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MAGNETIC TUNNEL TRANSISTOR WITH THIN READ GAP FOR HEAD
APPLICATIONS :
L. Field of the Invention
The present invention generally relates to magnetic tunnel transistors (MTT) for, e.g.,

disk drive read heads.

I1. Background of the Invention

In magnetic disk drives, data is written and read by magnetic transducers called
"heads." The magnetic disks are rotated at high speeds, producing a thin layer of air called
an air bearing surface (ABS). The read and write heads are supported over the rotating disk
by the ABS, where they either induce or detect flux on the magnetic disk, thereby either
writing or reading data. Layered thin film structures are typicallgl used in the manufacture of
read and write heads. In write heads, thin film structures provide high areal density, which is
the amount of data stored per unit of disk surface area, and in read heads they provide high
resolution.

The present invention is directed generally to devices that can be used, in some
implementations, as heads for disk drives, and more ﬁarticularly the present invention is
directed to magnetic tunnel transistors (MTT). A magnetic tunnel transistor (MTT) includes
a ferromagnetic emitter, such as cobéilt Iron (CoFe), a tunnel barrier, a single ultrathin

ferromagnetic base layer, and a collector that heretofore has been made of GaAs.
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As recognized herein, the use of GaAs as a collector is not as compatible in read head
sensor applications as might be hoped. The present invention understands that preferably,
only so-called "hot" electrons, also referred to as "ballistic" electrons, tunnel from the emitter
through the base to the collector, because such electrons advantageously do not undesirably
scatter. It is thus desirable to preferentially select "hot" electrons and to de-select lower

energy electrons. With these recognitions in mind, the invention herein is provided.

SUMMARY OF THE INVENTION

A read head for a disk drive includes a magnetic tunnel transistor (MTT) that has a
barrier of TiO disposed between a ferromagnetic collector and a ferromagnetic base.

In another aspecf, a magnetic tunnel transistor (MTT) has a ferromagnetic base, a
ferromagnetic emitter structure, and a ferromagnetic collector that does not include GaAs. A
barrier layer of TiO may be disposed between the collector and the base.

In non-limiting implementations a barrier layer of MgO can be disposed between the
base and the emitter structure. The collector may be made of NiFe and/or‘COFe, the base
may be made of CoFeB, and the emitter structure can include a layer of Ru disposed between
a layer of CoFeB and a layer of CoFe. The emitter structure can be pinned if desired by a
pinning layer.

In yet another aspect, a magnetic tunnel transistor (MTT) includes a ferromagnetic

base, a ferromagnetic emitter structure, and a ferromagnetic collector. A barrier layer is
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between the collector and base. The barrier layer has a barrier height of less than three-tenths
of an electron volt. The barrier layer may be, e.g., TiO.

The details of the present invention, both as to its structure and operation, can best be
understood in reference to the accompanying drawings, in which like reference numerals

refer to like parts, and in which:

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a schematic plan view of a hard disk drive, showing one non-limiting
environment for the present invention; and

Figure 2 is an elevational view of a MTT in accordance with present principles.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

Referring initially to Figure 1, a magnetic disk drive 30 includes a spindle 32 that
supports and rotates a magnetic disk 34. The spindle 32 is rotated by a spindle motor that is
controlled by a motor controller which may be implemented in the electronics of the drive.
A slider 42 has a combined read and write magnetic head 40 and is supported by a
suspension 44 and actuator arm 46 that is rotatably positioned by an actuator 47. The read
head portion may be a MTT described below. Itis to be understood that a plurality of disks,
sliders and suspensions may be employed. The suspension 44 and actuator arm 46 are
moved by the actuator 47 to position the slider 42 so that the magnetic head 40 is in a

transducing relationship with a surface of the magnetic disk 34. When the disk 34 is rotated
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by the spindle motor 36 the slider is supported on a thin cushion of air known as the air
bearing that exists between the surface of the disk 34 and an air bearing surface (ABS) of the
head. The magnetic head 40 may then be employed for writing information to multiple
circular tracks on the surface of the disk 34, as well as for reading information therefrom. To
this end, processing circuitry 50 exchanges signals, representing such information, with the
head 40, provides spindle motor drive signals for rotating the magnetic disk 34, and provides
control signals to the actuator for moving the slider to various tracks. The components
described above may be mounted on a housing 55.

Now referring to Figure 2, the present read head, generally designated 10, includes a
ferromagnetic collector 12, designated "S1" in Figure 2, that may be made of, e.g., NiFe or
CoFe. Laying against the collector 12 is a first barrier layer 14 made of TiO and having a
barrier height of one-tenth to three-tenths (0.1-0.3) electron-volts (ev).

A ferromagnetic base 16 lies against the first barrier layer 14 as shown. In one
implementation the base 16 is made of CoFeB. A second barrier layer 18 lies against the
base 16. The second barrier layer 18 may be, e.g., MgO and in non-limiting implementations
may have a thickness of twenty Angstroms and a barrier height of four-tenths of an electron
volt (0.4 ev).

A stack of layers that establishes a ferromagnetic emitter is on the second barrier layer
18. More specifically, a non-limiting CoFeB layer 20 lies against the second barrier layer 18,
a non-limiting Ru layer 22 can lie on the CoFeB layer 20, and a non-limiting CoFe layer 24

can lie on the Ru layer 22. If it is desired to pin the emitter, a pinning layer 26 that can be,
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e.g., IrMn, can be deposited on the CoFe layer 24. A protective cap 28 such as but not
limited to Ta can be on the pinning layer 26, and a shield 29, designated "S2" in Figure 2, can
be on the cap 28.

The above structure may be established by deposition, etching, and milling processes
known in the art. The external connections to the base, emitter, and collector are effected in
accordance with principles known in the art and are omitted for simplicity.

The above structure, owing at least in part to the TiO barrier layer 14, advantageously
permits hot electrons to tunnel through the second barrier layer 18, while screening out lower
energy electrons that otherwise may undesirably scatter.

While the particular MAGNETIC TUNNEL TRANSISTOR WITH THIN READ
GAP FOR HEAD APPLICATIONS as herein shown and described in detail is fully capable
of attaining the above-described objects of the invention, it is to be understood that it is the
presently preferred embodiment of the present invention and is thus representative of the
subject matter which is broadly contemplated by the present invention, that the scope of the
present invention fully encompasses other embodiments which may become obvious to those
skilled in the art, and that the scope of the present invention is accordingly to be limited by
nothing other than the appended claims, in which reference to an element in the singular is
not intended to mean "one and only one" unless explicitly so stated, but rather "one or more".

It is not necessary for a device or method to address each and every problem sought to be
solved by the present invention, for it to be encompassed by the present claims. Furthermore,

no element, component, or method step in the present disclosure is intended to be dedicated
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to the public regardless of whether the element, component, or method step is explicitly
recited in the claims. Absent express definitions herein, claim terms are to be given all
ordinary and accustomed meanings that are not irreconcilable with the present specification

and file history.
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WHAT IS CLAIMED IS:
1. A magnetic tunnel transistor (MTT) comprising:
a ferromagnetic base;
a ferromagnetic emitter structure; and

a ferromagnetic collector that does not include GaAs.

2. The MTT of Claim 1, comprising a barrier layer of TiO disposed between the

collector and the base.

3. The MTT of Claim 2, comprising a barrier layer of MgO disposed between

the base and the emitter structure.

4, The MTT of Claim 2, wherein the collector is made of NiFe and/or CoFe.

5. The MTT of Claim 2, wherein the base is made of CoFeB.

6. The MTT of Claim 2, wherein the emitter structure includes a layer of Ru

disposed between a layer of CoFeB and a layer of CoFe.

7. The MTT of Claim 6, wherein the emitter structure is pinned by a pinning

layer.

HSJ920050318US1 7

EX2006 - Page 9



8. A magnetic tunnel transistor (MTT) comprising:
a ferromagnetic base;
a ferromagnetic emitter structure;
a ferromagnetic collector; and
a barrier layer between the collector and base and having a barrier height of

less than three-tenths of an electron volt.

9. The MTT of Claim 8, wherein the barrier layer is made of TiO.

10. The MTT of Claim 9, wherein the collector does not include GaAs.

11.  The MTT of Claim 9, comprising a barrier layer of MgO disposed between

the base and the emitter structure.

12. The MTT of Claim 9, wherein the collector is made of NiFe and/or CoFe.

13. The MTT of Claim 9, wherein the base is made of CoFeB.

14.  The MTT of Claim 9, wherein the emitter structure includes a layer of Ru

disposed between a layer of CoFeB and a layer of CoFe.
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15. The MTT of Claim 14, wherein the emitter structure is pinned by a pinning
layer.
16. A read head for a disk drive, comprising:
a magnetic tunnel transistor (MTT) including a barrier of TiO disposed

between a ferromagnetic collector and a ferromagnetic base.
17. The read head of Claim 16, in combination with a disk drive.

18.  Theread head of Claim 16, comprising an emitter structure separated from the

base by a barrier.
19. The read head of Claim 16, wherein the collector does not include GaAs.
20. The read head of Claim 18, wherein the collector is made of NiFe and/or

CoFe, the base is made of CoFeB, and the emitter structure includes a layer of Ru disposed

between a layer of CoFeB and a layer of CoFe.
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MAGNETIC TUNNEL TRANSISTOR WITH THIN READ GAP FOR HEAD
APPLICATIONS

ABSTRACT OF THE DISCLOSURE
A magnetic tunnel transistor (MTT) for a disk drive read head includes a barrier of
TiO disposed between a ferromagnetic collector and a ferromagnetic base for preferentially

selecting only "hot" electrons for propagation to the collector.
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as Application Serial No.
and was amended on (if applicable).
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I acknowledge the duty to disclose information which is material to patentability as defined in
Title 37, Code of Federal Regulations, Section 1.56.
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first paragraph of Title 35, United States Code, Section 112, I acknowledge the duty to disclose
information which is material to patentability as defined in Title 37, Code of Federal Regulations,
Section 1.56, which occurred between the filing date of the prior application and the national or
PCT international filing date of this application:
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(Application Serial No.) (Filing Date) (Status) (patented, pending, abandoned)

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

Douglas R. Millett ({#31,784) 4ichasl Parker (#45,896)
Duke Amaniampong (45,806) Bric Proul (#45,025)
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. on the amount of time you require to complete this form and/or suggestions for raducing this burden, should be sent to the Chief Infgrmation Officer, U.S. Patent
‘and Trademark Office, U.S. Department of Commerce, P.O. Bax 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS-TO THIS
ADDRESS. SEND TO: Comwnissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. : . .

. If you need assistance in completing the form, call 1-800-PT0-9199 and selectoption 2
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

First Named
Inventor: Gill Atty. Docket#: HSJ920050318US1
Filing Date: = Herewith
750 "B" Street, Suite 3120
For: MAGNETIC TUNNEL TRANSISTOR WITH San Diego, CA 92101
THIN READ GAP FOR HEAD
APPLICATIONS

Customer No.: 24955

N N N N N N N N N

INFORMATION DISCLOSURE STATEMENT

Commissioner for Patents
Alexandria, VA 22313

Dear Sir:

Pursuant to Sections 1.97, 1.98, and 1.99 of the Rules of Practice in patent cases, enclosed is
the "List of References Cited by Applicant,” Form PTO-1449. '

Respectfully submitted,

([

John L. Rogitz

Attorney of Record
Registration No. 33,549
750 "B" Street, Suite 3120
San Diego, CA 92101
Telephone: (619) 338-8075
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Form PTO-1449 Docket No.: HSJ920050318US1
U.S. Department of Commerce Serial No.: Unk.
Patent and Trademark Office Applicant: GILL
Filing Date: Herewith
INFORMATION DISCLOSURE CITATION
U.S. PATENT DOCUMENTS
Examiner Document Number | Date Name Class Sub-Class Filing Date
Initial
2004/0218314 Al 11/04/2004 Gill 360 324.2
2003/0214004 Al 11/20/2003 Sato et al. 257 427
2005/0226043 Al 10/13/2005 Parkin et al. 365 173
6,480,365 B1 11/12/2002 Gill et al. 360 324.11
2005/0225905 A1 10/13/005 Tera et al. 360 324.2
5,291,274 03/01/1994 Tamura 257 30
FOREIGN PATENT DOCUMENTS
EXAMINER DOCUMENT DATE COUNTRY CLASS SuB- TRANSLATION
INITIAL NUMBER CLASS YES OR NO
OTHER DOCUMENTS (Including Author, Title, Date, Pertinent Pages, Etc.)
Examiner: Date Considered:

Examiner: Initial if citation considered, whether or uot 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 applicant.
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17667 U.s.PTO

A rrosas oo
020806

Approved for use through 07/31/2006. OMB 0651-0032
U.S. Patent and Trademark Office. U.S. DEPARTMENT OF COMMERCE

020806

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.
( ' UTILITY Attomey Docket No. | HS4920050318US1
PATENT APPLICATION Firstinventor Hardayal Singh Gil
TRANSMITTAL Title Magnetic Tunnet Transistor with ...
\_ (Only for new nonprovisional applications under 37 CFR 1.53(b)) Express Mail Label No, | EV568338991 US
Commissioner for Patents
APPLICATION ELEMENTS ADDRESS TO: P.0. Box 1450
See MPEP chapter 600 concerning utility patent application contents. Alexandria VA 22313-1450
1.[7] Fee Transmittal Form (e.g, PTO/SBI7) ACCOMPANYING APPLICATION PARTS
D (Sub{nlt an ong{nal and a dupllc§te for fee processing)
2 As'z;“??? g;;a;rgs;.small entity status. 9. D Assignment Papers (cover sheet & document(s))
3. Specification [Total Pages____ 10 ] ,
Both the claims and abstract must start on a new page Name of Assignee
(Fori ion on the preferred arr , see MPEP 608.01(a))
4, Drawing(s) (35 U.S.C. 113) [Total Sheets 1 1
5. Oath or Declaration [Total Sheets 2 ] 10. [_] 37 CFR 3.73(b) Statement [JPower of
L a. [/ ] Newly executed (original or copy) (when there is an assignee) Attorney :
- b. [ ] A copy from a prior application (37 CFR 1.63(d))
for continuation/divisional with Box 18 completed) 11. [:] English Translation Document (if applicable)
i DELETION OF INVENTOR(S)
Signed statement attached deleting inventor(s) 12. lnfoﬁtion Disclosure Statement (PTO/SB/08 or PTO-1449)
name in the prior application, see 37 CFR Copies of citations attached
1.63(d)(2) and 1.33(b).
6.[ ] Application Data Sheet. See 37 CFR 1.76 13, 1 Preliminary Amendment
7.1 CD‘RO';" °{,°°‘R i"g“p"c";}g large table or 14. [7] Return Receipt Postcard (MPEP 503)
pLgn%rsc;:eg%m e( of %%n ) (Should be specifically itemized)
8. Nucleotide and/or Amino Acid Sequence Submission 15. [__] Certified Copy of Priority Document(s)
(if applicable, items a. — ¢. are required) (if foreign priority is claimed)
a. [_] Computer Readable Form (CRF) L '
b. Specification Sequence Listing on: 16. ] Nonpublication Request under 35 U.S.C. 122(b)(2)(B)(i).
) Applicant must attach form PTO/SB/35 or equivalent.
i. (] cD-ROMor CD-R (2 copies); or D oger
ii. D Paper 17. Other;
c. D Statements verifying identity of above copies

