0 I§ 1 or= 
m'9 J:: -5 t::. ftt*~ TM R*rt:: ;t:;'1,s--c Ii. . .fili~t.l&miJl!jy~ <. ~r:fflff ~ m1J□9 Q-:. ~ 
r= J:: u ii-'t ~ t.1& m ;zil 1@J~ r= !J \ ~ < 1J: Q f~lf foJ ;zil dj. G tL Q O =. ® J:: -s 1J: ft •t~ --c: i :t.. lb 1t '? - v Y 
~ ~· L, t:::.. l±L1Jfflff ;zil1J\ ~ 9 ~-Q t:::..6b. '%1W€®Bi:'~*r'=ffi"' Q ® ;zil. L, "'o J:: I) J!. WakJ 
t:: Ii.. :EJ[4::R:® TM R*r®1Itt~t.l&m/i.il870% ~ {E; <. ;it:::.. tl:Ltlfflff :t 200 m V J;J. T ~ {t\:lt' 
t:::.. 6b. D RAM® /:ti :fJfflff t::,tt; XL '%'!f1lakJ t:: "¥5:t--C: ~ I) . ~fflBt ~ J:: t-f Q ,:: fttv '{§ %iJl ,J 

-{ :A t::j:_1 :t ;h Li3%dJ-ttii± iJ: < iJ:-=> '"CL, ;i -5 ~It' -5 Fi::r9~iJl~-=> t:::..o 
(0007] 

*9BB}Hi.. TMR*rt::B(jQ/:BjJfflff~A~ < 9Q-:. ~ ~ §B'9~9Qo ~ Gt::. A~ 
!J:itt~t.l&m ,:: J:: I). ~n:: t::lf]{/p9 Q Bi:'~~EHJ'[ ~ m~9 Q =-~ ~ § 13-9 ~ 9 Q 0 

( &J~ ~ Pl~~ '9 Q t:::.. 6b ®-=f:~J 
(0008] 

*9BB]®~tJt~~u= J::t11£. ~ Y ~fv~tmlil ~- B~ ~ Y ~Jv~tmlil®ffi 1 TIIT-OlH=IDJJ¼~ tL 
t:::.. BC c-~~fl9 Qffi 1 ®5l1Itt'l1:1*1il ~- lruBi: ~ Y ~}v.mlil®ffi 2 ffi-Oln,::IDJjjt~ ;ht:::.. 
BCCffl~~fl9Qffi2®~.filittWJil~. ~fl9Q-fili~~y~~~~-~"t:~-=>L, lru~ 
~/~}v~tmJiliJl. _iji.~@MgOx (100) ~Qlt'>/;i. (100) ~@ffiiJlfJBtWcfoJGt:::.. 

*~@Mg Ox ( 0 < x < 1) Jil ,:: J:: I) IDJJ¼~ ;rLLv'Q-:. ~ ~fff:l&~ 9 Q,fili~t.l&m*riJl 
m~~ ;rLQO 

(0009] 
;it:::... Mg o c 1 o o) iJ"'GiJ:Q ~ Y~Jv~tmlil~. ~~ Y~Jv•mlil®ffi 1 TIITfJtn,=ID 

JJ¼ ~ ;ht:::.. F e C 1 o o) iJ"' G iJ: Q ffi 1 ®5litt•t~1*1il ~. lruBi: ~ Y ;z .. J1.,,pfmlil®ffi 2 ffi1JI.U t:: 
IDJJ¼~;hkFe (100)~G!J:Qffi2®~.filittwlil~. ~fl9Q-fili~~y~~~~-~ 
--C: ~-=> '"C. lruBi:M g O Jil ;zil, _iji.~@M g Ox ( 1 0 0) ~ Q It, /;t. ( 1 0 0) ~@ ffi;zilfJBt 
WcfoJ G t:::..*~@M go x co< x < 1 ) 1il ,:: J:: 1J IDJJ¼ ~ tL tit 'Q =. ~ ~~• ~ 9 Qitt~t.1& 
m*r~m~~;hQolru~MgO (l00)Jil®e~*T-~lru~Fe (100)Jil®7 
xJv~ .:c_:z .. Jv:¥-®Fa9®~~ifm100: C ~ Y~Jv~tm~~) ~_iji.~@t::Bt'tQ100:J:: t) :t{E:< G 
t:::.. =. ~~ft~~ 9 Q O J::BcttJJ¼ ~ ffi", Q ~. itt~t.I&miJlitf* GT M R*r® tBJ:Jfflff ~ * 
~ < 9 Q-:. ~ iJl--C: ~ t:::..o 1 -:>® ~ 5 Y YA y> ®~?irr ~ l,, L J::Bi:itt~t.l&m*r~ )=§It 'Q ~. 
~89Btt®~~-r~IDM9Q=.~~--c:~ko 

( 0 0 1 0 J 
*9BB]®{-tl!®~,¢.i:,:: J:: ;h/i. ~f)j~ ~{jffi9 Q If_¥.~. ~~t&J::t::ffi 1 ® F e ( 1 0 0) 

Jil ~ j:f.ffi9 Q If_¥.~. lruBi:ffi 1 ® F e ( 1 0 0 ) Jil J:: t:: ffl rt::' - h. m,;gm t:: J:: t) _iji.~@ M 
gOx ( 100) ~Qv'/i. ( 100) ~@ffiiJlfJBtWcfoJGt:::..*~@MgOx (0<x< 1 
) ;ti-.GIJ:Q ~ Y~Jv•mlil~~~g;gT,::B1t,t:l:tffl9Qif_¥.~. ~ ~ Y~Jv•mlil-1::t=ffi 
2®Fe (100)Jil~ITTJJ¼9QI~~~fl9Q-:_~~~~~9Q-fili~mm*r®~~h 
m;zilmf~ ~ tLQ o 

( 0 0 1 1 J 
;it:::... _iji.~@Mg Ox ( 1 0 0) ~Qv'/i. ( 1 0 0) ~@ffiiJlfJBt@cfoJGt:::..*~@Mg 

Ox (0<x< 1) 7J"G7J:Q~f)j~~{jffi9Qffi 1 I;f_¥.~. ~~~J::,::ffi 1 ®Fe ( 1 0 0 
) Jil ~ :l:tffl L,. 'tJ.:lt ,--c:. ~@1~® t:::..6b® 7 =-- Jv~ :fr -5 ffi 2 If_¥.~. lruBcffi 1 ® F e ( 1 
00) JilJ::t::fflrl::::'-h.m,;gmt::J::l)_iji.~@MgOx (100) ~Qv'/i. (100) ~@ 
ffi;zilfJB'G@cfoJ G t:::..*~@M go x co< x < 1 ) 7J" G 1J: Q ~ Y ~Jv~tmlil ~ ~~g;gT t= B 
1t, t:l:f.ffl9 Q ffi 3 If_¥.~. ~ ~ Y ~ Jv.mlil J:: t::ffi 2 ® F e ( 1 0 0) Jil ~ IDJJ¼'9 Q ffi 4 
I~~~fl9Q=-~~~•~9Qm~mm:•r®~~hm~m~~tLQo ~- ®~ffilI 
;f_¥. ~ ffi 2 If_¥.~® Fa9 ,::. ¥~@Mg Ox ( 1 0 0) ~ Q It, /;t. ( 1 0 0) ~@ffiiJlfJBt@cfoJ 
G t:::..*~@M go x co< x < 1 ) ;ti-. G 1J: Q v- r 1il ~ pxJ~9 Q If_¥.~ fl G LV'L :t.Bl"' 

0 * t:::... 1ruicY t Jv7 YAM go 1il ~. Mg ox® x 100: ~ i3J\'il~mJj.® y>-lf-,:; ~ ~ ffi" 'L 
ftffl L, t :t .Bl It 'o -:. ®IW€. lruilc 7 t }v 7 y AM g O ~ ITTM9 Q I;f_¥.tj::r ,::. Mg Ox® x 100: 
~ ~~ L, L ti .Bl It' o 
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( 0 0 1 2) 
::$:~B]O) ~ G t::JjljO)jJ!}i~t= J:nt!, Mg O ( 1 0 0) iJ'• G /J'_ i5 ~ Y ~JvrtmM ~, ~ ~ 

:,,, ~JvrtmMO)ffi 1 oofJIJJt::MJJx:~ nt:: Y=E-Jv7 7 7'111Htti'r4:iJ~ G /J'_ 0ffi 1 0)5t1i1Htt1*M ~ 
, -m:ria ~:,,, ~ JHtmMO)ffi 2 oo-Orn c::MJJx: ~ nt:: Y =c Jv 7 Y 7'111Httft,&;o-. G /J'_ 0 -m 2 0)511111 
ttwM~, ~~90m~~/~~mi'rM@-C~~L, lW~MgO (lOO)MO)fil~*~ 
)lmj ~ 1W8c Y =c Jv7 7 7'i11•1'fti'r4:iJ" G /J'_ if:> ffi 1 x.ti.ffi 2 0)5!i11tt'l'li::WM ~ 0) 7 xJv ~ ~{ftO)Fa9 
O)::F~®l:{ill ( ~ /'~}vpfmO)~~) ~~~~t=Bt'ti6:E_lt&!EfkJ/J'_{il[J: I) tAJ:1< Gt::-=.~ ~ti 
•~90m~~m•T#m~~n00 

(~B]O)~jJ~) 
( 0 0 1 3) 

::$:~B] t= J: nti, 1JBIEO) TM R•Tt=ltX. --c * ~ /J'_11fi~t.1&m ~ 1-1Jf0-=:. ~ ;o-r.-e ~, TM R 
*TO)lli:1Jfflff~*~ < 90-=:. ~iJi-C~if:>o 1JE~--C, TMR*T~ffiv\f::MRAMO)~~ 
ffl {t: iJi~~ t:: /J'_ i5 ~ v \ -5 frJ ,¢.( iJi ~ i5 o 

(~B] ~ ~.fil!!9 i5 t::c\bO)~,BtO)M)'tJ) 
(0014) 

::$:B]*BI~ t:: Bv \ --C ffl v \ t::~~~ t:: B t-t i5 1:E_lt&!BkJ /J'_{il[J ~ 0) ffl13!t ti., ~51-lJJ:Ycffl T'.n':7'6 
O)~~iJ"GtUJ!UGtdil[-C~i6 (~~::X:m:k: W. Wulfhekel, et al.: Appl. Phys. Lett. 78 

(2001) 509.) o -=:_O)J: -5 /J'_i;R:)'tJ-Cti., ~-~ffl-?~T~P@riJi/21:.~/v~'~v\f_lr&!BkJ/J'_~~ 
~ M g o 0) ~ :,,, ~ JvlftitmO) --1::: mHm ~ § -s -=. ~ ;o1-c ~ 0 t:: 6b, rmr&takJ fJ'_ 1m ~ i. \ -s ffl 13!f ~ ffl i. \ 
f::o 

( 0 0 1 5) 
~B]O)~.JMO)M)'tJt:: JV ,--cfil2B]9 0 -m:rc::, ~B]~O)fi ~ t::~~t= 'Jv \--CfillB] ~fi-5 0 M 

T J O)m~t.I&m (MR) ltti., j;). ~O);i:\;""-C~~ nif:> o 

~R/Rp= (Rap-Rp)/Rp 
-=:_-=:_ -C, R p,&O'R a p ti., 2 'JO)ffl1itE0)11tt{t:iJi:5ffi~,&:5ffiO):f:~ftO) ~ /',:Z--.Jvmftt.l& 

m-c ~ i5 o J u 1 1 i r e 0)0;i:\; t:: J: nti, {fi;J\-{ 7 7' fflff t:: ;IS tj i5 MR J:t; ti., J;). ~ 0) J: 
-s c= ~ ~ n 0 0 

M R J:t; = ( R a p - R p ) / R p = 2 P 1 P 2 / ( 1 - P 1 P 2 ) -C ~ t) , 
Pa= (Dai (EF) -Da 1 (EF)) /(Dai (EF) +Da 1 (EF), a= 
1, 2 (1) 
~~~ nif:>o 

( 0 0 1 6) 
-=:_ -=:_ -C, P a ti., ffl ---f-0) 7' l::: /' 7ttilj$ -C ~ I) , D a i ( E F) ~ D a 1 ( E F) ~ ti., 

-t-:tl,--F':tl,, 11,,WJ..7' l::: /' J\ /' r ~ j>WJ..7' l::: /' J\ /' r 0) 7 x}v ~ I~Jv::¥- ( E F) t:: ;IS tj i5 
~::R!tJ~ I!!'. ( D e n s i t y o f s t a t e : D O S ) -C ~ i5 o 5lIHi1Hli::ilf$4:~ Bz tfi'r 
4:0) 7' l::: YO){Jml~ti. 0. 5 J;). ~-C ~ i5 t::clb, J u 1 1 i r e 0)0;i:\; t:: J: nti, ~ti ~v \fl 

JEMRJ:t;~ G--C 7 0 %iJ1rtPJl~ni5o 
MT J -T~ 7 =£:-)v 7 7 7'0) A 1 -0 0) ~ Y ,:z--.Jvlftitm ~ 11,,~~-~ ~ ~ fflv \L f1FM9 i5 

~, ~ilia -CO)M RJ:t; ~ L, --C~ 7 0 % ~ v \ -5 {il[;oif-1Jr G :tl,--C v \ i6 iJi, D RA Msl(zO) tB:1Jfflff T 
~if:> 2 0 0 mV~1-1Jf00)/;i.ftL, <, J::JZ!iO)J:-5 t::MRAM~ffl,O),xi90Fi::r9~,¢,C~/J'_~--Cv\ 
0o 

( 0 0 1 7) 
~B]~ti., ~{t:'?:::f~Vr'J.b.O)~~~ ( 1 0 0) ~if:>v\/i. ( 1 0 0) ~~ooiJi-@f)'i:;]!'ii:foJ 

L, t::11,,~~M g O ~ ~ Y ~Jvlftitm ~ L, --c fflv \f::M T J ~ M*9 if:> 7 7°tJ--=f- ~ flAdj, LV \ i6 
0 1JE*O) Y =c Jv7 7 7' 0) Y Jv ~ -rrtm ~ ti.~IJ'_ 1J, ~{t '? ::~f'~ v r'J A ti.~~ c~ TiJ 1iJrnu 
~G<~~L,k~~)-C~if:>kclb, fflT#n~~n~ fflTO)~~-~Y~i;R:-#~Y~ 
Jv~f_'f_O);Bv\--C{~:(¥~ni5-=:. ~iJirtJ!U~nif:>o I§ 1 ti., ::$:~.fil!!O)M)'tJt::J:i6MT J*Tffl 
@ (I§ 1 ( B) ) ~, 5llim'tttw4:~-C~ i5 F e ( 1 0 0) O)I~Jv::¥-J\ Y rM@~ ~9 
1§-C~I), tEzWJ..~Fa90) [1 0 OJ J:J[o}t::xt90E-EFO)~{l~~~91§ (1§1 (A)) -C 
~ i5 o I§ 1 ( B) t::~9 J: -5 t::, ::$:~.fil!!O)M)'tJt:: J: i6 MT J *---Ft~@/i., ffi 1 0) F e ( 1 
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0 0) Ji 1 C:, ffi 2 0) Fe ( 1 0 0) Ji 5 C:, -=:.;;hi;O)fa9,::~*;;hf;:~;%a~M g Ox ( 1 
o o) Ji db 6 i., ,ti. ( 1 o o) fil~OOt.rtfJBtlfr:!roJ G t::~;%a~M go x ( o < x < 1 ) Ji 3 c: 
, ~ fl L, -CffJJ¼ ~ ;;h -C v' 6 o J::ac J u 1 1 i r e 0) t -r'Jv t:: J: ;;h/;!, {~~ffl rO) t ;>{ 'Y 5< 
h.tf• ~ :,;;z ... Jv7°Dt7..$t::;Bi.,-c{:5FH¥~;;h6 C:96 c:, Mg O ~~~9Q ~ :,;;z ... Jvffltlit/i. 
~ :,; ;t Jvpfm t=~ rn: ~ n roJ C~Er woo t=xt9 6 m*JRn roJ) O)tBz~ x '.7 ~ Jv k z ~ fl9 6 ffl 

riJ'~3tj!lj2i'fk]t::~6o ~ 1 (A) ,::;,r-9[ 1 0 0] (f'-H) J:JroJt::Bi't6 Fe O)I,:tJv:¥­
J\'Y r~t:: J:;;h/;!, 7 x}v~ ~{ftE F ,::;B{j 6iR:f'iJ~Bt (DOS) /i., ~~7-.. l::'Y C:9''~ 
7-.. l:: 'Y 0)-lj- 7'';\ 'Y r tJl 7 x }v ~ ~{ft E F ,:: JS v, -C t~f'iJ ~ fl L, -Ci.,, 6 t:: lb, -t-;;h/a: c:'' ~ v ,.fJm! 
titff-$ ~ m ~ ~ v 'o L, 1J" L, ~ tJl G, ffl rO) =1 l::: - v 'Y ~ iR:f'iJ tJl ~ 'Y ;z-Jv~t[O) JS v, -C {,l¥:::(¥ ~ 
;;h6:t~Er,= ti., Ptm,=~rn:~,1H,::OO G-c ~ -5< Jv,::xtf5f\~rEzifJOO~~ fl9 61~~fflrO)ifj. 
tJ-s.!Ni'tmiJit-'1¼ ,:: B t't 6 tR:,J c: OOim G, db 6 ~;EO) ~ :,; ;z ... Jvut-$ ~ ;t:f-:::i-=. c: ,:: ~ 6 0 ~ 1 c A 
) t::m9 J: -s ,::, ~~7-.. l::':,; .0. 1 1'\:,; r C~*j]n tJ-s. 7 x Jv ~ ~{ft E F ,=~tf'iJ ~ fl9 6 tJ-s., 
9'"~7-.. l:: 'Y .6. 1 J \ 'Y r OiEz*JR) /i. 7 x Jv ~ ~{ft E F C:: iR:f'iJ ~ fl L, ~ v 'o -:_ 0) J: 5 ~ F e .6. 
1 /\ / r 0) },- 7 _){ 5< }vEI~ ~ ~f1!i& t= J: 1) ' 1F1it t= ~ V \MR lttJl =1 l::: - V / ~ ~Al::/ {Jm!~ 
~ :,; ;t Jvt= B" ,-c 1~ G ;;h6 PJjt!g'l'-1tJ-s. db 6 0 i l::' 5< ::r-v t' Jv c ~;%a~ db 6 ", ti. c 1 o o) We 
rol~fil~) O)MT J /i., ~ -Y;t}v~f¥.g=rt::Bi't6fflrO)ff5,(.sLtJltfPffiU~;;h6t::lb, J::acO)J: 
5 ~ =i l::: - v -Y ~ ~ ~ -Y ;t Jv ~ ~:E~9 6 t::lb t:: /i.:E_IJ&!i'fkJ-C db 6 c: ~ :z G ;;h6 o 

( 0 0 1 8 J 
J;J, T, * ~ B}l 0) ffi 1 0) ~tn!! 0) M f'iJ ,:: J: 6 IiH~ltEJfl:* r Bz lj -t-0) ~~nm,:: -:::> v '-C ~ TIU ~ 

$~ij L,-:::>-:::>IDlBJl ~ fr 5 o ~ 2 (A) 1J" G ~ 2 ( D) * ""-C/i., *~B}lO)~fll!!O)MJ'iJ t:: J: 6 F 
e ( 1 0 0) /Mg O ( 1 0 0) /Fe ( 1 0 0) lf~~fl96fu1~t.l&m*r (J;J.T, 1 
F e ( 1 0 0) /Mg O ( 1 0 0) / F e ( 1 0 0) MT J J c: ~9 6 0 ) O)~~IJ¥. ~ 

f~;i:\';l'fk]t::;,r-9~-Cdb60 Fe ( 1 0 0) Ii., BC Ctf~~fl965!Iiitt 1l'-1{*-Cdb60 *i\ 
~fil~M g O ( 1 0 0) ~.~ 1 1 ~ ~{im L,, MB Em Cn"r*JRI l:: 5< :r-v-m) t= J: 1), 

~;%a~MgO (l00)~~llO)~TIIJ0)2:f:7~tJV-~~~96~1b, MgO (100 
) y - r Ji 1 5 ~ AA :fit 9 Q O im~ L, L' ~ 1 ( B ) ,:: m 9 J: 5 ,:: ' 5 0 n Ill~ 0) I l:: 5< :r-
1/ t,' JvF e ( 1 0 0) TttPffl~ (ffi 1 ffltil1i) 1 7 ~Mg O ( 1 0 0) V- rJi 1 5 J::C::~ 
flfil.-CJJ¼:RG, <Rv"'-C, ,m~~~T (2 x 1 o-s Pa) t::;Bi.,,-c, 3 5 0°C-CY=--Jv~ 
fr 5 o i¼J, ffl r*im~ t:: JS t't 6 5k{tf: Ii., 1JO~fflff ;ol 8 k V-C db I) , JJ¼=R~Bt tJl 0 . 0 2 n 
m/tJ>, JJ¼=Rflfil.BriJl~flfil. ( 2 9 3 K) , 'J- 7-.. c: G-C /i.{f::'¥.mita~ifJlJJ¼O)M g O (Mg c: 
0 c: O)J:ttJl 1 : 1 ) ~ )=§1., ', ')- 7-.. c: ~f}x c: O)Ji'effl~ 4 0 cm c: L,, J\ 'Y '.7 ,:f 5 r) 'Y r 0) 
~~B!'.tJl 1 X 1 0-8 Pa, 0 2n"fftJl 1 X 1 0-6 Pa -Cdb6 0 i¼J, {t'¥.milfnl'fk7ifJlJJ¼O) 
MgO (Mgc:Oc:O)J:tiJll: 1) O){-\'.ibl)t::, O~ffl~fl96'J-;J...~{9!)=§96-=:.c::t 
PJ jt!g -c db 6 o 

( 0 0 1 9 J 
~ 3 (A) ti., -:. O)~O) F e ( 1 0 0) TttPffl~ (ffi 1 ffl~) 1 7 0) RHEE D-1 ;>{ -

V ~ ;,r-9~-C db 6 o ~ 3 (A) ,::;,r-9 J: 5 t::, F e ( 1 0 0) TttPffltitff (ffi 1 ·ffl~) 1 7 
/i.NW~;%a~•l'-1c::5.JZtH1['-1~flG-Cv"'6-:. c: ~mG-ci.,60 <Rv"'-C, ~ 2 (C) t::;,r-9 J: 5 
t::, 2 n m~O)M g O ( 1 0 0) /\ 1) 7 Ji 2 1 ~ F e ( 1 0 0) TttPffl~ (ffi 1 ffl~) 1 
7 J::t=~rlfil.-CI l:: 5< :t-V t' }VM=R9 Q O -=-O)~,t, Mg O O)fflr l:::'.'.'-h.m~m~ )=§1., ,f;:o 

~ 3 ( B) /i., -=:_O)~O)M g O ( 1 0 0) /\ l) YJi 2 1 0) RHEE D-1 ;,{-y~;,r-9~-C 
db 6 0 ~ 3 c B) c::m9 J: 5 ,:: , M g o c 1 o o ) ;\ 1J y Ji 2 1 :t .&W~;%a~ 1f'-1 c: :5.JZtH'f'-1 
~flG-ci.,6-:. c: ~;,r-G-Cv"'6o 

(0020] 
~2 (D) C::;,r-9J:5t::, MgO (1 00) J'\ 1)7Ji21J::C::, ~flfil.c'~~ 1 0nrnO) 

Fe (100) J::ttp·ffltil1i (ffi2·ffl~) 23~MJJ¼Gf::o im~G-C, 1 0nm~~O)Co}i 
2 5 ~ F e ( 1 0 0) J::ttpffl~ (ffi 2 ffltilE) 2 3 J::C::ftffl L, f::o Co Ji 2 5 Ii., J::ttpffl;f:ilJ;i 
2 3 O){,l¥:;t:f 1J ~ ~lb 6-:. c: t:: J: -:::i -c &:5.JZfriit{tW2ul[ ~ ~:E~9 6 t::lbO) :t 0)-C db 6 o <Rv ,-c 
, J::ac0){1l=:JJ¼~l,{Sf.~1~iffi!1JOI G-C Fe ( 1 0 0) /Mg O ( 1 0 0) /Fe ( 1 0 0) M 
TJ*r~MJJ¼96o 
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( 0 0 2 1 ) 
J::EJc E B t::::: J: 6 M g Om~ ti., 1 0 - 9 T o r r O)jfiltWJ~~tR:JiJ-C: AAJm ~ fi-=> t:-.o :::_ 0) 

15$.c:t:t, 17U }UijJ 5 Y-~~J:: t::::: 3 0 0 n mO)AAffl ~ fi-=> t:-.t~!S'-C:ti, ~~~B}lc: a, 1), 

.Bl w ~ 1ti *a~ Jm 7Jt,1t; AA ~ ;;h L " ' Q =-t. zrt b i:r• Q O ~ 4 ';i' M g O AA*~ '::::: JS t-t Q [g m>tilll M 
as sY-X.'7 l--JvO)il1J!U*a~~m9~--eJ,00 ~4t:::::m9J:-St:::::, OO)Y-X.'71--JvP 1 t. 
o 2 0) ;.zx. '7 t- Jv P 2 t. ,::::: ~9 0 5J'-EEiJ1iWJ"' =-t. n1vn" 0 0 ~ 5 t:t, Mg o m~$0)\tt* 
5.J'EEO)ffJ:l:t.ff'Hl!B!'.t&#~m9~c:J,00 ~ 5 t:::::m9 J: -5 t:::::, itt*5.J'EE§{*iJ1iJ--.~ 1J iWJv':::.. 
t., :l'iffl.ifilB!'. t. t. :t t::::: itt*?J'EE :t tWJ < ~ 6:::.. t., ~ t.'' /;i, Mg O 0):1:ffflBtt::::: JS t-t 6 Mg 0 
lti*a~iJ" G O)\tt*O)Jilfrn5a ~ m~9 6 :t O)c'a, 1J, Mg ox Co. 9 < x < 1 ) 0) J: -5 t:::::itt 
*~ffl7)11_: l5 --C It, 6 --aJt~•[':iiJiJ, 6 o ®*~ffl7)11_: l5 6 t. M g O 1--Y ;:;r-Jvpf~O) tWJ ~ iJi{fi; < 
~ 6 t. ~ ;z_ G ;;h ({fU ;z_ ti, 0. 1 O,.__.,,O. 85 e V, J: I) *i%11J t::::: i:iO. z,.__.,,o. 5 e V O)isl!Ef r-1) , :::.. ;;h 
t:::::J: 1), J--Y;:;r-JV~1JitiJi:fi"1JJD90:tO)t_~;z_G;h,60 ri1u, ~~~~A 1-0 1--Y;:;r-Jvpf~ 
O)j:~'EI, Fe (100) t.O)Fs90)J--Y;:r-J]/pf~O)r&J~/;i, 0. 7,.__.,,2. 5 eVt.~;z_G;;h 
6 o :::.. ;;ht:::::xf L --C, M g O *a~ t:t:Em~~ ~ 1--Y ;:;r-Jvpf~O) tWJ ~ /;i 3 . 6 e Ve' a, I), ~,~ 

1u't t. L --C t:t O. 9 ,.__.,, 3 . 7 e V O)fu[iJi;f~ G ;;h--C v, 6 o *~fll!!O),ft;JiJ t::::: J: 615$. ~ ffl v, 6 t. 
, 0. 3 e Vf1:fB!'.O) 1--Y ;:;r-Jv~~O)iWJ~ iJi}lJE~ ;;h, 1--Y ;:z_Jvpf~O){fi;}.1:£m{tiJ1--aJt~c:a, 
6:::.. t. iJ1biJ"6o ffi L, -cO){tf!O)~izL 1yU;z_ tiwJJlttO) =i 1:::: - v Y 1--~ 1--Y ;:;r-JvO)~•:t ~ 
jj; LL"' Q TI}§'~'l':iiJiJ, Q O ri1rr, ®*~ti.H:::::~--:5 <Mg OX 0) X O){u[ t. LL /;i, 0. 9 8 < 
x < 1 , J: I) W * L < /;i O. 9 9 < x < 1 f1:fB!'.-C: a, I), Mg lti{*O) J: -5 ~ ti 0) t:i'2i" * ;;h T 
, Mg 00)lt•[':iiJ 1~*~':::::t:tilttf~;;h6isl!Elc'a,6o 

(0022) 
~ 6 /;i, J::J3c0)15$.t::::: J: I)~@ Lt:-. F e ( 1 0 0) /Mg O ( 1 0 0) / F e ( 1 0 0 

) MT J *rO)!f:tUfl.~~fu1~U.11mHHfJR~m9~-C:a,60 rJ!UJEiHB!'. 2 0 K t:::::JS1t,--CMRJ:t 1 
4 6 % c' a, I) , a!UJEilir.B!'. 2 9 3 Kt::::: JS v, --CM R J:t /;i 8 8 % -C: a,-=> t:-.o :::.. O){u'[ t:t, :EJUE * -C: 
t:::::'£flit t::::: JS It, --Cf~ G ;;htdi& :t tWJ It, MR J:t c: a, 6 0 :::.. 0) J: -5 ~ tWJ It, MR J:U:i, F e ( 1 0 0 
) ffl~ 0) Y- l:: Y 0 tim-$ t::::: J: -=> --C ml B}l 9 6 :::.. t. /;i -C: ~ T, t.• L 6, =1 1:::: - v Y 1--~ Y- l:: Y {1ml 
timt-Y;:r- 1) Y~f't:::::~jj;96t.~;z_G;h,60 1600)MTJ*r~BA{~Lt:-.*5~, MRltt. 
1--Y;:;r-Jv}.11m{u'tt. t:::::~90 tiG"':J~/;i, 2 0 %,i;J-r-J-C:a,-:>t:-.o MT J O)ffe-00* 1) ti~,~'£ 

~~-C: 9 0 %J;J-J::-C:a,-:> t:-.o :::_ 0) J: -5 ~ tWJv ,fu[/;i, *Y 7°tJ--=f-O)fl3<1J't1: ~ mDt L --Cit' 6 
0 MTJO)}gv'!;-Il)Yffl (RA) /;i, ~kflµm2c:J,1), ::._O)fu[/;i, MRAMt:::::~L, 
tdu't -c: a, 6 o 

(0023) 
~7 (a) ti., '£?Ht:::::JSt-t6MRJ:tO)J'\-{YY-fflEE{&#•t1:~m9~-C:a,60 ~7 (a) 

t:::::m9 J: -5 t:::::, M RJ:tO)J'\-{ 7 Y-fflEE{-tx#•[':1/:iiJ"~ 1) {l:£1t,:::.. t. iJ1biJ"6 o ;jp,xf~~lt'l'1: ~ 
m9iJi, M RJ:tiJ 1¥i~9 6 ffi'.EE V h a 1 f /;i 1 2 5 0 m Vt. It' '5 ;jp~ t::::: tWJv ,fu[iJ11~ G ;;h--C 
It, 6 o ri1u, 1JBIEO)A 1 -0 *'::::: JS tr 6 M RJ:t0)¥1ln¼9 6 ffi'.EEV ha 1 f /;i 3 0 0 ,.__.,, 6 0 0 
m V -C: a, 6 o ~ 7 ( b ) t:::::, MT J 0) 1:±tiJffi'.EE V O u t/:i ( = J'\-{ 7 ;.z-~EE X ( R a p -
R p) /Rap) ~m9o ttl:iJffi'.EEV O ut O)~A{li/:ill!]'[J'\-{ 7 ;.z,:::::JS1t,--c 3 8 0 m VO) 
fu[iJif~G;;h--Cv'0 0 ::._O){u'[/;i, A l-0J'\ 1)70)t~!S'O){u'[ (2 0 OmV) 0)¥)2{ffO)fu[-C: 
a, 6 o :::.. 0) J: -5 t:::::, MR lt t. tti1Jffi'.EE t. 0) Jwi15-C:iWJ v ,fu[iJi;f~ G ;;ht:-.:::.. t. /:t, *~fll!!O),ft;JiJ 
,::::: J: 0 :JStffiO) flm'l'1: ~ m L --c", 0 0 

(0024) 
ri1u, J:: EJc~fll!!O),ft;JiJ t::::: JS It, --C t:t, B C C 0) F e ( 1 0 0 ) ~ ffl It, t:-. iJi, {~b 1) t:::: B C C 

0) F e *!S'4:, 17U ?t_ ti, F e -C o !S''ili:, F e - N i !S''ili:, F e - P t !S''ili: ~ ffl It, 6 :::.. t. 
:t c' ~ 6 o M v , /;i F e ( 1 0 0 ) fli t. M g O ( 1 0 0 ) fli t. 0) Fs9 t:::::, 1 ~ r fli x. /;i~~ r 
)ii f1:fB!'. 0) J!J ~ 0) C o , N i ~ t.'' ~ ~ A L --C :t .Bl v, o 

(0025) 
{')Zt::::, *~B}lO)ffi 2 O)~fll!!O),ft;JiJ ,::::: J: 611it~{J.l:£m*r ]Jzlj-{-0)~@15$.t:= JV ,--cEfilB}l ~ 

fi -5 0 *~fll!!O),ft;JiJt::::: J: 6 F e ( 1 0 0) /Mg O ( 1 0 0) / F e ( 1 0 0) TM R* 
r0)~@15m.-c:t:t, * f ;.z;" ,y '.><' 1J Y ~-m.~ t.''t:::: J: 1J Mg o c 1 o o) ~~*a~* t:-. t:t y 
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:i::Jv77 7--~x!iJ--ctt.fflG, -rO)ftzt=Y=--JvMf-'~fi-S,::. c:c::J: 1J c 1 o o) ~~ffiiJ{Wi:! 
foJ L, t::. * ~ ~ * t::. t:i•~ ~ {I:: 9 6 ,r~ ~ ttti& c: 9 6 o 7--1" 'Y /x 1) /' Y'5k{lf: t:i, wLl :z tio ilir.B!'. 
;iJ{~Jlir. ( 2 9 3 K) -ed) I), ,rx -Jf ,y }- c: L, --C t:i 2 -1 /T ¢ O)M g O ~ fflv ', Ar 3'tl!EI~ 
q=r --C ,7._J'\ '1/ /x 1) /' Y' ~ 13 -J t::.o 1J0:i!:ffl:fJ t:i 2 0 0 w--c £V 1), JJx::Bt:i!:B!'./:i 0. 0 0 8 n m/ 

s--C2r)6o ,::_0)5k~--C*ffll,kMgO~7t~777"~g--c2r)6k~, ~m~G300t 
* -cJlia.B!'. ~ J::~ ~ii, 3 0 0 °Ct:: ;JS v "--C ~JEBtFs9{~!Jt ~ 9 6 ,::. c: t:: J: t), ~~{I::~ ;ht::. M 
g Q ~f~Q,::. C: iJ{/:ft~Qo 

(0026] 
!WI, oxtJ.tO)~A:1Jmc: G--ct:t, JJx::RBtc::oxtJ.tiJ 1~1565k1tt:--cJJx:=R~fi-S:1Jm, ox 

tJ.i ~1tziJ'> G~A 9 6 nm, 0 Xffl0)2r)6~xJ'iJ;iJ'> GWLl:z ti~*/7 A7Mf_lx./:i§~~{I::~ 
c' t:: J: IJ ~{t ~fi-J --c £V 6:f¥B!'.O) 0 XP1B *--C!}ff,1~961Jm0)1t ,f;h~ fflv ,--c 'tJ .Nv 'o 

(0027] 
J:J.J::, *~nifiO)M!iJ c= J: Q m~t.1:£m*Tntv1trt= J: ttti, ,7._J'\ ,y ,rx 1J / Y'm ~ m", --c Y :i:: 

Jv 7 7 7--M g o ~ :l'lffl G t::.1tz t= 7 =- - JvMf-' c:: J: IJ ~~ft 9 6 t::. ~, -r tt t2f.: c' * iJ{ iJ" 1J ~ 
~@riJ{~,~ ~ ", c: It, -S frJ ,r~ iJ{ £V 6 o 

(0028] 
<'X t=' * 3B B)j 0) ~nifi 0) ff; J'iJ 0) ~MwLl t= J: Q -!I"~ ~t.J:£m* T t= J" "L l§ffi ~ ~ ~~ L, J J ml B)j 

~ fi -S o I§ 1 1 t:i, * 3B B)j 0) ~nifi 0) M J'iJ 0) ~M{?iLl t:: J: 6 M T J 0) * Tffi@ ~ m 91§ --C £V tJ 
, I§ 1 CB) c:::xt£t961§--C£V60 I§ 1 1 c::m9J:-St::, *~nifiO)MJ'iJt::J:6m~r.J:£vt* 
T t:t, J: ia~ni!!O)MJ'iJ ,:: J: 6 m~r.J:£m*T c: ~ff c::, .~ ~ M g o x c 1 o o ) d) 6 ", t:i 
c 1 o o) ~~ffiiJ{fJBtWcfoJ G t::.~*xffl*~~M g ox co< x < 1 ) ~ s o 3 c:::xt G 

--C i1Ht G ;h 6 ffl~ c: L, --C, 7 t Jv 7 7 7--5lliiiH~i'i-4:, ,WU :z ti C o F e B ~ 5 0 1 , 5 0 5 
~ fflv ,t::.,~ c::tt~iJ{£V 6 0 7 :i:: Jv7 7 7--!}iiiH~i'i-4:t:i, {7Ll :z tim~m!!Jtv, t:t-7--1" ,y /x 1) / 
Y'm ~ fflv '---C,ft;JJx:P.ffJ!g--C d) Q O 1~ G ;ht::.ltt~I:~t:iffi 1 O)~ntfiO),ft;j'iJO)t~i';- c: t2f.:t£~tlc'2r) 
Qo 

(0029] 
!WI, 72t:Jv77 7--11x-'t•[1::i';-4:t::'Jv'---Ct:i, {7Ll:zti, FeCoB, FeCoBSL FeCoBP, FeZr, CoZr 

~ c'~ffiv'-6,::. c: 'tJc'~6o 
(0030] 

J;J,J:, *~ntfiO),ft;J'iJ t= J: 6 I:tt~t.J:£m*T'= 'J It '---CfillBJj L, t::. iJ{, *3B8Jj t:i,::. ;h G c:: ium~ ~ 
;h6 'tJ 0)--C/;i~i., 'o -rO){tf!, ffl[~ O)~~, c!,z:,N, *-fl,Jj_i';-;biiiJlp_ffi~~,::. c: t:i-'=1:f~~t:: § B)j 
--C2r) 6 -So wLl:zti, Mg o~ c::~*XP1B~~A 9 6{-\'.i.b IJ c::, wLl:z tic a~ s r ~ r-1::: 
/'Y'9 6,::. c: --C }- /' ,,t-.Jvpf~O)ra'J~ ~~~961Jm~ffl1t,--c'tJ.Nv'-o *I::., Mg O~0):[,l 
fflnmc: G--c, fflTt:::'-Am~mx.t:i.7--l"'Y ,rx 1J /'Y,m~17Llt= G--cfillB)jGt::.iJ{, -rO)ftf!O) 
tt.fflm'tJ ~fflP.ft~--c £V 6,::. c: t:i i3 -S *--Ct;~" 'o * t::., ra'J~~ c: O)ffli!f t:i, wLl :z ti~*~ 
~A L,~1.,,t~i';-t::;JS1.,,--c, ffl!t~ 1 o-6 P aJ;J.~0){00:~mG, ~1J, ~*~ffl~Ef/,Jt::~;,_ 
9 6 t~i';---C 'tJ, 1 0 - 4 P a :f¥B!'.O)fu[ ~ tl'i9 o 

( ~ *J:: 0) frJ ffl PJ fi~•t~] 
(0031] 

MR AMO) /:B:fJfflff fu[;iJ{f,tt~~O)~ 2 {ff t:: foJJ: L,, ::¥ jj' l::' '1/ }- ~O)Jffira'JmmM RAM t::~ 
L, t::.fi@ C: ~ -JLv '-60 
( I§ TIU 0) r'd1 •~ml B)j] 

(0032] 
(I§ 1] *3BBJjO)ffi 1 O)~ni!!O),Jt;J'iJt::J:6MT J *Tti@ (I§ 1 (B) ) c:, 5lRtit'[1:: 

%4:mi--C2r)6 Fe ( 1 0 0) O)I,1'--Jv::¥-J\/' rtl@~m91§--C2r) i), 1Bl~~Fs90) [ 

1 0 0] J:J[o}t::xf96 E-E FO)~f*~m91§ (I§ 1 (A) ) '1:£V6o 
(1§2] 1§2 (A) iJ"Gi§2 (D) *--Ct:i, *3BBJjO)~ntfiO),ft;J'iJt::J:6Fe (100 

) /MgO ( 100) /Fe ( 100) ti@~fl96I:tt~t.J:£m*T (J;J.~, 1F e ( 
1 0 0 ) /M g O ( 1 0 0 ) / F e ( 1 0 0 ) MT J J c: :fff\9 6 0 ) O)~@I:f¥ ~ t~ 
;r.\'.;BkJ t::m91§--C £V 6 o 
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(!Zi 3] !Zi 3 (A) t:i, F e ( 1 0 0) Ti'fpffl~ (ffi 1 ffi:titE) 0) RHEE D-1 ;J. -V 
~/J'\9!Ziccb I), !Zi 3 ( B) t:i, _::_ O)iW€0)M g O ( 1 0 0) J'\ l) 7 JijO) RHEE D-1 
;J. - V ~ m 9 IZJ c' cb 6 o 

(!Zi 4 ] M g O JJx~B~,:: B tt 6 IZYmtitEM a s s ;z... x_ -!7 1--JvO)iJatJlll~~ ~ /J'\9!Zic cb 6 

(!Zi 5] Mg Om~q=rO)fl€*7.tffO)~f:lf:ffl~m'.{-rR1¥~/J'\9!Ziccb6o 
(!ZIG] Fe (100) /MgO (100) /Fe (100) MTJ*-rO)~~BkJIJ: 

llii~tl:tmHH*i ~ /J'\91Zlc cb 6 o 
(!ZI 7] IZI 7 (A) t:i, ~ilfil.t::Bit6MRJtO)J'\---( 7 ;J...fflff{-tx1¥'1'~!::~m91ZJccb60 

!Zi7 (B) t:i, MTJO)tti1Jffi'.EEV 0 utt:i (=J'\---(Y;J...ffi'.ffX (Rap-Rp) / 
Rap) ~/J'\9!Ziccb6o 

(!ZI 8] TMR*-rO)t:1'@c:, -=fO)lfJ{'F~f1i!~m91ZJccb60 
(!Zi 9] MRAMO)~,;$:ffl@,f:?U~/J'\9!Ziccb I), IZI 9 (A) /;iMRAM0)*4tJ!!Ziccb 

1), IZl9 (B) t:tt~~BkJIJ:@Jfi!i9.t:1'JJx!ZiccblJ, IZl9 (C) t:i, t:1'@1:?U~/J'\9Wrffi!Zlc 
cf') Q 0 

(!Zll0] 7t~7y;J...Al-O~}-~~~-~c:Lk~*~™R*-rO)m~~m 
0) mn□ffi'.EE ,:: J: Q ~1l: ~ /J'\91Zlc: cb 6 o 

(!ZI 1 1 ] ,;$:'1e8JJO)~,fjlffO)~JtJ0)~~1:?U ,:: J: 6 MT J O)*-rffl@~ /J'\9!ZIL" cb I), IZI 
1 ( B) ,:::xf£t9 6 !Zic cb 6 o 

( f4%0) ml BJ_J] 
(0033] 

l···ffilO)Fe (100) }ii, 3---~~~MgOx (100) cb6v"/:i (100) ~~ 

ffi;IJ~ff_$tjilj2fol L f::~~~M g O xlii ( 0 < x < 1 ) , 5 ···ffi 2 0) F e ( 1 0 0) Jii, 1 1 
·--~~~Mg Ox ( 1 0 0) cf')Q 1,,,t;t ( 1 0 0) ~~ffi;IJ1£f_$tjilji:fol Lf::~~~M g Ox~ 
t}x ( 0 < x < 1 ) , 1 5 • • • M g O ( 1 0 0 ) y - r }ii, 1 7 ···I l::: ~ :f- Y '\-' }v F e ( 1 0 
o) Ti'fpffl~ CffilffltiIE), 21---MgO1'\ 1J7Jii c1 oo), 23·••.:cr::~:r-V'\-'JvF 
e ( 100) J::!fpffltiIE (ffi2fflti1E), 5 0 3---~~~MgOx (0 0 1) cb6v"/:i (0 0 
1) ~~ffiiJ1£f_$tjilj2foJLt::~~~Mg Oxlii (0<x< 1), 5 0 1 ···7tJv77 ;J...i}:i-nx1 
,r~w,:: J: 6 Ti'fPffltim Cffi 1 ffl~) , s o 3. •·Mg o )\ 1J 7 Jii, s o s .. • 7 t Jv 7 7 ;z...i}ti':d 
'[~{*'= J: Q J::!fpffl~ (ffi 2 ffl~) 0 
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(~~~] ~ffi 
(~ 1] 

(A) 

(B) 

,,--... 

> 
Q) 

...___,. 
llJU. 

I 
llJ 

1.5 

1.0 

0.5 

0.0 

-0.5 
r 

5 

3 

1 

•• ♦ 

··~ :: A I 

••••••• 1.,., . ... . . . . . . . . . . 
\ . . . . 

. . . . . . . . . . . 
: . : . . . . . . . . . . . . . . . . . . . . . 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
X . . . . .. -: . . . . . . .· . 

. . . . . . . . . . . . . . 

[ 1 00] 1J (i:i] 

Fe(100) 

MgO(100) 

Fe(100) 

Fe 

H 
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(A) 

(8) 

(C) 

(D) 

MgO(100)¥ffi 

7 .=.-Jt.,(350°C) 

15 MgO(100) 

'1/-i-:M 

-- -11 

- - 17 Fe(lOO)""Ftffl'iif~ 

t:=======================~:t--------15 (50nm) 

--
i----,.__-

-

,---...._ 

21 MgO(100)1\ 1)7~ 

17 (2nm) 

15 

1 1 

i=========.:::.:::.:::.:::.:::.:::..:::..:::_-_-_-_-_-_ -_ -_ -7 _::i--,. ______ 2 5 Co«f ( 10nm) 

-•- - - 23 Fe(100).J:. €$'ii~ 

t:=======.:::.:::.:::.:::.:::.:::..:::..:::..:::_-_-_-_-_-_ -_ -
7
:::i-----.,__ _____ 21 ( 10nm) 

- r--,.._.--- 1 7 
- - -15 

-- -11 
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(I§ 3) 

(a) 

(b) 
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(I§ 5) 

4. Ox 1 o-s ,------,-..-, -----.--..-----,--,----..-----,--.----.----,---.----r-,--,---.---,-.----,,.-----.---_, 

3.0x1 o-s ~ 

=! 
ro 

.....__.. 
a... 2.0x1 o-s '­

I±! 
"" (R 

I 

1.ox10-s 

P1 

I 
0 0 

0 
;.. 

z 

d''~P2 

- : B.P.(1.0X10- 10Torr) 
C=:J: MgO depo.(6X10- 9Torr) 

0 b.O "" 
"" :E 0 

I n 0 
0.0 ........... _.L..ctJl_,..fLW,,t,J71.L..L....J'lll.bf:kjLl,dl..Lc,J__La._J•□~--•L__.___j•L___.___J•L..___.___J 

10 20 30 40 50 60 70 80 

~;~ 

Mass.A~? 1----J~ 

7.0x1 o-s 

6.0xlo-s 

,,..-.. 5.0x10-s 
=! 
aJ 

..__,. 4.0x1 o-s 
Cl.. 

I±! 3.0xl0- 8 

(R 
2.ox10-a 

1.0xl o-s 

0.0 
0.0 0.5 1.0 1.5 2.0 2.5 

tlff~ffl:C A/s) 

MgO~~cp O)fflt~~'ff 
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6500 ~-r-~----.-----.---,,---y---,--,----.-----.--,r-....----.-----.-----.---,-.----.--.----.---,---, 

.---, 
N 

E 
:::t. ...___,.. 

~ 
L.......I 

.,......_ 

...___,.. 

6000 

5500 

5000 

4500 

4000 

~ 3500 
~ 

3000 

2500 

Bias V= 30 mV 
---6--- T= 20 K 

MR= 146 % 

-0- T= 293 K 

MR= 88 % 

2000 L_...l..__.___.___.___._L.__.___.__.____.___."---~_.__.__.____,_----''--.,___.__.___._____. 

-100 -50 0 

Qt.W,[mT] 

50 100 
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(I§ 7) 

(a) 
90 1.0 
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ffi~-%~foJL,k*;%a@MgOx (x<l)~G/J:6V-rlil~JJ¼~96I~~fl96-::. 
c: ~!f'tMc: 9 6 ITTI*:r~ 7 xii. 8 t::iaaO)-ntt~t.1£m*rO)~@hmo 

(ITTJ*J'.~ 1 0] 
lIBEJclti;%a@MgOx ( 100) lt>6v"li. ( 100) ;%a@ffiiJ{.%jllj2foJL,f::.*;%a@MgO 

x c x < 1 ) iJ" G /J: 6 f' Y :t---Jv~tm~ ~MJJ¼9 6 If1:f q=r t::, Mg ox 0) x fm ~iJli1~9 6 ::r. 
f1:f ~ -'2r<G"-::. c: ~ !f'fM c: 9 6 m!J*:r~ 7 x Ii. 8 t::= EJcl'<;0)11tt~t.1£m*rO)~@hmo 

( ITTI*JJ! 1 1 J 
~~ ~ ~{jffi9 6 I.f_ff c:, 
~~t&J:: t::=ffi 1 0) F e * t::. ti.BC C ti@~ fl9 6 F e *EJ4:0)Jti;%a@ ( 1 0 0) ~ * t::. 

Ii. ( 1 0 0) ;%a@ffiiJ{.%jllj2foJL,f::.*;%a@~~ff.ffl96If1:fc:, 
lIBElcffi 1 0) F e * t::. Ii.BC Ctl@~fl96 F e *EJ4:0) ( 1 0 0) ~J::t::;z.;" 'Y -5! 1) Y 

,7·m t::= J:: t) 7 t }v 7 7 ;z. M g O ~ ~ M fJ¼ L,, 7 = - JH:: J:: I) ~ 7 t }v 7 7 ;z. M g O ~ ~ ;%a 
@1t:G--Clti;%a@Mg Ox ( 1 0 0) i:t)6v"/i. ( 1 0 0) ;%a@ffiiJ{.%jllj2foJL,f::.*;%a@Mg 
Ox (x<l) ~GIJ:6f'Y:t---~•mlil~MJJ¼96I~c:, 
~ f' Y}(---Jv~tmlilJ::t::=ffi 2 O)F e *t::./i.B C Ctl@~fl9Q Fe *EJ4:0)Jti;%a@ ( 1 0 

0) ~*tdi. ( 1 0 0) ;%a@ffiiJ{·%~foJL,t::.*;%a@Jil~MJJ¼96If1:fc: 
~fl96-::.c:~~Mc:96m~mm*rO)~@hmo 

( ITTI*:r~ 1 2 J 
w1ia Y 2t: Jv 7 7 ;z. M g o Jil ~, Mg ox 0) x 1m ~ iJli1~11fc7}.0) -5t - 1f ,y f' ~ ffl v "--ctt.ffl9 

6-::. c: ~ !f'fM c: 9 6 m!J*:r~ 1 1 t::= iaaO)-ntt~t.1£m*rO)~@hmo 
( ITTI*:r~ 1 3 J 
w1ia Y 2t: Jv 7 7 ;z. M g o ~ MJJ¼9 6 If1:f $ ,:: , M g o x 0) x 1m ~ iJli1~9 6 If1:f ~ '2i'v =. 

c:~~Mc:96WJ*JJ!ll~~-O)m~mm•rO)~@hmo 

WD EX1012 
Western Digital v IP Bridge 

Page 94



(~~~] BJ§*JIJ~ 
(~~®~~Jm~mm*r~aT®~@hm 
( 15( ffi it ![!y] 

(0001] 
:$:~BJ§ ti., lltt~t.ltln*r ~aT®~@ht*'=lil L,, tf ,::, ra'JI,, 'ffi~t.l&m~ fl9 6lltt~t.l& 

m*r~aT®~@hm,::lil960 
(~~ttffi] 

(0002] 
MRAM (Magnetoresistive Random Access Memory) ti., lJl'.tEJt:<ffi1,,,G;h--Cv"68c'bllf:* 

rt: d) 6 D RAM,:: 1~b 6 *~ _m foJ t78c'[~*r t: d) IJ , iY•-:J, ra'JJJ! ~T-w~'ti. ;,{ =c 1) ~ L, 
--C Jt: < wf~OO~iJ{fr,b;h --CB 1), 1~U ;z t£, 4Mb i t®MRAM-JJ{-Jt Y 7° JvtBffi~ .:ht:-.~ 1,,, -5 ~;%i 
;iJ{d) Q 0 

(0003] 
~ 8 ti., MRAM®JL\ffiffpc'd)6 TMR*r®lf@~, T®ib1'Fmtl!t!.~m9~t:d)60 

~ 8 (A) t::m9 J:-5 ,::, TMR*r,::JS1,,,--cti., ~1L!l&Jib'<G~6 r- Y;;t-Jv~tm®ruIT1JW~ 
5lRlltt'l'-i~~ib" G ~ 6 ffi 1 ~ljffi 2 ® 2 -::J®ffltEE,:: J: IJ ~lvt2 }- Y ;;/'--.Jvffl@~ fl L, --Cv "6 o 
}- Y ;t-Jv~tmJil ~ L, --C ti., 7 t Jv 7 7 7--® A 1 -0 ]ii iJ{ffi v, G tL --C v, 6 (1pffm::x~ 1 ~ 
!ffl) o ~8 (A) ,::m9J:-S,::, ffil®5illtt'l'-ifflt-.W~ffi2®5iffi'['-ifflt-.W~®m1L®foJ~iJ{ 
:sµ:fr ~:sµ:frlltt1L®:f:~i'r t= ti., r- Y ;'f-Jvffl@®W.00 ,:: B tj 6 mtJRh foJ ,:: lil9 6 *r®ffl~t.l& 
miJ{1J\~ < ~60 ~h, ~ 8 (B) ,::m9 J:-5 t::, ffi 1 ®5illtt'ti.·ffl~~ffi 2 ®5illit'['-1·fflt-.W 
~ ®lltt1L® foJ ~ -JJ{:sµ:fr ~N:sµ:frlltt1L®:f:~i'rt:: Ii., r- Y ;t-;Hf@®W.00 t:: B tj 6 mtJRh foJ ,:: 
1il96*r®ffl~t.l&miJ{*~ < ~60 ~®t.I&mfill/i., ~~akJ~~,Jt:/i.~1Ltti\ t.I&mfill 
iJ{ r'aJ I,,'\ 1J'<{gt, '\ 1J'< ,:: ~-51,, '\ L 'tffi¥1i " 1 ,, ' " 0 " ~ L, L 8c'bllf: ~ tL6 0 :sµ:frlltt1L ~ R :sµ:frm1t 
~ /i.T-w~t=8c'bllf:~ tL6 t:-.cb, T-w~'ti.;,{ =c lJ ®~**r ~ l,--C ffiv'Q ~ ~ iJ{-C ~ Qo 

(0004] 
~ 9 /i., M RAM®~::$:lf@-WU~ m9~t:d) 1), ~ 9 (A) /i.M R AM®i4ti~t:d) IJ 

, ~9 (B) ti.l~~EfkJ~@J~fflJJ>G~t:d)t), ~9 (C) Ii., ffl@,f~U~m9WfTiiJ~t:d)60 
~ 9 (A) t::m9 J:-5 ,::, MRAMt::JSt,,--C/i.17- r*IWL ~ l:::>;; r-tJRB L ~iJ{~~9Q 
J:-5,::j!ljcfll[~;h, ~~'!'fp,::MRAMtJviJ{j!ljcfll[~;h--Cv"6o ~9 (B) ,::m9J:-5,::, TJ 
- rtJR~ l::',y r-*i~®~~ffpt::j!ljcul[~;ht:-.MRAMtJv/i., TMR*r~, ~®TMR* 
T ~ rnilU~®i:~ tLt:-.M O s FE T ~~fl L, LB 1)' ~ffit.l&m ~ L, --C1iHi~9 QT M R*r® 
r.1&mfm ~ Mo s F E T t= J: u aJt<h-1& 6 ~ ~ ,:: J: 1J , i2•bllf:•f'i!r¥li ~ aJt<h-tB 9 ~ ~ -JJ{-c ~ 6 0 rm 
, 'lff¥1i®~~tl:z/i., ,WLJ;z/£, TMR*rA..®,lv~:f:~®m:iJat::J: IJfr-5 ~ ~iJ{-C~6o ~ 9 

(C) ,::m9J:"5t::, MRAM;,{=£-l)tJvti., pMS i~,tfzl o l pgt::MJJ>G~.:ht:-.V-7-. 
{JJ[t~ 1 0 5 ~ r v-1 Y{JJ!~ 1 0 3 ~- T®Fs9t::@i~~;h6y--y;'f-Jvillt~,::xtG--CMJJ>G~tL 
t:-. 1f- }-ffl~ 1 1 1 ~ ~ fl9 6 MO S F E T 1 0 0 ~, TM R *r 1 1 7 ~ ~ fl L, Lt,, 6 
o V-7--ill'it~ 1 0 5 ti.titi!! (GND) ~;h, r v-1 Y/i., TMR*r~frl,--Cl::'•y r-tvjB 
L t::tl®i:~.:h--Cv"6o 9- rtJRWL /i.3/'- r-ffl@ 1 1 1 t::xtG--C~mL,~1,,,iJit~t::;B1,,,--c 
~®i:~.:h--Cv"6o 

(0005] 
J;)-J::t::a5?.8Jj L, t:-. J: -5 t::, T-w~•['-1;,{ t l) MR AM ti., 1 -::J®M OS FE T 1 0 0 ~TM 

R*r 1 1 7 ~,=J: u 1 -:J®;,{=c 1J tJv~MJJ>G96 ~ ~-JJ{-c~6t:-.cb, ra'J~m1t,=~Gt:-. 
;,{ t l) *T ~I,,' ":J ~ ~ iJ{t: ~ Q o 

(0006] 
(1pffat:X~ 1] D. Wang, et al. :Science 294 (2001) 1488. 

(~BJ§®fmm] 
(~BJ§-JJ{frl~~ L, J: -5 ~ 9 6 l~HH.!J 

(0007] 
lJl'.~t®ttffi ~ ffl v, 6 ~ ~ t:: J: 1) 6 4 Mb i t lim'.® MR AM~ ~ljl'.9 6 Je,jffi L, Ii.ft -:=i --C 

1,,, 6 iJ{, T.:hJ:J-J::® ra'J~ffi1L® t:-.cb ,:: ti., MR AM®JL\ffi'!'fpt: d) 6 TM R*r®tf•l'-1 ~ foJ 
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J:: ~ tt 6 ~,~iJ~ib 6 o tf t::, ~*TO) t±LbfflEE ~ foJJ:: ~tt 6 t:: Ii., I1t~U.I:£m0)~* c: fflEE 
tf'~ftO)cJc~O)fiui:nn1~-~-c tb 6 0 ~ 1 o 1:t, Y :i:: Jv 7 7 7-.. A 1 -o ~ t- :,,, ;r-Jvpfm c: Lt:-. 
{tt*~TMR*T0)11tt~t.1:£mO)!::P1JDfflEEt::J::6~ft~m9~-Cct06 (L 1) o ~ 1 0 t-=:m 
9 J:: -5 t-=:, 1JE*~ TM R*Tt:: Bv "--C Ii., Itt~t.1:£mi.111J\ ~ <, tft-=:fflEE ~ !::P1J09 6 _=. c: t-=: 
J:: I) Itt ~U.I:£vt i.)ij~ 1JIJ: t= I J\ ~ < ~ 61~}'[ [n] i.)i cij-G ;;h, Q O -=-0) J:: -5 ~ tf 'l'It-C Ii., iiJ f'F '"? - 1/ / ~ 
~El L, t:-. t±LfJfflEEf.111J\ ~ 9 ~, 6 t:-.t\b, ~~O)ic'Dl*-=f-t-=:ffiv" 6 0) f.11ft L, v "o J:: t) J!. f,,fs:l'l"J t-=: 
Ii., IJ[;!:R:O) TM R*TO)'U":cl~t.I:£mli.;%{)70% c: {fl;<, * t:-. tf:LfJfflEE t 200 m V J;_J ~ c: {fi;v "t:-. 
£lb, DR AMO)/±L:i:JfflEEt::,ttx. --C~~l'i"J t-=:#7t-C ib 1), ~ffl&'. ~ J:: (--f 6 t-=:f,tf:v "{§~f.11 ,J -{ 

7:' t-=:tJ. t ;;h, --C~dj-1:Btt ~ < ~ -:J --CL,* -5 c: v" -5 F1=19~i.11 ct0 -:J t:-.o 
(0008] 

::$:~BJHi., TM R*Tt:: B (j 6 l:B1JfflEE ~A~< 9 6 _=. c: ~ § l'l"J c: 9 60 ~Gt-=:, A~ 
~Itt~t.l:£vtt:: J:: iJ, ~JEt-=:iiJ{'f=:9 6 ic'IJ!~fl'[~ mf~9 6 _:. c: ~ § l'l"J c: 9 60 
(~~ ~ ~~~9 6 t:-.t\bO)=p~] 

(0009] 
:2fs:~B]O)~fJt~t= J::;;ri,1£, t-:,,, ;r-JvpfmJil c:, ~ t-:,,, ;r-JvpfmJilO)ffi 1 ffi1J!Jlt=MM~ ;;ri, 

t:-. BC Ctf@~fl9 6ffi 1 0)5j,/iit'['lf::1*Jil c:, 1rui2 1--Y ,:Z-}vpfmJilO)ffi 2 ffi1J!Jlt=MM~ ;ht;:: 
BCCffl@~fl90ffi20)~11tttt1*Jilc:, ~fl9Gffi~r-Y;t~~~-@-Cct0-:J--C, lru~ 
t-:,,, ;r-JvpfmJilni, -&ifilmrM go x c 1 o o) tb 0 v" 1:t c 1 o o) filmiffin1fJE:$tffi:!fn1 Lt:-. 
~filmrM go x c x < 1 ) Jilt= J:: u MM~ ;;ri, --c v" 0-=- c: ~ ~• c: 9 01V:cl~t1£m*Tn 1m1~ 
~ ;;h,60 

( 0 0 1 0] 
* t:-., Mg o c 1 o o) n"), G ~ 0 1--:,,, :t---JHtmJil c:, ~ 1--:,,, ;r-JvpfmJilO)ffi 1 TIIT1JIJJt=M 

AA~ ;ht:-. F e C 1 o o ) n"), G ~ 6 ffi 1 0) 5!Itt'tlf::f,,fs:Jil c:, llliBc 1--Y ;t JHtmJil O)ffi 2 ffi 1J!Jl t-=: 
MM ~ ;ht:-. F e C 1 o o) n"), G ~ 6 ffi 2 0)5!11tt'i'Itf,,fs:Jil c:, ~ fl9 6 Itt~ 1--Y ;r-Jv~~tf@ 
-c ib-:J --c, 1rui2M g o Jilni, -&ifilmrM g ox c 1 o o) tb 0 v" 1:t c 1 o o) filmr oon1fJf* 
@cfoJ L t:-.~filmrM g ox c x < 1 ) Jil c= J:: u MM~ ;;ri, --c v" 0-=- c: ~ tfft: c: 9 0 m~tJ£vt* 
Tf.11m{~ ~ ;;h,60 llliBcM g O ( 1 0 0) Jil0){~~1ff~ylffi c: llliBc F e ( 1 0 0) JilO) 7 xJv 
~ .:c;t-Jv:¥-O)Fa90):;fjj;~'r:f[I[ C 1--Y;t-Jvpfmr'ffl~) ~-&i*tmit::B('t6{[l[J:: IJ tfH;< Lt:-._=. 
c: ~~Re: 9 60 J::BctiM~ ffiv"0 c:, Itt~t.1:£mi.11~:A L, TM R*TO)ffi1JfflEE~ A~< 
90 _=. c:i.11-C~t:-.o 1 "JO) 1--5 :,,,:,?7-..y10)~,frlfc: L--cJ::icI:tt~t.1:£m*T~ffiv"0 c:, :;;r::mI 
~ttO)~ffl*T~MfflG90_=.c:ffi-C~ko 

( 0 0 1 1 ] 
::$:~B]O){if!O)l~t~t= J:: ;;h,/£, lH)5(~ ~{Jffi9 6 Il¥. c:, ~~~J::t-=:ffi 1 0) F e ( 1 0 0) 

Jil~:l'iffl96It¥.C:, lruBcffi 1 O)F e ( 1 0 0) JilJ::t::fflTl::'-Am~mt::J:: t)-&ifilmrM 
g ox c 1 o o) tb 0 v" 1:t c 1 o o) filmr ffin1fJf:$t@cfn1 L t:-.~filmrM g ox c x < 1 ) n"), 
G ~ 6 1--Y ;t JHtmJil ~ r'ffl ~ ~~ t= B v "--c :l'iffl9 6 It¥. c: , ~ 1--Y ;t Jv pf mJil J:: t= ffi 2 0) 

Fe (lOO)Jil~MfflG90I~C:~fl90_=.c:~~-c:9011tt~mm*TO)~@:nmffi 
m~~ ;;ri,60 

( 0 0 1 2] 
* t:-., -&ifilmrM g ox c 1 o o) tb 0 v" 1:t c 1 o o) filmr ffin1fJf:$t;@2[n] L t:-.~filmrM g 

Ox (x< 1) i.1"),G~6~t&~~{Jffi90ffi 1 It¥.C:, ~~t}5(J::t-=:ffi 1 O)F e ( 1 0 0) ]ii 
~ tt:ffl L,, 1JZv "-C, filmi{tO) t:-. (\1)0) 7 =-- Jv ~ fr -5 ffi 2 It¥. C:, 1ruicffi 1 0) F e ( 1 0 0 
) Jil J:: t= ·~ T t::::'-Am~m t= J:: ,J -&ifilmr M g ox c 1 o o) tb 0 v" 1:t c 1 o o) filmr oon1 
fJfft@cfnJ L t:-.~filmrM go x c x < 1 ) n"), G ~ 6 t-:,,, :t---JvpfmJil ~ r'ffl~~~ t= Bv "--C:l'iffl 
90ffi3I~c:, ~t-Y;t~•mJilJ::~ffi20)Fe (lOO)Jil~MfflG90ffi4I~c:~ 
fl90-=-c:~~•c:90m~mvt*TO)~@:nmffim~~;;ri,00 ~, 1ru~m1I~c:m2 
It¥.c:O)Fa9t::, -&ifilmrMgOx (100) ib0v"li. (100) filmiffin1fJf)t;@cfnJLt:-.~fil 
mrM g Ox ( x < 1 ) i.)"), G ~ 6 y- r Jil ~M:B!:9 6 It¥.~ fl L--Cv "L'6 .Nv"o * t:-., 1rui2 
7tJv7 7 7-..M g O}il~, Mg O xO)x{[l[~!Jtl1~1Jfcij-O)y'-.y',y 1--~ffiv"--CtlffiL--Ct.N 
v"o _=. O)~, 1ruicYtJv7 7 7-..M g O ~MM9 6Il¥.9=' t=, Mg Ox 0) x 1[1[~~~ L, --ct 
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Nv'o 
( 3B B] 0) m ~] 

( 0 0 1 3] 
*3BB] t:: J: :hi:!, fit~® TM R*--rt=ltX. LA~ ;iJ:,filt~}g:fn ~ 1~Q,::. c: iJ'>.-C ~, TM R 

*--r®tf:'rjJfflff~A~ < 9Q,::. c:iJ'>.-C~Qo fJE-=>-C, TMR*--r~J=l=H"f::MRAM®r'al~ 
ffi 1t -JJ'>. ~ ~ t= tJ: Q c: " , .:s iu ,~-JJ{ ~ Q 0 

(3BB] ~ ~Dl!!9 Q t::&')®~N®M1Jl] 
(0014] 

*B];%!1I~t= Bv 'L J=§v ,f::1fii1t6@ ,= B i-t Q 1:E_ltJS{JfJ:fu[J c: 0) J=§filHi., ~6"1--*!lYtffl --r7t:Y6 
O)~~iJ"t::>i'ltJ!UL,t::{u[-C~Q (~~X~: W. Wulfhekel, et al.: Appl. Phys. Lett. 78 

c2000 so9.) 0 ,::.®J: .:s tJ:i:R:1J-cti., itt*::RfflZ>~--r::R~fa-JJ'>.t~c:1vc:'~1,,,r_11JakJtJ:1fii1t6 
@ M g o ® r- / ~ fv~tm® J:: mHill c: § .:s -=-c: -JJ{-c ~ Q t:: &'), r_1mEfkJ tJ: fill c: ", .:s ffl ii~ ffl", 
f;:o 

( 0 0 1 5] 
3BB]®~1it!!®M1Jt= -::Jv "-CfillB]9 Q §fH=, 3BB]~®fi-=> t::~~t=-::Jv "-CfillB] ~fr 5 o M 

T J ®,fu-'t~}g:fn (MR) J:t /i., J;_J_ T ®;i:\';-C* ~ ;h,Q o 
~R/Rp= (Rap-Rp)/Rp 

,::. ,::.-e_ R pBzO'R a p ti., 2-::J®fflfiljO),fili{l:iJ'>.3-JZfrc:N3-JZfi®t~Ei'® }- /'~Jv~Ei'tg 
m-C~Qo Ju 1 1 i r e®0;r.\';t=J::hti, {fi;J\---(7,:z_fflfft=Bi-tQMRJ:tli., J;_J_T®J: 
-') t=*~;h,Qo 
M R J:t = ( R a p - R p ) / R p = 2 P 1 P z / ( 1 - P 1 P z ) -C ~ t) 
,::.,::.-c, Pa= (Dai (EF) -Da J (EF)) /(Dai (EF) +Da J (EF 
) , a = 1 , 2 ( 1 ) c: * ~ ;h,Q o 

( 0 0 1 6] 
,::. ,::. -C, P a Ii., ffl--r® ;z_ l::: /' 7tfilj$-C ~ t) , D a 1' ( E F) c: D a ! ( E F) c: Ii., 

-t- :h--F':h, *W:J.;z_ l::: /' J\ /' r c: 9,,W:J.,:z_ l::: /' J\ /' r 0) 7 x }v ~ i ~ Jv::¥- ( E F) t= B i-t Q 
i:R:1Jltf Bf. ( D e n s i t y o f s t a t e : D O S ) -C ~ Q o 5lIH/iH1ilf$~~ Bz cfEi' 
~O);z_ l::: /'®{Jm!;fWti. O. 5 J;_J_ Tc'~ Q t::&1), J u 1 l i r e ®0:r-\';t= J: :hti, ~ti r'aJ v ,;f'l 
JE'.M RJ:t c: L, -C 7 0 % iJ'>.rtJ!U ~ ;h,Q o 

( 0 0 1 7] 
MT J *--r ~ 7 t }v 7 7 ;z_ 0) A I -0 0) }- /' ~ }v~tm c: *i1t6@ffltJI){ c: ~ J=§ v '-C 1'FPX9 Q 

c:, ~tlir. -CO) M RJ:t c: L, -C ~ 7 0 % c: v' 5 fu'[iJ'>.1~ S :h-C v' Q iJ'>., D RA M_ftfzO) tf:'rjJfflff-C 
~ Q 2 0 0 m V ~ 1~Q ® Ii.ff L, <, J::~O) J: 5 t= MR A M~~O)_x'}"9 Q Fi::r'llfIL~ c: fJ:-=> LV, 
Qo 

( 0 0 1 8] 
3BB]~ ti., \tt1l: 7 ~~1'~ V 17 A ®1fii1t6@ ( 1 0 0 ) ~ Q v' /i. ( 1 0 0) i1t6@ ffiiJ'>.~%lft:fnJ 

L, t::*i1t6@M g O ~ r- /' ~}v~tm c: L, -c )=§1.,, ,f::M T J ~ AA:R9 Q 7 7°tJ-y- ~ ~Ad}. LV, Q 
0 1tBIE® 7 t }v 7 7 A 0) 7 }v ~ T ~tm C: Ii.~ fJ: I) ' \tt1t 7 '.7''~ y 17 A ti.fil@ (~ --riJ'>.tJH!U 
iE L, < l!ft::YU L, t::!lo/110 -c ~Qt::&'), ffl--riJ'>.ffil:'5L ~ :h T, ffl--r® =i l::: - v /' r- i:R:1JliJ'>. r- /' ;t ... 
Jv.i@If¥®Bv ,-c{~1¥~ ;h,Q,::. c: iJ'>.rt~-U~ ;h,Qo ~ 1 Ii., *~1it!!®M1Jlt= J: QM T J *--rffl 
@ (~ 1 ( B) ) c:, 5lIHilH1{;i$:~~-c~ Q F e ( 1 0 0) O)I~Jv::¥-J\ /' rtt@ ~ m9 
~c'~ t), r&:W:J.~Fa9® [ 1 0 0] JJfnit=xt9Q E-E F®~ti~m9~ (~ 1 (A) ) -C 
~ Qo ~ 1 ( B) t=m9 J: 5 t=, *~1it!!®M1Jt= J: QM T J *--rffl@/i., ffi 1 0) F e ( 1 
0 0) ~ 1 C:, ffi 2 0) Fe ( 1 0 0) ~ 5 C:, ,::.;hG®Fa9t=~;i:hf::1fifil@M g Ox ( 1 
0 0) ~ ~ Q v "Ii- ( 1 0 0) i1t6@ffiiJ'>.~%lft:fnJ L, t::*i1t6@M g Ox ( x < 1 ) ~ 3 c:, ~ 
flG-CtiJJx~:h-Cv'Qo J::acJ u 1 l i r e®t--r'Jvt=J::hti, {~~ffl--r®t;,{/'5fAiJ'>. 
r- /' ~ }v 7° t1 t ;z_ g=r ,= B v, -c {~1¥ ~ :h Q c: 9 Q c: , M g o ~ .@.i@! 9 Q r- /' ~ Jvfflilrt Ii. r- /' 
:r---Jv~tm c= ~ OO:tJ: J'J fn1 C~Ei' woo c=xt9 Q mrr~J'J fnI) ®r&:W:J. x '.7 r-Jv k z ~ fl9 Q ffl--r-JJ'>. 
3tlft:ElkJ t= fJ: Q O ~ 1 ( A) t=m9 [ 1 0 0 J ( 1 - H) JJ [nJ t= B i-t Q F e O)I;j'-.. Jv::¥- )\ / 
r ~ t= J: :h ti, 7 x }v ~ ~{ft E F ,= B i-t Q i:R:1Jltf Bf. ( D O S ) /i., *W:J.;z_ l::: /' c: 9,,W:J.,:z_ l::: 
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Y 0)-lj- 7~ J \ Y r iJ~ 7 .:r: }v ~ ~{ft E F r= B v \ --cfj:!JJ ~ tn.,, --C v \ G /;:_ &b, T ;h,t;l. c' ra'J v \{Jm!titE$ 
~ m ~ ~ V \0 L tr--L ~ tJl G, 'ffl rO) =1 l::: - V / f' ~j;:Ji.,.~tJl f' / ;?(-.. }v~;f¥0) B V \ L f*H ~ ;h,Q 
t~Bt= t:t, ~~,= ~[![~if!mt= ~ L --c t- -'7 Jvt=xt~~1&:lfl~~~ fl9 Q 1:zi~-ffl rO)Jj.tJl~f 
~{JJ[t~ t:: B t't G ~!JJ ~ ~JJ[ L, 210 G ~JEO) r-Y ;r-Jvlit-$ ~ t~-=>::. ~ t:: ~Go IZI 1 ( A) t:: 
m9 J: 5 t::, ~~Al::: Y ~ 1 1 F\Y r (~it) tJl7 .:r.Jv~ ~{ftE F t::~j;:!JJ~fl9G tJl, 9--' 
~Al::: Y ~ 1 ~ /\ Y r (,pj1zif) /;i 7 .:r: Jv ~ ~{ft E F t::~!JJ ~ fl L ~ v \o ::_ 0) J: 5 ~ F e ~ 
1 t /\ / r 0) J'\- 7 ~ '7 }vEI~ ~lt~f!f& ,:: J: I) ' 1~~ ,:: ra'J V \MR lttJl =1 l::: - V / f' ~ A l::: / fJml 

titff r-Y ;r-Jvt::= Bv \L1~ G ;h,Q r:iJ1t~'l1:tJl210 Go i l::: '7 ::v-v "7 }v (lti~~210 G v" /;i ( 1 0 0) 
WcfoJ~~~) O)MT J /;i, f' Y;r-Jv~;f¥$t::=Bt'tGfflrO)~EL,tJl:f{pffiU~;h,Qf;:.&b, J:JJcO) 
J: 5 ~ =i l::: - v Y !--~ r-Y ;r-Jv ~ ~lJa9 Gt:: &b t::= /;if_lI!JJEl~t: 210 G ~ ~ ;z G .ttG o 

( 0 0 1 9] 
J::J-T, :2t3BSJjO)ffi 1 O)~fll!!O)M!JJ t:: J: Glitt~(Jgm*r JJz cf--=c-0)~~::nmt::-::>v \--C IZ!ffi ~ 

~~ijL,-::>-::>~SJj~fi5o IZI 2 (A) iJ"GIZi 2 (D) *t:l:i, :2t3BSJjO)~fll!!O)MJfJt::J:G F 
e ( 1 0 0 ) /M g O ( 1 0 0 ) / F e ( 1 0 0 ) ti~~ fl9 G -lli~t'gm*r (J;J-T, 1 
F e ( 1 0 0 ) /M g O ( 1 0 0 ) / F e ( 1 0 0 ) MT J J ~ ~9 G O ) O)~~IJ¥ ~ 

tJtit~ t::m9IZJt: 210 Go F e ( 1 0 0) /;i, BC C ffl~ ~ fl9 G 5tlilitt'[1:{*t: 210 Go * i\ 
·~~Mg O ( 1 0 0) ~.~ 1 1 ~ ~{im L, MB Em ('.D'rfJRI l::: '7 :cf-v-m) ,:: J: 1), 

lti~~MgO (100)~~110)~ffi0)~7* □ V-~~~9G~&0, MgO (100 
) V-rJi.11 5~J¾:Bt9Go JJ[~L--C, IZ!l (B) t::m9J:5t::, 50nm~O)Il:::'7::V­
V "7 Jv F e ( 1 0 0) Ttfpffl~ (ffi 1 ffl;f"itff) 1 7 ~Mg O ( 1 0 0) V- r Ji,11 5 J::t::£'. 
rlit-CJ¾:&:L, <J(v\t:, ,fflra'J~~T (2 x 1 o-s Pa) t::=:Bv'---C, 3 5 0°Ct::7-=-Jv~ 
fi 5 o i¾J, ffl ritm~ t::= B t't G 5Fdtf: /;i, :bD~fflEE tJl 8 k Vt: 210 t) , J¾:&:~f!lt tJl 0 . 0 2 n 
m/;f'J>, J¾:&:¥litf!lttJl£:flit ( 2 9 3 K) , ',J- A~ L --C /:i{t"F.m!lfliEl~;fJiJ¾O)M g O (Mg ~ 

O~O)lttJll: 1) ~fflv\, ',l-_A~~tJx~O)Ji'elt~40cm~L, J\•yY,!f5r'JYrO) 
~~f!lttJl 1 X 1 0-8 Pa, 0 2'.D'fftJl 1 X 1 0-6 Pa t:2l0G 0 i¾J, {t"F.m!lfli~;fJiJ¾O) 
Mg O (Mg ~ 0 ~ O)JttJl 1 : 1 ) O){~b I) t::=, 0 ?ZtJi ~ fl9 G ',J- A~ {lj!ffl9 G::. ~ ti 
r:iJ §~ C' 210 Q 0 

(0020] 
IZ! 3 (A) /;i, ::. O)~O) F e ( 1 0 0) Tffpffl~ (ffi 1 ffl~) 1 7 0) RHEE D-1 ~ -

V~m9IZJt:2l0Go IZI 3 (A) t::m9 J: 5 t::, Fe ( 1 0 0) TffPffltitff (ffi 1 ffl~) 1 7 
t:i.&W~~~·l1: ~ -5.JZ:ti:1.'11: ~ fl L LV \ Q =-~ ~ m L LV' Q O {J(v 'C', IZI 2 ( C) t::m9 J: 5 
t::=, 2 n m~O)M g O ( 1 0 0) /\ 1) Y Ji,12 1 ~ F e ( 1 0 0) Tffpffl~ (ffi 1 ffl~) 1 
7 J:: t::£:flit t: I l::: '7 :cf-V "7 JvJ¾:&:9 Go ::_ O)~ti, Mg O O)fflr l::'.'.'-h.m~m ~ fflv \f;:o 
IZ!3 (B) /;i, :=_O)~O)MgO (100) J\ 1)7Ji.12 lO)RHEED-1 ~-V~m9IZJt: 
210 GO IZJ 3 CB) t::m9 J: 5 t::, Mg o C 1 o o) J\ 1) 7 Ji.I 2 1 ti .&W~~~'[1: ~ -5.JZ:tfi.'[1: 
~flL--Cv'-G::. ~ ~mL--Cv'-Go 

( 0 0 2 1 ] 
IZl2 (D) t::=m9J:5t::, MgO (1 00) J\ 1)7Ji.121J::t::, £'.flitt::~~ 1 0nmO) 

Fe (100) J::ffpffl;f"itff (ffi2ffl~) 23~M$;Lt::o JJ[~L--C, 1 0nm~~O)Co)i.l 
2 5 ~ F e ( 1 0 0) J::'(fpffl~ (ffi 2 'ffltitff) 2 3 J::t:::ttffl L t::o C o Ji.I 2 5 /;i, J::tfp'ffltitff 
2 3 O)f*t~ 1J ~ ra'J &b G ::. ~ t::= J: -:J --C Ei. -5.JZfilitt1tW2f@: ~ ~~9 G t:: &b 0) ti 0) t: 210 Go i'J( v "t: 
, J::13i:O){'f::J¾iA*1~W!J;%ffi1JOI.L--CF e ( 100) /MgO ( 100) /Fe ( 100) M 
T J *r~MJ¾9Go 

(0022] 
J::13cEBt::J:GMgOm~/;i, 1 0-9To r rO),fflra'J~~~JiJt::$;)ffi;~fi-:Jt:: 0 :=_O) 

::ntli:.t:/:i, {lLl:zlifi5 A~~J::t:: 3 o on m0)$;HJ~fi-:Jt::t~Bt:ti, ~B~SJjt::210 tJ, 

.&W~lti~~)ffl;tJlM$; ~ ;h, --Cv \ G::. ~ tJlbiJ"G O IZI 4 /;i, Mg O J¾:&:~t:: B (j G [g!l[f_itEM 
ass A~Y r-JvO)~t~Jl~:W:~m9IZJt:2l0Go IZI 4 t::m9 J: 5 t::, O0)A~Y !--JvP 1 ~ 
0 2 O)A~Y r-Jv P 2 ~ t::~9 G'.D'fftJlt'alv'-::. ~ tJlbiJ"Go IZI 5 /;i, Mg Om~q=rO)~* 
7J'ff O)HJ:tiffl~f!l!'.11Rf¥'. ~ m91ZJt:: 210 Q O IZ! s ,::m9 J: 5 ,::, ~*n'EE § wtJltJ"~ 1J t'alv,::. 
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c:, ftffl~at c: c: tic= ®1k:frff ti ra'J < ~ Q-:. c:, ~ c' /;i, Mg O O)ff.fflB~c= B tJ QM g 0 
~~~;ty-. G O)M*O)ffifrn>l ~ m~9 Q ti O)c'J) tJ, Mg ox Co. 9 < x < I ) 0) J: 5 t=® 
*XffliJ{~ b--CY\ Q 1IT1J~•['ft;iJ1J) Q O M*XffliJ{~ b Q C: Mg O }- /' ;t..}vl$m0) ra'J ~ ;iJl{J:£ < 
~ Q c: ~ ;z G :h ( {:7Ll ;z /£, 0 . 1 0 ,,.,__., 0 . 8 5 e V ( J: t) a'f:*IIJ c= /:i 0 . 2 ,,.,__., 0 . 5 e V 0) 
illB l!tl IA]) ) ' -=-:h c= J: t) ' }- / ;z.. JvffltlitiJl~jJD9 Q ti 0) C: ~ ;z G .ti., Q O rtfi' ~f,&s~ ~ A 1 
-0 }- /' ;t..Jv~fmO):f:~ir, F e ( 1 0 0) C: O)fs90) }- /' ;z..Jv~fmO)ra'J~ /:i, 0. 7 ,,.,__., 2. 
5 e V c: ~ ;z G:hQ o -:. :nc=xt L,--c_ Mg O~~ /;if_EI!JJEI~~ }- /' ;z--. JvrfmO) ra'J ~ /:i 3. 6 
e V---C J) t), ~~{ti[ c: L, -C /:i 0. 9 ,,.,__., 3 . 7 e V O)f[i[;iJl::fi G :h -C v \ Q O ::zjs:~t@O)IDft~ c= J: 
Q/Jm~ffll;\Q C:, 0. 3 e VfiatO) }- /' ,:Z--.Jv~fmO)ra'J~ ;iJl:ftJE~ :h, }- /' ;z..Jvl$m0){.1£ 
r.1£ m: 1 t ib 1m 11~ ---c a) Q -=. c: ib1 v ib--. Q O 1H G , --c 0) 11!! 0) ~ 1z;1, wu x , £ mn.i 0) =i ~ - v / 1--~ 1-­
/ ;t..}vO)~Vti 00~ G LV \Q mt~•['ft;iJlJ) Qo 

