Customized PTO/AIA/15 (03-13)

UTILITY PATENT Docket No. | P11338US01/NBT
APPLICATION TRANSMITTAL | 1" Inventor | YUASA
(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

Xl See Fee Determination Below Xl Power of Attorney (PTO/AIA/82B) and
] Applicant asserts small entity status X] Transmittal for Power (PTO/AIA/82A)
X Specification [total pages = 22] [] Power of Attorney & [[] 37 CFR 3.37(c) Statement
X Drawings [total sheets = 10] [[] Power of Attorney — included with Declaration
X Inv. Oath or Declaration [total sheets = 1] X Information Disclosure Statement
[C] Newly executed (original or copy) [ Preliminary Amendment
X A Copy from a prior appl. (for cont./div.) [] Nonpublication Request
X Application Data Sheet [

CORRESPONDENCE ADDRESS - the address associated with CUSTOMER NUMBER 881

El This is a CONTINUING APPLICATION of prior Application No. 13/767,290 (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 Applicantis: [JMICRO []SMALL [XLARGE FEE DUE

FEE FOR CALCULATION $ $ $ $
X BASIC - via EES 70 70 280 280
X SEARCH 150 300 600 600
X EXAMINATION 180 360 720 720
X] TOTAL CLAIMS 3-20 =0 (extra) x 20 = X 40 = x 80 = 0
X INDEP. CLAIMS 1-3=0 (extra) X 105 = x 210 = X 420 = 0
] MUL. DEP. CLAIM 195 390 780
[] APPL. SIZE #x 75 — 100 = ?, extra 50s = ? x 100 = X 200 = X 400 =

TOTAL $1600

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

X Payment of $1600 is made by ELECTRONIC FUNDS TRANSFER - submitted concurrently herewith.
If no payment or an insufficient payment is enclosed and a fee is due in connection herewith, the Director is authorized
to charge any fee or additional fee due in connection herewith to Deposit Account No. 12-0555.

Attorney Name: Nicholas B. Trenkle Telephone No.:  703-739-4900
Registration No.: 54500 Facsimile No.:  703-739-9577
Signed (for) by: _/B. Aaron Schulman/ Date: August 27, 2015
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2355LT:10003:364869:1:ALEXANDRIA

WD EX1010
Western Digital v IP Bridge
Page 1



Doc Code: PA..
PTO/AIA/82A (07-13)

Document Description: Power of Attorney Approved for use through 11/30/2014. OMB 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 OMB control number.

TRANSMITTAL FOR POWER OF ATTORNEY TO ONE OR MORE
REGISTERED PRACTITIONERS

y,

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 |P11338USQ1/NBT

SIGNATURE of Applicant or Patent Practitioner
Signature /B. Aaron Schulman/ Date (Optional) | August 27, 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.

*Total of WO 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, call 1-800-PT0O-9199 and select option 2.
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Customized PTO/SB/08a+b (07-09)

Substitute for Form 1449/PTO

INFORMATION DISCLOSURE
STATEMENT BY APPLICANT

Application #

New Application

Confirmation #

Filing Date

On Even Date Herewith

First Inventor

YUASA, et al.

Art Unit

Examiner

Sheet 1 of 10

Docket #

P11338USO1/NBT

U.S. PATENT DOCUMENTS

Initial Document No. Publ. Date Name Corresponds
(*) Number — Kind Code MM-DD-YYYY Patentee or Applicant to

US-2007/0128470 | 06/07/2007 Nagahama et al.
US-2004/0144995 | 07/29/2004 Nagahama et al.
US-2004/0245553 | 12/09/2004 Hosomi et al.
US-2006/0056115 | 03/16/2006 Djayaprawira et al.
US-2002/0159203 | 10/31/2002 Saito et al.
US-2005/0207071 | 09/22/2005 Sato et al.
US-2002/0191355 | 12/19/2002 Hiramoto et al.
US-2002/0149962 | 10/17/2002 Horiguchi
US-2007/0195592 | 08/23/2007 Yuasa
US-2009/0324814 | 12/31/2009 Parkin
US-2008/0062581 | 03/13/2008 Parkin
US-2007/0258170 | 11/08/2007 Yuasa
US-7,884,403 02/08/2011 Yuasa
US-6,544,801 04/08/2003 Slaughter et al.
US-5,514,484 05/07/1996 Nishimoto
US-6,379,978 04/30/2002 Goebel et al.
US-7,276,384 10/02/2007 Parkin et al.
US-5,759,265 06/02/1998 Nashimoto et al.
US-6,911,685 06/28/2005 Anthony et al.
US-6,767,655 07/27/2004 Hiramoto et al.
US-6,054,226 04/25/2000 Takeda et al.
US-2008/0055793 | 03/06/2008 Djayaprawira et al.
US-2002/0080641 | 06/27/2002 Asao et al.
US-2002/0064595 | 05/30/2002 Nomura et al.
US-2003/0128483 | 07/10/2003 Kamijo
US-2004/0082201 | 04/29/2004 Sharma et al.
US-2004/0136232 | 07/15/2004 Hosomi et al.
US-2004/0139914 | 07/22/2004 Yamazaki et al.
US-2004/0234818 | 11/25/2004 Tanahashi et al.
US-2004/0257719 | 12/23/2004 Ohba et al.
US-2005/0110004 | 05/26/2005 Parkin et al.
US-2006/0012926 | 01/19/2006 Parkin
US-2006/0125034 | 06/15/2006 Ohba et al.

Examiner Signature

Date Considered

* Examiner: Initial if reference considered, whether or not citation is in conformance with MPEP §609. Draw line through
citation if not in conformance and not considered. Include copy of this form with next communication to the applicant.
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Customized PTO/SB/08a+b (07-09)

Substitute for Form 1449/PTO

Application #

New Application

Confirmation #

INFORMATION DISCLOSURE Filing Date | On Even Date Herewith
First | tor | YUASA, et al.
STATEMENT BY APPLICANT T Rttear?i: S
Examiner
Sheet 2 of 10 Docket # | P11338US01/NBT

U.S. PATENT DOCUMENTS

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

US-2006/0261425 | 11/23/2006 Suemitsu et al.
US-2008/0124454 | 05/29/2008 Djayaprawira et al.
US-2008/0180862 | 07/31/2008 Djayaprawira et al.
US-2008/0182342 | 07/31/2008 Parkin
US-2008/0212243 | 09/04/2008 Zhao et al.
US-2008/0253039 | 10/16/2008 Nagamine et al.
US-2009/0128167 | 05/21/2009 Hamada et al.
US-5,506,063 04/09/1996 Kamijo et al.
US-5,817,366 10/06/1998 Arai et al.
US-5,945,694 08/31/1999 Reyes et al.
US-6,181,537 01/30/2001 Gill
US-6,201,672 03/13/2001 Pinarbasi
US-6,252,750 06/26/2001 Gill
US-6,275,362 08/14/2001 Pinarbasi
US-6,828,260 12/07/2004 Sharma et al.
US-6,831,312 12/14/2004 Slaughter et al.
US-6,839,206 01/04/2005 Saito et al.
US-6,927,952 08/09/2005 Shimizu et al.
US-6,999,287 02/14/2006 Hayashi et al.
US-7,149,105 12/12/2006 Brown
US-7,220,498 05/22/2007 Nagahama et al.
US-7,252,852 08/07/2007 Parkin
US-7,262,064 08/28/2007 Ohba et al.
US-7,270,896 09/18/2007 Parkin
US-2006/0003185 | 01/05/2006 Parkin
US-7,408,749 08/05/2008 Gill
US-7,443,639 10/28/2008 Parkin
US-7,453,672 11/18/2008 Dieny et al.
US-7,570,463 08/04/2009 Parkin
US-7,598,555 10/06/2009 Papworth Parkin
US-6,828,260 12/07/2004 Sharma et al.
US-2006/0049441 | 03-09-2006 Janesky, et al.
US-5,800,635 09-01-1998 Collins, et al.
US-5,239,504 08-24-1993 Brady, et al.

Examiner Signature

Date Considered

* Examiner: Initial if reference considered, whether or not citation is in conformance with MPEP §609. Draw line through
citation if not in conformance and not considered. Include copy of this form with next communication to the applicant.
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Customized PTO/SB/08a+b (07-09)

Substitute for Form 1449/PTO

INFORMATION DISCLOSURE
STATEMENT BY APPLICANT

Application # | New Application

Confirmation #

Filing Date

On Even Date Herewith

First Inventor | YUASA, et al.

Art Unit

Examiner

Sheet 3 of 10

Docket # | P11338US01/NBT

U.S. PATENT DOCUMENTS

Initial Document No. Publ. Date Name Corresponds
() Number — Kind Code MM-DD-YYYY Patentee or Applicant
US-2003/0203189 | 10-30-2003 FUTAMOTO et al. JP2001023140
US-2004/0001372 | 01-01-2004 HIGO et al. JP2004031694
US-6,819,586 11-16-2004 ANTHONY et al.
US-2005/0047027 | 03-03-2005 LIN, et al.
FOREIGN PATENT DOCUMENTS
Initial Country-Number- Publ. Date Name Trans-
*) Kind Code Fkmown MM-DD-YYYY Patentee or Applicant lation
JP 2003-318465 11/7/2003 Abst
JP 2002-20400 7/19/2002 Abst
JP 2002-289943 10/4/2002
JP 2003-304010 10/24/2003 | Sony Corp Abst
WO 2002/099905 5/24/2002 Nat. Inst. Of Adv. Ind. & Technol., et al. Abst
EP 1391942 5/24/2002 Nat. Inst. Of Adv. Ind. & Technol., et al. Yes
WO 2003/085750 10/16/2003 | Sony Corp Abst
EP 1494 295 1/5/2005 Sony Corp Yes
JP 2006-080116 3/23/2006 Abst
EP 1633 007 3/8/2006 Anelva Corporation Yes
EP 1633 007 3/8/2006 Anelva Corporation Yes
EP 1085 586 3/21/2001 Kabushiki Kaisha Toshiba Yes
JP 2000-030236 1/28/2000 Hitachi Lid. Yes
JP 2001-101645 4/13/2001 Akita Prefecture Yes
JP 2004-022599 1/22/2004 Sony Corp Yes
JP 2002-270921 9/20/2002 Toshiba Corp Abst
JP 2002-319722 10/31/2002 | Matsushita Electric Ind Co Ltd Abst
WO 2004/025744 3/25/2004 Fujitsu Limited Abst
JP 2003-283001 10/3/2003 Toshiba Corp Yes
JP 2002-246567 8/30/2002 Toshiba Corp Abst
WO 2005/088745 9/22/2005 JP Science & Technology Agency, et al. [ Abst
JP 11-097766 4/9/1999 Res Inst Electric Magnetic Alloys Abst,
22,23
JP 2008-004956 01/10/2008 | JP Science & Technology Agency, et al. Abst

Examiner Signature

Date Considered

* Examiner: Initial if reference considered, whether or not citation is in conformance with MPEP §609. Draw line through
citation if not in conformance and not considered. Include copy of this form with next communication to the applicant.
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Customized PTO/SB/08a+b (07-09)

Substitute for Form 1449/PTO Application # | New Application
Confirmation #
INFORMATION DISCLOSURE Filing Date | On Even Date Herewith
STATEMENT BY APPLICANT | —Iretinventor YUASA, etal
Examiner
Sheet 4 of 10 Docket # | P11338USO1/NBT
FOREIGN PATENT DOCUMENTS
Initial Country-Number- Publ. Date Name Trans-
*) Kind Code Fknown MM-DD-YYYY Patentee or Applicant lation
JP 2002-270790 09/20/2002 | Toshiba Corp. Abst
JP 2003-304012 10/24/2003 | Matsushita Electric Ind Co. Ltd. Partial
JP H05-144729 06/11/1993 | Hitachi Ltd. Partial
EP 0145 403 06/19/1985 | Energy Conversion Devices, Inc. Yes
EP 1061 592 12/20/2000 | Odagawa et al. Yes
EP 1793434 06/06/2007 | Japan Science and Technology Agency Yes
JP 2002-359413 12/13/2002 | Nat. Inst. Of Adv. Ind. & Technol,, et al. Abstr
JP 2003-86863 03/20/2003 | Nat. Inst. Of Adv. Ind. & Technol, et al. Abst
JP 2004-063592 02/26/2004 | Sony Corp. Abst
JP 2004-128015 04/22/2004 | Sony Corp.
JP 2004-153258 05/27/2004 | Hewlett Packard Development Co. Abst
KR 2002-0042448 06/05/2002 | Anelva Corp. Abst
KR 2003-0097904 12/31/2003 | Nagahama et al. Partial
WO 01/056090 08/02/2001 | Takahashi Abst
JP2004022599 01-22-2004 | MIZUGUCHI TETSUA et al. Yes
NON PATENT LITERATURE DOCUMENTS
Exam. | Include NAME of the author (in CAPS), Title of Article/Item, Date, Page(s), Volume-Issue | Trans-
Initial* | No., Publisher, City and/or Country where published lation
International Search Report of PCT/JP2005/004720 mailed June 21, 2005 Yes
WOLF, S.A. et al., “Spintronics: A Spin-Based Electronics Vision for the Future”, | Yes
Science, Vol. 294, November 16, 2001, pp. 1488-1495.
WULFHEKEL, W. et al., “Single-Crystal Magnetotunnel Junctions”, Applied Yes
Physics Letters, Vol. 78, No. 4, January 22, 2001, pp. 509-511
JULLIERE, M., “Tunneling Between Ferromagnetic Films”, Physics Letters, Vol. | Yes
54A, No. 3, September 8, 1975, pp.225-226.
SOULEN, R.J.., Jr. et al., “Measuring the Spin Polarization of a Metal with a Yes
Superconducting Point Contact”, Science, Vol. 282, October 2, 1998, pp. 85-88.
SAITO, Y. et al., “Correlation between Barrier Width, Barrier Height, and DC Yes
Bias Voltage Dependences on the Magnetoresistance Ratio in Ir-Mn Exchange
Biased Single and Double Tunnel Junctions”, Jpn. J. Appl. Phys., Vol. 39 (2000),
pp. L1035-L1-38.
Examiner Signature Date Considered

* Examiner: Initial if reference considered, whether or not citation is in conformance with MPEP §609. Draw line through
citation if not in conformance and not considered. Include copy of this form with next communication to the applicant.
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Customized PTO/SB/08a+b (07-09)

Substitute for Form 1449/PTO Application # | New Application
Confirmation #
INFORMATION DISCLOSURE Filing Date | On Even Date Herewith
STATEMENT BY APPLICANT | —Iretinventor YUASA, etal
Examiner
Sheet 5 of 10 Docket# | P11338US01/NBT

NON PATENT LITERATURE DOCUMENTS

Exam.
Initial*

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

Trans-
lation

IURA, S. et al., “Enhancement of Thermal Stability in Ferromagnetic Tunnel
Junctions Prepared by the Radical Oxidation Method”, Journal of the Magnetics
Society of Japan, Vol. 26, No. 6 (2002), pp. 839-842, abstract only in English.

Yes

BOWEN, M. et al., “Large Magnetoresistance in Fe/MgO/FeCo(001) Epitaxial
Tunnel Junctions on GaAs(001)”, Applied Physics Letters, Vol. 79, No. 11,
September 10, 2001, pp. 1655-1657.

Yes

SIMMONS, JOHN G., “Generalized Formula for the Electric Tunnel Effect
between Similar Electrodes Separated by a Thin Insulating Film”, Journal of
Applied Physics, Vol. 34, NO. 6, June 1963, pp. 1793-1803.

Yes

VASSENT, J.L. et al., “A Study of Growth and the Relaxation of Elastic Strain in
MgO on Fe(001)”, J. Appl. Phys. Vol. 80, No. 10, November 15, 1996, pp. 5727-
5735.

Yes

FAURE-VINCENT, J. et al., “High Tunnel Magnetoresistance in Expitaxial
Fe/MgO/Fe Tunnel Junctions”, Applied Physics Letters, Vol. 82, No. 25, June
23, 2003, pp. 4507-4509. X

Yes

MEYERHEIM, H.L. et al., “Geometrical and Compositional Structure at Metal-
Oxide Interfaces: MgO on Fe(001)”, Physical Review Letters, Vol. 18, No. 7,
August 13, 2001, pp. 076102-1 — 076102-4.

Yes

BUTLER, W.H. et al., “Spin-dependent Tunneling Conductance of Fe[MgO]Fe
Sandwiches”, Physical Review B., Vol. 63, 054416, 2001, pp. 054416-1 —
054416-12.

Yes

MATHON, J. et al., “Theory of Tunneling Magnetoresistance of an Epitaxial
Fe/MgO/Fe(001) Junction”, Physical Review B., Vol. 63, 220403(R), 2001, pp.
220403-1 — 220403-4.

Yes

ZHANG, X.-G. et al., “Effects of the Iron-Oxide Layer in Fe-FeO-MgO-Fe
Tunneling Junctions”, Physical Review B, Vol. 68, 092402, 2003, pp. 092402-1 —
092402-4.

Yes

ZHANG, X.-G. et al., “Large Magnetoresistance in bcc Co/MgO/Co and
FeCo/MgO/FeCo Tunnel Junctions”, Physical Review B., Vol. 70, 172407, 2004,
pp. 172407-1 — 172407-4.

Yes

GIBSON, A. et al., “Stability of Vacancy Defects in MgO: The Role of Charge

Neutrality”, Physical Review B., Vol. 50, No. 4, July 15, 1994-I|, pp. 2582-2592.

Yes

Examiner Signature Date Considered

* Examiner: Initial if reference considered, whether or not citation is in conformance with MPEP §609. Draw line through

citation if not in conformance and not considered. Include copy of this form with next communication to the applicant.
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Customized PTO/SB/08a+b (07-09)

Substitute for Form 1449/PTO Application # | New Application
Confirmation #
INFORMATION DISCLOSURE Filing Date | On Even Date Herewith
STATEMENT BY APPLICANT | —Iretinventor YUASA, etal
Examiner
Sheet 6 of 10 Docket# | P11338US01/NBT

NON PATENT LITERATURE DOCUMENTS

Exam.
Initial*

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

Trans-
lation

YUASA, S. et al., “High Tunnel Magnetoresistance at Room Temperature in
Fully Expitaxial Fe/MgO/Fe Tunnel Junctions Due to Coherent Spin-Polarized
Tunneling”, Japanese Journal of Applied Physics, Vol. 43, No. 4B, 2004, pp.
L588-L590.

Yes

MITANI, S., et al., “Fe/MgO/FeCo (100) Epitaxial Magnetic Tunnel Junctions
Prepared by Using in situ Plasma Oxidation”, Journal of Applied Physics, Vol.
93, No. 10, Parts 2 and 3, May 15, 2003, pp. 8041 8043.

Yes

POPOVA, E., et al., “Epitaxial MgO Layer for Low-Resistance and Coupling-
Free Magnetic Tunnel Junctions”, Applied Physics Letters, Vol. 81, No. 6,
August 5, 2002, pp.1035-1037.

Yes

BOUBETA, C. MARTINEZ, et al., “Magnetic Coupling in Epitaxial
TM/MgO/Fe(001) (TM=FeCo, Fe/Co, Fe) Macroscopic and
MicroscopicTrilayers”, Journal of Applied Physics, Vo. 94, No. 6, September 15,
2003, pp. 4006-4012.

Yes

Supplementary European Search Report from European Patent Office for
Application No. 05720955.3 2222, Patent No. 1737055, PCT/JP2005004720
dated July 2, 2008.

Office Action from European Patent Office dated November 6, 2009

F. ERNULT et al., “Preparation of Nanometer-Scale Iron Dots on Insulating
Layer”, Science and Technology of Advanced Materials, Vol. 4, (2003), pp. 383-
389

Yes

DAVID J. SMITH et al., “Structural Characterization of Thin Film Ferromagnetic
Tunnel Junctions”, Journal of Applied Physics, Vol. 83, No. 10, 15 May 1998, pp.
5154-5158

Yes

X. W. LI et al., “Fabrication and Properties of Heteroepitaxial Magnetite (Fe304)
Tunnel Junctions”, Applied Physics Letters, Vol. 73, No. 22, 30 November 1998,
pp.3282-3284

Yes

C. L. PLATT, et al., “Spin Polarized Tunneling in Reactively Sputtered Tunnel
Junctions”, Journal of Applied Physics, Vol. 81, No. 8, 15 April 1997, pp. 5523~
5525

Yes

P. TURBAN et al., “Growth and Characterization of Single Crystalline NiMnSb
Thin Films and Epitaxial NiMnSb/MgO/NiMnSb(001) Trilayers”, 2002 The
American Physical Society, Physical Review B., Vol. 65, pp. 134417-1 to
134417-13

Yes

Examiner Signature Date Considered

* Examiner: Initial if reference considered, whether or not citation is in conformance with MPEP §609. Draw line through

citation if not in conformance and not considered. Include copy of this form with next communication to the applicant
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Customized PTO/SB/08a+b (07-09)

Substitute for Form 1449/PTO Application # | New Application
Confirmation #
INFORMATION DISCLOSURE Filing Date | On Even Date Herewith
STATEMENT BY APPLICANT | —Iretinventor YUASA, etal
Examiner
Sheet 7 of 10 Docket# | P11338US01/NBT

NON PATENT LITERATURE DOCUMENTS

Exam.
Initial*

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

Trans-
lation

T. MORIYAMA et al., “Preparation and Magnetoresistance in Single-Crystal and
Polycrystal Fe/MgO/FeCo Tunnel Junctions”, The Physical Society of Japan,
2003 Spring meeting, Abstracts Book 58(1-3), 460, (2003-03-06)

Yes

JAGADEESH S. MOODERA et al., “Ferromagnetic-Insulator-Ferromagnetic
Tunneling: Spin-Dependent Tunneling and Large Magnetoresistance in Trilayer
Junctions (Invited), Journal of Applied Physics, Vol. 79, No. 8, 15 April 1996, pp.
4724-4729

Yes

MASAYOSHI TONOUCHI et al., “Epitaxial Growth of NbN on an Ultrathin
MgO/Semiconductor System”, Journal of Applied Physics, Vol. 62, No. 3, 1
August 1987, pp. 961-966

Yes

“Giant tunnel magnetoresistance in magnetic tunnel junctions with a crystalline
M,O(001) barrier,” S. Yuasa and D.D. Djayaprawira, Journal of Applied Physics
D: Applied Physics, 1 Phys, D: Appl. Phys. 40 (2007) R337-R354

Yes

Office Action issued from Japanese Patent Office, in corresponding Japanese
Patent Application No. 2011-226907, dated January 31, 2012, pp. 1-3.

Yes

ARAKI et al., “Fabrication and Electric Properties of Lapped Type of TMR Heads
for 50 Gb/In? and Beyond,” IEEE Transactions on Magnetics, Vol. 38, No. 1, pp.
72-77, January 2002.

Yes

David D. DJAYAPRAWIRA et al., “230% Room-Temperature Magnetoresistance
in CoFeB/MgO/CoFeB, Magnetic Tunnel Junctions,” IEICE Technical Report,
Vol. 104, No. 713, March 4, 2005

Yes

David D. DJAYAPRAWIRA et al., “Novel Sputtering Technology of Magnetic
Tunnel Junctions for MRAM Application,” Papers 01 the 66™ Symposium on
Semiconductors and Integrated Circuits Technology, Vol. 66, pp. 58-61, 2004

Yes

H. DOMON et al., “Effect of Ge Addition on Postannealed CoCrGePt Thin Film
Media,” Journal of Applied Physics, Vol. 91, No. 10, pp, 8632-8634, May 15,
2002.

Yes

H. DOMON et al. “Reduction of Magnetic Interaction in CoB/Pd Multilayer
Perpendicular Media Using a Phase-Separated Pd-SiO Underlayer,” Journal of
Applied Physics, Vol. 93, No. 10, pp. 8164-8166, May 15, 2003.

Yes

Extended European Search Report, issued from European Patent Office, of

European Application No. 08159511.8, dated June 5, 2009.