18. If a CONTINUING APPLICATION, check appropriate box, and supply the requisite information below and in the first sentence of the
specification following the title, or in an Application Data Sheet under 37 CFR 1.76:

. ,___l Continuation D Divisional I:] Continuation-in-part (CIP) of prior application NO.: ..........c.covvvviveieiiininenn

Prior application information: Examiner Art Unit:

19. CORRESPONDENCE ADDRESS

The address associated with Customer Number: 24955 OR D Correspondence address below
Name
Address
City State Zip Code
Country Telephone Email
4 . T — — ry s
Signature ( Daie "derUdf\l <3) 2C0Lp
Name . o h Registration No.
| (PrintType) JOHN L. ROGITZ (Attorney/Agent) 33,549 )

This collection of information is required by 37 CFR 1.53(b). 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
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-PT0-9199 and select option 2.
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17667 U.S.PTO
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|
0

8Q6r the Panarwork Reduntinn Act of 1995 nn narsnns are reaiiired ta resnond

PTO/SB/17 (12-04v2)
Approved for use through 07/31/2006. OMB 0651-0032

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

n a enllection of infarmatinn 1nless it disnlavs a valid OMR eontral numher

( Effective on 12/08/2004.
Fees pursuant to the Consolidated Appropriations Act. 2005 (H.R. 4818).

FEE TRANSMITTAL
For FY 2005

Complete if Known

j

Application Number

Filing Date

Herewith

First Named Inventor

Hardayal Singh Gill

D Applicant claims small entity status. See 37 CFR 1.27

Examiner Name

1000

\ TOTAL AMOUNT OF PAYMENT | (§)

Art Unit

| Attorney Docket No. |HSJ920050318US1 )

METHOD OF PAYMENT (check all that apply)

Charge fee(s) indicated below

under 37 CFR 1.16 and 1.17

information and authorization on PTO-2038.

Charge any additional fee(s) or underpayments of fee(s)

D Charge fee(s) indicated below, except for the filing fee
Credit any overpayments

WARNING: Information on this form may become public. Credit card information should not be included on this form. Provide credit card

I:' Check E:l Credit Card DMoney Order DNone DOther (please identify):

Deposit Account Deposit Account Number: 50-2587 ~ Deposit Account Name:_Hitachi Global Storage

For the above-identified deposit account, the Director is hereby authorized to: (check all that apply)

HP = highest number of independent claims paid for, if greater than 3.

3. APPLICATION SiZE FEE

Total Sheets Extra Sheets
-100= /150 =

4. OTHER FEE(S)
Non-English Specification,

Other (e.g., late filing surcharge):

(round up to a whole number) x

raction thereof Fee ($) Fee Paid ($)
Fees Paid ($)

$130 fee (no small entity discount)

FEE CALCULATION
1. BASIC FILING, SEARCH, AND EXAMINATION FEES
FILINGSFEES SEARCH FEES EXAMINATION FEES
mall Entity Small Entity Small Entity
Application Type Eee ($) ~ Fee ($) Fee ($) ~ Fee ($) Fee ($)  Fee ($) ‘Eees Paid ($)
Utility 300 150 500 250 200 100 1000
Design 200 100 100 50 130 65
Plant 200 100 300 150 160 80
Reissue 300 150 500 250 600 300
Provisional 200 100 0 0 0 0
2. EXCESS CLAIM FEES Small Entity
Fee Description Eee ($) Fee ($)
Each claim over 20 (including Reissues) 50 25
Each independent claim over 3 (including Reissues) 200 100
Multiple dependent claims 360 180
Total Claims Extra Claims Fee ($) Fee Paid ($) Muttiple Dependent Claims
20 -20 orHP = 0 X 50 = 0 Fee ($) Fee Paid ($)
HP = highest number of total claims paid for, if greater than 20.
Indep. Claims Extra Claims Fee ($) Fee Paid ($)
3 -30rHP = 0 x 200 = 0

- If the specification and drawings exceed 100 sheets of paper (excluding electronically filed sequence or computer
listings under 37 CFR 1.52(e)), the application size fee due is $250 ($125 for small entity) for each additional 50

sheets or fraction thereof. See 35 U.S.C. 41(a)(1)(G) and 37 CFR l.l6$s).
Number of each additional 50 or

[ susmITYED BY

Signature

(L~

Registration No.

(Attorney/Agent) 33,949

Telephone g19 338.8075

JOHN L. ROGITZ \

LName (Print/Type)

DCate ,gbl: Q:3 Zodlp

This collection of information is required by 37 CFR 1.136. The information is required to obtain or retain a benefit by the public which is to file (and by the
USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 30 minutes to complete,
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments
on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent
and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, 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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FROM ROGlTZ:'SfQ*%SS 8078 (MON)MAR 13 2006 13:42/ST. 13:41/No. 6833031901 P 1

for Head Applications

RECEIVED

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE (o ‘O O

750 B Street, Suite 3120
San Diego, CA 92101

Applicant; Hardayal Singh Gill ) Art Unit: 2652 ;
) MAR 1 3 2006
Serial No.: 11/350,226 ) Examiner: Unk.
)
Filed: February 8, 2006 ) CASE NO.: HSJ920050318US1
)
For: Magnetic Tunnel Transistor with Thin Read Gap ) March 13, 2006
)
)
)

TRANSMITTAL LETTER FOR- CORRECTION OF ERROR IN FILING RECEIPT

Commissioner for Patents
Alexandria, VA 22313

Dear Sir:

This is incorrect. Please update the Filing Rece
incorrect Filing Receipt is transmitted herewith.

Encs.

The Filing Receipt for the above-captioncd patent application lists the applicant’s city as Pale Alton.

ipt to show the applicant’s city as Palo Alte. A copy of the

Respectfully submitted,

) 2 —

John 4. Rogiz, Attorney of Record
Registration No. 33,549

750 "B" Street, Suite 3120

San Diego, CA 92101

Telephone: (619) 338-8075

We are transmitting a total of 4 page(s) including this covar sheset.

IF ¥YOU DO NOT RECEIVE ALL TRANSMITTED PAGES, PLEASE CALL US AT
619/338-8075
ORIGINAL DOCUMENTS WILL BE SENT VIA:

( )U.S. MATL ( ) PEDERAL RXPRESS

( YMRSSENGER (X)WXLL NOT BE SENT

PAGE 1/4* RCVD AT 311312000 4:43:52 PM [Eastern Standard Time] * SVR:USPTO-EFXRF-2/11* DNIS:2738300 * CSID:16193388078 * DURATION (mm-ss):01-28
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F;{OM ROGITZ t\:“r‘@‘ﬁf}ﬁ“ 8078 (MON) MAR 13Cé&q%i?§Z%EN+éhﬂ/No. 6833031901 P 2
MAR13 2006 /)00 043

UNITED STATES DEPARTMENT OF COMMENCE
United Statos Patant and Tradame ek Offive
Adtcesw: Egﬁg’?ﬁlo"m FOR PATENTS

Alcxaadna, Viggnia, 22313.1430
WOrW.onogov

.\l UNITED S7ATES PATENT AND TRADEMARK OFFIGE

I APPL NO. I F'L::‘)Gng;‘é’" "ART UNIT | FIL FEE RECD ATTY.DOCKET NO ORAWINGS [ TOT Cims | inD cums
11/350,226 02/08/2006 2652 1000 HSJ920050318US1 1 . 20 3
. CONFIRMATION NO. 9816
?gg?TZ & ASSOCIATES - R
760 B STREET UL el T T Ll
SUITE 3120 . *0C000000018225123° A

SAN DIEGO, CA 92101

Date Mailed: 03/08/2006

Receipt is acknowledged of this regular Patent Application. It will be considered in its order and you will be
notified as to the results of the examination. Be sure to provide the U.S. APPLICATION NUMBER, FILING DATE,
NAME OF APPLICANT, and TITLE OF INVENTION -when inquiring about this application. Fees transmitted by
check or draft are subject to collection. Please verify the accuracy of the data presented on this receipt. Iif an
error Is noted on this Filing Receipt, please mail to the Commissioner for Patents P.O. Box 1450
Alexandria Va 22313-1450. Please provide a copy of this Filing Receipt with the changes noted thereon. Iif
you received a "Notice to File Missing Parta™ for this application, please submit any corrections to this.
Filing Recelpt with your reply to the Notice. When the USPTO processes the reply to the Notice, the
USPTO will generate another Filing Recelpt incorporating the requested corrections (if appropriate).

Applicant(s)

Hardayal Singh Gill, Palo Alton, CA;
Power of Attorney: The patent practitioners associated with Customer Number 36023.
Domestic Priority data as claimed by applicant

Foreign Applications

If Required, Foreign Filing License Granted: 03/07/2008

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

Convention, Is US11/350,226

Projected Publication Date: 08/09/2007

Non-Publication Request: No

Early Publication Request: No

Title

PAGE 2/4" RCVD AT 311312006 4:43:52 P [Eastem Standard Time] * SVR:USPTO-EFXRF-2111* DNIS:2738300* CSID:16133388078 * DURATION (mm-5s):01-28
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FROM ROGITZ &+8-338 8078 (MON)MAR 13 2006 13:42/ST.13:41/No. 6833031901 P 3
Page2of 3

Magnetic tunnel transistor with thin read gap for head applications

Preliminaty Class
360

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 intemational (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the
fiing of patent applications on the same invention in member countries, but does not result in a grant of “an
intemational 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 paerson 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 raspects 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 800-786-8199, or it
can be viewed on the USPTO website at http:/iwww.uspto.goviwebloffices/pac/doc/general/index.htmt.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may
wish to consult the U.S. Government website, hitp://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 Chinae, Korea and Mexico. For questions regarding patent enforcement
issues, applicants may call the U.S. Govemment hotline at 1-866-999-HALT (1-866-999-4158). .

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 mel, ragardless of whether or not a license may bs 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.

PAGE 314* RCVD AT 31132006 4:43:52 PM [Eastem Standard Time] * SVR:USPTO-EFXRF-2/11* DNIS:2738300 * CSID:1613388078 ¢ DURATION (mm-ss):01-28
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Pagelof 3

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 faws relating to espionage and the
national security or the export of technical data, Licansees 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 Bursau of
Industry and Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign Assets Control,
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.$.C. 181, the licensee may foreign file the. application pursuant to 37 CFR 5.15(b).
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EX2006 - Page 25



UNITED STATES PATENT AND TRADEMARK OFFIGE

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

www.uspto gov

APPLICATION NUMBER FILING OR 371(c) DATE FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE

11/350,226 02/08/2006 Hardayal Singh Gill HSJ920050318US1

CONFIRMATION NO. 9816

24955

ROGITZ & ASSOCIATES
750 B STREET

SUITE 3120

SAN DIEGO, CA92101

Title: Magnetic tunnel transistor with thin read gap for head applications

Publication No. US-2007-0183100-A1
Publication Date: 08/09/2007

NOTICE OF PUBLICATION OF APPLICATION

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

The publication may be accessed through the USPTO's publically available Searchable Databases
via the Internet at www.uspto.gov. The direct link to access the publication is currently
http://www.uspto.gov/patft/.

The publication process established by the Office does not provide for mailing a copy of the
publication to applicant. A copy of the publication may be obtained from the Office upon payment
of the appropriate fee set forth in 37 CFR 1.19(a)(1). Orders for copies of patent application
publications are handled by the USPTQ's Office of Public Records. The Office of Public Records
can be reached by telephone at (703) 308-9726 or (800) 972-6382, by facsimile at (703) 305-8759,
by mail addressed to the United States Patent and Trademark Office, Office of Public Records,
Alexandria, VA 22313-1450 or via the Internet.

In addition, information on the status of the application, including the mailing date of Office actions
and the dates of receipt of correspondence filed in the Office, may also be accessed via the
Internet through the Patent Electronic Business Center at www.uspto.gov using the public side of
the Patent Application Information and Retrieval (PAIR) system. The direct link to access this
status information is currently http:/pair.uspto.gov/. Prior to publication, such status information is
confidential and may only be obtained by applicant using the private side of PAIR.

Further assistance in electronically accessing the publication, or about PAIR, is available by calling
the Patent Electronic Business Center at 1-866-217-9197.

Pre-Grant Publication Division, 703-605-4283
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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.USpto.gov

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. CONFIRMATION NO. |
11/350,226 02/08/2006 Hardayal Singh Gill HSJ920050318US1 9816
24955 7590 03/19/2009
EXAMINER
ROGITZ & ASSOCIATES | |
750 B STREET RENNER, CRAIG A
SUITE 3 120 ART UNIT PAPER NUMBER
SAN DIEGO, CA 92101 | | |
2627
| MAIL DATE | DELIVERY MODE |
03/19/2009 PAPER

Please find below and/or attached an Office communication concerning this application or proceeding.

The time period for reply, if any, is set in the attached communication.

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

11/350,226 GILL, HARDAYAL SINGH
Office Action Summary Examiner Art Unit

Craig A. Renner 2627

-- 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 7 MONTH(S) OR THIRTY (30) DAYS,
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION.