(0023] 
eKl 6 /:i, J::J3c0)1Jmc= J: I) ~@G f;:_ F e ( 1 0 0) /Mg O ( 1 0 0) / F e ( 1 0 0 

) MT J *rO)!f:tUfl.~~fu1~U.1£matJfJR ~ m9eKI---C J) Q o rJ!LlJEtlir.at 2 0 Kt= Bv \-CM RJ:t 1 
4 6 % c' J) I) , a!LlJEtlir.at 2 9 3 Kt= B v, -CM R J:t /;i 8 8 % ---CJ)":) f;:_o -:. O)f[i[ /:i, fJUE ;i. ---C 
t='£tlir. c= B v \ -C::f~ G :htdi& ti ra'J v \MR J:t---C J) Q o -:. 0) J: 5 ~ ra'J v \MR J:U:i, F e ( 1 0 0 
) ffl ~ 0) 7--. 1:::: /' 1:HiW * t= J: ":) -C fill BJ§ 9 Q -:. c: / :i ---C ~ T, cl} L, 6 , =r ~ - v /' }-~ 7--. 1:::: /' {Jm! 
tiW}-/';z-, 1) /':::ft=00~9QC:~:zG:hQo I 6 00)MTJ*r~~Af"FL,f;:_~:W:, MRJ:tc: 
}- /' ;z.. Jv},1£:Jnf[I[ C: c= 009 Q /£ G "J ~ /;i, 2 0 %J:J-IAJ---C J) ":) f;:_o MT J O)ffe-1¥f ;i. t) ti ~.~j'£ 

~j)f'J---C 9 0 %J:J-J::---C J) ":) f;:_o -:_ 0) J: -'J ~ ra'Jv ,f[i[/;i, ::z!s: 7 7°D --=f-O)fl:StfJ'tli:: ~ mP~ L, -C v \ Q 

0 MT J O)j',1£:Jn-.:c 1) Yffl (RA) /;i, ~ k O µ m 2 ---CJ) t), -:. O)f[i[/;i, MR AM C=j@ L, 
td[l[---C J) Q o 

(0024] 
eKI 7 (a) /;i, '£rlir.t= B tJ QM RJ:tO)J'\-{ 7 7--. fflff{&f¥•tlf:: ~ m9eKI---CJ) Qo eKI 7 (a) 

t=m9 J: 5 t=, M RJ:tO)J'\--f 7 7--. fflEE11R1¥'1'lt/:iib"~ IJ 1.1:tv \-:. c: ib1bib"Q o :=tFxt~~~•tlf:: ~ 
m9;iJl, M RJ:tib 1¥i~9 Q fflff V h a 1 f /;i 1 2 5 0 m V C: v' 5 :=tF~ c= ra'Jv ,f[i[;iJl::fi G :h -C 
l;\Qo i¾J, 1JBIEO)A l-O*C=BtJQMRJ:t0)¥1fit¼9QfflffVha 1tl:i30 0,,.,__.,6 0 0 
m V---C J) Q o eKI 7 ( b ) t=, MT J 0) /:±tiJfflff V o u t/:i ( = J'\---( 7 7--. -~EE X ( R a p -
R p) /Rap) ~m9o /:B:iJfflEEV O ut O)~Af[i[/:ill!]'[J'\-{ 7 7--.t=Bv\-C 3 8 0 m VO) 
f[i[;iJl::fiG:h-Cv'Q 0 -:_O)f[i[/;i, A l-QJ'\ 1)70):f:~ir-O)f[i[ (2 0 0mV) 0)¥)2{ffO)f[i[---C 
J) Q o -:. 0) J: 5 t=, MR J:t c: /:B:iJfflff c: 0) Jwi1J---Cra'J v ,f[l[ib 1::fi G :ht;:.-:. c: /:i, ::zls:~t@O)IDft~ 
t= J: Q :JStffiO) fl:Stb'l'lt ~ m L, -C v' Q o 

(0025] 
i¾], J:: l3c~JJt!!O)ID,& c= B v \ -C /:i, B C C 0) F e ( 1 0 0 ) ~ ffl v, f;:_ iJl, 1~b t) t= B C C 

0) F e *ir-4:, {:7Ll ;z /£, F e -C o 'Er'ili:, F e - N i 'Er'ili:, F e - P t JS''ili: ~ ffl v \ Q -:. c: 
ti c' ~ Q o M 1; , /:i F e ( 1 0 0 ) fli c: M g O ( 1 0 0 ) fli c: 0) Fs9 t=, 1 ~ r fli x. /:i~~ r 
fli fiat 0) J!J ~ 0) C o , N i ~ c' ~ ~ A L, -C ti N v, o 

(0026] 
{'JZC=, ::zjs:~Bj§O)ffi 2 O)~t@O)ID,& c= J: Q1Jtt~{J.1£m*r Bccf--cO)~@hm,= -:)1; ,-cfillB)j ~ 

fi 5 0 ::zjs:~t@O)ID,&C= J: Q F e ( 1 0 0) /Mg O ( 1 0 0) / F e ( 1 0 0) TM R* 
r0)~@1Jm---c1:t, * f 7--.l" ,y '.><' 1J / ~,m~ c'c= J: u Mg o c 1 o o) ~ ~~~ * t;:. 1:t y 
=cJv7T 7--.iR:,&---CftfflG, --cO)f~c=Y=--Jv~f_t~fi-5-:. c:c=J: iJ c 1 o o) ~~ffiiJ1Jl1!2 
foJL,f;:_~~~;i.f;:_/;i~~~1t9Q}i~~ttt!i&c:9Qo 7--.l"'Y '.><' 1) /'~'5k1lf:/:i, wLlxlio ilia.at 
;iJl'£71fil. (2 9 3K) -CJ)/), '.)<'- 1f•y }-c:L,-C/;i2-{/'-=f-¢0)MgO~fflv\, Ar~l!tf~ 
$ c' 7--. J'\ 'Y '.><' 1) /' ~, ~ fi ":) f;:.0 JJ□~ffljJ /:i 2 0 0 \V---C J) t) , Jix:ft~at /;i 0 . 0 0 8 n m / 
SC'd)Q 0 -:_0)5k~---C*fflL,kMgQ~Y=f:~777--.;1::R:gC'd)Qk~, '£§~G300t 
;i.---Crlir.B!'.~J::~~tt, 3 0 0°Ct=Bv\-c~Ji::BtFs9{~t1:t~f~9Q-:.c:t=J:IJ, ~~1t~:ht;:.M 
g O ~1iQ-:_ C:ib1/:tl*Qo 

(0027] 
rtu, ox1JIO)~A1Jmc: G-ct:t, JJx:*~'=0~1liib 1~bQ5k1lf:---c$:*~fi51Jm, o~ 
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=rli ~ rtziJ'> G~A '"t 615ei, 0 :XmO) t10 6 ~tJt~iJ'> GWLlx /£~*/7 A7Jl!J_lx./i.§~~1t~ 
~'r: J: i) ~1t~fi--:::i--C t10 6:f~m'.O) 0 '.XP1a :i-C!m!~'"t 61Jfii0)1t,f.n,~J=§1t,--c t .Nv'o 

(0028] 
J:J.J::, *~nifiO)ff;1& t= J: 6 m~=r.J:£vt*~ntvltr t= J: n1£, 7- )\ •;; -!x 1J Y '.~rm ~ m", --c Y =c 

Jv7 y 7--Mg o ~ :l'lffl G t::Atzt= y =-- Jv~r_m,:: J: u ;f.ai:rMt'"t 6 t::-.<V, -t-nt2f: ~'::kiJiiJ'dJ ~ 
~@riJi~,~ ~It'~ It' 5 frJ J~ iJ1t106 o 

(0029] 
J:J.J::, *~ni!!O)M1& ,:: J: 6 m~=r.J:£vt*~t=--:::>", tmlB] Gt::-. iJ1, *3BB] 1:t-=-n st= mumi ~ 

.tl,6 t 0)---C /;i~ It 'o -t- O){if!, fir,,,_, O)~!l!, c!,C,N, *Ji~i'i-bttiJlnJfi~ ~ ,:_ ~ /j:_~ *~ t:: § B] 
-Ct10 6 5 o 1:7Llx1£, Mg 0,/li t::~*'.XP1a~~A '"t 61-\'.ib t) t::, ,WLlx iiC a~ S r ~ r-1::: 
Y'.7'''"t6 ,:_~-Cr- Y ;t-..Jv15-'MO)~~ ~~~'"t615ei~J=§i.,,--ct.Nv'o :it::-., Mg 0,/liO)ff 
ffl15ni~ L,--C, ffi:~l::'-1"m~mx.ti.7-J'\•;J-:9 1) Y'.7''ei~{YLlt= G--CmlB]L,t::-.iJ1, -=fO){tl!O) 
:l'ifflnit ~fflnJt~-c t10 6 ,:_ ~ Ii. i3 5 :i -ct~ 1t 'o :it::-., ~~~ ~ O)J=§13!H:i, {YU x Ii~*~ 
~A L,~i.,,t~,g-t::JSi.,,--c, :,f:M;rci_ 1 0-6 P aJ:J.TO)fu'[~mG, ~15, ~*~ffl,fii~El~H::~>-. 
9 6 t~,g--c t, 1 0 - 4 P a :f~m'.O)fu'[ ~ t~'"t o 

( ~ *J:: 0) frj J=J:fBJ fi~'ti. J 
(0030] 

MR AMO) /:B1Jffi:EE1u'[iJ11~*0)iW9 2 {ff t:: foIJ:: L,, ::¥ jj' l::::' 'Y r-~O)Jffl~~fflM RAM t::~ 
L,f::-.ti@~ ~ --:::i--Cv'Go 
( ~Im 0) f'iJ1 ¥~ml B] J 

(003 lJ 
(~ 1 J *3BB]O)ffi 1 O)~ni!!O)ff;1&t::J:6MT J *~ti@ (~ 1 (B) ) ~, 5ln11it'['i. 

1;,fs:4:~-Ct106 Fe C 1 O O) O).:c;t-..Jv:=f-;\y rfi@~m'"t~-Ct10 iJ, ?&'.~~Fa90) [ 
1 0 0] 1J[oJt:::xt'"t6 E-E FO)~{*~m'"t~ (~ 1 (A) ) -Ct1060 
(~ 2 J ~ 2 (A) ?J" G ~ 2 ( D) ;i-C/i., *3BB]O)~ntfiO)M1&t:: J: 6 F e ( 1 0 0 

) /MgO ( 100) /Fe ( 100) ti@~fl'96itt~=r.1:£m*~ (J;J.T, 1F e ( 
1 0 0 ) /M g O ( 1 0 0 ) / F e ( 1 0 0 ) MT J J ~ :f5f\9 6 0 ) O)!t@If~ ~ m 
A E1'9 t:: m '"t ~ -c t10 6 o 

(~ 3 J ~ 3 (A) l:i, F e ( 1 0 0) Ti'f~ffi:~ (ffi 1 ffi:f~) 0) RHEE D-1 ;J. -V 
~m9~-Ct10 iJ, ~ 3 ( B) Ii., ,:. O)~O)M g O ( 1 0 0) J\ 1) 7,/liO) RHEE D-1 
;J.-V~m9~c't1060 

(~4J MgO~~~~B06~m~Mass7--~~}-~0)800M~~m9~-Ct106 

(~ 5 J Mg Om~q=rO)~*JJ'ffO)}ll:f'iffl~m'.1-rR1¥~m9~-Ct1060 
(~6J Fe (100) /MgO (100) /Fe (100) MTJ*~O),!f:!:U~El'9~ 

itt~U.J:£mHf3*i~m'"t~-Ct1060 
(~ 7 J ~ 7 (A) /;i, £:tlfil.t::Bt-t6MRJ:tO)J\-{ 7 7-ffi:EE1-rR1¥'l'i.~m9~-Ct1060 
~ 7 ( B) l:i, MT J O)/:B1Jffi:EEV O u di- ( =J\-{ 7 7-ffi'.EE X (Ra p-R p) / 
Rap) ~m9~-Ct1060 

(~ 8 J TMR*~O)fi@~, -=fO)lf]{'f::)]H_l~m9~-Ct1060 
(~ 9 J MRAMO)~*ffl@{YLl~m9~-Ct10 iJ, ~ 9 (A) /i.MRAMO)j4,1f~-Ct10 

iJ, ~9 (B) li-mAEf"1~@JJi!~Hl~~-Ct10IJ, ~9 (C) Ii., tl@.f:7Ll~m'"tW'rffi~-C 
t1060 

(~lOJ Y=t::~777--Al-O~r-Y~~-M~L,~~*~™R*~O)m~~m 
0) ~P1J□ffi:EE t:: J: 6 ~1t ~ m'"t~-C t10 6 

( f-{f % O) ml B] J 
(0032] 

l···ffilO)Fe (100) ,Iii, 3···¥M~Mg0x (100) t1061t"/i- (100) M~ 
ffiiJ1£JBt]l 1ii:!foIL,f::-.~;f.a~Mg0xJli (x<l), 5···ffi20)Fe (100) ,Iii, 11···¥ 
M~M go x c 1 o o) t10 6 ",,j:_ c 1 o o) M~®iJ1£JBtWcfoI G t:::~M~M go x ~:t& c 
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x < 1 ) , 1 5 • • • M g O ( 1 0 0 ) y- r fli, 1 7 ···I l::: :9 ~ Y -\7 Jv F e ( 1 0 0 ) ~ {f~ 
-~~ (ffil~~), 2 l···MgO (100) ;\1J7flj, 23···Il::::9~Y-\7JvFe (10 
0 ) J::: {f~-~~ (ffi 2 -~filj) 0 
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(~~~] ~ffi 
(~ 1] 

(A) 

(B) 

,.-... 

> 
(1) 

........... 
lt.il,t.. 

I 
lt.i 

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

CONFIRMATION NO. 9576 

SERIAL NUMBER FILING or 371 (c) CLASS GROUP ART UNIT ATTORNEY DOCKET 
DATE NO. 

15/428,842 02/09/2017 257 2897 P11338US02/NBT 

RULE 

APPLICANTS 
Japan Science and Technology Agency, Kawaguchi-Shi, JAPAN; 
National Institute of Advanced Industrial Science and Technology, Tokyo, JAPAN 

INVENTORS 
Shinji YUASA, lbaraki, JAPAN; 

** CONTINUING DATA ************************* 
This application is a CON of 14/837,558 08/27/2015 PAT 9608198 

which is a CON of 13/767,290 02/14/2013 PAT 9123463 
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which is a CON of 12/923,643 09/30/2010 PAT 8319263 
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JAPAN 2004-313350 10/28/2004 
JAPAN 2004-071186 03/12/2004 

** IF REQUIRED, FOREIGN FILING LICENSE GRANTED ** 
02/16/2017 

Foreign Priority claimed llves D No STATE OR SHEETS TOTAL INDEPENDENT 
35 USC 119(a-d) conditions met llves D No O Metafter 

Allowance COUNTRY DRAWINGS CLAIMS CLAIMS 
Verified and /ALONZO 

JAPAN 10 22 2 CHAMBLISS/ 
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STITES & HARBISON PLLC 
1800 Diagonal Road 
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ALEXANDRIA, VA 22314 
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Magnetic Tunnel Junction Device 

0 All Fees 
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UNITED STA TES p A TENT AND TRADEMARK OFFICE 
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STITES & HARBISON PLLC 
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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. 

Pl 1338US02/NBT 9576 

EXAMINER 

CHAMBLISS, ALONZO 

ART UNIT PAPER NUMBER 

2897 

NOTIFICATION DATE DELIVERY MODE 

08/29/2017 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. 
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following e-mail address(es): 

iplaw@stites.com 
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Applicant-Initiated Interview Summary 

Application No. 

15/428,842 

Examiner 

ALONZO CHAMBLISS 

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

(1) ALONZO CHAMBLISS. 

(2) Nicholas B. Trenkle. 

Date of Interview: 21 August 2017. 

Type: ~ Telephonic O Video Conference 
0 Personal [copy given to: 0 applicant 

Exhibit shown or demonstration conducted: 0 Yes 
If Yes, brief description: __ . 

(3) __ . 

(4) __ . 

0 applicant's representative] 

~No. 

Issues Discussed 01 01 0112 01 02 01 03 ~Others 
(For each of the checked box( es) above, please describe below the issue and detailed description of the discussion) 

Claim(s) discussed: 1 and 15. 

Identification of prior art discussed: US 8.405.134. 

Substance of Interview 

Applicant(s) 

YUASA, SHINJI 

Art Unit 

2897 

(For each issue discussed, provide a detailed description and indicate if agreement was reached. Some topics may include: identification or clarification of a 
reference or a portion thereof, claim interpretation, proposed amendments, arguments of any applied references etc ... ) 

Applicant's attorney called the examiner to discuss the statutory double patenting reiection using the above prior art. 
The 3 issues discussed were a substrate. a single-crvstalline magnesium oxide in which (0001) crystal plane is 
preferrentiallv oriented. and the first and second ferromagnetic material !aver being an electrode. The examiner 
maintained the reiection but the attorney disagreed with the examiner. The attorney can file a formal response to the 
non-final reiection on 7/3/17 to place his remarks on the record. Also. if the examiner reviews the attorney's formal 
remarks and changes his postion. The application would still be reiected under non-statutory double patenting. 
Therefore. it is suggested that the attorney file a terminal disclaimer along with the formal response . 

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

Examiner recordation instructions: Examiners must summarize the substance of any interview of record. A complete and proper recordation of the 
substance of an interview should include the items listed in MPEP 713.04 for complete and proper recordation including the identification of the 
general thrust of each argument or issue discussed, a general indication of any other pertinent matters discussed regarding patentability and the 
general results or outcome of the interview, to include an indication as to whether or not agreement was reached on the issues raised. 

0 Attachment 

/ALONZO CHAMBLISS/ 
Primary Examiner, Art Unit 2897 

U.S. Patent and Trademark Office 

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

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

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

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

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

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

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

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

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

The Form provides for recordation of the following information: 
-Application Number (Series Code and Serial Number) 
- Name of applicant 
- Name of examiner 
- Date of interview 
- Type of interview (telephonic, video-conference, or personal) 
-Name of participant(s) (applicant, attorney or agent, examiner, other PTO personnel, etc.) 
-An indication whether or not an exhibit was shown or a demonstration conducted 
-An identification of the specific prior art discussed 
- An indication whether an agreement was reached and if so, a description of the general nature of the agreement (may be by 

attachment of a copy of amendments or claims agreed as being allowable). Note: Agreement as to allowability is tentative and does 
not restrict further action by the examiner to the contrary. 

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

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

A complete and proper recordation of the substance of any interview should include at least the following applicable items: 
1) A brief description of the nature of any exhibit shown or any demonstration conducted, 
2) an identification of the claims discussed, 
3) an identification of the specific prior art discussed, 
4) an identification of the principal proposed amendments of a substantive nature discussed, unless these are already described on the 

Interview Summary Form completed by the Examiner, 
5) a brief identification of the general thrust of the principal arguments presented to the examiner, 

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

6) a general indication of any other pertinent matters discussed, and 
7) if appropriate, the general results or outcome of the interview unless already described in the Interview Summary Form completed by 

the examiner. 
Examiners are expected to carefully review the applicant's record of the substance of an interview. If the record is not complete and 

accurate, the examiner will give the applicant an extendable one month time period to correct the record. 

Examiner to Check for Accuracy 

If the claims are allowable for other reasons of record, the examiner should send a letter setting forth the examiner's version of the 
statement attributed to him or her. If the record is complete and accurate, the examiner should place the indication, "Interview Record OK" on the 
paper recording the substance of the interview along with the date and the examiner's initials. 
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PTOIAIA/26 (04-14) 
Approved for use through 07/3112016. 0MB 065Hl031 

U.S. Pateril and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Pepe1work Reduction Act of 1995, no persons are required to resnoncl lo a collection of information unless ii displays a valid OMS control number, 

TERMINAL D!SCLA1MER TO OBVIATE A DOUBLE PATENTING I Docket Number (Optional) 
REJECTION OVER A "PRIOR" PATENT P11338US02/BAS 

In re Application of: YUASA, et al. 

Application Na.: 15/428,842 

Filed: February 9, 2017 

For: MAGNETIC TUNNEL JUNCTION DEVICE 

nm applicant, Ja12an SciE1w;;.§ ang T~QhQology Agency ... , owner of ___________ fill.........._ __ percent interest in the instani application hereby 
disclaims, except as provided below, the terminal part of the statutory term of any patent granted an the instant application which wouid extenc 
beyond the expiration date of the full statutory term of prior patent No. 8.405-' 134 as the !erm of said prior patent is presently 
shortened by any terminal disclaimer. The applicant hereby agrees that any patent so granted on the instam 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 !he grantee, its successors or assigns. 

In making the above disclaimer, the applicant does not disclaim the terminal part of the term of any patent granted on the instant appllcation 
that would extend io the expiration date of the full statutory term af 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 unenfor·ceable; 
is found invalid by a court of competent jurisdiction: 
is statutorily disclaimed in whole or tenninaHy disc!aimed under 37 CFR 1.321; 
has all claims canceled by a reexamination certificate; 
is reissued; or 
Is in any manner terminated prior to the expirat!on of its full statutory term as present}y shortened by any terminal disc!aimer. 

Check either box 1 or 2 below, if appropriate. 

1. D The undersigned is the applicant. Jfthe applicant is an assignee, the undersigned is authorized to act on behalf of the assignee. 

I hereby acknowledge thai any 1,villful ialse statements made are punishable under 18 U.S.C. 1001 by fine or imprisonment of not more 
than five (5) years, or both. 

2. 0 The undersigned Is an attorney or agent of record. Reg. No._5_4"",5_0-0_· ~~---

.::~--~r ... • 

\,.) ... ~ .. t.~ ..... «t~,. October 2, 2017 

Signature Date 

Nicholas Trenkle 
Typed or printed name 

703-739-4900 
Title TelephOne Number 

0 Terminal disclaimer fee under 37 CFR 1 .20(d) included. 

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

Thls collectIon of information is required by 37 CFR 1.321. The information is requ~ed lo obtain or retaln a benefit by the public Mich is lo file (and by the US PTO 
lo l)rocess) an application. Confidentiality is governed by 35 U.S.C, 122 and 37 CFR 1.'l'I and 1.14. This collection is estimated to take 12 minutes lo complete, 
including gathering, preparing, and submitting the completed awlication form lo the US PTO. Tnne w!I vary depending upon the individual case. Any comments 
on the amount oft irne you req11ire to complete th m form and/or suggestions for redudng 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, Alexan<lria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS 
ADDRESS. SEND TO: Commisslc<:mer for Patents, P.O. Box 1460, Ahm1ndria, VA 22313-1450. 

If you neild assistance in completing the fomi, call 1-800..PT0-9199 and select option 2. 
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PTOIAIA/26 (04· 14) 
Approved for use through 07/31/2016. OMS 0651·0031 

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

TERMINAL DISCLAIMER TO OBVIATE A DOUBLE PATENTING I Docket Number (Optional) 
REJECTION OVER A HPR!OR" PATENT P1 i338LJS02/BAS 

In re Application of: YUASA, et al. 

Application No.: 151428,842 

Flied: February 9, 2017 

For: MAGNETIC TUNNEL JUNCTION OEV!GE 

National Institute of Advanced Industrial 
The applicant, ScienccJllld Tu;bnology , owner of ............ ~ percent interest in the ins!ani application hereby 
disclaims, except as provided below, the tenninal part of the statutory term of any patent grnnted on the instant application which would exten" 
beyond the expiration date of the full statutory term of prior patent No. J},.40§.134 as the term of said prior patent Is presently 
shortened by any terminal disclaimer. The applicant hereby agrees that any patent so granted on the instant application shall be enforceable 
only for and during such period that i! and the prior patent are commonly owned. This agreement runs with any patent gran!ed on the instant 
application and is binding upon the grantee, its successors or assigns. 

In making ihe above disclaimer, the applicant does not disclaim the terminal part of the term of any patent gr-anted on the instant appllcation 
that would extend to the expiration date of the full statutory term oi the prior patent, "as ll1e term of said prior patent is presently shortened by 
any terminal disclaimer," in ihe 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 The undersigned is the applicant If ,he applicant is an assignee, the undersigned is authorized to act on behalf of the assignee. 

I hereby acknowledge that any wlllful false statements made are punishable u11der 18 U.S.G. 1001 by fine or imprisonment of not more 
than five {5} years, or boi11. 

2. lZl The undersigned is an attorney or agent of record. Reg. No .. 54,500 

October 2, 2017 
Date 

Nicholas Trenkle 
Typed or printed name······· 

703-739-4900 
Title Telephorm Number 

[Z] Terminal disclaimer fee under 37 CFR 1.20(d) ir1cluded. 

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

This collection of information is required by 37 CFR 1.321. The information is required to obtain or retain a oenefit t>y the public vvhich is la file (and by the USP 10 
to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR i.11 and 1.14. This oolteotion is estimated to take 12 minutes to complete, 
including gathering, preparing, and submitting the completed application form lo the USPTO. Time V>,ill vary depending upon !he individual case. Any comments 
on the amount of time you require to complete th is form and/or suggestions for reducing this l}u rden, should be sent to the Chief lnformaHon 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 
.t\DDRESS. SEND TO: Commissioner for Patents, P.O. Sax 1450, Alexandria, VA 2231,1-1450. 

If you need as.'>istance in completing the form, call 1-800.PT0--9199 and select option 2. 

I 
I 
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Electronic Patent Application Fee Transmittal 

Application Number: 15428842 

Filing Date: 09-Feb-2017 

Title of Invention: Magnetic Tunnel Junction Device 

First Named Inventor/Applicant Name: Shinji YUASA 

Filer: Stephen John Weyer/Stacy Johnson 

Attorney Docket Number: Pl 1338US02/NBT 

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: 

CLAIMS IN EXCESS OF 20 1202 3 80 240 

Miscellaneous-Filing: 

Petition: 

Patent-Appeals-and-Interference: 

Post-Allowance-and-Post-Issuance: 
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Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Extension-of-Time: 

Extension - 1 month with $0 paid 1251 1 200 200 

Miscellaneous: 

STATUTORY OR TERMINAL DISCLAIMER 1814 2 160 320 

Total in USO($) 760 
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Electronic Acknowledgement Receipt 

EFSID: 30542750 

Application Number: 15428842 

International Application Number: 

Confirmation Number: 9576 

Title of Invention: Magnetic Tunnel Junction Device 

First Named Inventor/Applicant Name: Shinji YUASA 

Customer Number: 881 

Filer: Stephen John Weyer/Stacy Johnson 

Filer Authorized By: Stephen John Weyer 

Attorney Docket Number: Pl 1338US02/NBT 

Receipt Date: 02-OCT-2017 

Filing Date: 09-FEB-2017 

Time Stamp: 17:37:02 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment yes 

Payment Type CARD 

Payment was successfully received in RAM $760 

RAM confirmation Number 100317INTEFSW17372600 

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.) 

1273004 

1 
Pl 1338US02Transmittal_Respo yes 15 

nse_ TerminalDisclaimers.pdf 
74ff97e 79b060b6bf67d 1 a2987a 1 e4ceb4fc 

30c9 

Multipart Description/PDF files in .zip description 

Document Description Start End 

Transmittal Letter 1 1 

Amendment/Req. Reconsideration-After Non-Final Reject 2 2 

Claims 3 6 

Applicant Arguments/Remarks Made in an Amendment 7 13 

Terminal Disclaimer Filed 14 14 

Terminal Disclaimer Filed 15 15 

Warnings: 

Information: 

34407 

2 Fee Worksheet (5B06) fee-info.pdf no 2 
fbb288733a76f199dc6619ddd5112598adb 

349eb 

Warnings: 

Information: 

Total Files Size (in bytes) 1307411 
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New Applications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 
National Stage of an International Application under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT /DO/EO/903 indicating acceptance of the application 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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Doc Code: TRAN.LET 
Document Desc1iptiOl1' Transmittal Letter Customized PTOISB/21 (07-09) . 