Yes

Examiner Signature Date Considered

* Examiner: Initial if reference considered, whether or not citation is in conformance with MPEP §609. Draw line through

citation if not in conformance and not considered. Include copy of this form with next communication to the applicant.
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Customized PTO/SB/08a+b (07-09)

Substitute for Form 1449/PTO Application # | New Application
Confirmation #
INFORMATION DISCLOSURE Filing Date | On Even Date Herewith
STATEMENT BY APPLICANT | —Iretinventor YUASA, etal
Examiner
Sheet 8 of 10 Docket# | P11338US01/NBT

NON PATENT LITERATURE DOCUMENTS

Exam.
Initial*

Include NAME of the author (in CAPS), Title of Article/ltem, Date, Page(s), Volume-Issue
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Application Number
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document may be printed and included in a paper filed application.
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MAGNETIC TUNNEL JUNCTION DEVICE

[0001] CROSS-REFERENCE TO RELATED APPLICATION

[0002] The present application is a Continuation of U.S. Application
13/767,290 filed on February 14, 2013, which 1s a Continuation of U.S.
Application 13/400,340 filed on February 20, 2012, which 1s a Continuation of
U.S. Application 12/923,643 filed on September 30, 2010, which 1s a
Continuation of U.S. Application 10/591,947 filed on September 8, 2006,
which is a National Stage Application of PCT/JP2005/004720 filed on March
10, 2005. Priority is claimed from U.S. Application 13/767,290 filed on
February 14, 2013, which claims priority from U.S. Application 13/400,340
filed on February 20, 2012, which claims priority from U.S. Application
12/923,643 filed on September 30, 2010, which claims priority from U.S.
Application 10/591,947 filed on September 8, 2006, which claims priority
from PCT/JP2005/004720 filed on March 10, 2005, which claims priority from
Japanese Application Nos. 2004-313350 and 2004-071186 filed October 28,
2004 and March 12, 2004, respectively, the content of which 1s hereby

incorporated by reference into this application.
[0003] BACKGROUND OF THE INVENTION
[0004] Field of the Invention

[0005] The present invention relates to a magnetic tunnel junction device
and a method of manufacturing the same, particularly to a magnetic tunnel
junction device with a high magnetoresistance and a method of

manufacturing the same.
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[0006] Description of Related Art

[0007] Magnetoresistive random access memories (MRAMs) refer to a
large-scale integrated memory circuit that 1s expected to replace the
currently widely used DRAM memories. Research and development of
MRAM devices, which are fast and non-volatile memory devices, are being
extensively carried out, and sample products of a 4Mbit MRAM have actually

been delivered.

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

increases. The resistance value does not change in a general state, so that
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information “1” or “0” can be stored depending on whether the resistance
value 1s 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 MTdJ 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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[0010] Thus, a single non-volatile MRAM memory cell can be formed by a
single MOSFET 100 and a single MTJ device 117. The MRAMs are therefore

suitable where high levels of integration are required.

[0011] Non-Patent Document 1: D. Wang, et al.: Science 294 (2001) 1488.
[0012] SUMMARY OF THE INVENTION

[0013] Although there are prospects for achieving MRAMSs with capacities on
the order of 64Mbits based on the current technologies, the characteristics of
the MTJ device, which is the heart of MRAM, needs to be improved if higher
levels of 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 (L1). As shown, in the conventional MTJ device, the
magnetoresistance is small and, notably, it tends to drastically decrease
upon application of bias voltage. With such characteristics, the output
voltage when 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 1s also small at no more than 200 mV, which is

substantially half the output voltage of a DRAM. This has resulted in the
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problem that as the level of integration increases, signals are increasingly

lost in noise and cannot be read.

[0014] It is an object of the invention to increase the output voltage of a MTJ
device. It 1s another object of the invention to provide a memory device with

a high magnetoresistance for stable operation.

[0015] In one aspect, the invention provides a magnetoresistive device
comprising a magnetic tunnel junction structure comprising: a tunnel barrier
layer; a first ferromagnetic material layer of the BCC structure formed on a
first side of the tunnel barrier layer; and a second ferromagnetic material
layer of the BCC structure formed on a second side of the tunnel barrier
layer, wherein the tunnel barrier layer 1s formed by a single-crystal MgOx
(001) layer or a poly-crystalline MgOx (0 < x < 1) layer in which the (001)

crystal plane is preferentially oriented.

[0016] The invention further provides a magnetoresistive device comprising
a magnetic tunnel junction structure comprising: a tunnel barrier layer
comprising MgO(001); a first ferromagnetic material layer comprising
Fe(001) formed on a first side of the tunnel barrier layer; and a second
ferromagnetic material layer comprising Fe(001) formed on a second side of
the tunnel barrier layer, wherein the MgO layer is formed by a
single-crystalline MgOx (001) layer or a poly-crystalline MgOx (0 < x < 1)
layer in which the (001) crystal plane is preferentially oriented. In a
preferred embodiment, the band discontinuity value (the height of the tunnel
barrier) between the bottom of the conduction band of the MgO(001) layer

and the Fermi energy of the Fe(001) layer is smaller than an ideal value of a
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perfect single-crystal without defect. These features increase the
magnetoresistance and thereby allow the output voltage of the MTdJ device to
be increased. By using any of the aforementioned MTdJ devices as a load for a

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

[0017] In another aspect, the invention provides a method of manufacturing
a magnetoresistive device comprising: preparing a substrate; depositing a
first Fe(001) layer on the substrate; depositing a tunnel barrier layer on the
first Fe(001) layer by electron beam evaporation under high vacuum, the
tunnel barrier layer comprising a single-crystalline MgOx (001) or a
poly-crystalline MgOx (0 < x < 1) in which the (001) crystal plane is
preferentially oriented; and forming a second Fe(001) layer on the tunnel

barrier layer.

[0018] The invention furthermore provides a method of manufacturing a
MTdJ device comprising a first step of preparing a substrate comprising a
single-crystalline MgOx(001) or a poly-crystalline MgOx (0 < x < 1) in which
the (001) crystal plane is preferentially oriented, a second step of depositing
a first Fe(001) layer on the substrate and performing an annealing process to
make the surface flat, a third step of depositing a tunnel barrier layer on the
first Fe(001) layer by electron beam evaporation, the tunnel barrier layer
comprising a single-crystalline MgO,(001) or a poly-crystalline MgO, (0 < x <
1) in which the (001) crystal plane is preferentially oriented, and a fourth
step of forming a second Fe(001) layer on the tunnel barrier layer. The
method may further comprise the step of growing a seed layer between the

first and the second steps, the seed layer comprising a single-crystalline
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MgO+(001) or a poly-crystalline MgOy (0 < x < 1) in which the (001) crystal
plane is preferentially oriented. The MgO layer may be deposited using a
target with the value of x in MgO« adjusted. The value of x in MgOx may be

adjusted in the step of forming the MgO.

[0019] In yet another aspect, the invention provides a magnetoresistive
device comprising a magnetic tunnel junction structure comprising a tunnel
barrier layer comprising MgO(001), a first ferromagnetic material layer
comprising an amorphous magnetic alloy formed on a first sideof the tunnel
barrier layer, and a second ferromagnetic material layer comprising an
amorphous magnetic alloy formed on a second side of the tunnel barrier
layer, wherein the discontinuous value (the height of the tunnel barrier)
between the bottom of the conduction band of the MgO(001) layer and the
Fermi energy of the first or the second ferromagnetic material layer
comprising the amorphous magnetic alloy is lower than an ideal value of a

perfect single-crystal with no defect.

[0020] BRIEF DESCRIPTION OF THE DRAWINGS

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

embodiment of the invention, and Fig. 1(A) shows the energy band structure
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of a ferromagnetic metal Fe(001), illustrating the E-Ey relationship with

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

[0022] Fig. 2(A) to Fig. 2(D) schematically show the process of
manufacturing a MTJ device with a Fe(001)/MgO(001)/Fe(001) structure (to
be hereafter referred to as a “Fe(001)/MgO(001)/Fe(001) MTJ device”)

according to an embodiment of the invention.

[0023] Fig. 3(A) shows a RHEED image of a Fe(001) lower electrode (a first

electrode), and Fig. 3(B) shows a RHEED image of a MgO(001) barrier layer.

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

the deposition chamber during the MgO evaporation.

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

pressure during the MgO evaporation.

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

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

[0027] Fig. 7(A) shows the bias voltage dependency of the MR ratio at room
temperature, and Fig. 7(B) shows the output voltage Vout of the MTJ device

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

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

operating principle.

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

showing a perspective view of the MRAM, Fig. 9(B) showing a schematic
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circuit diagram, and Fig. 9(C) showing a cross-sectional view of an example of

1ts structure.

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

the bias voltage.

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

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

[0032] DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0033] In the context of the present specification, because MgO has a cubic
crystal structure (NaCl structure), the (001) plane, the (100) plane, and the
(010) plane are all equivalent. The direction perpendicular to the film
surface is herein considered to be the z-axis so that the film plane can be
uniformly described as (001). Also in the context of the present specification,
BCC structure, which the crystalline structure of ferromagnetic electrode
layer, means body-centered cubic lattice structure. More specifically, BCC
structure includes the BCC structure with no chemical ordering so-called
A2-type structure, the BCC structure with chemical ordering such as B2-type
structre and L2;-type structure, and also the aforementioned structures with

slight lattice distortion.

[0084] The term “ideal value” with regard to a perfect single-crystal without

defect herein refers to a value that has been estimated from ultraviolet
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photoemission spectroscopy experiments (see W. Wulfhekel, et al.: Appl.
Phys. Lett. 78 (2001) 509.). The term “ideal value” is used herein because the
aforementioned state can be considered to be an upper limit value of the
potential barrier height of the tunnel barrier of an ideal single-crystal MgO

with hardly any oxygen vacancy defect or lattice defect.

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

(MR) ratio of a MTJ device can be expressed by the following equation:
[0036] AR/Rp = (Rap — Rp)/Rp

[0037] where Rp and Rap indicate the tunnel junction resistance in the cases
of parallel and antiparallel magnetization alignments, respectively, of two
electrodes. According to thngullire’s formula, the MR ratio at low bias

voltage can be expressed by:

[0038] MR ratio = (Rap — Rp)/Rp = 2P1P2/(1-P;Ps), and
[0039] Pa = Do T (Ep) — Da 4 (Ep)/(Da T (Ep) + Da 4 (Ep),
[0040] where o =1, 2 (1)

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

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

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

[0043] The inventors tried an approach to deposit a MTJ device in which the
tunnel barrier comprises a single-crystal (001) of magnesium oxide (MgO) or
a poly-crystalline MgO in which the (001) crystal plane is preferentially
oriented. It is the inventors’ theory that, because magnesium oxide is a
crystal (where the atoms are arranged in an orderly fashion), as opposed to
the conventional amorphous Al-O barrier, the electrons are not scattered and
the coherent states of electrons are concerved during the tunneling process.
Fig. 1(B) shows the MTJ device structure according to an embodiment of the
invention. Fig. 1(A) shows the energy band structure of the ferromagnetic
Fe(001), that is, the E-Er relationship with respect to the [001] direction of
the momentum space. As shown in Fig. 1(B), the MTJ device structure of the
present embodiment comprises a first Fe (001) layer 1, a second Fe (001)
layer 5, and a single-crystalline MgOx (001) layer 3 or a poly-crystalline
MgOx (0 < x < 1) layer 3 sandwiched therebetween, the polycrystalline layer
having the (001) crystal plane preferentially oriented therein. According to
the aforementioned Jullire’s model, assuming that the momentum of the
conduction electrons is preserved in the tunneling process, the tunneling
current that passes through MgO would be dominated by those electrons with
wave vector k, in the direction perpendicular to the tunnel barrier (normal to

the junction interfaces). In accordance with the energy band diagram shown
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in Fig. 1(A) of Fe in the [001] (I'"-H) direction, the density of state (DOS) at the
Fermi energy Er does not exhibit a very high spin polarization due to the fact
that the sub-bands of the majority-spin and the minority-spin have states at
the Fermi energy Er. However, in case the coherent states of electrons are
conserved in the tunneling process, only those conduction electrons that have
totally symmetrical wave functions with respect to the axis perpendicular to
the barrier would be coupled with the states in the barrier region and come to
have a finite tunneling probability. The Al band in the Fe(001) electrode has
such totally symmetric wave functions. As shown in Fig. 1(A), the majority
spin Al band (solid line) has states at the Fermi energy Er, whereas the
minority spin Al band (broken line) does not have state at the Fermi energy
Er. Because of such half-metallic characteristics of the Fe A; band, there is
the possibility that a very high MR ratio can be obtained in a coherent spin
polarized tunneling. Since in an epitaxial (single-crystal, or (001) oriented
poly-crystal) MTJ device the scattering of electrons is suppressed during the
tunneling process, an epitaxial MTdJ device is thought to be ideal for realizing

the aforementioned coherent tunneling.

[0044] In the following, a MTJ device according to a first embodiment of the
invention and a method of manufacturing the same will be described with
reference to the drawings. Figs. 2(A) to 2(D) schematically show the method
of manufacturing the MTJ device having the Fe (001)/MgO(001)/Fe(001)
structure according to the embodiment (to be hereafter referred to as a
“Fe(001)/MgO0(001)/Fe(001) MTJ device”). Fe(001) refers to a ferromagnetic
material with the BCC structure. First, a single-crystal MgO(001) substrate

11 was prepared. In order to improve the morphology of the surface of the
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single-crystal MgO(001) substrate 11, a MgO(001) seed layer 15 was grown
by the molecular beam epitaxy (MBE) method. This was subsequently
followed by the growth of an epitaxial Fe(001) lower electrode (first
electrode) 17 with the thickness of 50 nm on the MgO(001) seed layer 15 at
room temperature, as shown in Fig. 1(B), and then annealing was performed
at 350°C under ultrahigh vacuum (2 x 108 Pa). Electron-beam evaporation
conditions included an acceleration voltage of 8 kV, a growth rate of 0.02
nm/sec, and the growth temperature of room temperature (about 293K). The
source material of the electron-beam evaporation was MgO of the
stoichiometric composition (the ratio of Mg to O being 1:1), the distance
between the source and the substrate was 40 cm, the base vacuum pressure
was 1 x 108 Pa, and the Oz partial pressure was 1 x 106 Pa. Alternatively, a
source with oxygen vacancy defects may be used instead of the MgO of the

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

[0045] Fig. 3(A) shows a RHEED image of the Fe(001) lower electrode (a first
electrode). The image shows that the Fe(001) lower electrode (first electrode)
17 possesses a good crystallinity and flatness. Thereafter, a MgO(001)
barrier layer 21 with the thickness of 2 nm was epitaxially grown on the
Fe(001) lower electrode (first electrode) at room temperature, also using the
MgO electron-beam evaporation method. Fig. 3(B) shows a RHEED image of
the MgO(001) barrier layer 21. The image shows that the MgO(001) barrier

layer 21 also possesses a good crystallinity and flatness.

[0046] As shown in Fig. 2(D), a Fe(001) upper electrode (a second electrode)

23 with the thickness of 10 nm was formed on the MgO(001) barrier layer 21
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at room temperature. This was successively followed by the deposition of a
Co layer 25 with the thickness of 10 nm on the Fe(001) upper electrode
(second electrode) 23. The Co layer 25 is provided to increase the coercive
force of the upper electrode 23 so as to realize the antiparallel magnetization
alignment. The thus prepared sample was then processed by
microfabrication techniques to obtain the Fe(001)/MgO(001)/Fe(001) MTJ

device.

[0047] The aforementioned MgO evaporation using an electron beam
involved the formation of a film under ultrahigh vacuum of 109 Torr. It can
be seen that in this method, the film, even when formed on a glass substrate
to the thickness of 300 nm, was colorless and transparent, showing that a
good crystal film was formed. Fig. 4 shows the results of observing the
quadrupole mass spectra in the deposition chamber during the MgO growth.
The results show that the partial pressures regarding the spectrum P1 of O
and the spectrum P2 of Oz are high. Fig. 5 shows the film deposition rate
dependency of the oxygen partial pressure during MgO evaporation. It will
be seen from the figure that the oxygen partial pressure itself is high, and
that the oxygen partial pressure increases as the deposition rate increases.
These results indicate the separation of oxygen from MgO during the
deposition of MgO. Since the separated oxygen i1s pumped out of the
deposition chamber using vacuum pumps, there is the possibility that there
are oxygen vacancy defects such as MgOx (0.9 < x < 1). When there are
oxygen vacancy defects, the potential barrier height of the MgO tunnel
barrier is thought to decrease (such as in the range of 0.10 to 0.85 eV; more

specifically, 0.2 to 0.5 eV), which is thought to result in an increase in the
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tunneling current. In the case of a typical Al-O tunnel barrier, the height of
the tunnel barrier with respect to Fe(001) electrodes is considered to be 0.7 to
2.5 eV. An ideal tunnel barrier height of a MgO crystal 1s 3.6 eV, and
experimental values of 0.9 to 3.7 eV have been obtained. Using the method
according to the present embodiment of the invention, a tunnel barrier height
of approximately 0.3 eV is expected, indicating that the resistance of the
tunnel barrier can be lowered. However, it should be noted that other
factors, such as the influence of the aforementioned coherent tunneling,
might also be involved. The value of x in MgOx due to oxygen vacancy defects
1s such that 0.98 < x < 1, and more preferably 0.99 < x < 1. These are the
ranges such that the sole presence of Mg is excluded and the characteristics

of MgO can be basically maintained.

[0048] The aforementioned tunnel barrier height ¢ was determined by fitting
the electric conductance characteristics of the MTJ device (the relationship
between tunnel current density J and bias voltage V) onto the Simmons’
formula (Equation (20) in a non-patent document by J. G. Simmons: J. Appl.
Phys. 34, pp. 1793-1803 (1963)) based on the WKB approximation, using the
least squares method. The fitting was performed using the free electron
mass (m = 9.11 x 103! kg) as the electron’s effective mass. When a bias
voltage V (which is normally on the order of 500 mV to 1000 mV) is applied
until non-linearity appears in the J-V characteristics, the height ¢ of the
tunnel barrier and the effective thickness As of the tunnel barrier can be
simultaneously determined by fitting the J-V characteristics using the

Simmons’ formula.

2355LT:10003:364865:1:ALEXANDRIA 15

WD EX1010
Western Digital v IP Bridge

Page 42



[0049] The effective thickness As of the tunnel barrier was determined to be
smaller than the thickness of the actual MgO(001) tunnel barrier layer (tmg0)
determined from a cross-sectional transmission electron microscope image of
the MTJ device by approximately 0.5 nm. This is the result of the effective
thickness As of the tunnel barrier having been reduced from the actual
MgO(001) layer thickness by the effect of the image potential produced at the
interface between the MgO(001) layer and the alloy layer consisting mainly

of Fe and Co.

[0050] It is noted that, in the event that tmgo can be accurately determined
using the cross-sectional transmission electron microscope (TEM) image, the
height ¢ of the tunnel barrier can be more simply determined by the following
technique. Namely, when the bias voltage V applied to the MTJ device is
small (normally 100 mV or smaller), the tunnel current density J is
proportional to the bias voltage V, such that the J-V characteristics become
linear. In such a low-bias voltage region, the Simmons’ formula can be

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

[0052] where m is the mass of the free electron (9.11 x 103! kg), e is the
elementary electric charge (1.60 x 10°1°C), and h is the Planck’s constant
(6.63 x 1031 J.s). The effective thickness of the tunnel barrier As is
approximately tmzo — 0.5 nm. By fitting the J-V characteristics of the MTdJ
device in the low-bias voltage region onto Equation (2), the height ¢ of the

tunnel barrier can be simply and yet accurately estimated.
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[0053] Fig. 6 shows a typical magnetoresistance curve of the
Fe(001)/MgO(001)/Fe(001) MTJ device produced by the above-described
method. The MR ratio 1s 146% at the measurement temperature of 20K and
88% at the measurement temperature of 293K. These values represent the
highest MR ratios that have so far been obtained at room temperature. Such
high MR ratios cannot be explained by the spin polarization of the Fe(001)
electrode and i1s thought rather to be related to a coherent spin-polarized
tunneling. When 160 prototype MTJ devices were made, the variations
regarding the MR ratio and tunneling resistance value were not more than
20%. The yield of the MTdJ devices was 90% or more at the laboratory stage.
These high values suggest the effectiveness of the approach of the invention.
The resistance-area (RA) product of the MTJ device was on the order of a few

kQum?2, which is suitable for MRAM.

[0054] Fig. 7(a) shows the bias voltage dependency of the MR ratio at room
temperature. It will be seen that the bias voltage dependency of the MR ratio
is fairly small. Although the characteristics are asymmetric, the voltage Vhair
at which the MR ratio is reduced in half of the zero-bias value 1s 1250 mV,
which 1s a very high value. In this connection, it is noted that the voltage
Vhait at which the MR ratio is reduced in half of the zero-bias value in the
conventional MTJs with Al-O tunnel barrier is 300 to 600 mV. Fig. 7(b)
shows the output voltage Vou of the MTJ device (=bias voltage x (Rap —
Rp)/Rap). The maximum value of the output voltage Vout is 380 mV with a
positive bias. This value is about twice as large as that (a little less than 200

mV) in the case of the Al-O barrier. These high values in terms of both MR
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ratio and output voltage suggest the effectiveness of the technique according

to the present embodiment.

[0055] Although in the above-described embodiment Fe(001) of BCC was
employed, an Fe alloy of BCC, such as an Fe-Co alloy, Fe-N1 alloy, or Fe-Pt
alloy, may be used instead. Alternatively, a layer of Co or Ni with the
thickness of one or several monoatomic layers may be inserted between the

electrode layer and the MgO(001) layer.

[0056] Hereafter, a MTJ device according to a second embodiment of the
invention and a method of manufacturing the same will be described. In the
method of manufacturing a Fe(001)/MgO(001)/Fe(001) MTJ device according
to the present embodiment, MgO(001) is initially deposited in a
poly-crystalline or amorphous state by sputtering or the like, and then an
annealing process is performed such that a poly-crystal in which the (001)
crystal plane is preferentially oriented or a single-crystal is obtained. The
sputtering conditions were such that, for example, the temperature was room
temperature (293K), a 2-inch ¢ MgO was used as a target, and sputtering was
conducted in an Ar atmosphere. The acceleration power was 200 W and the
growth rate was 0.008 nm/s. Because MgO that is deposited under these
conditions 1s in an amorphous state, a crystallized MgO was obtained by
increasing the temperature to 300°C from room temperature and

maintaining that temperature for a certain duration of time.

[0057] Oxygen vacancy defects may be introduced by a method whereby
oxygen vacancy defects is produced during growth, a method whereby oxygen

vacancy defects 1s introduced subsequently, or a method whereby a state with
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oxygen vacancy defects 1s 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 1s carried out for
crystallization after an amorphous MgO has been deposited by sputtering,

thereby eliminating the need for large-sized equipment.

[0059] Hereafter, a MTJ device according to a variation of the embodiments
of the invention will be described with reference to the drawings. Fig. 11
shows the structure of the MTJ device according to the variation, which
corresponds to Fig. 1(B). As shown in Fig. 11, the MTJ device of the variation
1s characterized i1n that, as in the MTJ device of the above-described
embodiments, the electrodes disposed on either side of a single-crystal
MgO«(001) layer 503 or an oxygen-deficit poly-crystal MgOx (0 < x < 1) in
which the (001) crystal plane is preferentially oriented comprises an
amorphous ferromagnetic alloy, such as CoFeB layers 501 and 505. The
amorphous ferromagnetic alloy can be formed by evaporation or sputtering,
for example. The resultant characteristics are substantially identical to

those of the first embodiment.

[0060] As the amorphous magnetic alloy, FeCoB, FeCoBSi, FeCoBP, FeZr,
and CoZr may be used, for example. Although an anneal process after the
preparation of the MTJ device might cause the amorphous magnetic alloy in
the electrode layers to be partially or entirely crystallized, this would not
lead to a significant deterioration of the MR ratio. Thus, such a crystallized

amorphous magnetic alloy may be used in the electrode layers.
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[0061] While the MTJ device according to various embodiments of the
invention has been described, it should be apparent to those skilled in the art
that the invention is not limited to those specific embodiments and various
other modifications, improvements and combinations are possible. For
example, the height of the tunnel barrier may be adjusted by doping Ca or Sr,
instead of introducing an oxygen vacancy defects to the MgO layer. Further,
while the MgO layer has been described to be deposited by electron-beam
evaporation or sputtering, it should be obvious that other deposition methods
are also possible. The term “high vacuum” refers to values on the order of no
more than 10°¢ Pa in the case where oxygen is not introduced, for example. In
the case where oxygen is introduced, the term refers to values on the order of

104 Pa.

[0062] In accordance with the invention, a larger magnetoresistance than in
the conventional MTJ device can be obtained, and the output voltage of the
MTJ device can be increased. At the same time, the resistance value of the
MTdJ device can be reduced so that it is optimized for MRAM. The invention
thus enables the level of integration of MRAM using the MTdJ device to be
readily increased. In accordance with the invention, the output voltage value
of the MRAM roughly doubles over prior art, making the MTdJ device of the

invention suitable for very large scale integrated MRAMs of gigabit class.
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What is claimed is:
1. A tunnel barrier layer disposed on a ferromagnetic material layer that
1s disposed on a substrate,

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

wherein the ferromagnetic material layer is composed of an Fe-Co

alloy of BCC which alloy comprises Fe, Co, and B.