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

after SIX (6) MONTHS from the mailing date of this communication.
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

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

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

Status

1)[] Responsive to communication(s) fledon ______
2a)[] This action is FINAL. 2b)X] This action is non-final.
3)] 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

4K Claim(s) 1-20 is/are pending in the application.

4a) Of the above claim(s) _____ is/are withdrawn from consideration.
5] Claim(s) _____is/are allowed.
6)] Claim(s)_____is/are rejected.
7)[] Claim(s) is/are objected to.

8)X Claim(s) 1-20 are subject to restriction and/or election requirement.

Application Papers

9)[] The specification is objected to by the Examiner.
10)[_] The drawing(s) filed on isfare: 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).
11)[] The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152.

Priority under 35 U.S.C. § 119

12)[_] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)~(d) or (f).
a)JAIl b)[]Some * ¢)[] None of:
1.0 Certified copies of the priority documents have been received.
2[] Certified copies of the priority documents have been received in Application No. ______
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) D Notice of References Cited (PTO-892) 4) D Interview Summary (PTO-413)
2) [[] Notice of Draftsperson’s Patent Drawing Review (PTO-948) Paper No(s)/Mail Date. _____
3) [] Information Disclosure Statement(s) (PTO/SB/08) 5) [ Notice of Informal Patent Application
Paper No(s)/Mail Date . 6) ] other:
U.S. Patent and Trademark Office
PTOL-326 (Rev. 08-06) Office Action Summary Part of Paper No./Mail Date 20090316
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Application/Control Number: 11/350,226 Page 2
Art Unit: 2627

1. Restriction to one of the following inventions is required under 35 U.S.C. 121:
l. Claims 1-15, drawn to a “magnetic tunnel transistor,” classified in class

257, subclass 30.
Il. Claims 16-20, drawn to a “read head,” classified in class 360, subclass

324.2.

2. The inventions are distinct, each from the other because of the following reasons:
Inventions of groups Il and | are related as combination and subcombination,
respectively. Inventions in this relationship are distinct if it can be shown that (1) the
combination as claimed does not require the particulars of the subcombination as
claimed for patentability, and (2) that the subcombination has utility by itself or in other
combinations (MPEP § 806.05(c)). In the instant case, the combination as claimed
does not require the particulars of the subcombination as claimed because the
combination does not require for “a barrier layer of MgO disposed between the base

and the emitter structure,” “wherein the emitter structure is pinned by a pinning layer,” or
“a barrier height of less than three-tenths of an electron volt,” for instance. The
subcombination has separate utility such as usable in a memory as opposed to a read
head.

The examiner has required restriction between combination and subcombination
inventions. Where applicant elects a subcombination, and claims thereto are

subsequently found allowable, any claim(s) depending from or otherwise requiring all

the limitations of the allowable subcombination will be examined for patentability in

EX2006 - Page 29



Application/Control Number: 11/350,226 Page 3
Art Unit: 2627

accordance with 37 CFR 1.104. See MPEP § 821.04(a). Applicant is advised that if
any claim presented in a continuation or divisional application is anticipated by, or
includes all the limitations of, a claim that is allowable in the present application, such
claim may be subject to provisional statutory and/or nonstatutory double patenting

rejections over the claims of the instant application.

3. Restriction for examination purposes as indicated is proper because all these
inventions listed in this action are independent or distinct for the reasons given above
and there would be a serious search and examination burden if restriction were not
required because one or more of the following reasons apply:

(a) the inventions have acquired a separate status in the art in view of their
different classification;

(b) the inventions have acquired a separate status in the art due to their
recognized divergent subject matter;

(c) the inventions require a different field of search (for example, searching
different classes/subclasses or electronic resources, or employing different
search queries);

(d) the prior art applicable to one invention would not likely be applicable to
another invention;

(e) the inventions are likely to raise different non-prior art issues under 35 U.S.C.

101 and/or 35 U.S.C. 112, first paragraph.
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Applicant is advised that the reply to this requirement to be complete must
include (i) an election of a invention to be examined even though the requirement
may be traversed (37 CFR 1.143) and (ii) identification of the claims encompassing
the elected invention.

The election of an invention may be made with or without traverse. To reserve a
right to petition, the election must be made with traverse. If the reply does not distinctly
and specifically point out supposed errors in the restriction requirement, the election
shall be treated as an election without traverse. Traversal must be presented at the time
of election in order to be considered timely. Failure to timely traverse the requirement
will result in the loss of right to petition under 37 CFR 1.144. If claims are added after
the election, applicant must indicate which of these claims are readable on the elected
invention.

If claims are added after the election, applicant must indicate which of these
claims are readable upon the elected invention.

Should applicant traverse on the ground that the inventions are not patentably
distinct, applicant should submit evidence or identify such evidence now of record
showing the inventions to be obvious variants or clearly admit on the record that this is
the case. In either instance, if the examiner finds one of the inventions unpatentable
over the prior art, the evidence or admission may be used in a rejection under 35 U.S.C.

103(a) of the other invention.

EX2006 - Page 31



Application/Control Number: 11/350,226 Page 5
Art Unit: 2627

4. Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Craig A. Renner whose telephone number is (571) 272-
7580. The examiner can normally be reached on Tuesday-Friday 9:00 AM - 7:30 PM.
If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, A. L. Wellington can be reached on (571) 272-4483. 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 PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a
USPTO Customer Service Representative or access to the automated information
system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.
/Craig A. Renner/
Primary Examiner, Art Unit 2627

CAR
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RESPONSE TO OFFICE ACTION

Commissioner for Patents
Alexandria, VA

Dear Sir:

This responds to the Office Action dated March 19, 2009. Applicant elects Claims 1-15.
The Examiner is cordially invited to telephone the undersigned at (619) 338-8075 for any reason which
dvance the instant application to allowance.

Respectfully submitted,

ﬂ’//\”
John L. Rogitz
Registration No. 33,549
Attommey of Record
750 B Street, Suite 3120
San Diego, CA 92101
Telephone: (619) 338-8075
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Please find below and/or attached an Office communication concerning this application or proceeding.
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Office Action Summary Examiner Art Unit

JOSE R. DIAZ 2815

-- 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 MONTH(S) OR THIRTY (30) DAYS,
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION.

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

after SIX (6) MONTHS from the mailing date of this communication.
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

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

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

Status
1)X] Responsive to communication(s) filed on 23 March 2009.
2a)[] This action is FINAL. 2b)X] This action is non-final.

3)] 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

4K Claim(s) 1-20 is/are pending in the application.
4a) Of the above claim(s) 16-20 is/are withdrawn from consideration.

5[] Claim(s) is/are allowed.

6)X] Claim(s) 1-15 is/are rejected.

7)[] Claim(s) _____is/are objected to.

8)] Claim(s) _____are subject to restriction and/or election requirement.

Application Papers

9)[] The specification is objected to by the Examiner.
10)X] The drawing(s) filed on 08 February 2009 is/are: a)X] accepted or b)[] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).
11)[] The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152.

Priority under 35 U.S.C. § 119

12)[_] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)~(d) or (f).
a)JAIl b)[]Some * ¢)[] None of:
1.0 Certified copies of the priority documents have been received.
2[] Certified copies of the priority documents have been received in Application No. ______
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) & Notice of References Cited (PTO-892) 4) D Interview Summary (PTO-413)

2) [] Notice of Draftsperson’s Patent Drawing Review (PTO-948) Paper No(s)/Mail Date. _____

3) [X] Information Disclosure Statement(s) (PTO/SB/08) 5) ] Notice of Informal Patent Application
Paper No(s)/Mail Date 2/8/06. 6) |:| Other:

U.S. Patent and Trademark Office
PTOL-326 (Rev. 08-06) Office Action Summary Part of Paper No./Mail Date 20090607
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DETAILED ACTION

Election/Restrictions
1. Applicant’s election of claims 1-15 in the reply filed on March 23, 2009 is
acknowledged. Because applicant did not distinctly and specifically point out the
supposed errors in the restriction requirement, the election has been treated as an

election without traverse (MPEP § 818.03(a)).

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

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

A person shall be entitled to a patent unless —

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

(e) the invention was described in (1) an application for patent, published under section 122(b), by
another filed in the United States before the invention by the applicant for patent or (2) a patent
granted on an application for patent by another filed in the United States before the invention by the
applicant for patent, except that an international application filed under the treaty defined in section
351(a) shall have the effects for purposes of this subsection of an application filed in the United States

only if the international application designated the United States and was published under Article 21(2)
of such treaty in the English language.

3. Claim 1 is rejected under 35 U.S.C. 102(e) as being anticipated by Childress et
al. (US 7,259,942 B2).

The applied reference has a common assignee with the instant application.
Based upon the earlier effective U.S. filing date of the reference, it constitutes prior art
under 35 U.S.C. 102(e). This rejection under 35 U.S.C. 102(e) might be overcome

either by a showing under 37 CFR 1.132 that any invention disclosed but not claimed in
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the reference was derived from the inventor of this application and is thus not the
invention “by another,” or by an appropriate showing under 37 CFR 1.131.

Regarding claim 1, Childress discloses a magnetic tunnel transistor (MTT)
comprising:

a ferromagnetic base (Base Region 704) [Fig. 7];

a ferromagnetic emitter structure (Emitter Region 702) [Fig. 7 and col. 8, lines 9-
11]; and

a ferromagnetic collector that does not include GaAs [Fig. 7 and col. 8, lines 12-

14].

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

obviousness rejections set forth in this Office action:

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

5. Claims 2-4 and 8-12 are rejected under 35 U.S.C. 103(a) as being obvious over
Childress et al. (US 7,259,942 B2) in view of Shimazawa et al. (US 6,671,141 B2).

The applied reference has a common assignee with the instant application.
Based upon the earlier effective U.S. filing date of the reference, it constitutes prior art
only under 35 U.S.C. 102(e). This rejection under 35 U.S.C. 103(a) might be overcome
by: (1) a showing under 37 CFR 1.132 that any invention disclosed but not claimed in

the reference was derived from the inventor of this application and is thus not an
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invention “by another”; (2) a showing of a date of invention for the claimed subject
matter of the application which corresponds to subject matter disclosed but not claimed
in the reference, prior to the effective U.S. filing date of the reference under 37 CFR
1.131; or (3) an oath or declaration under 37 CFR 1.130 stating that the application and
reference are currently owned by the same party and that the inventor named in the
application is the prior inventor under 35 U.S.C. 104, together with a terminal disclaimer
in accordance with 37 CFR 1.321(c). This rejection might also be overcome by showing
that the reference is disqualified under 35 U.S.C. 103(c) as prior art in a rejection under
35 U.S.C. 103(a). See MPEP § 706.02(1)(1) and § 706.02(1)(2).

Regarding claims 2-3, 8-9 and 11, Childress substantially discloses the claimed
invention including a first barrier layer (710) disposed between the collector and the
base; and a second barrier layer (708) disposed between the base and the emitter [Fig.
7]. With regards to the claimed materials, Childress discloses that the barrier layers
(710/708) may be formed of a tunnel barrier material [Col. 8, lines 5-10].

However, Childress is silent with respect to TiO and MgO as the tunnel barrier
materials.

Shimazawa teaches that TiO and MgO are very well known tunnel barrier
materials [col. 8, lines 54-56].

Childress and Shimazawa are analogous art because they are from the same
field of endeavor as applicant’s invention. At the time of the invention it would have
been obvious to a person of ordinary skill in the art to use TiO as the first barrier layer

between the collector and the base of the device taught by Childress; and MgO as the
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second barrier layer between the base and the emitter of the device taught by
Childress. The motivation for doing so, as is taught by Shimazawa, is to reduce
resistance (col. 8, line 57). In addition, it would have been obvious to combines the
references since the substitution of one known element for another yields predictable
results to one of ordinary skill in the art. Therefore, it would have been obvious to
combine Shimazawa with Childress to obtain the invention of claims 2-3.

Regarding claims 4 and 12, Childress discloses wherein the collector is made of
NiFe and/or CoFe [col. 8, lines 12-14].

Regarding claim 10, Childress discloses a ferromagnetic collector that does not

include GaAs [Fig. 7 and col. 8, lines 12-14].

6. Claims 5-7 and 13-15 are rejected under 35 U.S.C. 103(a) as being obvious over
Childress et al. (US 7,259,942 B2) in view of Shimazawa et al. (US 6,671,141 B2), and
further in view of Sato et al. (US 2006/0256484 A1).

Regarding claims 5-7 and 13-15, Childress discloses collector (906), first tunnel
barrier (926), Base region (904), second tunnel barrier (920), Emitter region (902) and
pinning layer (918) [Fig. 9]. Furthermore, Shimazawa teaches TiO and MgO as well
known tunnel barriers [col. 8, lines 54-56].

The combination of prior art references substantially teaches the claimed
invention except for a base made of CoFeB.

Sato teaches a CoFeB/MgO/CoFeB/Ru/CoFe (13-18) [paragraphs 0053, 0054,

0056, 0062, 0066, 0069, 0072].
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Childress, Shimazawa and Sato are analogous art because they are from the
same field of endeavor as applicant’s invention. At the time of the invention it would
have been obvious to a person of ordinary skill in the art to include a base made of
CoFeB in the device taught by Childress. The motivation for further doing so, as is
taught by Sato is to improve the quality of the tunnel barrier film (paragraph 0066). In
addition, it would have been obvious to combines the references since the substitution
of one known element for another yields predictable results to one of ordinary skill in the

art. Therefore, it would have been 5-7 and 13-15.

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
obviousness-type 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); 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 conflicting 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.

Effective January 1, 1994, a registered attorney or agent of record may sign a
terminal disclaimer. A terminal disclaimer signed by the assignee must fully comply with
37 CFR 3.73(b).
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8. Claims 1-15 are rejected on the ground of nonstatutory obviousness-type double
patenting as being unpatentable over claims 1-10 of U.S. Patent No. 7,259,942 B2 in
view of Shimazawa et al. (US 6,671,141 B2), and further in view of Sato et al. (US
2006/0256484 A1). Claims 1-15 claim a device which is similar in scope as the one
recited in claims 1-10 of the ‘942 patent. See rejections above for teachings of the

secondary references to Shimazawa and Sato.