' I 
j 

~ Application # 15428,842 
-------------------- ----------------~ 

Confirmation # 9576 
TRANSMITTAL FORM ------------------- -------------------···· ----------

Filing Date February 9, 2017 
--------------.. ---------------··· -----------

First Inventor YUASA 
(for all correspondence after initial filing) -----------··------------------------------- ----------

Art Unit 2897 ______ , ----------- ----·-------~. --~-----------------·····-·-·------·-----
Examiner Alonzo Chambliss 

1---------------------------------- -------------- ------------ -------- ------ ------------------ --------

Total number of pages in this submission::: Docket# P11338US02/NBT 

ENCLOSURES (check all that apply) 

rg] Fees calculated below 
~ including Extension of Time Fee 

~ Amendment/Reply 
[g} including Attachment(s) 

D After Final Amendment/Reply 
[] including Attachment(s) 

FEE FOR CALCULATION 

D Reply to Missing Parts/Incomplete Application 
D lnforrnation Disclosure Statement 
~ Terminal Disclaimer 
["·] 

I e~-i 

$ $ 

} ~ TOTAL CLAIMS 25 - 22 :;;:; 3 (extra) ,[in X 40"' X 80::.: 

r·~ INDEP. cLA·1·rvis 
------------ ------ ... .. ----------~ 

3 • 3 :;;:; O (extra) X210°" X 420"' 0 
.., .. _ ...... 

l [xJ Extension of Time for ONE month(s) (serving as constructive EOT Petition) = 
!···-- ''' ··········· ''' ··············-·-···-············ ' ····-······· '' ············ 
! ~ Other fee for Two Terminal Disclaimers 

200 

, 320 

i TOTAL L.?..~□ ! 

'-------------------------------------------------------------------J 
~ Payment of $ 760 is made by: 

[g] ELECTRONIC FUNDS TRANSFER '" submitted concurrently herewith. 

[] CREDIT CARD PAYMENT FORM~ PTO-2038 submitted concurrently herewith. 

fSl The Director is authorized to charge any fee, additional fee or extension fee due in connection herewith 
to Deposit Account No. 12•·0555: 
(1) if no payment or an insufficient payment is enclosed and a fee is due in connection herewith; or , 
(2) if no petition for extension of time is enclosed but an EOT is required•· and in this event, applicant I 

, hereby petitions under 37 CFR 1.136(a) for an extension of time of as many months as are required , 

\ .................. t~ re~?er.~~.(~ .. ~.'.'..?..rnission tirnel.Y.:_······--- ·--. ···············--~·························-··-···--··················--·· .. ·········..J 

Date: October 2, 2017 /8. Aaron Schulman/ 
Signed By Name: B. Aaron Schulman 

Attorney of Record Registration No.: 31,877 

STnES & HARBISON PLLC ~ 1800 Diagonal Road. ~ Suite 325 ~ Alexandria, VA 22314 
TEL: 703-739-4900 ~ FAX: 703-739-9577 ~ Customer No. 881 

2355LT: I 0004:418149: 1 :ALEXANDRIA 
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IN THE UNlTRD STATES PATENT AN]) TRADEMARK OFFICE 

fo_ n1 U.S, Patent Application of 

YUASA 

Application Number: 15/428,842 

Filed: February 9, 2017 

For: MAGNETIC TUNNEL JUNCTION DEVIC£ 

ATTORNl<:Y DOCKET No. P11338US02/NBT 

MaH Stop Amendment 
Co:nuuissfrmer for Patents 
P,O. Box 1450 
Alexandria, VA 22313-1450 

) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 

Confirmation No, 9576 

Art Unit 2897 

K:rnminer 
Alonzo Chambliss 

RESPONSE AND Al\1J~NffMENT UNDER 37 CF,R § J.11 l 

Sir: 

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

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

1321 is being submitted herewith. Please amend the above-referenced application as follows: 
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IN THE CLAIMS 

Claims 1-25 are pending in this application, wherein claims 2, 3, 12-14, 16, 17, and 20-22 

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

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

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

a barrier layer disposed over the first electrode, the barrier layer comprising a magnesium 

oxide (MgO) layer that is formed of a poly-crystalline MgO in which a (001) crystal plane is 

preferentially oriented; and 

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

material layeL 

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

ferromagnetic material layers is paitially crvstallizedery:.;tati-z-ed, 

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

ferromagnetic material layers is entirely crvstallizegery~'tl, 

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

includes Co, Fe, and B. 

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

includes Co, Fe, and B. 

6. (Original) The MTJ device of claim 3, wherein the second fe1romagnetic material layer 

includes Co, Fe, and B. 

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

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

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

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

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

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

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

11, (Original) The MTJ device of claim 1, wherein a ba1Tier height cp of the barrier layer is in 

a range of 0.2 to 0.5 eV, 

12, (Currently 1\mended) The MTJ device of claim 11, wherein the barrier height cp of the 

barrier layer is obtained by fitting J-V characteristics of the MTJ device to an equation (1): 

J=:::[(2m<p )112/ As]( e/h)2 xexp[--{ 4nAs/h)x(2m<p ) 112] xv (1 ), 

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

voltage that is 100 mV or smaller, m is the free electron mass, e is the elementary electric i;.:harge, 

his Planck's constant, As is an effective thickness of the barrier layer that is--approximately 

equivalent to (tMgo-0.5 nm), and tMgO is an actual thickness of the barrier layer-dc'Wfmined using 

~H.:::rW¼}) ~a~etiona! t'fansmission eleet~ imnge, 

13. (Currently Amended) The MTJ device of claim 1, wherein a value of x in_MgOx for the 

MgO layer iiil. greater than 0 and less than lrncfodcs oxyg0R-¥ae-a~%~. 

14. (Currently Amended) The MTJ device of claim 1 [[4]], wherein a value ofx in MgOx for 

the MgO layer du&-to-too-~n vacefley--ook,"€ts--is greater than 0,9 and less than 1. 

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

a first electrode made of a first CoFeB layer; 

a barrier layer made of a magnesium oxide (MgO) layer that is a poly-crystalline layer in 

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

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

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

CoFeB layers is partially crvstallizederystaJized. 

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

CoFeB layers is entirely crystallizederystaJized. 

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

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

19, (Original) The MTJ device of claim 15, wherein a barrier height <p of the MgO layer is in 

a range of 0.2 to 0.5 eV. 

20. (Currently Amended) The MTJ device of claim 19, wherein the barrier height <p of the 

MgO layer is obtained by fitting J-V characteristics of the MTJ device to an equation (1): 

J==:[(2mcp )112/ As]( e/h)2xexp[-( 4nAs/h)><(2mcp) 112] xv (1 ), 

where J is a turmel current density flowing through the MgO layer, Vis an applied bias 

voltage that is 100 m V or smaller, m is the free electron mass, e is the elementary electric chru·ge, 

h is Planck's constant, L\s is ru1 effective thickness of the MgO layer that is approximately 

equivalent to (tMgo-0.5 nm), and tMgo is an actual thickness of the MgO layer-det-efmined uJing a 

e:mss seetio-nal tmnsmissio-n-eleetron mief~. 

21, (Currently Amended) The MTJ device of claim 15, wherein a value of x in MgOxfor the 

MgO layer is greater than O and less than 1 includes oxyg-en 'Vacancy de-foots. 

22. (Currently Amended) The MTJ device of ,Jaim 19, wherein a value Q.f...?C in MgOx for the 

MgO layer k_greater than 0 and le;1§ than !includes oxyg-en--vaeancy defects. 
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23. (New) A magnetic tunnel junction (MTJ) device, comprising: 

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

a barrier layer disposed on the first electrode, the barrier layer comprising a magnesium 

oxide (MgO) layer that is a poly-crystalline MgO in which (001) crystal plane is preferentially 

oriented; and 

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

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

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

crystallized. 

24. (New) The MTJ device of claim 23, wherein a value ofx in MgOx for the MgO layer is 

greater than O and less than 1 . 

25. (New) The MTJ device of claim 23, wherein a barrier height cp of the barrier layer is in a 

range of 0.2 to 0,5 eV. 
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RKMARKS 

The above amendments to the above-captioned application along with the following 

remarks are being submitted as a full and complete response to the Office Action dated July 3, 

2017 (U.S. Patent Office Paper No. 20130107). In view of the above amendments and the 

following remarks, the Examiner is respectfully requested to give due reconsideration to this 

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

S..t~tus of the ClaimfJ 

As outlined above, claims 1-25 stand for consideration in this application, wherein claims 

2, 3, 12-14, 16, 17, and 20-22 are being amended to improve fonn, and wherein claims 23-25 are 

being newly added. 

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

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

Examiner Interview Summary 

A telephonic interview was held with Examiner Chambliss on August 21, 2017, relating to 

the present application. The interview was held to discuss the rejections of claims 1-14 under 3 5 

U.S.C. §101 as being unpatentable over claim l of U.S. Patent Application No. 13/400,340 (U.S. 

Patent No. 8,405,134; "the '134 patent") and claims 15-22 as being unpatentable over claim 4 of 

the '134 patent on grounds of double patenting, which were issued in the Office Action mailed on 

July 3, 2017, 

During the interview, Applicants' representative presented arguments that, because claim 

I of the '134 patent requires a tunnel barrier layer that comprises "a single-crystalline magnesium 

oxide in which (001) crystal plane is preferentially oriented or a poly-crystalline magnesium oxide 

in which (001) crystal plane is preferentially oriented," while independent claim 1 of the present 

application requires a barrier layer that more narrowly comprises "a magnesium oxide (MgO) layer 

that is formed of a poly-crystalline MgO in which a (001) crystal plane is preferentially oriented," 

it would be possible to literally infringe claim 1 of the ' 134 patent with an embodiment in which 

a tunnel barrier layer comprises a single-crystalline magnesium oxide without also literally 

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

matter of claim 1 of the ' 134 patent. 

In reply to these argtm1ents, the Examiner asserted that, due to the use of the term "or" in 

claim 1 of the ' 134 patent, the limitation of claim 1 of the present application noted above would 

"read on" the corresponding limitation of claim 1 of the '134 patent Applicants' representative 

then noted the test for double patenting under 35 U.S.C. 101 that is outlined in 804.II.A of the 

MPEP and explained that while such an analysis may be appropriate, for example, in making a 

determination of anticipation under 35 U.S,C. §102, such an analysis is not appropriate for 

determination of whether a statutory basis for a double patenting rejection exists, In reply, the 

Examiner expressed that he would need to conduct a further review of the requirements for double 

patenting rejections outlined in section 804.ILA of the MPEP and was not able to reach an 

agreement or make a determination on this point during the interview. 

Applicants respectfully thank Examiner Chambliss for his consideration in conducting the 

above-discussed interview with Applicants' representative. Additionally, in accordance with the 

suggestion from the Examiner in the Applicant-Initiated Interview Summary that ,vas issued by 

the USPTO on August 29, 2017, Applicants are submitting a terminal disclaimer in compliance 

with 37 C.F.R. 1.321 herewith. In this regard, Applicants submit that the present application and 

the '134 application were commonly owned pursuant to 35 U.S.C, §103(c)(l) at the time the 

claimed invention of the present application was made. 

Double Patenting Rejection§. 

The Examinerrejected claims 1-14 under 35 US.C. § 101 as being unpatentable over claim 

1 of U.S. Patent Application No. 13/400,340 (U.S. Patent No, 8,405,134; ''the '134 patent") and 

claims 15-22 as being unpatentable over claim 4 of the' 134 patent on grounds of double patenting. 

Applicants have reviewed the above~noted rejections, and hereby respectfully traverse. 

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

patenting rejection exists, the question to be asked is: Is the same invtmtion 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 3 5 U.S. C. 101 is whether a claim in the application could be literally 

infringed without literally infringing a corresponding claim in the patent. In re Vogel, 422 F.2d 
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43 8, 164 USPQ 619 (CCP A 1970), Is there an embodiment of the invention that fa Us within 

the scope of one daim, but not the other'? Jf tlu~re is such ,an embodiment, then identical 

subject matter is not defined by both claims and statutory double patenting would not ezjg." 

MPEP 804(ILA) ( emphasis added). 

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

established by the court in Vogel, claims 1 ~22 of the present application are substantively different 

from and not identical to claims 1 and 4 of the' 134 patent. For example, claim l of the' 134 patent 

requires a tunnel barrier layer that comprises "_ii_singl~c:n:stalline rnagrieshun oxide in wh~ch 

{001) c:rvstal plane is preferentially oriented or a poly~crystalHnc magnesium oxide in which 

(001) c1·ystal plane is preferentially oriented," while independent claim 1 of the present 

application specifically requires a barrier layer that comprises "a magnesium oxide (MgO) layer 

that is formed of a polyttcrysta!Hne I'VIgO in which a (001) crystal plane is preferentially oriented." 

Accordingly 1 it is readily apparent that there are embodiments of a rnagnetoresistive device 

in which a tunnel barrier layer that is included therein comprises a single-crystalline magnesium 

oxide in which (00 l) crystal plane is preferentially oriented that would fall within the scope of 

claim 1 of the '134 patent but not within the scope of claims 1-14 of the present application, which 

are directed to a magnetic tunnel junction (MTJ) device comprising a barrier layer that, in contrast 

to the tunnel barrier layer of the embodiments of a rnagnetoresistive device noted above, is required 

to comprise a poly-crystalline magnesium oxide layer in which a (001) crystal plane is 

preferentially oriented. 

To this point, Applicants note that the Supreme Court of the United States has explicitly 

stated that "[e]ach element contained in a patent claim is deemed material to defining the scope of 

the patented invention." Warner-Jenkinson Ca. v. Hilton Davis Chemical Ca., 117 S. Ct. 1040, 

1049 ( 1997), In this regard, the court that established the Vogel literal-infringement test 

subsequently explained that, "[b]y the time of In re Vogel, .. . this court had decided that ·same 

invention' meant claims to identical subject matter, i.e., that a claim limitation to halogen was not 

the same as a claim to chlorine and that meat was not the same as pork, or beef, but that a claim to 

a yard and a claim to 36 inches or three fret were for the same invention despite their differences 

in wording." ln re Van Ornum, 686 F.2d 937,942 (CCPA 1982), 

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

reciting a compound having a 'halogen' substituent is not identical to or substantively the same as 
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a claim reciting the same compound except having a 'chlorine' substituent in place of the halogen 

because 'halogen' is broader than 'chlorine."' With respect to language underlying the difference 

between claim 1 of the' 134 patent and claim 1 of the present application noted above, Applicants 

note that an equivalent framing of the explanation provided in the statement from MPEP quoted 

above could be stated as "an invention defined by a claim reciting a compound having a 'chlorine' 

substituent or 'another halogen' substituent is not identical to or substantively the same as a claim 

reciting the same compound except having a 'chlorine' substituent in place of the halogen because 

'chlorine' or 'another halogen' is broader than 'chlorine."' 

Thus, because it would clearly be possible to literally infringe claim l of the '134 patent 

with an embodiment in which a tunnel barrier layer comprises a single-crystalline magnesium 

oxide without also literally infringing claim 1 of the present application, the subject matter of claim 

1 of the present application is, for this reason alone, clearly different from and not identical to or 

the same as the subject matter of claim 1 of the '134 patent. Moreover, because each of claims 2-

14 depends either directly or indirectly from claim 1 and, thus, must each be construed as including 

all the limitations contained in claim 1, it would also clearly be possible to literally infringe claim 

1 of the '134 patent with an embodiment in which a tunnel barrier layer comprises a single­

crystalline magnesium oxide without also literally infringing any of claims 2-14 of the present 

application, which, by virtue of the dependence of each upon claim 1, are each required to comprise 

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

Accordingly, the subject matter of each of claims 2- 14 of the present application is, for this reason 

alone, clearly different from and not identical to or the same as the subject matter of claim 1 of the 

'134 patent. 

For at least these reasons, Applicants respectively submit that claims 1-14 of the present 

invention as claimed are each distinguishable from, and thus, patentable over, claim 1 of the '134 

patent. 

Furthermore, Applicants note that, to properly establish a same-invention double patenting 

rejection under 35 U.S,C. §101, it must be shown, as noted above, that either the claims in an 

issued patent or the claims in a pending application cannot be literally infringed without literally 

infringing the claims of the other, The analysis provided in support of the rejections of claims 1-

14 of the present application under 35 U,S,C § 101 as being unpatentable over claim 1 of the' 134 

patent issued in the Office Action, however, fails to even attempt to provide any such showing 
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under the literal-infringement test established by the court in Vogel, Accordingly, Applicants 

respectfully submit that, because the analysis provided by the Examiner in support of the same~ 

invention double patenting rejections of claims 1-14 lacks the necessary showing under the literal­

infringement test, the Examiner has failed to establish a prima facie case of unpatentability of 

claim 1-14 under 35 U.S.C. §101. 

As recognized by the Federal Circuit, "[i]f the examination at the initial stage does not 

produce a prima jacie case of unpatentability, then without more the applicant is entitled to grant 

of the patent." In re Oetiker, 977 F.2d 1443, 1445 (1990). Accordingly, for this reason alone, 

Applicants respectively submit that claims 1-14 are patentable over the '134 patent. 

As another example, claim 4 of the '134 patent requires, by virtue ofits dependence upon 

claim 3, a tmmel barrier layer that comprises "a singl~x_y~talline magnesium oxide in which 

{001) crystal ntane is preferentially orm:nh~{l or a poly~crystaHine magnesium oxide in which 

(001) crystal plane is preferentially o·dented," while independent claim 15 of the present 

application specifically requires a barrier layer that is made of "a magnesimn oxide (MgO) layer 

that is a poly-crystalline fayer in which a (001) crystal plane is preferentially oriented," 

Thus, for similar reasons to those discussed above with reference to claim 1 of the present 

application, because it would clearly be possible to literally infringe claim 4 of the '134 patent 

with an embodiment in which a tunnel barrier layer comprises a single-crystalline magnesium 

oxide without also literally infringing claim 15 of the present application, the subject matter of 

claim 15 of the present application is, for this reason alone, clearly different from and not identical 

to or the same as the subject matter of claim 4 of the '134 patent Moreover, because each of 

claims 16-22 depends either directly or indirectly from claim 15 and, thus, must each be construed 

as including all the limitations contained in claim 15, it would also clearly be possible to literally 

infringe claim 4 of the '134 patent with an embodiment in which a tunnel barrier layer comprises 

a single--crystalline magnesium oxide without also literally infringing any of claims 16-22 of the 

present application, which, by virtue of the dependence of each upon claim 15, are each required 

to be made of a magnesium oxide layer that is a poly-crystalline layer in which a (001) crystal 

plane is preferentially oriented. Accordingly, the subject matter of each of claims 16-22 of the 

present application is, for this reason alone, clearly different from and not identical to or the same 

as the subject matter of claim 4 of the '134 patent 
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For at least these reasons, Applicants respectively submit that claims 15-22 of the present 

invention as claimed are each distinguishable from, and thus, patentable over, claim 4 of the '134 

patent. Furthermore, Applicants respectfully submit that, because the analysis provided by the 

Examiner in support of the same-invention double patenting rejections of claims 15-22 under 35 

lJS.C. §101 lacks the necessary showing under the literal-infringement test that either the claims 

in an issued patent or the claims in a pending application cannot be literally infringed without 

literally infringing the claims of the other, the Examiner has failed to establish aprimafacie case 

ofunpatentability of claim 15-22 under 35 U.S.C, §lOL 

Accordingly, Applicants respectively request reconsideration and withdrawal of the 

rejections of claims 1-22 issued under 35 U.S.C. §101 and submit that the present invention as 

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

In view of all the above, Applicants respectfully submit that certain clear and distinct 

differences as discussed exist between the present invention as now claimed and the prior art 

references upon which the rejections in the Office Action rely. These differences are more than 

sufficient to establish that the present invention as now claimed would not have been anticipated 

nor rendered obvious given the prior art. Rather, the present invention as a whole is 

distinguishable, and thereby allowable over the prior art. 

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

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

allowance of the above-captioned application, the Examiner is invited to contact the Applicants' 

undersigned representative at the address and phone number indicated below. 

STITES & HARBISON PLLC 
1800 Diagonal Road 
Suite 325 
Alexandria, VA 22314 
(703) 739-4900 Voice 
(703) 739-9577 Fax 
Customer No. 00881 
October 2, 2017 

2355LT: 10004:417228: 1 

Respectfully submitted, 

Nicholas B. Trenkle 
Registration Number 54,500 
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request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur due to the difficulty in recognizing 
the paper as an equivalent of Part B. 

III. All communications regarding this application must give the application number. Please direct all communications prior to issuance to 
Mail Stop ISSUE FEE unless advised to the contrary. 

IMPORTANT REMINDER: Maintenance fees are due in utility patents issuing on applications filed on or after Dec. 12, 1980. It is 
patentee's responsibility to ensure timely payment of maintenance fees when due. More information is available at 
www .uspto.gov/PatentMaintenanceFees. 
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PART B - FEE(S) TRANSMITTAL 

Complete and send this form, together with applicable fee(s), 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 11/24/2017 

STITES & HARBISON PLLC 
1800 Diagonal Road 
SUITE 325 
ALEXANDRIA, VA 22314 

APPLICATION NO. FILING DATE 

15/428,842 02/09/2017 

TITLE OF INVENTION: MAGNETIC TUNNEL ruNCTION 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 Pl 1338US02/NBT 

PUBLICATION FEE DUE PREV. PAID ISSUE FEE TOTAL FEE(S) DUE 

$0 $0 

CLASS-SUBCLASS 

257-421000 

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. 

9576 

DATE DUE 

02/26/2018 

(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 

15/428,842 02/09/2017 

881 7590 11/24/2017 

STITES & HARBISON PLLC 
1800 Diagonal Road 
SUITE 325 
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. 

Pl 1338US02/NBT 9576 

EXAMINER 

CHAMBLISS, ALONZO 

ART UNIT PAPER NUMBER 

2897 

DATE MAILED: 11/24/2017 

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

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

Section 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. 
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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. 
15/428,842 
Examiner 
ALONZO CHAMBLISS 

Applicant(s) 
YUASA, SHINJI 
Art Unit AIA (First Inventor to File) 

2897 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. 1:8] This communication is responsive to the terminal disclaimer filed on 10/2/17. 

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. 1:8] The allowed claim(s) is/are 1-22. As a result of the allowed claim(s), you may be eligible to benefit from the Patent Prosecution 
Highway program at a participating intellectual property office for the corresponding application. For more information, please see 
http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov. 

4. 1:8] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

Certified copies: 

a) 1:8] All b) D Some *c) D None of the: 

1. D Certified copies of the priority documents have been received. 

2. 1:8] 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. D Information Disclosure Statements (PTO/SB/08), 
Paper No./Mail Date __ 

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 

PTOL-37 (Rev. 08-13) 
20171107 

5. D Examiner's Amendment/Comment 

6. D Examiner's Statement of Reasons for Allowance 

7. 1:8] Other see Detailed Action. 

Notice of Allowability Part of Paper No./Mail Date 
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Application/Control Number: 15/428,842 

Art Unit: 2897 

DETAILED ACTION 

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

provisions. 

Terminal Disclaimer 

Page 2 

2. The terminal disclaimer filed on 10/2/17 disclaiming the terminal portion of any 

patent granted on this application which would extend beyond the expiration date of 

U.S. Patent No. 8,405,134 has been reviewed and is accepted. The terminal disclaimer 

has been recorded. 

Response to Arguments 

3. Applicant's arguments, see remarks, filed 10/2/17, with respect to claims 1-22 

have been fully considered and are persuasive. The statutory double patenting 

rejection of claims 1-22 has been withdrawn. 

Any inquiry concerning the communication or earlier communications from the 

examiner should be directed to Alonzo Chambliss whose telephone number is (571) 

272-1927. 

Any comments considered necessary by applicant must be submitted no later 

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

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

Statement of Reasons for Allowance." 
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Application/Control Number: 15/428,842 

Art Unit: 2897 

Page 3 

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

supervisor, Fernando L. Toledo can be reached on (571) 272-1867. The fax phone 

number for the organization where this application or proceeding is assigned is 571-

273-8300. 

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

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

applications may be obtained from either Private PMR or Public PMR. Status 

information for unpublished applications is available through Private PMR only. For 

more information about the PMR system see http://pair-dkect.uspto.gov. Should you 

have questions on access to the Private PMR system contact the Electronic Business 

Center (EBC) at 866-217-9197 (toll-free) or EBC_Support@uspto.gov. 

AC/November 7, 2017 /Alonzo Chambliss/ 

Primary Examiner, Art Unit 2897 
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Issue Classification 

CPC 

Symbol 

H01L IM 10 

H01F IM 132 

G11C IM 15 

H01L IM 55 

H01L IM 22 

H01L 1m 11507 

B82Y 1m 00 

B82Y 1m 00 

G11C INI 16 

H01F INI 3254 

H01L INI 228 

H01L INI 08 

H01L INI 12 

H01L INI 02 

G11C 1m 161 

H01L 1m 222 

CPC Combination Sets 

Symbol 

NONE 

(Assistant Examiner) 

/ALONZO CHAMBLISS/ 
Primary Examiner.Art Unit 2897 

(Primary Examiner) 

U.S. Patent and Trademark Office 

Application/Control No. 

15428842 

Examiner 

ALONZO CHAMBLISS 

Applicant(s)/Patent Under Reexamination 

YUASA, SHINJI 

Art Unit 

2897 

Type 

(Date) 

11/7/17 

(Date) 

Set 

Type Version 

F 2013-01-01 

2013-01-01 

2013-01-01 

2013-01-01 

A 2013-01-01 

2013-01-01 

A 2013-01-01 

2013-01-01 

2013-01-01 

2013-01-01 

2013-01-01 

2013-01-01 

2013-01-01 

2013-01-01 

2013-01-01 

2013-01-01 

Ranking Version 

Total Claims Allowed: 

22 

O.G. Print Claim(s) O.G. Print Figure 

1 1B 

Part of Paper No. 201711 07 
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Issue Classification 
Application/Control No. 

15428842 

Examiner 

ALONZO CHAMBLISS 

US ORIGINAL CLASSIFICATION 

CLASS SUBCLASS 

257 295 

CROSS REFERENCE($) 

CLASS SUBCLASS {ONE SUBCLASS PER BLOCK) 

257 427 

438 3 

365 171 

NONE 

(Assistant Examiner) 

/ALONZO CHAMBLISS/ 
Primary Examiner.Art Unit 2897 

(Primary Examiner) 

U.S. Patent and Trademark Office 

Applicant(s)/Patent Under Reexamination 

YUASA, SHINJI 

Art Unit 

2897 

INTERNATIONAL CLASSIFICATION 

CLAIMED NON-CLAIMED 

Total Claims Allowed: 

22 
(Date) 

11/7/17 O.G. Print Claim(s) O.G. Print Figure 

(Date) 1 1B 

Part of Paper No. 201711 07 
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Issue Classification 
Application/Control No. 

15428842 

Examiner 

ALONZO CHAMBLISS 

□ Claims renumbered in the same order as presented by applicant 

Final Original Final Original Final Original Final Original 

1 1 17 17 

2 2 18 18 

5 3 19 19 

8 4 21 20 

3 5 22 21 

6 6 20 22 

10 7 

9 8 

4 9 

7 10 

11 11 

12 12 

13 13 

14 14 

15 15 

16 16 

NONE 

(Assistant Examiner) 

/ALONZO CHAMBLISS/ 
Primary Examiner.Art Unit 2897 

(Primary Examiner) 

U.S. Patent and Trademark Office 

□ 

Final 

Applicant(s)/Patent Under Reexamination 

YUASA, SHINJI 

Art Unit 

2897 

CPA □ 

Original Final 

(Date) 

11/7/17 

(Date) 

T.D. □ R.1.47 

Original Final Original Final Original 

Total Claims Allowed: 

22 

O.G. Print Claim(s) O.G. Print Figure 

1 1B 

Part of Paper No. 201711 07 
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EAST Search History 

EAST Search History 

EAST Search History (Prior Art} 

IMF:lf Search. Query ___________________________________________ If DBs ____________________________________ J!g~~~~~r jF:15] ~!~~p ______ j r r59 j 257/$.ccls. and CoFeB and (!lgO I U&FGPUB; USPAT; 'DR :□N j 2017/11/07: 
I I I magnesium adj2 oxide) same I USOCR; FPRS; EPO; : : ! 22:13 : 

1 ......... 1 ............ 1 ~!~r~o~~~~~ti: per) .. near5 .( Fe ............ I /~~ ~i:wENT; ........... 1 ........................ 1 ................... 1 .......................... I 

I : : magnesium adj2 oxide) same I USOCR; FPRS; EPO; : : ! 22:19 : 
'[L2 r 18 I 4381$.ccls. and CoFeB and (!lgO I U&FGPUB; USPAT; 'DR :□Ni 2017/11/07: 

I _______ J ________ J ~!~r~o~~~~~t i:per) __ near5. ( Fe ________ J /~~ ~i:wENT; __________ J ______________________ J _______________ J ________________________ _J 

lLS 11244 11 AND ( (H01 L 43/08 OR I U&FGPUB; USPAT; 'DR :□NI 2017/11/07: 
I ! ! H01 L43/10 OR H01 L43/12 OR I USOCR; FPRS; EPO; i i ! 22:31 i 
I I I H01 L43/02 OR H01 L27/222 OR I JPO; DERWENT; i i l i 
1 ......... ! ............ ! G1.1 C11/1.61) .CPC.J. ................................ I1.BM_ TDB ........................... l ......................... ! ................... l .......................... l 

11/7/2017 10:31 :58 PM 
C:\ Users\ achambliss\ Documents\ EAST\ Workspaces\ 15068212.wsp 

EASTSearchHistory .15428842_Accessible Version.htm[ 11/7/2017 10:32:01 PM] 
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Application/Control No. 

Search Notes 15428842 

Examiner 

ALONZO CHAMBLISS 

CPC-SEARCHED 

Symbol 
H01L43/10, 27/222, 43/02, 43/08, 43/12,: G11 C11/161 
H01L43/10, 27/222, 43/02, 43/08, 43/12,: G11 C11/161 

Applicant(s)/Patent Under 
Reexamination 

YUASA, SHINJI 

Art Unit 

2897 

Date 
6/25/17 
11/7/17 

Examiner 
AC 
AC 

CPC COMBINATION SETS - SEARCHED 

Symbol I Date I Examiner 
I I 

US CLASSIFICATION SEARCHED 

Class I Subclass I Date I Examiner 
I I I 

* See search history printout included with this form or the SEARCH NOTES box below to determine 
the scope of the search. 

SEARCH NOTES 

Search Notes Date Examiner 
East text search only - see attached printout 6/25/17 AC 
Updated prevous East text search only - see attached printout 11/7/17 AC 

INTERFERENCE SEARCH 

US Class/ US Subclass / CPC Group Date Examiner 
CPC Symbol 

H01L 43/10, 43/08, 43/12, 43/02, 27/222 11/7/17 AC 
G11C 11/161 11/7/17 AC 
US PGPUB text 11/7/17 AC 
search only 

U.S. Patent and Trademark Office Part of Paper No. : 20171107 

WD EX1012 
Western Digital v IP Bridge 

Page 161



UNITED STA TES p A TENT AND TRADEMARK OFFICE 

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR 

15/428,842 02/09/2017 Shinji YUASA 

881 7590 12/14/2017 

STITES & HARBISON PLLC 
1800 Diagonal Road 
SUITE 325 
ALEXANDRIA, VA 22314 

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. 

Pl 1338US02/NBT 9576 

EXAMINER 

CHAMBLISS, ALONZO 

ART UNIT PAPER NUMBER 

2897 

NOTIFICATION DATE DELIVERY MODE 

12/14/2017 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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Supplemental 
Notice of Allowability 

Application No. 
15/428,842 
Examiner 
ALONZO CHAMBLISS 

Applicant(s) 
YUASA, SHINJI 
Art Unit AIA (First Inventor to File) 

2897 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. ~ This communication is responsive to the Notice of Allowance mailed on 11/24/17. 

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. ~ The allowed claim(s) is/are 1-25. As a result of the allowed claim(s), you may be eligible to benefit from the Patent Prosecution 
Highway program at a participating intellectual property office for the corresponding application. For more information, please see 
http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov. 

4. ~ Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

Certified copies: 

a) ~ All b) D Some *c) D None of the: 

1. D Certified copies of the priority documents have been received. 

2. ~ Certified copies of the priority documents have been received in Application No. 10/591,947. 
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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. 
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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). 
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IN THE UNITED STATES PATENT ANH TRADEMARK OFF[CE 

fore U.S. Patent Application of 

YUASA 

Application Number: 15/428,842 

Filed: February 9, 2017 

For: l'V[ACNET!C TUNNEL .JUNCTION DEVICE 

ATTORNEY DOCKET No, Pl 1338US02/NBT 

MaHStopRCE 
Commissioue:r for Patents 
PJJ, lfox 1450 
Alexandria, VA 22313~1450 

) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 

Confinnation No, 9576 

Art Unit 2897 

Examiner 
Alonzo Cha1ubliss 

AMENDMENT AFTER ALLO'\:VANCE lJNDER 37 CF.R. §1J 14 

Sir: 

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

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

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

amend the above~reforenced application as follows: 
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IN nm CLAIMS 

Clairns 1-3, 7--9, and 11-26 are pending in this application, wherein claims 4-6 and 10 are 

being canceled without prejudice or disclaimer, wherein claims 1-3, 8, 9, 15-17, and 23 are being 

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

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

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

a barrier layer disposed over the first electrode, the barrier layer comprising a magnesium 

oxide (MgO) layer that is formed of a poly-crystalline MgO in which a (001) crystal plane is 

preferentially oriented; and 

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

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

wherein_~~f.h_g.f the first and seco_nqj~rromagnetic material.J.l'!Y~K~.fa .. ~ntirelv crvstalliz:~Q. 

2. (Currently Amended) The MTJ device of claim 1, wlreFcin each of1J1&-fi.fst--an<l--sB~ 

forromngnetio mateftal--lfryBrs is partially cFy-st-a-l:l-tzBfl.wherein Jhe first ferromam1etic material 

laver is in direct contaQJ with the barrier laver. .. l'!rnLwberein the second forro_rnggrr_~Jic rnaterial 

laver is in direct contact with the barrier !aver. ---------~-------------------~-'"'"'--~~----------------------~ 

3. (Currently Amended) The MTJ device of claim l, \~4ll-eaehofthe--fil,st--aoo-,~ 

ferromagnetk--matBrial layerS is e.nti-r-dy--srystallized._wherein the first ferromagnetic._ rnaterial 

laver is in direct __ C..Q.TTJ/A.9.twith the MgO lflY~L.J1n4 wherein the second.f~If.QilllJgnetic material 

layer is in..dir~ct contact with th_l;? __ MgQ_ !aver. 

4-6. (Canceled). 

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

material layers is a poly-crystalline layer in which a (00 l) crystal plane is preferentially oriented. 
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8. (Currently Amended) The MTJ device of claim J[[4]], wherein each of the first and 

second for-romagnetic material layers is a poly-crystalline layer in which a (001) crystal plane is 

preforentially oriented. 

9. (Currently Amended) The MTJ device of claim JH5]], wherein each of the first and 

second fenomagnetic material layers is a poly-crystalline layer in which a (001) crystal plane is 

preferentially oriented. 

l 0. (Canceled). 

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

a range of 0.2 to 0.5 eV. 

12. (Previously Presented) The MTJ device of claim 11, wherein the barrier height <p of the 

barrier layer is obtained by fitting J-V characteristics of the MTJ device to an equation (1): 

J"[(2rrnp)112

/ As]( e/h)2 xexp[--(4n:As/h)x(2mcp ) 112

] xV (1 ), 

where J is a tmmel current density flowing through the barrier layer, Vis an applied bias 

voltage that is 100 m V or smaller, m is the free electron mass, e is the elementary electric charge, 

his Planck's constant, As is an effective thickness of the barrier layer that is equivalent to 

(tMgo~0.5 nm), and tMgo is an actual thickness of the barrier layer. 

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

MgO layer is greater than O and less than 1. 

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

MgO layer is greater than 0.9 and less than 1, 

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

a first electrode made of a first CoFeB layer; 

a barrier layer made of a magnesium oxide (MgO) layer that is a poly-crystalline layer in 

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

wherein the barrier layer is located between the first electrode and the second electrode1 

and 

whereinJ;?2JbJh~ __ first and second CoFeB lavers JJI~ entirely__9.ry~tallized. 

16. (Currently Amended) The MTJ device of claim 15, wherein each of the first and soooo-d 

(}e-F-e-B--l-eyers is partially erystalliz-e-d,wherein the firstCoFeB l~Y~Ij~_fa_ direct contact with the 

MgQ_J~yer. and wherein the second CoFeB l~Y~.r is in d,irect contact with the MgO laver. 

17. (Cunently Amended) The MTJ device of claim 15, ~0h--e-f.-the--:lir-st'-tH'idsec0nd 

CeFeB layers is--e-n-ti-rcly--er-ystaUi2;ed.whe.r_~foJh~ .. M_gQ_J_aver and the first CoFeB laver form_.1?; 

first interface of the MIJ.L@.Q wh~rein the r:v1g0 laver and the secogg __ ~_oFeB lay_(:Tfonn a second 

in1t;.r_f~~~ of the MIL 

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

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

19. (Original) The MTJ device of claim 15, wherein a barrier height <p ofthe MgO layer is in 

a range of 0.2 to 0.5 eV. 

20. (Previously Presented) The MTJ device of claim 19, wherein the barrier height <p of the 

MgO layer is obtained by fitting J-V characteristics of the MTJ device to an equation (1 ): 

l""[(2m<p )1''2/ b.s]( e/h)2 xexp[---{ 4,rb.s/h)x(2m<p )112] xV (1 ), 

where J is a tunnel current density flowing through the MgO layer, Vis 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 Planck's constant, L\s is an effective thickness of the MgO layer that is equivalent to 

(tMgo··-0,5 nm), and tMgO is an actual thickness of the MgO layer. 

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

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

MgO layer is greater than O and less than l. 

(Currently Amended) A magnetic tunnel junction (MTJ) device, comprising; 

a-firs-t--eke-tmde comprising a first ferromagnetic material layer that includes Co, Fe, and 

a barrier layer disposed on the first f~x.rm_ng1gnetic material layereleetrode, the barrier 

layer comprising a magnesium oxide (MgO) layer that is a poly-crystalline MgO in which (001) 

crystal plane is preferentially oriented; and 

n second e!ec-t-rooe--dis-posed on the barrief-1.ayer--and--eemf)f~a second ferromagnetic 

material layer that is dispose~tmLth~J111rrier layer and includes Co, Fe, and B, and 

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

crystallized. 

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

the MgO layer is greater than O and less than 1, 

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

barrier layer is in a range of 0-2 to 0,5 eV, 

26. (New) The MTJ device of claim 25, wherein the barrier height i:p of the barrier layer is 

obtained by fitting J-V characteristics of the MTJ device to an equation (1): 

J=[(2mcp )li2/As](e/h)2 xexp[--( 4rcLis/h)x(2rn<p ) 1/2] xV ( 1), 

where J is a tunnel cuITent density flowing through the barrier layer, V is an applied bias 

voltage that is 100 mV or smaller, m is the free electron mass, e is the elementary electric charge, 

his Planck's constant, L\s is an effective thickness of the barrier layer that is equivalent to 

(tMgo-··0.5 nm), and tMgO is an actual thickness of the barrier layer. 

WD EX1012 
Western Digital v IP Bridge 

Page 172



REMARKS 

The above amendrnents to the above-captioned application along with the following 

remarks are being submitted after the Notice of Allowance dated November 24, 2017 as an 

amendment after allowance under 37 C.F.R. § 1. 114. A Request for Continued Examination 

(RCE) is being submitted concurrently herewith. In view of the above amendments and the 

following remarks, the Examiner is respectfully requested to give due reconsideration to this 

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

Status of the __ Clairns 

As outlined above, 1-3, 7-9, and 11-26 are pending in this application, wherein claims 4-6 

and 10 are being canceled without prejudice or disclaimer, wherein claims 1"3, 8, 9, 15~ 17, and 23 

are being amended to improve form, and wherein claim 26 is being newly added, All amendments 

to the application are fully supported therein. For example, the amendments to the claims are 

supported by paragraphs [0035-42] and [0049-50] of the present application as originally filed, as 

well as by Figures 2(A)-2(D) and 11. Applicants hereby submit that no new matter is being 

introduced into the application through the submission of this amendment. 

The amendments to the claims being submitted herein merely embody corrections that have 

now been recognized as needed to for proper protection of the invention as claimed. Applicants 

respectfully submit that the amendments will require no substantial amount of additional work on 

the part of the Office. In particular, Applicants respectfully submit that each of claims 1, 15, and 

23 as amended remains allowable over the prior ait of record. Moreover, because claims 2, 3, 7-

9, and 11-14, claims 16-22, and claims 24-26 depend either directly or indirectly from claims 1, 

15, and 23 respectively, Applicants respectfully submit that claims 2, 3, 7-9, and 11--14; claims 16-

22, and claims 24--26 are allowable for at least the same reasons as claims 1, 15, and 23 

respectively, 
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Conclusion 

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

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

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 
1800 Diagonal Road 
Suite 325 
Alexandria, VA 22314 
(703) 739-4900 Voice 
(703) 739~9577 Fax 
Customer No. 00881 
February 23, 2018 

2355L T: I 0004:427682: 1 

Respectfully submitted, 

/NicholasBTrenkle/ 
Nicholas R Tnmkle 
Registration Number 54,500 
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INFORMATION 

DISCLOSURE 

STATEMENT 

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

~----6pp_l_[~§![9.IJ_ # 15/42~_)__§_1? _____________________ _ 
Confirmation # 9576 

---------------F'iling Date ____ Feb-ru-ary--9, 2017 --------------------------=-

First Inventor YUASA 

Art Unit 2837 
:: ______________ Examiner Chambiiss-::-Aio-nzo ____ : __ :::::::::==­

Docket# P11338US02/NBT 

This IDS is submitted pursuant to 37 CFR §1,97 ~1,98 and includes the following: 

[gj A listing of the documents on PTO-1449. 

D A copy of all non~US documents which are listed on the PTO-'1449. 

D A copy of a corresponding Foreign or PCY Search Report which explains the relevance of 
the documents noted therein (and which is listed on the PTO-1449). 

D It will be noted that the relevance of some of the listed references is at least as is disclosed 
in the specification. 

D A separate explanation of relevance. 

Please note the following particulars concerning the mlng of thls IDS: 

fx'J 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 
~ ~lJhin three months of the date of entry into the NATIONAL STAGE as set forth in 37 CFR. 

§1.491 in an international application, or 
* befg:re the mailing date of a first Office Action on the merits (including after filing of an 

RCE) (but it a first Office Action is mailed but not yet received and the date on the face of the 
attached communication makes it evident that this IDS is submitted within three months from the 
mailing of the search report, then applicant is entitled to have this IDS considered under 2. B. 
below and such boxes should be considered as having been checked). 

D 2, This IDS is filed (Rule 1.97{c)) after a first Office Action, but _pefore 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) 
0 B. I hereby state that each item of information contained in this IDS was first cited in 

any communication from a foreign patent office in a counterpart foreign application not 
more than three months prior to the filing of this IDS. 

[J C. I hereby state that no item of information in this IDS herewith was cited in a 
communication from a foreign patent office in a counterpart foreign application, and, to 
my knowledge after making reasonable inquiry, was known to any individual 
designated in 37 CFR. §1.56(c) more than 3 months prior to the filing of this IDS. 

[] D, An appropriate Statement is attached. 

- 1 -
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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 flied for placernent in the 
file pursuant to 37 CFR. §1.97(i). 

[Zl 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. 
ct Where an English language translation of any part of a document rs provided from a 

public source, applicant cannot vouch for the accuracy of that translation. 

C8;J 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:E'ebruary 23r 2018 

Respectfully submitted, 

By: Nicholas Trenkle 
Registration No.: 43,259 

STITES & HARBISON PLLC • 1800 Diagonal Road~ Suite 325 * Alexandria, VA 22314 
TEL: 703-739-4900 * FAX: 703-739-9577 ,§, CUSTOMER No. 881 

- 2 -
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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 
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http:ilwww.usoto.gov/patents/init events/pph/index.isp or send an inquiry to PPHfeedback(wuspto.aov. 

Application Papers 
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11 )□ The drawing(s) filed on __ is/are: a)D accepted or b)D 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)D Some** c)D None of the: 

1.□ 
2.~ 
3.□ 

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. 
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Application/Control Number: 15/428,842 

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 allowance or after an Office 

action under Ex Parte Quayle, 25 USPQ 74, 453 O.G. 213 (Comm'r Pat. 1935). 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, prosecution in this application has 

been reopened pursuant to 37 CFR 1 .114. Applicant's submission filed on 2/23/18 has 

been entered. 

Information Disclosure Statement 

3. The information disclosure statement (I OS) submitted on 2/23/18 and 3/26/18 

were filed after the mailing date of the Non-Final rejection on 5/25/18. The submission 

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

disclosure statement is being considered by the examiner. 

Claim Rejections - 35 USC § 103 

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: 
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Application/Control Number: 15/428,842 

Art Unit: 2897 

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

Page 3 

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. 

3. Resolving the level of ordinary skill in the pertinent art. 

4. Considering objective evidence present in the application indicating 

obviousness or nonobviousness. 

6. Claims 1-3 and 7-9 are rejected under pre-AIA 35 U.S.C. 103(a) as being 

unpatentable over Parkin (US 7,252,852) in view of Ohba et al. (US 2006/0125034). 

With respect to Claims 1, Parkin discloses a first electrode comprising a first 

ferromagnetic material layer 119 that includes an amorphous Co, Fe, and B. A barrier 

layer 120' disposed over the first electrode, the barrier layer 120' comprising a 

magnesium oxide (MgO) layer that is formed of a poly-crystalline MgO in which a (001) 

crystal plane is preferentially oriented. A second electrode disposed over the barrier 

layer and comprising a second ferromagnetic material layer 134 that includes an 

amorphous Co, Fe, and B. Each of the first and second ferromagnetic material layers is 

crystallized (see col. 15 lines 38-67, col. 16 lines 1-67, col. 18 lines 46-67, col. 19 and 

col. 32 lines 1-4; Figs. 2A-2C). Parkin fails explicitly disclose the first and second 

ferromagnetic material layers is entirely crystallized. However, Ohba discloses a first 
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and second ferromagnetic material layers should be crystalline material free from a 

defect in which a crystal structure is changed such as to be crystallized by annealing 

(see paragraph 74). Thus, Parkin and Ohba have substantially the same environment 

of a plurality of ferromagnetic layers attached to a barrier layer. Therefore, one skilled 

in the art at the time of invention would readily recognized to having the first and second 

ferromagnetic layers of Parkin-Ohba be entirely crystallized, since the annealing 

process of Ohba to one skilled in the art would allow the first and second 

ferrmomagnetic layers to be entirely crystallized based on the annealing process to 

create the desired result for the MT J device. 

With respect to Claim 2, Parkin discloses wherein the first ferromagnetic 

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

ferromagnetic material layer is in direct contact with the barrier layer (see Fig. 2B). 

With respect to Claim 3, Parkin discloses the first ferromagnetic material 

layer is in direct contact with the MgO layer, and wherein the second ferromagnetic 

material layer is in direct contact with the MgO layer (see Fig. 2B). 

With respect to Claims 7-9, Parkin discloses wherein each of the first and second 

ferromagnetic material layers (i.e. made of CoFeB) is a poly-crystalline layer in which a 

(001) crystal plane is preferentially oriented (see col. 5 lines 60-62). In the other 

publications section of the Parkin. The (M. Klaua et al.) reference shoes a 

ferromagnetic material having a (001) crystal plane. Therefore, Parkin would discloses 

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

M. Klaua et al. reference. 

Double Patenting 

7. A rejection based on double patenting of the "same invention" type finds its 

support in the language of 35 U.S.C. 101 which states that "whoever invents or 

discovers any new and useful process ... may obtain a patent therefor ... " (Emphasis 

added). Thus, the term "same invention," in this context, means an invention drawn to 

identical subject matter. See Millerv. Eagle Mfg. Co., 151 U.S. 186 (1894); In re Vogel, 

422 F.2d 438,164 USPQ 619 (CCPA 1970); In re Ockert, 245 F.2d 467,114 USPQ 330 

(CCPA 1957). 

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

canceling or amending the claims that are directed to the same invention so they are no 

longer coextensive in scope. The filing of a terminal disclaimer cannot overcome a 

double patenting rejection based upon 35 U.S.C. 101. 

8. Claims 15-22 are rejected under 35 U.S.C. 101 as claiming the same invention 

as that of claim 4 of prior U.S. Patent No. 8,405,134. This is a statutory double patenting 

rejection. 

9. Claims 23-26 are rejected under 35 U.S.C. 101 as claiming the same invention 

as that of claim 3 of prior U.S. Patent No. 8,405,134. This is a statutory double patenting 

rejection. 
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Page 6 

10. Claims 11-14 are objected to as being dependent upon a rejected base claim, 

but would be allowable if rewritten in independent form including all of the limitations of 

the base claim and any intervening claims. 

The following is a statement of reasons for the indication of allowance subject 

matter: the prior art of record does not teach or suggest the combination of wherein a 

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

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

13. 

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

14. 

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

product of the instant invention. 

Conclusion 

15. Any inquiry concerning the communication or earlier communications from 

the examiner should be directed to Alonzo Chambliss whose telephone number is (571) 

272-1927. 

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

supervisor, Fernando L. Toledo can be reached on (571) 272-1867. The fax phone 

number for the organization where this application or proceeding is assigned is 571-

273-8300. 
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Information regarding the status of an application may be obtained from the 

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

applications may be obtained from either Private PMR or Public PMR. Status 

information for unpublished applications is available through Private PMR only. For 

more information about the PMR system see http://pair-dkect.uspto.gov. Should you 

have questions on access to the Private PMR system contact the Electronic Business 

Center (EBC) at 866-217-9197 (toll-free) or EBC_Support@uspto.gov. 

AC/May 25, 2018 /Alonzo Chambliss/ 

Primary Examiner, Art Unit 2897 
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(54) Magnetoresistive Effect Element, Magnetic Memory Device, and Methods for 

manufacturing these 

(57) Abstract 

5 [Problem to be solved] To achieve excellent asteroid curve, high rate of change in 

resistance value, reduction in coercive force, and stabilization of magnetic characteristics. 

[Solution] A magnetoresistive effect element includes a pair of ferromagnetic layers facing 

each other via an intermediate layer and is configured to produce a change in magnetic 

resistance by applying an electric current in the direction vertical to the surfaces of the 

1 o layers. At least one of the ferromagnetic layers is a crystalline ferromagnetic layer 

containing FeCoB or FeCoNiB. 

15 

The crystalline ferromagnetic layer is formed by crystallizing a sputtered film containing 

FeCoB or FeCoNiB. 

[Selected Drawings] Fig. 1 

CLAIMS 

[Claim l] 

A magnetoresistive effect element comprising: 

a pair of ferromagnetic layers facing each other via an intermediate layer and 

2 o being configured to produce a change in magnetic resistance by applying an electric 

current in the direction vertical to surfaces of the layers, wherein 

25 

at least one of the ferromagnetic layers is a crystalline ferromagnetic layer 

containing FeCoB or FeCoNiB. 

[Claim 2] 

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

one of the crystalline ferromagnetic layers is a ferromagnetic layer formed by crystallizing 

a sputtered film containing FeCoB or FeCoNiB. 

[Claim 3] 

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

3 o least one of the crystalline ferromagnetic layers has a composition represented by a 

compositional formula FexCoyBz (x, y, and z in the compositional formula represent each 

atomic%) where 5:s:x::;;45, 35:S:y:S:85, 10:S:z:S:30, and x+y+z=lOO. 

[Claim 4] 

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

2 
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5 

least one of the crystalline ferromagnetic layers has a composition represented by a 

compositional formula FeaCobNicBct (a through din the compositional formula represent 

each atomic%) where 5:s:a:::;45, 35:S:b:S:85, O<c:S:35, 10:S:d:S:30, and a+b+c+d=lOO. 

[Claim 5] 

The magnetoresistive effect element according to claim 1, wherein the tunnel 

magneto resistance element is a tunnel magnetoresistive effect element, of which the 

intermediate layer functions as a tunnel barrier layer. 

[Claim 6] 

The magnetoresistive effect element according to claim 1, wherein the 

1 o magnetoresistive effect element is a spin-valve type magnetoresistive effect element in 

which one of the pair of the ferromagnetic layers is a magnetic fixed layer and the other of 

the pair of the ferromagnetic layers is an information recording layer. 

[Claim 7] 

The magnetoresistive effect element according to claim 1, wherein the 

15 ferromagnetic layers have each a laminated ferri structure. 

[Claim 8] 

A method for manufacturing a magnetoresistive effect element including a pair of 

ferromagnetic layers facing each other via an intermediate layer and being configured to 

produce a change in magnetic resistance by applying an electric current in the direction 

2 o vertical to surfaces of the layers, the method comprising the steps of: 

depositing a ferromagnetic material layer, as at least one of the pair of the 

ferromagnetic layers, containing FeCoB or FeCoNiB and having an amorphous or 

microcrystalline structure; and 

subsequently heat-treating the ferromagnetic material layer at a temperature equal 

2 5 to or higher than a crystallization temperature of the ferromagnetic material layer in a 

magnetic field and transforming the amorphous or microcrystalline structure to a 

crystalline structure. 

[Claim 9] 

The method for manufacturing a magnetoresistive effect element according to 

3 o claim 8, wherein the ferromagnetic material layer with the amorphous or microcrystalline 

structure containing FeCoB or FeCoNiB is deposited by sputtering. 

[Claim 10] 

The method for manufacturing a magnetoresistive effect element according to 

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

3 
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5 

microcrystalline structure has a composition represented by a compositional formula 

FexCoyBz (x, y, and z in the compositional formula represent each atomic%) where 

5:s:x::;;45, 35:S:y:S:85, 10:S:z:S:30, and x+y+z=lO0. 

[Claim 11] 

The method for manufacturing a magnetoresistive effect element according to 

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

microcrystalline structure has composition represented by a compositional formula 

FeaCobNicBct (a through din the compositional formula represent each atomic%) where 

5:s:a:::::45, 35:S:b:S:85, 0<c:S:35, 10:S:d:S:30, and a+b+c+d=lO0. 

10 [Claim 12] 

15 

20 

25 

The method for manufacturing a magnetoresistive effect element according to 

claim 8, wherein a heat-treating temperature T [0 C] in a magnetic field is set to satisfy: 

280+2x(content of B [%]):S:T:S:400. 

[Claim 13] 

A magnetic memory device comprising: 

a magnetoresistive effect element including a pair of ferromagnetic layers facing 

each other via an intermediate layer and being configured to produce a change in magnetic 

resistance by applying an electric current in the direction vertical to surfaces of the layers; 

and 

a bit line and a word line which put the magnetoresistive effect element 

there between in the direction of thickness of the magnetoresistive effect element, wherein 

at least one of the ferromagnetic layers is a crystalline ferromagnetic layer 

containing FeCoB or FeCoNiB. 

[Claim 14] 

The magnetic memory device according to claim 13, wherein the at least one of 

the crystalline ferromagnetic layers is a ferromagnetic layer formed by crystallizing a 

sputtered film containing FeCoB or FeCoNiB. 

[Claim 15] 

The magnetic memory device according to claim 13 or 14, wherein the at least 

30 one of the crystalline ferromagnetic layers has a composition represented by a 

compositional formula FexCoyBz (x, y, and z in the compositional formula represent each 

atomic%) where 5:s:x::;;45, 35:S:y:S:85, 10:S:z:S:30, and x+y+z=lO0. 

[Claim 16] 

4 
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The magnetic memory device according to claim 13 or 14, wherein the at least 

one of the crystalline ferromagnetic layers has a composition represented by a 

compositional formula FeaCobNicBct (a through din the compositional formula represent 

each atomic%) where 5:s:a:::;45, 35:S:b:S:85, 0<c:S:35, 10:S:d:S:30, and a+b+c+d=lO0. 

5 [Claim 17] 

10 

15 

The magnetic memory device according to claim 13, wherein the 

magnetoresistive effect element is a tunnel magnetoresistive effect element, of which the 

intermediate layer functions as a tunnel barrier layer. 