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

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

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

J = [(2m@) 2/ Asl(e/h)? x exp [-(4mAs/h) X (2me) /2] X V (1)

where J is a tunnel current density flowing through the tunnel barrier
layer, V is an applied bias voltage that is 100 mV or smaller, m i1s the free
electron mass, e 1s the elementary electric charge, h 1s the Planck’s constant,
As 1s an effective thickness of the tunnel barrier layer that i1s approximately
equivalent to (tmgo — 0.5 nm), and tmgo is an actual thickness of the tunnel
barrier layer determined using a cross-sectional transmission electron

microscope image.
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Abstract of the Disclosure

The output voltage of an MRAM 1s increased by means of an
Fe(001)/Mg0O(001)/Fe(001) MTJ device, which is formed by microfabrication
of a sample prepared as follows: A single-crystalline MgO (001) substrate is
prepared. An epitaxial Fe(001) lower electrode (a first electrode) is grown on
a MgO(001) seed layer at room temperature, followed by annealing under
ultrahigh vacuum. A MgO(001) barrier layer is epitaxially formed on the
Fe(001) lower electrode (the first electrode) at room temperature, using a
MgO electron-beam evaporation. A Fe(001) upper electrode (a second
electrode) is then formed on the MgO(001) barrier layer at room temperature.
This is successively followed by the deposition of a Co layer on the Fe(001)
upper electrode (the second electrode). The Co layer is provided so as to
increase the coercive force of the upper electrode in order to realize an

antiparallel magnetization alignment.
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[] 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:

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

or (one of the following)

[] B. I hereby state that each item of information contained in this IDS was first cited in
any communication from a foreign patent office in a counterpart foreign application not
more than three months prior to the filing of this IDS.

[] C.Ihereby state that no item of information in this IDS herewith was cited in a
communication from a foreign patent office in a counterpart foreign application, and, to
my knowledge after making reasonable inquiry, was known to any individual
designated in 37 CFR. §1.56(c) more than 3 months prior to the filing of this IDS.

[] D. An appropriate Statement is attached.
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[] 3. This IDS is filed (Rule 1.97(d)) after a final action or allowance, but on/before payment of
the issue fee, and:

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

and (one of the following)

[] B. I hereby state that each item of information contained in this IDS was first cited in
any communication from a foreign patent office in a counterpart foreign application not
more than three months prior to the filing of this IDS.

[] C. I hereby state that no item of information in this IDS herewith was cited in a
communication from a foreign patent office in a counterpart foreign application, and, to
my knowledge after making reasonable inquiry, was known to any individual
designated in 37 CFR. §1.56(c) more than 3 months prior to the filing of this IDS.

[] D. An appropriate Statement is attached.

[] 4. This IDS does not comply with 37 CFR 1.97-1.98, and is being filed for placement in the
file pursuant to 37 CFR. §1.97(i).

X 5. It will also be appreciated that:

a. lItis believed that this IDS complies fully with 37 CFR 1.56 and 1.97-98 and with MPEP §
609; but if for some reason it does not and will not be entered, the examiner is requested
to telephone the undersigned so that any deficiency can be timely remedied.

b. Some of the documents may have markings thereon, but no significance should be
attached to those markings.

c. These documents are not necessarily analogous art.

d. Where an English language translation of any part of a document is provided from a
public source, applicant cannot vouch for the accuracy of that translation.

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: August 27, 2015 /B. Aaron Schulman/
By: B. Aaron Schulman
Registration No.: 31877

STITES & HARBISON PLLC ¢ 1199 North Fairfax St. # Suite 900 ¢ Alexandria, VA 22314
TEL: 703-739-4900 ¢ FAX: 703-739-9577 ¢ CUSTOMER NO. 881
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

Q. Box 145

Alexandria, Virginia 22313-1450
WWW.USDO.gOV

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
14/837,558 08/27/2015 Shinji YUASA P11338USO1/NBT
CONFIRMATION NO. 4455
881 FORMALITIES LETTER
STITES & HARBISON PLLC
1800 Diagonal Road RO A A R
SUITE 325 00000007/7462813

ALEXANDRIA, VA 22314
Date Mailed: 09/18/2015

NOTICE OF OMITTED ITEM(S) IN A NONPROVISIONAL APPLICATION

FILED UNDER 37 CFR 1.53(b)

A filing date has been accorded to the above-identified nonprovisional application papers; however, the following
item(s) appear to have been omitted from the application:

* Figure(s) 9 described in the specification.

Applicant must reply to this notice within the time period set forth in this notice to avoid abandonment of

this application. Applicant must select one of the three following options and the reply must comply with the
requirements set forth in the selected option and any other requirements set forth in this notice. The reply should
also indicate which option applicant has selected.

|. Petition for date of deposit: Should applicant contend that the above-noted omitted item(s) was in fact
deposited in the U.S. Patent and Trademark Office (USPTO) with the nonprovisional application papers, a copy of
this Notice and a petition (and the petition fee set forth in 37 CFR 1.17(f) with evidence of such deposit must be
filed within TWO MONTHS of the date of this Notice. The petition fee will be refunded if it is determined that the
item(s) was received by the USPTO. THIS TWO MONTH PERIOD IS EXTENDABLE UNDER 37 CFR 1.136(a)
or (b).

Il. Petition for later filing date: Should applicant desire to supply the omitted item(s) and accept the date that
such omitted item(s) was filed in the USPTO as the filing date of the above-identified application, a copy of this
Notice, the omitted item(s), and a petition under 37 CFR 1.182 with the petition fee set forth in 37 CFR 1.17(f)
requesting the later filing date must be filed within TWO MONTHS of the date of this Notice. THIS TWO MONTH
PERIOD IS EXTENDABLE UNDER 37 CFR 1.136(a) or (b).

Applicant is advised that generally the filing fee required for an application is the filing fee in effect on the filing
date accorded the application and that payment of the requisite basic filing fee on a date later than the filing date
of the application requires payment of a surcharge (37 CFR 1.16(f)). To avoid processing delays and payment
of a surcharge, applicant should submit any balance due for the requisite filing fee based on the later filing date
being requested when submitting the omitted item(s) and the petition (and petition fee) requesting the later filing
date.

lll. Acceptance of application as deposited: Applicant may accept the application as deposited in the USPTO
by filing an appropriate amendment as set forth in either (A) or (B) below within TWO MONTHS of the date of this
Notice. THIS TWO MONTH PERIOD IS EXTENDABLE UNDER 37 CFR 1.136(a) or (b) . The application will
maintain a filing date as of the date of deposit of the application papers in the USPTO, and original application
papers (i.e., the original disclosure of the invention) will include only those application papers present in the
USPTO on the date of deposit. A petition is not required for this option.
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(A) If applicant wants to accept the application as deposited without adding the subject matter that was in the
omitted item (e.g., a missing page or figure), applicant is required to submit one or more of the following items
without adding any new matter (see 35 U.S.C. 132(a)):

1. For a missing page of the specification,

a) a substitute specification including claims that amends the specification to renumber the pages
consecutively and cancels any incomplete sentences, and

b) a statement that the substitute specification includes no new matter, in compliance with 37 CFR
1.121(b)(3) and 1.125;

2. For a missing figure of the drawings,

a) replacement drawing sheets in compliance with 37 CFR 1.121(d) to renumber the drawing figures
consecutively (if necessary),

b) a substitute specification excluding claims that amends the specification to cancel any references to any
omitted drawing(s) and corrects the references in the specification to the drawing figures to correspond
with any relabeled drawing figures, and

¢) a statement that the substitute specification includes no new matter, in compliance with 37 CFR
1.121(b)(3) and 1.125;

3. For a missing page of the claim listing only, a replacement claim listing with the claims renumbered
consecutively or, if amendment to the claims is also necessary, then a complete claim listing in compliance
with 37 CFR 1.121(c);

4. For a missing or unreadable compact disc,

a) a substitute specification (excluding the claims) deleting the reference to the compact disc and the files
contained on the compact disc, and

b) a statement that the substitute specification includes no new matter, in compliance with 37 CFR
1.121(b)(3) and 1.125; and

5. For a missing or unreadable file submitted on a compact disc,

a) a substitute specification (excluding the claims) deleting the reference to the missing or unreadable file,
and a statement that the substitute specification includes no new matter, in compliance with 37 CFR
1.121(b)(3) and 1.125; and

b) a replacement transmittal letter listing all of the files except the missing or unreadable file in compliance
with 37 CFR 1.52(e)(3)(ii).

(B) Alternatively, if applicant wants to accept the application as deposited but wishes to add the subject matter in

the omitted item (e.g., a missing page or figure) by relying on an incorporation by reference under 37 CFR 1.57 or
other portions of the original disclosure, applicant is required to submit one or more of the following items without

adding any new matter (see 35 U.S.C. 132(a)):

1. To add the subject matter in a missing page of specification,

a) a substitute specification excluding claims and

b) a statement that the substitute specification includes no new matter, in compliance with 37 CFR
1.121(b)(3) and 1.125;

2. To add a missing figure of the drawings, new and replacement drawing sheets in compliance with 37 CFR
1.121(d);

3. To add the subject matter in a missing page of the claim listing, a complete claim listing in compliance with 37
CFR 1.121(c) (e.g., a claim in the missing page should be submitted as a new claim);

4. To add the subject matter in a missing or unreadable compact disc,

a) a replacement compact disc and a duplicate copy of the compact disc, in compliance with 37 CFR 1.52(e);
and

b) a statement that the replacement compact disc contains no new matter in compliance with 37 CFR
1.52(e)(4); and,

5. To add the subject matter in a missing or unreadable file submitted on a compact disc,

a) a replacement compact disc that contains all of the files listed in the specification including the missing or
unreadable file and a duplicate copy of the compact disc, in compliance with 37 CFR 1.52(e); and
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b) a statement that the replacement compact disc contains no new matter in compliance with 37 CFR
1.52(e)(4).

If applicant is relying on an incorporation by reference under 37 CFR 1.57 to add the omitted subject matter, then
applicant must also comply with the requirements of 37 CFR 1.57.

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

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

Replies should be mailed to:

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

Alexandria VA 22313-1450

Registered users of EFS-Web may alternatively submit their reply to this notice via EFS-Web, including a copy
of this Notice and selecting the document description "Applicant response to Pre-Exam Formalities Notice".
https:/sportal.uspto.gov/authenticate/AuthenticateUserl ocalEPF.html

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

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

Questions about the contents of this notice and the
requirements it sets forth should be directed to the Office
of Data Management, Application Assistance Unit, at
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.

/tpetros/
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PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number
Substitute for Form PTO-875 14/837,558
APPLICATION AS FILED - PART | OTHER THAN
(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($)
BASIC FEE
e .01 0) N/A N/A N/A N/A 280
SEARCH FEE
o) N/A N/A N/A N/A 600
EXAMINATION FEE
EXAMINATONTEE N/A N/A N/A N/A 720
TOTAL CLAIMS *
(37 CFR 1.16(i)) 3 minus 20= OR |x 80 0.00
INDEPENDENT CLAIMS *
(37 CFR 1.16(h) 1 minus 3 = x 420 0.00
If the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
FEE $310 ($155 for small entity) for each additional 0.00
(87 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00
* If the difference in column 1 is less than zero, enter "0" in column 2. TOTAL TOTAL 1600
APPLICATION AS AMENDED - PART Il
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
< AFTER PREVIOUSLY EXTRA RATE(S) FEE(S) RATE(S) FEE(S)
E AMENDMENT PAID FOR
L Total . i - =
s (37 oFg? 16(7)) Minus OR |«x
=) - r =
E (égdoerRe? .?S(T‘t)) Minus OR |«x
3 Application Size Fee (37 CFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16())) OR
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
m AFTER PREVIOUSLY EXTRA RATE(S) FEE(S) RATE(S) FEE(S)
E AMENDMENT PAID FOR
w Total * Minus ** =
= (a7 CFg ?.16(\)) OR |x
% Independent Minus | *** = OR x
L (37 CFR 1.16(h))
z Application Size Fee (37 CFR 1.16(s))
OR
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16()))
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
* If the entry in column 1 is less than the entry in column 2, write "0" in column 3.
** |f the "Highest Number Previously Paid For” IN THIS SPACE is less than 20, enter "20".
*** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3".
The "Highest Number Previously Paid For" (Total or Independent) is the highest found in the appropriate box in column 1.
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

Q. Box 145

Alexandria, Virginia 22313-1450
WWW.USDO.gOV

APPLICATION FILING o GRP ART
NUMBER I 371(c) DATE UNIT I FIL FEE RECD I ATTY.DOCKET.NO ITOT CLAIMSI IND CLAIMSl
14/837,558 08/27/2015 2811 1600 P11338USO1/NBT 3 1
CONFIRMATION NO. 4455
881 FILING RECEIPT

7800 Discanal oad O A

SUITE 325
ALEXANDRIA, VA 22314

Date Mailed: 09/18/2015

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

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

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

Domestic Priority data as claimed by applicant
This application is a CON of 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

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

If Required, Foreign Filing License Granted: 09/15/2015
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The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 14/837,558

Projected Publication Date: To Be Determined - pending completion of Omitted Items
Non-Publication Request: No

Early Publication Request: No
Title

MAGNETIC TUNNEL JUNCTION DEVICE
Preliminary Class
257
Statement under 37 CFR 1.55 or 1.78 for 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 USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

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

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

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

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

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

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

NOT GRANTED

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

SelectUSA

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

U.S. Appl. No.: 14/837,558 Confirmation No.: 4455
Title: MAGNETIC TUNNEL JUNCTION DEVICE
Inventor(s): YUASA, et al.

Filed: August 27,2015

Art Unit: Unassigned

Examiner: Unassigned

Docket No.: P11338USO1/NBT

Customer No.: 000881

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

Preliminary Amendment

Honorable Commissioner:
In Response to the Notice of Omitted Items mailed on September 18 2015, please
consider the amendments and remarks provided herewith.

. Amendments to the Specification and Abstract begin on page 2 of this paper.

. Remarks begin on page 30 of this paper.
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Amendments to the Specification — Marked up Copy

Please revise the originally filed specification as follows:

MAGNETIC TUNNEL JUNCTION DEVICE
[0001] CROSS-REFERENCE TO RELATED APPLICATION

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

reference into this application.
[0003] BACKGROUND OF THE INVENTION
[0004] Field of the Invention

[0005] The present invention relates to a magnetic tunnel junction device and a method of
manufacturing the same, particularly to a magnetic tunnel 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.
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[0008] Figs. 8(A) and 8(B) show the structure and operation principle of a magnetic tunnel junction
device (to be hereafter referred to as a “MTJ device”), which is the most important part of the
MRAM. As shown in Fig. 8(A), a MTJ device comprises a tunnelling junction structure in which a
tunnel barrier (to be hereafter also referred to as a “barrier layer”) made of an oxide is sandwiched
between a first and a second electrode made of a ferromagnetic metal. The tunnel barrier layer
comprises an amorphous Al-O layer (see Non-Patent Document 1). As shown in Fig. 8(A), in the
case of parallel magnetization alignment where the directions of magnetizations of the first and
second ferromagnetic electrodes are aligned parallel, the electric resistance of the device with
respect to the direction normal to the interfaces of the tunneling junction structure decreases. On
the other hand, in the case of antiparallel magnetization alignment where the directions of
magnetizations of the first and second ferromagnetic electrodes are aligned antiparallel as shown in
Fig. 8(B), the electric resistance with respect to the direction normal to the interfaces of the
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] Eis

22

sFigs, 9(A) = 9(C) show an example of the basic structure of the MRAM. Fig.

9(A) shows a perspective view of the MRAM, and Fig. 9(B) schematically shows a circuit block
diagram. Fig. 9(C) is a cross-section of an example of the structure of the MRAM. Referring to
Fig. 9(A), in an MRAM, a word line WL and a bit line BL are disposed in an intersecting manner,
with an MRAM cell disposed at each intersection. As shown in Fig. 9(B), the MRAM cell disposed
at the intersection of a word line and a bit line comprises a MTJ device and a MOSFET directly
connected to the MTJ device. Stored information can be read by reading the resistance value of the
MT]J 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

MT]J device. A word line WL is connected to the gate electrode 111 in a region that is not shown.
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[0010] Thus, a single non-volatile MRAM memory cell can be formed by a single MOSFET 100
and a single MTJ device 117. The MRAMs are therefore suitable where high levels of integration

are required.

[0011] Non-Patent Document 1: D. Wang, et al.: Science 294 (2001) 1488.
[0012] SUMMARY OF THE INVENTION

[0013] Although there are prospects for achieving MRAMSs with capacities on the order of 64Mbits
based on the current technologies, the characteristics of the MTJ device, which is the heart of
MRAM, needs to be improved if higher levels of 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 (LL1). 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 mV, which is substantially half the output voltage of a DRAM. This has resulted in
the problem that as the level of integration increases, signals are increasingly lost in noise and

cannot be read.

[0014] 1t is an object of the invention to increase the output voltage of a MTJ device. It is another
object of the invention to provide a memory device with a high magnetoresistance for stable

operation.

[0015] In one aspect, the invention provides a magnetoresistive device comprising a magnetic
tunnel junction structure comprising: a tunnel barrier layer; a first ferromagnetic material layer of
the BCC structure formed on a first side of the tunnel barrier layer; and a second ferromagnetic

material layer of the BCC structure formed on a second side of the tunnel barrier layer, wherein the
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tunnel barrier layer is formed by a single-crystal MgOx (001) layer or a poly-crystalline MgOy (0 <
x < 1) layer in which the (001) crystal plane is preferentially oriented.

[0016] The invention further provides a magnetoresistive device comprising a magnetic tunnel
junction structure comprising: a tunnel barrier layer comprising MgO(001); a first ferromagnetic
material layer comprising Fe(001) formed on a first side of the tunnel barrier layer; and a second
ferromagnetic material layer comprising Fe(001) formed on a second side of the tunnel barrier
layer, wherein the MgO layer is formed by a single-crystalline MgQOy (001) layer or a poly-
crystalline MgOyx (0 < x < 1) layer in which the (001) crystal plane is preferentially oriented. In a
preferred embodiment, the band discontinuity value (the height of the tunnel barrier) between the
bottom of the conduction band of the MgO(001) layer and the Fermi energy of the Fe(001) layer is
smaller than an ideal value of a perfect single-crystal without defect. These features increase the
magnetoresistance and thereby allow the output voltage of the MTJ device to be increased. By
using any of the aforementioned MTJ devices as a load for a single transistor, a non-volatile

memory can be formed.

[0017] In another aspect, the invention provides a method of manufacturing a magnetoresistive
device comprising: preparing a substrate; depositing a first Fe(001) layer on the substrate;
depositing a tunnel barrier layer on the first Fe(001) layer by electron beam evaporation under high
vacuum, the tunnel barrier layer comprising a single-crystalline MgOy (001) or a poly-crystalline
MgOx (0 <x < 1) in which the (001) crystal plane is preferentially oriented; and forming a second
Fe(001) layer on the tunnel barrier layer.

[0018] The invention furthermore provides a method of manufacturing a MTJ device comprising a
first step of preparing a substrate comprising a single-crystalline MgO4(001) or a poly-crystalline
MgOy (0 < x < 1) in which the (001) crystal plane is preferentially oriented, a second step of
depositing a first Fe(001) layer on the substrate and performing an annealing process to make the
surface flat, a third step of depositing a tunnel barrier layer on the first Fe(001) layer by electron
beam evaporation, the tunnel barrier layer comprising a single-crystalline MgO«(001) or a poly-
crystalline MgOy (0 < x < 1) in which the (001) crystal plane is preferentially oriented, and a fourth
step of forming a second Fe(001) layer on the tunnel barrier layer. The method may further

comprise the step of growing a seed layer between the first and the second steps, the seed layer
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comprising a single-crystalline MgOx(001) or a poly-crystalline MgOx (0 < x < 1) in which the
(001) crystal plane is preferentially oriented. The MgO layer may be deposited using a target with
the value of x in MgOxy adjusted. The value of x in MgOx may be adjusted in the step of forming the
MgO.

[0019] In yet another aspect, the invention provides a magnetoresistive device comprising a
magnetic tunnel junction structure comprising a tunnel barrier layer comprising MgO(001), a first
ferromagnetic material layer comprising an amorphous magnetic alloy formed on a first sideof the
tunnel barrier layer, and a second ferromagnetic material layer comprising an amorphous magnetic
alloy formed on a second side of the tunnel barrier layer, wherein the discontinuous value (the
height of the tunnel barrier) between the bottom of the conduction band of the MgO(001) layer and
the Fermi energy of the first or the second ferromagnetic material layer comprising the amorphous

magnetic alloy is lower than an ideal value of a perfect single-crystal with no defect.

[0020] BRIEF DESCRIPTION OF THE DRAWINGS

[0021] Fig. 1(B) shows the structure of a MTJ device according to a first embodiment of the
invention, and Fig. 1(A) shows the energy band structure of a ferromagnetic metal Fe(001),

illustrating the E-Ey relationship with respect to the [001] direction of the momentum space.

[0022] Fig. 2(A) to Fig. 2(D) schematically show the process of manufacturing a MTJ device with a
Fe(001)MgO(001)/Fe(001) structure (to be hereafter referred to as a “Fe(001)/MgO(001)/Fe(001)

MT]J device”) according to an embodiment of the invention.

[0023] Fig. 3(A) shows a RHEED image of a Fe(001) lower clectrode (a first electrode), and Fig.
3(B) shows a RHEED image of a MgO(001) barrier layer.

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

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

[0026] Fig. 6 shows typical magnetoresistance curves of the Fe(001)/MgO(001)/Fe(001) MTJ

device.

[0027] Fig. 7(A) shows the bias voltage dependency of the MR ratio at room temperature, and Fig.
7(B) shows the output voltage Vit 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-shewsFigs. 9(A) —~ HC) show an example of the basic structure of an MRAM, Fig.

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

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

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

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

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

corresponding to Fig. 1(B).

[0082] DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0033] In the context of the present specification, because MgO has a cubic crystal structure (NaCl
structure), the (001) plane, the (100) plane, and the (010) plane are all equivalent. The direction
perpendicular to the film surface is herein considered to be the z-axis so that the film plane can be
uniformly described as (001). Also in the context of the present specification, BCC structure, which
the crystalline structure of ferromagnetic electrode layer, means body-centered cubic lattice
structure. More specifically, BCC structure includes the BCC structure with no chemical ordering
so-called A2-type structure, the BCC structure with chemical ordering such as B2-type structre and

L2;-type structure, and also the aforementioned structures with slight lattice distortion.
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[0084] The term “ideal value” with regard to a perfect single-crystal without defect herein refers to
a value that has been estimated from ultraviolet photoemission spectroscopy experiments (see W.
Wulfhekel, et al.: Appl. Phys. Lett. 78 (2001) 509.). The term “ideal value” is used herein because
the aforementioned state can be considered to be an upper limit value of the potential barrier height
of the tunnel barrier of an ideal single-crystal MgO with hardly any oxygen vacancy defect or lattice

defect.

[0035] Before describing the preferred embodiments of the invention, an analysis conducted by the
inventors is discussed. The magnetoresistance (MR) ratio of a MTJ device can be expressed by the

following equation:
[0036] AR/Rp = (Rap — Rp)/Rp

[0087] 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 = 2P1P,/(1-PP;), and
[0039] Pa.=(Da. T (Er) — Da ¥ (Er))/(Da T (Er) + Do 4 (Ep),
[0040] where o= 1,2 (1)

[0041] In the above equations, Pa. is the spin polarization of an electrode, and Da. T (Er) and Da. 4
(Er) are the density of state (DOS) at the Fermi energy (Er) of the majority-spin band and the
minority-spin band, respectively. Since the spin polarization of ferromagnetic transition metals and
alloys is approximately 0.5 or smaller, the Jullire’s formula predicts a highest estimated MR ratio of

about 70%.