Correspondence
Any inquiry concerning this communication or earlier communications from the
examiner should be directed to JOSE R. DIAZ whose telephone number is (571)272-
1727. The examiner can normally be reached on Monday through Thursday.
If attempts to reach the examiner by telephone are unsuccessful, the examiner's
supervisor, Kenneth Parker can be reached on (571) 272-2298. The fax phone number

for the organization where this application or proceeding is assigned is 571-273-8300.
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Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a
USPTO Customer Service Representative or access to the automated information
system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/Kenneth A Parker/
Supervisory Patent Examiner, Art Unit 2815

J.R.D./
Examiner, Art Unit 2815
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collector near5 (nife or cofe)

US-PGPUB;
USPAT;
USOCR; EPO;
JPO;
DERWENT;
|BM_TDB

OR

ON

2009/04/24
12:04

1810

47

base near5 (cofeb or (co
neari fe near1 b))

US-PGPUB;
USPAT;
USOCR; EPO;
JPO;
DERWENT;
|IBM_TDB

OR

ON

2009/04/24
12:05

1St

S9 and S10

US-PGPUB;
USPAT;
USOCR; EPO;
JPO;
DERWENT;
IBM_TDB

OR

ON

2009/04/24
12:05

isi2

(magnetic near tunel$3)

US-PGPUB;
USPAT;
USOCR; EPO;
JPO;
DERWENT;
|IBM_TDB

OR

ON

2009/04/24
12:37

1813

6325

(magnetic near tunnel$3)

US-PGPUB;
USPAT;
USOCR; EPO;
JPO;
DERWENT;
|BM_TDB

OR

ON

2009/04/24
12:37

Sta

799

(tio or mgo) and S13

US-PGPUB;
USPAT;
USOCR; EPO;
JPO;
DERWENT;
|BM_TDB

OR

ON

2009/04/24
12:38

5B

465

(ru or ruthenium) and S14

US-PGPUB;
USPAT;
USOCR; EPO;
JPO;
DERWENT;
IBM_TDB

OR

ON

2009/04/24
12:40

S16

2706

(257/295).CCLS.

US-PGPUB;
USPAT;
USOCR; FPRS;
EPO; JPO;
DERWENT;
|IBM_TDB

OR

OFF

2009/06/07
07:37

§17
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SE

("7368301").PN.

US-PGPUB;
USPAT;
USOCR; FPRS;
EPO; JPO;
DERWENT;
|BM_TDB

OR

OFF

2009/06/07
07:41

st9

20840

(magnetic or ferromagnetic)
and pinn$3

US-PGPUB;
USPAT;
USOCR; EPO;
JPO;
DERWENT;
|BM_TDB

OR

ON

2009/06/07
08:01

20

216727

(magnetic or ferromagnetic)

and (pin or pinning or pinned

or pined)

US-PGPUB;
USPAT;
USOCR; EPO;
JPO;
DERWENT;
IBM_TDB

OR

ON

2009/06/07
08:02

=Y

22738

S20 and barrier

US-PGPUB;
USPAT;
USOCR; EPO;
JPO;
DERWENT;
IBM_TDB

OR

ON

2009/06/07
08:02

&2

4210

S21 and (cobalt or cofeb or
(co near1 fe near1 b))

US-PGPUB;
USPAT;
USOCR; EPO;
JPO;
DERWENT;
|BM_TDB

OR

ON

2009/06/07
08:03

3

397

S22 and collector

US-PGPUB;
USPAT;
USOCR; EPO;
JPO;
DERWENT;
|BM_TDB

OR

ON

2009/06/07
08:03

=

327

S22 and emitter

US-PGPUB;
USPAT;
USOCR; EPO;
JPO;
DERWENT;
IBM_TDB

OR

ON

2009/06/07
08:04

§825

179

S23 and S24

US-PGPUB;
USPAT;
USOCR; EPO;
JPO;
DERWENT;
IBM_TDB

OR

ON

2009/06/07
08:04

&6
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("5,729,410") or
("5,764,567")).PN.

US-PGPUB;
USPAT;
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EPO; JPO;
DERWENT;
IBM_TDB

OR
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&7

2357

S22 and head

US-PGPUB;
USPAT;
USOCR; EPO;
JPO;
DERWENT;
|BM_TDB

OR

ON

2009/06/07
08:11

8

("20070139827").PN.

US-PGPUB;
USPAT;
USOCR; FPRS;
EPO; JPO;
DERWENT;
|IBM_TDB

OR

OFF

2009/06/07
08:18

§829

("7,149,105").PN.

US-PGPUB;
USPAT;
USOCR; FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

OR

OFF

2009/06/07
08:29

180

10

("20030072109" | "5650958"
| "5841692" | "6181537" |
"6452240" | "6518588" |
"6707084" | "6842317").PN.
OR ("7149105").URPN.

US-PGPUB;
USPAT; USOCR

OR

ON

2009/06/07
08:34

&

768

(360/324.2).CCLS.

US-PGPUB;
USPAT;
USOCR; FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

OR

OFF

2009/06/07
08:44

130

5570

S21 and (cobalt or cofeb or
(co near1 fe near1 b) or cofe
or (co neari fe))

US-PGPUB;
USPAT;
USOCR; EPO;
JPO;
DERWENT;
|IBM_TDB

OR

ON

2009/06/07
08:46

8

636

S31 and (cobalt or cofeb or
(co near1 fe near1 b) or cofe
or (co neari fe))

US-PGPUB;
USPAT;
USOCR; EPO;
JPO;
DERWENT;
|BM_TDB

OR

ON

2009/06/07
08:46

4

95

3833 and ((magnesium near
oxide) or (Mg near1 O))

US-PGPUB;
USPAT;
USOCR; EPO;
JPO;
DERWENT;
|BM_TDB

OR

ON

2009/06/07
08:48

35

(12/100097) .APP.

USPAT; USOCR

OR

ON

2009/06/07
08:49

&6
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1837 6 US-6347049-$.DID. OR US- US-PGPUB; OR ON 2009/06/07
; 20040109347-$.DID. OR US- {USPAT; 08:51
6841395-$.DID. USOCR; EPO;
: JPO; DERWENT
1S538 6 US-6347049-$.DID. OR US- US-PGPUB; OR ON 2009/06/07
: 20040109347-$.DID. OR US- {USPAT; 08:51
6841395-$.DID. USOCR; EPO;
: JPO; DERWENT
1839 2 ("7372674").PN. US-PGPUB; OR OFF 2009/06/07
USPAT; 08:59
USOCR; FPRS;
EPO; JPO;
DERWENT;
; IBM_TDB
840 156 collector near1 ((ni ner1 fe) US-PGPUB; OR ON 2009/06/07
: or (co near fe)) USPAT; 09:00
USOCR; EPO;
JPO;
DERWENT;
g IBM_TDB
41 27 ((magnetic or ferromagnetic) {US-PGPUB; OR ON 2009/06/07
: or head) and $40 USPAT; 09:01
USOCR; EPO;
JPO;
DERWENT;
: |BM_TDB
S42 491 (gill near1 hardayal).in. US-PGPUB; OR ON 2009/06/07
: USPAT; 09:05
USOCR; EPO;
JPO;
DERWENT;
: |BM_TDB
43 0 (11/863131).APP. USPAT; USOCR OR ON 2009/06/07
09:23
44 0 (11/379162) .APP. USPAT; USOCR {OR ON 2009/06/07
09:38
S5 (10/627293).APP. USPAT; USOCR {OR ON 2009/06/07
10:25
146 11 ("20020024780" | US-PGPUB; OR ON 2009/06/07
E "20020181169" | USPAT; USOCR 10:25
"20030214004" |
"20040061984" |
"20040257192" | "6295187"
| "6400536" | "6480365" |
"6501143" | "6655006").PN.
OR ("7084467").URPN.
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A7 22 ("20030122208" | US-PGPUB; OR ON 2009/06/07
: "20030164509" | USPAT; USOCR 10:44
"20030214004" |
"20030214763" |
"20030235016" |
"20040008454" | "5416353"
| "5432373" | "5747859" |
"6023395" | "6201259" |
"6438026" | "6473279" |
"6480365" | "6501143" |
"6577476" | "6680832" |
"6704175" | "6724586" |
"6741432" | "7084467").PN.
: OR ("7259942").URPN.
48 4155 tunnel adj barrier US-PGPUB; OR ON 2009/06/07
USPAT; USOCR 11:24
149 3267 $48 and (@ad<"20060208"  {US-PGPUB; OR ON 2009/06/07
: or @ad< "20060208") USPAT; 11:25
USOCR; FPRS;
EPO; JPO;
DERWENT;
: IBM_TDB
iS50 3570 $48 and (@ad< "20060208" US-PGPUB; OR ON 2009/06/07
: or @rlad< "20060208") USPAT; 11:25
USOCR; FPRS;
EPO; JPO;
DERWENT;
: IBM_TDB
11851 333 tio near2 mgo US-PGPUB; OR ON 2009/06/07
% USPAT; 11:26
USOCR; FPRS;
EPO; JPO;
DERWENT;
: IBM_TDB
11852 2 S50 and S51 US-PGPUB; OR ON 2009/06/07
: USPAT; 11:26
USOCR; FPRS;
EPO; JPO;
DERWENT;
; IBM_TDB
1353 28 (tunnel adj barrier) near5 (tio {US-PGPUB; OR ON 2009/06/07
; or (ti near o) or "tio.sub.2" or {USPAT; 11:28
(titanium adj oxide)) USOCR; FPRS;
EPO; JPO;
DERWENT;
; IBM_TDB
1Sh4 262 (tunnel adj barrier) nearb US-PGPUB; OR ON 2009/06/07
: (Mgo or (Mg near o) or USPAT; 11:29
(magnesium adj oxide)) USOCR; FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
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11555 284 S53 S54 US-PGPUB; OR ON 2009/06/07
: USPAT; 11:29
USOCR; FPRS;
EPO; JPO;
DERWENT;
g IBM_TDB
1Sh6 6 S53 and S54 US-PGPUB; OR ON 2009/06/07
: USPAT; 11:29
USOCR; FPRS;
EPO; JPO;
DERWENT;
: IBM_TDB
11857 19 S63 and (@ad<"20060208"  {US-PGPUB; OR ON 2009/06/07
: or @rlad< "20060208") USPAT; 11:31
USOCR; FPRS;
EPO; JPO;
DERWENT;
; IBM_TDB
11958 133 Sb4 and (@ad<"20060208"  {US-PGPUB; OR ON 2009/06/07
: or @rlad< "20060208") USPAT; 11:31
USOCR; FPRS;
EPO; JPO;
DERWENT;
: IBM_TDB
159 7803 (international near business  {US-PGPUB; OR ON 2009/06/07
: near machines).as. and (mtt {USPAT; 21:17
or (magnetic near tunnel$3) {USOCR; EPO;
or ((magnetic or JPO;
ferromagnetic) and (pin or DERWENT;
pinnned or pinning or IBM_TDB
head)))
1860 883 S59 and (cobalt or cofeb or  {US-PGPUB; OR ON 2009/06/07
(co near1 fe near1 b) or cofe {USPAT; 21:17
or (co neari fe)) USOCR; EPG;
JPO;
DERWENT;
; IBM_TDB
161 82 (tio or mgo) and S60 US-PGPUB; OR ON 2009/06/07
E USPAT; 21:18
USOCR; EPO;
JPO;
DERWENT;
: IBM_TDB
862 1 (11/452741) .APP. USPAT; USOCR iOR ON 2009/06/07
21:21
1963 6 ("20020085321" | US-PGPUB; OR ON 2009/06/07
E "20040041183" | USPAT; USOCR 21:24
"20060054947" |
"20060056115" |
"20060262594" | "6545906").
PN. OR ("7535069").URPN.
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1564 4897 (hitachi near global near US-PGPUB; OR ON 2009/06/07
% storage).as. and (mtt or USPAT; 21:41
(magnetic near tunnel$3) or {USOCR; EPO;
((magnetic or ferromagnetic) JPO;
and (pin or pinnned or DERWENT;
: pinning or head))) |IBM_TDB
165 1102 S64 and (cobalt or cofeb or  {US-PGPUB; OR ON 2009/06/07
: (co near1 fe near1 b) or cofe {USPAT; 21:42
or (co neart fe)) USOCR; EPO;
JPO;
DERWENT;
: IBM_TDB
1366 1 (tio and mgo) and S65 US-PGPUB; OR ON 2009/06/07
: USPAT; 21:42
USOCR; EPG;
JPO;
DERWENT;
E IBM_TDB
S67 19 S65 and collector US-PGPUB; OR ON 2009/06/07
g USPAT; 21:45
USOCR; EPO;
JPO;
DERWENT;
IBM_TDB
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Receipt date: 02/08/2006 11350226 - GAU: 2815

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

First Named
Inventor: Gill Atty. Docket#: HSJ920050318US1
Filing Date: = Herewith
750 "B" Street, Suite 3120
For: MAGNETIC TUNNEL TRANSISTOR WITH San Diego, CA 92101
THIN READ GAP FOR HEAD
APPLICATIONS

Customer No.: 24955

N N N N N N N N N

INFORMATION DISCLOSURE STATEMENT

Commissioner for Patents
Alexandria, VA 22313

Dear Sir:

Pursuant to Sections 1.97, 1.98, and 1.99 of the Rules of Practice in patent cases, enclosed is
the "List of References Cited by Applicant,” Form PTO-1449. '

Respectfully submitted,

([

John L. Rogitz

Attorney of Record
Registration No. 33,549
750 "B" Street, Suite 3120
San Diego, CA 92101
Telephone: (619) 338-8075

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /JRD/
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Receipt date: 02/08/2006 11350226 - GAU: 2815

Page 1 of 1
Form PTO-1449 Docket No.: HSJ920050318US1
U.S. Department of Commerce Serial No.: Unk.
Patent and Trademark Office Applicant: GILL
Filing Date: Herewith
INFORMATION DISCLOSURE CITATION
U.S. PATENT DOCUMENTS
Examiner Document Number | Date Name Class Sub-Class Filing Date
Initial
2004/0218314 A1 11/04/2004 Gill 360 324.2 \
2003/0214004 Al 11/20/2003 Sato et al. 257 427 \
2005/0226043 Al 10/13/2005 Parkin et al. 365 173 \
6,480,365 B1 11/12/2002 Gill et al. 360 324.11 \
2005/0225905 A1 10/13/005 Tera et al. 360 324.2 \
5,291,274 03/01/1994 Tamura 257 30 \
FOREIGN PATENT DOCUMENTS
EXAMINER DOCUMENT DATE COUNTRY CLASS SuB- TRANSLATION
INITIAL NUMBER CLASS YES OR NO
"
i
M
OTHER DOCUMENTS (Including Author, Title, Date, Pertinent Pages, Etc.)
F"‘MM
Examiner: / JOSE R DiaZ/ Date Considered: 06/ 08/2069

Examiner: Initial if citation considered, whether or uot 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 applicant.