[Claim 18] 

The magnetic memory device according to claim 13, wherein the 

magnetoresistive effect element is a spin-valve type tunnel magnetoresistance element in 

which one of the pair of the ferromagnetic layers is a magnetic fixed layer and the other of 

the pair of the ferromagnetic layers is an information recording layer. 

[Claim 19] 

The magnetic memory device according to claim 13, wherein the ferromagnetic 

layers have each a laminated ferri structure. 

[Claim 20] 

A method for manufacturing a magnetic memory device including a pair of 

ferromagnetic layers facing each other via an intermediate layer and being configured to 

2 o produce a change in magnetic resistance by applying an electric current in the direction 

vertical to surfaces of the layers; and a bit line and a word line which put the 

magnetoresistive effect element therebetween in the direction of thickness, the method 

comprising the steps of: 

depositing a ferromagnetic material layer, as at least one of the pair of the 

25 ferromagnetic layers, containing FeCoB or FeCoNiB and having an amorphous or 

microcrystalline structure; and 

subsequently heat-treating the ferromagnetic material layer at a temperature equal 

to or higher than a crystallization temperature of the ferromagnetic material layer in a 

magnetic field and transforming the amorphous or microcrystalline structure to a 

3 o crystalline structure. 

[Claim 21] 

The method for manufacturing a magnetoresistive effect element according to 

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

structure containing FeCoB or FeCoNiB is deposited by sputtering. 

5 
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[Claim 22] 

The method for manufacturing a magnetoresistive effect element according to 

claim 20 or 21, wherein the ferromagnetic material layer with an amorphous or 

microcrystalline structure has a composition represented by a compositional formula 

5 FexCoyBz (x, y, and z in the compositional formula represent each atomic%) where 

5:s:x::;;45, 35:S:y:S:85, 10:S:z:S:30, and x+y+z=lO0. 

[Claim 23] 

The method for manufacturing a magnetoresistive effect element according to 

claim 20 or 21, wherein the ferromagnetic material layer with an amorphous or 

1 o microcrystalline structure has composition represented by a compositional formula 

FeaCobNicBct (a through din the compositional formula represent each atomic%) where 

5:s:a:::::45, 35:S:b:S:85, 0<c:S:35, 10:S:d:S:30, and a+b+c+d=lO0. 

[Claim 24] 

The method for manufacturing a magnetoresistive effect element according to 

15 claim 20, wherein the heat-treating temperature T [0 C] in the magnetic field is set to 

satisfy: 

280+2x(content of B [%]):S:T:S:400. 

[Detailed Description of the Invention] 

20 [0001] 

[Field of the Invention] 

The present invention relates to a magnetoresistive effect element, a magnetic memory 

device and methods for manufacturing these. 

[0002] 

25 [Description of the Prior Art] 

With the rapid spread of information communication equipment, especially personal small 

equipment, such as a mobile terminal, elements which constitute the equipment, such as 

memories, logics, or the like, are required to have much more higher performance, for 

higher integration, higher speed, and lower power consumption, or the like. In particular, 

30 providing nonvolatile memories having higher density/higher capacity is becoming still 

more important as a technology which replaces hard discs and optical discs, which cannot 

be intrinsically miniaturized since they have movable parts. 

[0003] 
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Nonvolatile memories include flash memories using a semiconductor and FRAM (Ferro 

electric Random Access Memory) using a ferroelectric material, and so on. 

Flash memories have a disadvantage that their write-in speed is on the order ofµ seconds. 

On the other hand, as for FRAMs a problem is pointed out that their rewritability is poor. 

5 [0004] 

A nonvolatile memory that has attracted attention as being free of these disadvantages is a 

magnetic memory device called MRAM (Magnetic Random Access Memory) such as one 

described in, for example, "Wang et al., IEEE Trans. Magn. 33 (1997), 4498". 

[0005] 

1 o This MRAM has features that it has a simple structure to enable high integration and it 

achieves storage by means of rotation of magnetic moment to enable it to have a very 

large maximum number of times of rewriting. Also, this MRAM is expected to have a 

considerably shortened access time and it has already been confirmed that operations on 

the order of nano seconds are possible. 

15 [0006] 

A magnetoresistive effect element for use in this MRAM is a tunnel magnetosensitive 

effect (Tunnel Magneto resistance: TMR) element. The basic structure of this TMR 

element is a stacked structure of a ferromagnetic layer/a tunnel barrier layer/a 

ferromagnetic layer. In this TMR element, applying current to between a pair of 

2 o ferromagnetic layers arranged through a tunnel barrier layer and applying external 

magnetic field in this state causes magnetoresistive effect depending on a relative angle 

between the magnetization directions of the two ferromagnetic layers. Then, if the 

magnetization directions of the ferromagnetic layers are anti parallel, the resistance value 

is maximal and if the magnetization directions of the ferromagnetic layers are parallel, the 

2 5 resistance value is minimal. Therefore, the TMR element can record information in terms 

of a change in resistance value by accomplishing the above-mentioned antiparallel and 

parallel states by means of an external magnetic field, so that it can function as a memory 

element. 

[0007] 

30 In a spin-valve type TMR element, one of the pair of ferromagnetic layers is provided with 

an antiferromagnetic layer adjacently to fix the direction of magnetization in constant 

direction by antiferromagnetic coupling with the antiferromagnetic layer, thereby making 

a magnetization fixed layer. 

And the other of the ferromagnetic layers is made a magnetization free layer, which 
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undergoes magnetization inversion with ease by means of external magnetic field or the 

like. In a magnetic memory device, this magnetization free layer is functioned as an 

information recording layer. 

[0008] 

5 The rate of change in resistance value of this spin-valve type TMR element is expressed 

by the following formula (1 ), assuming the spin polarizing coefficients of the pair of 

ferromagnetic layers are Pl and P2, respectively. 

2PlP2/(l-PlP2) (1) 

That is, the larger the spin polarizing coefficients P 1 and P2 of the ferromagnetic layers, 

1 o the larger the rate of change in resistance value of the TMR element. There have already 

been many reports on the relationship between the rate of change in resistance value and 

the material of the ferromagnetic layers for ferromagnetic elements of Fe group, such as 

Fe, Co, Ni and the like, and for alloys of these metals. 

[0009] 

15 Incidentally, the basic structure of MRAM comprises, as disclosed in Japanese Patent 

Application Laid-Open Publication No. Hl0-116490 (1998-116490), a plurality of bit 

write-in lines (so-called bit lines), a plurality of word write-in lines (so-called word lines) 

that intersect the bit lines at right angles, and TMR elements as magnetic memory 

elements arranged at grade separation parts of the bit lines and the word lines. Recording 

2 o at the MRAM is achieved by selective writing to the TMR elements using the asteroid 

characteristics. 

[0010] 

That is, by applying necessary current to the bit lines and the word lines selectively, 

resultant inverted external field of induced magnetic fields mutually vertical to each other 

2 5 is generated. By applying the resultant inverted external field to a selected TMR element 

to cause the magnetization direction of its magnetization free layer, i.e., the information 

recording layer, to align parallel or anti parallel with the magnetization direction of its 

magnetization fixed layer, thus performing recording of "O" or "l ", for example. 

[0011] 

30 For the bit lines and word lines to be used in the MRAM, conductor films of a wiring 

material such as Cu or Al, which is used in ordinary semiconductor devices, are used. Use 

of ordinary wiring material and achieving writing at a magnetic memory element having a 

inverted magnetic field He of, for example, 20 [Oe], through bit lines and word lines 

having line widths of 0.25 µm requires the current of about 2 mA applying. In case using 
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of bit lines and word lines having thicknesses of 0.25 µm, which is as large as the line 

widths, reaches a current density of 3.2xl0 6 A/cm2
, which is close to the disconnection 

threshold value due to electromigration. 

To maintain the reliability of wiring, it is indispensable to reduce writing current. Also, 

5 from the viewpoints of the heat generation caused by the writing current and reduction of 

power consumption, it is necessary to reduce the writing current. 

[0012] 

Methods for achieving a reduction in the writing current at the MRAM include reducing 

the inverted magnetic field of the TMR element. 

1 o The inverted magnetic field He of the TMR element can be determined as appropriate 

depending on, for example, the size, shape, layer construction, and material of the layer of 

the TMR element. Use of smaller TMR element for the purpose of, for example, 

increasing the recording density of the MRAM causes a problem that the inverted 

magnetic field of the TMR element increases. To achieve both refining MRAM, i.e., high 

15 integration of MRAM and reduction in writing current simultaneously, it is necessary to 

achieve reduction of the inverted magnetic field of the TMR element by using appropriate 

materials. 

[0013] 

MRAM also has problems that TMR elements serving as memory elements have uneven 

2 o magnetic characteristics from element to element and that occurrence of uneven magnetic 

characteristics among the TMR elements due to repeated use of one and the same element 

makes it difficult to perform selective writing using an asteroid characteristic. 

This requires each TMR element to have magnetic characteristics sufficient for an ideal 

asteroid curve to be steadily depicted. To enable the ideal asteroid curve to be obtained, it 

25 is necessary that, R-H (resistance-magnetic field) curve obtained by TMR measuring is 

free of noises including, for example, Barkhausen noise or the like, the waveform of the 

R-H curve have a good squareness, and the magnetization state of the TMR element is 

stable and there is little unevenness of inverted magnetic field. 

[0014] 

30 Read-out of information from the TMR element is performed by detecting voltage 

difference at a constant bias voltage between in a state in which the magnetic moments of 

the information recording layer and the magnetization fixed layer arranged through the 

tunnel barrier layer align antiparallel to provide a high resistance value, i.e., for example, 

"l" and on the contrary in a state in which such magnetic moments align parallel to 
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provide a low resistance value, i.e., for example, "O". 

Therefore, if dispersion in resistance among the TMR elements is the same level, a 

memory device having a higher read-out speed, a higher degree of integration, and a lower 

error rate can be accomplished when the TMR ratio is high. 

5 [0015] 

It is known that, in the TMR element, a rate of change in resistance depends on a bias 

voltage and the TMR ratio decreases as the bias voltage increases. 

When read-out is performed by current difference or voltage difference, it is known that 

the read-out signal takes a maximum value mostly at a voltage Vhalf at which the rate of 

1 o resistance change in resistance decreases to half by the bias voltage dependence. This 

indicates that the lower the bias voltage dependence, the more effectively the read-out 

error reduces. 

[0016] 

[Problem to Be Solved by the Invention] 

15 As stated above, the TMR element to be used in the MRAM must satisfy the 

above-mentioned write-in characteristics requirement and read-out characteristics 

requirement simultaneously. 

However, for the material of the ferromagnetic layer of the TMR element, selection of the 

alloy composition that can increase the spin polarizing coefficients represented by Pl and 

2 o P2 in the formula (1) from materials consisting of Co, Fe, and Ni, which are ferromagnetic 

transition metal elements, generally tends to increase inverted magnetic field He of the 

TMR element. 

[0017] 

Use of, for example, Co1sFe2s (at.%) alloy as the information recording layer enables the 

2 5 TMR element to have so high a spin polarizing coefficient as to achieve a TMR ratio as 

high as 40% or more, but with concomitant high inverted magnetic field He. 

On the contrary, use of, for example, Nis0Fe20 (at.%) alloy called Permalloy, which is 

known as a soft magnetic material, as the information recording layer allows the inverted 

magnetic field He to decrease, but with a concomitant decrease in the spin polarizing 

30 coefficient as compared with the Co1sFe2s (at.%) alloy, thus decreasing the TMR ratio to 

about 33%. 

Moreover, use of Co90F e10 ( at. % ) enables the TMR element to have a TMR ratio of about 

37% and a limited inverted magnetic field He on the order of between the inverted 

magnetic fields He of the Co1sFe2s (at.%) alloy and of the Nis0Fe20 (at. %) alloy, but with 
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concomitant poor squareness of R-H curve, thus failing to obtain asteroid characteristics 

that are sufficient for writing. Also, the inverted magnetic fields of the information 

recording layers are unstable from element to element. 

[0018] 

5 The present invention is to provide a magnetoresistive effect element and a magnetic 

memory device that can improve the write-in characteristics and read-out characteristics 

simultaneously by using a specified material for the ferromagnetic layer and selecting 

conditions for forming it. The present invention also provides methods for manufacturing 

these. 

10 [0019] 

[Means for solving the problem] 

The present invention provides a magnetoresistive effect element comprising: a pair of 

ferromagnetic layers facing each other via an intermediate layer and being configured to 

produce a change in magnetic resistance by applying an electric current in the direction 

15 vertical to surfaces of the layers, wherein at least one of the ferromagnetic layers is a 

crystalline ferromagnetic layer containing FeCoB or FeCoNiB. 

The crystalline ferromagnetic layer is preferably a ferromagnetic layer formed by 

crystallizing a sputtered film containing FeCoB or FeCoNiB. 

[0020] 

2 o The present invention provides a method for manufacturing a magnetoresistive effect 

element including a pair of ferromagnetic layers facing each other via an intermediate 

layer and being configured to produce a change in magnetic resistance by applying an 

electric current in the direction vertical to surfaces of the layers, the method comprising 

the steps of: depositing a ferromagnetic material layer, as at least one of the pair of the 

25 ferromagnetic layers, containing FeCoB or FeCoNiB and having an amorphous or 

microcrystalline structure; and subsequently heat-treating the ferromagnetic material layer 

at a temperature equal to or higher than a crystallization temperature of the ferromagnetic 

material layer in a magnetic field and transforming the amorphous or microcrystalline 

structure to a crystalline structure,. 

30 [0021] 

The ferromagnetic material layer with the amorphous or microcrystalline structure 

containing FeCoB or FeCoNiB is deposited preferably by sputtering. 

Moreover, a heat-treating temperature T [0 C] in the magnetic field is preferably set to 

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

[0022] 

The present invention provides a magnetic memory device comprising: a magnetoresistive 

effect element including a pair of ferromagnetic layers facing each other via an 

5 intermediate layer and being configured to produce a change in magnetic resistance by 

applying an electric current in the direction vertical to surfaces of the layers; and a bit line 

and a word line which put the magnetoresistive effect element therebetween in the 

direction of thickness, wherein at least one of the ferromagnetic layers is a crystalline 

ferromagnetic layer containing FeCoB or FeCoNiB. 

1 o The crystalline ferromagnetic layer is preferably a ferromagnetic layer formed by 

crystallizing a sputtered film containing FeCoB or FeCoNiB. 

[0023] 

The present invention provides a method for manufacturing a magnetic memory device 

including a pair of ferromagnetic layers facing each other via an intermediate layer and 

15 being configured to produce a change in magnetic resistance by applying an electric 

current in the direction vertical to surfaces of the layers; and a bit line and a word line 

which put the magnetoresistive effect element therebetween in the direction of thickness, 

the method comprising the steps of: depositing a ferromagnetic material layer, as at least 

one of the pair of the ferromagnetic layers, containing FeCoB or FeCoNiB and having an 

2 o amorphous or microcrystalline structure; and subsequently heat-treating the ferromagnetic 

material layer at a temperature equal to or higher than a crystallization temperature of the 

ferromagnetic material layer in a magnetic field and transforming the amorphous or 

microcrystalline structure to a crystalline structure. 

[0024] 

2 5 The ferromagnetic material layer with the amorphous or micro crystalline structure is 

deposited by sputtering FeCoB or FeCoNiB to surely obtain an amorphous or 

microcrystalline structure for the ferromagnetic material layer. 

[0025] 

For the composition of FeCoB or FeCoNiB in each of the above-mentioned inventions, it 

30 is preferred that the FeCoB has a composition represented by a compositional formula 

FexCoyBz (x, y, and z in the compositional formula represent each atomic%), where 

5:S:X:::::45, 35:S:y:S:85, 10:S:z:S:30, and x+y+z=lO0. 

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

FeaCobNicBct (a through din the compositional formula represent each atomic%), where 
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5:s:a::::;45, 35:S:b:S:85, 0<c:S:35, 10:S:d:S:30, and a+b+c+d=lO0. 

[0026] 

For the each method for manufacturing according to present inventions, it is preferred that 

the heat-treating temperature T [0 C] in the magnetic field is set to 280+2x(content of 

5 B[%]):S:T:S:400. 

[0027] 

The magnetoresistive effect element and the magnetic memory device with the 

magnetoresistive effect element according to the present invention provide a construction 

that at least one of the pair of ferromagnetic layers facing each other via an intermediate 

10 layer, which constitute the magnetoresistive effect element, comprises FeCoB or FeCoNiB. 

To make this construction, a magnetic material having this composition is deposited by 

sputtering to form a film with an amorphous or microcrystalline structure. The present 

invention is based on the finding that changing the structure of the deposited film to the 

crystalline structure enables, an increase in the magnetic resistance (MR ratio), 

15 improvement of the squareness of the R-H curve, i.e., improvement of asteroid 

characteristics, improvement of the bias voltage dependence of the MR ratio, and a 

reduction in unevenness of coercive force, that is, a reduction in unevenness of the 

inverted magnetic field to be achieved, of the magneto resistive effect element. 

[0028] 

2 o The method according to the present invention achieves this crystallization by 

heat-treating in the magnetic field to enable the increase in the MR ratio and the decrease 

in the unevenness of the inverted magnetic field and so on with reliability. It is seemed 

that the magnetic anisotropy of the crystallized ferromagnetic layer can be controlled to 

align in one direction through this treatment. 

25 [0029] 

It is noted that the above-mentioned ferromagnetic material can be deposited by various 

types of sputtering which includes sputtering method by causing ions from plasmas 

generated by various methods using discharge gas to collide with the target of a sputtering 

material, sputtering by causing an ion beam accelerated to have high energy to collide 

3 o with a target as in so-called ion beam sputtering, or sputtering of the like. 

[0030] 

[Embodiments for carrying out the invention] 

[Magnetoresistive effect element] 
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One embodiment of the magneto resistive effect element according to the present invention 

is a magnetoresistive effect element as a memory element of a magnetic memory device. 

However, the present invention is not limited to this embodiment. 

The magnetoresistive effect element according to the present invention has a laminated 

5 structure constituted by a pair of ferromagnetic layers, specifically, a magnetization fixed 

layer and a magnetization free layer facing each other via an intermediate layer, which is 

configured to provide a change in magnetic resistance by applying an electric current in a 

direction vertical to the surface of the laminated structure, i.e., in the direction of thickness 

of the laminated structure. 

1 o At least the ferromagnetic layer that constitutes the magnetization free layer out of the pair 

of ferromagnetic layers is a ferromagnetic layer formed by crystallizing a sputtered film 

that contains at least Fe and Co together with B selected from ferromagnetic transition 

elements, i.e., a sputtered film of FeCoB or FeCoNiB. 

[0031] 

15 Because the intermediate layer is constructed with, for example, a tunnel barrier layer, this 

magnetoresistive element is referred to as a tunnel magnetoresistance effect (TMR) 

element. 

Alternatively, the magnetoresistive effect element is referred to as a spin-valve type 

magnetoresistive effect element when the intermediate layer is constructed with a 

2 o non-magnetic conductive layer. 

The ferromagnetic layer may have a single layer structure or of a multi-layer structure. For 

example, the ferromagnetic layer that constitutes the magnetization fixed layer may have a 

laminated ferri structure. 

[0032] 

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

1. 

In this example, an under layer 3 is formed on the substrate 2, an antiferromagnetic layer 4 

is formed on the under layer 3, and a pair of ferromagnetic layers 5 and 7 via an 

intermediate layer 6 are formed on the antiferromagnetic layer 4. 

3 o In this example, the ferromagnetic layer 5 that constitute a magnetization fixed layer 5 is 

formed on the antiferromagnetic layer 4, the intermediate layer 6 made of a tunnel 

barrier layer is formed on the magnetization fixed layer 5, and then the ferromagnetic 

layer 7 constituting a magnetization free layer is formed on the intermediate layer 6. This 

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

[0033] 

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

The antiferromagnetic layer 4, when antiferromagnetically coupled with the ferromagnetic 

5 layer 5, one of the ferromagnetic layers, i.e., with the magnetization fixed layer 5, 

undergoes no reversal of magnetization by externally applied signal magnetic field, for 

example, write-in magnetic field at a memory device and sets the direction of the 

magnetization of the magnetization fixed layer 5 to a fixed direction. 

The antiferromagnetic layer 4 can be made of Mn alloy containing one or more of Fe, Ni, 

10 Pt, Ir, Rh, and the like, Co oxide, Ni oxide, or the like. For example, the antiferromagnetic 

layer 4 is made of PtMn. 

[0034] 

The tunnel barrier layer of the intermediate layer 6 can be made of an oxide or nitride film 

that is formed by oxidizing or nitriding a metal film, for example, a sputtered or vapor 

15 deposited film of Al. The tunnel barrier layer 6 can also be made by a CVD (Chemical 

Vapor Deposition) method using an organometal, oxygen, ozone, nitrogen, halogen, halide 

gas or the like. 

[0035] 

The magnetization fixed layer 5 and the magnetization free layer 7 laminated via this 

20 intermediate layer 6 are made of ferromagnetic layers containing FeCoB or FeCoNiB. The 

magnetization direction of the fixed layer 5 is fixed due to antiferromagnetic coupling 

with the antiferromagnetic layer 4 as described above. 

[0036] 

The both ferromagnetic layers that are arranged via the intermediate layer 6, in particular, 

25 for example the magnetization free layer that serves as an information recording layer, i.e., 

the ferromagnetic layer 7 is made of a ferromagnetic layer formed by crystallizing a 

sputtered film containing FeCoB or FeCoNiB. 

[0037] 

The magnetization free layer 7, for example, as the information recording layer preferably 

3 o has a thickness of 1 nm to 10 nm to secure good magnetic characteristics. 

The reason for this is that the magnetization free layer 7 with a thickness of less than 1 nm 

has magnetic characteristics for a magnetization free layer that are significantly 

deteriorated. On the other hand, the magnetization free layer 7 with a thickness more than 

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

[0038] 

The magnetization free layer 7 is not limited to one that has a single layer structure made 

of the above-mentioned FeCoB or FeCoNiB. It may also have a laminated structure 

5 constituted by, for example, a ferromagnetic layer having above-described composition 

and a NiFe layer having a smaller magnetization capacity than above-described 

composition. In the latter case, the total thickness of these layers may be larger than 10 

nm. 

[0039] 

10 The magnetization fixed layer 5 made ofFeCoB or FeCoNiB has a thickness selected to 

be, preferably, 0.5 nm to 6 nm. 

The reason for this is that the magnetization fixed layer with a thickness of less than 0.5 

nm has deteriorated magnetic characteristics for a magnetization fixed layer. On the other 

hand, the magnetization fixed layer 5 with a thickness more than 6 nm has insufficient 

15 exchange coupling magnetic field with an antiferromagnetic layer. 

[0040] 

In the example shown in Fig. 1, the magnetization fixed layer 5 has a single layer structure. 

As will be apparent from Fig. 2, which is a schematic cross-section of an example of such, 

the magnetization fixed layer 5 may have a ferromagnetic laminated ferri structure. 

2 o In this example, the antiferromagnetic layer 4 has formed thereon a first magnetization 

fixed layer Sa that is antiferromagnetically coupled with the antiferromagnetic layer 4 and 

a second magnetization fixed layer Sb laminated via a non-magnetic conductive layer Sc 

on this first magnetization fixed layer 5 a. 

The non-magnetic conductive layer Sc may be made of a metal film, for example, a film 

2 5 of Ru, Cu, Cr, Au, Ag or the like. 

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

redundant explanations are omitted. 

In the above-mentioned example, the intermediate layer 6 is a tunnel barrier layer, thus 

constituting a TMR element. The intermediate layer 6 may also be adopted in a spin-valve 

30 type magnetoresistive effect element having a so-called CPP (Current Perpendicular to 

Plane) structure, in which the intermediate layer 6 is made of a non-magnetic conductive 

layer and current is applied in the direction of its thickness. 

[0041] 

[Manufacturing method for magnetoresistive effect element] 
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Manufacture of magnetoresistive effect element shown in Fig. 1 is illustrated as an 

embodiment of the method of manufacturing a magnetoresistive effect element according 

to the present invention. However, the present invention is not limited to this embodiment. 

In this embodiment, deposition, on the substrate, of the underlayer 3, the 

5 antiferromagnetic layer 4, the magnetization fixed layer 5, the intermediate layer 6, the 

magnetization free layer 7, and the protective layer 8 can be achieved by using, for 

example, a multi-chamber type sputtering apparatus. 

[0042] 

In this case, first the substrate 2 made of, for example, Si is arranged in one chamber. On 

1 o this substrate are sequentially formed by continuous sputtering the underlayer 3 made of, 

for example, Ta, the antiferromagnetic layer 4 made of PtMn, the magnetization fixed 

layer 5 made of FeCoB or FeCoNiB, which is a lower side one of the pair of the 

ferromagnetic layer, and the intermediate layer 6 made of, for example, an Al metal film 

[0043] 

15 Subsequently, the substrate 2 having deposited hereon these layers is transferred into 

another chamber, where the surface of the Al metal film that constitutes the intermediate 

layer 6 is oxidized to form a tunnel barrier layer. Thereafter, the substrate 2 is brought in, 

for example, the previous chamber again where the magnetization free layer 7 made of 

FeCoB or FeCoNiB as an upper layer side one of the pair of the ferromagnetic layers is 

2 o deposited by sputtering on the intermediate layer 6. On this intermediate layer 6 is further 

formed the protective layer 8 made of, for example, Ta by continuous sputtering. 

[0044] 

These sputtering methods include, as described above, various types of sputtering, for 

example, sputtering by causing ions from plasmas generated by various methods using 

2 5 discharge gas to collide with the target of a sputtering material and sputtering by causing 

an ion beam accelerated to have high energy to collide with a target as in so-called ion 

beam sputtering, or the like. 

[0045] 

Each of laminaed layers thus formed, in particular the magnetization fixed layer 5 and the 

30 magnetization free layer 7 made of FeCoB or FeCoNiB are formed as layers with an 

amorphous or microcrystalline structure. 

[0046] 

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

The heat-treating in a magnetic field is carried out by a field heat-treating apparatus, like 
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as shown in Fig. 3 illustrating the schematic cross-sectional view, which includes for 

example a vacuum chamber 131 and on the outer periphery of which a heating means 132 

such as heaters and a magnetic field applying means 133 such as a magnet are arranged. 

[0047] 

5 The substrate 2 having the laminated film is arranged on a rack 134 in the vacuum 

chamber 131 and is heated by the heating means 132 in a state in which a magnetic field is 

applied by the magnetic field applying means 133 in a predetermined direction along the 

surface of the laminated film as indicated by an arrow 135. By this heat-treating, the 

magnetization fixed layer 5 and the magnetization free layer 7 that are formed to have an 

1 o amorphous or micro crystalline structure are crystallized. 

This heat-treating in a magnetic field simultaneously make the antiferromagnetic layer 4 

order, that is, the antiferromagnetic layer 4 is magnetized in a predetermined direction. 

This enables the magnetization of the magnetization fixed layer 5, the ferromagnetic layer 

that is formed on the antiferromagnetic layer 4 and is antiferromagnetically coupled with 

15 the antiferromagnetic layer 4, to be fixed to one direction. 

[0048] 

This heat-treating in a magnetic field is performed in a magnetic field of 500 kOe or 

higher at a temperature that is equal to or higher than the crystallization temperature of the 

ferromagnetic materials of the ferromagnetic layers, i.e., the ferromagnetic layers 5 and 7 

2 o as a magnetization fixed layer and a magnetization free layer, respectively. Specifically, 

the heat-treating temperature T [0 C] in a magnetic field is set to satisfy: 280+2x(content of 

B [%]):S:T:S:400, which is explained in detail later. 

[0049] 

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

25 The magnetic memory device according to the present invention includes memory 

elements, which constitute its memory cells, made of magnetoresistive effect elements 

having various structures according to the present invention, for example, TMR elements. 

The magnetic memory device may have a crosspoint type MRAM array structure as 

shown in, for example, Fig. 4 illustrating a schematic cross-sectional view of one example 

3 o of the device and in Fig. 5 illustrating a schematic cross-sectional view of one memory 

cell 11 of the device. 

[0050] 

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

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

18 

WD EX1012 
Western Digital v IP Bridge 

Page 239



separation. The respective crossing parts between the word lines WL and the bit lines BL 

are provided with the magnetoresistive effect elements according to the present invention, 

for example, TMR elements 1 as the memory cells 11. 

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

5 arranged in a matrix state. 

[0051] 

Each memory cell 11 includes, as shown in Fig. 5. On the semiconductor substrate 2 made 

of, for example, a silicon substrate, i.e., on a semiconductor wafer, a transistor 13 for 

switching. 

1 o The transistor 13 comprises, for example, a MOS transistor (insulated gate type field 

effect transistor). In this case, an insulated gate part is formed, which includes the 

semiconductor substrate 2, the gate insulation layer 14 formed on the semiconductor 

substrate 2, and the gate electrode 15 deposited on the gate insulation layer 14. 

The semiconductor substrate 2 is formed of a source region 16 and a drain region 17 on 

15 both sides of the insulated gate part. In this structure, the gate electrode 15 constitutes a 

read-out word line WLl. 

[0052] 

On the semiconductor substrate 2 with the transistor 13 formed thereon is formed a first 

interlayer insulation layer 31 so as to cover the gate electrode 15. The first interlayer 

2 o insulation layer 31 is provided with contact holes 18 extending therethrough above the 

source region 16 and the drain region 17, respectively. Each of the contact holes 18 is 

filled with an conductive plug 19. 

On the firs interlayer insulation layer 31 is deposited a wire layer 20 for the source region 

16 such that the wire layer 20 deposited so as to mount on the conductive plug 19 that 

25 contacts the source region 16. 

[0053] 

Further, a second interlayer insulation layer 32 is formed on the first interlayer insulation 

layer 31 so as to cover the wire layer 20. 

The second interlayer insulation layer 32 is provided with a contact hole 18 therethrough 

30 above the conductive plug 19 that contacts the drain region 17 and the conductive plug 19 

is filled therein. 

[0054] 

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

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

On the second interlayer insulation layer 32 is also formed a third interlayer insulation 

layer 33 made of, for example, silicon oxide to cover the write-in word line WL2. Also, 

the third interlayer insulation layer 33 is provided with a contact hole 18 therethrough 

5 above the conductive plug 19 that contacts the drain region 17 and the conductive plug 19 

is filled therein. 

[0055] 

Then, the third interlayer insulation layer 33 is formed thereon of an underlayer 3 made of, 

for example, Ta, shown in Fig. 1 or 2 so as to contact the conductive plug 19 that is 

1 o penetrating the third interlayer insulation layer 33 and on this underlayer 3 is formed a 

magnetoresistive effect element, for example, the TMR element 1. 

[0056] 

Further, a fourth interlayer insulation layer 34 is formed so as to cover the underlayer 3 

and the TMR element 1, and on the fourth interlayer insulation layer 34, a bit line BL is 

15 formed crossing over the write-in word line WL. 

[0057] 

On the bit line BL, a surface insulation layer is formed as necessary, which is 

non-illustrated. 

[0058] 

2 o The structure and the manufacturing method of the TMR element 1 as the 

magnetoresistive effect element are comprises, as described above, forming the structure 

shown in Fig. 2 or 3 by using the constituent materials and the film forming method, 

specifically by forming the antiferromagnetic layer 4, the magnetization fixed layer having 

a single layer or laminated ferri structure, and the intermediate layer 6 by sputtering, and 

2 5 then performing oxidizing or nitriding treatment of the intermediate layer 6, and 

subsequently forming the magnetization free layer 7 and the protective layer 8 by 

sputtering. 

[0059] 

In this case too, the ferromagnetic layer 5 as the magnetization fixed layer and the 

30 ferromagnetic layer 7 as the magnetization free layer, i.e., the information recording layer 

are formed as an amorphous or microcrystalline layer comprising FeCoB or FeCoNiB. 

These memory cells 11 are arranged in a matrix state on the common semiconductor 

substrate 2, i.e., semiconductor wafer as shown in Fig. 4. 

[0060] 
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The semiconductor substrate 2 is likewise heat-treated in a magnetic field by using the 

field heat-treating apparatus as illustrated in Fig. 3 and then, the ferromagnetic layers 5 

and 7 of the magnetization fixed layer and the magnetization free layer, both formed as an 

amorphous or microcrystalline structure, are transformed to crystalline structure in the 

5 TMR element 1 of the magnetoresistive effect element. 

This heat-treating in a magnetic field simultaneously make the antiferromagnetic layer 4 

order, that is, magnetizes the antiferromagnetic layer 4 in a predetermined direction. This 

enables the magnetization of the magnetization fixed layer 5, which is formed in contact 

with the antiferromagnetic layer 4 and is antiferromagnetically coupled with the 

1 o antiferromagnetic layer 4, to be fixed to one direction. 

[0061] 

The magnetic memory device having this structure includes bit lines BL and write-in word 

lines WL (WLl) , which, upon applying a necessary current, apply a necessary magnetic 

field obtained by the synthesis of magnetic fields generated by both the bit line BL and the 

15 word line WL to the magnetization free layer of the magnetoresistive effect element, for 

example, the TMR element 1 of the memory cell 11 arranged at the selected crossing part, 

thereby reversing he magnetization of the magnetization free layer to perform recording of 

information as described above. 

[0062] 

2 o Rea-out of the information is achieved by applying a necessary on-voltage to the gate 

electrode 15 of the transistor 13 engaged with the memory cell that performs selected 

read-out to bring the transistor 13 into on-state to allow read-out current to pass between 

the bit line BL and the wire layer 20 in the source region 16 of the transistor 13. 

[0063] 

25 As mentioned-above, the magnetoresistive effect element according to the present 

invention achieves an increase in inverted magnetic field by including the ferromagnetic 

layers 5 and 7 constituting the magnetization fixed layer and the magnetization free layer, 

respectively, particularly the ferromagnetic layer 7 that constitutes the magnetization free 

layer, made ofFeCoB or FeCoNiB, containing Fe and Co from among ferromagnetic 

30 transition metal elements together with B. 

Common TMR element that uses only ferromagnetic transition metal elements in the 

ferromagnetic layers has a disadvantage that does not satisfy an increase in spin polarizing 

coefficient and a decrease in inverted magnetic field simultaneously. 

In contrast, use of the above-mentioned FeCoB or FeCoNiB enables both an increase in 
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spin polarizing coefficient and a decrease in coercive force, i.e., inverted magnetic field. 

The increased spin polarizing coefficient provides a high rate of change in resistance, 

which corresponds to a high TMR ratio for the TMR element, according to the formula (1) 

above. In the magnetic memory device, the decrease in the inverted magnetic field enables 

5 a decrease in write-in magnetic field that is applied to the magnetoresistive effect element 

serving as the memory element, in other words a decrease in write-in current. 

[0064] 

Particularly, in the present invention, the ferromagnetic layer having the specified 

composition having an amorphous or microcrystalline structure is subjected to 

1 o heat-treating in a magnetic field to control magnetic anisotropy represented by presence of 

an axis of easy magnetization and an axis of difficult magnetization in the magnetic layer, 

increase the squareness in the R-H curve, and stabilize the inverted magnetic field of the 

magnetization free layer, i.e., the information recording layer. 

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

15 [0065] 

A TMR element according to the present invention whose information recording layer 

contains ConFesB20 (at. %) and a TMR element whose information recording layer 

contains Co90Fe10 (at. %) were fabricated. These were measured for a change rate in tunnel 

resistance value with respect to the change in external magnetic field. Fig. 6 shows the 

20 results of measurement in terms ofTMR [%] - external magnetic field [Oe] curve. In Fig. 

6, a curve 61 represents a TMR - external magnetic field curve for the TMR element 

whose information recording layer comprises ConFesB20 (at. %), and a curve 62 

represents a TMR - external magnetic field curve for the TMR element whose information 

recording layer comprises Co90Fe10 (at. %). 

25 [0066] 

Comparison of the curves 61 and 62 with each other clearly indicates that in the TMR 

element whose information recording layer comprises Fe, Co, and B maintained a higher 

TMR ratio than the TMR element whose information recording layer comprises only Fe 

and Co and still achieved a reduced coercive force He. 

30 The comparison also indicates that the squareness in the TMR - magnetic field loop of 

these TMR elements was increased and the Barkhausen noise was reduced. 

[0067] 

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

magnetoresistive effect element according to the present invention not only achieves a 
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decrease in write-in current but also improves the shape of the asteroid curve. This 

improves the write-in characteristics and unevenness in the characteristics, thereby 

reducing the write-in errors. 

[0068] 

5 Although the cause of the occurrence of such effects is unclear, it is believed that those 

phenomena are specific to ferromagnetic layers containing B. This improvement of the 

characteristics is not always achieved by the ferromagnetic layers with an amorphous or 

microcrystalline structure. It is believed that such effects come to be when the 

ferromagnetic layer is crystallized by heat-treating in a magnetic field at a temperature 

1 o equal to or higher than the above-mentioned crystallization temperature under controlling 

so that it can have magnetic anisotropy. 

[0069] 

In the magnetic memory device, which includes a very large number of memory elements, 

i.e. magnetoresistive effect elements on the same substrate, decreasing in write-in current 

15 provides a very large profit. In addition, it is very important that an excellent asteroid 

curve can be obtained, that is, stabilization of magnetic characteristics can be achieved. 

[0070] 

The alloy composition of FeCoB or FeCoNiB that the ferromagnetic layer contains has a 

preferred range. The magnetoresistive effect element and memory element using he 

20 ferromagnetic layers made ofFeCoB and FeCoNiB, respectively, have already been 

proposed in Japanese Patent Application No. 2002-106926 filed by the applicant of the 

present application. 

[0071] 

The alloy composition of Fe, Co, and B that the ferromagnetic layer contains, exclusive of 

25 unavoidable impurity elements, is represented by a compositional formula FexCoyBz (x, y, 

and z in the compositional formula represent atomic%) where x, y, and z preferably 

satisfy 5:S:x:S:45, 35:S:y:S:85, and 10:S:z:S:30 provided that x+y+z=lO0. 

[0072] 

First, the content of B is explained. With the content of B of less than 10 atomic %, the 

30 magnetic characteristic of the Fe-Co alloy, which is a base composition, is largely 

reflected so that only mild improvement effect is observed. With the content of B of more 

than 10 atomic %, the TMR ratio increases considerably as compared with the alloy that 

contains Fe, Co and so on in the same ratios and the squareness in the resistance -

magnetic field curve (R-H curve) is improved. Also, the bias current dependence ofTMR 
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ratio is improved. Further, the magnetization state of the information recording layer is 

stable, which makes the unevenness of coercive force small and widely reduces the noise 

appearing on the R-H curve. 

[0073] 

5 The content of B is preferably equal to 30 atomic % or less. The reason for this is that with 

the content ofB of more than 30 atomic%, the ferromagnetic characteristics as the 

information recording layer and the fixed magnetic field as the magnetization fixed layer 

deteriorate. As a result, there might be a decrease in TMR ratio, deterioration of the 

squareness in the R-H curve, and a decrease in coercive force. To secure the effects to be 

1 o obtained by the addition of B, it is preferred that at least one of the ferromagnetic layers, 

specifically he ferromagnetic layer 7 that constitutes the information recording layer has a 

composition containing B of 10 atomic % or more and 30 atomic % or less although this 

may vary to some extent depending on the composition of the Fe-Co alloy. 

[0074] 

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

The alloy composition including B requires at least 35 atomic % of Co to enhance the 

effect to be obtained by the addition of B and in addition, to keep ferromagnetic 

characteristics. In addition to this, adding Fe shows, like the changes occurring in the 

Co-Fe based alloy, effects of an increase in TMR ratio and an enhancement of coercive 

20 force. On the other hand, with the content of Fe of more than 45 atomic%, the coercive 

force increases excessively for the size of actual size of the element, and it is unsuitable 

for a TMR element. With the content of Fe of less than 5 atomic % , the spin polarizing 

coefficient decreases, which will make it difficult to provide a TMR ratio that is sufficient 

for the element to act as a magnetoresistive effect element. Accordingly, the content of Fe 

2 5 is preferably 5 atomic % or more and 45 atomic % or less. 

[0075] 

The ferromagnetic layer may comprise Ni in addition to Fe, Co, and B. The ferromagnetic 

layer with this composition including Ni causes an acceptable TMR ratio to be maintained 

while preventing enhancement of the coercive force and enables the squareness in the R-H 

30 curve to be improved. In this case, for a preferred range of the content of Ni, 35 atomic% 

or less of Ni is preferred. The reason for this is that with the content of Ni of more than 35 

atomic%, it is likely that the coercive force will decrease too much to control the 

operation of the TMR element. That is, the ferromagnetic layer made of FeCoNiB has a 

composition that is represented, exclusive of unavoidable impurity elements, by a 
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compositional formula FeaCObNicBct (a through din the compositional formula 

representing each atomic%) where 5:s:a::::;45, 35:S:b:S:85, 0<c:S:35, and 10:S:d:S:30, provided 

that a+b+c+d=lO0. 

[0076] 

5 In the present invention, FeCoB or FeCoNiB alloy with an amorphous or microcrystalline 

structure is heat-treated in a magnetic field at a temperature equal to or higher than the 

crystallization temperature to convert the structure into a crystalline structure having a 

controlled magnetic anisotropy. This makes uniform the inverted magnetic field of the 

information recording layer, to reduce write-in errors, and creates a state in which an 

1 o MRAM of gigabit grade can operate correctly. 

The field heat-treating, as described above, is performed in a magnetic field at 500 kOe or 

higher. The heat-treating temperature T [0 C] is set, as described above, to satisfy: 

280+2x(content of B [%]):S:T:S:400. This heat-treating temperature is explained below. 

[0077] 

15 The crystallization temperature of the amorphous phase depends on a heat-treating time, 

which is controlled in a wide range. In manufacturing an MRAM, mutual diffusion of 

constituent elements ofrespective layers of the MTJ 9 of the MRAM occurs at an 

interface between any two adjacent layers. This, for example, may affect the 

characteristics of the MTJ 9. This suggests as a realistic time, a heat-treating time, that is, 

2 o a temperature retention time, of 2 hours. Under this condition, the crystallization 

temperatures for the FeCoB alloy and the FeCoNiB alloy depend on the content of B. 

With the content of B of 10 atomic %, the crystallization temperature was 290°C. With the 

content of B of 20 atomic %, the crystallization temperature was 300°C. Then, with the 

content ofB of30 atomic%, the crystallization temperature was 310°C. That is, the 

2 5 crystallization temperature depends on the content of B. From these relationships between 

the content of B and the crystallization temperature, an approximation of the 

crystallization temperature is given by 280+2x(content of B [%]). 

Consequently, the heat-treating temperature for crystallization is set to a temperature equal 

to or higher than 280+2x(content of B [%]). 

30 On the other hand, the heat-treating must be carried out at a temperature at which the MTJ 

9 has no deteriorated characteristics of the tunnel magnetoresistance effect. This suggests a 

heat-treating temperature of 400°C or lower. 

From these, the heat-treating temperature T [0 C] in the magnetic field is set to the 
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temperature represented by the formula (2) above, i.e., 280+2x(content of B [%]):S:T:S:400. 

[0078] 

With respect to a cooling rate after the heat-treating, if this cooling rate is too low, fine 

precipitates containing a large amount of B, which deteriorates the characteristics are 

5 generated. Therefore, it is desirable that the cooling rate after the heat-treating is adjusted 

properly. Specifically, it was confirmed that the cooling rate from the heat-treating 

temperature down to 280°C is desirably 2°C per minute or higher. 

On the other hand, the temperature elevation rate in the heat-treating depends on the 

performance of the heat-treating apparatus used. It is desirable to use a high temperature 

1 o elevation rate as high as possible within the range where no so-called overshooting occurs, 

in which the controlled temperature becomes higher than the desired temperature. 

[0079] 

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

It is necessary to continue applying the magnetic field during the heat-treating. 

15 Specifically, it is desirable to continue applying the magnetic field over a temperature 

range of from the heat-treating temperature down to 70°C during the cooling. 

[0080] 

In the process of manufacturing an MRAM, the heat-treating according to the present 

invention may also be carried out immediately after a MTJ is formed. However, it is 

2 o possible that film depositing of an interlayer insulation layer, for example, in case 

depositing a silicon oxide layer by plasma CVD, because this deposition is performed at a 

temperature of 300°C or higher, it is desirable that the heat-treating according to the 

present invention, that is performed after MTJ forming, is performed after this plasma 

CVD. 

25 [0081] 

[Evaluation of characteristics] 

An element for evaluating characteristics (hereafter, referred to as "TEG" (Test Element 

Group) that corresponds to an embodiment of the magnetoresistive effect element and the 

MRAM using the magnetoresistive effect element as a memory element, these are 

3 o according to the present invention, was prepared, and characteristics of the structure 

according to the present invention was evaluated. The evaluation of characteristics and the 

results are explained below. 

As illustrated in Fig. 5, the MRAM includes the transistor 13 for switching besides the 
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TMR element as a memory element. For the TEG, formation of the transistor 13 for 

switching on the semiconductor substrate 2, that is, on the semiconductor wafer was 

omitted. 

[0082] 

5 As shown in Fig. 7 presenting a schematic plan view and in Fig. 8 presenting a schematic 

cross-sectional view along the A-A line of Fig. 7, a 0.6 mm-thick semiconductor substrate 

(semiconductor wafer) 2 having formed on the surface thereof an insulation layer 12 made 

of a 2 µm-thick thermal oxide film was provided. 

On this semiconductor substrate 2 was formed a metal film for constituting a word line, 

1 o and then subjecting pattern etching by photolithography to form a word line WL that 

extends in one direction. 

At the etched part other than the part where the word line WL was formed, the oxide film 

on the surface of the semiconductor substrate 2, i.e., the insulation layer 12 was etched to 

a depth of 5 nm 

15 [0083] 

On a portion of the word line WL was fabricated a TMR element 1. The TMR element 1 

was fabricated such as, forming from the side of the semiconductor substrate 2, an 

underlayer 3 made of a 3 nm-thick Ta layer and a 100 nm-thick Cu layer, an 

antiferromagnetic layer 4 made of a 2 nm-thick PtMn layer, a magnetization fixed layer 5 

2 o comprising a non-magnetic conductive layer having a 3 nm-thick Co Fe layer and a 0. 8 

nm-thick Ru layer and a ferrimagnetic layer made of a 2.5 nm-thick CoFe layer, an 

intermediate layer 6 obtained by oxidizing 1 nm-thick Al, a magnetization free layer 7 

made of a 5 nm-thick FeCoB layer, and a protective layer 8 made of a 5 nm-thick Ta layer. 

[0084] 

2 5 Thus, a portion of the laminated film constitutes the TMR element 1. For this purpose, the 

part of the laminated film where the TMR element 1 was formed is provided thereon with 

a mask layer (not shown) made of a photoresist layer by photolithography. 

This mask layer was used as an etching mask for performing etching, for example, dry 

etching the laminated film is performed to form the TMR element with the laminated film 

3 o having a necessary pattern. 

Further, to cover the mask layer of the photoresist layer and periphery of the TMR element 

1, AhO3 of around 100 nm was sputtered. Thereafter, the mask layer was removed and the 

insulation layer on the TMR element 1 was removed, that is, lifted off, to expose the 

surface of the TMR element 1. 

27 

WD EX1012 
Western Digital v IP Bridge 

Page 248



[0085] 

In contact with the exposed TMR element 1 and extending across it was formed a metal 

film This was subjected to pattern etching by photolithography to form a bit line BL. 

[0086] 

5 This bit line BL and the word line WL, each of which was made of a Cu layer, were 

formed to have a pattern in which these extend in mutually crossing directions. 

[0087] 

The composition of FeCoB of the ferromagnetic layer 7 that constitutes the magnetization 

free layer, i.e., the information recording layer, was selected to be FesConB20 [atomic%]. 

10 The composition of CoFe of the ferromagnetic layer 5 that constitutes the magnetization 

fixed layer was selected to be Co1sFe2s [atomic%]. 

The tunnel barrier layer of the intermediate layer 6 was formed by first depositing an Al 

film to a thickness of 1 nm by DC sputtering and subsequently plasma oxidizing the metal 

Al film by ICP (Inductive Coupled Plasma) at a flow ratio of oxygen to argon being 1: 1 

15 with the gas pressure of the chamber being set to 0.1 mTorr. This oxidation time depended 

on the ICP plasma output. In this example, the oxidation was performed for 30 seconds. 

Film forming of layers other than the intermediate layer 6 was achieved by using a DC 

magnetron sputtering method. The TMR element 1 was made to have an elliptical pattern 

with a short axis of 0.5 µm and a long axis of 1.0 µm. 

20 [0088] 

The word lines WL and the bit lines BL were respectively fabricated by forming a metal 

film and patterning this by Ar plasma etching using photolithography. 

The both ends of the word line WL and of the bit line BL extended and were each 

provided with a terminal pad as shown in Fig. 7. 

2 5 A plurality of such TEGs was formed on the common substrate 2. 

The thus-fabricated sample TEGs were measured for their crystallization temperature, 

which showed 300°C. 

[0089] 

The thus-fabricated TEGs were heated in a magnetic field by using a field heat-treating 

30 apparatus. This heat-treating can also serve as ordering heat-treating for the 

antiferromagnetic layer 4 made of PtMn. Thus, a ferromagnetic tunnel junction MTJ was 

formed. 

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

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

The thus-fabricated TEGs, which were fabricated at various heat-treating temperatures, 

were measured for their TMR ratio, dispersion of inverted magnetic field He, and bias 

voltage dependence. These were measured as follows. 

5 [0091] 

[Measurement of TMR ratio] 

Recording of information to the memory element of the MRAM is achieved by use of 

induction magnetic field generated by applying current to the bit line and the word line. In 

the measurement of TMR ratios, the magnetization inversion of the information recording 

10 layer, i.e., the magnetization free layer 7 of the TEG was achieved by applying an external 

magnetic field. 

This measurement was performed by first applying an external magnetic field for causing 

the magnetization inversion of the information recording layer of the TMR element so that 

it in a direction parallel to its axis of easy magnetization. 

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

[0092] 

Next, the strength of the magnetic field was swept form -500 [Oe] to +500 [Oe] as seen 

from one of the axes of easy magnetization of the information recording layer and at the 

same time the bias voltage applied to the terminal pad 23 of the word line and the terminal 

20 pad 24 of the bit line BL was adjusted to 100 mV, in this state, tunnel current was flowed 

to the ferromagnetic tunnel junction (MTJ). Values of resistance against respective 

external magnetic fields were measured. 

[0093] 

A ratio of; a difference between a resistance value RH at a state in which the magnetization 

2 5 of the magnetization fixed layer 5 and the magnetization of the magnetization free layer 7 

are in antiparallel and the resistance is high and a resistance value RL at a state in which 

the magnetization of the magnetization fixed layer 5 and the magnetization of the 

magnetization free layer 7 are in parallel and the resistance is low, to RL; i.e., {(RH -

RL)/RL} x 100 was defined to be a TMR ratio. This TMR ratio is preferably 45% or higher 

30 to achieve satisfactory read-out characteristics. 

[0094] 

[Measurement of inverted magnetic field and dispersion thereof] 

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

above-mentioned method of measuring TMR ratios. R-H was measured for element by 
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element on the wafer and an average value and standard deviation cr of inverted magnetic 

field He were obtained. A dispersion value was calculated as an average value of cr/Hc. 

The dispersion of inverted magnetic field He is preferably 10% or less to improve the 

write-in characteristics. 

5 [0095] 

[Measurement of bias voltage dependence] 

The R-H curve was obtained by varying the bias voltage from 100 mV to 1,000 mV at 

intervals of 10 m V and TMR ratios were obtained based on the curve. The TMR ratios 

against the bias voltages were plotted. Based on this graph, a TMR ratio at 0 m V was 

10 obtained by extrapolating and then a bias voltage at which the TMR ratio was half the 

TMR ratio at 0 m V was obtained, and it was named Vhalf. 

Vhalfis preferably 550 mVorhigher. 

[0096] 

Fig. 9 shows results of measurements regarding the relationship between the heat-treating 

15 temperature and the TMR ratio (average value). Fig. 10 shows results of measurements 

regarding the relationship between the heat-treating temperature and the inverted magnetic 

field He. Fig. 11 shows results of measurements regarding the relationship between the 

heat-treating temperature and the deviation of the inverted magnetic field He. Fig. 12 

shows results of measurements regarding the relationship between the heat-treating 

20 temperature and the bias voltage (average value). 

[0097] 

Figs. 9 to 12 indicate that the heat-treating in a magnetic field at a temperature equal to or 

higher than the crystallization temperature of 300°C and equal to or lower than 400°C 

enables the TMR ratio, the inverted magnetic field He, the dispersion of the inverted 

2 5 magnetic field He, and the bias voltage to be within preferred characteristics ranges, 

respectively. 

[0098] 

Fig. 11 indicates that the heat-treating in a magnetic field at a temperature equal to or 

higher than the crystallization temperature and equal to or lower than 400°C clearly 

3 o reduces the dispersion of the inverted magnetic field among the TMR elements formed on 

the same wafer to improve the write-in characteristics directly and widely. 

Fig. 12 indicates that the bias voltage dependence ofTMR ratio is clearly reduced to give 

satisfactory effects on the write-in characteristics and the read-out characteristics directly. 
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[0099] 

Also, Figs. 9 and 10 indicate that the heat-treating in a magnetic field at a temperature in 

arrange from the crystallization temperature to 400°C enables improvement ofTMR ratio 

and maintenance of proper inverted magnetic field, which enables the element to have 

5 well-balanced satisfactory characteristics. 

[0100] 

It is evident from these results that the write-in characteristics and the read-out 

characteristics for MRAM are improved and further the error rates of these are widely 

improved. 

10 [0101] 

As described above, the present invention has a construction that at least a magnetization 

free layer, i.e., a ferromagnetic layer as an information recording layer of the memory 

element in a magnetic memory device, comprises FeCoB or FeCoNiB containing Bin an 

amount of, preferably 10 atomic % or more and 30 atomic % or less. Further, the present 

15 invention has a construction that for a sputtered film of the above feature, a ferromagnetic 

layer deposited as a layer with an amorphous or microcrystalline structure is heat-treated 

in a magnetic field to crystallize it. These enable stable enhancement of TMR ratio, 

improvement of inverted magnetic field, reduction in dispersion of the inverted magnetic 

field, improvement of asteroid characteristic by improvement of squareness in R-H 

2 o characteristic. 

[0102] 

In the above-mentioned example, explanation has been made mainly on the structure in 

which the intermediate layer 6 sandwiched by the pair of the ferromagnetic layers 5 and 7 

is made of a tunnel barrier layer, thus forming a TMR element. However, the 

25 magnetoresistive effect element may be possible to be a so-called GMR element of a 

spin-valve type having the intermediate layer 6 made of a non-magnetic conductive layer. 

[0103] 

Effects of the invention 

As described above, the magnetoresistive effect element according to the present invention 

3 o can achieve improvement of MR ratio, reduction in bias voltage dependence of MR ratio, 

decrease in inverted magnetic field, and decrease in dispersion of the inverted magnetic 

field, and improvement of asteroid characteristics. 

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

magnetoresistive effect element as a memory element, is particularly excellent in write-in 
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characteristics and read-out characteristics and can achieve improvement of error rates, 

stability and high reliability, and decrease in the power consumption. 

[Brief explanation of the drawings] 

Fig. 1 is a schematic cross-sectional view of an example of the magneto resistive effect 

5 element according to the present invention; 

Fig. 2 is a schematic cross-sectional view of another example of the magneto resistive 

effect element according to the present invention; 

Fig. 3 is a schematic cross-sectional view of an example of a field heat-treating apparatus 

for use in the manufacturing method according to the present invention; 

1 o Fig. 4 is a schematic perspective view of an example of the magnetic memory device 

according to the present invention; 

Fig. 5 is a schematic cross-sectional view of a memory cell in an example of the magnetic 

memory device according to the present invention; 

Fig. 6 is a diagram illustrating TMR measurement curves against external magnetic field 

15 of the TMR element according to the present invention and of the conventional TMR 

element; 

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

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

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

2 o Fig. 10 is a diagram illustrating a change in inverted magnetic field by heat-treating 

temperature; 

Fig. 11 is a diagram illustrating a change in a dispersion from element to element of 

inverted magnetic field by heat-treating temperature; and 

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

2 5 temperature. 