[0042] Although the MR ratio of approximately 70% has been obtained at room temperature when
a MTJ device was made using an amorphous Al-O tunnel barrier and polycrystalline electrodes, it
has been difficult to obtain the output voltage of 200 mV, which is comparable to the output
voltages of DRAMS, thereby preventing the realization of MRAM as mentioned above.
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[0043] The inventors tried an approach to deposit a MTJ device in which the tunnel barrier
comprises a single-crystal (001) of magnesium oxide (MgO) or a poly-crystalline MgO in which the
(001) crystal plane is preferentially oriented. It is the inventors’ theory that, because magnesium
oxide is a crystal (where the atoms are arranged in an orderly fashion), as opposed to the
conventional amorphous Al-O barrier, the electrons are not scattered and the coherent states of
electrons are concerved during the tunneling process. Fig. 1(B) shows the MTJ device structure
according to an embodiment of the invention. Fig. 1(A) shows the energy band structure of the
ferromagnetic Fe(001), that is, the E-Ep relationship with respect to the [001] direction of the
momentum space. As shown in Fig. 1(B), the MTJ device structure of the present embodiment
comprises a first Fe (001) layer 1, a second Fe (001) layer 5, and a single-crystalline MgOy (001)
layer 3 or a poly-crystalline MgOy (0 < x < 1) layer 3 sandwiched therebetween, the polycrystalline
layer having the (001) crystal plane preferentially oriented therein.  According to the
aforementioned Jullire’s model, assuming that the momentum of the conduction electrons is
preserved in the tunneling process, the tunneling current that passes through MgO would be
dominated by those electrons with wave vector k; in the direction perpendicular to the tunnel barrier
(normal to the junction interfaces). In accordance with the energy band diagram shown in Fig. 1(A)
of Fe in the [001] (I'-H) direction, the density of state (DOS) at the Fermi energy Er does not
exhibit a very high spin polarization due to the fact that the sub-bands of the majority-spin and the
minority-spin have states at the Fermi energy Er. However, in case the coherent states of electrons
are conserved in the tunneling process, only those conduction eclectrons that have totally
symmetrical wave functions with respect to the axis perpendicular to the barrier would be coupled
with the states in the barrier region and come to have a finite tunneling probability. The Al band in
the Fe(001) electrode has such totally symmetric wave functions. As shown in Fig. 1(A), the
majority spin Al band (solid line) has states at the Fermi energy Ep, whereas the minority spin Al
band (broken line) does not have state at the Fermi energy Er. Because of such half-metallic
characteristics of the Fe A; band, there is the possibility that a very high MR ratio can be obtained in
a coherent spin polarized tunneling. Since in an epitaxial (single-crystal, or (001) oriented poly-
crystal) MTJ device the scattering of electrons is suppressed during the tunneling process, an

epitaxial MTJ device is thought to be ideal for realizing the aforementioned coherent tunneling.
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[0044] In the following, a MTJ device according to a first embodiment of the invention and a
method of manufacturing the same will be described with reference to the drawings. Figs. 2(A) to
2(D) schematically show the method of manufacturing the MTJ device having the Fe
(001)yMgO(001)/Fe(001) structure according to the embodiment (to be hereafter referred to as a
“Fe(001)/MgO(001)/Fe(001) MTJ device”). Fe(001) refers to a ferromagnetic material with the
BCC structure. First, a single-crystal MgO(001) substrate 11 was prepared. In order to improve the
morphology of the surface of the single-crystal MgO(001) substrate 11, a MgO(001) seed layer 15
was grown by the molecular beam epitaxy (MBE) method. This was subsequently followed by the
growth of an epitaxial Fe(001) lower electrode (first electrode) 17 with the thickness of 50 nm on
the MgO(001) seed layer 15 at room temperature, as shown in Fig. 1(B), and then annealing was
performed at 350°C under ultrahigh vacuum (2 x 10 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 Pa, and the O, partial pressure
was 1 x 10° Pa. Alternatively, a source with oxygen vacancy defects may be used instead of the

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

[0045] Fig. 3(A) shows a RHEED image of the Fe(001) lower electrode (a first electrode). The
image shows that the Fe(001) lower electrode (first electrode) 17 possesses a good crystallinity and
flatness. Thereafter, a MgO(001) barrier layer 21 with the thickness of 2 nm was epitaxially grown
on the Fe(001) lower electrode (first electrode) at room temperature, also using the MgO electron-
beam evaporation method. Fig. 3(B) shows a RHEED image of the MgO(001) barrier layer 21.
The image shows that the MgO(001) barrier layer 21 also possesses a good crystallinity and

flatness.

[0046] As shown in Fig. 2(D), a Fe(001) upper electrode (a second electrode) 23 with the thickness
of 10 nm was formed on the MgO(001) barrier layer 21 at room temperature. This was successively
followed by the deposition of a Co layer 25 with the thickness of 10 nm on the Fe(001) upper
electrode (second electrode) 23. The Co layer 25 is provided to increase the coercive force of the

upper electrode 23 so as to realize the antiparallel magnetization alignment. The thus prepared

10
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sample was then processed by microfabrication techniques to obtain the Fe(001)/MgO(001)/Fe(001)
MT]J device.

[0047] The aforementioned MgO evaporation using an electron beam involved the formation of a
film under ultrahigh vacuum of 10 Torr. It can be seen that in this method, the film, even when
formed on a glass substrate to the thickness of 300 nm, was colorless and transparent, showing that
a good crystal film was formed. Fig. 4 shows the results of observing the quadrupole mass spectra
in the deposition chamber during the MgO growth. The results show that the partial pressures
regarding the spectrum P1 of O and the spectrum P2 of O, are high. Fig. 5 shows the film
deposition rate dependency of the oxygen partial pressure during MgO evaporation. It will be seen
from the figure that the oxygen partial pressure itself is high, and that the oxygen partial pressure
increases as the deposition rate increases. These results indicate the separation of oxygen from
MgO during the deposition of MgO. Since the separated oxygen is pumped out of the deposition
chamber using vacuum pumps, there is the possibility that there are oxygen vacancy defects such as
MgOy (0.9 < x < 1). When there are oxygen vacancy defects, the potential barrier height of the
MgO tunnel barrier is thought to decrease (such as in the range of 0.10 to 0.85 ¢V; more
specifically, 0.2 to 0.5 eV), which is thought to result in an increase in the tunneling current. In the
case of a typical AI-O tunnel barrier, the height of the tunnel barrier with respect to Fe(001)
electrodes is considered to be 0.7 to 2.5 ¢V. 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 ¢V is
expected, indicating that the resistance of the tunnel barrier can be lowered. However, it should be
noted that other factors, such as the influence of the aforementioned coherent tunneling, might also
be involved. The value of x in MgO, due to oxygen vacancy defects is such that 0.98 <x <1, and
more preferably 0.99 < x < 1. These are the ranges such that the sole presence of Mg is excluded

and the characteristics of MgO can be basically maintained.

[0048] The aforementioned tunnel barrier height ¢ was determined by fitting the electric
conductance characteristics of the MTJ device (the relationship between tunnel current density J and
bias voltage V) onto the Simmons’ formula (Equation (20) in a non-patent document by J. G.
Simmons: J. Appl. Phys. 34, pp. 1793-1803 (1963)) based on the WKB approximation, using the

least squares method. The fitting was performed using the free electron mass (m = 9.11 x 10™" kg)
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as the electron’s effective mass. When a bias voltage V (which is normally on the order of 500 mV
to 1000 mV) is applied until non-linearity appears in the J-V characteristics, the height ¢ of the
tunnel barrier and the effective thickness As of the tunnel barrier can be simultaneously determined

by fitting the J-V characteristics using the Simmons’ formula.

[0049] The effective thickness As of the tunnel barrier was determined to be smaller than the
thickness of the actual MgO(001) tunnel barrier layer (tygo) determined from a cross-sectional
transmission electron microscope image of the MTJ device by approximately 0.5 nm. This is the
result of the effective thickness As of the tunnel barrier having been reduced from the actual
MgO(001) layer thickness by the effect of the image potential produced at the interface between the
MgO(001) layer and the alloy layer consisting mainly of Fe and Co.

[0050] It is noted that, in the event that ty,0 can be accurately determined using the cross-sectional
transmission electron microscope (TEM) image, the height ¢ of the tunnel barrier can be more
simply determined by the following technique. Namely, when the bias voltage V applied to the
MT]J 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 = [(2md)"*/As](e/h)* x exp[—(4nAs/h) x (2m¢)"*] x V ()

[0052] where m is the mass of the free electron (9.11 x 107" kg), ¢ is the elementary electric charge
(1.60 x 10"°C), and h is the Planck’s constant (6.63 x 10~ J.s). The effective thickness of the
tunnel barrier As is approximately tygo — 0.5 nm. By fitting the J-V characteristics of the MTJ
device in the low-bias voltage region onto Equation (2), the height ¢ of the tunnel barrier can be

simply and yet accurately estimated.

[0053] Fig. 6 shows a typical magnetoresistance curve of the Fe(001)/MgO(001)/Fe(001) MTJ
device produced by the above-described method. The MR ratio is 146% at the measurement
temperature of 20K and 88% at the measurement temperature of 293K. These values represent the
highest MR ratios that have so far been obtained at room temperature. Such high MR ratios cannot
be explained by the spin polarization of the Fe(001) electrode and is thought rather to be related to a

coherent spin-polarized tunneling. When 160 prototype MTJ devices were made, the variations
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regarding the MR ratio and tunneling resistance value were not more than 20%. The yield of the
MT]J devices was 90% or more at the laboratory stage. These high values suggest the effectiveness
of the approach of the invention. The resistance-area (RA) product of the MTJ device was on the

order of a few kQum?®, 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 Vpas at which the MR ratio is reduced in half of the zero-bias value is
1250 mV, which is a very high value. In this connection, it is noted that the voltage V¢ at which
the MR ratio is reduced in half of the zero-bias value in the conventional MTJs with Al-O tunnel
barrier is 300 to 600 mV. Fig. 7(b) shows the output voltage Vqu: of the MTJ device (=bias voltage
x (Rap — Rp)/Rap). The maximum value of the output voltage Vo is 380 mV with a positive bias.
This value is about twice as large as that (a little less than 200 mV) in the case of the Al-O barrier.
These high values in terms of both MR ratio and output voltage suggest the effectiveness of the

technique according to the present embodiment.

[0055] Although in the above-described embodiment Fe(001) of BCC was employed, an Fe alloy of
BCC, such as an Fe-Co alloy, Fe-Ni alloy, or Fe-Pt alloy, may be used instead. Alternatively, a
layer of Co or Ni with the thickness of one or several monoatomic layers may be inserted between

the electrode layer and the MgO(001) layer.

[0056] Hereafter, a MTJ device according to a second embodiment of the invention and a method
of manufacturing the same will be described. In the method of manufacturing a
Fe(001)/MgO(001)/Fe(001) MTJ device according to the present embodiment, MgO(001) is
initially deposited in a poly-crystalline or amorphous state by sputtering or the like, and then an
annealing process is performed such that a poly-crystal in which the (001) crystal plane is
preferentially oriented or a single-crystal is obtained. The sputtering conditions were such that, for
example, the temperature was room temperature (293K), a 2-inch ¢ MgO was used as a target, and
sputtering was conducted in an Ar atmosphere. The acceleration power was 200 W and the growth
rate was 0.008 nm/s. Because MgQO that is deposited under these conditions is in an amorphous
state, a crystallized MgO was obtained by increasing the temperature to 300°C from room

temperature and maintaining that temperature for a certain duration of time.
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[0057] Oxygen vacancy defects may be introduced by a method whereby oxygen vacancy defects is
produced during growth, a method whereby oxygen vacancy defects is introduced subsequently, or
a method whereby a state with oxygen vacancy defects is subjected to an oxygen plasma process or

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

[0058] As described above, in accordance with the MTJ device technology of the present
embodiment, an annealing process is carried out for crystallization after an amorphous MgO has

been deposited by sputtering, thereby eliminating the need for large-sized equipment.

[0059] Hereafter, a MTJ device according to a variation of the embodiments of the invention will
be described with reference to the drawings. Fig. 11 shows the structure of the MTJ device
according to the variation, which corresponds to Fig. 1(B). As shown in Fig. 11, the MTJ device of
the variation is characterized in that, as in the MTJ device of the above-described embodiments, the
electrodes disposed on cither side of a single-crystal MgOx(001) layer 503 or an oxygen-deficit
poly-crystal MgOx (0 < x < 1) in which the (001) crystal plane is preferentially oriented comprises
an amorphous ferromagnetic alloy, such as CoFeB layers 501 and 505. The amorphous
ferromagnetic alloy can be formed by evaporation or sputtering, for example. The resultant

characteristics are substantially identical to those of the first embodiment.

[0060] As the amorphous magnetic alloy, FeCoB, FeCoBSi, FeCoBP, FeZr, and CoZr may be used,
for example. Although an anneal process after the preparation of the MTJ device might cause the
amorphous magnetic alloy 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
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of no more than 10 Pa in the case where oxygen is not introduced, for example. In the case where

oxygen is introduced, the term refers to values on the order of 10™ 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 MRAMSs of gigabit class
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Amendments to the Specification — Clean Copy

Please substitute the clean copy of the revised specification as follows for the originally
filed specification.:

MAGNETIC TUNNEL JUNCTION DEVICE
[0001] CROSS-REFERENCE TO RELATED APPLICATION

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

reference into this application.
[0003] BACKGROUND OF THE INVENTION
[0004] Field of the Invention

[0005] The present invention relates to a magnetic tunnel junction device and a method of
manufacturing the same, particularly to a magnetic tunnel junction device with a high

magnetoresistance and a method of manufacturing the same.
[0006] Description of Related Art

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

memory circuit that is expected to replace the currently widely used DRAM memories. Research
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and development of MRAM devices, which are fast and non-volatile memory devices, are being

extensively carried out, and sample products of a 4Mbit MRAM have actually been delivered.

[0008] Figs. 8(A) and 8(B) show the structure and operation principle of a magnetic tunnel junction
device (to be hereafter referred to as a “MTJ device”), which is the most important part of the
MRAM. As shown in Fig. 8(A), a MTJ device comprises a tunnelling junction structure in which a
tunnel barrier (to be hereafter also referred to as a “barrier layer”) made of an oxide is sandwiched
between a first and a second electrode made of a ferromagnetic metal. The tunnel barrier layer
comprises an amorphous Al-O layer (see Non-Patent Document 1). As shown in Fig. 8(A), in the
case of parallel magnetization alignment where the directions of magnetizations of the first and
second ferromagnetic electrodes are aligned parallel, the electric resistance of the device with
respect to the direction normal to the interfaces of the tunneling junction structure decreases. On
the other hand, in the case of antiparallel magnetization alignment where the directions of
magnetizations of the first and second ferromagnetic electrodes are aligned antiparallel as shown in
Fig. 8(B), the electric resistance with respect to the direction normal to the interfaces of the
tunneling junction structure increases. The resistance value does not change in a general state, so
that information “1” or “0” can be stored depending on whether the resistance value is high or not.
Since the parallel and antiparallel magnetization alignments can be stored in a non-volatile fashion,

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

[0009] Figs. 9(A) — 9(C) show an example of the basic structure of the MRAM. Fig. 9(A) shows a
perspective view of the MRAM, and Fig. 9(B) schematically shows a circuit block diagram. Fig.
9(C) is a cross-section of an example of the structure of the MRAM. Referring to Fig. 9(A), in an
MRAM, a word line WL and a bit line BL are disposed in an intersecting manner, with an MRAM
cell disposed at each intersection. As shown in Fig. 9(B), the MRAM cell disposed at the
intersection of a word line and a bit line comprises a MTJ device and a MOSFET directly connected
to the MTJ device. Stored information can be read by reading the resistance value of the MTJ
device that functions as a load resistance, using the MOSFET. The stored information can be
rewritten by applying a magnetic field to the MTJ device, for example. As shown in Fig. 9(C), an
MRAM memory cell comprises a MOSFET 100 including a source region 105 and a drain region
103 both formed inside a p-type Si substrate 101, and a gate electrode 111 formed on a channel

region that is defined between the source and drain regions. The MRAM also comprises a MTJ
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device 117. The source region 105 is grounded, and the drain is connected to a bit line BL via the

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

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

are required.

[0011] Non-Patent Document 1: D. Wang, et al.: Science 294 (2001) 1488.
[0012] SUMMARY OF THE INVENTION

[0018] 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 (L1). As shown, in the conventional MTJ device, the magnetoresistance is small
and, notably, it tends to drastically decrease upon application of bias voltage. With such
characteristics, the output voltage when operation margins are taken into consideration is too small
for the device to be employed for an actual memory device. Specifically, the magnetoresistance of
the current MTJ device is small at approximately 70%, and the output voltage is also small at no
more than 200 mV, which is substantially half the output voltage of a DRAM. This has resulted in
the problem that as the level of integration increases, signals are increasingly lost in noise and

cannot be read.

[0014] Tt is an object of the invention to increase the output voltage of a MTJ device. It is another
object of the invention to provide a memory device with a high magnetoresistance for stable

operation.

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

tunnel junction structure comprising: a tunnel barrier layer; a first ferromagnetic material layer of
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the BCC structure formed on a first side of the tunnel barrier layer; and a second ferromagnetic
material layer of the BCC structure formed on a second side of the tunnel barrier layer, wherein the
tunnel barrier layer is formed by a single-crystal MgOx (001) layer or a poly-crystalline MgOx (0 <
x < 1) layer in which the (001) crystal plane is preferentially oriented.

[0016] The invention further provides a magnetoresistive device comprising a magnetic tunnel
junction structure comprising: a tunnel barrier layer comprising MgO(001); a first ferromagnetic
material layer comprising Fe(001) formed on a first side of the tunnel barrier layer; and a second
ferromagnetic material layer comprising Fe(001) formed on a second side of the tunnel barrier
layer, wherein the MgO layer is formed by a single-crystalline MgOy (001) layer or a poly-
crystalline MgOy (0 < x < 1) layer in which the (001) crystal plane is preferentially oriented. In a
preferred embodiment, the band discontinuity value (the height of the tunnel barrier) between the
bottom of the conduction band of the MgO(001) layer and the Fermi energy of the Fe(001) layer is
smaller than an ideal value of a perfect single-crystal without defect. These features increase the
magnetoresistance and thereby allow the output voltage of the MTJ device to be increased. By
using any of the aforementioned MTJ devices as a load for a single transistor, a non-volatile

memory can be formed.

[0017] In another aspect, the invention provides a method of manufacturing a magnetoresistive
device comprising: preparing a substrate; depositing a first Fe(001) layer on the substrate;
depositing a tunnel barrier layer on the first Fe(001) layer by electron beam evaporation under high
vacuum, the tunnel barrier layer comprising a single-crystalline MgOy (001) or a poly-crystalline
MgOy (0 < x < 1) in which the (001) crystal plane is preferentially oriented; and forming a second
Fe(001) layer on the tunnel barrier layer.

[0018] The invention furthermore provides a method of manufacturing a MTJ device comprising a
first step of preparing a substrate comprising a single-crystalline MgOx(001) or a poly-crystalline
MgOx (0 < x < 1) in which the (001) crystal plane is preferentially oriented, a second step of
depositing a first Fe(001) layer on the substrate and performing an annealing process to make the
surface flat, a third step of depositing a tunnel barrier layer on the first Fe(001) layer by electron
beam evaporation, the tunnel barrier layer comprising a single-crystalline MgO«(001) or a poly-

crystalline MgOy (0 < x < 1) in which the (001) crystal plane is preferentially oriented, and a fourth
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step of forming a second Fe(001) layer on the tunnel barrier layer. The method may further
comprise the step of growing a seed layer between the first and the second steps, the seed layer
comprising a single-crystalline MgOx(001) or a poly-crystalline MgOx (0 < x < 1) in which the
(001) crystal plane is preferentially oriented. The MgO layer may be deposited using a target with
the value of x in MgOx adjusted. The value of x in MgOx may be adjusted in the step of forming the
MgO.

[0019] In yet another aspect, the invention provides a magnetoresistive device comprising a
magnetic tunnel junction structure comprising a tunnel barrier layer comprising MgO(001), a first
ferromagnetic material layer comprising an amorphous magnetic alloy formed on a first sideof the
tunnel barrier layer, and a second ferromagnetic material layer comprising an amorphous magnetic
alloy formed on a second side of the tunnel barrier layer, wherein the discontinuous value (the
height of the tunnel barrier) between the bottom of the conduction band of the MgO(001) layer and
the Fermi energy of the first or the second ferromagnetic material layer comprising the amorphous

magnetic alloy is lower than an ideal value of a perfect single-crystal with no defect.

[0020] BRIEF DESCRIPTION OF THE DRAWINGS

[0021] Fig. 1(B) shows the structure of a MTJ device according to a first embodiment of the
invention, and Fig. 1(A) shows the energy band structure of a ferromagnetic metal Fe(001),

illustrating the E-Er relationship with respect to the [001] direction of the momentum space.

[0022] Fig. 2(A) to Fig. 2(D) schematically show the process of manufacturing a MTJ device with a
Fe(001)/MgO(001)/Fe(001) structure (to be hereafter referred to as a “Fe(001)/MgO(001)/Fe(001)

MT]J device”) according to an embodiment of the invention.

[0023] Fig. 3(A) shows a RHEED image of a Fe(001) lower electrode (a first electrode), and Fig.
3(B) shows a RHEED image of a MgO(001) barrier layer.
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[0024] Fig. 4 shows the results of observing the quadrupole mass spectra in the deposition chamber

during the MgO evaporation.

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

[0026] Fig. 6 shows typical magnetoresistance curves of the Fe(001)/MgO(001)/Fe(001) MTJ

device.

[0027] Fig. 7(A) shows the bias voltage dependency of the MR ratio at room temperature, and Fig.
7(B) shows the output voltage Vo of the MTJ device (=bias voltage x (Rap-Rp)/Rap).

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

[0029] Figs. 9(A) — 9(C) show an example of the basic structure of an MRAM, Fig. 9(A) showing a
perspective view of the MRAM, Fig. 9(B) showing a schematic circuit diagram, and Fig. 9(C)

showing a cross-sectional view of an example of its structure.

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

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

[0081] Fig. 11 shows the structure of a MTJ device according to a variation of the invention,

corresponding to Fig. 1(B).

[0032] DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0083] In the context of the present specification, because MgO has a cubic crystal structure (NaCl
structure), the (001) plane, the (100) plane, and the (010) plane are all equivalent. The direction
perpendicular to the film surface is herein considered to be the z-axis so that the film plane can be
uniformly described as (001). Also in the context of the present specification, BCC structure, which
the crystalline structure of ferromagnetic electrode layer, means body-centered cubic lattice

structure. More specifically, BCC structure includes the BCC structure with no chemical ordering
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so-called A2-type structure, the BCC structure with chemical ordering such as B2-type structre and

L2;-type structure, and also the aforementioned structures with slight lattice distortion.

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

defect.

[0085] Before describing the preferred embodiments of the invention, an analysis conducted by the
inventors is discussed. The magnetoresistance (MR) ratio of a MTJ device can be expressed by the

following equation:
[0036] AR/Rp = (Rap — Rp)/Rp

[0037] where Rp and Rap indicate the tunnel junction resistance in the cases of parallel and
antiparallel magnetization alignments, respectively, of two electrodes. According to the Jullire’s

formula, the MR ratio at low bias voltage can be expressed by:
[0038] MR ratio = (Rap — Rp)/Rp = 2P,P,/(1-P,P;), and
[0039] Pa = (Da T (Er) — Da ¥ (Er))/(Da T (Er) + Da ¥ (Ep),
[0040] where o= 1,2 (D)

[0041] In the above equations, Pa. is the spin polarization of an electrode, and Do, T (Er) and Da. 4
(Er) are the density of state (DOS) at the Fermi energy (Er) of the majority-spin band and the
minority-spin band, respectively. Since the spin polarization of ferromagnetic transition metals and
alloys is approximately 0.5 or smaller, the Jullire’s formula predicts a highest estimated MR ratio of

about 70%.

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

a MTJ device was made using an amorphous Al-O tunnel barrier and polycrystalline electrodes, it
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has been difficult to obtain the output voltage of 200 mV, which is comparable to the output
voltages of DRAMS, thereby preventing the realization of MRAM as mentioned above.