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /JRD/
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From:Rogitz & Assoc. 619 338 8078 06/16/2008 14:12 #642 P.001/006

RECEIVED
CENTRAL FAX CENTER
JUN 16 2008

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

First Named Applicant: Gill Art Unit: 2815

Serial No.: 11/350,226 Examiner: Diaz
Filed: February 8, 2006 HSJ920050318US1

For: MAGNETIC TUNNEL TRANSISTOR WITH THIN
READ GAP FOR HEAD APPLICATIONS

June 16, 2009
750 B STREET, Suite 3120
San Diego, CA 92101

Sl N N N A N Nl N N SN

RESPONSE TO OFFICE ACTION

Commissioner for Patents
Alexandria, VA

Dear Sir:

This responds to the Office Action dated June 10, 2009.

1189-63.AM1
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From:Rogitz & Assoc. 619 338 8078 06/16/2009 14:12 #642 P.002/006

PATENT

CASE NO.: HSJ920050318US1
Filed: February 8, 2006

Serial No.: 11/350,226
June 16, 2009
Page 2

1 (canceled).

2. (currently amended) TFhe-MTT-of-Claim—l—comprising A magnetic tunnel transistor

(MTT) comprising:

a ferromagnetic base;

a ferromagnetic emitter structure;

a ferromagnetic collector that does not include GaAs; and

a barrier layer of TiO disposed between the collector and the base.

3. (original) The MTT of Claim 2, comprising a barrier layer of MgO disposed between the

base and the emitter structure.

4. (original) The MTT of Claim 2, wherein the collector is made of NiFe and/or CoFe.
5. (original)  The MTT of Claim 2, wherein the base is made of CoFeB.

6. (original)  The MTT of Claim 2, wherein the emitter structure includes a layer of Ru disposed

between a layer of CoFeB and a layer of CoFe.

7. (ariginal)  The MTT of Claim 6, wherein the emitter structure is pinned by a pinning layer.

1189-63.AM1
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From:Rogitz & Assoc. 619 338 8078 06/16/2009 14:12 #642 P.003/006

CASE NO.: HSJ920050318US1 PATENT
Serial No.: 11/350,226 Filed: February 8, 2006
June 16, 2009

Page 3

8. (original) A magnetic tunnel transistor (MTT) comprising:

a ferromagnetic base;

a ferromagnetic emitter structure;

a ferromagnetic collector; and

a barrier layer between the collector and' base and having a barrier height of less than
three-tenths of an electron volt.
9. (original)  The MTT of Claim 8, wherein the barrier layer is made of TiO.

10. (original) The MTT of Claim 9, wherein the collector does not include GaAs.

11. (original) The MTT of Claim 9, comprising a barrier layer of MgO disposed between the

base and the emitter structure.

12. (original) The MTT of Claim 9, wherein the collector is made of NiFe and/or CoFe.

13. (original) The MTT of Claim 9, wherein the base is made of CoFeB.

1189-63.AM1
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From:Rogitz & Assoc. : 619 338 8078 06/16/2009 14:12 #642 P.004/006
CASE NO.: HSJ920050318US1 PATENT
Serial No.: 11/350,226 Filed: February 8, 2006
June 16, 2009
Page 4

14. (original) The MTT of Claim 9, wherein the emitter structure includes a layer of Ru disposed

between a layer of CoFeB and a layer of CoFe.
15. (original) The MTT of Claim 14, wherein the emitter structure is pinned by a pinning layer.

16. (withdrawn) A read head for a disk drive, comprising:
a magnetic tunnel transistor (MTT) including a barrier of TiO disposed between a

ferromagnetic collector and a ferromagnetic base.

17. (withdrawn) The read head of Claim 16, in combination with a disk drive.

N

18. (withdrawn) The read head of Claim 16, comprising an emitter structure separated from

the base by a barrier.

19. (withdrawn) The read head of Claim 16, wherein the collector does not include GaAs.
20. (withdrawn) The read head of Claim 18, wherein the collector is made of NiFe and/or

CoFe, the base is made of CoFeB, and the emitter structure includes a layer of Ru disposed between a

layer of CoFeB and a layer of CoFe.

1189-63.AM1
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From:Rogitz & Assoc. . 619 338 8078 06/16/2009 14:12 #642 P.005/006

CASE NO.: HSJ920050318US1 PATENT
Secrial No.: 11/350,226 Filed: February 8, 2006
June 16, 2009 .
Page §

Remarks

Reconsideration of the application is requested. Claim 1 has been rejected under 35 U.S.C. §102
as being anticipated by Childress, USPN 7,259,942, and Claims 2-4 and 8-12 have been rejected under 35
U.S.C. §103 as being unpatentable over Childress in view of Shimazawa, USPN 6,671,141. Claims 5-7
and 13-15 have been rejected under 35 U.S.C. §103 as being unpatentable over Childress in view of
Shimazawa and Sato, USPP 2006/0256484. ‘

Claim 2 has been rewritten in independent form. At the time the present invention was made, both
it and Childress were commonly owned by Hitachi Global Storage Technologies Netherlands B.V. Claims
1-14 are now patentable.

Furthermore, the barrier height explicitly recited in Claim 8 has not been mentioned in the rejection
much less identified in the references. Note that-not all TiO barriers inherently have the recited height,
cast m terms of electron volts. The rejection of Claim 8 has been further overcome.

All elected claims have been rejected for obviousness-type double patenting over Childress m view
of Shimizawa and Sato based on the allegation that the claims recite "a device that is similar in scope as the
one recited in claims 1-10" of Childress, without further analysis. Applicant disagrees with the examiner's
stated basis for} this rejection. Claim 1 of Childress is not "similar in scope” to present Claim 2, for
e)'cample, since claim 1 of Childress requires a plethora of limitations, including a barrier between the
-emitter and base, a free layer in the base, a pinned layer in the base, a spacer layer in the base, and a
longitudinal biasing layer that are nowhere in present Claim 2. Similarly, present Claim 2 requires

elements not explicated in claim 1 of Childress, including, for example, that the emitter and base are

1189-63.AM1
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From:Rogitz & Assoc. 619 338 8078 06/16/2009 14:12 #642 P.006/006
CASE NO.: HSJ920050318US1 PATENT
Serial No.: 11/350,226 Filed: February 8, 2006
June 16, 2009
Page 6

ferromagnetic and that the collector must not include GaAs. Accordingly, because the examiner's stated
basis for this rejection appears to be incorrect, Applicant asserts that the rejection is overcome.

In addition, the prior examiner made a finding of fact on the written record that the electéd claims
were patentably distinct from the non-elected claims because the elected claims have "separate utility such
as usable in a memory as opposed to a read head". However, the present examiner's use of Childress and
Sato in the present rejection diametrically contradicts the basis for the restriction, see, e.g., the title of Sato
and the first sentence of the abstract of Childress (both of which make clear that the references are drawn
to magnetic heads, which the prior examiner explicitly found to be patentably distinct from the elected
claims). Accordingly, it is respectfully submitted that for cdnsistency, the restriction requirement be
withdrawn and th; non-elected claims be rejoined and allowed.

The Examiner is cordially invited to telephone the undersigned at (619) 338-8075 for any reason
which would advance the instant application to allowance. |

Respectfully submitted,

—

John L. Rogitz

Registration No. 33,549
Attorney of Record

750 B Street, Suite 3120
San Diego, CA 92101
Telephone: (619) 338-8075
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Art Unit: 2815

DETAILED ACTION
Claim Rejections - 35 USC § 103
1. The following is a quotation of 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.

2. Claims 2-4 and 8-12 are rejected under 35 U.S.C. 103(a) as being obvious over
Nowak et al. (US 7,453,084 B2) in view of Lee et al. (“Large Magnetocurrents in
Double-barrier Tunneling Transistors”, Journal of Magnetism and Magnetic Materials,
Feb. 2005, vol. 286, p.138-41).

Regarding claims 2 and 8-10, Nowak discloses a magnetic tunnel transistor
(MTT) comprising:

a base (16) [Fig. 1];

a ferromagnetic emitter structure (12) [Fig. 1 and col. 3, lines 35-36]; and

a collector (20) that does not include GaAs [Fig. 1 and col. 5, lines 7-9].

a barrier layer of TiO (18) disposed between the collector and the base, having a
barrier height of less than three-tenths of an electron volt [Fig. 1 and col. 3, lines 65-67
and col. 4, lines 21-22 and 25-27].

Nowak substantially discloses the claimed invention except for a ferromagnetic
base and a ferromagnetic collector.

Lee teaches a MTT structure comprising a ferromagnetic emitter, a ferromagnetic

base and a ferromagnetic collector [abstract].
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Regarding claims 4 and 12, Lee teaches a collector made of NiFe and/or CoFe
[Fig. 1 and Section 3, first paragraph].

Nowak and Lee are analogous art because they are from the same field of
endeavor as applicant’s invention. At the time of the invention it would have been
obvious to a person of ordinary skill in the art to include ferromagnetic layers serving as
the emitter, base and collector in the device as taught by Nowak. The motivation for
doing so, as is taught by Lee, is increase the collector current density (abstract). In
addition, the court has held that it is within the general skill of a worker in the art to
select a known material on the basis of its suitability for the intended use as a matter of
obvious design choice. In re Leshin, 125 USPQ 416 (CCPA 1960); Sinclair & Carroll
Co. v. Interchemical Corp., 325 U.S. 327, 65 USPQ 297 (1945). Therefore, it would
have been obvious to combine Lee with Nowak to obtain the invention of claims 2, 4, 8-
10 and 12.

Regarding claims 3 and 11, Nowak teaches a barrier layer (14) made of a metal

oxide [Fig. 1 and col. 31-33].

3. Claims 5-7 and 13-15 are rejected under 35 U.S.C. 103(a) as being obvious over
Nowak et al. (US 7,453,084 B2) in view of Lee et al. (“Large Magnetocurrents in
Double-barrier Tunneling Transistors”, Journal of Magnetism and Magnetic Materials,
Feb. 2005, vol. 286, p.138-41), and further in view of Sato et al. (US 2006/0256484 A1).

Regarding claims 5-7 and 13-15, the combination of prior art references

substantially teaches the claimed invention except for a base made of CoFeB.
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Sato teaches a CoFeB/MgO/CoFeB/Ru/CoFe (13-18) [paragraphs 0053, 0054,
0056, 0062, 0066, 0069, 0072].

Nowak, Lee and Sato are analogous art because they are from the same field of
endeavor as applicant’s invention. At the time of the invention it would have been
obvious to a person of ordinary skill in the art to include a base made of CoFeB in the
device taught by Nowak. The motivation for further doing so, as is taught by Sato is to
improve the quality of the tunnel barrier film (paragraph 0066). In addition, it would have
been obvious to combines the references since the substitution of one known element
for another yields predictable results to one of ordinary skill in the art. Therefore, it
would have been obvious to combine Sato with Nowak and Lee to obtain the invention

of claims 5-7 and 13-15.

Double Patenting

4. 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
obviousness-type 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); 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 conflicting 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.
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Effective January 1, 1994, a registered attorney or agent of record may sign a

terminal disclaimer. A terminal disclaimer signed by the assignee must fully comply with
37 CFR 3.73(b).
5. Claims 2-4 and 8-12 are rejected on the ground of nonstatutory obviousness-type
double patenting as being unpatentable over claims 1-10 of U.S. Patent No. 7,259,942
B2 in view of Nowak et al. (US 7,453,084 B2), and further in view of Sato et al. (US
2006/0256484 A1).

Regarding claims 2 and 8-9, Childress discloses a magnetic tunnel transistor
(MTT) comprising:

a ferromagnetic base (Base Region 704) [Fig. 7];

a ferromagnetic emitter structure (Emitter Region 702) [Fig. 7 and col. 8, lines 9-
11]; and

a ferromagnetic collector that does not include GaAs [Fig. 7 and col. 8, lines 12-
14].

Nowak discloses a barrier layer of TiO (18) disposed between the collector and
the base, having a barrier height of less than three-tenths of an electron volt [Fig. 1 and
col. 3, lines 65-67 and col. 4, lines 21-22 and 25-27].

Regarding claims 3 and 11, Nowak teaches a barrier layer (14) made of a metal
oxide [Fig. 1 and col. 31-33].

Childress and Nowak are analogous art because they are from the same field of
endeavor as applicant’s invention. At the time of the invention it would have been
obvious to a person of ordinary skill in the art to include a barrier layer of TiO (18)

disposed between the collector and the base, having a barrier height of less than three-
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tenths of an electron volt in the device as taught by Childress. The motivation for doing
S0, as is taught by Nowak, is increase the collector current density (col. 4, lines 2-8). In
addition, the court has held that it is within the general skill of a worker in the art to
select a known material on the basis of its suitability for the intended use as a matter of
obvious design choice. In re Leshin, 125 USPQ 416 (CCPA 1960); Sinclair & Carroll
Co. v. Interchemical Corp., 325 U.S. 327, 65 USPQ 297 (1945). Therefore, it would
have been obvious to combine Lee with Nowak to obtain the invention of claims 2-3, 8-9
and 11.

Regarding claims 4 and 12, Childress discloses wherein the collector is made of
NiFe and/or CoFe [col. 8, lines 12-14].

Regarding claim 10, Childress discloses a ferromagnetic collector that does not

include GaAs [Fig. 7 and col. 8, lines 12-14].