[Explanation of signs] 

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

4 ... antiferromagnetic layer, 5 ... ferromagnetic layer (magnetization fixed layer), Sa ... first 

magnetization fixed layer, Sb ... second magnetization fixed layer, Sc ... non-magnetic 

30 conductive layer, 6 ... intermediate layer (tunnel barrier layer), 7 ... ferromagnetic layer 

(magnetization free layer), 8 ... protective layer, 9 ... ferromagnetic tunnel junction, 

11 ... memory cell, 12 ... insulation layer, 13 ... transistor, 14 ... gate insulation layer, 

15 ... gate electrode, 16 ... source region, 1 7 ... drain region, 18 ... contact hole, 

19 ... conductive plug, 20 ... wire layer, 3, 4 ... terminal pads, 30 ... insulation layer, 31 to 
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34 ... first to fourth interlayer insulation layers, 131 ... vacuum chamber, 132 ... heating 

means, 133 ... magnetic field applying means, 134 ... rack, WL ... word line, BL ... bit line 
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, x + Y + z = 1 o o r:: J: -Q tl /iJi: c: 1" -Q ;:: c: ~ 1~ • c: 1" -Q ii * l.W 1 ac: t:::. rt 2 r:: !c ~ 0) ~n • 
J:.11J:.1i:t:/J••T. 
rii*l1i:4] 

...t !c 1> f,I. < c: t - 'jj 0) *j!j ~ • 0) ~i ~ll 'ti ~ ~ , *.§. /iJi: :it F e a C o b N i c B d ( *.§. /iJi: :it g:i , 

a ~ d f;:t mt T % ~ ~ 9 ) ~ ~ l , 5 ;;;; a ;;;; 4 5 , 3 5 ;;;; b ;;;; 8 5 , 0 < c ;;;; 3 5 , 1 0 ;;;; 

d ;;;; 3 0 , a + b + c + d = 1 0 0 r:: J: -Q tl JiJi; c: 9 -Q ;:: c: ~ 1~ ■ c: 9 -Q ii * lj 1 a,: t:::. f;:t 2 

r:: !c ~ 0) ~n • J:.11 J:.n: t:/J • • T • 20 
rii*l1i:5] 

...t !c ~n • j:]1 j:,n: t:/J •• T ti ' ...t !c g:i rai ~ ~ t--:., * JI, I\ 1) 7 ~ C: 9 -Q t--:., * JI, ~n • j:]1 j:,n: t:/J •• 
T ""f 0.i -Q ;:: c: ~ 1~ • c: 1" -Q ii * l.W 1 r:: !c ~ 0) ~n • J:.11 J:.n: t:/J • • T • 
rii*l1i:6] 

...tic~ 0) ~i ~n 'ti~ 0) - 1i ti, ~n 1t rm '.if'~ ""f 0.i ~J , ftB 1i tit ,ri tlHc ii~ ""f 0.i -Q A 1:: :., ,, JI, ::f !J:i 

~n • J:.11 J:.n: t:/J • • T ""f 0.i -Q ;:: c: ~ 1~ • c: 1" -Q ii * l.W 1 r:: ic ~ 0) ~n • J:.11 J:.n: t:/J • • T • 
rii*l1i:7] 

...t ic ~i ~n 'ti ~ tit fl ~ 7 I. 
1J tl ~ ~ ~ 1" -Q ;:: c: ~ 1~ • c: 1" -Q ii * l.W 1 r:: ic ~ 0) ~n • J:.11 J:.n: t:/J • 

.T. 
[ii* lj 8 ] 30 
~ 0) ~t ~tt 'ti ~ tit $ Fai ~ ~ 1)- l -c ~ rial ~ n -c tJ. ~) , ffl im r:: ~ l -c ~ ~ r:: ~ i.m ~ i.m 1" ;:: c: r:: J: 

--.:i -c ~n • J:.11 J:.n: ~ 1t ~ 1~ -Q ti /iJi: 0) ~n • J:.11 J:.n: t:/J • • T 0) ~ ~ 1i 5! ""f 0.i --.:i -c , 
...t !c ~i ~tt 'ti ~ 0) ? ~ 0) 1> f,I. < c: t - 1i 0) ~i ~tt 'ti ~ ~ , F e C o B iv.> -Q l,' f;:t F e C o N i B 

~ 'a" ~ 9 -Q 7 -'E JI, 7 7 A f,I. t,' l f;:t f,/.ll: *j!j ~ *.§. • 0) ~i ~tt 'ti ~;j' !¥4 ~ 0) JiJi; ffl I f~ c: , -f 0) 1& , i* ~i 
~n 'ti ~;j' !¥4 ~ 0) *j!j ~ 1t ;m. ~ i;J. ...t 0) ;m. ~ ""f , ~n ~ g:i ~ ~ ii l , ...t ic r -=c: JI, 7 7 A t,I. l,, l rt f,/.l( *j!j 

~ *.§. • ~ *j!j ~ • r:: tl ~ ~ ~ 1" -Q I *~ c: ~ t& -c ff~ /iJi: 1" -Q ;:: c: ~ 1~ ■ c: 1" -Q ~n • j:]1 j:,n: t:/J • • T 
0)~~1i5!. 
rii*l1i:9] 

...t !c F e C o B iv.> -Q l,' f;:t F e C o N i B ~ 'a" ~ 9 -Q 7 -'E JI, 7 7 A f,I. l,' l f;:t f,/.l( *j!j ~ *.§. • 0) ~i 
~n 'ti ~;j' !¥4 ~ ~ , A , , •:; 5 r:: J: --.:i -c /iJi: ffl 1" -Q ;:: c: ~ 1~ • c: 1" -Q ii * l.W s r:: ic ~ 0) ~n • J:.11 J:.n: t:/J 40 
•• T'O)~~'jj5$;. 
rii*l.W 1 0] 

...t !c 7 -'E JI, 7 7 A f,I. l,' l f;:t f,/.l( *j!j ~ *.§. • 0) ~i ~ll 'ti ~;j' !¥4 ~ ~ , *.§. /iJi: :it F e x C o y B 2 

( *.§. /iJi: :it g:i , x , y , z f;:t , mt T % ~ ~ 9 ) ~ ~ l , 5 ;;;; x ;;;; 4 5 , 3 5 ;;;; y ;;;; 8 5 , 1 

o ;;;; z ;;;; 3 o , x + Y + z = 1 o o r:: J: -Q tl /iJi: c: 1" -Q ;:: c: ~ 1~ • c: 1" -Q ii * I.W s ac: t:::. rt g 

r:: !c ~ 0) ~n • J:.11 J:.n: t:/J • • T 0) ~ ~ 1i 5! . 
rii*l.W 1 1] 

...t !c 7 -'E JI, 7 7 A f,I. l,' l f;:t f,/.l( *j!j ~ *.§. • 0) ~i ~ll 'ti ~;j' !¥4 ~ ~ , *.§. /iJi: :it F e a C o b N i c B d 

( *.§. /iJi: :it g:i , a ~ d f;:t mt T % ~ ~ 9 ) ~ ~ l , 5 ;;;; a ;;;; 4 5 , 3 5 ;;;; b ;;;; 8 5 , 0 < c ;;;; 

3 5 , 1 0 ;;;; d ;;;; 3 0 , a + b + c + d = 1 0 0 r:: J: -Q tl JiJi; c: 9 -Q ;:: c: ~ 1~ ■ c: 9 -Q ii * 50 
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(3) 

l.W s ac: t:::. rt g r:: !c ~ (J) nt • J:.11 J:.n: t:/J ~ ~ T (J) • ~ 1i 5! o 

r ii ~u.w 1 2 ] 

...tic~tt~g:i~~I!;m.~T c0cJ ~-
2so+2x (B-a-~:I: (%J) ;;;;T;;;;4oo 

JP 2004-31605 A 2004.1.29 

c: 1" -Q ;:: c: ~ 1~ • c: 1" -Q ii * l.W s r:: !c ~ (J) ~n • J:.11 J:.n: t:/J ~ ~ T (J) • ~ 1i 5! o 
rii*l.W 1 3] 

~ (J) ~t ~tt 'ti ~ ti $ Fai ~ ~ 1)- l -c ~ rial ~ n -c tJ. ~) , ffl im r:: ~ l -c ~ ~ r:: ~ i.m ~ i.m 1" ;:: c: r:: J: 

--.:i -c ~n • J:.11 J:.n: ~ 1t ~ 1~ -Q ti JiJl (J) ~n • J:.11 J:.n: t:/J ~ ~ T c: , 
i* ~n • J:.11 J:.n: t:/J ~ ~ T ~ ~ ~ 1i rial r:: J=~ ct,, 'J - t-:' $JR iB J: tJ 1::' ·:; t--$JR c: ~ 11 ~ , 
...t !c ~i ~tt 'ti ~ (J) ? ~ (J) 1> f,I. < c: t - 1i ti , F e C o B iv.> -Q l,' [;:t F e C o N B ~ 'a" ~ 9 -Q 10 

M~•(J)•mtt~~~9-Q;::c:~ffi ■ c:1"-Qm•~~~~-o 

rii*l.W 1 4] 
...t !c 1> f,I. < c: t - 1i (J) $j!j ~ • (J) ~i ~tt 'ti ~ ti , ...t !c F e C o B iv.> -Q l,' [;:t F e C o N i B ~ 'a" 
~ 1" -Q A,, •:; 5 ffl (J) *j!j ~ • 1t ~i ~n 'ti~ ""f 0.i -Q ;:: c: ~ 1~ • c: 1" -Q ii* l.W 1 3 r:: ic ~ (J) ~n • ~ 

~ 1) ~. o 

rii*l.W 1 5] 
...t !c 1> f,I. < C: t - 1i (J) $j!j ~ • (J) ~i ~ll 'ti ~ ~ , $.§. JiJl :it F e x C o y B 2 ( $.§. JiJl :it 9J , 

x , y , z [;:t , mt T % ~ ~ 9 ) ~ ~ l , 5 ;;;; x ;;;; 4 5 , 3 5 ;;;; y ;;;; 8 5 , 1 0 ;;;; z ;;;; 3 0 

, x + Y + z = 1 o o r:: J: -Q tl JiJl c: 1" -Q ;:: c: ~ 1~ • c: 1" -Q ii * I.W 1 3 ac: t:::. rt 1 4 r:: !c ~ (J) 

~n • ~ ~ 1) ~ • o 20 
rii*l.W 1 6] 

...t !c 1> f,I. < c: t - 'jj (J) $j!j ~ • (J) ~i ~ll 'ti ~ ~ , $.§. /iJt :it F e a C o b N i c B d ( $.§. /iJt :it g:i , 
a ~ d [;:t mt T % ~ ~ 9 ) ~ ~ l , 5 ;;;; a ;;;; 4 5 , 3 5 ;;;; b ;;;; 8 5 , 0 < c ;;;; 3 5 , 1 0 ;;;; 

d ;;;; 3 0 , a + b + c + d = 1 0 0 r:: J: -Q tl JiJl c: 9 -Q ;:: c: ~ 1~ ■ c: 9 -Q ii * lj 1 3 a,: t:::. [;:t 
1 4 r:: ic ~ (J) ~n • ~ ~ 1J ~ a 0 

rii*l.W 1 7] 

...t !c ~n • j:]1 j:,n: t:/J ~ ~ T ti ' ...t !c g:i rai ~ ~ t--:., * JI, I\ 1) 7 ~ C: 9 -Q t--:., * JI, ~n • j:]1 j:,n: t:/J ~ ~ 
T ""f 0.i -Q ;:: c: ~ 1~ • c: 1" -Q ii * l.W 1 3 r:: ic ~ (J) ~n • ~ ~ 1J ~ a 0 

rii*l.W 1 8] 
...tic~ (J) ~i ~n 'ti~ (J) -1i ti, ~n 1t rm '.if'~ ""f 0.i ~J , ftB 1i ti 'tit& ic ii~ ""f 0.i -Q A 1:: :., ,, JI, -::f !J:i 30 

~n • J:.11 J:.n: t:/J ~ ~ T ""f 0.i -Q ;:: c: ~ 1~ • c: 1" -Q ii * l.W 1 3 r:: ic ~ (J) ~n • ~ ~ 1J ~ • 0 

rii*l.W 1 9] 
...t ic ~i ~n 'ti ~ ti fl ~ 7 I. 1J tl ~ ~ ~ 1" -Q ;:: c: ~ 1~ • c: 1" -Q ii * l.W 1 3 r:: ic ~ (J) ~n • ~ ~ 1J 

~- 0 

rii*l.W 2 0] 
~ (J) ~t ~tt 'ti ~ ti $ Fai ~ ~ 1)- l -c ~ rial ~ n -c tJ. ~) , ffl im r:: ~ l -c ~ ~ r:: ~ i.m ~ i.m 1" ;:: c: r:: J: 

--.:i -c ~n • J:.11 J:.n: ~ 1t ~ 1~ -Q ti JiJl (J) ~n • J:.11 J:.n: t:/J ~ ~ T c: , i* ~n • J:.11 J:.n: t:/J ~ ~ T ~ ~ ~ 1i rial r:: J=~ 
~'J-~-i:BJ:tJ~~t--•c:~-~-Q--~~~~-(J)-~'jj$""fiv.>-::>-C, 
...t !c ~i ~tt 'ti ~ (J) ? ~ (J) 1> f,I. < c: t - 1i ~ , F e C o B iv.> -Q l,' [;:t F e C o N i B ~ 'a" ~ 9 -Q 
7 ~ JI, 7 7 A f,I. t,' l [;:t f,/.ll: $j!j ~ $.§. • (J) ~t ~n 'ti ~;j" !¥4 ~ ~ JiJl ffl l , t (J) 1& , i* ~t ~n 'ti ~;j" !¥4 ~ (J) $j!j 40 
~ {t ;m_ ~ J;). ...t (J) ;m_ ~ ""f , ~n ~ 9J ~ ~ !! l , ...t !c 7 ~ JI, 7 7 A f,I. l,' l [;:t f,/.l( $j!j ~ $.§. • ~ $j!j ~ • 

r:: tl ~ ~ ~ 1" -Q ;:: c: ~ 1~ • c: 1" -Q ~n • ~ ~ 1J ~ a (J) • ~ 1i 5! 0 

rii*l.W 2 1] 
...t !c 1> f,I. < c: t - 1i (J) F e C o B iv.> -Q l,' [;:t F e C o N i B ~ 'a" ~ 9 -Q 7 ~ JI, 7 7 A f,I. l,' l 
rt f,/.ll: $j!j ~ $.§. • (J) ~t ~n 'ti ~;!" !¥4 ~ ~ A , , •:; 5 r:: J: --.:i -c JiJl ffl 1" -Q ;:: c: ~ 1~ • c: 1" -Q ii * l.W 2 o r:: 

ic ~ (J) ~n • ~ ~ 1J ~ • (J) • ~ 1i 5! o 

rii*l.W 2 2] 
...t !c 7 ~ JI, 7 7 A f,I. l,' l [;:t f,/.l( $j!j ~ $.§. • (J) ~i ~ll 'ti ~;j" !¥4 ~ ti , $.§. JiJl :it F e x C o y B 2 

( $.§. /iJt :it g:i , x , y , z [;:t , mt T % ~ ~ 9 ) ~ ~ l , 5 ;;;; x ;;;; 4 5 , 3 5 ;;;; y ;;;; 8 5 , 1 

o ;;;; z ;;;; 3 o , x + Y + z = 1 o o r:: J: -Q tl JiJl c: 1" -Q ;:: c: ~ 1~ • c: 1" -Q ii * I.W 2 o ac: t:::. rt so 
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2 1 r:: ic ~ (J) nt • ;,1. -=c: 1J ~ a (J) ~ ~ 1i 5! 0 

rii~u.w 2 3 l 

(4) JP 2004-31605 A 2004.1.29 

...t !c 7 -'E JI, 7 7 A f,I. l,' l f;:t f,/.l( *j!j ~ *.§. • (J) ~i U! 'ti ;j;;j' !¥4 ~ ti , *.§. JiJi; :it F e a C o b N i c B d 

( *.§. /iJi: :it g:i , a ~ d f;:t ffli: T % ~ ~ 9 ) ~ ~ l , 5 ;;;; a ;;;; 4 5 , 3 5 ;;;; b ;;;; 8 5 , 0 < c ;;;; 

3 5 , 1 0 ;;;; d ;;;; 3 0 , a + b + c + d = 1 0 0 r:: J: -Q tl JiJi; c: 9 -Q ;:: c: ~ 1~ 1M& c: 9 -Q ii * 
l.W 2 o ac: t:::. rt 2 1 r:: ic ~ (J) nt • ;,1. -=c: 1J ~ a (J) ~ ~ 1i 5! 0 

rii*l.W 2 4] 
...tic~tt~g:i~~I!;m.~T c0 cJ ~-
2so+2x (B-a-~:I: (%J) ;;;;T;;;;4oo 

c: 1" -Q ;:: c: ~ 1~ 1M& c: 1" -Q ii * l.W 2 o r:: ic ~ (J) ~n • ;,1. -=c: 1J ~ a (J) ~ ~ 1i 5! 0 

[ ~ B)l (J) il *8J f,I. i~ B)l ] 

[0001] 

[ ~ B)l (J) ~ 9 -Q t1 ffi o/.J' !'f ] 
* ~ BJl rt , ~n • r.11 :f.n: t:/J ~ ~ T iB J: u: ~n • ;,1. -=c: 1J ~ • c: ;:: n G (J) ~ ~ 1i 5! r:: ~ ;t? -Q 0 

[0002] 

[~*(J)}_tf,f.j] 

'ti t& im f"~ ti ~ , 1~ r:: ~ * 1ilil * tJ. c (J) f@l J... m ,1, !J:i ti ~ (J) m m a'-J tJ. -a-& r:: ff l,, , ;:: n ~ ti JiJi: 1" 
-Q ;,1. -=c: 1J -\!> □ 1/ •:; 1J tJ. c (J) ~ T r:: rt , ~ ~ fl 1t , ~ if 1t , f.11 ~ :fJ 1t tJ. c , - ~ (J) ~ 'ti 1i~ 1t 
ti ~ ii ~ n -c t,, -Q o 1~ r:: ~ :fi ~ 'ti ;,1. -=c: 1J (J) ~ ~ ~ • ~ ~ :I: 1t rt , 'i:iJ tJJ '€l'B o/.J' (J) ff tt r:: J: ~J * 

10 

~ a'-.1 I:: 1j, !J:/ {t ti ~ 'i:iJ Ii~ f,I. 1 \ - t-:' =f' 1' A ? -\o -if. =f' 1' A ? ~ ii': ~ ~ ~ -Q t1 f,f.j c: l -C , a,: 9 a,: 9 20 
~ ~ r:: tJ. --.:i -c ~ -c t,, -Q o 

[0003] 

~ :fi ~ 'ti ;,1. -=c: 1J c: l -c rt , -=¥-w f* ~ m l,, t:::. 7 -3 •:; 1/ .:i. ;,1. -=c: 1J -\!> , ~i ~ ~ f* ~ m l,, t:::. F R A 

M(Ferro electric Random Access Memory ;~i 
~ ~ f* j. -'E 1) ) ~ ti * If G ;h, -Q O 

l fJ\ l f,I. tJ{ G , 7 -3 ':J 1/ .:i. J. -'E 1) f;:t , ~ ~ :i2:, Jj. if ~ tJ{ µ t.P ;;1- - If - ""f iv.> -Q c: t,' -3 X -~ tJ{ iv.> 

-Q O - 1i , F R A M r:: iP l, \ ""( f;:t , ~ ~ ~ ~ 'i:iJ Ii~ @] ej& tJ{ 1> f,I. l, \ C: l, \ ? r", ~ tJ{ rn :fj\ilj ~ ;h, ""( l, \ -Q 

[0004] 

;:: ;h, G (J) X -~ tJ{ f,I. l,' ~ :fi ~ 'ti ;,I. -'E 1) c: l -C ;i El ~ ;h, -C l,' -Q (J) tJ{ , ,f§ij ~ rt I W a n g e t 30 
a I . , I E E E T r a n s . M a g n . 3 3 ( 1 9 9 7 ) , 4 4 9 8 J I:: !c ~ 

~ ;h, -C l,' -Q J: -3 f,I. , 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 

ory ) c:~~;h,,Qm•;,1.-=c:~~-"°fiv.l-Qo 
[0005] 

;:: (J) M R A M f;:t , tl ~ tJt li! ~ ""f iv.> -Q t:::. d) ~ ~ fl {t tJt ~ ~ ""f iv.> ~) , a,: t:::. ~tt • -'E - J. :., t--(J) @l 

,i r:: J: -Q !c •ii tJ{ tJ. ~ n -Q ;:: c: tJ, G , ~ ~ ~ 'i:iJ 1i~ @l eJ& tJ{ ~ ;t? d) -c ~ ~ l,, c: l,, -3 1~ 1M& tJ{ 0.i -Q o 

a,: t:::. , ;:: (J) M R A M f;:t , 7 ? -tz A ~ rai ~ tJ, f,I. ~) ~ if {t 9 -Q ;:: c: fJ{ ""f ~ -Q c: 'f ~ ~ ;h, -C l,' -C 

, ~31: I:: , -J- / t.P "El' ""f (J) t1J 1'1= tJt 'i:iJ Ii~ ""f iv.> -Q ;:: c: (J) Mi. i~ tJt f,I. ~ ;h, -C t,' -Q o 
[0006] 

;:: (J) M R A M (J) ;,1. -=c: 1J ~ T ~ ti /iJi: 1" -Q ~n • :f.11 :f.n: t:/J ~ ~ T c: l -c , t--:., * JI, ~n • :f.11 :f.n: t:/J ~ 40 
T u n n e I M a g n e t o r e s i s t a n c e : T M R ) ~ T tJ{ iv.> -Q o ;:: (J) T M R 

~ T (J) ~ * a'-J ti ~ rt , ~i ~n 'ti ~ / t--:., * JI, , , 1J r ~ / ~i ~n 'ti ~ (J) fl ~ ti ~ r:: J: -Q 0 

;:: (J) T M R ~ T I:: iv.> -::> -C f;:t , t (J) t--:., .::i'-JI, 1 \ 1) 7 ~ ~ 1)- l -C !12 ii': ~ ;h, t:::. ~ (J) ~i ~tt 'ti ~ rai I:: 
- '.if' (J) ~ i.m ~ im ~ l t:::. ~t ~ ""f , ~1-'€l'B ~n ~ ~ ~~ :t.1 □ 1" -Q ;:: c: r:: J: --.:i -c , f.!jj" ~i ~n 'ti ~ (J) ~n 1t (J) ;J-§ 

~ ,i ~ r:: rit l.:'.. -c ~n • :f.11 :f.n: t:/J ~ tJ{ IJI. n -Q o ;:: (J) c: ~ , f.!jj" ~i ~n 'ti ~ (J) :a: l,, (J) ~n 1t (J) rial ~ tJ{ & :;:µ: 

fi (J) ~ .g-f;:t :f.11 :f.n: f~ tJ{ i& ~ c: f,I. ~) , 3¥ fi (J) ~ .g-f;:t :f.11 :f.n: f~ tJ{ i& 1J, c: f,I. -Q o l t:::. tJt -:> -C , ;:: (J) T 

M R ~ T f;:t , ~1-'€l'B ~n ~ r:: J: ~) ...t i!l! l t:::. & 3¥ fi c: :;:µ: fi (J) ~t ~ ~ 1'1= ~) ttl 1" ;:: c: r:: J: --.:i -c , :f.11 :f.n: 
f~ ~ 1t c: l -c , 'ti t& (J) ic ii ~ fi -3 ;:: c: tJ{ ""f ~ , ;,1. -=c: 1J ~ T c: l -c ti 1i~ ~ ii -Q ;:: c: tJ{ ""f ~ -Q 

[0007] 50 
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(5) JP 2004-31605 A 2004.1.29 

1~ r:: A I::" :., , , JI, -::f !J:i (J) T M R ~ T r:: iB t,, -c r;:t , ~ (J) ~t U! 'ti ~ (J) - 1i (J) ~t U! 'ti ~ r;:t , ;:: n r:: 
& ~t U! 'ti ~ ~ ~ ti !12 ii': l -c , ;:: (J) & ~t U! 'ti ~ c: (J) & ~t U! 'ti *j!j .g-r:: J: --.:i -c U! {t (J) rial ~ ~ - '.if' 
(J) rial ~ r:: rm '.if' ~ ii -Q ;:: c: r:: J: --.:i -c rm '.if' nt 1t ~ c: 1" -Q t (J) "'f 0.i -Q o 

-f l -c , flB 1i (J) ~t U! 'ti ~ ~ , ~1-'€l'B U! ~ ~ r:: J: --.:i -c ~ ~ r:: U! {t & fi 1" -Q U! {t El EB ~ c: l , ;:: 
(J) nt 1t El EB ~ ~ t --.:i -c nt ~ ;,1. -=c: 1J ~ ii': r:: iB t,, -c rt , 'ti t& i2 ii ~ c: 1" -Q t (J) "'f 0.i -Q o 

[0008] 

;:: (J) A I:: :., 1 \ JI, -::f !J:i (J) T M R ~ T r:: i:13 It -Q j:]1 j:,n: f~ (J) ~ {t -1¥ r;:t , t (J) ~ (J) ~i U! 'ti ~ (J) t ;h, -f 
;h,(J)At:::.,o/.J'1i-1¥~P1 , P2 C:9-QC:, 7'!2(]):it (1) "'f~~;h,-Qo 

2P1 P2 /(1-P1 P2) (1) 

-::> a,: ~) , f.!jj' ~i U! 'ti ~ (J) A I::" :., o/.J' -ti -¥ P 1 , P 2 ti ~ ~ t,' f~ , J:.11 J:.n: ~ {t -¥ ti ~ ~ < f,I. -Q 10 
o ;:: (J) j:]1 j:,n: ~ {t -1¥ c: ~i U! 'ti ~ (J) ~;j' !¥4 c: (J) ~ f* r:: -::> l,' -C r;:t , 9 "'f r:: , F e , C o , N i ~ (J) 

F e ~ (J) ~i U! 'ti ~ ~ -\o , -f ;h, G (J) ;:: ;h, G 1ri ~ (J) .g-1ri r:: -::> t,' -C (J) ¥& "i3' ti f,I. ~ ;h, -C t,' -Q o 

[0009] 

c: ;:: ,:, "'f , M R A M (J) ~ ;;$-a'-J -tl /iJi: r;:t , f§ij ~ rt 1~ lffl 3¥ 1 0 - 1 1 6 4 9 0 ~ 0 ¥& r:: lffl ;r-~ ;h, 

-c t,' -Q J: -3 r:: , ~ eJ& (J) t:::' ·:; t--~ ~ :i6 Jj. *i ( t,' ;I? l'P -Q t:::' ·:; t--*i ) c: , ;:: n G ~ eJ& (J) t:::' ·:; t--*i 
r:: ~ ~ 9 -Q ~ eJ& (J) 'J - t-:' ~ ~ :i2:, Jj. *i ( t,' ;I? l'P -Q 'J - t-:' *i ) c: ~ ~ It , ;:: ;h, G t:::' ·:; t--*i c: 'J 
- t-:' *i c: (J) ft 1* a'-J ~ x '€l'B r:: nt ~ ;,1. -=c: 1J ~ T c: l -c (J) T M R ~ T ti 112 ii': ~ n -Q o ;:: (J) M R A 

M "'f (J) !2 ii r;:t ' 7 A T □ ,{ t,:' 1~ 'ti ~ fl] m l t:::. T M R ~ T r:: ~ 9 -Q ~ J:R ~ ~ :i2:, Jj. r:: J: -Q 0 

[0010] 

1" tJ. ;I? ~ , 1::· ·:; t--*i iB J: u: 'J - t-:' *i r:: ~ J:R a'-.1 r:: /'Ji' ~ (J) im ~ ti tJ. ~ n -c , ;:: n r:: J: --.:i -c ~ ~ 20 
1" -Q :a: t,, r:: ~ ~ 1" -Q 1i rial (J) ~ W U! ~ (J) .g-/iJi: r:: J: -Q & fi ~1-'€l'B U! ~ ~ , ~ J:R ~ n t:::. T M R ~ T 
r:: ~~ :t.1 □ l -c , -f (J) U! {t El EB ~ 1" tJ. ;I? ~ 'ti ¥& !2 ii ~ (J) U! {t (J) rial ~ ~ ...t i!l! l t:::. U! {t Im '.if' ~ (J) U! 
{t (J) rial ~ c: 3¥ fi t l < r;:t & 3¥ fi c: l -C , f§IJ ~ rt " o " , " 1 " (J) !2 ii ~ fi -3 o 

[0011] 

;:: (J) M R A M r:: ft FF.I ~ n -Q t:::' ':J t--*i iB J: U: 'J - t,:' *i r:: r;:t , im ~ (J) -=¥-W 1* ~ ii': r:: iB It -Q !12 *i 
~;j' !¥4 (J) C u -\o ' A I ~ (J) w 1* 5W ffl ti 11 m ~ ;h, -Q O ;:: (J) J: ? f,I. im ~ (J) !12 *i ~;j' !¥4 ~ m l, \ ' fJ\ -::> 

*i ~j 0 . 2 5 µ m (J) t:::' ':J t--*i iP J: tJ 'J - t,:' *i r:: J: -::> -C f§ij ~ rt & fi U! ~ H c tJ{ 2 0 ( 0 e J 
"'f 0.) -Q U! ~ j. -'E 1) ~ T r:: ~ l ""( ' ~ ~ :i2:, Jj. ~ fi ? r:: r;:t ' *~ 2 m A (J) ~ i.m tJ{ ~' ~ C: f,I. -Q O t:::' 

':J t--*i iP J: tJ 'J - t,:' *i (J) ~ ~ tJ{ , *i ~j c: f§J l'., 0 . 2 5 µ m "'f iv.> -Q ~ .g-, ;:: (J) c: ~ (J) ~ i.m ~ 
~ r;:t , I I/ ? t--D ? ,{ If v - 1/ :3 :., r:: J: -Q [!Ir *i Bi ~ f~ r:: ili l,' 3 . 2 x 1 0 

6 
A / c m 

2 30 
"°f0.J-Qo 

l t:::. tJ{ --.:i -c , 112 *i (J) 1"~ i.!i 'ti ~ *i J:~ 1" -Q t:::. d) r:: rt , ~ ~ :i6 Jj. ~ i.m (J) f.11 ;~ tJ{ ~ 'i:iJ x "'f 0.i -Q o 

ac: t:::. , ~ ~ :i6 Jj. ~ i.m r:: J: -Q ~ ~ (J) r", ~ -\!> , i~ :1 ~ n (J) f.11 ;~ (J) n .~ tJ, G t , ~ ~ :i6 Jj. ~ i.m ~ 
f.11 ;~ ~ ii -Q ~' ~ tJ{ 0.) -Q O 

[0012] 

M R A M r:: iB It -Q ~ ~ :i6 # ~ i.m (J) f.11 ;~ ~ ~ IJI, 1" -Q -cf-;$; c: l -c , T M R ~ T (J) & fi U! ~ ~ f.11 
;~ ~ ii -Q ;:: c: tJt * If G ;h, -Q o 

T M R ~ T (J) & ,i nt ~ H c rt , T M R ~ T (J) ~ ~ ~ , ff~ ~t , ~ -tl /iJi: , ~;j' !¥4 (J) ~ J:R ~ r:: J: --.:i 

-C JOO 1r ;;R; '.if' ~ ;h, -Q t (J) "'f iv.> -Q o l tJ, l f,I. tJt G , f§IJ ~ rt M R A M (J) !2 ii ~ ~ (J) rial ...t ~ El a'-.1 c: 
l -C T M R ~ T ~ f,/.ll: *8l {t l t:::. ~ .g-r:: r;:t , T M R ~ T (J) & fi U! ~ tJ{ ...t ~ 9 -Q c: t,' -3 ~ tm .g-tJ{ 40 
~ l'., -Q o l t:::. tJt -:> -C , M R A M (J) f,/.l( *8l {t 9 f,I. ;I? ~ ~ ~ fl {t c: , ~ ~ :i2:, Jj. ~ i.m (J) f.11 ;~ c: ~ f§J 

~ r:: ii /iJi: 1" -Q t:::. d) r:: r;:t , ~;j' !¥4 im fJ\ G T M R ~ T (J) & fi U! ~ (J) f.11 ;~ {t ~ ii /iJi: 1" -Q ~' ~ tJ{ iv.> -Q 

[0013] 

ac: t:::. , M R A M r:: iB t,, -c , :e-;,1. -=c: 1J ~ T c: tJ. -Q T M R ~ T (J) nt ~ 1~ 'ti tJ{ ~ T ~ r:: rt G -::> t,, 

t:::. ~) , f§J - ~ T r:: -::> t,' -C (J) ~ ~) ~ l ft FF.I "'f , U! ~ 1~ 'ti r:: rt G -::> ~ tJ{ ~ l.:'.. -Q c: , 7 A T □ -1' 

t-:' 1~ 'ti ~ 11 m l t:::. ~ J:R ~ ~ :i6 Jj. tJ{ ~ •t r:: tJ. -Q c: l,, -3 r", ~ tJ{ 0.i -Q o 

l t:::. tJ{ --.:i -C , 'e- T M R ~ T r:: iB t,' -C , ti: '.if' l -C I! ~ a'-.1 f,I. 7 A T □ -1' t,:' mi *i ~ :fie fJ\ ii -Q r:: ~' 
~ f,I. U! ~ 1~ 'ti tJ{ * d) G ;h, -Q o I! ~ a'-.] f,I. 7 A T D -1' t,:' mi *i ~ :fie tJ, ii -Q t:::. d) r:: r;:t , T M R j)IIJ '.if' 
~ fi --.:i t:::. ~ (J) R - H ( j:]1 j:,n: - U! ~ ) mi *i r:: i:13 l,' -C 1 \ JI, ? 1 \ ? ·I±' :., / -1' ;{ ~ (J) / -1' ;{ tJ{ f,I. l,' 50 
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(6) JP 2004-31605 A 2004.1.29 

;:: c: , i~ ff~ (J) %l ff~ 'ti ti Ill t,, ;:: c: , U! {t ~t ~ ti ti: '.if' l -c iB ~) , & fi U! ~ (J) rt G -::> ~ ti 1> tJ. t,, 

;::c:ti~,~"°f0.J-Qo 
[0014] 

T M R ~ T (J) 1ti ¥& ~ Jj. tl:l l r;:t , ...t i!l! l t:::. t--:., .::i'-JI, 1 \ 1) 7 ~ ~ 1)- l -C !12 ii': ~ ;h, t:::. 1ti ¥& !2 ii ~ 
c: U! {t Im '.if' ~ c: (J) U! ~ -=c: - J. :., t--ti & 3¥ fi ""f J:.11 J:.n: f~ ti ~ t,' ~t ~ (J) , i§IJ ~ rt " 1 " , -f (J) ~ 

r:: , :a: t,, (J) nt ~ -=c: - ;,1. :., t--ti :;:µ: fi ""f J:.11 J:.n: f~ ti f.11 t,, ~t ~ (J) , i§IJ ~ rt " o " ~ , i§IJ ~ rt - '.if' , , 
-1' 7 A ~ EE ""f (J) ~ ~ EE (J) ~ tl:l r:: J: ~) fi -3 o 
l t:::. ti --.:i -C , ~ T Fai (J) J:.11 j:,n: (J) rt G -::> ~ ti f§J l.:'.. ""f iv.> -Q ~ .g-r:: r;:t , T M R .tt ti ~ t,' rj c , ~ if 
""f ~ fl • ti ~ < ' I 7 - I/ - t--(J) f.11 l, \ j. -'E 1) ~ ii': ti ~ IJI, ""f ~ -Q 0 

[0015] 10 

a,: t:::. , T M R ~ T r:: r;:t j:]1 j:,n: ~ {t -1¥ (J) 1 \ -1' 7 A ~ EE ft< ff 'ti ti ff tt l , 1 \ -1' 7 A ~ EE ti ...t ~ 9 
-Q r:: -::> ;h, -C , T M R .tt ti i~ 1> l -C l,' < ;:: c: ti ~□ G ;h, -C l,' -Q o 
-f l -c , ~ ~ i.m ac: t:::. rt ~ ~ EE ""f ~ Jj. tl:l l ~ fi -3 ~ .g-r:: , ~ < (J) ~ .g-, J:.11 J:.n: ~ 1t i¥ ti , , , -1 

7 A ~ EE ft< ff 'ti r:: J: ~) -=¥-i~ 9 -Q ~ EE V h a I f ""f ~ Jj. tl:l l f"~ ~ (J) i& ~ f~ ~ c: -Q ;:: c: ti ti ~□ 

G n -c t,, -Q (J) ""f , , , -1' 7 A ~ EE ft< ff 'ti ti ,1, ~ t,, rj c ~ Jj. tl:l l I -5 - (J) f.11 i~ r:: iB t,, -c ~ t:/J ""f 
0.) -Q 0 

[0016] 

[~BJltiA~5;R; lJ: -3 C:9-Q~J~] 
...t i!!! l t:::. J: -3 r:: , M R A M r:: m t,, G n -Q T M R ~ T r:: r;:t , ...t i!!! (J) ~ ~ :i6 # 1~ 'ti ~ ftj:. c: , ~ 

Jj. tl:l l 1~ 'ti ~ ftj:. c: ~ f§J ~ r:: ;7li JE. 1" -Q ;:: c: ti ~' ~ ""f iv.> -Q o 20 
l tJ, l f,I. tJt G , T M R ~ T (J) ~i U! 'ti~ (J) ~;j' !¥4 ~ ~ J:R 9 -Q ~ .g-r:: , :it ( 1 ) (J) P 1 iB J: U: 
P 2 ""f ;r- ~ ;h, -Q A I:: :., o/.J' -ti -1¥ tJ{ ~ ~ < f,I. -Q J: -3 f,I. .g-1ti *.§. JiJi; ~ C o , F e , N i (J) ~i U! 'ti 
~ ft 1ri ~ ~ ~ (J) Jj. ~ JiJi: o/.J' c: 1" -Q ~;j' !¥4 tJ, G ~ J:R 1" -Q c: , - ~~ a'-.1 r:: T M R ~ T (J) & ,i nt ~ H c 
tJ{ ±~ ~ 1" -Q fti rial r:: 0.i -Q o 

[0017] 

i§IJ ~ rt C o 7 5 F e 2 5 ( mt T % ) .g-1ri ~ ~ 'ti ¥& !2 ii ~ r:: FF.I l,' t:::. ~ .g-r;:t , A I:: :., o/.J' -ti -1¥ tJ{ 

~ ~ < 4 0 % J;). ...t (J) ~ l, \ T M R .tt ~ Mi. f!i!: ""f ~ -Q tJ{ ' & fi U! ~ H C t ~ < f,I. -Q 0 

;:: ;h, r:: ~ l -C , ~ U! 'ti ~;j' !¥4 c: l -C ~□ G ;h, -C l,' -Q 1, - ? □ -1' c: ~;p. ;ffJi ~ ;h, -Q N i 8 o F e 2 o 
c mt T % ) .g-1ri ~ ~ m l,, t:::. ~ .g-r:: rt , & ,i nt ~ H c (J) 1.11 i~ rt 'i:iJ 1i~ ""f rt 0.i -Q t (J) (J) , ...t i!l! (J) 

C o 7 5 F e 2 5 ( mt T % ) .g-1ri c: .tt f~ l -C A I:: :., o/.J' -ti -1¥ tJ{ 1J, ~ < f,I. -Q ;:: c: tJ, G , T M R 30 

~~33%mmac:""f~~l-Clac:-3o 
a,: t:::. , C o 9 0 F e 1 0 ( mt T % ) r;:t , *~ 3 7 % (J) T M R .tt tJ{ 1~ G ;h, -Q c: c: t r:: , & fi U! 
~ H c ~...ti!l!(J) Co 7 5 Fe 2 5 (mtT%) .g-1fi C: N i 8 0 Fe 2 0 (mtT%) .g-1fi C: (J) 

g:i Fai f~ m r:: tfP ~ G ;h, -Q tJ{ , R - H mi *i (J) %l ff~ .tt tJ{ % ~) , ~ ~ :i2:, Jj. ~ 'i:iJ Ii~ c: 9 -Q 7 A T □ -1' 
t-:' 1~ 'ti tJt 1~ G n tJ. t,, o a,: t:::. , ~ T ~ (J) 1ti ¥& !2 ii ~ (J) & fi U! ~ tJt ti: '.if' l tJ. t,, c: t,, -3 r"i ~ t ~ 
~ 9 -Q 0 

[0018] 

* ~ B)l r;:t , 1~ '.if' ~;j' !¥4 r:: J: -Q ~t U! 'ti ~ c: , -f (J) ff~ /iJi: ~ ftj:. (J) ~ '.if' r:: J: --.:i -c ...t i!l! l t:::. ~ ~ :i6 # 1~ 
'ti c: , ~ Jj. tl:l l 1~ 'ti c: ~ f§J ~ r:: rial ...t 1" -Q ;:: c: tJ{ ""f ~ -Q nt ~ J:.11 J:.n: t:/J ~ ~ T iB J: u: nt ~ ;,1. -=c: 1J 
~ ii': , ~ G r:: ;:: n G (J) ~ ~ 1i 5! ~ :ti f~ 1" -Q t (J) ""f iv.> -Q o 

[0019] 

[ ~J ~ ~ A~ 5::R; 1" -Q t:::. d) (J) -cf-ffi ] 
:;$-~ BJl r;:t , ~ (J) ~i U! 'ti ~ tJt g:i Fai ~ ~ 1)- l -C ~ rial ~ ;h, -C f,I. ~) , ffl im r:: ~ l -C ~ ~ r:: ~ i.m ~ i.m 
1" ;:: c: r:: J: --.:i -c U! ~ J:.11 J:.n: ~ {t ~ 1~ -Q -tl /iJi: (J) U! ~ J:.11 J:.n: t:/J ~ ~ T ""f iv.> --.:i -c , -f (J) ~t U! 'ti ~ (J) -3 
~ (J) 1> f,I. < c: t - 1i tJ{ , F e C o B iv.> -Q l,' r;:t F e C o N i B ~ 'a" ~ 9 -Q *j!j ~ ~ (J) ~i U! 'ti ~ 
~~9-Q1l/iJi:c:1"-Qo 
*j!j ~ ~ (J) ~i U! 'ti ~ r;:t , F e C o B iv.> -Q l,' r;:t F e C o N i B ~ 'a" ~ 9 -Q A 1, ·:; 5 ffl (J) *j!j ~ ~ 

{t ~t U! 'ti ~ r:: J: -Q ;:: c: tJt ~ a,: l t,' o 

[0020] 

40 

:;$-~ BJl r:: J: -Q U! ~ J:.11 J:.n: t:/J ~ ~ T (J) ~ ~ 1i 5! r;:t , ~ (J) ~i U! 'ti ~ tJt g:i Fai ~ ~ 1)- l -C ~ rial ~ ;h, , 50 
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(7) JP 2004-31605 A 2004.1.29 

-f (J) ffl im r:: ~ l -c ~ ~ r:: ~ i.m ~ i.m 1" ;:: c: r:: J: --.:i -c nt ~ J:.11 J:.n: ~ 1t ~ 1~ -Q tl /iJi: (J) nt ~ J:.11 J:.n: t:/J ~ 
~ T (J) ~ ~ 1i 5$; ""f iv.> --.:i -C , t (J) ~i U! 'ti ~ (J) -3 ~ (J) 1> f,I. < c: t - 1i ~ , F e C o B iv.> -Q l,' f;:t 

F e C o N i B ~ 'a" ~ 9 -Q 7 -'E JI, 7 7 A f,I. t,' l f;:t f,/.ll: *j!j ~ *.§. • (J) ~i U! 'ti ~;j' !¥4 ~ ~ JiJi; ffl l , -f 
(J) 1& , ;:: (J) ~t U! 'ti ~;j' !¥4 ~ (J) *j!j ~ {t ;m_ ~ J;.J. ...t (J) ;m_ ~ ""f , U! ~ g:i ~ ~ I! l , 7 -'E Jt, 7 7 A t,I. t,' 

l f;:t f,/.ll: *j!j ~ *.§. • ~ *j!j ~ ~ r:: tl ~ ~ ~ 1" -Q ;:: c: r:: J: --.:i -c U! ~ j:]1 j:,n: t:/J ~ ~ T ~ 1~ -Q t (J) ""f iv.> -Q 

[0021] 

-f (J) 7 -'E Jt, 7 7 A f,I. t,' l f;:t f,/.ll: *j!j ~ *.§. • (J) ~i U! 'ti ~;j' !¥4 ~ (J) JiJi; ffl f;:t , A 1, ·:; 5 r:: J: --.:i -C fi -3 ;:: 
c:ti~ac:ll.'o 

ac: t:::. , U! ~ g:i ~ ~ !! (J) ~ ~ I! ;m_ ~ T ( 0c J f;:t , 

2so+2x (B"a"~:I: (%J) ;;;;T;;;;4oo 

C: 9 -Q ;:: C: ti~* [.; l,\ t (J) ""f 0.) -Q 0 

[0022] 

. . . ( 1 ) 

* t:::. ' * ~ B)l r:: J: -Q j. -'E 1
) ~ ii': f;:t ' ~ (J) ~t U! 'ti ~ ti g:i rai ~ ~ * l ""( ~ rial ~ ;h, ""( f,I. ~) ' ffl [ID 

r:: ~ l -c ~ ~ r:: ~ i.m ~ i.m 1" ;:: c: r:: J: --.:i -c nt ~ J:.11 J:.n: ~ 1t ~ 1~ -Q tl /iJi: (J) nt ~ J:.11 J:.n: t:/J ~ ~ T c: , 

;:: (J) U! ~ J:.11 J:.n: t:/J ~ ~ T ~ ~ ~ 1i rial r:: t~ ct,, 'J - t,:· *i iB J: tJ 1::· ·:; t--*i c: ~ ii ~ , ~ (J) ~t U! 'ti ~ 
(J) ? ~ (J) 1> f,I. < c: t - 1i ti , F e C o B iv.> -Q l,' f;:t F e C o N i B ~ 'a" ~ 9 -Q *j!j ~ ~ (J) ~i U! 
tt~~~9-Qffl/iJi:C:9-Q't,(J)"°f0.J-Qo 

t l -C , t (J) *j!j ~ ~ (J) ~i U! 'ti ~ f;:t , F e C o B iv.> -Q l,' f;:t F e C o N i B ~ 'a" ~ 9 -Q A 1, ·:; 

10 

5 ffl (J) *j!j ~ ~ {t ~t U! 'ti ~ r:: J: -Q ;:: c: ti ~ a,: l t,' o 20 
[0023] 

~ r:: , :;$-~ BJl f;:t , ~ (J) ~i U! 'ti ~ ti $ Fai ~ ~ 1)- l -C ~ rial ~ ;h, -C f,I. ~) , ffl im r:: ~ l -C ~ ~ r:: ~ 
i.m ~ i.m 1" ;:: c: r:: J: --.:i -c U! ~ j:]1 j:,n: ~ {t ~ 1~ -Q tl /iJi: (J) U! ~ j:]1 j:,n: t:/J ~ ~ T c: , ;:: (J) U! ~ j:]1 j:,n: t:/J ~ 
~ T ~ ~ ~ 1i rial r:: J=~ ct,, 'J - t-:· *i iB J: tJ 1::· ·:; t--*i c: ~ 11 ~ -Q nt ~ ;,1. -=c: 1J ~ ii': (J) ~ ~ 1i 5! ""f 0.i 
-::> -C , ~i U! 'ti ~ (J) ? ~ (J) 1> f,I. < c: t - 1i ~ , F e C o B iv.> -Q l,' f;:t F e C o N i B ~ 'a" ~ 9 
-Q 7 -'E Jt, 7 7 A t,I. t,' l f;:t f,/.ll: *j!j ~ *.§. • (J) ~t U! 'ti ~;j' !¥4 ~ ~ /iJi: ffl l , -f (J) 1& , ;:: (J) ~t U! 'ti ~;j' !¥4 ~ 
(J) *j!j ~ {t ;m_ ~ J;). ...t (J) ;m_ ~ ""f , U! ~ g:i ~ ~ I! l , -f (J) 7 -'E Jt, 7 7 A f,I. t,' l f;:t f,/.ll: *j!j ~ *.§. • ~ *j!j 

~ ~ r:: tl ~ ~ ~ 1" -Q o 

[0024] 

t (J) 7 -'E JI, 7 7 A f,I. l,' l f;:t f,/.l( *j!j ~ *.§. • (J) ~i U! 'ti ~;j' !¥4 ~ (J) JiJi; ffl f;:t , F e C o B iv.> -Q l,' f;:t F e 30 
C O N i B (J) A / \ ':J 5 r:: J: -:) ""( fi ? ;:: C: r:: J: -:) ""( ' Mi. ~ r:: 7 -'E JI, 7 7 A f,I. l, \ l f;:t f,/.l( *j!j ~ *.§. 

·(J)•mtt~M~c:l-C(J)JiJi: ■ ~~~;h,-Qo 

[0025] 

a,: t:::. , ...t i!l! l t:::. 'e-:;$-~ B)l I:: iP It -Q F e C o B iv.> -Q l,' f;:t F e C o N i B (J) 'e-*.§. /iJi: f;:t , F e C 

0 B r:: -::> l, \ ""( f;:t , *.§. /iJi: :it F e X C O y B 2 ( *.§. /iJi: :it 9J , X , Y , Z f;:t , ffli: T % ~ ~ 

9) ~~l, 5;;;;x;;;;45, 35;;;;y;;;;85, 1 o;;;;z;;;;3o, x+y+z=1 00c:9 

-Q;::C:ti~a,:[.;l,\o 

a,: t:::. , F e C o N i B I:: -::> l,' -C f;:t , *.§. /iJi: :it F e a C o b N i c B d ( *.§. /iJi: :it g:i , a ~ d f;:t 

ffli:T%~~9) ~~l, 5;;;;a;;;;45, 35;;;;b;;;;85, 0<c;;;;35, 1 o;;;;d;;;;3o 

, a+b+c+d=1 00C:9-Q;::c:ti~a,:[.;t,,o 

[0026] 

a,: t:::. , ;;$-~ B)l r:: J: -Q 'e-~ ~ 1i 5$; r:: iB It -Q U! ~ g:i ~ ~ !! (J) ~ ~ !! ;m_ ~ T ( °C J f;:t , 2 8 0 + 

2X (B"a"~:I: (%J) ;;;;T;;;;400C:9-Q;::c:ti~a,:[.;t,,t(J)""fiv.l-Qo 

[0027] 

* ~ BJl r:: J: -Q nt ~ J:.11 J:.n: t:/J ~ ~ T iB J: tJ ;:: (J) nt ~ J:.11 J:.n: t:/J ~ ~ T ~ .!'!. 11 1" -Q nt ~ ;,1. -=c: 1J ~ ii': r:: 
iB t,' -c f;:t , -f (J) U! ~ J:.11 J:.n: t:/J ~ ~ T ~ tl /iJi: 1" -Q , g:i Fai ~ ~ 1)- l -c ~ rial 1" -Q ~ (J) ~t U! 'ti ~ (J) 1> 
f,I. < c: t - 1i ~ , F e C o B , iv.> -Q l,' f;:t F e C o N i B I:: J: -::> -C 1l /iJi: 9 -Q t (J) ""f iv.> -Q ti , 
;:: (J) tl /iJi: r:: iB t,' -C , ;:: (J) *.§. JiJi; (J) U! 'ti ~;j' !¥4 ~ A 1, ':J 5 r:: J: --.:i -C /iJi: ffl 9 -Q c: ~ , 7 -'E JI, 7 7 A 

f,I. l, \ l f;:t f,/.l( *j!j ~ *.§. • (J) jiJi; ffl ti f,I. ~ ;h, -Q ti ' * ~ B)l r:: iP l, \ ""( f;:t ' ;:: (J) jiJi; ffl ~ *j!j ~ ~ r:: tl ~ ~ 

40 

~ 9 -Q ;:: c: r:: J: --.:i -C , U! ~ j:]1 j:,n: t:i:J ~ ~ T (J) U! ~ j:]1 j:,n: ( M R .tt ) (J) rial ...t , R - H mi *i (J) %l ff~ 50 
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(B) JP 2004-31605 A 2004.1.29 

.tr. (J) ?D!: • , l t:::. ti -:> -C , A T D -1' t-:' 1~ 'ti (J) ?D!: • , M R .tr. (J) 1 \ -1' 7 A ~ EE -ft< ff 'ti (J) ?D!: • , {Ji!: 

-~(J)~G~~9~P~&&mff(J)~G~~(J)?D!:·~~~~c~~~~~c~~~lkt 
(])~0.J~o 

[0028] 

t l ""( ' * ~ B)l 1i ;$; r:: iP l, \ ""( r;:t ' t (J) *j!j ~ ~ {t. ~ ' U! ~ g:i ~ ~ !! r:: J: -:) ""( fi ? ~ C r:: J: -:) 
""( ' ...t i!l! l t:::. M R .tr. (J) rial ...t ' & fi U! ff (J) rt G ~ ~ (J) {fl; ;~ {t. ~ ~ Mi. ~ r:: fi ? ~ C ti ~ ~ ~ t 
(J) ~ 0.i ~ o ~ n rt , ~ (J) ~ I! r:: J: --.:i -c ~t U! 'ti ~ (J) *j!j ~ U! ~ ~ 1i 'ti ti - 1i rial r:: irJ 1ftn ~ n ~ ~ 
c r:: J: ~ c ,\!I P n ~ o 

[0029] 

f;!;'J , ...t i!l! l t:::. ~t U! 'ti ~;j" !¥4 (J) A 1, ':J 5 r;:t , "Ji5{ ~ t.r A ~ FF.I t,' -c , 'f5-li 1i ;$; r:: J: --.:i -c ~ ~ ~ ii t:::. 10 

-:J -5 ;{ ? tJ, G (J) -1 ;;1-:., ~ , A , , ·:; 5 ~;!" 5 - If ·:; t--r:: fj ~ ~ ii -c A , , ·:; A , , ·:; 5 1J :., 1f 9 ~ 
1i 5! , 0.i ~ t,, rt t,, P !'P ~ -1 ;;1-:., t:::' - .b. A , , •:; 5 r:: iB it ~ J: -3 r:: , ~ I * JI, ~ - r:: :t.1 □ if ~ ii 
t:::. -1' ;;1-:., t:::' - .b. ~ 5 - If ':J t--r:: fj ~ ~ ii ~ A 1, ':J 5 ~ , :e-li (J) A 1, ':J 5 r:: J: ~ ~ c tJ{ ~ ~ 

~ 0 

[0030] 

[ ~ B)l (J) ~ /i1li (J) ff~ 1m ] 
Utt ~ :f.11 :fn: t:iJ ~ ~ -=r J * ~ BJl r:: J: ~ ~n ~ :f.11 :fn: t:JJ ~ ~ -=r (J) - ~ 1i1li ff~ 1m rt , ~n ~ ;,1. -=c: 1J ~ w: (J) ;,1. -=c: 1J ~ -=r c l -c (J) ~n 
~ :f.11 :fn: t:iJ ~ ~ -=r ~ 0.i ~ tJt , ~ (J) ~ 1i1li ff~ 1m r:: Bi G n ~ t (J) ~ r;:t tJ. t,, o 

* ~ BJl r:: J: ~ ~n ~ :f.11 :fn: t:JJ ~ ~ -=r rt , ~ (J) ~i ~n 'ti ~ , .!'!. 1* a'-J r:: rt , ~n 1t. rm '.if' ~ c ~n 1t. El EB ~ 20 
c tJt , $ Fai ~ ~ 1)- l -c ~ rial ~ n t:::. fl ~ tl ~ '€l'B ~ ~ l , -f (J) fl ~ im r:: ~ ~ , 9 tJ. P ~ ~ ~ 1i 
rial r:: ~ i.m ~ i.m 9 ~ c r:: J: --.:i -c ~n ~ :f.11 :fn: ~ 1t. ~ 1~ ~ tl /iJi: r:: J: ~ o 

-f l -c , ~ (J) ~t ~n 'ti ~ (J) 1> f,I. < c t ~n {t. El EB ~ ~ tl /iJi: 9 ~ ~t ~n 'ti ~ r;:t , ~t ~n 'ti ~ ~t 1ri ~ ~ 
~ (J) 1> f,I. < c t F e i:13 J: U: C o c ~ r:: B ~ 'a" ~ 9 ~ , F e C o B 0.> ~ l,' r;:t F e C o N i B 

(J) A / \ ':J 5 ffl ~ *j!j ~ ~ {t. l t:::. ~t ~n 'ti ~ r:: J: -:) ""( tl JiJi; 9 ~ 0 

[0031] 

~ (J) ~n ~ :f.11 :fn: t:iJ ~ ~ T r;:t ' t (J) g:i rai ~ ~ ' {§IJ ~ rt t--:., * JI, I\ 1) 7 ~ r:: J: -:) ""( tl JiJi; 9 ~ ~ C 
r:: J: ~) , t--/ * JI, ~n ~ :f.11 :fn: t:iJ ~ ( T M R ) ~ T C ~ ;h, ~ O 

0.i ~ t,' r;:t , -f (J) $ Fai ~ ~ iJlc ~tt 'ti W ~ ~ r:: J: --.:i -C tl /iJi: l -C A I::" :., 1, Jt, -::f !J:i ~tt ~ :f.11 :fn: t:iJ ~ ~ -=r 
c 9 ~ o 30 
~t ~n 'ti ~ r;:t ' lj! ~ tl ~ C 9 ~ ~ C t ~ ~ ~ tJ{ ' ~ ~ tl ~ C 9 ~ ~ C tJ{ ~ ~ ~ 0 {§IJ ~ rt ~n {t. 
rm '.if' ~ ~ ti /iJi: 9 ~ ~i ~n 'ti ~ ~ , fl ~ 7 I. 1J ti ~ c 9 ~ ~ c tJ{ ~ ~ ~ o 

[0032] 

~ 1 r;:t , ~ (J) ~n ~ :f.11 :fn: t:iJ ~ ~ T , {§IJ ~ rt A I:: :., 1 \ JI, -::f !J:i (J) T M R 1 (J) - {§IJ (J) M: ~ [!Ir im ~ ~ 

~ (J) 1§1J ~ rt , ~ 1& 2 1§1J ~ rt s i ~ 1& ...t r:: , "F ±1!! ~ 3 tJ{ ff~ /iJi: ~ n , ~ (J) "F ±1!! ~ 3 ~ * l -c & 
~i ~tt 'ti ~ 4 tJt ff~ /iJi: ~ ;h, , ~ (J) ...t r:: , g:i Fai ~ 6 ~ 1)- l -c ~ (J) ~t ~tt 'ti ~ 5 iB J: U: 7 tJt ff~ /iJi: ~ ;h, 

t:::. fl ~ tl ~ c ~ n ~ o 

~ (J) ,wii ~ rt , & ~i ~n 'ti ~ 4 ...t r:: , ~n 1t. rm '.if' ~ ~ ti /iJi: 9 ~ ~i ~n 'ti ~ 5 tJ{ ff~ /iJi: ~ n , ~ (J) ...t r:: 
' t--:., * JI, I\ 1) 7 ~ r:: J: ~ g:i rai ~ 6 tJ{ ff~ JiJi; ~ ;h, ' ~ r:: ~ (J) ...t r:: ' 1tl ¥& !c ii ~ C f,I. ~ ~n {t. El 40 
EB ~ ~ tl /iJi: 9 ~ ~t ~n 'ti ~ 7 tJ{ ff~ /iJi: ~ ;h, -C , ~ (J) fl ~ tl ~ r:: J: --.:i -C ~t ~n 'ti t--:., .::l'-JI, ti .g- ( J;). 