[0043] The inventors tried an approach to deposit a MTJ device in which the tunnel barrier
comprises a single-crystal (001) of magnesium oxide (MgO) or a poly-crystalline MgO in which the
(001) crystal plane is preferentially oriented. It is the inventors’ theory that, because magnesium
oxide is a crystal (where the atoms are arranged in an orderly fashion), as opposed to the
conventional amorphous Al-O barrier, the electrons are not scattered and the coherent states of
electrons are concerved during the tunneling process. Fig. 1(B) shows the MTJ device structure
according to an embodiment of the invention. Fig. 1(A) shows the energy band structure of the
ferromagnetic Fe(001), that is, the E-Ep relationship with respect to the [001] direction of the
momentum space. As shown in Fig. 1(B), the MTJ device structure of the present embodiment
comprises a first Fe (001) layer 1, a second Fe (001) layer 5, and a single-crystalline MgOy (001)
layer 3 or a poly-crystalline MgOy (0 < x < 1) layer 3 sandwiched therebetween, the polycrystalline
layer having the (001) crystal plane preferentially oriented therein.  According to the
aforementioned Jullire’s model, assuming that the momentum of the conduction electrons is
preserved in the tunneling process, the tunneling current that passes through MgO would be
dominated by those electrons with wave vector k;, in the direction perpendicular to the tunnel barrier
(normal to the junction interfaces). In accordance with the energy band diagram shown in Fig. 1(A)
of Fe in the [001] (I'-H) direction, the density of state (DOS) at the Fermi energy Er does not
exhibit a very high spin polarization due to the fact that the sub-bands of the majority-spin and the
minority-spin have states at the Fermi energy Er. However, in case the coherent states of electrons
are conserved in the tunneling process, only those conduction electrons that have totally
symmetrical wave functions with respect to the axis perpendicular to the barrier would be coupled
with the states in the barrier region and come to have a finite tunneling probability. The Al band in
the Fe(001) electrode has such totally symmetric wave functions. As shown in Fig. 1(A), the
majority spin Al band (solid line) has states at the Fermi energy Er, whereas the minority spin Al
band (broken line) does not have state at the Fermi energy Er. Because of such half-metallic
characteristics of the Fe A; band, there is the possibility that a very high MR ratio can be obtained in

a coherent spin polarized tunneling. Since in an epitaxial (single-crystal, or (001) oriented poly-
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crystal) MTJ device the scattering of electrons is suppressed during the tunneling process, an

epitaxial MTJ device is thought to be ideal for realizing the aforementioned coherent tunneling.

[0044] In the following, a MTJ device according to a first embodiment of the invention and a
method of manufacturing the same will be described with reference to the drawings. Figs. 2(A) to
2(D) schematically show the method of manufacturing the MTJ device having the Fe
(001)/MgO(001)/Fe(001) structure according to the embodiment (to be hereafter referred to as a
“Fe(001)/MgO(001)/Fe(001) MTJ device”). Fe(001) refers to a ferromagnetic material with the
BCC structure. First, a single-crystal MgO(001) substrate 11 was prepared. In order to improve the
morphology of the surface of the single-crystal MgO(001) substrate 11, a MgO(001) seed layer 15
was grown by the molecular beam epitaxy (MBE) method. This was subsequently followed by the
growth of an epitaxial Fe(001) lower electrode (first electrode) 17 with the thickness of 50 nm on
the MgO(001) seed layer 15 at room temperature, as shown in Fig. 1(B), and then annealing was
performed at 350°C under ultrahigh vacuum (2 x 10 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 Pa, and the O, partial pressure
was 1 x 10° Pa. Alternatively, a source with oxygen vacancy defects may be used instead of the

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

[0045] Fig. 3(A) shows a RHEED image of the Fe(001) lower electrode (a first electrode). The
image shows that the Fe(001) lower electrode (first electrode) 17 possesses a good crystallinity and
flatness. Thereafter, a MgO(001) barrier layer 21 with the thickness of 2 nm was epitaxially grown
on the Fe(001) lower electrode (first electrode) at room temperature, also using the MgO electron-
beam evaporation method. Fig. 3(B) shows a RHEED image of the MgO(001) barrier layer 21.
The image shows that the MgO(001) barrier layer 21 also possesses a good crystallinity and

flatness.

[0046] As shown in Fig. 2(D), a Fe(001) upper electrode (a second electrode) 23 with the thickness
of 10 nm was formed on the MgO(001) barrier layer 21 at room temperature. This was successively

followed by the deposition of a Co layer 25 with the thickness of 10 nm on the Fe(001) upper
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electrode (second electrode) 23. The Co layer 25 is provided to increase the coercive force of the
upper clectrode 23 so as to realize the antiparallel magnetization alignment. The thus prepared
sample was then processed by microfabrication techniques to obtain the Fe(001)/MgO(001)/Fe(001)
MT] device.

[0047] The aforementioned MgO evaporation using an electron beam involved the formation of a
film under ultrahigh vacuum of 10 Torr. It can be seen that in this method, the film, even when
formed on a glass substrate to the thickness of 300 nm, was colorless and transparent, showing that
a good crystal film was formed. Fig. 4 shows the results of observing the quadrupole mass spectra
in the deposition chamber during the MgO growth. The results show that the partial pressures
regarding the spectrum P1 of O and the spectrum P2 of O, are high. Fig. 5 shows the film
deposition rate dependency of the oxygen partial pressure during MgO evaporation. It will be seen
from the figure that the oxygen partial pressure itself is high, and that the oxygen partial pressure
increases as the deposition rate increases. These results indicate the separation of oxygen from
MgO during the deposition of MgO. Since the separated oxygen is pumped out of the deposition
chamber using vacuum pumps, there is the possibility that there are oxygen vacancy defects such as
MgOy (0.9 <x < 1). When there are oxygen vacancy defects, the potential barrier height of the
MgO tunnel barrier is thought to decrease (such as in the range of 0.10 to 0.85 ¢V; more
specifically, 0.2 to 0.5 eV), which is thought to result in an increase in the tunneling current. In the
case of a typical Al-O tunnel barrier, the height of the tunnel barrier with respect to Fe(001)
electrodes is considered to be 0.7 to 2.5 ¢V. 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 MgOy due to oxygen vacancy defects is such that 0.98 < x < 1, and
more preferably 0.99 < x < 1. These are the ranges such that the sole presence of Mg is excluded

and the characteristics of MgO can be basically maintained.

[0048] The aforementioned tunnel barrier height ¢ was determined by fitting the electric
conductance characteristics of the MTJ device (the relationship between tunnel current density J and

bias voltage V) onto the Simmons’ formula (Equation (20) in a non-patent document by J. G.
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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" kg)
as the electron’s effective mass. When a bias voltage V (which is normally on the order of 500 mV
to 1000 mV) is applied until non-linearity appears in the J-V characteristics, the height ¢ of the
tunnel barrier and the effective thickness As of the tunnel barrier can be simultaneously determined

by fitting the J-V characteristics using the Simmons’ formula.

[0049] The effective thickness As of the tunnel barrier was determined to be smaller than the
thickness of the actual MgO(001) tunnel barrier layer (tygo) determined from a cross-sectional
transmission electron microscope image of the MTJ device by approximately 0.5 nm. This is the
result of the effective thickness As of the tunnel barrier having been reduced from the actual
MgO(001) layer thickness by the effect of the image potential produced at the interface between the
MgO(001) layer and the alloy layer consisting mainly of Fe and Co.

[0050] It is noted that, in the event that ty,o can be accurately determined using the cross-sectional
transmission electron microscope (TEM) image, the height ¢ of the tunnel barrier can be more
simply determined by the following technique. Namely, when the bias voltage V applied to the
MT]J 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 = [(2md)"*/As](e/h)* x exp[—(4nAs/h) x (2md)*] x V )

[0052] where m is the mass of the free electron (9.11 x 107" kg), ¢ is the elementary electric charge
(1.60 x 10"°C), and h is the Planck’s constant (6.63 x 107" J-s). The effective thickness of the
tunnel barrier As is approximately tygo — 0.5 nm. By fitting the J-V characteristics of the MTJ
device in the low-bias voltage region onto Equation (2), the height ¢ of the tunnel barrier can be

simply and yet accurately estimated.

[0053] Fig. 6 shows a typical magnetoresistance curve of the Fe(001)/MgO(001)/Fe(001) MTJ
device produced by the above-described 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
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be explained by the spin polarization of the Fe(001) electrode and is thought rather to be related to a
coherent spin-polarized tunneling. When 160 prototype MTJ devices were made, the variations
regarding the MR ratio and tunneling resistance value were not more than 20%. The yield of the
MTJ devices was 90% or more at the laboratory stage. These high values suggest the effectiveness
of the approach of the invention. The resistance-area (RA) product of the MTJ device was on the

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

technique according to the present embodiment.

[0055] Although in the above-described embodiment Fe(001) of BCC was employed, an Fe alloy of
BCC, such as an Fe-Co alloy, Fe-Ni alloy, or Fe-Pt alloy, may be used instead. Alternatively, a
layer of Co or Ni with the thickness of one or several monoatomic layers may be inserted between

the electrode layer and the MgO(001) layer.

[0056] Hereafter, a MTJ device according to a second embodiment of the invention and a method
of manufacturing the same will be described. In the method of manufacturing a
Fe(001)/MgO(001)/Fe(001) MTJ device according to the present embodiment, MgO(001) is
initially deposited in a poly-crystalline or amorphous state by sputtering or the like, and then an
annealing process is performed such that a poly-crystal in which the (001) crystal plane is
preferentially oriented or a single-crystal is obtained. The sputtering conditions were such that, for
example, the temperature was room temperature (293K), a 2-inch ¢ MgO was used as a target, and
sputtering was conducted in an Ar atmosphere. The acceleration power was 200 W and the growth

rate was 0.008 nm/s. Because MgO that is deposited under these conditions is in an amorphous
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state, a crystallized MgO was obtained by increasing the temperature to 300°C from room

temperature and maintaining that temperature for a certain duration of time.

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

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

[0058] As described above, in accordance with the MTJ device technology of the present
embodiment, an annealing process is carried out for crystallization after an amorphous MgO has

been deposited by sputtering, thereby eliminating the need for large-sized equipment.

[0059] Hereafter, a MTJ device according to a variation of the embodiments of the invention will
be described with reference to the drawings. Fig. 11 shows the structure of the MTJ device
according to the variation, which corresponds to Fig. 1(B). As shown in Fig. 11, the MTJ device of
the variation is characterized in that, as in the MTJ device of the above-described embodiments, the
electrodes disposed on cither side of a single-crystal MgOx(001) layer 503 or an oxygen-deficit
poly-crystal MgOx (0 < x < 1) in which the (001) crystal plane is preferentially oriented comprises
an amorphous ferromagnetic alloy, such as CoFeB layers 501 and 505. The amorphous
ferromagnetic alloy can be formed by evaporation or sputtering, for example. The resultant

characteristics are substantially identical to those of the first embodiment.

[0060] As the amorphous magnetic alloy, FeCoB, FeCoBSi, FeCoBP, FeZr, and CoZr may be used,
for example. Although an anneal process after the preparation of the MTJ device might cause the
amorphous magnetic alloy 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
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described to be deposited by electron-beam evaporation or sputtering, it should be obvious that
other deposition methods are also possible. The term “high vacuum” refers to values on the order
of no more than 10 Pa in the case where oxygen is not introduced, for example. In the case where

oxygen is introduced, the term refers to values on the order of 10™* Pa.

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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REMARKS
By this Amendment, paragraphs [0029] of the Brief Description of the Drawings
having been amended from referring to all figures of Fig. 9 collectively to now refer to Figs.
9 (A)- 9 (C), respectively. Corresponding amendments were made to paragraph [0009] to
be consistient with the changes to paragraph [0029].
Applicant hereby states that the Substitute Specification included no new matter.

In light of the foregoing, examination and allowance of this case is respectfully

requested.
Respectfully submitted,
Date: October 2, 2015 5?4 wldoe b g

By: Nicholas B. Trenkle
Registration No. 54500

STITES & HARBISON PLLC<1199 North Fairfax SteSuite 900¢ Alexandria, VA 22314
TEL: 703-739-4900 ¢ FAX: 703-739-9577 ¢ CUSTOMER NoO. 000881
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Multipart Description/PDF files in .zip description
Document Description Start End

Applicant Response to Pre-Exam Formalities Notice 1 2

Preliminary Amendment 3 3

Specification 4 31

Applicant Arguments/Remarks Made in an Amendment 32 32

Warnings:
Information:
Total Files Size (in bytes):l 482945

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

New Applications Under 35 U.S.C. 111

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

National Stage of an International Application under 35 U.S.C. 371
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35

U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application asa
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office
If a new international application is being filed and the international application includes the necessary components for

an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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Application # | 14/837,558
Confirmation # | 4455

RESPONSE TO NOTICE OF Filing Date | August 27, 2015
OMITTED ITEMS First I,r&::aatg: YUASA, et al.
Examiner

Docket # | P11338USO1/NBT

Mail Stop MISSING PARTS
Commissioner of Patents
P.O. Box 1450

Alexandria, VA 22313

In response to the NOTICE OF OMITTED ITEMS mailed September 18, 2015,

enclosed is/are the following:

[] Fee Transmittal — see below Fee Calculation box.
[] Declaration signed by the named inventor(s); [] including Power of Attorney.
[ ] Power of Attorney signed by Applicant; and [_] Rule 3.73(c) Statement.
[] Translation — which is an accurate English translation of the application.
[] Priority Document Certified copy, the priority of which is hereby claimed.
X Preliminary Amendment to correct specification.
[] IDS (Information Disclosure Statement).
[] Certification of Micro Entity Status.
[]
FEE CALCULATION (after reducing filing fee by preliminary amendment if noted above).
STATUS of Applicantis: [ JMICRO []SMALL []JLARGE FEE DUE
FEE FOR CALCULATION $ $ $ $
[] BASIC - via EFS 70 70 280
] SEARCH 150 300 600
] EXAMINATION 180 360 720
[J TOTAL CLAIMS - 20 =0 (extra) xX20 = x40 = X80 =
1 INDEP. CLAIMS -3 =0 (extra) X105 = x210 = X420 =
] MULT. DEP. CLAIM 195 390 780
] APPL. SIZE | #x.75-100=2, extra50s = 2 100 200 400
[] SURCHARGE - late fees or oath 35 70 140
[J Non-English Specification 35 70 140
[ Extension of Time for month(s) (serving as a constructive EOT Petition)
TOTAL
Page 1 of 2

2355LT:10003:367382:1:ALEXANDRIA

WD EX1010
Western Digital v IP Bridge
Page 101



[ ] Payment of $ in accordance with the FEE CALCULATION above is made by the
concurrently submitted:

X] ELECTRONIC FUND TRANSFER.
[ ] CREDIT CARD PAYMENT FORM (PTO-2038).

X The Commissioner 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.

Respectfully submitted,

R

Date: October 2, 2015 fw&{w B delde
By: Nicholas B. Trenkle
Registration No.: 54500

STITES & HARBISON, PLLC ¢ 1800 Diagonal Road. ¢ Suite 325 ¢ Alexandria, VA 22314
TEL: 703-739-4900 ¢ FAX: 703-739-9577 ¢ CUSTOMER NO. 881

Page 2 of 2
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PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number
Substitute for Form PTO-875 14/837,558
APPLICATION AS FILED - PART | OTHER THAN
(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($)
BASIC FEE
e .01 0) N/A N/A N/A N/A 280
SEARCH FEE
o) N/A N/A N/A N/A 600
EXAMINATION FEE
EXAMINATONTEE N/A N/A N/A N/A 720
TOTAL CLAIMS *
(37 CFR 1.16(i)) 3 minus 20= OR |x 80 0.00
INDEPENDENT CLAIMS *
(37 CFR 1.16(h) 1 minus 3 = x 420 0.00
If the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
FEE $310 ($155 for small entity) for each additional 0.00
(87 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00
* If the difference in column 1 is less than zero, enter "0" in column 2. TOTAL TOTAL 1600
APPLICATION AS AMENDED - PART Il
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
< AFTER PREVIOUSLY EXTRA RATE(S) FEE(S) RATE(S) FEE(S)
E AMENDMENT PAID FOR
L Total . i - =
s (37 oFg? 16(7)) Minus OR |«x
=) - r =
E (égdoerRe? .?S(T‘t)) Minus OR |«x
3 Application Size Fee (37 CFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16())) OR
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
m AFTER PREVIOUSLY EXTRA RATE(S) FEE(S) RATE(S) FEE(S)
E AMENDMENT PAID FOR
w Total * Minus ** =
= (a7 CFg ?.16(\)) OR |x
% Independent Minus | *** = OR x
L (37 CFR 1.16(h))
z Application Size Fee (37 CFR 1.16(s))
OR
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16()))
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
* If the entry in column 1 is less than the entry in column 2, write "0" in column 3.
** |f the "Highest Number Previously Paid For” IN THIS SPACE is less than 20, enter "20".
*** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3".
The "Highest Number Previously Paid For" (Total or Independent) is the highest found in the appropriate box in column 1.
WD EX1010
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

Q. Box 145

Alexandria, Virginia 22313-1450
WWW.USDO.gOV

APlS%\(/:[gglleN I ; 1I(L£\I§A0Tr1~: Glg\l?fT I FIL FEE RECD I ATTY.DOCKET.NO ITOT CLAIMSI IND CLAIMSl
14/837,558 08/27/2015 2811 1600 P11338USO1/NBT 3 1
CONFIRMATION NO. 4455
881 UPDATED FILING RECEIPT
STITES & HARBISON PLLC
1800 Diagonal Road O A AL
SUITE 325

ALEXANDRIA, VA 22314
Date Mailed: 10/13/2015

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

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

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

Domestic Priority data as claimed by applicant
This application is a CON of 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

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

If Required, Foreign Filing License Granted: 09/15/2015
page 1 of 3
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The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 14/837,558

Projected Publication Date: 01/21/2016
Non-Publication Request: No

Early Publication Request: No
Title

MAGNETIC TUNNEL JUNCTION DEVICE
Preliminary Class
257
Statement under 37 CFR 1.55 or 1.78 for 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 USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

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

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

page 2 of 3

WD EX1010
Western Digital v IP Bridge
Page 105



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

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

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

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

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

NOT GRANTED

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

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote and facilitate business investment. SelectUSA provides information assistance to the international investor
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic development organizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop
technology, manufacture products, deliver services, and grow your business, visit http:/www.SelectUSA.gov or call
+1-202-482-6800.
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Customized PTO/SB/08a+b (07-09)

Substitute for Form 1449/PTO Application # | 14/837,558
Confirmation # | 4455
INFORMATION DISCLOSURE Filing Date | August 27,2015
First Inventor | YUASA, et al.
STATEMENT BY APPLICANT fventor
Examiner
Sheet 1 of 1 Docket # | P11338US01/NBT
FOREIGN PATENT DOCUMENTS

Initial Country-Number- Publ. Date Name Trans-

) Kind Code fkmown MM-DD-YYYY Patentee or Applicant lation

JP 2002-20400 7/19/2002 Abst

Examiner Signature

Date Considered

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

23551.T:10003:369513:1:ALEXANDRIA
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Electronic Acknowledgement Receipt

EFS ID: 23876561
Application Number: 14837558
International Application Number:
Confirmation Number: 4455

Title of Invention:

MAGNETIC TUNNEL JUNCTION DEVICE

First Named Inventor/Applicant Name: Shinji YUASA
Customer Number: 881
Filer: Stephen John Weyer/Sheila Price
Filer Authorized By: Stephen John Weyer
Attorney Docket Number: P11338US01/NBT
Receipt Date: 23-0CT-2015
Filing Date: 27-AUG-2015
Time Stamp: 15:01:14

Application Type: Utility under 35 USC 111(a)

Payment information:

Submitted with Payment no

File Listing:

Document . . File Size(Bytes)/ Multi Pages
Document Description File Name f . .
Number Message Digest | Part/.zip| (if appl.)
431284
1 P11338US01-IDS.pdf yes 3
506470fb34821540d8eb167f973862f69b)
2a0a
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Multipart Description/PDF files in .zip description
Document Description Start End
Transmittal Letter 1 2
Information Disclosure Statement (IDS) Form (SB08) 3 3
Warnings:
Information:
Total Files Size (in bytes):l 431284

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

New Applications Under 35 U.S.C. 111

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

National Stage of an International Application under 35 U.S.C. 371
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35

U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application asa
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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Application # | 14/837,558
INFORMATION Confirmation # | 4455

Filing Date | August 27,2015
DISCLOSURE First Inventor | YUASA. et al.

STATEMENT At

Docket # | P11338US01/NBT

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

This IDS is submitted pursuant to 37 CFR. §1.97-1.98 and includes the following:
A listing of the documents on PTO-1449.

X A copy of all non-US documents which are listed on the PTO-1449 have been previously
filed in one or more of the parent applications.

] A copy of a corresponding foreign or PCT Search Report which explains the relevance of
the documents noted therein (and which is listed on the PTO-1449).

It will be noted that this submission corrects a clerical error on the PTO-1449 of “JP 2002-
20400” to “JP 2002-2004".

Please note the following particulars concerning the filing of this IDS:

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

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

e within three months of the date of entry into the NATIONAL STAGE as set forth in 37 CFR.
§1.491 in an international application, or

e before the mailing date of a first Office Action on the merits (including after filing of an
RCE) (but if a first Office Action is mailed but not yet received and the date on the face of the
attached communication makes it evident that this IDS is submitted within three months from the
mailing of the search report, then applicant is entitled to have this IDS considered under 2.B.
below and such boxes should be considered as having been checked).

[] 2. This IDS is filed (Rule 1.97(c)) after a first Office Action, but before a Final Action,

Allowance, or any other action which closes prosecution, and:

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

or (one of the following)

[] B. | hereby state that each item of information contained in this IDS was first cited in
any communication from a foreign patent office in a counterpart foreign application not
more than three months prior to the filing of this IDS.

] C.1hereby 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.

[l D.An appropriate Statement is attached.

23551L.T:10003:369510:1:ALEXANDRIA
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[ ] 3. This IDS is filed (Rule 1.97(d)) after a final action or allowance, but on/before payment of
the issue fee, and:

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

and (one of the following)

[ ] B. 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.

[ 1 C.lhereby state that no item of information in this IDS herewith was cited in a
communication from a foreign patent office in a counterpart foreign application, and, to
my knowledge after making reasonable inquiry, was known to any individual
designated in 37 CFR. §1.56(c) more than 3 months prior to the filing of this IDS.

[] D. An appropriate Statement is attached.

[] 4. This IDS does not comply with 37 CFR 1.97-1.98, and is being filed for placement in the
file pursuant to 37 CFR. §1.97(i).

5. It will also be appreciated that;

a. ltis believed that this IDS complies fully with 37 CFR 1.56 and 1.97-98 and with MPEP §
609; but if for some reason it does not and will not be entered, the examiner is requested
to telephone the undersigned so that any deficiency can be timely remedied.

b. Some of the documents may have markings thereon, but no significance should be
attached to those markings.

¢. These documents are not necessarily analogous art.

d. Where an English language translation of any part of a document is provided from a
public source, applicant cannot vouch for the accuracy of that translation.

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.

Respecitfully submitted,

: .

Date: October 23, 2015 Jﬂ Uiddor 8. Trulda
By: Nicholas B. Trenkle
Registration No.: 54500

STITES & HARBISON PLLC ¢ 1199 North Fairfax St. ¢ Suite 900 ¢ Alexandria, VA 22314
TEL: 703-739-4900 ¢ FAX: 703-739-9577 ¢+ CUSTOMER NO. 881
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JAPAN PATENT OFFICE
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This is to certify that the annexed is a true copy of the following application as filed
with this Office.