Regarding claims 5-7 and 13-15, the combination of prior art references
substantially teaches the claimed invention except for a base made of CoFeB.

Sato teaches a CoFeB/MgO/CoFeB/Ru/CoFe (13-18) [paragraphs 0053, 0054,
0056, 0062, 0066, 0069, 0072].

Childress, Nowak and Sato are analogous art because they are from the same
field of endeavor as applicant’s invention. At the time of the invention it would have
been obvious to a person of ordinary skill in the art to include a base made of CoFeB in
the device taught by Nowak. The motivation for further doing so, as is taught by Sato is

to improve the quality of the tunnel barrier film (paragraph 0066). In addition, it would
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have been obvious to combines the references since the substitution of one known
element for another vyields predictable results to one of ordinary skill in the art.
Therefore, it would have been obvious to combine Sato with Childress and Nowak to

obtain the invention of claims 5-7 and 13-15.

Response to Arguments
6. Applicant's arguments with respect to claims 2-15 have been considered but are

moot in view of the new ground(s) of rejection.

Correspondence
Any inquiry concerning this communication or earlier communications from the
examiner should be directed to JOSE R. DIAZ whose telephone number is (571)272-
1727. The examiner can normally be reached on Monday through Thursday.
If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Kenneth Parker can be reached on (571) 272-2298. The fax phone number

for the organization where this application or proceeding is assigned is 571-273-8300.
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Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a
USPTO Customer Service Representative or access to the automated information
system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/Kenneth A Parker/
Supervisory Patent Examiner, Art Unit 2815

J.R.D./
Examiner, Art Unit 2815
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From:Rogitz & Assoc. 619 338 8078 10/20/2009 12:10 #888 P.001/007

RECEIVE
OENTRAL FaX GEQNTEB

0CT 2 0 2009

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

First Named Applicant: Gill Art Unit: 2815

Serial No.: 11/350,226 Examiner: Diaz
Filed: February 8, 2006 HSJ920050318US1

For: MAGNETIC TUNNEL TRANSISTOR WITH THIN
READ GAP FOR HEAD APPLICATIONS

October 20, 2009
750 B STREET, Suite 3120
San Diego, CA 92101

N N S N N Nt ot Nt Nt N

RESPONSE TO OFFICE ACTION

Commissioner for Patents
Alexandria, VA

Dear Sir:

This responds to the Office Action dated October 15, 2009.
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CASE NO.: HS8J920050318US1 PATENT
Serial No.: 11/350,226 Filed: February 8, 2006
October 20, 2009

Page 2

1 {canceled).

2. (previously presented) A magnetic tunnel transistor (MTT) comprising:
a ferromagnetic base;
a ferromagnetic emitter structure;
a ferromagnetic collector that does not include GaAs; and

a barrier layer of TiO disposed between the collector and the base.

3. (original) The MTT of Claim 2, comprising a barrier layer of MgO disposed between the base

and the emitter structure.

4. (original) The MTT of Claim 2, wherein the collector is made of NiFe and/or CoFe.

5. (original) The MTT of Claim 2, wherein the base is made of CoFeB.

6. (original) The MTT of Claim 2, wherein the emitter structure includes a layer of Ru disposed

between a layer of CoFeB and a layer of CoFe.

7. (original) The MTT of Claim 6, wherein the emitter structure is pinned by a pinning layer.

8. (currently amended) A magnetic tunnel transistor (MTT) comprising;
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CASE NO.: HSJ920050318US1 PATENT
Serial No.: 11/350,226 Filed: February 8, 2006
October 20, 2009

Page 3

a ferromagnetic base;

a ferromagnetic emitter structure;

a ferromagnetic collector; [[and]]

a barrier layer between the collector and base and having a barrier height of less than
three-tenths of an electron volt; and

a barrier layer of MgQO disposed between the base and the emitter structure.

9. (original) The MTT of Claim 8, wherein the barrier layer is made of TiO.

10. (original) The MTT of Claim 9, wherein the collector does not include GaAs.

11. (canceled).

12. (original) The MTT of Claim 9, wherein the collector is made of NiFe and/or CoFe.

13. (original) The MTT of Claim 9, Wherein the base is made of CoFeB.

14. (original) The MTT of Claim 9, wherein the emitter structure includes a layer of Ru disposed

between a layer of CoFeB and a layer of CoFe.

15. (original) The MTT of Claim 14, wherein the emitter structure is pinned by a pinning layer.
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16. (withdrawn) A read head for a disk drive, comprising:
a magnetic tunnel transistor (MTT) including a bamier of TiO disposed between a
ferromagnetic collector and a ferromagnetic base.

17. (withdrawn) The read head of Claim 16, in combination with a disk drive.

18. (withdrawn) The read head of Claim 16, comprising an emitter structure separated from the base by

a bammer.
19. (withdrawn) The read head of Claim 16, wherein the collector does not include GaAs.
20. (withdrawn) The read head of Claim 18, wherein the collector is made of NiFe and/or CoFe, the

base is made of CoFeB, and the emitter structure includes a layer of Ru disposed between a layer of CoFeB and

a layer of CoFe.
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CASE NO.: HSJ920050318US1 . PATENT
Serial No.: 11/350,226 Filed: February 8, 2006
October 20, 2009
Page S

Remarks

Reconsideration of the application is requested. Claims 2-4 and 8-12 have been rejected under 35
U.S.C. §103 as being unpatentable over Nowak, USPN 7,453,084 in view of Lee (publication), and Claims 5-7
and 13-15 have been rejected under 35 U.S.C. §103 as being unpatentable over Nowak in view of Lee and Sato,
USPP 2006/0256484. Obviousness-type double patenting rejections have also been levied on the basis of
USPN 7,259,954 in view of Nowak and Sato, and these rejections are noted. Overcoming the double patenting
rejections by filing a terminal disclaimer with the requisite fee will be held in abeyance until there are no further
impediments to patentability.

The limitation of now-canceled Claim 11 has been m;)ved into Claim 8.

Claims 1 and 10

The allegation that Nowak, figure 1 and col. 5, lines 7-9 teaches that the collector does not have GaAs is
clear error. The relied-upon section of Nowak teaches that the collector need not be made from a single-crystal
semiconductor, and says nothing about GaAs. While one form of GaAs may be epitaxially-grown single
crystals, alloys also may be made from GaAs and aluminum, phosphorus, antimony, or indium. In other
words, while some single crystals are GaAs, some combinations of GaAs are in alloys, meaning that the tacit
syllogism underpinning the rejection is false. A teaching that a collector need not be made from a single
crystal semiconductor is not the same thing as a teaching that the collector does not include GaAs. Claim 2 and
its dependent claims are patentable.

Claims 3 and 8

The allegation that Nowak, figure 1 and "col. 31-33" (sic, col. 1, lines 33-35) teach the limitation of

Claim 3 that the base-emitter barrier is made of MgO is clear error. The relied-upon portion of Nowak teaches
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Serial No.: 11/350,226 Filed: February 8, 2006
October 20, 2009
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that the emitter-base barrier 14 is made of metal oxide such as aluminum oxide and nowhere mentions that it is

made of the specific compound claimed.

Claims 5 and 13

The allegation that the CoFeB pinned layer 13 of the ferromagnetic tunnel junction device for a read
head of Sato may be combined with Nowak and Lee to arrive at Claim 5 (the base of a magnetic tunnel
transistor being made of CoFeB) is clear error. Nowhere does Sato even mention the concepts of a base or
* | emitter or collector; it is not directed to an MTT, but rather to a ferromagnetic junction device. There is thus no
suggestion that its layer 13 be used in a structure which is not contemplated by Sato.

In addition, the prior examiner made a ﬁndiﬁg of fact on the written record that the elected claims were
patentably distinct from the non-elected claims because the elected claims have "separate utility such as usable
in a memory as opposed to a read head". However, the present examiner’s use of Sato in the present rejection
diametrically contradicts the basis for the restriction, see, e.g., the title of Sato. Accordingly, it is respectfully
submitted .that for consistency, the restriction requirement be withdrawn and the non-elected claims be rejoined

and allowed, or that Sato be removed as a reference.

Claims 6, 7, 14, and 15
The same comments apply to the rejections of Claims 6 and 7 (reciting specific emitter structure) based
on teachings from Sato. Sato nowhere suggests that the relied-upon constituents should be used, much less

would work with, MTTs.
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PATENT

CASE NO.: HSJ920050318US1
Filed: February 8, 2006

Serial No.: 11/350,226
October 20, 2009
Page 7

The Examiner is cordially invited to telephone the undersigned at (619) 338-8075 for any reason which -

would advance the instant application to allowance.

Respectfully submitted,

-

John L. Rogitz

Registration No. 33,549
Attorney of Record

750 B Street, Suite 3120

San Diego, CA 92101
Telephone: (619) 338-8075

JLR:jg
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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.USpto.gov

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKETNO. |  CONFIRMATION NO. |
11/350,226 02/08/2006 Hardayal Singh Gill HSJ920050318US1 9816
24955 7590 01/06/2010
EXAMINER
ROGITZ & ASSOCIATES | |
750 B STREET DIAZ, JOSE R
SUITE 3120 ART UNIT PAPER NUMBER
SAN DIEGO, CA 92101 | | |
2815
| MAIL DATE | DELIVERY MODE |
01/06/2010 PAPER

Please find below and/or attached an Office communication concerning this application or proceeding.

The time period for reply, if any, is set in the attached communication.

PTOL-90A (Rev. 04/07)

EX2006 - Page 87



Application No. Applicant(s)

11/350,226 GILL, HARDAYAL SINGH
Office Action Summary Examiner Art Unit

JOSE R. DIAZ 2815

-- 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 MONTH(S) OR THIRTY (30) DAYS,
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION.

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

after SIX (6) MONTHS from the mailing date of this communication.
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

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

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

Status
1)X] Responsive to communication(s) filed on 20 October 2009.
2a)X] This action is FINAL. 2b)[] This action is non-final.

3)] 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

4K Claim(s) 2-10 and 12-20 is/are pending in the application.
4a) Of the above claim(s) 16-20 is/are withdrawn from consideration.

5[] Claim(s) is/are allowed.

6)X Claim(s) 2-10 and 12-15 is/are rejected.

7)[] Claim(s) _____is/are objected to.

8)] Claim(s) _____are subject to restriction and/or election requirement.

Application Papers

9)[] The specification is objected to by the Examiner.
10)[_] The drawing(s) filed on isfare: 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).
11)[] The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152.

Priority under 35 U.S.C. § 119

12)[_] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)~(d) or (f).
a)JAIl b)[]Some * ¢)[] None of:
1.0 Certified copies of the priority documents have been received.
2[] Certified copies of the priority documents have been received in Application No. ______
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) & Notice of References Cited (PTO-892) 4) D Interview Summary (PTO-413)
2) ] Notice of Draftsperson’s Patent Drawing Review (PTO-948) Paper No(s)/Mail Date. __
3) [] Information Disclosure Statement(s) (PTO/SB/08) 5) [ Notice of Informal Patent Application
Paper No(s)/Mail Date 6) D Other:
U.S. Patent and Trademark Office
PTOL-326 (Rev. 08-06) Office Action Summary Part of Paper No./Mail Date 20100102

EX2006 - Page 88



Application/Control Number: 11/350,226 Page 2
Art Unit: 2815

DETAILED ACTION
Claim Rejections - 35 USC § 103
1. The following is a quotation of 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.

2. Claims 2-4, 8-10 and 12 are rejected under 35 U.S.C. 103(a) as being obvious
over Nowak et al. (US 7,453,084 B2) in view of Lee et al. (‘Large Magnetocurrents in
Double-barrier Tunneling Transistors”, Journal of Magnetism and Magnetic Materials,
Feb. 2005, vol. 286, p.138-41).

Regarding claims 2 and 8-10, Nowak discloses a magnetic tunnel transistor
(MTT) comprising:

a base (16) [Fig. 1];

a ferromagnetic emitter structure (12) [Fig. 1 and col. 3, lines 35-36]; and

a collector (20) that does not include GaAs [Fig. 1 and col. 5, lines 7-9].

a barrier layer of TiO (18) disposed between the collector and the base, having a
barrier height of less than three-tenths of an electron volt [Fig. 1 and col. 3, lines 65-67
and col. 4, lines 21-22 and 25-27].

Nowak substantially discloses the claimed invention except for a ferromagnetic
base and a ferromagnetic collector.

Lee teaches a MTT structure comprising a ferromagnetic emitter, a ferromagnetic

base and a ferromagnetic collector [abstract].
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Application/Control Number: 11/350,226 Page 3
Art Unit: 2815

Regarding claims 4 and 12, Lee teaches a collector made of NiFe and/or CoFe
[Fig. 1 and Section 3, first paragraph].

Nowak and Lee are analogous art because they are from the same field of
endeavor as applicant’s invention. At the time of the invention it would have been
obvious to a person of ordinary skill in the art to include ferromagnetic layers serving as
the emitter, base and collector in the device as taught by Nowak. The motivation for
doing so, as is taught by Lee, is increase the collector current density (abstract). In
addition, the court has held that it is within the general skill of a worker in the art to
select a known material on the basis of its suitability for the intended use as a matter of
obvious design choice. In re Leshin, 125 USPQ 416 (CCPA 1960); Sinclair & Carroll
Co. v. Interchemical Corp., 325 U.S. 327, 65 USPQ 297 (1945). Therefore, it would
have been obvious to combine Lee with Nowak to obtain the invention of claims 2, 4, 8-
10 and 12.

Regarding claim 3, Nowak teaches a barrier layer (14) made of a metal oxide

[Fig. 1 and col. 3, lines 31-33].

3. Claims 5-7 and 13-15 are rejected under 35 U.S.C. 103(a) as being obvious over
Nowak et al. (US 7,453,084 B2) in view of Lee et al. (“Large Magnetocurrents in
Double-barrier Tunneling Transistors”, Journal of Magnetism and Magnetic Materials,
Feb. 2005, vol. 286, p.138-41), and further in view of Sato et al. (US 2006/0256484 A1).