7' M T J c l,' -3 ) tJ{ 1l JiJi; ~ ;h, ~ o t l -C , ~ (J) M T J 9 ...t r:: {Ji!: ~i ~ 8 l,' P 19) ~ t-- ·:; -:J :::i -

t--~ tJ{ 1t Jg ff~ JiJi; ~ ;h, ~ 0 

[0033] 

7' ±1!! ~ 3 r;:t , {§IJ ~ rt T a ffl r:: J: --.:i -C tl /iJi: ~ ;h, ~ o 

& ~i ~n 'ti ~ 4 rt , - 1i (J) ~i ~n 'ti ~ 5 r:: J: ~ ~n 1t. rm '.if' ~ 5 c & ~i ~n 'ti a'-.1 r:: *j!j .g-9 ~ ~ c r:: J: 
~J , ~1-'€l'B tJ, G ~~ :t.1 □ ~ n ~ 1"~ ~ ~n ff , ,wii ~ rt ;,1. -=c: 1J ~ w: r:: iB it ~ ~ ~ :i6 Jj. ~n ff r:: J: --.:i -c t ~n 
1t. tJ{ & ,i 9 ~ ~ c tJ. < , ~ r:: , ~n 1t. rm '.if' ~ 5 (J) ~n 1t. (J) rial ~ ~ - '.if' (J) rial ~ r:: ~ '.if' 9 ~ t (J) ~ 

0.) ~ 0 

~ (J) & ~i ~tt 'ti ~ 4 r;:t , F e , N i , P t , I r , R h ~ ~ 'a" <L' M n .g-1fi , C o lit {r. 1o/.l , N 50 
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lit 1t 1t ~ r:: J: --.:i -c tl /iJi: 1" -Q ;:: c: ti ""f ~ -Q t (J) ""f 0.i ~) , ;:: (J) & ~t nt 'ti ~ 4 rt , i§IJ ~ rt P t 

M n r:: J: --.:i -C tl /iJi: 9 -Q o 

[0034] 

g:i rai ~ 6 (J) t--:., * JI, I\ 1) 7 ~ r;:t ' 1ri ~ ffl i§IJ ~ rt A I (J) A / \ ':J 5 ffl 0.) -Q l, \ r;:t mi Jg ffl ~ ' lit {t 

l t:::. lit {t ffl iv.> -Q t,' r;:t ~ {t l t:::. ~ 1t ffl r:: J: --.:i -c ff~ /iJi: 1" -Q ;:: c: ti ""f ~ -Q o -f (J) rj tJ, , ;:: (J) t--:., 
* JI, I\ 1

) 7 ~ 6 r;:t ' ~ ti 1ri ~ C: ' lit ~ ' ;;1- '/ :., ' ~ ~ ' / \ □ 7 :., ' I\ □ If / {t t.r A ~ ~ m 
l, \ t:::. C V D ( C h e m i C a I V a p O r D e p O s i t i O n ) 5! r:: J: -Q JiJi; ffl r:: 
J: --.:i -rtl/iJi:1"-Q;:: c: t ""f ~ -Q o 

[0035] 

-f l -c , ;:: (J) $ Fai ~ 6 ~ 1)- l -c fl ~ ~ ;h, -Q U! {t Im '.if' ~ 5 iB J: U: U! {t El EB ~ 7 r;:t , F e c o 10 

B iv.> -Q l,' r;:t F e C o N i B ~ 'a" ~ 9 -Q ~i U! 'ti ~ r:: J: --.:i -C 1l JiJi; ~ ;h, -Q o U! {t Im '.if' ~ 5 r;:t , ...t 
i!l! l t:::. J: ? r:: ' & ~t U! 'ti ~ 4 C: (J) & ~t U! 'ti *j!j .g-r:: J: -:) ""( U! {t (J) rial ~ tJ{ - '.if' r:: Im '.if' ~ ;h, -Q 0 

[0036] 

-f l -c , g:i Fai ~ 6 ~ 1)- l -c lie ii': ~ n -Q f.!jj' ~t U! 'ti ~ , 1~ r:: , i§IJ ~ rt 'ti ¥& !2 ii ~ c: tJ. -Q U! {t El 
EB ~ , 9 f,I. ;I? ~ ~i U! 'ti ~ 7 r;:t , F e C o B iv.> -Q l,' r;:t F e C o N i B ~ 'a" ~ 9 -Q A 1, ·:; 5 ffl 
~ *j!j ~ ~ {t l t:::. ~t U! 'ti ~ r:: J: --.:i -c tl /iJi: ~ n -Q o 

[0037] 

i§IJ ~ rt 1ti l& !2 ii ~ c: l -c (J) U! {t El EB ~ 7 r;:t , ffl ~ 1 n m ~ 1 o n m c: 1" -Q ;:: c: tJt , Ill H tJ. 

~tt ~d~ 'ti~ -lit 1Ji!: 1" -Q ...t ""f ~ a,: l l.' o 

1" tJ. ;I? ~ , ;:: (J) ~tt {t El EB ~ 7 (J) ffl ~ tJt , 1 n m * ;tti ""f iv.> -Q ~ .g-r;:t , ~tt {t El EB ~ c: l -c (J) ~tt 20 

~ 1~ 'ti tJ{ ~ ~j r:: ti f,I. ;I? ;h, , a,: t:::. , 1 O n m ~ ~ ~ -Q c: 1Ji!: ~n :fJ tJ{ ~ ~ < f,I. ~) ~ ~ , i§IJ ~ rt ~n 
~ ;,1. -=c: 1J ~ w: (J) ;,1. -=c: 1J ~ T c: l -c m l,, -Q ~ .g-, ~ m ...t ~ JOO ~ c: tJ. -Q iB -f n tJ{ 0.i -Q ;:: c: r:: lt9 
-Q 0 

[0038] 

~tt {t El EB ~ 7 r;:t , ...t i!l! l t:::. F e C o B iv.> -Q t,' r;:t F e C o N i B r:: J: -Q li! ~ tl ~ c: 9 -Q r:: Bi 
G ;h, -Q t (J) ""f r;:t f,I. < ' i§IJ ~ rt ;:: (J) *.§. jiJi; (J) ~t ~n 'ti ~ C: ' ;:: ;h, r:: .tt l ~n {t :I: (J) I]\ ~ l, \ N i F e 

~ c: (J) fl ~ tl ~ c: 1" -Q ;:: c: tJt ""f ~ , ;:: (J) ~ .g-r;:t , ;:: n G ~ (J) tct ~ tJt 1 o n m ~ ~ ~ -Q tl /iJi: 

C:9-Q;::C:t,"°f~-Qo 

[0039] 

a,: t:::. , F e C o B iv.> -Q l,' r;:t F e C o N i B r:: J: --.:i -C ~tt {t Im '.if' ~ 5 ~ 1l JiJi; 9 -Q ~ .g-, t (J) ffl 30 

~ r;:t , o . 5 n m ~ 6 n m r:: ~ '.if' 1" -Q ;:: c: tJt ~ a,: l t,, o 

;:: n rt , ~n 1t rm '.if' ~ 5 (J) ffl ~ tJ{ , o . 5 * ;tti ""f 0.i -Q ~ .g-r:: rt , ~n 1t rm '.if' ~ c: l -c (J) ~n ~ 1~ 
'ti tJt ti tJ. ;I? n , a,: t:::. 6 n m ~ ~ ~ -Q c: & ~t ~tt 'ti ~ c: (J) ~ ~ *j!j .g-~tt ~ tJt + o/.J' r:: 1~ G n tJ. < tJ. 

-Q ;:: c: r:: lt9 -Q o 

[0040] 

a,: t:::. , ~ 1 ""f ;r- l t:::. i§IJ ""f r;:t , ~n {t Im '.if' ~ 5 ~ Ji! ~ tl ~ c: l t:::. ~ .g-""f iv.> -Q tJ{ , ~ 2 r:: t (J) -

,wii (J) M: ~ ffi im ~ ~ ;r-1" J: -3 r:: , -f (J) ~n 1t rm '.if' ~ 5 ~ , ~i ~n 'ti fl ~ 7 I. 1J ti ~ c: 1" -Q ;:: c: tJ{ 

"°f~-Qo 

;:: (J) ,wii ""f rt , & ~i ~n 'ti ~ 4 ...t r:: , ;:: (J) & ~i ~n 'ti ~ 4 c: & ~i ~n 'ti *j!j .g-1" -Q ~ 1 (J) ~n 1t rm '.if' ~ 
5 a tJ{ /iJi: ffl ~ ;h, , ;:: (J) ...t r:: 3F ~n 'ti ¥J ~ ~ 5 c ~ 1)- l -C ~ 2 (J) ~n {t Im '.if' ~ 5 b tJ{ fl ~ ~ ;h, -C 40 

l, \ -Q 0 

3F ~n 'ti W ~ ~ 5 c r;:t , i§IJ ~ rt R u , c u , c r , A u , A g ~ (J) 1ri ~ ffl r:: J: --.:i -c tl /iJi: 1" -Q 

;:: C: tJ{ ""f ~ -Q 0 

f;!;'J ' ~ 2 r:: iP l, \ ""( ' ~ 1 C: ~ fit 9 -Q '€l'B o/.J' r:: r;:t f§] - ~ ~ ~ {t l ""( ~ ~ ~~ B)l ~ ~ ~ 9 -Q 0 

* t:::. ' ...t i!l! l t:::. i§IJ ""f r;:t ' g:i rai ~ 6 tJ{ ' t--:., * JI, I\ 1) 7 ~ ""f 0.) -:) ""( T M R ~ T tl JiJi; C: l t:::. ~ 
.g-""f iv.> -Q tJt , $ rai ~ 6 tJt , iJlc ~tt 'ti W ~ ~ r:: J: --.:i -c tl /iJi: ~ n , ffl ~ 1i rial r:: im ~ tJt tJ. ~ n -Q t,' 

;1-)19)-QCPP(Current Perpedicular to Plane) 1l/iJi: 

(J) A 1:: :., , , JI, -::f !J:i ~n ~ t.11 :f.n: t:/J ~ ~ T r:: JOO m 1" -Q ;:: c: t ""f ~ -Q o 

[0041] 

Utt ~ t.11 :f.n: t:/J ~ ~ T (J) ~ ~ 1i 5! J 50 

WD EX1012 
Western Digital v IP Bridge 

Page 263



(10) JP 2004-31605 A 2004.1.29 

:;$-~ BJl r:: J: -Q U! ~ J:.11 J:.n: t:/J ~ ~ T (J) ~ ~ 1i 5! (J) - ~ 1i1li ff~ ~ c: l -C , ~ 1 ""f ;r- l t:::. U! ~ J:.11 J:.n: t:/J 
~ ~ T ~ ~ ~ 9 -Q ~ .g-~ i§IJ ;r- 9 -Q o l fJ\ l f,I. tJt G , :;$-~ BJl r;:t , ;:: (J) ~ 1i1li ff~ ~ r:: ~N '.if' ~ ;h, -Q 

t (J) ""f r;:t f,I. l, \ o 

;:: (J) ~ 1i1li (J) ff~ ~ r:: iB t,, -c r;:t , ...t i!l! l t:::. ~ t& 2 ...t "' (J) , "f' ±1!! ~ 3 , & ~t U! 'ti ~ 4 , U! {t Im '.if' 
~ 5 , g:i rai ~ 6 , U! {t El EB ~ 7 , 1Ji!: ~i ~ 8 (J) JiJi; ffl r;:t , i§IJ ~ rt ? JI, =f =f "'7 :., 1 \ - !J:i (J) A 1, ':J 

5 1) / If ~ @: r:: J: -:J ""( fi ? ;:_ C: fJ{ ""f ~ -Q o 

[0042] 

;:: (J) ~ .g-, :$t T , 1 -::> (J) =f "" :., , , - pg r:: , i§IJ ~ rt s i J: ~J tJ. -Q ~ t& 2 ~ lie ii': l -c , ;:: (J) ...t 
r:: , Iliff ~ i§IJ ~ rt T a r:: J: -Q 7' ±1!! ~ 3 , P t M n r:: J: -Q & ~i U! 'ti ~ 4 , ~ c: f,I. -Q ~i U! 'ti ~ (J) 

7' ~ {fflj (J) F e C o B iv.> -Q l,' r;:t F e C o N i B r:: J: -Q U! {t Im '.if' ~ 5 , i§IJ ~ rt A I 1ri ~ ffl r:: J: 10 

-Q g:i rai ~ 6 ~ ' JI ~Jc a{_] r:: A / \ ':J 5 1) :., If r:: J: -:) ""( ff~ JiJi; 9 -Q 0 

[0043] 

-f (J) ff , ftB (J) =f "" :., , , - pg r:: , ;:: n G /iJi: ffl ~ 1i1li l t:::. ~ t& 2 ~ ~t fi l , ;:: (J) =f "" :., , , - pg r:: 
iP l, \ ""( ' g:i rai ~ 6 ~ tl JiJi; 9 -Q A I 1ri ~ ffl (J) ~ [ID ~ lit {t l ""( t--:., * JI, I\ 1) 7 ~ ~ ff~ JiJi; 9 -Q 0 

t (J) ff , :iij U: ~ t.& 2 ~ , i§IJ ~ rt :$t (J) =f "'7 :., 1 \ - pg r:: j:~ ~ * l , g:i rai ~ 6 ...t r:: , ...t i!l! l t:::. ~ 
c: f,I. -Q ...t ~ {ff1J (J) ~i U! 'ti ~ c: l -C , F e C o B iv.> -Q l,' r;:t F e C o N i B r:: J: -Q U! {t El EB ~ 7 

~ A 1, ':J 5 1) :., If l , ~ r:: , ;:: (J) ...t r:: , i§IJ ~ rt T a r:: J: -Q 1Ji!: ~i ~ 8 ~ , JI ~Jc A 1, ':J 5 1) :., 

If r:: J: -:J ""( ff~ /iJi: 9 -Q o 

[0044] 

;:: n G A , , •:; 5 1J :., 1f rt , AA i!l! l t:::. J: -3 r:: , n5{ ~ t.r A ~ m l,, -c , :e-li 1i 5! r:: J: --.:i -c ~ ~ ~ 20 
ii t:::. -:J -5 ;{ ? fJ\ G (J) -1 ;;1-:., ~ , A , , ·:; 5 ~;j' (J) 5 - If ·:; t--r:: fj ~ ~ ii -c A , , ·:; 5 1J :., 1f 1" -Q 

1i 5! , 0.i -Q t,, rt t,, ;I? l'P -Q -1' ;;1-:., 1::· - .b. A , , ·:; 5 r:: iB rt -Q J: -3 r:: , ~ I * JI, ~ - r:: :t.1 □ if ~ ii 
t:::. -1 ;;1-:., 1::· - .b. ~ 5 - If ·:; t--r:: fj ~ ~ ii -Q A , , ·:; 5 ~ , :e-li (J) A , , ·:; 5 1J :., 1f r:: J: -Q ;:: c: 
tJ{ ""f ~ -Q 0 

[0045] 

;:: (J) J: -3 r:: l -C , ff~ JiJi; ~ ;h, t:::. 'e-fl ~ ffl , 1~ r:: F e C o B iv.> -Q l,' r;:t F e C o N i B r:: J: -Q U! 
{t Im '.if' ~ 5 iB J: U: U! {t El EB ~ 7 r;:t , 7 -=c: Jt, 7 7 A tJ. t,, l r;:t f,/.ll: *j!j ~ *.§. • (J) ~ c: l -c /iJi: ffl ~ n 
-Q 0 

[0046] 

~ r:: , ;:: (J) fl ~ ffl ~ ~ 1" -Q ~ t& 2 ~ , U! ~ $ ~ ~ I! 1" -Q o 

;:: (J) nt ~ $ ~ ~ ii ~ fi -3 nt ~ $ ~ ~ ii ~ ii': rt , ~ 3 r:: -f (J) - i§IJ (J) M: ~ ffi im ~ ~ ;r- 1" J: -3 r:: 
, i§IJ ~ rt Jt ~ =f "" :., , , - 1 3 1 ~ ~ l , -f (J) ~1-m.i r:: rt i§IJ ~ rt 1: - 5 - r:: J: -Q :t.1 □ ~ -¥ m 1 3 

2 c: , i§IJ ~ rt ~ nt :fi r:: J: -Q nt ~ ~~ :t.1 □ -¥ m 1 3 3 tJ{ lie ii': ~ n t:::. ti JiJi: ~ ~ 1" -Q o 

[0047] 

;:: (J) Jt ~ =f "" :., , , - 1 3 1 pg (J) -5 ·:; 1J 1 3 4 r:: , ...t i!l! l t:::. fl ~ ffl ~ ~ 1" -Q ~ t& 2 ~ lie ii': l 
, U! ~ ~~ :t.1 □ -cf-ffi 1 3 3 r:: J: -::> -C ~ ~~ 1 3 5 r:: ;r- 9 J: ? r:: , fl ~ ffl (J) ffl im 1i rial r:: ;S ? , p]i' '.if' 
(J) rial ~ (J) nt ~ ~ ~~ :t.1 □ l t:::. ~t ~ ""f :t.1 □ ~ -¥ m 1 3 2 r:: J: --.:i -c :t.1 □ ~ 1" -Q o ;:: (J) ~ ~ ii r:: J: --.:i -c , 
7 -'E Jt, 7 7 A t,I. t,' l r;:t f,/.ll: *j!j ~ *.§. • c: l -c ff~ /iJi: ~ ;h, t:::. U! {t Im '.if' ~ 5 iB J: U: U! {t El EB ~ 7 ~ *j!j 

~ ~ {t 9 -Q 0 

30 

;:: (J) c: ~ , ;:: (J) nt ~ $ ~ ~ ii r:: J: --.:i -c , f§J ~ r:: , & ~i nt 'ti ~ 4 (J) m ![IJ 1t 1" tJ. ;t? ~ /'Ji' '.if' (J) rial 40 
~ r:: U! {t l , ;:: ;h, r:: J: -::> -C ;:: (J) & ~t U! 'ti ~ 4 ...t r:: ti l -C ff~ JiJi: ~ ;h, , & ~t U! 'ti ~ 4 c: & ~t U! 
'ti *j!j .g-~ ;h, t:::. ~t U! 'ti ~ r:: J: -Q U! {t Im '.if' ~ 5 (J) U! {t ~ - 1i rial r:: Im '.if' 9 -Q ;:: C: tJ{ ""f ~ -Q 0 

[0048] 

;:: (J) U! ~ g:i ~ ~ I! r;:t , 5 o o k o e J;J. ...t (J) U! ~ g:i ""f , ~i U! 'ti ~ , 1" t,I. ;I? ~ U! {t Im '.if' ~ iB J: 
U: U! {t El EB ~ c: l -c (J) ~t U! 'ti ~ 5 iB J: U: 7 (J) ~t U! 'ti ~;j' !¥4 (J) *j!j ~ {t ;m_ ~ i;J. ...t (J) ;m_ ~ ""f fi -3 o 

.!'!. 1* a'-J r:: rt , ;:: (J) nt ~ $ ~ ~ ii ;m_ ~ T c 0c J rt , ff r:: ~i i!l! 1" -Q 2 s o + 2 x c s "a" ~ :;: c 
%] ) ;;;;T;;;;400C:9-Qo 

[0049] 

( U! ~ J. -'E 1J ~ ii': c: -f (J) ~ ~ 1i 5$; J * ~ BJl r:: J: -Q nt ~ ;,1. -=c: 1J ~ ii': rt , -f (J) ;,1. -=c: 1J -tz JI, ~ tl /iJi: 1" -Q ;,1. -=c: 1J ~ T tJ{ , ...t i!l! l t:::. * ~ so 
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B)l (J) 'e--tl JiJi; r:: J: -Q U! ~ j:]1 j:,n: t:/J ~ ~ T' , i§IJ ~ rt T M R ~ T' r:: J: -:) ""( -tl JiJi; ~ ;h, -Q O 

;:: (J) nt ~ ;,1. -=c: 1J ~ ii': rt , i§IJ ~ rt ~ 4 r:: , -f (J) - i§IJ (J) ~ '€l'B (J) M: ~ -tl /iJi: (J) i~ ~JI. ~ ~ ;r- l , ~ 5 

r:: , -f (J) 1 -::> (J) ;,I. -'E 1) -tz JI, 1 1 (J) M: ~ [!Ir im ~ ~ ;r- 9 J: -3 r:: , ? □ A ;f- -1' :., t--!J:1 (J) M R A M 

7 v-1'1l~c:9-Q;:: c:ti"°f~-Qo 

[0050] 

9 f,I. ;I? ~ ' ;:: (J) M R A M r:: iP l, \ ""( r;:t ' ~ ii': lie 91] ~ ;h, t:::. ~ eJ& (J) 'J - t,:' $JR w L C: ' ;:: ;h, G 'J -

t,:' $JR w L C: t ;h, -f ;h, '5I.. 1* a{_] r:: ~ X 9 -Q J: ? r:: ~ ii': lie 91] ~ ;h, t:::. ~ eJ& (J) t:::' ':J t--$JR B L C: ~ ~ l 
, ;:: ;h, G 'J - t,:' $JR W L c: t:::' ':J t--$JR B L c: (J) rai (J) '5L 1* a'-J ~ X '€l'B r:: , -f ;h, -f ;h, J. -'E 1) -tz JI, 1 1 

C: l ""( ' * ~ B)l r:: J: -Q U! ~ j:]1 j:,n: t:/J ~ ~ T ' i§IJ ~ rt T M R ~ T 1 ti lie ii': ~ ;h, -Q 0 

~ 4 r:: iB t,, -c rt , nt ~ ;,1. -=c: 1J ~ w: r:: iB rt -Q 3 x 3 (J) ;,1. -=c: 1J -iz JI, 1 1 ti ? t-- 1J 1J A ~t r:: lie w: 10 

~ n t:::. '€l'B o/.J' ~ ;r- l -C t,' -Q o 

[0051] 

:e-;,1. -=c: 1J -tz JI, 1 1 rt , ~ 5 r:: ;r- 1" J: -3 r:: , i§IJ ~ rt 1/ 1J :::i :., ~ 1& J: ~J /iJi: -Q -=¥-w 1* ~ 1& 2 ...t 1" 
f,I. ;I? ~ -=¥-w 1* ? I / \ ...t r:: ' A ,{ ':J =f / If m (J) t--7 :., 1/ A 5 1 3 ti ff~ JiJi; ~ ;h, -Q 0 

;:: (J) t-- 7 :., 1/ A 5 1 3 r;:t , i§IJ ~ rt M O S t-- 7 :., 1/ A 5 ( ~ • 7 - t--■ ~ t:/J ~ !J:/ t-- 7 :., 1/ A 

5 ) J: ~J /iJi: -Q o ;:: (J) ~ .g-, -=¥-w 1* ~ 1& 2 ...t r:: If - t--~ • ~ 1 4 ti ff~ /iJi: ~ n , ;:: (J) ...t r:: If -

t-- ■ a15~--~nk~aJf-t--fi~ffl/iJi:~;h,-Qo 

ac: t:::. , -=¥-w 1* ~ 1& 2 r:: , ~ • If - t--'€l'B ~ J=~ 1v ""f -f (J) f.!jj" 1ff1J r:: 'J - A ti:i'i ~ 1 6 c: t-:' v -1 :., ti:i'i ~ 
1 7 C: ti ff~ JiJi; ~ ;h, -Q O ;:: (J) -tl JiJi; r:: iP l, \ ""( ' 7 - t--• -ti 1 5 r;:t ' ~ Jj. tJj l m (J) 'J - t,:' $JR w L 

1 ~ -tl /iJi: l -c t,, -Q o 20 
[0052] 

;:: (J) t--7 :., 1/ A 5 1 3 ti ff~ /iJi: ~ ;h, t:::. -=¥-¥J 1* ~ 1.& 2 ...t r:: r;:t , 7 - t--■ -ti 1 5 ~ S: -::> -C ~ 1 (J) 

~rai~•~31tiff~/iJi;~;h,, ;::(J)~1(J)~Fai~•~31(J), 'f5-'J-Ati:i'i~16i:BJ:U:t-:'v 

-1' :., ti:i'i ~ 1 7 ...t r:: , ~ Fai ~ a ~ 3 1 ~ ~ im l -c :::i :., 5 ? t--* - Jt, 1 8 ti ~ ~ ~ n , 'f5-:::i :., 

5 1J t--* - JI, 1 s r:: , w • 'ti -:J -5 1f 1 g ti YE ~ ~ n -Q 0 

t l -C , ~ 1 (J) ~ Fai ~ a ~ 3 1 ...t r:: , 'J - A ti:i'i ~ 1 6 r:: ~ 9 -Q lie $JR ~ 2 0 ti , 'J - A ti:i'i ~ 

1 6 r:: :::i :., 5 1J t--~ n t:::. w • 'ti -:J -5 1f 1 g ...t r:: i~ ti --.:i -c 1t • ff~ /iJi: ~ n -Q o 

[0053] 

~ r:: , lie $JR ~ 2 0 ~ S: -::> -C ~ 1 (J) ~ rai ~ • ~ 3 1 ...t r:: ~ 2 (J) ~ rai ~ • ~ 3 2 ti ff~ /iJi: ~ ;h, -Q 

;:_ (J) ~ 2 (J) ~ rai ~ • ~ 3 2 r:: r;:t , t,:' V -{ / fi:i'[ ~ 1 7 r:: :::J / 5 ? f--~ ;h, f:::. ¥J • 'ti -:J 7 If 1 9 

...t r:: , :::i :., 5 1J t--* - JI, 1 s ti ~ im ~ ~ ~ n , ;:: n r:: w • 'ti -:J -5 1f 1 g ti YE ~ ~ n -Q 0 

[0054] 

~ 2 (J) ~ Fai ~ a ~ 3 2 ...t r:: r;:t , i§IJ ~ rt ~ Jj. tl:l l FF.I 'J - t,:' $JR W L 1 (J) fil -:& 1i rial r:: fil -:& l -C 

~ 4 (J) 'J - t-:' $JR w L r:: ;J-§ ~ 1" -Q ~ ~ :i6 Jj. m 'J - t-:' $JR w L 2 ti ff~ /iJi: ~ n -Q o 

a,: t:::. , ;:: (J) ~ ~ :i2:, Jj. FF.I 'J - t-:' $JR W L 2 ~ S: -::> -C , ~ 2 (J) ~ Fai ~ • ~ 3 2 ...t r:: , i§IJ ~ rt lit 
{t 1/ 1) :::J / J: ~) /iJi: -Q ~ 3 (J) ~ rai ~ • ~ 3 3 ti ff~ /iJi: ~ ;h, -Q O ;:_ (J) ~ 3 (J) ~ rai ~ • ~ 3 3 r:: iP 
t,, -c t , t-:' v -1 :., ti:i'i ~ 1 7 r:: :::i :., 5 1J t--~ n t:::. w • 'ti -:J -5 1f 1 g ...t r:: , :::i :., 5 1J t--* - JI, 

1 s ti ~ im ~ ~ ~ n , ;:: n r:: w • 'ti -:J -5 1f 1 g ti YE ~ ~ n -Q 0 

[0055] 

t l -C , ;:: (J) ~ 3 (J) ~ rai ~ a ~ 3 3 ~ ~ im 9 -Q W ■ -:J 7 If 1 9 r:: :::i :., 5 ? t-- l -C , ~ 3 (J) 

~ Fai ~ a ~ 3 3 ...t r:: , ~ 1 iv.> -Q l,' r;:t ~ 2 ""f ;r- l t:::. W ■ 'ti (J) i§IJ ~ rt T a J: ~) JiJi; -Q 7' ±1!! ~ 3 ~ 

ff~ JiJi; l ' ;:: (J) "f' ±1!! ~ 3 ...t r:: ' U! ~ j:]1 j:,n: t:/J ~ ~ T i§IJ ~ rt T M R ~ T 1 ~ ff~ JiJi; 9 -Q 0 

[0056] 

~ r:: , ;:: (J) "f' ±1!! ~ 3 c: ;:: (J) ...t (J) T M R ~ T 1 ~ S: -::> -C ~ 4 (J) ~ Fai ~ • ~ 3 4 ti ff~ /iJi: ~ ;h, , 

;:: (J) ...t r:: ' ~ ~ :i2:, Jj. m 'J - t,:' $JR w L ...t ~ ~ -l;JJ -:) ""( ' t:::' ':J t--$JR B L ~ ff~ JiJi; 9 -Q 0 

[0057] 

t:::' ':J t--$JR B L ...t r:: r;:t , ~ ;r- l f,I. l, \ ti ~ im ~ • ~ ti ~' ~ r:: fit L, ""( ff~ JiJi; ~ ;h, -Q O 

...t i!l! l t:::. ~ 1 ~ ~ 4 (J) 'e-~ Fai ~ • ~ -\o ~ im ~ • ~ ~ r;:t , i§IJ ~ rt -:J 7 ;{ ? C V D r:: J: -::> -C ff~ 

/iJi:9-Q;::C:ti"°f~-Qo 

30 

40 
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[0058] 

U! ~ J:.11 J:.n: t:/J ~ • T (J) T M R • T 1 (J) -tl ~ iB J: U: ~ ~ 1i ;$; f;:t , AA i!l! l t:::. J: -3 r:: , ~ 2 iv.> -Q t,' 

f;:t ~ 3 (J) -tl ~ ~ , :;$-~ BJl ~ ~ 1i ;$; ""f ~~ BJl l t:::. -tl /iJi: ;j;;j' !¥4 iB J: U: /iJi: ffl 1i ;$; r:: J: --.:i -C , & ~i U! 'ti 
~ 4 , lj! ~ iv.> -Q l,' [;:t fl ~ 7 I. 1) -tl ~ r:: J: -Q U! {t Im '.if' ~ 5 , g:i rai ~ 6 ~ A 1, ':J 5 1) :., If r:: J: 

--.:i -c ff~ /iJi: l , g:i Fai ~ 6 r:: ~ 1" -Q lit {t ~ I! t l < f;:t ~ {t ~ I! ~ fi t,' , ~J'c t,' -c , U! {t El EB ~ 7 

, 1!i!: ~i ~ s (J) A , , ·:; 5 1J :., 1f ~ fi -3 ;:: c: r:: J: --.:i -c ff~ /iJi: 1" -Q ;:: c: ti ""f ~ -Q o 

[0059] 

l t:::. ti --.:i -c , ;:: (J) ~ .g-r:: iB t,, -c t , U! {t Im '.if' ~ (J) ~t U! 'ti ~ 5 , iB J: U: U! {t El EB ~ 1" tJ. ;I? ~ 
1ti ¥& !c ii ~ (J) ~i U! 'ti ~ 7 [;:t , F e C o B iv.> -Q l,' [;:t F e C o N i B (J) 7 -'E JI, 7 7 A f,I. l,' l [;:t 

f,I.Hj!j~*.§.•~ c: l-Cff~JiJi:~n-Qo 

;:: n G , ;,1. -=c: 1J -iz JI, 1 1 rt , ~ im (J) -=¥-w 1* ~ 1& 2 1" tJ. ;t? ~ -=¥-w 1* ? I , \ ...t r:: , ~ 4 ""f ;r- 1" 
J: -3 r:: , ? t-- 1J •:; 1J A ~t r:: 112 91J ~ n -Q o 

[0060] 

~ r:: , ;:: (J) -=¥-W 1* ~ 1.& 2 ~ , ~ 3 ""f ~~ B)l l t:::. U! ~ g:i ~ ~ !! ~ ii': r:: J: --.:i -C , f§J ~ r:: , U! ~ g:i 

~ ~ I! l -C , U! ~ J:.11 j:,n: t:/J ~ • T (J) T M R • T 1 (J) , 7 -'E JI, 7 7 A f,I. t,' l f;:t f,/.ll: *j!j ~ *.§. • c: l 

-c ff~ /iJi: ~ n t:::. U! {t Im '.if' ~ iB J: U: U! {t El EB ~ (J) ~t U! 'ti ~ 5 iB J: U: 7 ~ *j!j ~ ~ {t 1" -Q o 

;:: (J) c: ~ , ;:: (J) nt ~ $ ~ ~ ii r:: J: --.:i -c , f§J ~ r:: , & ~i nt 'ti ~ 4 (J) m ![IJ 1t 1" tJ. ;t? ~ & ~i nt 'ti 
~ 4 ~ /'Ji' '.if' (J) rial ~ r:: nt 1t l , ;:: n r:: J: --.:i -c ;:: (J) & ~i nt 'ti ~ 4 ...t r:: J:t l -c ff~ /iJi: ~ n ;:: n c: & 
~t U! 'ti *j!j .g-~ n t:::. ~t U! 'ti ~ r:: J: -Q U! {t Im '.if' ~ 5 (J) U! {t ~ - 1i rial r:: Im '.if' 9 -Q ;:: C: ti ""f ~ -Q 0 

10 

[ 0 0 6 1 ] 20 

;:: (J) -tl /iJi: r:: J: -Q nt ~ ;,1. -=c: 1J ~ ii': rt , 1::· •:; t--*i s L c: ~ ~ :i6 Jj. 'J - t-:· *i w L c w L 1 ) c: 

r:: /'Ji' ~ (J) ~ i.m ~ im ~ 1" -Q ;:: c: r:: J: --.:i -c , ~ J:R ~ n t:::. ~ x '€l'B (J) ;,1. -=c: 1J -iz JI, 1 1 (J) nt ~ J:.11 J:.n: t:/J 
~ • T ,f§lj ~ rt T M R • T 1 (J) U! {t El EB ~ r:: , f.!jj' t:::' ':J t--*i B L c: ~ ~ :i2:, Jj. 'J - t,:' *i W L r:: J: 

-Q ~ ~ U! ~ (J) .g-JiJi; r:: J: -Q p]i' ~ (J) ~ ~ :i2:, Jj. U! ~ ~ ~~ :t.1 □ l ""( ' AA i!l! l t:::. J: ? r:: ' U! {t El EB ~ (J) 

U! {t ~ & fi ~ ii -c , 'ti ¥& (J) !c ii ~ fi -3 o 

[0062] 

;:: (J) 'ti t& (J) ~ Jj. tl:l l rt , ~ J:R ~ n t:::. ~ Jj. tl:l l ~ fi -3 ;,1. -=c: 1J -tz JI, r:: ~ ;I? -Q t---5 :., 1/ A 5 1 3 

(J) Jf - t--~ -ti 1 5 9 f,I. ;I? ~ ~ Jj. tl:l l 'J - t,:' *i W L 1 r:: /'Ji' ~ (J) ;;1-:., ~ EE ~ ~~ :t.1 □ l -C t--7 :., 

1/A51 3~;;1-:.,~t~c: l, t:::'·:; t--*JRBLc: t,-7:.,1/A51 3(J)'J-Ati:i'i~1 6(J)llc*i~ 

2 o c: (J) Fai r:: , ~ Jj. tl:l l ~ i.m ~ im ~ 1" -Q ;:: c: r:: J: --.:i -c -f (J) ~ Jj. tl:l l ~ fi -3 o 30 
[0063] 

...t i!l! l t:::. J: ? r:: ' * ~ B)l r:: J: -Q U! ~ j:]1 j:,n: t:/J ~ • T [;:t ' U! {t Im '.if' ~ iP J: u: U! {t El EB ~ ~ -tl JiJi; 

1" -Q ~t U! 'ti ~ 5 iB J: U: 7 , 1~ r:: U! {t El EB ~ ~ -tl /iJi: 1" -Q ~t U! 'ti ~ 7 ti ~t U! 'ti a ~t 1ri ~ ~ • ""f 

iv.> -Q F e , C o c: ~ [:: B ~ 'a" ~ 9 -Q F e C o B , F e C o N i B [:: J: -::> -C 1l /iJi: 9 -Q ;:: c: [:: 

J: ~) & fi U! ~ (J) ±~ ~ {t ti ~ G n -Q o 

9~;1-)~, •mtta•1ri~~-(J)Jj.""f•mtt~~ffl/iJi:9-Q~*im.M(J)TMR.T"°f~, A 

I::" :., o/.J' -ti i¥ (J) rial ...t c: & fi U! ~ (J) 1.11 ;~ {t c: ti ;J-§ ~ n tJ. t,, c: t,, -3 ~ ~B .g-ti iv.> -Q o 

;:: ti, [:: .tt l , ...t i!l! l t:::. F e C o B , F e C o N i B [:: J: -Q c: ~ [;:t , A I:: :., o/.J' -ti -1¥ (J) rial ...t c: 

~ r:: 1Ji!: U! jJ 9 f,I. ;I?~ & fi U! ~ (J) 1.11 ;~ti~ !JI, ~ n -Q O 9 f,I. ;I?~ ' A I:: :., o/.J' -ti -1¥ ti~ d) G n -Q 

;:: c: r:: J: --.:i -C , AA !c ( 1 ) :it fJ\ G ~ t,' j:]1 j:,n: ~ {t -1¥ , 9 f,I. ;I? ~ T M R • T r:: iB t,' -C [;:t , ~ t,' 40 
T M R .tt tJ{ 1~ G n -Q o ac: t:::. , & fi nt ~ (J) 1.11 ;~ r:: J: --.:i -c , nt ~ ;,1. -=c: 1J ~ w: r:: iB l,, -c , -f (J) ;,1. 

-=c: 1J • T c: l -c (J) nt ~ J:.11 J:.n: t:/J ~ • T r:: ~ 1" -Q ~ ~ :i6 Jj. nt ~ , 1" tJ. ;t? ~ ~ ~ :i6 Jj. ~ i.m (J) 1.11 ;~ 
~ ~ -Q ;:: C: tJ{ ""f ~ -Q 0 

[0064] 

t l -C , 1~ r:: :;$-~ B)l r:: i:13 l,' -C [;:t , 7 -'E JI, 7 7 A f,I. l,' l [;:t f,/.l( *j!j ~ *_§. • c: l -C ff~ JiJi; ~ ti, t:::. , ;:: 
(J) *.§. JiJi: (J) ~t U! 'ti ~ ~ , U! ~ $ ~ ~ I! 1" -Q ;:: c: r:: J: --.:i -c U! 'ti ~ (J) U! ~ a'-.1 ~ it fill c: ~ ~ fill c: ""f 

;r- ~ n -Q U! ~ ~ 1i 'ti tJ{ i1J 1ftn ~ n ' R - H mi *i (J) %l ff~ 'ti tJ{ ~ d) G n ' U! {t El EB ~ 9 f,I. ;I? ~ 'ti 
t& ic ii ~ (J) & fi ~n ~ tJ{ ~ '.if' 1" -Q o 

a,: t:::. , B ( ,R □ :., ) ~ 'a" ~ 9 -Q ;:: c: r:: J: --.:i -C 1 \ -1' 7 A ~EE-ft< ff 'ti tJ{ ?D!: ~ ~ ti, -Q o 

[0065] 50 
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;:: ;:: ""f , 'ti ¥& !c ii ~ ti C o 7 2 F e 8 B 2 0 ( mt T % J ~ 'a" ~ 9 -Q :;$-~ B)l r:: J: -Q T M R 

~TC:, 1tif&!cii~tiC0 9 0 Fe, 0 (mtT%J ~'a"~9-QTMR~Tc:~1'1=~l,;:: 

n G r:: 11 t,, -c ~1-'€l'B nt ~ (J) ~ 1t r:: ~ 1" -Q t--:., * JI, J:.11 J:.n: f~ (J) ~ 1t i¥ ~ JJ11J '.if' l t:::. o ;:: (J) T M R c 
% J - ~1-'€l'B U! ~ ( 0 e J mi $JR (J) j)llj '.if' $j!j ~ ~ ' ~ 6 r:: ;r-9 0 ~ 6 r:: iP l, \ ""( r;:t ' mi $JR 6 1 r;:t ' 
'ti ¥& !c ii ~ ti C o 7 2 F e 8 0 B 2 0 (J) T M R ~ T (J) ~ .g-(J) T M R - ~1-'€l'B U! ~ mi $JR ""f iv.> ~) 

, mi $JR 6 2 r;:t , 'ti ¥& !c ii ~ ti C o 9 0 F e 1 0 (J) T M R ~ T (J) T M R - ~1-'€l'B U! ~ mi $JR ""f iv.> 

-Q 0 

[0066] 

mi $JR 6 1 c: 6 2 ~ .tt f~ l -C B)l G tJ, f,I. J: -3 r:: , 1ti ¥& !c ii ~ tJ{ F e , C o , B ~ 'a" ~ 9 -Q T M 

R r;:t , F e , C o (J) Jj. ~ 'a" ~ 9 -Q T M R ~ T r:: .tt l -C T M R .tt ~ ~ < $i j:~ l -::> -::> , f!i!: U! jJ 10 

Hc~~-9-Q;::C:~~ft""fiv.l~ko 

a,: t:::. , T M R - U! ~ JI, - -:J (J) %l ff~ 'ti tJ{ rial ...t 9 -Q c: ~ r:: , 1 \ JI, ? 1 \ ? ·ti' :., / -1' ;{ t ?D!: ~ ~ ;h, 

""( l, \ -Q ;:: C: tJ{ o/.J' fJ\ -Q 0 

[0067] 

l t:::. tJ{ ~ -c , * ~ BJl r:: J: -Q nt ~ J:.11 J:.n: t:/J ~ ~ T r:: J: -Q nt ~ ;,1. -=c: 1J ~ ii': (J) ;,1. -=c: 1J ~ T rt , ~ ~ 
:i2:, Jj. ~ Im (J) f.11 ;~ tJ{ ~ G ;h, -Q rt fJ\ ~) ""f f,I. < , 7 A T □ -1' t,:' mi $JR (J) ff~ ~t t ?D!: ~ ~ ;h, -Q ;:: c: r:: J: 
~ -c , ~ ~ :i6 Jj. 1~ 'ti tJ{ rial ...t l , 1~ 'ti (J) rt G -::> ~ tJ{ ?D!: ~ ~ n , -c , ~ ~ :i6 Jj. I -5 - (J) 1.11 ;~ tJ{ 

~ G n -Q o 

[0068] 

;:: (J) J: -3 f,I. t:iJ ~ tJt IJI, ;h, -Q mt lt9 r;:t BJl Mi. ""f f,I. l,' tJ{ , B ~ 'a" ~ 9 -Q ~i U! 'ti ~ 1~ ~ (J) IJI, ~ c: ~ ~ G 20 
;h, , a,: t:::. , ;:: (J) 1~ 'ti (J) ?D!: ~ r;:t , ~i U! 'ti ~ tJt 7 -'E Jt, 7 7 A f,I. t,' l r;:t f,/.ll: $j!j ~ ~t ~ r:: iB t,' -C ~' T 
l t 1~ G ;h, -Q t (J) ""f r;:t f,I. t,' o 9 f,I. ;I? ~ , ...t i!l! l t:::. $j!j ~ {t Jg ~ J;). ...t ""f , tJ, -::> U! ~ g:i ~ ~ I! r:: 
J: ~ -c $j!j ~ ~ {t ~ n , tJ, -::> U! ~ ~ 1i 'ti ~ ~ 1" -Q J: -3 r:: irJ 1ftn ~ n -Q ;:: c: r:: J: ~ -c ~ l.:'.. -Q c: ,\!I 
;I? ;h, -Q 0 

[0069] 

-f l -c , nt ~ ;,1. -=c: 1J ~ ii': r:: iB t,, -c rt , f§J - ~ t& ...t r:: , -ti d) -c ~ eJ& (J) ;,1. -=c: 1J ~ T , 1" tJ. ;I? ~ 

U! ~ J:.11 J:.n: t:/J ~ ~ T tJt ff~ /iJi: ~ n -Q ;:: c: tJ, G , ...t i!l! l t:::. ~ ~ :i6 Jj. ~ ;fit (J) f.11 ;~ r;:t , ~ ;I? d) -c ~ ~ 
f,I. fl] ~ ~ t t:::. G 9 t (J) ""f iv.> ~) , a,: t:::. , 9 <• ;h, t:::. 7 A T □ -1' t,:' mi $JR ~ 1~ -Q ;:: c: tJt ""f ~ -Q ;:: c: 

, -::> a,: ~) ti: '.if' l t:::. U! ~ a'-.1 1~ 'ti (J) ti: '.if' {t tJt ~ G n ;:: c: r;:t , -ti d) -c ~ ~ tJ. .~ ""f iv.> -Q o 

[0070] 

f;!;'J , ~i U! 'ti ~ tJ{ 'a" ~ 9 -Q F e C o B , F e C o N i B (J) .g-1ti $.§. JiJi; r:: r;:t , H a,: l l,' i'fi Im tJ{ ff 
tt 9 -Q t (J) ""f iv.> -Q o ;:: ;h, G F e C o B , F e C o N i B r:: J: -Q ~i U! 'ti ~ r:: J: -Q U! ~ j:]1 j:,n: t:i:J 
~ ~ T , ;,1. -=c: 1J ~ T r:: -::> t,, -c rt , * tl:l ii J... r:: J: -Q 1~ ~tr-ii 2 o o 2 - 1 o 6 g 2 6 ~ ""f 1" ""f 

r:: :ti ~ l -C t,' -Q c: ;:: -:i ""f iv.> -Q o 

[0071] 

9 f,I. ;I? ~ , ~i U! 'ti ~ tJ{ 'a" ~ 9 -Q F e , C o , B (J) .g-1ti $.§. JiJi; r:: -::> l,' -C r;:t , ~ ~ ~ f,I. ~ ~ 1t ~ 
~ ~ ~ l,' -C , $.§. /iJi: :it F e x C o Y B 2 ( $.§. /iJi: :it 9J , x , y , z r;:t , mt T % ~ ~ 9 ) 
fJ\ G -tl JiJi; ~ ;h, ' 5 ;;;; X ;;;; 4 5 ' 3 5 ;;;; y ;;;; 8 5 ' 1 0 ;;;; z ;;;; 3 0 ""f 0.) -Q ;:: C: tJ{ H * l l, \ 0 

;:: (J) c: ~ , x + Y + z = 1 o o ""f 0.i -Q o ;:: n G $.§. /iJi: (J) 1~ '.if' r:: -::> t,, -c i;.J. "F t~ BJl 1" -Q o 

30 

[ 0 0 7 2 ] 40 

a,: "9 , B (J) ;~ :t.1 □ :I: r:: -::> l,' -C t~ B)l 9 -Q o ;:: (J) B (J) ;~ :t.1 □ :I: tJ{ 1 0 mt T % * ;7li ""f iv.> -Q c: , " - A 

c: f,I. -Q F e - C o .g-1ri (J) U! ~ 1~ 'ti tJt ~ ~ < & ~ ~ ;h, , ~ -\o tJ, f,I. ?D!: ~ t:/J ~ tJt t~ d) G ;h, -Q (J) 

Jj. ""f iv.> -Q o l t:::. tJt ~ -C , 1 0 mt T % J;). ...t (J) B ~ 'a" ~ 9 -Q ;:: c: r:: J: ~) , F e , C o ~ ~ f§J l'., 

.tt i¥ ""f "a" <L' .g-1ri c: .tt ,~ l -c , T M R .tt tJ{ !ilj ~ r:: ±~ ~ 1" -Q c: ~ r:: , j:]1 j:,n: - U! ~ mi $JR C R - H 

mi $JR) (J) %l ffHi tJ{ ?D!: ~ ~ ;h, -Q o a,: t:::. , T M R .tt (J) I\ -1' 7 A ft< ff 'ti t ?D!: ~ ~ ;h,, ~ r::, 1ti ¥& 
!c ii ~ (J) U! {t ~t ~ tJ{ ti: '.if' l ""( l, \ -Q t:::. d) ' f!i!: U! jJ (J) rt G -::> ~ tJ{ ,j, ~ < ' R - H mi $JR ...t r:: ~ G 

n -Q / -1' ;{ t ~ ~i r:: 1.11 ;~ 1" -Q o 

[0073] 

a,: t:::. , B (J) ;~ :t.1 □ :I: r;:t , 3 0 mt T % J;). 'F ""f iv.> -Q ;:: c: tJt H a,: l t,' o ;:: ;h, r;:t , B (J) ;~ :t.1 □ :I: tJt 3 0 

mt T % ~ ~ ~ -Q c: , f§ij ~ rt 'ti ¥& !c ii ~ c: l -C (J) ~t U! 'ti a'-.1 f,I. 1~ 'ti iB J: U: U! {t Im '.if' ~ c: l -C (J) 50 
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Im '.if' U! ~ ti ti f,I. ;I? ;h, -C < -Q o t (J) *j!j ~ , T M R .tr. (J) 1fl; 7' , R - H mi *i (J) %l ff~ 'ti (J) % {t. iP J: 
U: 1Ji!: U! :fJ (J) ;~ 1> ~ * 1" iB t ;h, ti ~ l.:'.. -Q o l t:::. ti --.:i -C , B ~ ;~ :t.1 □ 9 -Q ;:: c: r:: J: -Q t:/J ~ ~ Mi. ~ 
r:: 1~ -Q t:::. d) r:: f;:t , F e - C o .g-1ri (J) *.§. JiJi; r:: J: --.:i -C ~ -'f ~ {t. 9 -Q ti , 1> f,I. < c: t - 1i (J) ~i U! 
'ti ~ (J) , 1ti ¥& !c ii ~ ~ -tl /iJi: 1" -Q ~i U! 'ti ~ 7 f;:t , 1 o mt T % J;.J. ...t , 3 o mt T % J;.J. 7' (J) B ti "a" 
~ 9 -Q *.§. JiJi; C: 9 -Q ;:: C: ti~* [.; l,\ 0 

[0074] 

~ I:: , ,-.:: - A c: f,I. -Q F e - C o .g-1fi I:: -::> l,' -C t~ B)l 9 -Q o 

B ~ 'a" d) t:::. .g-1ti *.§. JiJi; ""f 1> f,I. < c: t 3 5 mt T % (J) C o ti ~' ~ ""f iv.> -Q o B ti ;~ :t.1 □ ~ ;h, t:::. ~ .g-(J) 

t:iJ ~ ~ ifE. 31t l , l tJ, t ~i U! 'ti a'-.1 f,I. 'ti ~ ~ 1Ji!: t~ 9 -Q t:::. d) ""f iv.> -Q o -f (J) ...t ""f , F e tJt ;~ :t.1 □ ~ ;h, 

-Q c: , C o - F e " - A .g-1ri ""f (J) ~ {t. c: f§J ~ I:: , T M R .tr. (J) rial ...t iP J: U: 1Ji!: U! jJ (J) ±~ ~ t:iJ ~ 10 

tJt t~ d) G ;h, -Q o l tJ, l , F e (J) 'a" ~ :I: tJt , 4 5 mt T % ~ ~ ~ -Q c: ~ ~ (J) ~ T -t 5! ""f f;:t , 1Ji!: 
U! jJ tJ{ ~ J1j r:: ±~ ~ l , T M R ~ T c: l -C ~ JOO ~ c: f,I. -Q o a,: t:::. , F e (J) 'a" ~ :I: tJ{ 5 mt T % * 
;7li ""f iv.> -Q c: , ~i U! 'ti ~ (J) A I::" :., o/.J' -ti i¥ tJt ,1, ~ < t,I. ~) , U! ~ t.11 :f.n: t:/J ~ ~ T c: l -c tJJ 1'1= 1" -Q r:: 
+ o/.J' f,I. T M R .tr. tJ{ 1~ G ;h, f,I. < f,I. -Q i:13 t ;h, tJ{ iv.> -Q o l t:::. tJt -:> -C , F e (J) 'a" ~ :I: f;:t , 5 mt T % 

J;.J. ...t , 4 5 mt T % J;.J. 7' c: 1" -Q ;:: c: tJt H a,: l t,' o 

[0075] 

a,: t:::. , ~i U! 'ti ~ c: l -C f;:t , ...t i!l! l t:::. J: -3 r:: , F e , C o , B (J) fj tJ, r:: N i ~ 'a" ~ 9 -Q *.§. JiJi; 

c: 9 -Q ;:: c: tJt ""f ~ -Q o ;:: (J) N i ~ 'a" ~ 9 -Q ~ .g-""f t , 1Ji!: U! :fJ (J) ±~ ~ ~ :ff P ~ -::> -::> Ill H f,I. T M 

R .tr. ~ *i t~ l , R - H mi *i (J) %l ff~ 'ti (J) ?D!: ~ t:/J ~ ~ 1~ -Q ;:: c: tJ{ ""f ~ -Q o ;:: (J) ~ .g-, N i 'a" ~ 
:I: (J) H a,: l t,' i'fi Im tJt ff tt 1" -Q o 1" t,I. ;I? ~ N i f;:t , 3 5 mt T % J;.J. 7' ""f iv.> -Q ;:: c: tJt H a,: l t,' o 20 
;:: ;h, f;:t , N i (J) 'a"~ :I: tJ{ , 3 5 mt T % ~ ~ ~ -Q c: 1Ji!: U! jJ tJ{ 1J, ~ < f,I. ~) ~ ~ -C , T M R ~ T 
(J) t1J 1'1= (J) ffilJ 1ftp tJ{ ~ it c: f,I. -Q i:13 t ;h, tJ{ iv.> -Q ;:: c: I:: lt9 -Q o 9 f,I. ;I? ~ , F e C o N i B (J) ~i U! 'ti 
~ I:: iP l,' -C f;:t , ~ 'i:iJ ~ f,I. ~ ~ 1o/.l ~ ~ ~ ~ l,' -C , *.§. /iJi: :it F e a C o b N i c B d ( *.§. /iJi: :it g:i 

, a ~ d f;:t mt T % ~ ~ 9 ) tJ, G 1l /iJi: ~ ;h, , 5 ;;;; a ;;;; 4 5 , 3 5 ;;;; b ;;;; 8 5 , 0 < c ;;;; 3 5 

, 1 0 ;;;; d ;;;; 3 0 ""f iv.> -Q c: tJ{ H a,: l l,' o -f l -C , ;:: (J) c: ~ , a + b + c + d = 1 0 0 ""f iv.> 

-Q 0 

[0076] 

:;$-~ B)l f;:t , ...t i!l! l t:::. *.§. JiJi; (J) F e C o B i:13 J: U: F e C o N i B .g-1ri I:: ~ l , 7 -'E JI, 7 7 A f,I. 