W oBE % A H 2004%F 3H12H
Date of Application:

th B F 5 HE2004—071186
Application Number:

IS LT L AHMEAND BB

A2 BEEEOEROGER
gf%&@@lﬂ—b»&%
5 JP2004—071186

The country code-and number
of your priority application,
to be used for filing abroad
under the Paris Convention, is

e [ RIFS R T AR TR R
pplicant(s):
[ S RIS 7 o AP HR E RS2

2015F12H 8H
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Commlssloner
Japan Patent Office
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WL, BURo TM R Z2F o ddikiiiidfnn g &K<, 2B 1ERE 200 mVELT & K
7z, DRAM®OEIJEEICH AR TEREITESTH Y, BFEELZ FT L1200 {3508
A RO NTFALE TR TLED 20 H BENS 5 72,
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FFEHO—FLIT L IE, b VREEEg . X b R IVEREBoF 1 mElcER S
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BCCHEZ BT HH 2 o ARE L. 253 584N 2NVEGHETH - T, BIEE
k2o URREEEAS, BATEMg O« (1 00) HHWE (1 00) FAHAETRARL 72
ZAERMg O x (0<<x<1) JEICEDIEREN TS Z & 25 3 5 SHTE T
fRftans,

(000 9]

F7/2. MgO (100) o s by xIVPEEERG Y. bk > ILBEEERE o 1 mHha
Eh/zFe (100) 6758 1 oigetihE &, FJEE b > rIVEEEEE o 2 Al
Ek&En/zFe (100) »onsdf2omlikge., 25T 285N > 2IVEGHIE
TdH - T, HIGEEM g Ofg4s, BHfiEEMgOx (1 00) HHWE (1 00) HRAMHAIEL
BUH L 72 Z5EMg O x (0<x<1) JHICEVIERENT VDS Z & 21 e T 5 UL
ETRE IS, AIicMgO (1 00) [Bofs8d Mme Al Fe (1 00) @7
=)V I Z RN F—DloNEmE (b2 R VEESS) 2HEARBICBULHE LD K<L
ez B E 5, iz WS & BRI RL TMRETO R IJETE 2K
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g0, (100) HHWE (1 00) FEHEAMERHIGL 7224 HEMg O (0<x<1
Y IS h N R IVEEEE R SRS NICBWTHEFE T A TREE . k2 pILEREESg o
20Fe (100) BEEKTLZIHEEHTSZ L 25 T 2uAETNE TS
EREE NS,

(001 1]

/o, BHEMgOx (100) 50 (1 00) HEHAMELER N L 22/ EMg
Ox (0<x<1) okl MEEfTLH 1 T, FZFEMEICEHE1OFe (100
) BEHEFEL., RO T. #R oo 7 =— L2738 2 TFRE, BIiE 1oFe (1
00) [ECTETE-LZEFERICIV B EMgOx (100) 50E (1 00) #Hib
AR L 72 2R Mg O x (0<x<{1) M55 k> p)VEEEEfG 2 EHZE Fich
WTHERE T A 3 TFE e, A VERERB FICE 20 Fe (1 00) 2EARTLHHE4
TFE2H9 52 &R e T2AIMSErollE gt s hsg, . gled 1 ¢
FReBE2 THEOEIC, BHEMegOx (1 00) HD:E (1 0 0) H&HAMEICHEN
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(001 2]

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

BIGC b > rIVFEEEf o 2 NI E NI T IV 7 7 ARG 52 58 2 Dihik
Mg L., 20T 208 2 MESGHETH - T, AlicMg O (1 00) [EofmEE T
e Bl 7 BT » ARMES SN 658 1 UEE 2 ofmkiiAE L © 7 =)L I E{1 o
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eI 2 RSIRIEE TR S S,
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(001 3]

KRFEC LN, RO TMREZTICHANT RS SBGHIIZELZ 28T, TMR
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FALSE R L WO S 5.
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KREAIEIC BTGB RICHE T S TTHER2E] & 0BT, EANOEE T8
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(2001) 509.) . Z D kD RAETIL, M%K%%%?K%#ukhgﬁwﬁﬁmﬁﬁm

BMgOD KR VERED FEIREL S D Z 2T 500, HHERRE L v HEZ Ak
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FHH D FFEDIZHEIZ DT T B HC, FIHBE DTS 2 HBRITOWTERHEZITY. M
T J oEEdddin (MR) d, DIToXATtRaEns,

AR/ Rp= (Rap—Rp) /Rp

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

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

1, 2 (1)
eFREND,

(001 6]

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

MTJZFZ7ENT7 7 ADA L —0D L > x)U[EEE L AR EEME 2 HOTIER T %
. FERTOMREELTHTO%EIMHEMNESNT S0, DRAMIE O JJETET
HLH200mVEELIOITHLL., FAOEIIIMRAMEROH T LMELAE - T
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(001 7)

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

b > IVRREEICHEE Ze 1) (FEE AT 2358 A 0D o7 vk 2, 2 B4 5E
TSNS 4. K1 (A) 1R [100] (r—H) HEIIBITLFe T x L ¥ —
Ny RERCTENE, 7= VI EAE pIZ B SREERRE (DOS) 1. ZRAREY V2K
A DOV TN R 2 )V IBNE pll BWTREBEBL Tnb o, ThUFEEE G
MRz m&E g, LnLedis, @Foab—Lr MREER R D 2 VBB BWLTHRES
NAHTJEITE, PEEECEE 2N LT b — NS R @il e 9 5 BlE T o &
PFREERURIC BT S RBE B L, HL—ED b pUERE2 > 2 i s, M1 (A
) AITRT RIS, ZBHAE YA LAY R B 7 =V IEAE plREB2 59 505
PEAE A LAY (BGERD F7 =V SEME piOREEZH L2, ZokdRFeA
1N RON=T X VRIS £ D JFRICECMR I e — L > b7 2 e o it
i BT sNLa RS 5. 2y X2 vl (ERiRHL0E (1 00) K
MZAR) OMT Jidk, b > RV BI 2E T ofGELysdli s h s 20, Fido k
DAL =LY N by RNV ERBIT L20ICEHEN TS L L ER 605,
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LI, ARFEHDOH 1 OFFEOIZREIC L D diiza 7 MO odlidE ki 2u»THim %
ZHL>28AZT>. M2 (A) o2 (D) £TiE AREHOERMOEBIZ LS F
e (100) /MgO (100) /Fe (100) #azHI2EAMEIET (AT, T
Fe (100) /MgO (100) /Fe (100) MTJJ ¢¥¥2%5. ) ol Tz
HAMNRIHTHS, Fe (100) X, BCCHEEZ2HIT LMmBIMEATHS, T
BEREMgO (100) #iR1 1 Z%¥fHL, MBEE (o3 —F) kb,
HHEEMgO (100) #fil loRAoTE 70y —28ET L5720, MgO (100
) Y= KE1l5&ikETSL. WmL T, M1 (B) ITRT LI, 50nm/EoEr ¥
% J)LFe (100) TEp&EM (B1EM 1 72Mg0O (100) >—K/Eg15 FicxE
BTREL, /ROT, #HEEZS T (2X10—8Pa) BT, 350CT7=—)L%
119, W, ETHRESFICBU 25405 MEEES8 KV THY, REEHENMO0., 02n
m/F, RERESER (293K) . V-2 LUHMFEGHHMKROMg O (Mg &
OLDHA1 + 1) MV, V—2rHEWME DX 4 0cmeiL, Ry 27592 KD
BHZEER1 X1 0—8Pa, OsHENLI X1 0—6PaThsb. M. fEEEi#Ko
MgO (Mg O&lAtl : 1) ofibhic, OKEEZ2HFIT LY —AE2HHATLZEb
aRETH B,

[001 9]

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

[0020]

K2 (D) ITorT &5, MgO (100) NU7PE21 Rz, FETEZ1O0nmo
Fe (100) Lif@EM G2 232kl gl T, 10nm/EEDCol@
25%Fe (100) [EpEM (E2&EM) 23 FICHTEL /2, Cof@2 51%. FEEM
23D NEROLZ Ik UCPATHALRE 2 KA 27200 b0 TH L, RNT
. P OVERRREIEZ B T L TCFe (100) /MgO (100) /Fe (100) M
TJIZTE2FRT 5.
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FAHEBICEAMgOZEFHIE, 10—9Tor r OEEZRETHKRIEZ T/, 2O
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(002 2]
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46%THY. APERE2 93 KICBWIMRIIZ8 8% Th -7z, ~Dfilt. B{EE T
WCERICBWIEHONEELVECMRIETHL, 2ok RECGMREE Fe (100
) O A AT K S THIAT 22 2139, HLA, ab— LY A VW
WmhoxU > ZcllidassEzrzons, 1600MT IJETEZRMEL24HE. MRILY
o UEUE S ST 2IE0 2 1E, 20%LIATH -2, MT J oG E D L FEME
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RIS, MRHNERKRTAEFE Vhal £131 250mVEWHIEFFICEWIRESNT
WhH, . IEROA 1 —ORICBUDLMRIEDFKTLEEV ha 1 £1E300~600
mVTH5DH, 7 (b) 2, MTIJDHIEEV ;w1 ld (=7 7REHEX (Rap—
Rp) /Rap) 9, HHEEV ¢ DRKNEZIE AL 7 22BT380mVa
R EeNTHS, Zofild, Al—ONRNY 7oigEofE (200mV) O] 2{50ET
HLH., 2ok, MRILE B JER ol TEVVESE S /e 2 k. REOTGE
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Tt EHETIE, ET ANy 2 Yo 7ERyickdMgO (100) 28EE2137

WD EX1010
Western Digital v IP Bridge
Page 145
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ML 72ZAE R E R ERREALT AR E T 5., 2oy 2 U R MBE. AE RE
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i, OKIBOW AN FEE L TCE, REMIZOKENEL 58:TREZRZITY HiE. OK
HBE2EPOEAT L. OKEOH LIREED & | 2 13WsE 7 5 X< ALEE X3 B IAMR L7
SV EBILEIT o THAEEEDOOKRME CHET 2 HFEoWTREHGTL Ry,
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2119, M1 1. AFREHORBOEREOEC L AOIMT J 0= THELZ RITH Y
LT (B ISR AXTH S, 1 LISRT K DI, AREEOIFREIC L SR IizE
T, FRACFEROIZREIC kL eI T 2 EFRC, BREMgOx (1 00) L0
(1 00) HFABMMAMEIIKN L 722X EEZM Mg O x (0<x<{1) @5 03iTxfL
THT o LEHe LT, 7ENLT v At G4, AZCoFeBE501. 505
ORISR S, TRV T » ARG S MIAFEF TR CIE ARy U
TEERAGTERBETH 5., o NRHFEE | oFHOEDG G 2 IRIFEFTH
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mERRANWLZIE L TES,
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PLE, REBOIZEEIC kA RSHEAETFIC O W TEMH L 72838, RKRIHIZZ NS ICHIR S
NLLOTIHvy, Toft, flienZHE, R, A EN0]EER 2 &Y ESFITHH
THSD., AL, Mg ORICHEXIREZEATLNDYIC, flIAIFCa®Sri K-
VIUTLZETh R NAEEOSESERBTL AP TOLRY, £/, Mg Ofgaif
MAFEL LT, ETe—LaBEEXIANy Z Y o 7FERHNI U THRIHL 72085, Fofto
HEFE DB RETH L 2 29 T Th2w, £/, SmEZe oHEEL. M2 1 3E%
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(1) RFHDOHE | OFHOFEICLLMT IE TGS (M1 (B) ) &, ifked
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(B3] 13 (A) 1, Fe (100) NipdEM (G5 1dEM) ORHEEDA X—¥
ZRIHTHY, M3 (B) 1F. ZofFEoMg0O (100) NXUFPEORHEEDA
A=V ERTHTH S,
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(5] Mg OZEEFTOMESEOEHEFRIERGTEEZ I NTH S,
(6] Fe (100) / MgO (100) /Fe (100) MT JEToUmI%z
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1 (B) gyt d 5HTH 5,
(715 o kA )
(003 3]
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[HAMEE L 722 EMeg O 8 (0<x<{1) ., 5 2dmFe (100) 8. 11
CHFREMg O, (100) H50E (1 00) MBAIAEIAH L 72ZMEM g O 4
M (0<x<<1), 15-Mg0O (100) ¥—KJg, 1 7--ZE¥xFL % )LFe (10
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Application No. Applicant(s)
14/837,558 YUASA, SHINJI

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

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

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

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

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

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

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

Status
1)[X] Responsive to communication(s) filed on 8/27/15.
[] A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filedon _____ .
2a)[] This action is FINAL. 2b)[X] This action is non-final.

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

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

Disposition of Claims*
5)[X] Claim(s) 1-3is/are pending in the application.

ba) Of the above claim(s) is/are withdrawn from consideration.
6)[] Claim(s) is/are allowed.
7)Y Claim(s) 1-3is/are rejected.
8)[] Claim(s) is/are objected to.
9)[1 Claim(s) are subject to restriction and/or election requirement.

* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a
participating intellectual property office for the corresponding application. For more information, please see
hitp/rwww usplo.aov/catents/init_events/prh/indax.jsp or send an inquiry to PPHicedback@uspio.qoy.

Application Papers
10)[0 The specification is objected to by the Examiner.
11)X] The drawing(s) filed on 8/27/15 is/are: a)[_] accepted or b)[] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).

Priority under 35 U.S.C. § 119
12)[X] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:
a)XJ Al b)[] Some** ¢)[] None of the:
1.[] Certified copies of the priority documents have been received.
2..J Certified copies of the priority documents have been received in Application No. 10/591,947.
3.[] Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).
** See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)
1) IZI Notice of References Cited (PTO-892) 3) |:| Interview Summary (PTO-413)
< . . Paper No(s)/Mail Date. .
2) Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b) 4 I:‘ Other-
Paper No(s)/Mail Date 8/27/15.10/23/15. ) ther:
U.S. Patent and Trademark Office
PTOL-326 (Rev. 11-13) Office Action Summary Part of Paper No./Mail Date 20160110
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Application/Control Number: 14/837,558 Page 2
Art Unit: 2897

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

provisions.

Information Disclosure Statement
2. The information disclosure statement (IDS) submitted on 8/27/15 and 10/23/15
were filed after the mailing date of the non-final rejection on 1/10/16. The submission is
in compliance with the provisions of 37 CFR 1.97. Accordingly, the information

disclosure statement is being considered by the examiner.

Drawings

3. The formal drawings filed on 8/27/15 have been approved by the examiner.

Claim Rejections -35USC § 112

4, The following is a quotation of 35 U.S.C. 112(b):
(b) CONCLUSION.—The specification shall conclude with one or more claims particularly
pointing out and distinctly claiming the subject matter which the inventor or a joint inventor
regards as the invention.

The following is a quotation of 35 U.S.C. 112 (pre-AlA), second paragraph:
The specification shall conclude with one or more claims particularly pointing out and distinctly
claiming the subject matter which the applicant regards as his invention.

5. Claims 1-3 are rejected under 35 U.S.C. 112(b) or 35 U.S.C. 112 (pre-AlA),
second paragraph, as being indefinite for failing to particularly point out and distinctly
claim the subject matter which the inventor or a joint inventor, or for pre-AlA the

applicant regards as the invention.
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Application/Control Number: 14/837,558 Page 3
Art Unit: 2897

6. Claims 1-3 are rejected under 35 U.S.C. 112, second paragraph, as being
incomplete for omitting essential steps, such omission amounting to a gap between the
steps. See MPEP § 2172.01. The omitted steps of claim 1 are: a first and second

ferromagnetic material layers on a poly-crystalline magnesium oxide layer.

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

for all obviousness rejections set forth in this Office action:

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

8. The factual inquiries set forth in Graham v. John Deere Co., 383 U.S. 1, 148
USPQ 459 (1966), that are applied for establishing a background for determining
obviousness under pre-AlA 35 U.S.C. 103(a) are summarized as follows:

1. Determining the scope and contents of the prior art.

2. Ascertaining the differences between the prior art and the claims at issue.

3. Resolving the level of ordinary skill in the pertinent art.

4. Considering objective evidence present in the application indicating
obviousness or nonobviousness.
9. Claim 1 is rejected under pre-AlA 35 U.S.C. 103(a) as being unpatentable over

Parkin (US 2008/0062581) in view of Nashimoto (US 5,514,484).
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Application/Control Number: 14/837,558 Page 4
Art Unit: 2897

With respect to Claim 1, Parkin discloses a substrate 111 and a first amorphous
ferromagnetic material layer 115 made of CoFeB alloy of a BCC structure on a
substrate 111. An amorphous second ferromagnetic material layer 175 comprising a
CoFeB alloy. A tunnel barrier layer 120" made of MgO located between the first and
second ferromagnetic material layers 115,175, wherein the tunnel barrier layer
comprising a poly-crystalline MgO layer in which (100) crystal plane is substantially
oriented. Parkin discloses less oxygen between the tunnel barrier layer and the upper
ferromagnetic layer (see abstract, paragraphs 41,42, 45, and 71 ; Figs. 3 and 11).
Parkin fails to explicitly recite a barrier layer which is a (001) crystal plane oriented.
However, Nashimoto discloses that it is well known in the semiconductor industry that a
MgO barrier layer can have a (100) or (001) crystal plane as evident by Nashimoto see
col. 6 lines 25-40 and col. 8 lines 1-15). Thus, Parkin and Nashimoto have substantially
the same environment of a MgO layer formed on a substrate. Therefore, one skilled in
the art at the time of invention would readily recognize the MgO barrier layer of Parkin
can have a (001) structure, since the (001) structure is well known in the semiconductor
industry to substitute a (001) structure for a (100) structure in the MgO layer as evident

by Nashimoto.

Double Patenting
10.  The nonstatutory double patenting rejection is based on a judicially created
doctrine grounded in public policy (a policy reflected in the statute) so as to prevent the

unjustified or improper timewise extension of the “right to exclude” granted by a patent
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Application/Control Number: 14/837,558 Page 5
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and to prevent possible harassment by multiple assignees. A nonstatutory double
patenting rejection is appropriate where the claims at issue are not identical, but at least
one examined application claim is not patentably distinct from the reference claim(s)
because the examined application claim is either anticipated by, or would have been
obvious over, the reference claim(s). See, e.g., In re Berg, 140 F.3d 1428, 46 USPQ2d
1226 (Fed. Cir. 1998); In re Goodman, 11 F.3d 1046, 29 USPQ2d 2010 (Fed. Cir.
1993); In re Longi, 759 F.2d 887, 225 USPQ 645 (Fed. Cir. 1985); In re Van Ornum,
686 F.2d 937, 214 USPQ 761 (CCPA 1982); In re Vogel, 422 F.2d 438, 164 USPQ 619
(CCPA 1970); and In re Thorington, 418 F.2d 528, 163 USPQ 644 (CCPA 1969).

A timely filed terminal disclaimer in compliance with 37 CFR 1.321(c) or 1.321(d)
may be used to overcome an actual or provisional rejection based on a nonstatutory
double patenting ground provided the reference application or patent either is shown to
be commonly owned with this application, or claims an invention made as a result of
activities undertaken within the scope of a joint research agreement. See MPEP §
717.02 for applications subject to examination under the first inventor to file provisions
of the AlA 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
AlA. A terminal disclaimer must be signed in compliance with 37 CFR 1.321(b).

The USPTO Internet website contains terminal disclaimer forms which may be
used. Please visit www.uspto.gov/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
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completely online using web-screens. An eTerminal Disclaimer that meets all
requirements is auto-processed and approved immediately upon submission. For more
information about eTerminal Disclaimers, refer to
http://www.uspto.gov/patents/process/file/efs/guidance/e TD-info-I.jsp.

11.  Claims 1-3 are rejected on the ground of nonstatutory double patenting as being
unpatentable over claim 1 of U.S. Patent No. 7,884,403. Although the claims at issue
are not identical, they are not patentably distinct from each other because the
application and the patent tunnel barrier layer made of magnesium oxide layer and a
ferromagnetic material layer made of FeCoB.

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

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

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Fernando L. Toledo can be reached on (571) 272-1867. The fax phone
number for the organization where this application or proceeding is assigned is 571-
273-8300.

Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system Status information for published

applications may be obtained from either Private PMR or Public PMR. Status
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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/January 10, 2016 /Alonzo Chambliss/

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

In re U.S. Patent Application of

YUASA

Application Number: 14/837,558

Filed: August 27,2015

For: MAGNETIC TUNNEL JUNCTION DEVICE
ATTORNEY DOCKET NO. P11338US01/NBT

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

Alexandria, VA 22313-1450

N N N N N N N N N N

Confirmation No. 4455
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 January 21, 2016, the period of

response to which is set to expire on April 21, 2016. Please amend the above-referenced

application as follows:
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IN THE CLAIMS
Claims 1-6 are pending in this application, wherein claim 1 is being amended to

improve form, and wherein claims 4-6 are being newly added, as follows:

1. (Currently Amended) A tunnel barrier layer disposed [[on]]|between a first
ferromagnetic material layer_and a second ferromagnetic material layer that [[is]]are disposed
[[on]]over a substrate,

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

wherein the first ferromagnetic material layer is composed of an Fe-Co alloy of BCC
which alloy comprises Fe, Co, and B,

wherein the first ferromagnetic material laver is located between the tunnel barrier

layer and the substrate.

2. (Original) The tunnel barrier layer according to claim 1, wherein a barrier height ¢ of

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

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

J=[2me)"*/ As](e/h)* x exp [~(4nAs/h) x 2m)] x V(1)

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

microscope image.

4, (New) The tunnel barrier layer according to claim 1, wherein the second
ferromagnetic material layer is composed of an alloy comprising Fe and Co, and wherein the

second ferromagnetic material layer is located above the tunnel barrier layer.
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5. (New) The tunnel barrier layer according to claim 1, wherein the second
ferromagnetic material layer is composed of an alloy comprising Fe, Co, and B, and wherein

the second ferromagnetic material layer is located above the tunnel barrier layer.

6. (New) The tunnel barrier layer according to claim 1, wherein the tunnel barrier layer

is disposed on the first ferromagnetic material layer.
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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
January 21, 2016 (U.S. Patent Office Paper No. 20160110). 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 1-6 stand for consideration in this application, wherein
claim 1 is being amended to improve form, and wherein claims 4-6 are being newly added.
All amendments to the application are fully supported therein. For example, the
amendments to the claims are supported by paragraphs [0007], [0045], and [0049-50] of the
present application as originally filed, as well as by Figures 9(B) and 11. Applicants hereby
submit that no new matter is being introduced into the application through the submission of

this response.

Formality Rejections

The Examiner rejected claims 1-3 under 35 U.S.C. §112, second paragraph, as being
“incomplete for omitting essential steps, such omission amounting to a gap between the
steps.” In particular, the Examiner asserts that the “step” of “first and second ferromagnetic
material layers on a poly-crystalline magnesium oxide layer” is omitted from claim 1.
(Office Action, pp. 2-3). Applicants have reviewed the above-noted rejections, and hereby
respectfully traverse.

In particular, Applicants initially note that the authority cited by the Examiner for the
indefiniteness rejection under 35 U.S.C. §112, second paragraph, is section 2172.01 of the
MPEP. With respect to the notion of omitted essential matter, however, section 2172.01 of
the MPEP states that “[a] claim which omits matter disclosed to be essential to the invention
as described in the specification or in other statements of record may be rejected under...35
U.S.C. 112, first paragraph, as not enabling... Such essential matter may include missing
elements, steps or necessary structural cooperative relationships of elements described by the
applicant(s) as necessary to practice the invention.” (Emphasis added). Nevertheless, as

noted above, the Examiner has issued an indefiniteness rejection under 35 U.S.C. §112,
-
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second paragraph, not a nonenablement rejection under 35 U.S.C. §112, first paragraph. If
the intention of the Examiner here was to issue a nonenablement rejection rather than an
indefiniteness rejection, Applicants respectfully submit that the Examiner has failed to satisfy
the burden of establishing a prima facie of nonenablement under 35 U.S.C. §112, first
paragraph.

In particular, when rejecting a claim for lack of enablement, the examiner bears the
initial burden of setting forth a reasonable explanation as to why the scope of the claim is not
adequately enabled by the description provided in the specification. See In re Wright, 999
F.2d 1557, 1561-62 (Fed. Cir. 1993). While the Examiner appears to suggest that the subject
matter of “first and second ferromagnetic material layers on a poly-crystalline magnesium
oxide layer” is essential to the practice of the claimed tunnel barrier layer but is not included
in the claims, the Examiner fails to provide any rationale or explanation of the basis for
concluding that these elements are essential to the practice of the claimed invention. More
specifically, the Examiner does not point to any portion of the disclosure of the present
application that explicitly states that “first and second ferromagnetic material layers on a
poly-crystalline magnesium oxide layer” is essential to the practice of the claimed tunnel
barrier layer. Moreover, the specification of the present application does not include any
identification or characterization of “first and second ferromagnetic material layers on a poly-
crystalline magnesium oxide layer” as being essential to the practice of the claimed tunnel
barrier layer. Even assuming that “first and second ferromagnetic material layers on a poly-
crystalline magnesium oxide layer” is essential to the practice of the invention, the Examiner
has not provided any explanation how this would support a conclusion that the claims are
based on a non-enabling disclosure.

To this point, Applicants note that the Federal Circuit has explained that a rejection
for failure of a claim to recite a necessary element is appropriate in cases such as a method
claim that omits “a step without which the invention as claimed [is] wholly inoperative
(meaning it simply would not work and could not produce the claimed product).” Amgen Inc.
v. Hoechst Marion Roussel, Inc., 314 F.3d 1313, 1337-38 (Fed. Cir. 2003). Claim 1,
however, is clearly not directed to a method claim, and, therefore, the assertion that an
“essential step” of “first and second ferromagnetic material layers on a poly-crystalline
magnesium oxide layer” being omitted from the claims renders the claimed invention
incomplete is inappropriate. In addition, the Examiner fails to provide any findings that the

omission of a recitation of “first and second ferromagnetic material layers on a poly-
-5-
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crystalline magnesium oxide layer” in the claims renders the claimed invention wholly
inoperative. Furthermore, the Examiner fails to provide any discussion of any of the factors
set forth in In re Wands, 858 F.2d 731, 737 (Fed. Cir. 1988) that are required to be considered
in determining whether a disclosure would require undue experimentation in making a proper
determination of whether the scope of the claim is adequately enabled by the description
provided in the specification.