Regarding claims 5-7 and 13-15, the combination of prior art references

substantially teaches the claimed invention except for a base made of CoFeB.
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Sato teaches a CoFeB/MgO/CoFeB/Ru/CoFe (13-18) [paragraphs 0053, 0054,
0056, 0062, 0066, 0069, 0072].

Nowak, Lee and Sato are analogous art because they are from the same field of
endeavor as applicant’s invention. At the time of the invention it would have been
obvious to a person of ordinary skill in the art to include a base made of CoFeB in the
device taught by Nowak. The motivation for further doing so, as is taught by Sato is to
improve the quality of the tunnel barrier film (paragraph 0066). In addition, it would have
been obvious to combines the references since the substitution of one known element
for another yields predictable results to one of ordinary skill in the art. Therefore, it
would have been obvious to combine Sato with Nowak and Lee to obtain the invention

of claims 5-7 and 13-15.

Double Patenting

4. 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
obviousness-type 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); 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 conflicting 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.
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Effective January 1, 1994, a registered attorney or agent of record may sign a

terminal disclaimer. A terminal disclaimer signed by the assignee must fully comply with
37 CFR 3.73(b).
5. Claims 2-4, 8-10 and 12 are rejected on the ground of nonstatutory obviousness-
type double patenting as being unpatentable over claims 1-10 of U.S. Patent No.
7,259,942 B2 (Childress) in view of Nowak et al. (US 7,453,084 B2), and further in view
of Sato et al. (US 2006/0256484 A1).

Regarding claims 2 and 8-9, Childress discloses a magnetic tunnel transistor
(MTT) comprising:

a ferromagnetic base (Base Region 704) [Fig. 7];

a ferromagnetic emitter structure (Emitter Region 702) [Fig. 7 and col. 8, lines 9-
11]; and

a ferromagnetic collector that does not include GaAs [Fig. 7 and col. 8, lines 12-
14].

Nowak discloses a barrier layer of TiO (18) disposed between the collector and
the base, having a barrier height of less than three-tenths of an electron volt [Fig. 1 and
col. 3, lines 65-67 and col. 4, lines 21-22 and 25-27].

Regarding claim 3, Nowak teaches a barrier layer (14) made of a metal oxide
[Fig. 1 and col. 31-33].

Childress and Nowak are analogous art because they are from the same field of
endeavor as applicant’s invention. At the time of the invention it would have been
obvious to a person of ordinary skill in the art to include a barrier layer of TiO (18)

disposed between the collector and the base, having a barrier height of less than three-
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tenths of an electron volt in the device as taught by Childress. The motivation for doing
S0, as is taught by Nowak, is increase the collector current density (col. 4, lines 2-8). In
addition, the court has held that it is within the general skill of a worker in the art to
select a known material on the basis of its suitability for the intended use as a matter of
obvious design choice. In re Leshin, 125 USPQ 416 (CCPA 1960); Sinclair & Carroll
Co. v. Interchemical Corp., 325 U.S. 327, 65 USPQ 297 (1945). Therefore, it would
have been obvious to combine Lee with Nowak to obtain the invention of claims 2-3, 8-9
and 11.

Regarding claims 4 and 12, Childress discloses wherein the collector is made of
NiFe and/or CoFe [col. 8, lines 12-14].

Regarding claim 10, Childress discloses a ferromagnetic collector that does not

include GaAs [Fig. 7 and col. 8, lines 12-14].

Regarding claims 5-7 and 13-15, the combination of prior art references
substantially teaches the claimed invention except for a base made of CoFeB.

Sato teaches a CoFeB/MgO/CoFeB/Ru/CoFe (13-18) [paragraphs 0053, 0054,
0056, 0062, 0066, 0069, 0072].

Childress, Nowak and Sato are analogous art because they are from the same
field of endeavor as applicant’s invention. At the time of the invention it would have
been obvious to a person of ordinary skill in the art to include a base made of CoFeB in
the device taught by Nowak. The motivation for further doing so, as is taught by Sato is

to improve the quality of the tunnel barrier film (paragraph 0066). In addition, it would
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have been obvious to combines the references since the substitution of one known
element for another vyields predictable results to one of ordinary skill in the art.
Therefore, it would have been obvious to combine Sato with Childress and Nowak to

obtain the invention of claims 5-7 and 13-15.

Response to Arguments
6. Applicant's arguments filed October 20, 2009 have been fully considered but they
are not persuasive.

With regards to claims 1 and 10, applicant argued that the reference fail to teach
the limitation “the collector that does not include GaAs”. However, the examiner
disagrees. For instance, Nowak discloses a collector 20 made of metal (col. 3, lines 33-
34). Since GaAs is not a metal material, the collector in Nowak “does not include GaAs”.
In addition, Lee teaches a collector made of, for example, of CoFe [Fig. 1]. Therefore,
the combination of Nowak and Lee renders the argued limitation obvious.

With regards to claims 3 and 8, applicant argued that Nowak fails to teach a
barrier made of MgO. As stated in the previous rejection, Nowak discloses a barrier (14)
made of metal oxide [Col. 3, lines 31-32]. Nowak makes obvious the claimed material
since MgO is a metal oxide. In addition, using MgO as barrier layer is very well known in
the art. For instance, Figs. 1(B) and 2(C) in WO 2005/088745, now EP 1 737 0 55 A1,
teaches MgO as a barrier layer; and paragraph 0020 in US 2004/0229430 A1, teaches
a MgO barrier layer as an obvious equivalent to an aluminum oxide barrier layer. The

court has held that it is within the general skill of a worker in the art to select a known
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material on the basis of its suitability for the intended use as a matter of obvious design
choice. In re Leshin, 125 USPQ 416 (CCPA 1960);, Sinclair & Carroll Co. v.
Interchemical Corp., 325 U.S. 327, 65 USPQ 297 (1945). Therefore, applicant
arguments are not persuasive since Nowak makes obvious the use of a very well known
metal oxide material as the barrier layer.

With regards to claims 5-7 and 13-15, a MTT device, as it is known in the art, is
merely a MTJ device “married “ to a collector, wherein one FE electrode in the MTJ
device forms the emitter, and the other FE layer forms the base [paragraph 0112 of US
2008/0138660 A1]. Thus, applicant arguments are not persuasive since MTJ devices
are merely very well known components of MTT devices, hence any teaching described
for an MTJ device can also be applied for a MTT device.

As such the rejections are considered to be proper.

Conclusion
7. THIS ACTION IS MADE FINAL. Applicant is reminded of the extension of time
policy as set forth in 37 CFR 1.136(a).

A shortened statutory period for reply to this final action is set to expire THREE
MONTHS from the mailing date of this action. In the event a first reply is filed within
TWO MONTHS of the mailing date of this final action and the advisory action is not
mailed until after the end of the THREE-MONTH shortened statutory period, then the
shortened statutory period will expire on the date the advisory action is mailed, and any

extension fee pursuant to 37 CFR 1.136(a) will be calculated from the mailing date of
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the advisory action. In no event, however, will the statutory period for reply expire later

than SIX MONTHS from the mailing date of this final action.

Correspondence

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to JOSE R. DIAZ whose telephone number is (571)272-
1727. The examiner can normally be reached on Monday through Thursday.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Kenneth Parker can be reached on (571) 272-2298. 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 PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a
USPTO Customer Service Representative or access to the automated information
system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/Kenneth A Parker/
Supervisory Patent Examiner, Art Unit 2815

J.R.D./
Examiner, Art Unit 2815
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(54) MAGNETORESISTIVE ELEMENT AND ITS MANUFACTURING METHOD

(67)  The output voltage of an MRAM is increased by
means of an Fe(001)/Mg0(001)/Fe(001) MTJ device,
which is formed by microfabrication of a sample prepared
by the following steps. A single-crystalline MgO (001)
substrate 11 isprepared. An epitaxial Fe(001) lower elec-
trode (a first electrode) 17 with the thickness of 50 nmis
grownon aMgO(001) seed layer 15 at roomtemperature,
followed by annealing under ultrahigh vacuum (2 x 10-8
Pa) and at 350°C. A MgO(001) barrier layer 21 with the
thickness of 2 nm is epitaxially formed on the Fe(001)

FIG. 2 (A)

lower electrode (the first electrode) at room temperature,
using a MgO electron-beam evaporation. A Fe(001) up-
per electrode (a second electrode) with the thickness of
10 nm is then formed on the MgO(001) barrier layer 21
at room temperature. This is successively followed by
the deposition of a Co layer 21 with the thickness of 10
nm on the Fe(001) upper electrode (the second elec-
trode) 23. The Co layer 21 is provided so as to increase
the coercive force of the upper electrode 23 in order to
realize an antiparallel magnetization alignment.

F~—15 Mg0(001)

SEED LAYER

MgO(001) SUBSTRATE 11
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FIG. 2 (B)
ANNEAL (350°C)
J~_—~17 Fe(0O1 ) LOWER ELECTRODE
415 (50nm)
11
FIG. 2 (C)
5—~——21 MgO{001 ) BARRIER LAYER
17 (2nm)
F+—~—15
11
FIG. 2 (D)
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Description
BACKGROUND OF THE INVENTION
Field of the Invention

[0001] 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.

Description of Related Art

[0002] 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.

[0003] Fig. 8 shows the structure and operation principle of a magnetic tunnel junction device (to be hereafter referred
to as a "MTJ device"), which is the most important part of the MRAM. As shown in Fig. 8(A), a MTJ device comprises a
tunnelling junction structure in which a tunnel barrier (to be hereafter also referred to as a "barrier layer") made of an
oxide is sandwiched between a first and a second electrode made of a ferromagnetic metal. The tunnel barrier layer
comprises an amorphous Al-O layer (see Non-Patent Document 1). As shown in Fig. 8(A), in the case of parallel
magnetization alignment where the directions of magnetizations of the first and second ferromagnetic electrodes are
aligned parallel, the electric resistance of the device with respect to the direction normal to the interfaces of the tunneling
junction structure decreases. On the other hand, in the case of antiparallel magnetization alignment where the directions
of magnetizations of the first and second ferromagnetic electrodes are aligned antiparallel as shown in Fig. 8(B), the
electric resistance with respect to the direction normal to the interfaces of the tunneling junction structure increases. The
resistance value does not change 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.

[0004] 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
aword line and a bitline comprises a MTJ device and a MOSFET directly connected to the MTJ device. Stored information
can be read by reading the resistance value of the MTJ device that functions as a load resistance, using the MOSFET.
The stored information can be rewritten by applying a magnetic field to the MTJ device, for example. As shown in Fig.
9(C), an MRAM memory cell comprises a MOSFET 100 including a source region 105 and a drain region 103 both
formed inside a p-type Si substrate 101, and a gate electrode 111 formed on a channel region that is defined between
the source and drain regions. The MRAM also comprises a MTJ device 117. The source region 105 is grounded, and
the drain is connected to a bit line BL via the MTJ device. A word line WL is connected to the gate electrode 111 in a
region that is not shown.

[0005] 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.

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

SUMMARY OF THE INVENTION

[0006] 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 magne-
toresistance 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.

[0007] Itis an object of the invention to increase the output voltage of a MTJ device. It is another object of the invention
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to provide a memory device with a high magnetoresistance for stable operation.

[0008] Inone aspect, the invention provides a magnetoresistive device comprising a magnetic tunnel junction structure
comprising: a tunnel barrier layer; a first ferromagnetic material layer of the BCC structure formed on a first side of the
tunnel barrier layer; and a second ferromagnetic material layer of the BCC structure formed on a second side of the
tunnel barrier layer, wherein the tunnel barrier layer is formed by a single-crystal MgO, (001) layer or a poly-crystalline
MgO, (0 < x < 1) layer in which the (001) crystal plane is preferentially oriented.

[0009] The invention further provides a magnetoresistive device comprising a magnetic tunnel junction structure com-
prising: 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 MgO, (001) layer or a poly-
crystalline MgO, (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.

[0010] 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
MgO, (001) or a poly-crystalline MgO, (0 < x < 1) in which the (001) crystal plane is preferentially oriented; and forming
a second Fe(001) layer on the tunnel barrier layer.

[0011] Theinvention furthermore provides a method of manufacturing a MTJ device comprising a first step of preparing
a substrate comprising a single-crystalline MgO,(001) or a poly-crystalline MgO, (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 MgO, (001) or a poly-crystalline MgO, (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 MgO, may be adjusted in the step of forming the MgO.

[0012] 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.

BRIEF DESCRIPTION OF THE DRAWINGS
[0013]

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-Ef relationship with respect to the
[001] direction of the momentum space.

Fig. 2(A) to Fig. 2(D) schematically show the process of manufacturing a MTJ device with a Fe(001)/Mg0(001)/Fe
(001) structure (to be hereafter referred to as a "Fe(001)/MgO(001)/Fe(001) MTJ device") according to an embod-
iment of the invention.

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.

Fig. 4 shows the results of observing the quadrupole mass spectra in the deposition chamber during the MgO
evaporation.

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

Fig. 6 shows typical magnetoresistance curves of the Fe(001)/Mg0(001)/Fe(001) MTJ device.

Fig. 7(A) shows the bias voltage dependency of the MR ratio at room temperature, and Fig. 7(B) shows the output
voltage V,,; of the MTJ device (=bias voltage X (Rap-Rp)/Rap).

Fig. 8 shows the structure of the MTJ device and its operating principle.
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Fig. 9 shows an example of the basic structure of an MRAM, Fig. 9(A) showing a perspective view of the MRAM,
Fig. 9(B) showing a schematic circuit diagram, and Fig. 9(C) showing a cross-sectional view of an example of its
structure.

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.

Fig. 11 shows the structure of a MTJ device according to a variation of the invention, corresponding to Fig. 1(B).

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0014] 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 L24-type structure,
and also the aforementioned structures with slight lattice distortion.

[0015] 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.

[0016] Before describing the preferred embodiments of the invention, an analysis conducted by the inventors is dis-
cussed. The magnetoresistance (MR) ratio of a MTJ device can be expressed by the following equation:

AR/Rp = (Rap — Rp)/Rp

where Rp and Rap indicate the tunnel junction resistance in the cases of parallel and antiparallel magnetization align-
ments, respectively, of two electrodes. According to the Jullire’s formula, the MR ratio at low bias voltage can be expressed

by:

MR ratio = (Rap — Rp)/Rp = 2P, P,/(1-PP,),

and

Pa = (Do T (Er) — Da 4 (Ep))/(Da T (Er) + Do 4 (Ep),

where ot =1, 2 (1)

[0017] Inthe above equations, P is the spin polarization of an electrode, and Do T (Ep) and Do | (Ef) are the density
of state (DOS) at the Fermi energy (Eg) 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%.