t,' l f;:t B *j!j ~ *.§. • ~ U! ~ g:i ""f *j!j ~ {t. ;m_ ~ J;). ...t (J) ;m_ ~ ""f ~ ~ I! l , U! ~ ~ 1i 'ti tJt i1J 1ftp ~ ;h, t:::. 
*j!j ~ ~ r:: ~ it. ~ ii -Q ;:: c: r:: J: ~) , 'ti t& !c ii ~ (J) & ,i nt ~ tJ{ ±1:J - it. l , ~ ~ :i6 Jj. I -5 - tJ{ :frp 30 
ffilJ ~ ;h, , ~ t.i' t:::' ·:; t--t& (J) M R A M tJ{ :iE l < tlJ 1'1= l 1~ -Q ~t ~ ~ 1'1= -Q t (J) ""f iv.> -Q o 

;:: (J) U! ~ g:i ~ ~ I! f;:t , AA i!l! l t:::. J: -3 r:: , 5 o o k o e J;). ...t c: l , ~ ~ I! ;m_ ~ f;:t , T ( 0c J 
rt , AA i!l! l t:::. J: -3 r:: , 2 s o + 2 x c s "a" ~ :;: c % J ) ;;;; T ;;;; 4 o o c: 1" -Q t (J) ""f 0.i -Q tJ{ 

, ;:: (J) ~ ~ !! ;m_ ~ I:: -::> l,' -C t~ B)l 9 -Q o 

[0077] 

9 f,I. ;I? ~ , 7 -'E JI, 7 7 A ;j;§ (J) *j!j ~ {t. ;m_ ~ f;:t , ~ ~ I! ~ Fai r:: it< ff l , -f (J) i1J 1ftp i'fi Im f;:t It. t,' o 

M R A M ~ ~ ~ 9 -Q ~ .g-~ ~ Ii l t:::. c: ~ , 1§1] ~ rt -f (J) M T J 9 r:: iB It -Q 'f5-~ (J) ~ im r:: iB It 
-Q :e-~ (J) -tl /iJi: ~ ~ (J) ;J-§ :a: :fJ1; ~ (J) ~ ~ ~ r:: J: -Q 1~ 'ti ,,.,_ (J) J~ ~ tJ, G , !JI,~ a'-.1 tJ. ~ Fai c: l -c , -f 
(J) ~ ~ !! ~ Fai 9 f,I. ;I? ~ ;m_ ~ 1Ji!: t~ ~ Fai ~ 2 ~ Fai c: l -C ~ ~ -Q c: , F e C o B .g-1ri iP J: U: F e 
C o B .g-1ri (J) *j!j ~ {t. ;m_ ~ f;:t , B 'a" ~ :I: I:: it< ff 9 -Q o B 'a" ~ :I: tJ{ 1 0 mt T % (J) c: ~ , *j!j ~ {t. 40 
;m_ ~ f;:t 2 9 0 °c , B 'a" ~ :I: tJ{ 2 0 mt T % (J) c: ~ , *j!j ~ {t. ;m_ ~ f;:t 3 0 0 °c , B 'a" ~ :I: tJ{ 3 0 

mt T % (J) c: ~ , *j!j ~ {t. ;m_ ~ f;:t 3 1 0 °c ""f iv.> --.:i t:::. o -::> a,: ~) , ;:: (J) *j!j ~ {t. ;m_ ~ f;:t , B (J) 'a" ~ :I: 
r:: it< ff 9 -Q o ;:: (J) *j!j ~ {t. ;m_ ~ (J) ~ 1* f;:t , ;:: ;h, G B (J) 'a" ~ :I: c: *j!j ~ {t. ;m_ ~ (J) ~ 1* tJ, G , *j!j ~ 

{t. ;m_ ~ (J) ili 1J;l :it f;:t ' 2 8 0 + 2 X ( B 'a" ~ :I: ( % ) ) ""f .g. ~ G ;h, -Q 0 

l t:::. tJ{ -:) ""( ' *j!j ~ {t. (J) ~ ~ !! ;m_ ~ f;:t ' 2 8 0 + 2 X ( B 'a" ~ :I: ( % ) ) J;). ...t C: 9 -Q 0 

- 1i , ;:: (J) ~ ~ !! r:: iB t,' -C , ...t i!l! (J) M T J 9 r:: iB t,' -C , -f (J) t--:., .::l'-JI, U! ~ t.11 :f.n: t:/J ~ (J) 1~ 'ti 
tJt ti t,I. ;I? n -Q ;:: c: tJt t,I. t,, ;m_ ~ c: 1" -Q ;:: c: tJt ~' ~ ""f iv.> ~) , l t:::. tJt --.:i -c , ;:: (J) ~ ~ I! ;m_ ~ f;:t , 
4 0 0 °C J;). 7' C: f,I. -Q 0 

;:: ;h, G (J) ;:: c: tJ, G , U! ~ g:i ~ ~ I! (J) , ~ ~ I! ;m_ ~ T ( 0c J f;:t , AA !c ( 2 ) :it (J) , 2 8 o + 
2 X ( B 'a" ~ :I: ( % ) ) ;;;; T ;;;; 4 0 0 c: f,I. -Q 0 50 
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[0078] 

f;!;'J , ~ ~ I! ff (J) t,;-!P ~ (J) t,;-!P if ~ r:: -::> t,' -C r;:t , ;:: (J) t,;-!P if ~ ti ~ ~) ~ t,' c: , B ~ ~ < 'a" ct,, 

f,/.ll: ~ tff tl:l 1t ti ~ l.:'.. , 1~ 'ti (J) 1fl; 7' ~ t t:::. G 1" o l t:::. ti --.:i -C , ~ ~ I! ff (J) t,;-!P if ~ r:: t ~ Ii ti 
~ * ;h, -Q O .!'!. 1* a{_] r:: r;:t ' ~ ~ !! ;m_ ~ fJ\ G 2 8 0 °c r:: t,;-!P 9 -Q * ""f r;:t ' t (J) t,;-!P if ~ r;:t ~ o/.J' 
2 °c J;.J. ...t c: 1" -Q ;:: c: tJt ~ a,: l t,' ;:: c: tJt Mi. t~ ~ n t:::. o 

- 1i , :t.1 □ ~ ~ I! r:: iB it -Q ~ ;m_ if ~ r:: -::> t,, -c rt , ~ ~ I! ~ ii': (J) 'ti 1i~ r:: it< ff l , irJ 1ftn ;m_ ~ tJt , 
/'Ji' ~ ;m_ ~ J: ~) ~ < t,I. -Q t,, ;I? l'P -Q ;;1- - 1 , - 1/ .:i. - t--tJt ~ ~ l t,I. t,, i'fi Im ""f t,I. -Q "" < if t,, 1i tJt ~ 
a,:[.;l,\o 

[0079] 

a,: t:::. , ~ ~ I! g:i (J) U! ~ ~i ~ r:: ~ l -C , U! ~ ~i ~ r;:t , 5 k O e J;). ...t ~' ~ ""f iv.> -Q o 10 

* t:::. ' ~ ~ !! g:i r:: t U! ~ ~ ~~ :t.1 □ l ~Jc It -Q ;:: C: tJ{ ~' ~ ""f 0.) -Q O .!'!. 1* a{_] r:: U! ~ ~ ~~ :t.1 □ 9 -Q ;m_ ~ 
~ c: l -C r;:t , ~ ~ !! ;m_ ~ fJ\ G t.i-!P g:i r:: iB t,' -C , -f (J) ;m_ ~ 7 0 0c r:: ii 9 -Q a,: ""f ~~ :t.1 □ 9 -Q ;:: c: 
tJt ~ a,: l t,' o 

[0080] 

a,: t:::. , ...t i!l! l t:::. M R A M (J) 1'1= ~ I f~ ""f , :;$-~ B)l r:: iP It -Q ...t i!l! l t:::. ~ ~ !! r;:t , M T J (J) ff~ /iJi: 
~ ff r:: fi -3 ;:: c: t ""f ~ -Q t (J) (J) , fl ~ tl ~ '€l'B , 9 f,I. ;I? ~ M T J ~ ff~ /iJi: l -C ff r:: , ~ Fai ~ ~ 
~ 1§1J ~ rt lit it 1/ 1J :::i :., ~ -:J -5 ;{ ? c v o r:: J: --.:i -c /iJi: ffl 1" -Q ~ .g-, ;:: (J) JiJi: ffl r:: iB t,, -c , 3 o 
o °C J;). ...t r:: ;m_ ~ ...t ~ 1" -Q ;:: c: tJ{ ~ ~ G ;h, -Q ;:: c: fJ\ G , :;$-~ B)l r:: iB It -Q ~ ~ !! r;:t , M T J (J) 

ff~ JiJi; ff r:: f,I. ~ ;h, -Q ;:: (J) -:J 7 ;{ ? C V D (J) ff r:: fi ? ;:: C: tJ{ ~ * l l, \ 0 

[0081] 

(1~'ti~'l'1illiJ 
~ r:: , * ~ BJl r:: J: -Q nt ~ J:.11 J:.n: t:/J ~ ~ T c: , ;:: n ~ ;,1. -=c: 1J ~ T c: l -c m l,, t:::. M R A M (J) ~ 1i1li 
1§1] r:: itJ' fit 9 -Q 1~ 'ti ~f 1illi FF.I ~ T ( J;). 7' T E G ( T e s t E I e m e n t G r o u p ) c: 
t,' -3 ) ~ 1'1= ~ l -C , ;:: ;h, r:: J: --.:i -C :;$-~ BJl tl /iJi: (J) 1~ 'ti ~'I' 1illi ~ fi --.:i t:::. o ;:: (J) 1~ 'ti ~'I' 1illi c: t (J) *j!j 

~ r:: -::> l,' -C t~ B)l 9 -Q o 

;:: (J) ~ .g-, ~ 5 r:: iP l,' -C t~ B)l l t:::. J: ? r:: , M R A M r:: iP l,' -C r;:t , j. -'E 1) ~ T c: l -C (J) T M 

R ~ T J;). ~1-r:: , A -1' ':J =f :., If FF.I (J) t---3 :., 1/ A 5 1 3 tJ{ ff~ JiJi; ~ ;h, -Q t (J) ""f iv.> -Q tJ{ , ;:: (J) T E 

G r:: iB l,, -c rt , -=¥-w 1* ~ t& 2 1" tJ. ;I? ~ -=¥-w 1* ? I , \ r:: rt ...t i!l! l t:::. A -1 •:; =f :., 1f m t---3 :., 1/ 
A 5 1 3 (J) ff~ JiJi; ~ ~ ~ l t:::. o 

[0082] 

~ 7 r:: M: ~ :;:µ: im ~ ~ ;r- l , ~ 8 r:: , ~ 7 (J) A - A *i (J) M: ~ ffi im ~ ~ ;r- 1" J: -3 r:: , ~ im r:: ~ 
~ 2 µ m (J) ~ lit it ffl r:: J: -Q ~ ~ ~ 1 2 tJt ff~ /iJi: ~ n t:::. , ~ ~ o . 6 m m (J) -=¥-W 1* ~ t& C -=¥-W 
1* ? I , \ ) 2 ~ m ~ l t:::. 0 

;:: (J) -=¥-w 1* ~ t& 2 ...t r:: , 'J - t-:· *i ~ tl /iJi: 1" -Q 1ri ~ ffl (J) ff~ /iJi: , iB J: u: 7 ;;J- t--1J 'J 1f -5 7 1' r:: 
J: -Q , , 5 - :., I ·:; =f :., 1f ~ fi --.:i -c , - 1i rial r:: fil -:& 1" -Q 'J - t-:· *i w L ~ ff~ /iJi: l t:::. o 

;:: (J) c: ~ , 'J - t-:· *i w L (J) ff~ /iJi: '€l'B i;.J. ~1-(J) I •:; =f :., 1f '€l'B r:: iB t,, -c rt , -=¥-w 1* ~ t& 2 (J) ~ im (J) 

lit {t ffl 9 f,I. ;I? ~ ~ ~ ~ 1 2 tJ{ ;~ ~ 5 n m a,: ""f I ·:; =f :., 1f ~ ;h, t:::. o 

[0083] 

'J - t,:· *i W L ...t (J) - '€l'B r:: , T M R ~ T 1 ~ 1'1= ~ l t:::. o ;:: (J) T M R ~ T 1 (J) ff~ JiJi; r;:t , :$t "9 , 

20 

30 

-=¥-¥J 1* ~ t.& 2 1ffrJ tJ, G , t ;h, -f ;h, ~ im a'-.] r:: , Iliff ~ , ~ ~ 3 n m (J) T a ~ c: ~ ~ 1 0 0 n m (J) 40 
C u ~ c: r:: J: -Q 7' ±1!! ~ 3 , ~ ~ 2 n m (J) P t M n ~ r:: J: -Q & ~i U! 'ti ~ 4 , ~ ~ 3 n m (J) C 

o F e ~ c: ~ ~ 0 . 8 n m (J) R u ~ r:: J: -Q iJlc U! 'ti W ~ ~ c: ~ ~ 2 . 5 n m (J) C o F e ~ c: 
(J) 7 I. 1) U! 'ti ~ r:: J: -Q U! {t Im '.if' ~ 5 , ~ ~ 1 n m (J) A I ~ lit {t ~ !! l t:::. $ rai ~ 6 , ~ ~ 5 

n m (J) F e C o B ~ r:: J: -Q U! {t El EB ~ 7 , ~ ~ 5 n m (J) T a ~ J: ~) JiJi; -Q 1Ji!: ~i ~ 8 ~ ff~ JiJi; l 
t:::. O 

[0084] 

;:: (J) J: -3 r:: l -C , ff~ /iJi: l t:::. fl ~ ffl (J) - '€l'B r:: J: --.:i -C T M R ~ T 1 ~ tl /iJi: 9 -Q t (J) ""f iv.> ~) , ;:: 

(J) t:::. d) r:: fl ~ ffl (J) T M R ~ T 1 (J) ff~ /iJi: '€l'B ...t r:: , 7 ;;J- t--I/ 1/ A t--~ r:: J: -Q ? A ? ~ ( ~ ;r- ii 

'9 ) ~ 7 ;;j- f-- 1) 'J If 7 7 ,( r:: J: -:J ""( ff~ /iJi: 9 -Q o 

;:: (J) ? A 1J ~ ~ , I •:; =f :., 1f ? A 1J c: l -c , ...t i!l! (J) fl ~ ffl r:: itJ' 1" -Q I •:; =f :., 1f ,wii ~ rt t-:· -5 so 
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~ r:: , 7 ;;J- t-- I/ 1/ A t--~ r:: J: -Q ? A ? ~ ...t fJ\ G , T M R ~ T 1 (J) ml Im ~ S: -::> -C ~ ~ 1 0 0 

n m f~ ~I::, A I 2 0 3 ~ A 1, ·:; 5 l , t (J) ff, ? A ? ~ (J) ~ $; ~ fi -::> -C , T M R ~ 

T 1 ...t (J) ~ ~ ~ (J) ~ $; ' 9 f,I. ;I? ~ 1) 7 t--;;1-7 ~ fi -:) ""( T M R 1 (J) ~ [ID ~ ~ tJj 9 -Q 0 

[0085] 

;:: (J) ~ tl:l l t:::. T M R ~ T 1 ...t r:: :::i :., 5 ? t-- l -C ~ im a'-.1 r:: 1ri ~ ffl (J) ff~ /iJi: ~ /iJi: ffl l , ;:: (J) 1ri ~ 
ffl ~ 7 ;;J- t-- 1J 'J 1f -5 7 1' r:: J: --.:i -c , , 5 - :., I ·:; =f :., 1f l -c 1::· ·:; t--$JR s L ~ ff~ /iJi: 1" -Q o 

[0086] 

;:: (J) t:::' ':J t--$JR B L c: ...t i!l! l t:::. 'J - t,:' $JR W L c: f;:t , t ;h, -f ;h, C u ~ r:: J: --.:i -C ff~ JiJi; l , ;j;§ 1i r:: 10 

~ x 1" -Q 1i rial r:: fil -:& 1" -Q , , 5 - :., r:: ff~ /iJi: 1" -Q o 

[0087] 

U! {t El EB ~ 9 f,I. ;I? ~ 1ti ¥& !c ii ~ ~ tl /iJi: 9 -Q ~i U! 'ti ~ 7 (J) F e C o B (J) $.§. JiJi; f;:t , F e 8 C 

o 7 2 B 2 o ( ffli: T % J c: l t:::. o 

a,: t:::. , U! {t Im '.if' ~ ~ tl JiJi: 9 -Q ~i U! 'ti ~ 5 (J) C o F e (J) $.§. JiJi: f;:t , C o 7 5 F e 2 5 ( ffli: T % 

J c: l t:::. o 

g:i rai ~ 6 (J) t--:., * JI, I\ 1) 7 ~ f;:t ' jt; "9 A I ffl ~ D C A / \ ':J 5 5! r:: J: ~) ~ ~ 1 n m r:: :it fl l 
, t (J) ff I:: , lit ~ c: 7 JI, :::i" :., (J) i.m :I: .tt f;:t , 1 : 1 c: l , =f "'7 :., 1 \ - (J) t.i' A EE ~ 0 . 1 m T 

or r c: l, IC P (Inductive Coup I e d PI as ma: ~!H¥$j!j.g-
!J:/ -:J 7 ;{ ? ) r:: J: ~) 1ri ~ A I ffl ~ -:J 7 ;{ ? lit {t 9 -Q ;:: C: r:: J: -:) ""( ff~ JiJi; l t:::. 0 20 
;:: (J) lit {t ~ Fai f;:t , I C P -:J 7 ;{ ? ti:l jJ I:: -ft< ff 9 -Q fJ{ , ;:: (J) i§IJ ""f f;:t 3 0 t.P (J) lit {t ~ !! ~ fi -::> 

t:::. O 

;:: (J) g:i rai ~ 6 J;). ~1-(J) jiJi; ffl f;:t ' D C ? If * t--□ :., A / \ ':J 5 5! ~ m l, \ ""( JiJi; ffl l t:::. 0 T M R ~ T 
1 f;:t , ~li: ,m o . 5 µ m , -:& ,m 1 . o µ m (J) tl F9 ff~ 1, 5 - :., r:: ff~ /iJi: l t:::. o 

[0088] 

'J - t,:' $JR W L i:13 J: U: t:::' ':J t--$JR B L f;:t , t ;h, -f ;h, 1ri ~ ffl ~ ff~ JiJi; l , ;:: ;h, ~ 7 ;;J- t-- 1) 'J If 7 7 

,( ~ m l, \ t:::. A r -:J 7 ;{ ? I ·:; =f / If r:: J: -:) ""( / \ 5 - :., {t l ""( ff~ JiJi; 9 -Q l t:::. 0 

'J - t,:' $JR W L i:13 J: U: t:::' ':J t--$JR B L (J) f.!jj' 1i/il r:: f;:t , ~ 7 r:: ;r-9 J: -3 r:: , -f ;h, -f ;h, 1i/il T 1, ':J t,:' ~ 

2 3 iB J: U: 2 4 ~ fil -:& ff~ /iJi: l t:::. o 

;:: (J) T E G f;:t ' ~ im (J) ~ 1.& 2 ...t r:: ' ~ ej& i@l lie 91] ff~ JiJi; l t:::. 0 

;:: (J) J: -3 r:: l -C 1'1= ~ l t:::. -lj- :., -:J JI, (J) T E G r:: i:13 It -Q $j!j ~ {t jg ~ ~ j)llj '.if' l t:::. c: ;:: ,:, 3 0 0 °C 

""f 0.) -:) t:::. 0 

[0089] 

;:: (J) J: -3 r:: l -C 1'1= ~ l t:::. T E G ~ ...t i!l! l t:::. U! ~ g:i ~ ~ I! ~ ii': J: --.:i -C , U! ~ g:i ~ ~ I! l t:::. o 

;:: (J) ~ ~ I! f;:t , P t M n r:: J: -Q & ~i U! 'ti ~ 4 (J) m ![I] {t ~ ~ I! t ~ ~ -Q ;:: c: tJt ""f ~ , ;:: ;h, r:: 
J: --.:i -C ~i U! 'ti t--:., .::l'-Jt, ti .g-M T J ~ tl /iJi: l t:::. o 

;:: (J) U! ~ g:i ~ ~ I! f;:t , U! ~ ~i ~ 1 0 k O e , ~ ~ I! ~ Fai ( .!'!. i* a'-.1 r:: f;:t :t.1 □ ~ i!i!: t~ ~ Fai ) f;:t , 

2 ~ Fai c: l t:::. o 

[0090] 

30 

...t i!l! (J) J: -3 r:: l -C 1'1= ~ ~ ;h, t:::. T E G r:: -::> l,' -C , t (J) ~ ~ !! jg ~ ~ ~ {t ~ ii -C , T M R .tt , 40 
& ,i nt ~ H c (J) rt G -::> ~ , , , -1' 7 A ~ EE -ft< ff 'ti ~ jJ11J '.if' l t:::. o ;:: n G rt , ~ (J) J: -3 r:: jJ11J '.if' l 
t:::. O 

[0091] 

(TM R,tt(J)j)IIJ'.if'J 

M R A M (J) ;,1. -=c: 1J ~ T ,,.,_ (J) 'ti t& !c ii rt , 1::· ·:; t--$JR , 'J - t-:· $JR ,,.,_ (J) im ~ r:: J: -Q ~ w nt ~ r:: J: 
--.:i -c fi -3 tJ{ , ;:: (J) ~ .g-(J) jJ11J '.if' r:: iB l,, -c rt , T E G (J) 'ti t& !c ii ~ 1" tJ. ;I? ~ nt 1t El EB ~ 7 (J) nt 
1t & ,i ~ , ~1-'€l'B nt ~ (J) ~~ :t.1 □ r:: J: --.:i -c fi t,, , T M R .tt (J) jJ11J '.if' ~ fi --.:i t:::. o 

;:: (J) jJ11J '.if' rt , :$t T , T M R ~ T 1 (J) 'ti t& ic ii ~ ~ nt 1t & ,i ~ ii -Q t:::. d) (J) ~1-'€l'B nt ~ ~ , 'ti t& 

!c ii ~ (J) nt 1t ~ ~ ,m r:: ~ l -c :;:µ: fi r:: tJ. -Q J: -3 r:: ~~ :t.1 □ l t:::. o 

;:: (J) U! ~ (J) ~ ~ ~ f;:t , 5 o o ( o e J c: l t:::. o 50 
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below and such boxes should be considered as having been checked). 

[8] 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: 
[8] A. Is accompanied by a payment as required by 37 CFR. §1.17(p) in the amount of: 

[8] $240 large entity or 
D $120 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). 

[8] 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. 

[8] 6. If no payment is enclosed and a fee is due in connection with this communication or if the 
payment enclosed is insufficient, the Director is authorized to charge any fee or additional 
fee due with this communication to Deposit Account No. 12-0555. 

Respectfully submitted, 

Date: September 13, 2018 /B. Aaron Schulman/ 
By: B. Aaron Schulman 
Registration No.: 31,877 

STITES & HARBISON PLLC • 1800 Diagonal Road• Suite 325 • Alexandria, VA 22314 
TEL: 703-739-4900 • FAX: 703-739-9577 • CUSTOMER No. 881 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re U.S. Patent Application of 

YUASA 

Application Number: 15/428,842 

Filed: February 9, 2017 

For: MAGNETIC TUNNEL JUNCTION DEVICE 

ATTORNEY DOCKET NO. P11338US02/NBT 

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

) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 

Confirmation No. 9576 

Art Unit 2897 

Examiner 
Alonzo Chambliss 

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

Sir: 

This is in response to the Office Action mailed on June 1, 2018, the period of response to 

which is set to expire on October 1, 2018, with the payment of the appropriate extension fees for 

an extension of time of one month. Please amend the above-referenced application as follows: 
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IN THE CLAIMS 

Claims 1-3, 7-9, and 11-33 are pending in this application, wherein claims 27-33 are being 

newly added, as follows: 

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

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

a barrier layer disposed over the first electrode, the barrier layer comprising a magnesium 

oxide (MgO) layer that is formed of a poly-crystalline MgO in which a (001) crystal plane is 

preferentially oriented; and 

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

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

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

2. (Previously Presented) The MTJ device of claim 1, wherein the first ferromagnetic 

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

material layer is in direct contact with the barrier layer. 

3. (Previously Presented) The MTJ device of claim 1, wherein the first ferromagnetic 

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

material layer is in direct contact with the MgO layer. 

4-6. (Canceled). 

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

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

8. (Previously Presented) The MTJ device of claim 2, wherein each of the first and second 

ferromagnetic material layers is a poly-crystalline layer in which a (001) crystal plane is 

preferentially oriented. 
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9. (Previously Presented) The MTJ device of claim 3, wherein each of the first and second 

ferromagnetic material layers is a poly-crystalline layer in which a (001) crystal plane is 

preferentially oriented. 

10. (Canceled). 

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

a range of 0.2 to 0.5 eV. 

12. (Previously Presented) The MTJ device of claim 11, wherein the barrier height cp of the 

barrier layer is obtained by fitting J-V characteristics of the MTJ device to an equation (1): 

J=[(2mcp )1121 L'.1s]( e/h)2xexp[-( 4nl'.1s/h)x(2mcp )112] xv (1 ), 

where J is a tunnel current density flowing through the 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 Planck's constant, 11s is an effective thickness of the barrier layer that is equivalent to 

(tMg0-0.5 nm), and tMg0 is an actual thickness of the barrier layer. 

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

MgO layer is greater than O and less than 1. 

14. (Previously Presented) The MTJ device of claim 1, wherein a value ofx in MgOxfor the 

MgO layer is greater than O. 9 and less than 1. 

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

a first electrode made of a first CoFeB layer; 

a barrier layer made of a magnesium oxide (MgO) layer that is a poly-crystalline layer in 

which a (001) crystal plane is preferentially oriented; and 

a second electrode made of a second CoFeB layer, and 

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

and 

wherein both the first and second CoFeB layers are entirely crystallized. 
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16. (Previously Presented) The MTJ device of claim 15, wherein the first CoFeB layer is in 

direct contact with the MgO layer, and wherein the second CoFeB layer is in direct contact with 

the MgO layer. 

17. (Previously Presented) The MTJ device of claim 15, wherein the MgO layer and the first 

CoFeB layer form a first interface of the MTJ, and wherein the MgO layer and the second 

CoFeB layer form a second interface of the MTJ. 

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

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

19. (Original) The MTJ device of claim 15, wherein a barrier height cp of the MgO layer is in 

a range of 0.2 to 0.5 eV. 

20. (Previously Presented) The MTJ device of claim 19, wherein the barrier height cp of the 

MgO layer is obtained by fitting J-V characteristics of the MTJ device to an equation (1): 

J=[(2mcp )1121 L'.1s]( e/h)2xexp[-( 4nl'.1s/h)x(2mcp )112] xv (1 ), 

where J is a tunnel current density flowing through the MgO 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 Planck's constant, 11s is an effective thickness of the MgO layer that is equivalent to 

(tMg0-0.5 nm), and tMg0 is an actual thickness of the MgO layer. 

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

MgO layer is greater than O and less than 1. 

22. (Previously Presented) The MTJ device of claim 19, wherein a value of x in MgOx for the 

MgO layer is greater than O and less than 1. 

23. (Previously Presented) A magnetic tunnel junction (MTJ) device, comprising: 

a first ferromagnetic material layer that includes Co, Fe, and B; 
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a barrier layer disposed on the first ferromagnetic material layer, the barrier layer 

comprising a magnesium oxide (MgO) layer that is a poly-crystalline MgO in which (001) 

crystal plane is preferentially oriented; and 

a second ferromagnetic material layer that is disposed on the barrier layer and includes 

Co, Fe, and B, and 

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

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

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

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

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

26. (Previously Presented) The MTJ device of claim 25, wherein the barrier height cp of the 

barrier layer is obtained by fitting J-V characteristics of the MTJ device to an equation (1): 

J=[(2mcp )1121 L'.1s]( e/h)2xexp[-( 4nl'.1s/h)x(2mcp )112] xv (1 ), 

where J is a tunnel current density flowing through the 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 Planck's constant, 11s is an effective thickness of the barrier layer that is equivalent to ( tMg0-0. 5 

nm), and tMg0 is an actual thickness of the barrier layer. 

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

material layers has a Body-Centered Cubic (BCC) structure. 

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

material layers has a BCC structure. 

29. (New) The MTJ device of claim 15, wherein each of the first and second CoFeB layers has 

a BCC structure. 
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30. (New) The MTJ device of claim 18, wherein each of the first and second CoFeB layers has 

a BCC structure. 

31. (New) The MTJ device of claim 23, wherein each of the first and second ferromagnetic 

material layers has a BCC structure. 

32. (New) The MTJ device of claim 23, wherein each of the first and second ferromagnetic 

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

33. (New) The MTJ device of claim 32, wherein each of the first and second ferromagnetic 

material layers has a BCC structure. 
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REMARKS 

The above amendments to the above-captioned application along with the following 

remarks are being submitted as a full and complete response to the Office Action dated June 1, 

2018 (U.S. Patent Office Paper No. 20180523). In view of the above amendments and the 

following remarks, the Examiner is respectfully requested to give due reconsideration to this 

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

Status of the Claims 

As outlined above, claims 1-3, 7-9, and 11-33 stand for consideration in this application, 

wherein claims 27-33 are being newly added. All amendments to the application are fully 

supported therein. 

In particular, Applicants note that, with reference to the USPTO publication of the present 

application as originally filed (U.S. Patent Application Pub. No. 2017/0155042), the specification 

of the present application describes exemplary embodiments of the present invention that provide 

"a magnetoresistive device comprising a magnetic tunnel junction structure comprising: a tunnel 

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

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

second side of the tunnel barrier layer, wherein the tunnel barrier layer is formed by a single-crystal 

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

preferentially oriented." (Para. [0012]). To this point, paragraph [0028] explains that, "in the 

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

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

With reference to Figures 2(A)-2(D), the present application further discloses an 

embodiment of "[a] method of manufacturing the MTJ device having the Fe 

(001)/MgO(00l)/Fe(00l) structure according to the embodiment (to be hereafter referred to as a 

'Fe(00l)/MgO(00l)/Fe(00l) MTJ device')" in which "Fe(00l) refers to a ferromagnetic material 

with the BCC structure." (Para. [0035]). The present application further describes that "[a]lthough 

in the above-described embodiment Fe(00l) ofBCC was employed, an Fe alloy ofBCC, such as 

an Fe-Co alloy, Fe-Ni alloy, or Fe-Pt alloy, may be used instead." (Para. [0045]). 

In this regard, with reference to Figure 11, the present application further describes "a MTJ 

device according to a variation of the embodiments" disclosed therein in which "the MTJ device 
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of the variation is characterized in that, as in the MTJ device of the [other] embodiments [disclosed 

therein], the electrodes disposed on either side of a single-crystal MgOx (001) layer 503 or an 

oxygen-deficit poly-crystal MgOx (0<x<l) in which the (001) crystal plane is preferentially 

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

amorphous ferromagnetic alloy can be formed by evaporation or sputtering, for example." (Para. 

[0049]). With further reference to this embodiment, the present application discloses that, "[a]s 

the amorphous magnetic alloy, FeCoB, FeCoBSi, FeCoBP, FeZr, and CoZr may be used, for 

example. Although an anneal process after the preparation of the MTJ device might cause the 

amorphous magnetic alloy in the electrode layers to be partially or entirely crystallized, this would 

not lead to a significant deterioration of the MR ratio. Thus, such a crystallized amorphous 

magnetic alloy may be used in the electrode layers." (Para. [0050]). 

With reference to the cited disclosure discussed above, as well as the additional disclosure 

otherwise provided in paragraphs [0028-50] of the present application, Applicants further note that 

paragraph [0051] of the present application specifically states that, "[ w ]hile the MTJ device 

according to various embodiments of the invention has been described, it should be apparent to 

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

other modifications, improvements and combinations are possible." Accordingly, Applicants 

hereby submit that no new matter is being introduced into the application through the submission 

of this response. 

Allowable Subject Matter 

The Examiner indicated that claims 11-14 would each be allowable if rewritten to include 

all the limitations of the base claim and any intervening claims from which it depends. 

Examiner Interview Summary 

A telephonic interview was held with Examiner Chambliss on July 13, 2018, relating to 

the present application. The interview was held to discuss the rejections of claims 15-22 under 35 

U.S.C. §101 as being unpatentable over claim 4 of U.S. Patent Application No. 13/400,340 (U.S. 

Patent No. 8,405,134; "the '134 patent"), claims 23-26 as being unpatentable over claim 3 of the 

'134 patent on grounds of double patenting, and claims 1-3 and 7-9 under 35 U.S.C. §103(a) as 

being unpatentable over Parkin (U.S. Patent No. 7,252,852) and in view of Ohba (U.S. Patent 
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Application Pub. No. 2006/0125034), which were issued in the Office Action mailed on June 1, 

2018. 

During the interview, with respect to the double patenting rejections issued under 35 U.S.C. 

§101, Applicants' representative presented arguments that claims 23-26 of the present application 

are substantively different from and not identical to claim 3 of the '134 patent and that claims 15-

22 of the present application are likewise substantively different from and not identical to claim 4 

of the '134 patent. In view of these arguments, an agreement was reached that the statutory-type 

double patenting rejections of claims 15-26 would be withdrawn. 

With respect to the claim rejections issued under 35 U.S.C. §103(a), Applicants' 

representative presented arguments that the cited references fail to teach, suggest, or otherwise 

render obvious the limitation required by independent claim 1 of "a second electrode ... comprising 

a second ferromagnetic material layer that includes Co, Fe, and B." In reply, the Examiner replied 

by expressing that these arguments would receive consideration upon being presented in a formal 

response to the Office Action. 

Applicants respectfully thank Examiner Chambliss for his consideration in conducting the 

above-discussed interview of July 13, 2018 with Applicants' representative. 

Applicants further note that an earlier telephonic interview was also held with Examiner 

Chambliss on May 16, 2018, relating to the present application. The interview was held to discuss 

the two references that were listed in the Information Disclosure Statement (IDS) submitted on 

February 23, 2018, U.S. Patent Application Pub. No. 2006/003185 ("the Parkin' 185 reference") 

and U.S. Patent No. 7,252,852 ("the Parkin '852 reference"). In the discussion held during this 

interview, Applicants' representative provided an explanation of the distinctions between the 

different embodiments disclosed in the two Parkin references and the claims of the present 

application as presented in the Amendment that was submitted with the IDS on February 23, 2018. 

In reply to the remarks, the Examiner acknowledged the distinctions between the 

disclosures of the two Parkin references and the claims of the present application noted by 

Applicants' representative. Nevertheless, the Examiner also indicated he would be conducting a 

further search of the prior art in view of the embodiment of a magnetic tunnel junction disclosed 

in the Parkin '185 reference with reference to Figure 11. More specifically, the Examiner 

expressed that he would be searching for the existence of one or more additional reference 
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teachings that may potentially be used in conjunction with the embodiment of Figure 11 of Parkin 

'185 to conduct an obviousness analysis of the claims of the present application. 

Applicants respectfully thank Examiner Chambliss for his consideration in conducting the 

above-discussed interview of May 16, 2018 with Applicants' representative. 

Double Patenting Rejections 

The Examiner rejected claims 15-22 under 35 U.S.C. §101 as being unpatentable over 

claim 4 of U.S. Patent Application No. 13/400,340 (U.S. Patent No. 8,405,134; "the' 134 patent") 

and claims 23-26 as being unpatentable over claim 3 of the '134 patent on grounds of double 

patenting. As discussed above, the Examiner has indicated that the statutory-type double patenting 

rejections will be withdrawn in view of the discussion that was held during the Examiner Interview 

conducted on July 13, 2018. 

Prior Art Rejections 

The Examiner rejected claims 1-3 and 7-9 under 35 U.S.C. §103(a) as being unpatentable 

over Parkin (U.S. Patent No. 7,252,852) and in view of Ohba (U.S. Patent Application Pub. No. 

2006/0125034). Applicants have reviewed the above-noted rejections, and hereby respectfully 

traverse. 

A proper obviousness rejection under 35 U.S.C. §103 requires a determination that the 

claimed invention "as a whole" would have been obvious to person of ordinary skill in the art 

when the invention was unknown and just before it was made. MPEP §2142. Accordingly, "[a]ll 

words in a claim must be considered in judging the patentability of that claim against the prior 

art." In re Wilson, 424 F.2d 1382, 1385 (C.C.P.A. 1970). When considering obviousness of a 

combination of prior art elements, the operative question is whether "the improvement is more 

than the predictable use of prior art elements according to their established functions." KSR Int'] 

Co. v. Teleflex, Inc., 550 U.S. 398, 418 (U.S. 2007). To properly support a conclusion that a 

claimed invention is directed to obvious subject matter, "either the references must expressly or 

impliedly suggest the claimed invention or the examiner must present a convincing line of 

reasoning as to why the artisan would have found the claimed invention to have been obvious in 

light of the teachings of the references." Ex parte Clapp, 227 USPQ 972, 973 (Bd. Pat. App. & 
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Inter. 1985). In this respect, "[t]he key to supporting any rejection under 35 U.S.C. 103 is the clear 

articulation of the reason(s) why the claimed invention would have been obvious." MPEP §2141. 

As outlined above, claims 1-3, 7-9, and 11-33 remain ofrecord. Accordingly, Applicants 

respectfully submit that Parkin, either alone or in combination with Ohba, fails to teach, suggest, 

or disclose each and every limitation of claims 1-3 and 7-9. For example, neither Parkin nor Ohba 

teaches or suggests "a second electrode ... comprising a second ferromagnetic material layer that 

includes Co, Fe, and B, and ... is entirely crystallized" as required by independent claim 1. In 

this regard, on page 3 of the Office Action, the Examiner cites the free ferromagnetic layer 134 

disclosed in Parkin with respect to the embodiments of a magnetic tunnel junction illustrated in 

Figures 2A-2C as teaching the second electrode required by claim 1. The Examiner, however, 

further notes that "Parkin fails [to] explicitly disclose the ... second ferromagnetic material layer[] 

is entirely crystalized." (Office Action, p. 3). Nevertheless, the Examiner further asserts, citing 

paragraph [0074] of Ohba, that "Ohba discloses a ... second ferromagnetic material layers should 

be crystalline material free from a defect in which a crystal structure is changed such as to be 

crystallized by annealing." (Office Action, p. 3-4). Applicants respectfully disagree with these 

assertions. 

In particular, with respect to the assertion that the free ferromagnetic layer 134 disclosed 

in Parkin with respect to the embodiments of a magnetic tunnel junction illustrated in Figures 2A-

2C teaches "a second electrode ... comprising a second ferromagnetic material layer that includes 

Co, Fe, and B" as required by claim 1, Applicants note that Parkin, in contrast to claim 1, merely 

describes the ferromagnetic layers 119 and 134 of the magnetic tunnel junction disclosed therein 

that are being cited by the Examiner as respectively disclosing the first and second electrodes 

required by claim 1 as including cobalt and iron, not also boron as is specifically required by claim 

1. For example, at column 19, lines 20-23, Parkin describes that "the ferromagnetic layer 134, 

which acts as the counter electrode of the MTJ for the samples used in collecting the data shown 

in FIG. 4, was formed from a 100 A thick Cos4Fe16." (Emphasis added). As another example, 

at column 16, lines 25-29, Parkin describes that "FIG. 3 shows the detailed dependence of 

resistance and TMR on the thickness of the Mg layer 122 for a series of otherwise nominally 

identical MTJs with a structure formed from 75 A Ta/250 A lr26Mn74/8 A Cos4Fe16/l8 A Felt 

Mg/18 A MgO/200 A Cos4Fe16/I00 A Ta." (Emphasis added). In terms of the embodiments of 
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a magnetic tunnel junction described in Parkin with reference to Figures 2A-2C, this example 

shows that the lower ferromagnetic electrode is formed from the bilayer 115 of 8 A Cos4Fe16 

(layer 118) and 18 A Fe (layer 119), and that the upper ferromagnetic electrode is formed from 

200 A Cos4Fe16 (layer 134). In other words, Parkin shows magnetic tunnel junctions in which the 

ferromagnetic electrodes are formed from CoFe or CoFe/Fe layers. 

In this regard, Applicants note that while Parkin also remarks that the method for forming 

a tunnel barrier disclosed therein can "also be used for the formation of improved [Mg1-xZnx]O 

tunnel barriers on a wide variety of underlayers ranging from crystalline layers prepared on 

crystalline substrates ... to amorphous underlayers (such as CoFeB)" (cols. 31-32, 11. 66-4) 

( emphasis added), the term "underlayer" is specifically used in Parkin to reference the layers that 

are under the tunnel barrier layer 120 or 120' of the embodiments of a magnetic tunnel junction 

disclosed therein, such as the ferromagnetic layer 119, as opposed to the ferromagnetic layer 134 

that is being cited by the Examiner as disclosing the second electrode required by claim 1. 

To this point, Applicants note that, throughout the disclosure of Parkin, the ferromagnetic 

layer 134 is specifically described therein as being an "overlayer" as opposed to an "underlayer." 

For example, with reference to the embodiment of a magnetic tunnel junction illustrated in Figure 

16, Parkin describes that "the free ferromagnetic layer 134 and the spacer layer 225 comprise 

an overlayer. Generally, the magnetic tunnel junction will include an overlayer formed on 

top of the [Mg1-xZnx]O tunnel barrier 120' which may be comprised of one or more 

ferromagnetic layers with or without a non-magnetic spacer layer, or, more generally, from a 

multiplicity of ferromagnetic and non-ferromagnetic, non-ferrimagnetic layers. Similarly, the 

magnetic tunnel junction will include an underlayer beneath the [Mg1-xZnx]O tunnel barrier 

120' which may be comprised of one or more ferromagnetic layers with or without a non-magnetic 

spacer layer ( e.g., spacer layer 226), or, more generally, from a multiplicity of ferromagnetic and 

non-ferromagnetic, non-ferrimagnetic layers." (Col. 31, 11. 48-62) (emphasis added). 

Therefore, as Parkin clearly fails to include any teaching or suggestion to modify the 

ferromagnetic layer 134 of the magnetic tunnel junction disclosed therein to further include boron 

in addition to cobalt and iron, it is readily apparent that Parkin, in addition to failing to teach or 

suggest a second ferromagnetic material layers being entirely crystallized as required by claim 1, 
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also fails to teach or suggest a second electrode ... comprising a second ferromagnetic material layer 

that includes Co, Fe, and B" as required by claim 1. 

Furthermore, with respect to the assertion on pages 3-4 of the Office Action that "Ohba 

discloses a ... second ferromagnetic material layer[] should be crystalline material free from a 

defect in which a crystal structure is changed such as to be crystallized by annealing," Applicants 

note that the disclosure ofOhba, in contrast to claim 1, is specifically directed to a magnetoresistive 

device that "has an arrangement including a pair of ferromagnetic layers (magnetization fixed layer 

5 and magnetization free layer 7) being opposed to each other through an intermediate layer 6," 

with "the pair of ferromagnetic layers 5, 7 composed of the magnetization fixed layer 5 made of a 

crystalline ferromagnetic layer provided under the intermediate layer 6 and the magnetization 

free layer 7 being made of an amorphous ferromagnetic layer being provided above the 

intermediate layer 6." (Abstract) (emphasis added). 

To this point, Applicants note that this description in Ohba of the magnetization free layer 

that is provided above the intermediate layer of the magnetoresistive device disclosed therein being 

made of an amorphous ferromagnetic layer is repeated numerous times throughout the disclosure 

of Ohba. For example, Ohba specifically describes this magnetization free layer as being made of 

an amorphous ferromagnetic layer, for example, in each of paragraphs [0027], [0028], [0029], 

[0040], [0043], [0058], [0062], [0066], [0067], [0069], [0071], and [0072]. Moreover, claim 1 of 

Ohba explicitly recites "a magnetization free layer being made of an amorphous ferromagnetic 

layer being provided above said intermediate layer." (Emphasis added). 

In this regard, Applicants note that while paragraph [0074] of Ohba, as cited by the 

Examiner, inconsistently states that "it is desired that the ferromagnetic layer formed on the tunnel 

barrier layer should be made of a crystalline ferromagnetic material," it is readily apparent that the 

term "on" used in the phrase "formed on" in this statement is a typographical error that occurred 

during the translation of the original Japanese text of the corresponding international patent 

application, WIPO Patent Application No. PCT/JP03/09824 (published as WIPO Publication WO 

2004/015791), from which Ohba is a national stage entry, into the English language, rather than 

an intent to contradict the entirety of the disclosure provided in Ohba. 

To this point, Applicants note that, in the Japanese text of the corresponding international 

patent application, the Kanji character that corresponds to the term "on" in paragraph [0074] 

specifically translates to the English term "under" in a manner that, in a correct translation, would 
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result in paragraph [0074] of Ohba being consistent with the entirety of the remainder of the 

disclosure of Ohba, confirming that the term "on" used in the phrase "formed on" in paragraph 

[0074] is a typographical error that occurred during the translation process. In other words, 

paragraph [0074] of Ohba is intended to be a description of the magnetization fixed layer 5 that is 

made of a crystalline ferromagnetic layer and provided under the intermediate layer 6, not the 

magnetization free layer 7 that is made of an amorphous ferromagnetic layer and provided above 

the intermediate layer 6. 

This proper interpretation of the disclosure of Ohba is further supported by the immediately 

subsequent paragraph [0075], which specifically states that "[a]s the amorphous ferromagnetic 

material for use with the magnetization free layer 7, there can be used amorphous alloys," as well 

as paragraph [0076], which again describes that "the TMR device 1 has the arrangement in which 

the magnetization free layer 7 (adjoining the upper surface of the tunnel barrier layer) disposed on 

the tunnel barrier layer 6 is made of the amorphous ferromagnetic material." 

Accordingly, it is clear that Ohba, as with Parkin, fails to teach or suggest "a second 

electrode ... comprising a second ferromagnetic material layer that includes Co, Fe, and B, and ... is 

entirely crystallized" as required by claim 1. For this reason alone, claim 1 is patentable over the 

cited references. 

For at least these reasons, Applicants respectfully submit that Parkin, either alone or in 

combination with Ohba, fails to teach, disclose, or suggest each and every limitation of claim 1 

and, therefore, that claim 1 is now in condition for allowance. Where an independent claim is 

nonobvious under 35 U.S.C. §103, then any claim depending therefrom is nonobvious. In re Fine, 

5 U.P.S.Q.2d 1596, 1598 (Fed. Cir. 1988). Because claims 2, 3, and 7-9 depend either directly or 

indirectly from claim 1, Applicants respectfully submit that Parkin, either alone or in combination 

with Ohba, does not render obvious claims 2, 3, and 7-9 for at least the reasons set forth above that 

it does not render obvious claim 1 and, therefore, that claims 2, 3, and 7-9 are also now in condition 

for allowance. 

Therefore, Applicants respectfully submit that the present invention as claimed 1s 

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

In view of all the above, Applicants respectfully submit that certain clear and distinct 

differences as discussed exist between the present invention as now claimed and the prior art 

references upon which the rejections in the Office Action rely. These differences are more than 

sufficient to establish that the present invention as now claimed would not have been anticipated 

nor rendered obvious given the prior art. Rather, the present invention as a whole is 

distinguishable, and thereby allowable over the prior art. 

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

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

allowance of the above-captioned application, the Examiner is invited to contact the Applicants' 

undersigned representative at the address and phone number indicated below. 

STITES & HARBISON PLLC 
1800 Diagonal Road 
Suite 325 
Alexandria, VA 22314 
(703) 739-4900 Voice 
(703) 739-9577 Fax 
Customer No. 00881 
September 21, 2018 

2355LT: 10004:448711: 1 

Respectfully submitted, 

/NicholasB Trenkle/ 
Nicholas B. Trenkle 
Registration Number 54,500 
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Application/Control Number: 15/428,842 
Art Unit: 2897 

Notice of Pre-A/A or A/A Status 

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

provisions. 

Page 2 

2. The amendment filed on 9/21 /18 have been fully considered and made of record 

in this application. 

Response to Arguments 

3. Applicant's arguments with respect to claims 1-3, 7-9, and 11-33 have been 

considered but are moot because the arguments do not apply to any of the references 

being used in the current rejection. 

Information Disclosure Statement 

4. The information disclosure statement (IDS) submitted on 9/13/18 was filed before 

the mailing date of the Non-Final rejection on 11 /27/18. The submission is in 

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

statement is being considered by the examiner. 

Claim Rejections - 35 USC § 103 

5. The following is a quotation of pre-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, if the differences between the subject matter sought to be patented 
and the prior art are such that the subject matter as a whole would have been obvious at the 
time the invention was made to a person having ordinary skill in the art to which said subject 
matter pertains. Patentability shall not be negatived by the manner in which the invention was 
made. 
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Application/Control Number: 15/428,842 Page 3 
Art Unit: 2897 

6. The factual inquiries set forth in Graham v. John Deere Co., 383 U.S. 1, 148 

USPQ 459 (1966), that are applied for establishing a background for determining 

obviousness under pre-AIA 35 U.S.C. 103(a) are summarized as follows: 

1. Determining the scope and contents of the prior art. 

2. Ascertaining the differences between the prior art and the claims at issue. 

3. Resolving the level of ordinary skill in the pertinent art. 

4. Considering objective evidence present in the application indicating 

obviousness or nonobviousness. 

7. Claims 1-3, 7-9, 15-18, 23, and 27-33 are rejected under pre-AIA 35 U.S.C. 

103(a) as being unpatentable over Sony Corporation (JP 2004-31605) in view of 

Nashimoto (US 5,514,484) and Parkin (US 2006/0003185). 

With respect to Claims 1, 15, 18, 23, and 32, Sony discloses a first electrode 

comprising a first ferromagnetic material layer 5 that includes Co, Fe, and B. A barrier 

layer 6 disposed over the first electrode. A second electrode 7 disposed over the 

barrier layer and comprising a second ferromagnetic material layer that includes Co, Fe, 

and B. Each of the first and second ferromagnetic material layers is entirely crystallized 

when the temperature higher than the crystallization temperature of the ferromagnectic 

material layer as state in claim 8 (see paragraphs 35, 36, 39, 40, 43, and 45; Fig. 2). 

Sony fails to explicitly disclose a barrier layer comprises a magnesium oxide (MgO) 

layer that is formed of a poly-crystalline MgO in which a (001) crystal plane 

is preferentially oriented. However, Nashimoto discloses a barrier layer comprises a 

magnesium oxide (MgO) layer that is formed of a poly-crystalline MgO in which a (001) 

crystal plane is preferentially oriented (see col. 2 lines 55-62, col. 5 lines 1-7, col. 6 lines 
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Art Unit: 2897 

5-14, and col. 8 lines 57-62; Fig. 2). However, Sony and Nashimoto have substantially 

the same environment of barrier layer made of a material is between to two 

ferromagnetic materials. Therefore, one skilled in the art at the time of invention would 

readily recognize to substitute the poly-crystalline Mg0 which has a (001) crystal plane 

for the barrier material of Nashimoto, since the poly-crystalline MgO as a material for 

the barrier layer would improve the polarization state of the ferroelectric substance in 

the device as taught by Nashimoto. 

With respect to Claims 2 and 16, Sony discloses wherein the first ferromagnetic 

material layer is in direct contact with the barrier layer. The second ferromagnetic 

material layer is in direct contact with the barrier layer (see Fig. 2). 

With respect to Claims 3 and 17, Sony discloses wherein the first ferromagnetic 

material layer is in direct contact with the MgO layer, and wherein the second 

ferromagnetic material layer is in direct contact with the MgO layer (see Figs. 2). 

With respect to Claims 7-9, Sony discloses wherein each of the first and second 

ferromagnetic material layers is a poly-crystalline layer in which a (001) crystal plane is 

preferentially oriented (see col. 2 lines 55-62, col. 5 lines 1-7, col. 6 lines 5-14, and col. 

8 lines 57-62). 

With respect to Claims 27-33, it is well known in the semiconductor industry 

wherein each of the first and second ferromagnetic material layers has a Body-Centered 

Cubic (BCC) structure as evident by Parkin (see paragraph 26). 
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Double Patenting 

Page 5 

8. The nonstatutory double patenting rejection is based on a judicially created 

doctrine grounded in public policy (a policy reflected in the statute) so as to prevent the 

unjustified or improper timewise extension of the "right to exclude" granted by a patent 

and to prevent possible harassment by multiple assignees. A nonstatutory double 

patenting rejection is appropriate where the conflicting claims are not identical, but at 

least one examined application claim is not patentably distinct from the reference 

claim(s) because the examined application claim is either anticipated by, or would have 

been obvious over, the reference claim(s). See, e.g., In re Berg, 140 F.3d 1428, 46 

USPQ2d 1226 (Fed. Cir. 1998); In re Goodman, 11 F.3d 1046, 29 USPQ2d 2010 (Fed. 

Cir. 1993); In re Langi, 759 F.2d 887, 225 USPQ 645 (Fed. Cir. 1985); In re Van Ornum, 

686 F.2d 937, 214 USPQ 761 (CCPA 1982); In re Vogel, 422 F.2d 438, 164 USPQ 619 

(CCPA 1970); In re Thorington, 418 F.2d 528, 163 USPQ 644 (CCPA 1969). 

A timely filed terminal disclaimer in compliance with 37 CFR 1.321 (c) or 1.321 (d) 

may be used to overcome an actual or provisional rejection based on nonstatutory 

double patenting provided the reference application or patent either is shown to be 

commonly owned with the examined application, or claims an invention made as a 

result of activities undertaken within the scope of a joint research agreement. See 

MPEP § 717.02 for applications subject to examination under the first inventor to file 

provisions of the AIA as explained in MPEP § 2159. See MPEP §§ 706.02(1)(1) -

706.02(1)(3) for applications not subject to examination under the first inventor to file 

provisions of the AIA. A terminal disclaimer must be signed in compliance with 37 CFR 

1.321 (b). 
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The USPTO Internet website contains terminal disclaimer forms which may be 

used. Please visit www.uspto.gov/patent/patents-forms. The filing date of the application 

in which the form is filed determines what form (e.g., PTO/SB/25, PTO/SB/26, 

PTO/AIA/25, or PTO/AIA/26) should be used. A web-based eTerminal Disclaimer may 

be filled out completely online using web-screens. An eTerminal Disclaimer that meets 

all requirements is auto-processed and approved immediately upon submission. For 

more information about eTerminal Disclaimers, refer to 

www.uspto.gov/patents/process/file/efs/guidance/eTD-info-l.jsp. 

9. Claims 1-3, 7-9, and 11-33 are rejected on the ground of nonstatutory double 

patenting as being unpatentable over claim 4 of U.S. Patent No. 8,405,134. Although 

the claims at issue are not identical, they are not patentably distinct from each other 

because the application and the patent both recite a first electrode comprising a first 

ferromagnetic material layer that includes Co, Fe, and B. A barrier layer disposed over 

the first electrode, the barrier layer comprising a magnesium oxide (MgO) layer that is 

formed of a poly-crystalline MgO in which a (001) crystal plane is preferentially oriented; 

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

ferromagnetic material layer that includes Co, Fe, and B, and wherein each of the first 

and second ferromagnetic material layers is entirely crystallized. 

Allowable Subject Matter 

10. Claims 11-14, 19-22, 24-26 are objected to as being dependent upon a rejected 

base claim, but would be allowable if rewritten in independent form including all of 

the limitations of the base claim and any intervening claims. 
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The following is a statement of reasons for the indication of allowance subject 

matter: the prior art of record does not teach or suggest the combination of a barrier 

height x of the barrier layer is in a range of 0.2 to 0.5 eV. in claims 11, 19, and 25. 

A value of x in MgOx for the MgO layer is greater than O and less than 1 in claims 

13, 21, and 24. 

A value of x in MgOx for the MgO layer is greater than 0.9 and less than 1 in 

claims 14 and 22. 

Conclusion 

11. Any inquiry concerning the communication or earlier communications from the 

examiner should be directed to Alonzo Chambliss whose telephone number is 

(571) 272- 1927. 

Applicant's submission of an information disclosure statement under 37 CFR 

1.97(c) with the fee set forth in 37 CFR 1.17(p) on 9/13/18 prompted the new ground(s) 

of rejection presented in this Office action. Accordingly, THIS ACTION IS MADE 

FINAL. See MPEP § 609.04(b). Applicant is reminded of the extension of time policy 

as set forth in 37 CFR 1.136(a). 

A shortened statutory period for reply to this final action is set to expire THREE 

MONTHS from the mailing date of this action. In the event a first reply is filed within 

TWO MONTHS of the mailing date of this final action and the advisory action is not 

mailed until after the end of the THREE-MONTH shortened statutory period, then the 

shortened statutory period will expire on the date the advisory action is mailed, and any 

extension fee pursuant to 37 CFR 1.136(a) will be calculated from the mailing date of 
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the advisory action. In no event, however, will the statutory period for reply expire later 

than SIX MONTHS from the mailing date of this final action. 

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

supervisor, Fernando L. Toledo can be reached on (571) 272-1867. The fax 

phone number for the organization where this application or proceeding is assigned is 

571 -273-8300. 