Accordingly, Applicants respectfully submit that the Examiner has not set forth a
reasonable basis to question the enablement of the claimed invention by sufficiently
establishing that the specification of the present application did not teach those skilled in the
art how to make and use the full scope of the claimed invention without undue
experimentation, and, therefore, that a rejection of the claims 35 U.S.C. 112, first paragraph,
as not being enabling for omitting matter disclosed to be essential to the invention as
described in the specification or in other statements of record would be improper.

With respect to the notion of indefiniteness under 35 U.S.C. §112, second paragraph,
the test for definiteness is whether “those skilled in the art would understand what is claimed
when the claim is read in light of the specification.” Orthokinetics, Inc. v. Safety Travel
Chairs, Inc., 806 F.2d 1565, 1576 (Fed. Cir. 1986) (citations omitted). In this regard, section
2172.01 of the MPEP states that “a claim which fails to interrelate essential elements of the
invention as defined by applicant(s) in the specification may be rejected under 35 U.S.C. 112,
second paragraph, for failure to point out and distinctly claim the invention. See In re
Venezia, 530 F.2d 956, 189 USPQ 149 (CCPA 1976); In re Collier, 397 F.2d 1003, 158
USPQ 266 (CCPA 1968).” Thus, the Examiner appears to be asserting that, in the claims, the
lack of an additionally recited element of “first and second ferromagnetic material layers on a
poly-crystalline magnesium oxide layer” results in the claims failing to specify how the
recited elements are directly functionally or structurally related and/or directly cooperate with
one another and that, without such a description being included in the claims, the claims are
not sufficient to satisfy the requirement under 35 U.S.C. 112, second paragraph, of pointing
out and distinctly claiming the invention. Applicants respectfully disagree.

In particular, Applicants initially note that section 2172.01 of the MPEP, as noted
above, cites two CCPA opinions in support of the proposition that a claim missing an
essential element can be rejected under as being indefinite under 35 U.S.C. 112, second
paragraph. More specifically, the court in Venezia held that a claim covering a “kit” made up

of a combination of two elements was not indefinite. Hence, Venezia cannot stand as
-6-
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precedent for the proposition that a claim lacking a so-called essential element may be subject
to a rejection as being indefinite. Additionally, the court in Collier held that the patentee had
failed to include an essential element in its claim. Because, however, the essential element
did not appear in the claim, the CCPA held that the claim on appeal did not claim what
Collier regarded as his invention. Collier, 397 F.2d at 1005. Thus, neither binding precedent
cited in section 2172.01 can properly be relied upon support the proposition that a claim can
be rejected as being indefinite based on a so-called critical element not recited in the claim.
Moreover, the Examiner has failed to point to any disclosure in the specification that would
teach that a particular element not included in the claims is critical to the practice of the
claimed invention

Furthermore, section 2172.01 of the MPEP further states that “it is not essential to a
patentable combination that there be interdependency between the elements of the claimed
device or that all the elements operate concurrently toward the desired result,” and that “[a]
claim does not necessarily fail to comply with 35 U.S.C. 112, second paragraph where the
various elements do not function simultaneously, are not directly functionally related, do not
directly intercooperate, and/or serve independent purposes.” (Citations omitted). In this
regard, Applicants note that the Examiner has failed to provide any reasons or explanation of
the reasons why the claims of the present application would require the recitation of “first and
second ferromagnetic material layers on a poly-crystalline magnesium oxide layer” to thereby
specify how the recited elements are directly functionally or structurally related and/or
directly cooperate with one another to satisfy the requirement under 35 U.S.C. 112, second
paragraph, of pointing out and distinctly claiming the invention. Accordingly, for at least the
reasons set forth above, Applicants respectfully request reconsideration and withdrawal of the

rejections under 35 U.S.C. §112, second paragraph.

Prior Art Rejections

The Examiner rejected claims 1-3 as being unpatentable over claim 1 of U.S. Patent
No. 7,884,403 (“the ‘403 application™) on grounds of nonstatutory obviousness-type double
patenting. The Examiner rejected claim 1 under 35 U.S.C. §103(a) as being unpatentable
over Parkin (U.S. Patent Application Pub. No. 2008/0062581) and in view of Nashimoto
(U.S. Patent No. 5,514,484). Applicants have reviewed the above-noted rejections, and
hereby respectfully traverse.
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With respect to the double patenting rejections, Applicants respectfully submit that
the present application and the ‘403 application were commonly owned pursuant to 35 U.S.C.
§103(c)(1) at the time the claimed invention of the present application was made.
Accordingly, Applicants are submitting a terminal disclaimer in compliance with 37 C.F.R.
1.321 herewith, thereby rendering moot and/or obviating the non-statutory obviousness-type
double patenting rejection.

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'l 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. & 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 1-6 remain of record. Accordingly, Applicants respectfully
submit that Parkin, either alone or in combination with Nashimoto, fails to teach, suggest, or
disclose each and every limitation of claims 1-6. For example, neither Parkin nor Nashimoto
teaches or suggests that “the ferromagnetic material layer is composed of an Fe-Co alloy of
BCC which alloy comprises Fe, Co, and B,” as required by independent claim 1. On page 4
of the Office Action, the Examiner asserts that Parkin discloses “a first amorphous
ferromagnetic material layer 115 made of CoFeB alloy of a BCC structure on a substrate
111,” “[a]n amorphous second ferromagnetic material layer 175 comprising a CoFeB alloy,”
and “[a] tunnel barrier layer 120° made of MgO located between the first and second
ferromagnetic material layers 115,175.” Applicants respectfully disagree.

In particular, with respect to the ferromagnetic bilayer 115 of Parkin cited by the

Examiner, Parkin, in contrast to the assertions by the Examiner noted above, describes that
8-
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“[t]he layer 115 is preferably formed from a bcc alloy formed from one or more of Co and
Fe. For example, layer 118 may be formed from Fe or Cog4Fes and layer 119 may be formed
from CoyFeso.” (Para. [0042]). Parkin also further describes, with reference to forming the
magnetic tunnel junction illustrated in Figure 3, that “a ferromagnetic layer 115 of 25 A
CoFes 1s deposited.” (Para. [0053]).

An alloy of cobalt and iron, as described in Parkin, is clearly not an alloy of cobalt,
iron, and boron, as required by claim 1. Moreover, while Parkin describes that the
ferromagnetic layer 175 illustrated in Figure 3 is “comprised of a Co—Fe—B alloy,
specifically, (Co7Fes)s0B,” Parkin further describes that “[lJayer 175 is nominally
amorphous in nature. The addition of a sufficient quantity of B to CoFe causes the alloy to
become amorphous.” (Para. [0055]). Additionally, in further contrast to the first
ferromagnetic material layer of claim 1, the ferromagnetic layer 175 of Parkin, as plainly
illustrated in Figure 3, is clearly not located between the tunnel barrier layer 120° and the
substrate 111.

Accordingly, it is clear that Parkin fails to teach or suggest that “the ferromagnetic
material layer is composed of an Fe-Co alloy of BCC which alloy comprises Fe, Co, and B,”
as required by claim 1. Likewise, Nashimoto also fails to include any mention or suggestion
of this required limitation of 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 Nashimoto, 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 2-6
depend either directly or indirectly from claim 1, Applicants respectfully submit that Parkin,
either alone or in combination with Nashimoto, does not render obvious claims 2-6 for at
least the reasons set forth above that it does not render obvious claim 1 and, therefore, that
claims 2-6 are also now in condition for allowance.

Therefore, Applicants respectfully submit that the present invention as claimed is

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

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

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

contact the Applicants’ undersigned representative at the address and phone number indicated

below.

Respectfully submitted,
/NicholasBTrenkle\

Nicholas B. Trenkle
Registration Number 54,500

STITES & HARBISON PLLC

1800 Diagonal Road

Suite 325

Alexandria, VA 22314

(703) 739-4900 Voice
(703) 739-9577 Fax
Customer No. 00881
May 23, 2016

-10-
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] A.ls accompanied by a payment as required by 37 CFR. §1.17(p) in the amount of:
[] $180 large entity or
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or (one of the following)

[[1 B.Ihereby state that each item of information contained in this IDS was first cited in
any communication from a foreign patent office in a counterpart foreign application not
more than three months prior to the filing of this IDS.
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[] 3. This IDS is filed (Rule 1.97(d)) after a final action or allowance, but on/before payment of
the issue fee, and:

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

-and (one of the following)

[] B.Ihereby state that each item of information contained in this IDS was first cited in
any communication from a foreign patent office in a counterpart foreign application not
more than three months prior to the filing of this IDS.

[] C. 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.

[ 1 D.An appropriate Statement is attached.

Ij 4. This IDS does not comply with 37 CFR 1.97-1.98, and is being filed for placement in the
file pursuant to 37 CFR. §1.97(i).

5. It will also be appreciated that:

a. ltis believed that this IDS complies fully with 37 CFR 1.56 and 1.97-98 and with MPEP §
609; but if for some reason it does not and will not be entered, the examiner is requested
to telephone the undersigned so that any deficiency can be timely remedied.

b. Some of the documents may have markings thereon, but no significance should be
attached to those markings.

c. These documents are not necessarily analogous art.

d. Where an English language translation of any part of a document is provided from a
public source, applicant cannot vouch for the accuracy of that translation.

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

Respectfully submitted,

Date: May 23, 2016 ddon . Dok
By: Nicholas B. Trenkle
Registration No.: 54500

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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Application No. Applicant(s)
14/837,558 YUASA, SHINJI

Office Action Summary Examiner Art Unit AIA (First Inventor to File)
ALONZO CHAMBLISS 2897 E‘g‘“s
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- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 138).

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

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

Status
)X Responsive to communication(s) filed on 5/23/16.
[ A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filedon ____ .
2a)[X] This action is FINAL. 2b)[] This action is non-final.

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

4)[] Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims*
5)X Claim(s) 1-6is/are pending in the application.

ba) Of the above claim(s) is/are withdrawn from consideration.
6)[] Claim(s) is/are allowed.
7)X Claim(s) 1-6is/are rejected.
8)[] Claim(s) ____is/are objected to.
9)[d Claim(s) are subject to restriction and/or election requirement.

* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a
participating intellectual property office for the corresponding application. For more information, please see
hitp/reww uspio.aov/catents/init_events/privindax.jsp or send an inquiry to PPHfeadbacki@uspio.qoy.

Application Papers
10)[] The specification is objected to by the Examiner.
11)[X] The drawing(s) filed on 8/27/15is/are: a)[X] accepted or b)[] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).

Priority under 35 U.S.C. § 119
12)X Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or ().
Certified copies:
a)XJ Al b)[] Some** ¢)[[] None of the:
1.[] Certified copies of the priority documents have been received.
2[X] Certified copies of the priority documents have been received in Application No. 10/591.947.
3.0 Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).
** See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)
1) D Notice of References Cited (PTO-892) 3) |:| Interview Summary (PTO-413)
< . . Paper No(s)/Mail Date. .
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Application/Control Number: 14/837,558 Page 2
Art Unit: 2897

DETAILED ACTION
1. The present application is being examined under the pre-AlA first to invent
provisions.
2. The amendments filed on 5/23/16 have been fully considered and made of

record in this application.

Response to Arguments
3. Applicant’s arguments with respect to claims 1-6 have been considered but are
moot because the arguments do not apply to any of the references being used in the

current rejection.

Claim Rejections -35USC § 112

4. The following is a quotation of 35 U.S.C. 112(b):
(b) CONCLUSION.—The specification shall conclude with one or more claims particularly
pointing out and distinctly claiming the subject matter which the inventor or a joint inventor
regards as the invention.

The following is a quotation of 35 U.S.C. 112 (pre-AlA), second paragraph:
The specification shall conclude with one or more claims particularly pointing out and distinctly
claiming the subject matter which the applicant regards as his invention.

5. Claims 6 is rejected under 35 U.S.C. 112(b) or 35 U.S.C. 112 (pre-AlA), second
paragraph, as being indefinite for failing to particularly point out and distinctly claim the
subject matter which the inventor or a joint inventor, or for pre-AlA the applicant regards

as the invention.
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6. In claim 6, the phrase “ wherein the tunnel barrier layer is disposed on the first
ferromagnectic material layer " is vague and indefinite since the location of the tunnel

barrier layer does not further limit the scope claim 1.

Double Patenting
7. The nonstatutory double patenting rejection is based on a judicially created
doctrine grounded in public policy (a policy reflected in the statute) so as to prevent the
unjustified or improper timewise extension of the “right to exclude” granted by a patent
and to prevent possible harassment by multiple assignees. A nonstatutory double
patenting rejection is appropriate where the conflicting claims are not identical, but at
least one examined application claim is not patentably distinct from the reference
claim(s) because the examined application claim is either anticipated by, or would have
been obvious over, the reference claim(s). See, e.g., In re Berg, 140 F.3d 1428, 46
USPQ2d 1226 (Fed. Cir. 1998); In re Goodman, 11 F.3d 1046, 29 USPQ2d 2010 (Fed.
Cir. 1993); In re Longi, 759 F.2d 887, 225 USPQ 645 (Fed. Cir. 1985); In re Van Ornum,
686 F.2d 937, 214 USPQ 761 (CCPA 1982); In re Vogel, 422 F.2d 438, 164 USPQ 619
(CCPA 1970); In re Thorington, 418 F.2d 528, 163 USPQ 644 (CCPA 1969).

A timely filed terminal disclaimer in compliance with 37 CFR 1.321(c) or 1.321(d)
may be used to overcome an actual or provisional rejection based on nonstatutory
double patenting provided the reference application or patent either is shown to be
commonly owned with the examined application, or claims an invention made as a
result of activities undertaken within the scope of a joint research agreement. See

MPEP § 717.02 for applications subject to examination under the first inventor to file
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Application/Control Number: 14/837,558 Page 4
Art Unit: 2897

provisions of the AIA as explained in MPEP § 2159. See MPEP §§ 706.02()(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).

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-I.jsp.

8. The nonstatutory double patenting rejection is based on a judicially created
doctrine grounded in public policy (a policy reflected in the statute) so as to prevent the
unjustified or improper timewise extension of the “right to exclude” granted by a patent
and to prevent possible harassment by multiple assignees. A nonstatutory double
patenting rejection is appropriate where the conflicting claims are not identical, but at
least one examined application claim is not patentably distinct from the reference
claim(s) because the examined application claim is either anticipated by, or would have
been obvious over, the reference claim(s). See, e.g., In re Berg, 140 F.3d 1428, 46
USPQ2d 1226 (Fed. Cir. 1998); In re Goodman, 11 F.3d 1046, 29 USPQ2d 2010 (Fed.

Cir. 1993); In re Longi, 759 F.2d 887, 225 USPQ 645 (Fed. Cir. 1985); In re Van Ornum,
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686 F.2d 937, 214 USPQ 761 (CCPA 1982); In re Vogel, 422 F.2d 438, 164 USPQ 619
(CCPA 1970); In re Thorington, 418 F.2d 528, 163 USPQ 644 (CCPA 1969).

A timely filed terminal disclaimer in compliance with 37 CFR 1.321(c) or 1.321(d)
may be used to overcome an actual or provisional rejection based on nonstatutory
double patenting provided the reference application or patent either is shown to be
commonly owned with the examined application, or claims an invention made as a
result of activities undertaken within the scope of a joint research agreement. See
MPEP § 717.02 for applications subject to examination under the first inventor to file
provisions of the AIA as explained in MPEP § 2159. See MPEP §§ 706.02(I)(1) -
706.02(1)(3) for applications not subject to examination under the first inventor to file
provisions of the AIA. A terminal disclaimer must be signed in compliance with 37 CFR
1.321(b).

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-I.jsp.

9. Claims 1-6 are rejected on the ground of nonstatutory double patenting as being

unpatentable over claim 1 of U.S. Patent No. 8,405,134. Although the claims at issue

WD EX1010
Western Digital v IP Bridge

Page 213
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are not identical, they are not patentably distinct from each other because application
and patent both recite a first and second ferromagnetic material with a tunnel barrier
layer between the ferromagnetic material layers. The first ferromagnetic material layer
being deposited on the substrate would have the first ferromagnetic material layer
between the tunnel barrier layer and the substrate.

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

product of the instant invention.

Conclusion
10.  Applicant's amendment necessitated the new ground(s) of rejection presented in
this Office action. Accordingly, THIS ACTION IS MADE FINAL. See MPEP
§ 706.07(a). Applicant is reminded of the extension of time policy as set forth in 37
CFR 1.136(a).

A shortened statutory period for reply to this final action is set to expire THREE
MONTHS from the mailing date of this action. In the event a first reply is filed within
TWO MONTHS of the mailing date of this final action and the advisory action is not
mailed until after the end of the THREE-MONTH shortened statutory period, then the
shortened statutory period will expire on the date the advisory action is mailed, and any
extension fee pursuant to 37 CFR 1.136(a) will be calculated from the mailing date of
the advisory action. In no event, however, will the statutory period for reply expire later

than SIX MONTHS from the date of this final action.
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Any inquiry concerning the communication or earlier communications from the
examiner should be directed to Alonzo Chambliss whose telephone number is (571)
272-1927.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Fernando L. Toledo can be reached on (571) 272-1867. The fax phone
number for the organization where this application or proceeding is assigned is 571-
273-8300.

Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system Status information for published
applications may be obtained from either Private PMR or Public PMR. Status
information for unpublished applications is available through Private PMR only. For
more information about the PMR system see http:/pair-dkect.uspto.gov. Should you
have questions on access to the Private PMR system contact the Electronic Business

Center (EBC) at 866-217-9197 (toll-free) or EBC_Support@uspto.gov.

AC/July 31, 2016 /Alonzo Chambliss/

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

In re U.S. Patent Application of
Confirmation No. 4455
YUASA
Art Unit 2897
Application Number: 14/837,558
Examiner
Filed: August 27,2015 Alonzo Chambliss

For: MAGNETIC TUNNEL JUNCTION DEVICE

ATTORNEY DOCKET NO. P11338US01/NBT

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

Alexandria, VA 22313-1450

RESPONSE UNDER 37 C.F.R. §1.116

Sir:

This is in response to the Final Office Action mailed on August 4, 2016, the period of
response to which is set to expire on November 4, 2016. A terminal disclaimer in compliance
with 37 C.F.R. §1.321 is being submitted herewith. Please consider the following remarks

with respect to the above-referenced application.
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IN THE CLAIMS

Claims 1-6 are pending in this application, as follows:

1. (Previously Presented) A tunnel barrier layer disposed between a first ferromagnetic
material layer and a second ferromagnetic material layer that are disposed over a substrate,

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

wherein the first ferromagnetic material layer is composed of an Fe-Co alloy of BCC
which alloy comprises Fe, Co, and B,

wherein the first ferromagnetic material layer is located between the tunnel barrier

layer and the substrate.

2. (Original) The tunnel barrier layer according to claim 1, wherein a barrier height ¢ of

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

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

T=1@2me)"?/ As)(e/h)* x exp [-(4nAsth) x 2me)?] x V(1)

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

microscope image.

4, (Previously Presented) The tunnel barrier layer according to claim 1, wherein the
second ferromagnetic material layer is composed of an alloy comprising Fe and Co, and

wherein the second ferromagnetic material layer is located above the tunnel barrier layer.

5. (Previously Presented) The tunnel barrier layer according to claim 1, wherein the
second ferromagnetic material layer is composed of an alloy comprising Fe, Co, and B, and

wherein the second ferromagnetic material layer is located above the tunnel barrier layer.

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

tunnel barrier layer is disposed on the first ferromagnetic material fayer.
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REMARKS
The following remarks are being submitted as a full and complete response to the
Final Office Action dated August 4, 2016 (U.S. Patent Office Paper No. 20160731). In view
of 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 1-6 stand for consideration in this application. Applicants
hereby submit that no new matter is being introduced into the application through the

submission of this response.

Formality Rejection

The Examiner rejected claiﬁl 6 under 35 U.S.C. §112, second paragraph, as being
indefinite. In particular, the Examiner asserts that the recitation in claim 6 that “the tunnel
barrier layer is disposed on the first ferromagnetic material layer” does not further limit the
scope of claim 1, from which claim 6 depends. (Final Office Action, p. 3). Applicants
respectfully disagree.

In particular, Applicants note that while claim 1 merely requires the tunnel barrier
layer to be disposed between the first ferromagnetic material layer and a second
ferromagnetic material layer, not necessarily on the first ferromagnetic material layer as is
more specifically required by claim 6. Therefore, Applicants respectfully submit that
dependent claim 6 claim complies with the requirements of 35 U.S.C. §112, fourth paragraph,
by containing a reference to a previous claim in the same application (claim 1), specifying a
further limitation of the subject matter claimed (that the tunnel barrier layer, in addition to
being disposed between the first and second ferromagnetic material layers, is more
specifically disposed on the second ferromagnetic material layer), and including all the
limitations of claim 1, the previous claim from which claim 6 directly depends (as claim 6
would not conceivably be infringed by anything which would not also infringe claim 1). In
this regard, Applicants further note that, as explained in section 608.01(n)(1lI) of the MPEP,
“la] dependent claim does not lack compliance with 35 U.S.C. 112(d) simply because there is
a question as to the significance of the further limitation added by the dependent claim.”

Accordingly, Applicants respectfully request reconsideration and withdrawal of the

rejection of claim 6 under 35 U.S.C. §112, second paragraph.

4-
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Double Patenting Rejections

The Examiner rejected claims 1-6 as being unpatentable over claim 1 of U.S. Patent
No. 8,405,134 (“the ‘134 application”) on grounds of non-statutory obviousness-type double
patenting. - In response, Applicants respectfully submit that the present application and the
‘134 application were commonly owned pursuant to 35 U.S.C. §103(c)(1) at the time the
claimed invention of the present application was made. Accordingly, Applicants are
submitting a terminal disclaimer in compliance with 37 C.F.R. §1.321 herewith, thereby
rendering moot and/or obviating the non-statutory obviousness-type double patenting
rejections.

Applicants therefore respectfully submit that the present invention as claimed is now

* in condition for allowance.

Conclusion

Favorable reconsideration of this application 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.

Respectfully submitted,

Nicdde- o Do
Nicholas B. Trenkle
Registration Number 54,500

STITES & HARBISON PLLC
1800 Diagonal Road

Suite 325

Alexandria, VA 22314

(703) 739-4900 Voice

(703) 739-9577 Fax

Customer No. 00881

October 19, 2016

394619:1: ALEXANDRIA
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PTO/AIA/26 (04-14)
Approved for use through 07/31/2016. OMB 0651-0031
U.8. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond fo a collection of information unless it displays a valid OMB controi number,
TERMINAL DISCLAIMER TO OBVIATE A DOUBLE PATENTING Docket Number (Optional)
REJECTION OVER A “PRIOR” PATENT P11338US01/NBT

In re Application of: YUASA, et al.
Application No.: 14/837,558

Filed: August 27, 2015
For: MAGNETIC TUNNEL JUNCTION DEVICE

National Institute of Advanced Industrial

The applicant, _Science and Technology , owner of 50 percent interest in the instant application hereby
disclaims, except as provided below, the terminal part of the statutory term of any patent granted on the instant application which would extend
beyond the expiration date of the full statutory term of prior patent No. 8,405,134 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 it and the prior patent are commonly owned. This agreement runs with any patent granted on the instant
application and is binding upon the grantee, its successors or assigns.

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

expires for failure to pay a maintenance fee;

is heid 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. [:] The undersigned is the applicant. If the applicant is an assignee, the undersigned is authorized to act on behalf of the assignee.

| hereby acknowledge that any willful false statements made are punishable under 18 U.S.C. 1001 by fine or imprisonment of not more
than five (5) years, or both.

2. The undersigned is an attorney or agent of record. Reg. No._54,500

Nithobon, Tradite joji /(¢

Signature Date

Nicholas Trenkie
Typed or printed hame

703-739-4900
Title Telephone Number

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

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

This collection of information is required by 37 CFR 1.321. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO
to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 12 minutes to c omplete,
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case, Any comments
on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent fo the Chief Information Officer, U.8. Patent
and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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Application No.: 14/837,558

Filed: August 27, 2015

For: MAGNETIC TUNNEL JUNCTION DEVICE

The applicant, _JAPAN SCIENCE AND TECHNOLOGY AGENCY , owner of 50 percent interest in the instant application hereby
disclaims, except as provided below, the terminal part of the statutory term of any patent granted on the instant application which would extend
beyond the expiration date of the full statutory term of prior patent No. 8,405,134 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
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application and is binding upon the 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 application
that would extend to the expiration date of the full statutory term of the prior patent, “as the term of said prior patent is presently shortened by
any terminal disclaimer," in the event that said prior patent later:

expires for failure to pay a maintenance fee;

is held unenforceable;

is found invalid by a court of competent jurisdiction;

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

has all claims canceled by a reexamination certificate;

is reissued; or

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

Check either box 1 or 2 below, if appropriate.

1. [:] The undersigned is the applicant. If the applicant is an assignee, the undersigned is authorized to act on behalf of the assignee.

| hereby acknowledge that any willful false statements made are punishable under 18 U.S.C. 1001 by fine or imprisonment of not more
than five (5) years, or both.

2. The undersigned is an attorney or agent of record. Reg. No._54,500

Mattor Trode Jojis/Ig

Signature Date

Nicholas Trenkle
Typed or printed name

703-739-4900
Title Telephone Number

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 PTQ-2038.

This collection of information is required by 37 CFR 1.321. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO
to process) an application. Confidentiality is governed by 35 U.8.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 12 minutes to c omplete,
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments
on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent
and Trademark Office, U.S, Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PTO-8199 and select option 2.

WD EX1010
Western Digital v IP Bridge
Page 228



Electronic Patent Application Fee Transmittal

Application Number: 14837558

Filing Date: 27-Aug-2015

Title of Invention: MAGNETIC TUNNEL JUNCTION DEVICE
First Named Inventor/Applicant Name: Shinji YUASA

Filer: Stephen John Weyer/Stacy Johnson
Attorney Docket Number: P11338USO01/NBT

Filed as Large Entity

Filing Fees for Utility under 35 USC111(a)

Description Fee Code Quantity Amount

Sub-Total in
UsD($)

Basic Filing:

Pages:

Claims:

Miscellaneous-Filing:

Petition:

Patent-Appeals-and-Interference:

Post-Allowance-and-Post-Issuance:

Extension-of-Time:

WD EX1010
Western Digital v IP Bridge
Page 229



s . Sub-Total in
Description Fee Code Quantity Amount USD($)
Miscellaneous:
STATUTORY OR TERMINAL DISCLAIMER 1814 2 160 320
Total in USD ($) 320
WD EX1010

Western Digital v IP Bridge

Page 230



Electronic Acknowledgement Receipt

EFS ID: 27264862
Application Number: 14837558
International Application Number:
Confirmation Number: 4455

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: P11338US01/NBT
Receipt Date: 19-0CT-2016
Filing Date: 27-AUG-2015
Time Stamp: 16:56:22

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment yes
Payment Type CARD
Payment was successfully received in RAM $320

RAM confirmation Number

102016INTEFSW16571000

Deposit Account

Authorized User

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

WD EX1010
Western Digital v IP Bridge
Page 231



File Listing:
Document s e . File Size(Bytes Multi Pages
Document Description File Name ( y V . . 9
Number Message Digest | Part/.zip| (ifappl.)
588080
P11338US01 Transmittal_Respo|
! inalDisclaimers.pdf yes 8
nSe_Term|na IsC a|mer5.p b0a30871b1d5545d08328b4b4084fd574e|
f359¢
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 4
Applicant Arguments/Remarks Made in an Amendment 5 6
Terminal Disclaimer Filed 7 7
Terminal Disclaimer Filed 8 8
Warnings:
Information:
30548
2 Fee Worksheet (SB06) fee-info.pdf no 2
fb02ddfa240460d58d7d313ecfc2a108903
difa3
Warnings:
Information:
Total Files Size (in bytes)1 618628
WD EX1010

Western Digital v IP Bridge

Page 232



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

New Applications Under 35 U.S.C. 111

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

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

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

New International Application Filed with the USPTO as a Receiving Office
If a new international application is being filed and the international application includes the necessary components for

an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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Doc Code: TRAN.LET

Document Description: Transmittal Letter

Customized PTO/SB/21 (07-09)

Application # | 14/837,558
Confirmation # | 4455
TRANSMITTAL FORM Filing Date | August 27, 2015
First inventor | YUASA
(for all correspondence after initial filing) Art Unit | 2897
Examiner | Alonzo Chambliss
Total number of pages in this submission = Docket # | P11338US01/NBT
ENCLOSURES (check all that apply)

Fees calculated below

[] including Extension of Time Fee
[_] Amendment/Reply

[] including Attachment(s)
D4 After Final Amendment/Reply

X including Attachment(s)

[ ] Reply to Missing Parts/Incomplete Application
[_] Information Disclosure Statement
Terminal Disclaimers (2)

oo o e e e e e et e e P e et e e £k o e S o o o e R B e e o e e o ot e o e
1 FEES CALCULATION: For claims if required and/or other fees as shown below:

! STATUS of Applicant is: [OMICRO [IsSMALL [X LARGE FEE DUE

I FEE FOR CALCULATION $ $ $ $

I X TOTAL CLAIMS 6 - 20 = 0 (extra) X 20= x 40 = x 80= 0

| X INDEP. CLAIMS 1-3 =0 (extra)

} [] Extension of Time for month(s) (serving as constructive EQT Petition) =

Other fee for Terminal Disclaimers (2)

1
i
]
i
i
]
i
i
|
x 106 = X 210 = x 420 = 0 l
i
]
i
I
i
]
1
I

Payment of $ 320 is made by:
ELECTRONIC FUNDS TRANSFER - submitted concurrently herewith.
[] CREDIT CARD PAYMENT FORM - PTO-2038 submitted concurrently herewith.

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: October 19, 2016

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

STITES & HARBISON PLLC ¢ 1800 Diagonal Road. ¢ Suite 325 ¢ Alexandria, VA 22314
TEL: 703-739-4900 ¢ Fax: 703-739-9577 < Customer No. 881

2355L.T:10003:394645:1:ALEXANDRIA
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Application Number Application/Control No. Qpplicar_ll(st)_/Patent under
T e
Document Code - DISQ Internal Document — DO NOT MAIL
TERMINAL
DISCLAIMER X APPROVED [] DISAPPROVED

Date Filed : 19 October,
2016

This patent is subject
to a Terminal

Disclaimer

Approved/Disapproved by:

[CRYSTAL QUEEN/

Technology Center: PLRC

Telephone:

2TD'S APPROVED.

U.S. Patent and Trademark Office
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PTO/SB/06 (09-11)

Approved for use through 1/31/2014. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

APPLICATION AS FILED - PART |

PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number Filing Date
Substitute for Form PTO-875 14/837,558 08/27/2015 | [ To be Mailed
eNTITY: [X] LARGE [] sMALL [] MicroO

(Column 1) (Column 2)
FOR NUMBER FILED NUMBER EXTRA RATE ($) FEE ($)
—
[ sasic Fee
(37 CFR 1.16(a). (b) or (c)) N/A N/A N/A
D SEARCH FEE N/A N/A N/A
(37 CFR 1.16(K), (i), or (m))
O
EXAMINATION FEE
(37 GFR 1.16(0), (p), or (q)) /A N/A /A
TOTAL CLAIMS . N
(37 CFR 1.16(1)) minus 20 = XS =
INDEPENDENT CLAIMS . N
(37 CFR 1.16(h)) minus 3 = XS =
If the specification and drawings exceed 100 sheets
n of paper, the application size fee due is $310 ($155
'éipé;gﬁﬂlg’:)f'z'z FEE for small entity) for each additional 50 sheets or
' fraction thereof. See 35 U.S.C. 41(a)(1)(G) and 37
CFR 1.16(s).
—
[C] MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16()
* If the difference in column 1 is less than zero, enter “0” in column 2. TOTAL
APPLICATION AS AMENDED - PART Il
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER
— 10/19/2016 | srren PREVIOUSLY PRESENT EXTRA RATE ($) ADDITIONAL FEE ($)
E AMENDMENT PAID FOR
= okl 7 orn “ 6 Minus | = 20 -0 x $80 = 0
A S mins | -3 -0 x 5420 - 0
<§E D Application Size Fee (37 CFR 1.16(s))
|:| FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j))
TOTAL ADD’L FEE 0
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER
AFTER PREVIOUSLY PRESENT EXTRA RATE ($) ADDITIONAL FEE ($)
— AMENDMENT PAID FOR
Total (37 cFR . , *x
E 1_‘5(”)( Minus = X $ =
Independent . H oxn
g (37 CoR 1.45() Minus = X $ =
E D Application Size Fee (37 CFR 1.16(s))
=
< |:| FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)

* If the entry in column 1 is less than the entry in column 2, write “0” 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”.

TOTAL ADD’L FEE

LIE

CHRISTINE MOLLISH

The “Highest Number Previously Paid For” (Total or Independent) is the highest number found in the appropriate box in column 1.

=
This collection of information is required by 37 CE% 1.16. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to

process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering,

preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you

require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S.

Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS

ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW’.USP'.O.gOV

NOTICE OF ALLOWANCE AND FEE(S) DUE

| EXAMINER |
881 7590 11/10/2016
STITES & HARBISON PLLC CHAMBLISS, ALONZO
1800 Diagonal Road
SUITE 325 | ART UNIT PAPER NUMBER |
ALEXANDRIA, VA 22314 2897
DATE MAILED: 11/10/2016
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. | CONFIRMATION NO.
14/837,558 08/27/2015 Shinji YUASA P11338USO1/NBT 4455

TITLE OF INVENTION: MAGNETIC TUNNEL JUNCTION DEVICE

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

nonprovisional UNDISCOUNTED $960 $0 $0 $960 02/10/2017

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS.
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE
MAILING DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS
STATUTORY PERIOD CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES
NOT REFLECT A CREDIT FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS
PREVIOUSLY BEEN PAID IN THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM
WILL BE CONSIDERED A REQUEST TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW
DUE.

HOW TO REPLY TO THIS NOTICE:

I. Review the ENTITY STATUS shown above. If the ENTITY STATUS is shown as SMALL or MICRO, verify whether entitlement to that
entity status still applies.

If the ENTITY STATUS is the same as shown above, pay the TOTAL FEE(S) DUE shown above.

If the ENTITY STATUS is changed from that shown above, on PART B - FEE(S) TRANSMITTAL, complete section number 5 titled
"Change in Entity Status (from status indicated above)".

For purposes of this notice, small entity fees are 1/2 the amount of undiscounted fees, and micro entity fees are 1/2 the amount of small entity
fees.

II. PART B - FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office
(USPTO) with your ISSUE FEE and PUBLICATION FEE (if required). If you are charging the fee(s) to your deposit account, section "4b"
of Part B - Fee(s) Transmittal should be completed and an extra copy of the form should be submitted. If an equivalent of Part B is filed, a
request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur due to the difficulty in recognizing
the paper as an equivalent of Part B.

IIT. All communications regarding this application must give the application number. Please direct all communications prior to issuance to
Mail Stop ISSUE FEE unless advised to the contrary.

IMPORTANT REMINDER: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of
maintenance fees. It is patentee's responsibility to ensure timely payment of maintenance fees when due.

Page 1 of 3
PTOL-85 (Rev. 02/11)
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PART B - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE
Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450
or Fax (571)-273-2885

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where
appropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as
indicated unless corrected below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for
maintenance fee notifications.

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

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

Certificate of Mailing or Transmission

881 7590 1171072016 I hereby certify that this Fee(s) Transmittal is being deposited with the United
STITES & HARBISON PLLC States Postal Service with sufficient postage for first class mail in an envelope
. addressed to the Mail Stop ISS address above, or being facsimile
1800 D 1 Road dd d to the Mail Si ISSUE FEE add b being facsimil
1agonal Ko transmitted to the USPTO (571) 273-2885, on the date indicated below.
SUITE 325 -
ALEXANDRIA, VA 22314 Depositors name)
(Signature)
(Date)
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
14/837,558 08/27/2015 Shinji YUASA P11338USOI/NBT 4455
TITLE OF INVENTION: MAGNETIC TUNNEL JUNCTION DEVICE
I APPLN. TYPE ENTITY STATUS | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE
nonprovisional UNDISCOUNTED $960 $0 $0 $960 02/10/2017

I EXAMINER | ART UNIT | CLASS-SUBCLASS |
CHAMBLISS, ALONZO 2897 257-421000
1. Change of correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list
CFR 1.363). o | 1
(1) The names of up to 3 registered patent attorneys
[ Change of corress%)ndence address (or Change of Correspondence or agents OR, alternatively,
Address form PTO/SB/122) attached. . . . 2
(2) The name of a single firm (having as a member a
[ "Fee Address" indication (or "Fee Address" Indication form registered attorney or agent) and the names of up to
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 2 registered patent attorneys or agents. If no name is 3
Number is required. listed, no name will be printed.

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for
recordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)

Please check the appropriate assignee category or categories (will not be printed on the patent) : [ Individual A Corporation or other private group entity [ Government

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

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

d Applicant certifying micro entity status. See 37 CFR 1.29 NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue
fee payment in the micro entity amount will not be accepted at the risk of application abandonment.

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

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

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

Authorized Signature Date
Typed or printed name Registration No.
Page 2 of 3
PTOL-85 Part B (10-13) Approved for use through 10/31/2013. OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW’.USP'.O.gOV

I APPLICATION NO. I FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. |
14/837,558 08/27/2015 Shinji YUASA P11338USO1/NBT 4455
| EXAMINER |
881 7590 11/10/2016
STITES & HARBISON PLLC CHAMBLISS, ALONZO
1800 Diagonal Road
SUITE 325 | ART UNIT PAPER NUMBER |
ALEXANDRIA, VA 22314 2897

DATE MAILED: 11/10/2016

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(Applications filed on or after May 29, 2000)

The Office has discontinued providing a Patent Term Adjustment (PTA) calculation with the Notice of Allowance.

Section 1(h)(2) of the AIA Technical Corrections Act amended 35 U.S.C. 154(b)(3)(B)(i) to eliminate the
requirement that the Office provide a patent term adjustment determination with the notice of allowance. See
Revisions to Patent Term Adjustment, 78 Fed. Reg. 19416, 19417 (Apr. 1, 2013). Therefore, the Office is no longer
providing an initial patent term adjustment determination with the notice of allowance. The Office will continue to
provide a patent term adjustment determination with the Issue Notification Letter that is mailed to applicant
approximately three weeks prior to the issue date of the patent, and will include the patent term adjustment on the
patent. Any request for reconsideration of the patent term adjustment determination (or reinstatement of patent term
adjustment) should follow the process outlined in 37 CFR 1.705.

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571)-272-4200.

Page 3 of 3
PTOL-85 (Rev. 02/11)
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OMB Clearance and PRA Burden Statement for PTOL-85 Part B

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

The information collected by PTOL-85 Part B is required by 37 CFR 1.311. The information is required to obtain
or retain a benefit by the public which is to file (and by the USPTO to process) an application. Confidentiality is
governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete,
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary
depending upon the individual case. Any comments on the amount of time you require to complete this form
and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, Virginia 22313-1450. DO NOT
SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box
1450, Alexandria, Virginia 22313-1450. Under the Paperwork Reduction Act of 1995, no persons are required to
respond to a collection of information unless it displays a valid OMB control number.

Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the
requirements of the Act, please be advised that: (1) the general authority for the collection of this information is
35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which
the information is used by the U.S. Patent and Trademark Office is to process and/or examine your submission
related to a patent application or patent. If you do not furnish the requested information, the U.S. Patent and
Trademark Office may not be able to process and/or examine your submission, which may result in termination of
proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of
Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records
may be disclosed to the Department of Justice to determine whether disclosure of these records is required
by the Freedom of Information Act.

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

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance
from the Member with respect to the subject matter of the record.

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having
need for the information in order to perform a contract. Recipients of information shall be required to
comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty.

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes
of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C.
218(c)).

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General
Services, or his/her designee, during an inspection of records conducted by GSA as part of that agency's
responsibility to recommend improvements in records management practices and programs, under authority
of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations
governing inspection of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive.
Such disclosure shall not be used to make determinations about individuals.

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication
of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a
record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the
record was filed in an application which became abandoned or in which the proceedings were terminated
and which application is referenced by either a published application, an application open to public
inspection or an issued patent.

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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Application No. Applicant(s)
14/837,558 YUASA, SHINJI
; HH i i AlA (First Inventor to File)
Notice of Allowability E)Ifgpl?gCHAMBLISS 255;1 m Status
No

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1. X This communication is responsive to the response and terminal disclaimer filed on 10/19/16.
Oa declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on .

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

3. X The allowed claim(s) is/are 1-6. As a result of the allowed claim(s), you may be eligible to benefit from the Patent Prosecution
Highway program at a participating intellectual property office for the corresponding application. For more information, please see
http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.

4. X Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).

Certified copies:
a)lJ Al b)[J Some *c) [] None of the:
1. [ Certified copies of the priority documents have been received.
2. X Certified copies of the priority documents have been received in Application No. 10/591,947 .
3. [ Copies of the certified copies of the priority documents have been received in this national stage application from the
International Bureau (PCT Rule 17.2(a)).
* Certified copies not received:

Applicant has THREE MONTHS FROM THE “MAILING DATE” of this communication to file a reply complying with the requirements
noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

5. [] CORRECTED DRAWINGS ( as “replacement sheets”) must be submitted.

[ including changes required by the attached Examiner's Amendment / Comment or in the Office action of
Paper No./Mail Date .

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of
each sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

6. [] DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner’'s comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)

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

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

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

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

U.S. Patent and Trademark Office

PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date
20161102
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Application/Control Number: 14/837,558 Page 2
Art Unit: 2897

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

Terminal Disclaimer
2. The terminal disclaimer filed on 10/19/16 disclaiming the terminal portion of any

patent granted on this application which would extend beyond the expiration date of
U.S. 8,405,134 has been reviewed and is accepted. The terminal disclaimer has been
recorded.

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."

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

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Fernando L. Toledo can be reached on (571) 272-1867. The fax phone
number for the organization where this application or proceeding is assigned is 571-
273-8300.

Information regarding the status of an application may be obtained from the

Patent Application Information Retrieval (PAIR) system Status information for published
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Application/Control Number: 14/837,558 Page 3
Art Unit: 2897

applications may be obtained from either Private PMR or Public PMR. Status
information for unpublished applications is available through Private PMR only. For
more information about the PMR system see http:/pair-kect.uspto.gov. Should you
have questions on access to the Private PMR system contact the Electronic Business

Center (EBC) at 866-217-9197 (toll-free) or EBC_Support@uspto.gov.

AC/November 2, 2016 /Alonzo Chambliss/

Primary Examiner, Art Unit 2897
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Application/Control No. Applicant(s)/Patent Under Reexamination
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re U.S. Patent Application of

Confirmation No. 4455
YUASA

Art Unit 2897
Application Number: 14/837,558

Examiner

Filed: August 27,2015 Alonzo Chambliss
For: MAGNETIC TUNNEL JUNCTION DEVICE

ATTORNEY DOCKET NO. P11338US01/NBT

A e S P g

Mail Stop Issue Fee

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

AMENDMENT AFTER ALLOWANCE UNDER 37 C.F.R. §1.312

Sir:
This is in response to the Notice of Allowance mailed on November 10, 2016. The
period during which the issue fee can be paid is set to expire on February 10, 2017. Please

amend the above-referenced application as follows:
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IN THE CLAIMS
Claims 1-6 are pending in this application, wherein claim 3 is being amended to improve

form, as follows:

1. (Previously Presented) A tunnel barrier layer disposed between a first ferromagnetic
material layer and a second ferromagnetic material layer that are disposed over a substrate,

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

wherein the first ferromagnetic material layer is composed of an Fe-Co alloy of BCC
which alloy comprises Fe, Co, and B,

wherein the first ferromagnetic material layer is located between the tunnel barrier layer

and the substrate.

2. (Original) The tunnel barrier layer according to claim 1, wherein a barrier height ¢ of the

tunnel barrier layer is in a range of 0.2 t0 0.5 eV.

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

T = [(2m@)"?/ As](e/h)* x exp [-(4nAs/h) x 2me)*] < V(1)

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

barrier layer determined using a cross-sectional transmission electron microscope image.

4, (Previously Presented) The tunnel barrier layer according to claim 1, wherein the second
ferromagnetic material layer is composed of an alloy comprising Fe and Co, and wherein the

second ferromagnetic material layer is located above the tunnel barrier layer.

-
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5. (Previously Presented) The tunnel barrier layer according to claim 1, wherein the second
ferromagnetic material layer is composed of an alloy comprising Fe, Co, and B, and wherein the

second ferromagnetic material layer is located above the tunnel barrier layer.

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

barrier layer is disposed on the first ferromagnetic material layer.
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REMARKS
The above amendments to the above-captioned application along with the following
remarks are being submitted after the Notice of Allowance dated November 10, 2016 as an
amendment after allowance under 37 C.FR. §1.312 to correct formalities in the claims and,
thereby, to allow for proper protection of the present invention. 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 as now amended,

and to pass this case to issue.

Status of the Claims

As outlined above, claims 1-6 stand allowed in this application, wherein claim 3 is being
amended to improve form. The amendment provided herein is fully supported by the present
application as originally filed, and is being submitted merely to correct a typographical error in
claim 3 and to thereby allow for proper protection of the present invention. Applicants hereby
submit that no new matter is being introduced into the application through the submission of this
amendment.

The amendment to the claims being submitted herein merely embodies a correction of a
minor typographical error that has now been recognized in claim 3 of the present application as
originally filed. In particular, claim 3 as originally filed incorrectly used the phrase “the barrier
height ¢ of the tunnel barrier” to reference an element previously introduced in claim 2, from
which claim 3 directly depends, as “a barrier height ¢ of the tunnel barrier layer.” As set forth
above, claim 3 is being amended to correct the informality arising from this drafting oversight.
Thus, Applicants respectfully submit that the amendment set forth in the above listing of the
claims merely embody corrections of a formal matter and does not affect the disclosure or the
scope of any claim.

As the amendment to the claims merely embodies correction of a typographical error in
claim 3, Applicants respectfully submit that the amendment will require no substantial
amount of additional work on the part of the Office. In particular, the amendment will
require neither an additional search nor more than a cursory review of the record.
Furthermore, Applicants respectfully submit that claim 3 as amended, as well as previously

presented claims 1, 2, and 4-6, remain allowable over the prior art of record.

-
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Conclusion

Favorable consideration and recommendation of entry of the amendments to this
application set forth above is respectfully solicited. Should there be any outstanding issues
requiring discussion that would further the prosecution and allowance of the above-captioned
application, the Examiner is invited to contact the Applicants’ undersigned representative at the

address and phone number indicated below.

Respectfully submitted,

/NicholasBTrenkle\
Nicholas B. Trenkle
Registration Number 54,500

STITES & HARBISON PLLC
1800 Diagonal Road

Suite 325

Alexandria, VA 22314

(703) 739-4900 Voice

(703) 739-9577 Fax

Customer No. 00881

January 11, 2017

399883:1:ALEXANDRIA

WD EX1010
Western Digital v IP Bridge

Page 255



Electronic Acknowledgement Receipt

EFS ID: 28036006
Application Number: 14837558
International Application Number:
Confirmation Number: 4455

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: P11338US01/NBT
Receipt Date: 11-JAN-2017
Filing Date: 27-AUG-2015
Time Stamp: 15:31:35

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment no
File Listing:
Document . . File Size(Bytes)/ Multi Pages
Number Document Description File Name Message Digest | Part/.zip| (ifappl.)
147753
1 Amendment after Notice of Allowance | P11338US0T1AmdtAfterAllowan no 5
(RUIe 31 2) Ce-pdf a50dc05da1ff3f8b1031a428453b4b6d68d

214b0

Warnings:

WD EX1010

Western Digital v IP Bridge

Page 256



Information:

Total Files Size (in bytes):l 147753

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

New Applications Under 35 U.S.C. 111

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

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

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

New International Application Filed with the USPTO as a Receiving Office

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

WD EX1010
Western Digital v IP Bridge
Page 257



OK TC ENTER: /B.C/

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re U.S. Patent Application of
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Art Unit 2897
Application Number: 14/837,558

Examiner

Filed: August 27,2015 Alonzo Chambliss
For: MAGNETIC TUNNEL JUNCTION DEVICE
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Mail Stop Issue Fee

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

AMENDMENT AFTER ALLOWANCE UNDER 37 C.F.R. §1.312

Sir:
This is in response to the Notice of Allowance mailed on November 10, 2016. The
period during which the issue fee can be paid is set to expire on February 10, 2017. Please

amend the above-referenced application as follows:
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