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

Application Information Retrieval (PAIR) system Status information for 

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

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

For more information about the PMR system see http://pair-dkect.uspto.gov. Should 

you have questions on access to the Private PMR system contact the Electronic 

Business Center (EBC) at 866-217-9197 (toll-free) or EBC_Support@uspto.gov. 

AC/November 27, 2018 /Alonzo Chambliss/ 

Primary Examiner, Art Unit 2897 

WD EX1012 
Western Digital v IP Bridge 

Page 313



Application/Control No. Applicant(s)/Patent Under 
15/428,842 Reexamination 

Notice of References Cited 
YUASA, Shinji 

Examiner Art Unit 
ALONZO CHAMBLISS 2897 Page 1 of 1 

U.S. PATENT DOCUMENTS 

* Document Number Date 
Name CPC Classification US Classification 

Country Code-Number-Kind Code MM-YYYY 

* A US-5514484-A 05-1996 Nashimoto; Keiichi C04B35/462 117/948 

B 

C 

D 

E 

F 

G 

H 

I 

J 

K 

L 

M 

FOREIGN PATENT DOCUMENTS 

* 
Document Number Date 

Country Name CPC Classification 
Country Code-Number-Kind Code MM-YYYY 

N 

0 

p 

Q 

R 

s 
T 

NON-PATENT DOCUMENTS 

* Include as applicable: Author, Title Date, Publisher, Edition or Volume, Pertinent Pages) 

u 

V 

w 

X 

*A copy of this reference is not being furnished with this Office action. (See MPEP § 707.05(a).) 
Dates in MM-YYYY format are publication dates. Classifications may be US or foreign. 

U.S. Patent and Trademark Office 

PTO-892 (Rev. 01-2001) Notice of References Cited Part of Paper No. 20181127 

WD EX1012 
Western Digital v IP Bridge 

Page 314



Application/Control No. Applicant(s)/Patent Under Reexamination 

Index of Claims 15/428,842 YUASA, Shinji 

Examiner Art Unit 

ALONZO CHAM BLISS 2897 

✓ Rejected Cancelled N Non-Elected A Appeal 

-- Allowed Restricted I Interference 0 Objected 

CLAIMS 

□ Claims renumbered in the same order as presented by applicant 0 CPA 0 T.D. 0 R.1.47 

CLAIM DATE 
Final Original 06/25/2017 05/25/2018 11/27/2018 

1 ✓ ✓ ✓ 

2 ✓ ✓ ✓ 

3 ✓ ✓ ✓ 

4 ✓ 

5 ✓ 

6 ✓ 

7 ✓ ✓ ✓ 

8 ✓ ✓ ✓ 

9 ✓ ✓ ✓ 

10 ✓ 

11 ✓ 0 0 
12 ✓ 0 0 
13 ✓ 0 0 
14 ✓ 0 0 
15 ✓ ✓ ✓ 

16 ✓ ✓ ✓ 

17 ✓ ✓ ✓ 

18 ✓ ✓ ✓ 

19 ✓ ✓ 0 
20 ✓ ✓ 0 
21 ✓ ✓ 0 
22 ✓ ✓ 0 
23 ✓ ✓ 

24 ✓ 0 
25 ✓ 0 
26 ✓ 0 
27 ✓ 

28 ✓ 

29 ✓ 

30 ✓ 

31 ✓ 

32 ✓ 

33 ✓ 

34 
35 
36 
37 
38 
39 
40 
41 
42 

U.S. Patent and Trademark Office Part of Paper No.: 20181127 

Page 1 of 2 

WD EX1012 
Western Digital v IP Bridge 

Page 315



Application/Control No. Applicant(s)/Patent Under Reexamination 

Index of Claims 15/428,842 YUASA, Shinji 

Examiner Art Unit 

ALONZO CHAM BLISS 2897 

CLAIM DATE 
Final Original 06/25/2017 05/25/2018 11/27/2018 

43 
44 
45 
46 
47 
48 

U.S. Patent and Trademark Office Part of Paper No.: 20181127 

Page 2 of 2 

WD EX1012 
Western Digital v IP Bridge 

Page 316



Search Notes 

CPC - Searched* 

Symbol 

Application/Control No. 

15/428,842 

Examiner 

ALONZO CHAMBLISS 

H01L43/10, 27/222, 43/02, 43/08, 43/12,: G11C11/161 

H01L43/10, 27/222, 43/02, 43/08, 43/12,: G11C11/161 

H01F10/3254, 10/132: B82Y25/00: G11 C11/15, 11/15, 11/161: H01 L43/ 
08, 43/02, 43/10, 43/12, 27/222, 27/228, 27/11507 

H01F10/3254, 10/132: B82Y25/00: G11 C11/15, 11/15, 11/161: H01 L43/ 
08, 43/02, 43/10, 43/12, 27/222, 27/228, 27/11507 

CPC Combination Sets - Searched* 

Symbol 

US Classification - Searched* 

Class Subclass 

Applicant(s)/Patent Under Reexamination 

YUASA, Shinji 

Art Unit 

2897 

Date Examiner 

6/25/17 AC 

11/7/17 AC 

5/25/18 AC 

11/27/2018 AC 

Date Examiner 

Date Examiner 

* See search history printout included with this form or the SEARCH NOTES box below to determine the scope of the 
search. 

Search Notes 

Search Notes Date Examiner 

East text search only - see attached printout 6/25/17 AC 

Updated prevous East text search only - see attached printout 11/7/17 AC 

Updated previous East text search only - see attached printout 5/28/18 AC 

Updated previous East text search only - see attached printout 11/27/2018 AC 

U.S. Patent and Trademark Office 
Page 1 of 2 

Part of Paper No.: 20181127 

WD EX1012 
Western Digital v IP Bridge 

Page 317



Search Notes 

Interference Search 

Application/Control No. 

15/428,842 

Examiner 

ALONZO CHAMBLISS 

US Class/CPC 
US Subclass/CPC Group 

Symbol 

H01L 43/10, 43/08, 43/12, 43/02, 27/222 

G11C 11/161 

US PGPUB text 
search only 

U.S. Patent and Trademark Office 
Page 2 of 2 

Applicant(s)/Patent Under Reexamination 

YUASA, Shinji 

Art Unit 

2897 

Date Examiner 

11/7/17 AC 

11/7/17 AC 

11/7/17 AC 

Part of Paper No.: 20181127 

WD EX1012 
Western Digital v IP Bridge 

Page 318



EAST Search History 

EAST Search History 

EAST Search History (Prior Art} 

I[::~-I[:_~~:--ll~::::~--~~-:_:~_______________________________________________________ll~-~: ______________________ llg~~~~~r _ I[~'.-~_::_'._~ I ~~ ~~ p _________ I 

ILJ[J[72::852:): .············· .················I ~~~~"'ILJLJ ~~:~~11/271 
I L2 10 i 257/$.ccls. and tunnel adJ2 barrier same i US-PGPUB; i OR i ON I 2018/11/27! 
I I I poly adj2 crystalline with MgO and ferro I USPAT; I I [ 16:40 I 
I I I adj2 magnetic$4 I USOCR; I I [ I 
I I I i FPRS· EPO· I I I I 
I I I IJPO;, , I I I I 
I I I I DERWENT· I I I I 
I I I i I BM TDB , I I I I 

I L3 ! 14 ! tunnel adj2 barrier same poly adj2 : US-~PUB; ! OR ! ON : 2018/11/27! 
I I I crystalline with MgO and (MTJ magnetic I USPAT; I I 116:42 I 
i I I adj2 tunnel adj2 junction) I USOCR; I I I I 
I I I i FPRS· EPO· I I i I 
I I I IJPO;, , I I I I 
i I I i DERWENT; I I i I 
I I I I I BM TDB I I I I I : I I _ : : ~ : 

ltJLlt:::::_____ 1~5:_ILlt 1:::1 

lll51l'e:•91:s·) : I ~~~~:,1e1eF1 ~~:~~11/:~1 

lll6 il'r:::0601:50::::) : 
1 
~~~~:,ieieFi ~~:~~

111
:~i r l[l[:52:::·): I~~~~:, J□LJ ~~:~~11/:] 

I L8 I 14 I tunnel adj2 barrier same poly near4 I US-PGPUB; I OR I ON I 2018/11/271 
I I icrystallinesameMgOand(MTJ iusPAT; I I 117:04 I 
i I I magnetic adj2 tunnel adj2 junction) I USOCR; I I I I 
I I I i FPRS· EPO· I I i I 
I I I IJPO;, , I I I I 
i I I i DERWENT; I I i I 
I I I I I BM TDB I I I I 
~ ~~~~~~~~~ : ~~~~~~~~~~~~~ ~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~ ~~~~~~~~ - ~~~~~~~~~~~~~~~~~~~~ ~ ~~~~~~~~~~~~~~~~~~~~~~~~ : ~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~ : ,~' ' ' ' I ' i L9 i 15 i tunnel adj2 barrier same poly near4 i US-PGPUB; i OR i ON 12018/11/27! 
I I I crystalline same magnesium adj2 oxide I USPAT; I I [ 17:06 I 
I I I and (MTJ magnetic adj2 tunnel adj2 I USOCR; I I [ I 
I I I junction) I FPRS; EPO; I I [ I 
I I I IJPO; I I ! I 
I I I I DERWENT· I I I I 
I I I 11 BM TDB , I I I I 

lt10i[1 1[57::265:):i ~~~~B; ie ie: I ~~:18611/271 

r 1 :rs I barrier ~ame P?IY n~ar4 crystalline same I US-PGPUB; In" rN 12018/11/27! 
1 1 i magnesium adJ2 oxide and (MT J i USPAT; i i 117:33 i 
I I I magnetic adj2 tunnel adj2 junction) I USOCR; I I [ I 
I I ! I ! ! i ! 

file:/ //C/U sers/achambliss/Documents/e-Red%20Folder/ 15428842/EASTSearchHistory.15428842_Accessible Version.htm[ 11/27/2018 8:06:53 PM] 

WD EX1012 
Western Digital v IP Bridge 

Page 319



EAST Search History 

I I ! I FPRS· EPO· ! ! I ! 
I I I IJPO;, , I I I I 
I I I I DERWENT· I I I I 
I I I 11 BM TDB , I I I I 
l~-------------;-----------------------------------------_--------------------------------------_--------1------------------------------:-------------------------:-----------------;--------------------------: 
IL 12 I 16 I poly near4 crystalline same magnesium I US-PGPUB; I OR I ON 1 2018/ 11 /271 
I I I adj2 oxide and (MTJ magnetic adj2 I USPAT; I I [ 17:33 I 
I I I tunnel adj2 junction) I USOCR; I I [ I 
I I I ! FPRS· EPO· I I I I 
I I I IJPO;, , I I I I 
I I I I DERWENT· I I I I 
! ! ! ! I BM TDB , ! ! j ! 
!~------------:-----------------------------------------------------------------------------------------1-----------------------------:------------------------:-----------------1--------------------------: 
! L13 ! 30 ! poly near4 crystalline same (MgO ! US-PGPUB; ! OR ! ON I 2018/11/27! 
I I I magnesium adj2 oxide) and (MTJ I USPAT; I I [ 17:33 I 
I I I magnetic adj2 tunnel adj2 junction) ! USOCR; I I [ I 
! ! ! ! FPRS· EPO· ! ! I ! 
I I I IJPO;, , I I I I 
: I I I DERWENT· I I : I 
! ! ! 11 BM TDB , ! ! j ! 

I L14 ! 133 ! poly near4 crystalline same (MgO : US-~PUB; ! OR ! ON : 2018/11/27! 
! ! ! magnesium adj2 oxide) I USPAT; ! ! [ 17:36 ! 
! ! ! I USOCR· ! ! I ! 
I I I I FPRS· EPO· I I I I 
I I I IJPO;, , I I I I 
I ! ! I DERWENT; ! ! I ! 
I I I I I BM TDB I I I I 
I~-------------:-----------------------------------------------------------------------------------------!------------------------------:-------------------------:-----------------;--------------------------: 
I L15 1133 I poly near4 crystalline same (MgO I US-PGPUB; I OR I ON 12018/11/271 
I I I magnesium adj2 oxide) I USPAT; I I [ 18:25 I 
I I I I USOCR; I I ! I 
: I I I FPRS· EPO· I I : I 
I I I IJPO;, , I I I I 
I I I I DERWENT· I I I I 
! ! ! ! I BM TDB , ! ! j ! I : i I _ : : ~ : 

ll16 'D! (("20030128483") or ("20040139914") i US-PGPUB; !DR rFF 12018/11/27' 
I I lor("5817366")).PN. iusPAT; I I 118:31 I 
I I I I USOCR I I I I I~ ------------: -----------------. -------------------------------------. --------------. ----------------! --------------------------------: ------------------------: -----------------: --------------------------: 
IL 17 1 0 I (001) with (MgO magnesium adJ2 I US-PGPUB; I OR I ON 12018/11/271 
I I I oxide) I USPAT; I I [ 18:55 I 
! ! ! I USOCR· ! ! I ! 
I I I I FPRS· EPO· I I I I 
I I I IJPO;, , I I I I 
: I I I DERWENT· I I : I 
! ! ! 11 BM TDB , ! ! j ! 

I L18 ! 7620 ! (MTJ magnetic adj2 tunnel adj2 : US-~PUB; ! OR ! ON : 2018/11/27! 
I I I junction) and (MgO magnesium adj2 I USPAT; I I 118:58 I 
I I I oxide) I USOCR· I I I I 
I I I I FPRS· EPO· I I I I 
I I I IJPO;, , I I I I 
I ! ! I DERWENT; ! ! I ! 
I I I I I BM TDB I I I I 
I~ : . . . : - : : ; : 
I L19 137 I (MTJ magnetic adJ2 tunnel adJ2 I US-PGPUB; I OR I ON 12018/11/271 
I I I junction) and (MgO magnesium adj2 I USPAT; I I [ 19:00 I 
I I I oxide) same poly I USOCR; I I [ I 
I I I ! FPRS· EPO· I I I I 
I I I IJPO;, , I I I I 
: I I : DERWENT· I I : I 
! ! ! ! I BM TDB , ! ! j ! 

ILJ20 :□; ("581-7366").PN_-----------------------------------------------------: US-~PUB;·------;□R ;LJFF: 2018/1-1/27; 

! ! ! I USPAT· ! ! I 19· 16 ! 

I I ........1 ................................................................................ 1 usoCR J J ............. L I 
IIL21 11366 ll(MgO magnesium adj2 oxide) near4 IIUS-PGPUB; IIOR !ION 12018/11/271 

file:/ //C/U sers/achambliss/Documents/e-Red%20Folder/ 15428842/EASTSearchHistory.15428842_Accessible Version.htm[ 11/27/2018 8:06:53 PM] 

WD EX1012 
Western Digital v IP Bridge 

Page 320



EAST Search History 

I I ! poly I USPAT· ! ! I 19·18 ! 
I I I I USOCR· I I I • I 
I I I I FPRS· EPO· I I I I 
I I I IJPO;, , I I I I 
I i i i DERWENT· i i I i 
! ! ! 11 BM TDB , ! ! j ! 

I L22 ! 15 ! (MgO magnesium adj2 oxide) near4 poly: US-~PUB; ! OR ! ON : 2018/11/27! 
I I I and (MTJ magnetic adj2 tunnel adj2 I USPAT; I I 119:58 I 
I ! ! junction) and CoFeB ! USOCR; ! ! j ! 
! ! ! I FPRS· EPO· ! ! I ! 
I I I IJPO;, , I I I I 
i I I i DERWENT· I I i I 
I I I 11 BM TDB , I I I I 
I~-------------:-------------------------------_--------------_----------_------------------------------!------------------------------:-------------------------:-----------------;--------------------------: 
I L23 14052 I (MgO magnesium adJ2 oxide) and (MTJ i US-PGPUB; !OR !ON :2018/11/271 
I I I magnetic adj2 tunnel adj2 junction) and I USPAT; I I [ 19:58 I 
I I I CoFeB ! USOCR· I I I I 
I I I I FPRS· EPO· I I I I 
I I I IJPO;, , I I I I 
i I I i DERWENT· I I i I 
! ! ! ! I BM TDB , ! ! j ! I : i I _ : : ~ : 

IL247 1360 ! (MgO magnesium adj2 oxide) same I US-PGPUB; ! OR ! ON j 2018/11/27! 
I I I crystal$5 and (MTJ magnetic adj2 tunnel! USPAT; I I I 20:00 I I : : . . . i : : ~ : 
i i I adJ2 Junction) and CoFeB I USOCR; I I i I 
! ! ! I FPRS· EPO· ! ! I ! 
I I I IJPO;, , I I I I 
I i i i DERWENT· i i I i 
! ! ! 11 BM TDB , ! ! j ! 
I,-; : ! - : : '. : 
! L25 ! 1136 ! (MgO magnesium adj2 oxide) with I US-PGPUB; ! OR ! ON 12018/11/27! 
I I I crystal$5 and (MTJ magnetic adj2 tunnel! USPAT; I I [ 20:00 I 
! ! ! adj2 junction) and CoFeB I USOCR; ! ! [ ! 
! ! ! I FPRS· EPO· ! ! I ! 
I I I IJPO;, , I I I I 
I ! ! I DERWENT; ! ! I ! 
i i i i I BM TDB i i i i 
~ ~~~~~~~~~ : ~~~~~~~~~~~~~ ~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~ ~~~~~~~~ - ~~~~~~~~~~~~~~~~~~~~ ~ ~~~~~~~~~~~~~~~~~~~~~~~~ : ~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~ : 
,~' ' ' ' I ' I L26 1462 i 257/$.ccls. and (MgO magnesium adj2 I US-PGPUB; I OR I ON i 2018/11/271 
I I I oxide) with crystal$5 and (MTJ magnetic! USPAT; I I [ 20:01 I 
I I I adj2 tunnel adj2 junction) and CoFeB I USOCR; I I [ I 
I I I ! FPRS· EPO· I I I I 

I I I IJPO;, , I I I I 
I i i I DERWENT· i i I i 
! ! ! ! I BM TDB , ! ! j ! 

IL277 229 ! 438/$.ccls. and (MgO magnesium adj2 I US-~PUB; ! OR ! ON : 2018/11/27! 
I ! ! oxide) with crystal$5 and (MTJ magnetic! USPAT; ! ! j 20:02 ! 
I I I adj2 tunnel adj2 junction) and CoFeB I USOCR; I I I I 
! ! ! I FPRS· EPO· ! ! I ! 
I I I IJPO;, , I I I I 
I i i i DERWENT· i i I i 
! ! ! 11 BM TDB , ! ! j ! 
I,-; : ! - : : '. : 
! L28 ! 461 ! 26 AND ( (H01 L43/08 OR H01L43/10 ORI US-PGPUB; ! OR ! ON I 2018/ 11 /27! 
I ! ! H01 L43/02 OR H01 L43/12 OR I USPAT; ! ! [ 20:06 ! 
! I IH01L2112220RG11c1111610R lusocR; I I I I 
I I I G11 C11 / 16 OR G11 C11 / 15 OR I FPRS; EPO; I I [ I 
I I I H01F10/3254 OR B82y25/00 OR I JPO; I I I I 
I I IH01F10/1320RH01L27/2280R !DERWENT; I I [ I 
I I IH01L27/11507).CPC.) IIBM_TDB I I 1 I 
I ~~~~~~~~~~ ~~~~~~~~~~~~~, ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~\ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~• ~~~~~~~~~~~~~~~~~~~~~~~~~• ~~~~~~~~~~~~~~~~~~~• ~~~~~~~~~~~~~~~~~~~~~~~~~~~• 

11/27/2018 8:06:50 PM 
C:\ Users\ achambliss\ Documents\ EAST\ Workspaces\ 15799355.wsp 

file:/ //C/U sers/achambliss/Documents/e-Red%20Folder/ 15428842/EASTSearchHistory.15428842_Accessible Version.htm[ 11/27/2018 8:06:53 PM] 

WD EX1012 
Western Digital v IP Bridge 

Page 321



EAST Search History 

file:/ //C/U sers/achambliss/Documents/e-Red%20Folder/ 15428842/EASTSearchHistory.15428842_Accessible Version.htm[ 11/27/2018 8:06:53 PM] 

WD EX1012 
Western Digital v IP Bridge 

Page 322



Receipt date: 09/13/2018 15/428,842 - GAU: 2897 

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

Substitute for Form 1449/PTO Application # 15/428,842 
Confirmation # 9576 

INFORMATION DISCLOSURE Filing Date February 9, 2017 

STATEMENT BY APPLICANT First Inventor YUASA 
Art Unit 2837 

Examiner Chambliss, Alonzo 
Sheet 1 of 1 Docket# P11338US02/NBT 

U.S. PATENT DOCUMENTS 
Initial Document No. Publ. Date Name Corresponds 

(*) Number - Kind Code MM-DD-YYYY Patentee or Applicant to 

FOREIGN PATENT DOCUMENTS 
Initial Country-Number- Publ. Date Name Trans-

(*) Kind Code if known MM-DD-YYYY Patentee or Applicant lation 
JPA-2004-31605 01-29-2004 SONY CORPORATION Yes 

NON PATENT LITERATURE DOCUMENTS 
Exam. Include NAME of the author (in CAPS), Title of Article/Item, Date, Page(s), Volume- Trans-
Initial* Issue No., Publisher, City and/or Country where published lation 

Examiner Signature /ALONZO CHAMBLISS/ Date Considered 11/27/2018 

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

2355LT:10004:449926:l:ALEXANDRIA 

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /A.C/ 

WD EX1012 
Western Digital v IP Bridge 

Page 323



Electronic Patent Application Fee Transmittal 

Application Number: 15428842 

Filing Date: 09-Feb-2017 

Title of Invention: MAGNETIC TUNNEL JUNCTION DEVICE 

First Named Inventor/Applicant Name: Shinji YUASA 

Filer: Billy Aaron Schulman/Stacy Johnson 

Attorney Docket Number: Pl 1338US02/NBT 

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: 

WD EX1012 
Western Digital v IP Bridge 

Page 324



Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Extension - 1 month with $0 paid 1251 1 200 200 

Miscellaneous: 

Total in USO($) 200 

WD EX1012 
Western Digital v IP Bridge 

Page 325



Electronic Acknowledgement Receipt 

EFSID: 35326288 

Application Number: 15428842 

International Application Number: 

Confirmation Number: 9576 

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: Pl 1338US02/NBT 

Receipt Date: 05-MAR-2019 

Filing Date: 09-FEB-2017 

Time Stamp: 13:00:58 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment yes 

Payment Type CARD 

Payment was successfully received in RAM $200 

RAM confirmation Number 030519INTEFSW13014000 

Deposit Account 120555 

Authorized User Stacy Johnson 

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows: 

37 CFR 1.16 (National application filing, search, and examination fees) 

37 CFR 1.17 (Patent application and reexamination processing fees) 

WD EX1012 
Western Digital v IP Bridge 

Page 326



37 CFR 1.19 (Document supply fees) 

37 CFR 1.20 (Post Issuance fees) 

37 CFR 1.21 (Miscellaneous fees and charges) 

File Listing: 

Document 
Document Description File Name 

File Size(Bytes}/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

366436 

1 
Pl 1338US02Transmittal_Respo 

yes 9 
nseAfterFinal.pdf 

cc8e5f20919dc64Se0f427ad38bdc53d61 cf 
1f5b 

Multipart Description/PDF files in .zip description 

Document Description Start End 

Transmittal Letter 1 1 

Response After Final Action 2 9 

Warnings: 

Information: 

30919 

2 Fee Worksheet (5B06) fee-info.pdf no 2 
ae5ccf24fd20024 75b832981242d37534b 1 

c4783 

Warnings: 

Information: 

Total Files Size (in bytes) 397355 

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

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

WD EX1012 
Western Digital v IP Bridge 

Page 327



Doc Code: TRAN.LET 
Document Description: Transmittal Letter Customized PTOISB/21 (07-09) 

Application # 15/428,842 
Confirmation # 9576 

TRANSMITTAL FORM Filing Date February 9, 2017 
First Inventor YUASA 

(for all correspondence after initial filing) Art Unit 2897 
Examiner Chambliss, Alonzo 

Total number of pages in this submission = Docket# P11338US02/NBT 

ENCLOSURES (check all that apply) 

[8] Fees calculated below 
[8] including Extension of Time Fee 

D Amendment/Reply 
D including Attachment(s) 

[8] After Final Amendment/Reply 
[8] including Attachment(s) 

D Reply to Missing Parts/Incomplete Application 
D Information Disclosure Statement 
□ 
□ 
□ 

.-------------------------------------------------------------------1 
1 FEES CALCULATION: For claims if required and/or other fees as shown below: 

I STATUS of A~~licant is: □ MICRO □ SMALL ~ LARGE FEE DUE I 

I FEE FOR CALCULATION $ $ $ $ I 

1 ~ TOTAL CLAIMS 14 - 29 = 0 (extra) X 25 = X 50 = X 100 = 0 

I ~ INDEP. CLAIMS 3 - 3 = 0 (extra) X 115 = X 230 = X 460 = 0 

! ~ Extension of Time for ONE month(s) (serving as constructive EOT Petition)= 200 

! D Other fee for 
I 

TOTAL 200 I 
I 
L-------------------------------------------------------------------

[8] Payment of $ 200 is made by: 

[8] ELECTRONIC FUNDS TRANSFER - submitted concurrently herewith. 

□ CREDIT CARD PAYMENT FORM - PT0-2038 submitted concurrently herewith. 

[8] The Director is authorized to charge any fee, additional fee or extension fee due in connection herewith 
to Deposit Account No. 12-0555: 
(1) if no payment or an insufficient payment is enclosed and a fee is due in connection herewith; or 
(2) if no petition for extension of time is enclosed but an EOT is required - and in this event, applicant 

hereby petitions under 37 CFR 1.136(a) for an extension of time of as many months as are required 
to render this submission timely. 

Date: March 5, 2019 /B. Aaron Schulman/ 
Signed By Name: B. Aaron Schulman 

Attorney of Record Registration No.: 31,877 

STITES & HARBISON PLLC • 1800 Diagonal Road. • Suite 325 • Alexandria, VA 22314 
TEL: 703-739-4900 • FAX: 703-739-9577 • Customer No. 881 

23 55LT: 10004:464415: 1 :ALEXANDRIA 

WD EX1012 
Western Digital v IP Bridge 

Page 328



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re U.S. Patent Application of 

YUASA 

Application Number: 15/428,842 

Filed: February 9, 2017 

For: MAGNETIC TUNNEL JUNCTION DEVICE 

ATTORNEY DOCKET NO. P11338US02/NBT 

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

) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 

Confirmation No. 9576 

Art Unit 2897 

Examiner 
Alonzo Chambliss 

RESPONSE AND AMENDMENT UNDER 37 C.F.R. § 1.116 

Sir: 

This is in response to the Final Office Action mailed on December 3, 2018, the period of 

response to which is set to expire on April 3, 2019. An extension of time is being requested herein. 

Please amend the above-referenced application as follows below on page 2. Remarks begin on 

page 6. 
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IN THE CLAIMS 

Claims 1-3, 11, 12, 14-17, 19, 20, 23, 25, and 26 are pending in this application, wherein 

claims 1, 15, and 23 are being amended to improve form, and wherein claims 7-9, 13, 18, 21, 22, 

24, and 27-33 are being canceled without prejudice or disclaimer, as follows: 

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

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

a barrier layer disposed over the first electrode, the barrier layer comprising a magnesium 

oxide (MgO) layer that is formed of a poly-crystalline MgO in which a (001) crystal plane is 

preferentially oriented; and 

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

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

wherein each of the first and second ferromagnetic material layers is entirely crystallized.,_ 

and 

wherein a value of x in MgOx for the MgO layer is greater than O and less than 1. 

2. (Previously Presented) The MTJ device of claim 1, wherein the first ferromagnetic 

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

material layer is in direct contact with the barrier layer. 

3. (Previously Presented) The MTJ device of claim 1, wherein the first ferromagnetic 

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

material layer is in direct contact with the MgO layer. 

4-10. (Canceled). 

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

a range of 0.2 to 0.5 eV. 

2 
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12. (Previously Presented) The MTJ device of claim 11, wherein the barrier height cp of the 

barrier layer is obtained by fitting J-V characteristics of the MTJ device to an equation (1): 

J=[(2mcp )1121 L'.1s]( e/h)2xexp[-( 4nl'.1s/h)x(2mcp )112] xv (1 ), 

where J is a tunnel current density flowing through the 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 Planck's constant, 11s is an effective thickness of the barrier layer that is equivalent to 

(tMg0-0.5 nm), and tMg0 is an actual thickness of the barrier layer. 

13. (Canceled). 

14. (Previously Presented) The MTJ device of claim 1, wherein a value ofx in MgOxfor the 

MgO layer is greater than O. 9 and less than 1. 

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

a first electrode made of a first CoFeB layer; 

a barrier layer made of a magnesium oxide (MgO) layer that is a poly-crystalline layer in 

which a (001) crystal plane is preferentially oriented; and 

a second electrode made of a second CoFeB layer, and 

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

and 

wherein both the first and second CoFeB layers are entirely crystallized, and 

wherein a value of x in MgOx for the MgO layer is greater than O and less than 1. 

16. (Previously Presented) The MTJ device of claim 15, wherein the first CoFeB layer is in 

direct contact with the MgO layer, and wherein the second CoFeB layer is in direct contact with 

the MgO layer. 

17. (Previously Presented) The MTJ device of claim 15, wherein the MgO layer and the first 

CoFeB layer form a first interface of the MTJ, and wherein the MgO layer and the second 

CoFeB layer form a second interface of the MTJ. 
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18. (Canceled). 

19. (Original) The MTJ device of claim 15, wherein a barrier height cp of the MgO layer is in 

a range of 0.2 to 0.5 eV. 

20. (Previously Presented) The MTJ device of claim 19, wherein the barrier height cp of the 

MgO layer is obtained by fitting J-V characteristics of the MTJ device to an equation (1): 

J=[(2mcp )1121 L'.1s]( e/h)2xexp[-( 4nl'.1s/h)x(2mcp )112] xv (1 ), 

where J is a tunnel current density flowing through the MgO 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 Planck's constant, 11s is an effective thickness of the MgO layer that is equivalent to 

(tMg0-0.5 nm), and tMg0 is an actual thickness of the MgO layer. 

21-22. (Canceled). 

23. (Previously Presented) A magnetic tunnel junction (MTJ) device, comprising: 

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

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

comprising a magnesium oxide (MgO) layer that is a poly-crystalline MgO in which (001) 

crystal plane is preferentially oriented; and 

a second ferromagnetic material layer that is disposed on the barrier layer and includes 

Co, Fe, and B, and 

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

24. (Canceled). 

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

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

26. (Previously Presented) The MTJ device of claim 25, wherein the barrier height cp of the 

barrier layer is obtained by fitting J-V characteristics of the MTJ device to an equation (1): 
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J=[(2mcp )1121 L'.1s]( e/h)2 xexp[-( 4nl'.1s/h)x(2mcp )112] xv (1 ), 

where J is a tunnel current density flowing through the 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 elementary electric charge, 

h is Planck's constant, 11s is an effective thickness of the barrier layer that is equivalent to ( tMg0-0. 5 

nm), and tMg0 is an actual thickness of the barrier layer. 

27-33. (Canceled). 
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REMARKS 

The above amendments to the above-captioned application along with the following 

remarks are being submitted as a full and complete response to the Final Office Action dated 

December 3, 2018 (U.S. Patent Office Paper No. 20181127). In view of the above amendments 

and the following remarks, the Examiner is respectfully requested to give due reconsideration to 

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

Status of the Claims 

As outlined above, claims 1-3, 11, 12, 14-17, 19, 20, 23, 25, and 26 stand for consideration 

in this application, wherein claims 1, 15, and 23 are being amended to improve form, and wherein 

claims 7-9, 13, 18, 21, 22, 24, and 27-33 are being canceled without prejudice or disclaimer 

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

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

Allowable Subject Matter 

The Examiner stated that claims 11-14, 19-22, and 24-26 would each be allowable if 

rewritten in independent form to include all the limitations of the base claim and any intervening 

claims from which it depends. 

Double Patenting Rejections 

The Examiner rejected claims 1-3, 7-9, and 11-33 as being unpatentable over claim 4 of 

U.S. Patent No. 8,405,134 ("the '134 application") on grounds of nonstatutory obviousness-type 

double patenting. In response, Applicants respectfully submit that the present application and the 

'134 application were commonly owned pursuant to 3 5 U.S. C. § 103( c )(1) at the time the claimed 

invention of the present application was made. Moreover, Applicants note that a terminal 

disclaimer has already been filed in the present application with respect to the '134 application on 

October 2, 2017 and approved by the USPTO. Accordingly, Applicants respectfully submit that 

the non-statutory obviousness-type double patenting rejections are improper and, therefore, should 

be withdrawn. 
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Prior Art Rejections 

The Examiner rejected claims 1-3, 7-9, 15-18, 23, and 27-33 under 35 U.S.C. §103(a) as 

being unpatentable over Hosomi (Japanese Patent Application Pub. No. JP 2004-31605) in view 

ofNashimoto (U.S. Patent No. 5,514,484). Applicants have reviewed the above-noted rejections, 

and hereby respectfully traverse. 

As outlined above, claims 7-9, 13, 18, 21, 22, 24, and 27-33 are being canceled without 

prejudice or disclaimer, and, therefore, claims 1-3, 11, 12, 14-17, 19, 20, 23, 25, and 26 are 

currently remain of record in the present application. Independent claim 1 is being amended to 

further include all of the limitations of claim 13 of the present application as previously presented 

in the Response submitted on September 21, 2018. Accordingly, claim 1 is now presented in a 

form that the Examiner stated would be allowable. Moreover, independent claim 15 is being 

amended to further include all of the limitations of claim 21 of the present application as previously 

presented in the Response submitted on September 21, 2018. Accordingly, claim 15 is now 

presented in a form that the Examiner stated would be allowable. Likewise, independent claim 23 

is being amended to further include all of the limitations of claim 24 of the present application as 

previously presented in the Response submitted on September 21, 2018. Accordingly, claim 23 is 

now presented in a form that the Examiner stated would be allowable. 

Moreover, because claims 2, 3, 11, 12, and 14, claims 16, 17, 19, and 20, and claims 25 

and 26 each depends either directly or indirectly from claims 1, 15, and 23 respectively, Applicants 

respectfully submit that claims 2, 3, 11, 12, 14, 16, 17, 19, 20, 25, and 26 are also now in condition 

for allowance. Applicants therefore respectfully submit that the present invention as claimed is 

distinguishable and thereby allowable over the prior art of record. 

Conclusion 

In view of all the above, Applicants respectfully submit that certain clear and distinct 

differences as discussed exist between the present invention as now claimed and the prior art 

references upon which the rejections in the Final Office Action rely. These differences are more 

than sufficient to establish that the present invention as now claimed would not have been 

anticipated nor rendered obvious given the prior art. Rather, the present invention as a whole is 

distinguishable, and thereby allowable over the prior art. 
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Favorable reconsideration of this application as amended is respectfully solicited. Should 

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

allowance of the above-captioned application, the Examiner is invited to contact the Applicants' 

undersigned representative at the address and telephone number indicated below. 

STITES & HARBISON PLLC 
1800 Diagonal Road 
Suite 325 
Alexandria, VA 22314-2861 
(703) 739-4900 Voice 
(703) 739-9577 Fax 
Customer No. 00881 

March 5, 2019 

2355LT: 10004:464274: 1 
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Respectfully submitted, 

/B. Aaron Schulman/ 
B. Aaron Schulman 
Registration Number 31,870 

Nicholas B. Trenkle 
Registration Number 54,500 
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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 
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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. 
15/428,842 
Examiner 
ALONZO CHAMBLISS 

Applicant(s) 
YUASA, Shinji 
Art Unit I AIA (FITF) Status 
2897 No 

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

1.~ This communication is responsive to the amendment after final filed on 3/5/19. 

0 A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on __ . 

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

3.~ The allowed claim(s) is/are 1-3, 11-12, 14-20,23 and 25-26 . As a result of the allowed claim(s), you may be eligible to benefit from 
the Patent Prosecution Highway program at a participating intellectual property office for the corresponding application. For more 
information, please see http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to 
PPHfeedback@uspto.gov. 

4.~ Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

Certified copies: 

a) ~All b) 0 Some *c) 0 None of the: 

1. 0 Certified copies of the priority documents have been received. 
2. ~ Certified copies of the priority documents have been received in Application No. 10/591,947 . 

3. 0 Copies of the certified copies of the priority documents have been received in this national stage application from the 

International Bureau (PCT Rule 17.2(a)). 

* Certified copies not received: __ . 

Applicant has THREE MONTHS FROM THE "MAILING DATE" of this communication to file areply complying with the requirements 
noted below. Failure to timely comply will result in ABANDONMENT of this application. 
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE. 

5.0 CORRECTED DRAWINGS (as "replacement sheets") must be submitted. 

0 including changes required by the attached Examiner's Amendment/ Comment or in the Office action of 
Paper No./Mail Date __ . 

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

6.0 DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the 
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL. 

Attachment(s) 
1. 0 Notice of References Cited (PTO-892) 5. ~ Examiner's Amendment/Comment 

2.0 Information Disclosure Statements (PTO/SB/08), 6. 0 Examiner's Statement of Reasons for Allowance 
Paper No./Mail Date . 

3. 0 Examiner's Comment Regarding Requirement for Deposit 7. 0 Other 
of Biological Material . 

4.0 Interview Summary (PTO-413), 
Paper No./Mail Date. 

/ALONZO CHAMBLISS/ 
Primary Examiner, Art Unit 2897 

U.S. Patent and Trademark Office 
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Application/Control Number: 15/428,842 
Art Unit: 2897 

Notice of Pre-A/A or A/A Status 

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

provisions. 

Page 2 

2. The amendment filed on 3/5/19 has been fully considered and made of record in 

this application. 

EXAMINER'S AMENDMENT 

3. An examiner's amendment to the record appears below. Should the 

changes and/or additions be unacceptable to applicant, an amendment may be filed 

as provided by 37 CFR 1.312. To ensure consideration of such an amendment, it 

MUST be submitted no later than the payment of the issue fee. 

Authorization for this examiner's amendment was given in a telephone interview 

with B. Aaron Schulman on March 14, 2019. 

CLAIMS: 

In claim 23, after " crystallized " insert -- , and wherein a value of x in MGOx for 

the MGO layer is greater than O and less than 1 --. 

Any inquiry concerning the communication or earlier communications from the 

examiner should be directed to Alonzo Chambliss whose telephone number is (571) 

272-1927. 

Any comments considered necessary by applicant must be submitted no later 

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

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

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

Page 3 

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

supervisor, Fernando L. Toledo can be reached on (571) 272-1867. The fax 

phone number for the organization where this application or proceeding is assigned is 

571 -273-8300. 

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

Application Information Retrieval (PAIR) system Status information for published 

applications may be obtained from either Private PMR or Public PMR. 

Status information for unpublished applications is available through Private PMR 

only. For more information about the PMR system see http://pair-dkect.uspto.gov. 

Should you have questions on access to the Private PMR system contact the 

Electronic Business Center (EBC) at 866-217-9197 (toll-free) or 

EBC_Support@uspto.gov. 

AC/March 14, 2019 /Alonzo Chambliss/ 

Primary Examiner, Art Unit 2897 

WD EX1012 
Western Digital v IP Bridge 

Page 344



Search Notes 

CPC - Searched* 

Symbol 

Application/Control No. 

15/428,842 

Examiner 

ALONZO CHAMBLISS 

H01L43/10, 27/222, 43/02, 43/08, 43/12,: G11C11/161 

H01L43/10, 27/222, 43/02, 43/08, 43/12,: G11C11/161 

H01F10/3254, 10/132: B82Y25/00: G11 C11/15, 11/15, 11/161: H01 L43/ 
08, 43/02, 43/10, 43/12, 27/222, 27/228, 27/11507 

H01F10/3254, 10/132: B82Y25/00: G11 C11/15, 11/15, 11/161: H01 L43/ 
08, 43/02, 43/10, 43/12, 27/222, 27/228, 27/11507 

H01F10/3254, 10/132: B82Y25/00: G11 C11/15, 11/15, 11/161: H01 L43/ 
08, 43/02, 43/10, 43/12, 27/222, 27/228, 27/11507 

CPC Combination Sets - Searched* 

Symbol 

US Classification - Searched* 

Class Subclass 

Applicant(s)/Patent Under Reexamination 

YUASA, Shinji 

Art Unit 

2897 

Date Examiner 

6/25/17 AC 

11/7/17 AC 

5/25/18 AC 

11/27/2018 AC 

03/14/2019 AC 

Date Examiner 

Date Examiner 

* See search history printout included with this form or the SEARCH NOTES box below to determine the scope of the 
search. 

Search Notes 

Search Notes Date Examiner 

East text search only - see attached printout 6/25/17 AC 

Updated prevous East text search only - see attached printout 11/7/17 AC 

Updated previous East text search only - see attached printout 5/28/18 AC 

Updated previous East text search only - see attached printout 11/27/2018 AC 

Updated previous East text search only - see attached printout 03/14/2019 AC 

U.S. Patent and Trademark Office 
Page 1 of 2 

Part of Paper No.: 20190314 

WD EX1012 
Western Digital v IP Bridge 

Page 345



Search Notes 

Interference Search 

Application/Control No. 

15/428,842 

Examiner 

ALONZO CHAMBLISS 

US Class/CPC 
US Subclass/CPC Group 

Symbol 

H01L 43/10, 43/08, 43/12, 43/02, 27/222 

G11C 11/161 

US PGPUB text 
search only 

U.S. Patent and Trademark Office 
Page 2 of 2 

Applicant(s)/Patent Under Reexamination 

YUASA, Shinji 

Art Unit 

2897 

Date Examiner 

11/7/17 AC 

11/7/17 AC 

03/14/2019 AC 

Part of Paper No.: 20190314 

WD EX1012 
Western Digital v IP Bridge 

Page 346



Issue Classification 

CPC 

Symbol 

H01L mt 43 mt 
H01F rnr 10 rnr 
G11C rn 11 mt 
H01L rni 28 mi 
H01L mr 27 rnr 
882Y rt 25 mt 
G11C rn 11 mt 
H01F rnr 10 rn 
H01L rnr 27 rnr 
H01L rn 43 mt 
H01L rni 43 mi 
H01L rnr 43 rnr 
G11C rt 11 mt 
H01L rn 27 mt 
H01L rnr 27 rn 
882Y rnr 10 rnr 

CPC Combination Sets 

Symbol 

Application/Control No. 

15/428,842 

Examiner 

ALONZO CHAMBLISS 

10 

132 

15 

55 

11507 

00 

16 

3254 

228 

08 

12 

02 

161 

222 

22 

00 

I i I I i I 

NONE 

(Assistant Examiner) 

/ALONZO CHAMBLISS/ 
Primary Examiner.Art Unit 2897 

(Primary Examiner) 
U.S. Patent and Trademark Office 

Page 1 of 3 

Applicant(s)/Patent Under Reexamination 

YUASA, Shinji 

Art Unit 

2897 

Type Version 

F 2013-01-01 

I 2013-01-01 

I 2013-01-01 

I 2013-01-01 

I 2013-01-01 

I 2013-01-01 

I 2013-01-01 

I 2013-01-01 

I 2013-01-01 

I 2013-01-01 

I 2013-01-01 

I 2013-01-01 

I 2013-01-01 

I 2013-01-01 

A 2013-01-01 

A 2013-01-01 

Type Set Ranking Version 

Total Claims Allowed: 

(Date) 14 

14 March 2019 
O.G. Print Claim(s) O.G. Print Figure 

(Date) 1 1B 

Part of Paper No.: 20190314 

WD EX1012 
Western Digital v IP Bridge 

Page 347



Issue Classification 

INTERNATIONAL CLASSIFICATION 

CLAIMED 

H01L 

H01L 

I NON-CLAIMED 

US ORIGINAL CLASSIFICATION 

CLASS 

257 

CROSS REFERENCES(S) 

CLASS 

257 427 

438 3 

365 171 

NONE 

(Assistant Examiner) 

/ALONZO CHAMBLISS/ 
Primary Examiner.Art Unit 2897 

(Primary Examiner) 
U.S. Patent and Trademark Office 

Application/Control No. 

15/428,842 

Examiner 

ALONZO CHAMBLISS 

I rnI 21 

1 rnr 21 

295 

Applicant(s)/Patent Under Reexamination 

YUASA, Shinji 

Art Unit 

2897 

rnI 02 

rnr 00 

SUBCLASS 

SUBCLASS (ONE SUBCLASS PER BLOCK) 

Total Claims Allowed: 

(Date) 14 

14 March 2019 
O.G. Print Claim(s) O.G. Print Figure 

(Date) 1 1B 

Part of Paper No.: 20190314 

Page 2 of 3 

WD EX1012 
Western Digital v IP Bridge 

Page 348



Issue Classification 
Application/Control No. 

15/428,842 

Examiner 

ALONZO CHAMBLISS 

Applicant(s)/Patent Under Reexamination 

YUASA, Shinji 

Art Unit 

2897 

□ Claims renumbered in the same order as presented by applicant □ CPA □ T.D. □ R.1.47 

CLAIMS 

Final Original Final Original Final Original Final Original Final Original Final Original Final Original Final Original 

1 1 10 10 19 
2 2 4 11 11 20 
3 3 5 12 21 

4 13 22 
5 6 14 12 23 
6 7 15 24 
7 8 16 13 25 
8 9 17 14 26 
9 18 

NONE 
Total Claims Allowed: 

(Assistant Examiner) (Date) 14 

/ALONZO CHAMBLISS/ 14 March 2019 
O.G. Print Claim(s) O.G. Print Figure Primary Examiner.Art Unit 2897 

(Primary Examiner) (Date) 1 1B 

U.S. Patent and Trademark Office Part of Paper No.: 20190314 

Page 3 of 3 

WD EX1012 
Western Digital v IP Bridge 

Page 349



EAST Search History 

EAST Search History 

EAST Search History (Prior Art} 

I[::~ I[~-'.~:-l[~::::~--~~-:_:~ ___________________________________________________________ le~_: _______________________ llg~~~~~r _ I[~'.-~_::_'._: I ~~ ~~ p _________ I 

[][1[840:134:): I ~~~U:; l□LJ ~~~19;:3/] 

I L2 I 463 I 257/$.ccls. and (MgO magnesium adj2 I US-PGPUB; I OR I ON I 2019/03/141 
I I I oxide) with crystal$5 and (MTJ magnetic I USPAT; I I [ 14:52 I 
I I I adj2 tunnel adj2 junction) and CoFeB I USOCR; FPRS; I I [ I 

I I I I EPO; JPO; I I ! I 
I i i I DERWENT i i I i 

I _______ J __________ J __________________________________________________________________________________________ __! I BM_ TDB __ , _______ J _______________________ J """""""'" j ________________________ J 

I L3 I 229 I 438/$.ccls. and (MgO magnesium adj2 I US-PGPUB; I OR I ON j 2019/03/141 
I I I oxide) with crystal$5 and (MTJ magnetic I USPAT; I I j 14:55 I 
I I I adj2 tunnel adj2 junction) and CoFeB I USOCR; FPRS; I I I I 
I I I I EPO· JPO· I I I I 
I I I I DERWENT· I I I I 
I I I I I BM TDB , I I ! I 
\ ~~~~~~~~~- ~~~~~~~~~~~~- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~- ~~~~~~~~ - ~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~- ~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

I L4 IO I 361/$.ccls. and (MgO magnesium adj2 I US-PGPUB; I OR I ON I 2019/03/14I 
I I I oxide) with crystal$5 and (MTJ magnetic I USPAT; I I [ 14:58 I 
I I I adj2 tunnel adj2 junction) and CoFeB I USOCR; FPRS; I I [ I 

I I I I EPO; JPO; I I ! I 
I i i I DERWENT i i I i 

I _______ J __________ J __________________________________________________________________________________________ __! I BM_ TDB __ , _______ J _______________________ J """""""'" j ________________________ J 

IL? 1462 l2AND((H01L43/080RH01L431100R Ius-PGPUB; loR loN [20191031141 
I I IH01L43/02ORH01L43/12OR IUSPAT; I I !15:08 I 
I I IH01L2112220RG11c111161 OR lusocR; FPRs;I I I I 
I I I G11 C11 / 16 OR G11 C11 / 15 OR I EPO; JPO; I I [ I 
I I I H01F10/3254 OR B82Y25/00 OR I DERWENT; I I I I 
I I I H01F10/132 OR H01L27/228 OR I IBM TDB I I [ I 
I I IH01L27/11507).CPC.) I - I I 1 I 
I •••••••••' ••••••••••••' •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• ••••••••••••••••••••••••••••••••••' •••••••••••••••••••••••••' •••••••••••~~~~~~~~• ~~~~~~~~~~~~~~~~~~~~~~~~~~~• 

3/14/2019 3:09:55 PM 
C:\ Users\ achambliss\ Documents\ EAST\ Workspaces\ 15799355.wsp 

file:/ //C/U sers/achambliss/Documents/e-Red%20Folder/ 15428842/EASTSearchHistory.15428842_Accessible Version.htm[3/l 4/2019 3: 10:00 PM] 

WD EX1012 
Western Digital v IP Bridge 

Page 350



Electronic Acknowledgement Receipt 

EFSID: 36062921 

Application Number: 15428842 

International Application Number: 

Confirmation Number: 9576 

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: Pl 1338US02/NBT 

Receipt Date: 20-MA Y-2019 

Filing Date: 09-FEB-2017 

Time Stamp: 17:32:15 

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.) 

172479 

1 
Amendment after Notice of Allowance Pl 1338US02Amdt_Under_312. 

6 
(Rule312) pdf 

no 
43a4303a24b684218084ac83939444 72ecf 

eb033 

Warnings: 

WD EX1012 
Western Digital v IP Bridge 

Page 351



Information: 

Total Files Size (in bytes)~ 172479 

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. 

WD EX1012 
Western Digital v IP Bridge 

Page 352



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re U.S. Patent Application of 

YUASA 

Application Number: 15/428,842 

Filed: February 9, 2017 

For: MAGNETIC TUNNEL JUNCTION DEVICE 

ATTORNEY DOCKET NO. P11338US02/NBT 

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

) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 

Confirmation No. 9576 

Art Unit 2897 

Examiner 
Alonzo Chambliss 

AMENDMENT UNDER RULE 312 

Honorable Commissioner: 

This is in response to the Notice of Allowance mailed on March 20, 2019, please amend 

the claims of the above-referenced application as follows below on page 2. Remarks begin on page 

6. 

I 
2355LT: 10004:470359: 1 
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IN THE CLAIMS 

Claims 1-3, 11, 12, 14-20, 23 and 25, and 26 are allowed in this application, wherein claim 

23 is being amended to improve form, as follows: 

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

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

a barrier layer disposed over the first electrode, the barrier layer comprising a magnesium 

oxide (MgO) layer that is formed of a poly-crystalline MgO in which a (001) crystal plane is 

preferentially oriented; and 

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

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

wherein each of the first and second ferromagnetic material layers is entirely crystallized.,_ 

and 

wherein a value of x in MgOx for the MgO layer is greater than O and less than 1. 

2. (Previously Presented) The MTJ device of claim 1, wherein the first ferromagnetic 

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

material layer is in direct contact with the barrier layer. 

3. (Previously Presented) The MTJ device of claim 1, wherein the first ferromagnetic 

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

material layer is in direct contact with the MgO layer. 

4-10. (Canceled). 

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

a range of 0.2 to 0.5 eV. 

12. (Previously Presented) The MTJ device of claim 11, wherein the barrier height cp of the 

barrier layer is obtained by fitting J-V characteristics of the MTJ device to an equation (1): 
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J=[(2mcp )1121 L'.1s]( e/h)2 xexp[-( 4nl'.1s/h)x(2mcp )112] xv (1 ), 

where J is a tunnel current density flowing through the 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 Planck's constant, 11s is an effective thickness of the barrier layer that is equivalent to 

(tMg0-0.5 nm), and tMg0 is an actual thickness of the barrier layer. 

13. (Canceled). 

14. (Previously Presented) The MTJ device of claim 1, wherein a value ofx in MgOxfor the 

MgO layer is greater than O. 9 and less than 1. 

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

a first electrode made of a first CoFeB layer; 

a barrier layer made of a magnesium oxide (MgO) layer that is a poly-crystalline layer in 

which a (001) crystal plane is preferentially oriented; and 

a second electrode made of a second CoFeB layer, and 

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

and 

wherein both the first and second CoFeB layers are entirely crystallized, and 

wherein a value of x in MgOx for the MgO layer is greater than O and less than 1. 

16. (Previously Presented) The MTJ device of claim 15, wherein the first CoFeB layer is in 

direct contact with the MgO layer, and wherein the second CoFeB layer is in direct contact with 

the MgO layer. 

17. (Previously Presented) The MTJ device of claim 15, wherein the MgO layer and the first 

CoFeB layer form a first interface of the MTJ, and wherein the MgO layer and the second 

CoFeB layer form a second interface of the MTJ. 

18. (Canceled). 
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19. (Original) The MTJ device of claim 15, wherein a barrier height cp of the MgO layer is in 

a range of 0.2 to 0.5 eV. 

20. (Previously Presented) The MTJ device of claim 19, wherein the barrier height cp of the 

MgO layer is obtained by fitting J-V characteristics of the MTJ device to an equation (1): 

J=[(2mcp )1121 L'.1s]( e/h)2 xexp[-( 4nl'.1s/h)x(2mcp )112] xv (1 ), 

where J is a tunnel current density flowing through the MgO 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 Planck's constant, 11s is an effective thickness of the MgO layer that is equivalent to 

(tMg0-0.5 nm), and tMg0 is an actual thickness of the MgO layer. 

21-22. (Canceled). 

23. (Currently amended) A magnetic tunnel junction (MTJ) device, comprising: 

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

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

comprising a magnesium oxide (MgO) layer that is a poly-crystalline MgO in which (001) 

crystal plane is preferentially oriented; and 

a second ferromagnetic material layer that is disposed on the barrier layer and includes 

Co, Fe, and B, and 

wherein each of the first and second ferromagnetic material layers is entirely crystallized, 

and wherein a value of x in MGOxMgOx for the MGGMgO layer is greater than O and less than 

1. 

24. (Canceled). 

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

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

26. (Previously Presented) The MTJ device of claim 25, wherein the barrier height cp of the 

barrier layer is obtained by fitting J-V characteristics of the MTJ device to an equation (1): 
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J=[(2mcp )1121 L'.1s]( e/h)2 xexp[-( 4nl'.1s/h)x(2mcp )112] xv (1 ), 

where J is a tunnel current density flowing through the 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 elementary electric charge, 

h is Planck's constant, 11s is an effective thickness of the barrier layer that is equivalent to ( tMg0-0. 5 

nm), and tMg0 is an actual thickness of the barrier layer. 

27-33. (Canceled). 
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REMARKS 

By this amendment, a minor correction is made to Claim 23 in response to the Examiner's 

Amendment on page 2 of the Notice of Allowance dated March 20, 2019. As can be observed in 

the Examiner's amendment, the formula "MgOx" was incorrectly indicated as "MGOx", and the 

formula MgO was indicated as "MGO". Applicant has now made the necessary corrections to this 

claim. 

Conclusion 

In light of the foregoing, the present amendments should be entered under Rule 312. Such 

action is respectfully requested. 

STITES & HARBISON PLLC 
1800 Diagonal Road 
Suite 325 
Alexandria, VA 22314-2861 
(703) 739-4900 Voice 
(703) 739-9577 Fax 
Customer No. 00881 

May 20, 2019 
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Respectfully submitted, 

/B. Aaron Schulman/ 
B. Aaron Schulman 
Registration Number 31,870 

Nicholas B. Trenkle 
Registration Number 54,500 

WD EX1012 
Western Digital v IP Bridge 

Page 358



UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR 

15/428,842 02/09/2017 Shinji YUASA 

881 7590 06/14/2019 

STITES & HARBISON PLLC 
1800 Diagonal Road 
SUITE 325 
ALEXANDRIA, VA 22314 

UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONERFORPATENTS 

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

ATTORNEY DOCKET NO. 

Pl 1338US02/NBT 

CONFIRMATION NO. 

9576 

EXAMINER 

CHAMBLISS, ALONZO 

ART UNIT PAPER NUMBER 

2897 

NOTIFICATION DATE DELIVERY MODE 

06/14/2019 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) 

WD EX1012 
Western Digital v IP Bridge 

Page 359



Response to Rule 312 Communication 

Application No. 

15/428,842 

Examiner 

ALONZO CHAMBLISS 

Applicant(s) 

YUASA, Shinji 

Art Unit AIA Status 

2897 No 

-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address --

1. ~The amendment filed on 20 May 2019 under 37 CFR 1.312 has been considered, and has been: 
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