[0018] 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.

[0019] 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 em-
bodiment of the invention. Fig. 1(A) shows the energy band structure of the ferromagnetic Fe(001), that is, the E-E¢
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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 MgO,
(001) layer 3 or a poly-crystalline MgO, (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 atthe Fermi energy Eg. 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 A1 band in the Fe(001) electrode has
such totally symmetric wave functions. As shown in Fig. 1(A), the majority spin A1 band (solid line) has states at the
Fermi energy Eg, whereas the minority spin A1 band (broken line) does not have state at the Fermi energy Eg. 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.

[0020] 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 manu-
facturing 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 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 O, 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 Mgto O is 1:1).

[0021] 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.
[0022] 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
providedto 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)/Mg0(001)/Fe(001)
MTJ device.

[0023] 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 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 MgO, (0.9 < x < 1). When there are oxygen vacancy defects, the potential barrier height of the MgO tunnel barrier is
thought to decrease (such as in the range of 0.10 to 0.85 eV; more specifically, 0.2 to 0.5 eV), which is thought to result
in an increase in the tunneling current. In the case of a typical Al-O tunnel barrier, the height of the tunnel barrier with
respect to Fe(001) electrodes is considered to be 0.7 to 2.5 eV. An ideal tunnel barrier height of a MgO crystal is 3.6
eV, and experimental values of 0.9 to 3.7 eV have been obtained. Using the method according to the present embodiment
of the invention, a tunnel barrier height of approximately 0.3 eV is expected, indicating that the resistance of the tunnel
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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.

[0024] The aforementioned tunnel barrier height ¢ was determined by fitting the electric conductance characteristics
of the MTJ device (the relationship between tunnel current density J and bias voltage V) onto the Simmons’ formula
(Equation (20) in a non-patent document by J. G. Simmons: J. Appl. Phys. 34, pp. 1793-1803 (1963)) based on the WKB
approximation, using the least squares method. The fitting was performed using the free electron mass (m = 9.11 X
1031 kg) as the electron’s effective mass. When a bias voltage V (which is normally on the order of 500 mV to 1000
mV) is applied until non-linearity appears in the J-V characteristics, the height ¢ of the tunnel barrier and the effective
thickness As of the tunnel barrier can be simultaneously determined by fitting the J-V characteristics using the Simmons’
formula.

[0025] The effective thickness As of the tunnel barrier was determined to be smaller than the thickness of the actual
MgO(001) tunnel barrier layer (ty40) 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.

[0026] It is noted that, in the event that ty,5 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:

J = [(2mo)"*/As](e/h)* x exp[—(4TAs/h) x (2m)'*] x V (2)

where m is the mass of the free electron (9.11 X 10-31 kg), e is the elementary electric charge (1.60 X 10-19C), and h
is the Planck’s constant (6.63 X 10734 J.s). The effective thickness of the tunnel barrier As is approximately tmgo - 0.5
nm. By fitting the J-V characteristics of the MTJ device in the low-bias voltage region onto Equation (2), the height ¢ of
the tunnel barrier can be simply and yet accurately estimated.

[0027] 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% atthe measurementtemperature of 20K and 88% atthe measurement
temperature of 293K. These values represent the highest MR ratios that have so far been obtained at room temperature.
Such high MR ratios cannot be explained by the spin polarization of the Fe(001) electrode and is thought rather to be
related to a coherent spin-polarized tunneling. When 160 prototype MTJ devices were made, the variations regarding
the MR ratio and tunneling resistance value were not more than 20%. The yield of the MTJ devices was 90% or more
at the laboratory stage. These high values suggest the effectiveness of the approach of the invention. The resistance-
area (RA) product of the MTJ device was on the order of a few kQum?2, which is suitable for MRAM.

[0028] 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 V5 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 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.

[0029] 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.

[0030] Hereafter, a MTJ device according to a second embodiment of the invention and a method of manufacturing
the same will be described. In the method of manufacturing a Fe(001)/MgO(001)/Fe(001) MTJ device according to the
present embodiment, MgO(001) is initially deposited in a poly-crystalline or amorphous state by sputtering or the like,
and then an annealing process is performed such that a poly-crystal in which the (001) crystal plane is preferentially
oriented or a single-crystal is obtained. The sputtering conditions were such that, for example, the temperature was
room temperature (293K), a 2-inch ¢ MgO was used as a target, and sputtering was conducted in an Ar atmosphere.
The acceleration power was 200 W and the growth rate was 0.008 nm/s. Because MgO that is deposited under these
conditions is in an amorphous state, a crystallized MgO was obtained by increasing the temperature to 300°C from room
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temperature and maintaining that temperature for a certain duration of time.

[0031] Oxygen vacancy defects may be introduced by a method whereby oxygen vacancy defects is produced during
growth, amethod 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.

[0032] 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.

[0033] Hereafter, a MTJ device according to a variation of the embodiments of the invention will be described with
reference to the drawings. Fig. 11 shows the structure of the MTJ device according to the variation, which corresponds
to Fig. 1(B). As shown in Fig. 11, the MTJ device of the variation is characterized in that, as in the MTJ device of the
above-described embodiments, the electrodes disposed on either side of a single-crystal MgO,(001) layer 503 or an
oxygen-deficit poly-crystal MgO, (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.

[0034] 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.

[0035] 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 106 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.

[0036] 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.

Claims
1. 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 said tunnel barrier layer; and
a second ferromagnetic material layer of the BCC structure formed on a second side of said tunnel barrier layer,
wherein

said tunnel barrier layer is formed by a single-crystalline MgO, (001) layer or a poly-crystalline MgO, (0 < x <
1) layer in which the (001) crystal plane is preferentially oriented.

2. 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 on said tunnel barrier layer; and
a second ferromagnetic material layer comprising Fe(001) formed on a second side on said tunnel barrier layer,
wherein

said MgO(001) layer is formed by a single-crystal MgO,, (001) layer or a poly-crystal MgO, (0 < x < 1) layer in
which the (001) crystal plane is preferentially oriented.

3. A magnetoresistive device comprising a magnetic tunnel junction structure comprising:
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a tunnel barrier layer comprising MgO(001);

a first ferromagnetic material layer formed on a first side of said tunnel barrier layer and comprising a single-
crystalline (001) layer or a poly-crystalline layer of Fe or an Fe alloy of the BCC structure, said polycrystalline
layer having the (001) crystal plane preferentially oriented therein;

a second ferromagnetic material layer formed on a second side of said tunnel barrier layer and comprising a
single-crystalline (001) layer or a poly-crystalline layer of Fe or an Fe alloy of the BCC structure, said polycrys-
talline layer having the (001) crystal plane preferentially oriented therein, wherein

said tunnel barrier layer is formed by a single-crystalline MgO, (001) layer or a poly-crystalline MgO, (0 < x <
1) layer in which the (001) crystal plane is preferentially oriented, wherein

the discontinuous value (the potential barrier height of the tunnel barrier) between the bottom of the conduction
band of said tunnel barrier layer and the Fermi energy of at least one of said first and said second ferromagnetic
layers is smaller than an ideal value in the case where the MgO (001) layer is a perfect single-crystal.

4. 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 said tunnel barrier layer;

a second ferromagnetic material layer of the BCC structure formed on a second side of said tunnel barrier layer,
wherein

said tunnel barrier layer is formed by a single-crystalline MgO (001) layer or a poly-crystalline MgO layer in
which the (001) crystal plane is preferentially oriented, wherein

the discontinuous value (the potential barrier height of the tunnel barrier) between the bottom of the conduction
band of said tunnel barrier layer and the Fermi energy of at least one of said first and said second ferromagnetic
layers is smaller than an ideal value in the case where the MgO (001) layer is a perfect single-crystal.

5. The magnetoresistive device accordingto claim 3 or 4, wherein said discontinuous valueisintherange of 0.2t0 0.5 eV.

6. The magnetoresistive device according to claim 3 or 4, wherein said discontinuous value is in the range of 0.10 to
0.85eV.

7. A memory device comprising:

a transistor; and
the magnetoresistive device according to any one of claims 1 to 6, wherein said magnetoresistive device is
used as a load for said transistor.

8. A method of manufacturing a magnetoresistive device comprising:

preparing a substrate;

depositing a first single-crystalline (001) layer or a first poly-crystalline layer of Fe or an Fe alloy of the BCC
structure, said poly-crystalline layer having the (001) crystal plane preferentially oriented therein;

depositing a tunnel barrier layer on said first (001) layer of Fe or an Fe alloy of the BCC structure under high
vacuum, said 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

forming a second single-crystalline (001) layer or a second poly-crystalline layer of Fe or an Fe alloy of the BCC
structure on said tunnel barrier layer, said polycrystalline layer having the (001) crystal plane preferentially
oriented therein.

9. A method of manufacturing a magnetoresistive device comprising:

a first step of preparing a substrate comprising a single-crystalline MgO, (001) or a poly-ctystalline MgO, (0 <
x < 1) in which the (001) crystal plane is preferentially oriented;

a second step of depositing a first single-crystalline (001) layer or a first poly-crystalline layer of Fe or an Fe
alloy of the BCC structure, said polycrystalline layer having the (001) crystal plane preferentially oriented therein,
and then carrying out an anneal process for crystallization;

a third step of depositing a tunnel barrier layer on said first (001) layer of Fe or an Fe alloy of the BCC structure
under high vacuum, said 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
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a fourth step of forming a second single-crystalline (001) layer or a second poly-crystalline layer of Fe or an Fe
alloy of the BCC structure on said tunnel barrier layer, said poly-crystalline layer having the (001) crystal plane
preferentially oriented therein.

The method of manufacturing the magnetoresistive device according to claim 8 or 9, further comprising the step of
causing a seed layer to be grown between said first and said second steps, said seed layer comprising a single-
crystalline MgO,, (001) or a poly-crystalline MgO, (0 < x < 1) in which the (001) crystal plane is preferentially oriented.

The method of manufacturing the magnetoresistive device according to claim 8 or 9, wherein the step of forming
said tunnel barrier layer comprising said single-crystalline MgO,, (001) or said polycrystalline MgO, (0 < x < 1) in
which the (001) crystal plane is preferentially oriented further comprises the step of adjusting the value of x in MgO,,.

A method of manufacturing a magnetoresistive device comprising:

preparing a substrate;

depositing a first single-crystalline (001) layer or a first poly-crystalline layer of Fe or an Fe alloy of the BCC
structure, said poly-crystalline layer having the (001) crystal plane preferentially oriented therein;

forming an amorphous MgO layer on said first (001) layer of Fe or an Fe alloy of the BCC structure and then
crystallizing said amorphous MgO layer by annealing so as to form a tunnel barrier layer comprising the single-
crystalline MgO, (001) or the poly-crystalline MgO, (0 < x < 1) in which the (001) crystal plane is preferentially
oriented; and

forming a second single-crystalline (001) layer or a second poly-crystalline layer of Fe or an Fe alloy of the BCC
structure on said tunnel barrier layer, said poly-crystalline layer having the (001) crystal plane preferentially
oriented therein.

The method of manufacturing the magnetoresistive device according to claim 12, wherein said amorphous MgO
layer is deposited by sputtering, using a target with the value of x in MgO, adjusted.

The method of manufacturing the magnetoresistive device according to claim 12, wherein the step of forming said
amorphous MgO comprises the step of adjusting the value of x in MgO,,.

A magnetoresistive device comprising a magnetic tunnel junction structure comprising:

a tunnel barrier layer;

afirstferromagnetic material layer formed on a first side of said tunnelbarrier layer and comprising an amorphous
magnetic alloy; and

a second ferromagnetic material layer formed on a second side of said tunnel barrier layer and comprising an
amorphous magnetic alloy, wherein

said tunnel barrier layer is formed by a single-crystalline MgO, (001) or a poly-crystalline MgO, (0 < x < 1) layer
in which the (001) crystal plane is preferentially oriented.

The magnetoresistive device according to claim 15, wherein the discontinuous value (the potential barrier height of
the tunnel barrier) between the bottom of the conduction band of said tunnel barrier layer and the Fermi energy of
at least one of said first and said second ferromagnetic layers is smaller than an ideal value in the case where the
MgO (001) layer is a perfect single-crystal.

A magnetoresistive device comprising a magnetic tunnel junction structure comprising:

a tunnel barrier layer;

afirstferromagnetic material layer formed on a first side of said tunnelbarrier layer and comprising an amorphous
magnetic alloy; and

a second ferromagnetic material layer formed on a second side of said tunnel barrier layer and comprising an
amorphous magnetic alloy, wherein

said tunnel barrier layer is formed by a single-crystalline MgO, (001) or a poly-crystalline MgO, (0 < x < 1) layer
in which the (001) crystal plane is preferentially oriented, and wherein

the discontinuous value (the potential barrier height of the tunnel barrier) between the bottom of the conduction
band of said tunnel barrier layer and the Fermi energy of at least one of said first and said second ferromagnetic
layers is smaller than an ideal value in the case where the MgO (001) layer is a perfect single-crystal.

10
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The magnetoresistive device according to claim 16 or 17, wherein said discontinuous value is in the range of 0.2 to
0.5eV.

The magnetoresistive device according to claim 16 or 17, wherein said discontinuous value is in the range of 0.10
t0 0.85 eV.

A memory device comprising:

a transistor; and
the magnetoresistive device according to any one of claims 15 to 19, wherein said magnetoresistive device is
used as a load for said transistor.

A method of manufacturing a magnetoresistive device comprising:

preparing a substrate;

depositing a first ferromagnetic material layer comprising an amorphous magnetic alloy on said substrate;
forming an amorphous MgO layer on said first ferromagnetic material layer and then crystallizing said amorphous
MgO layer by annealing so as to form a 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

depositing a second ferromagnetic material layer comprising an amorphous magnetic alloy on said tunnel barrier
layer.

The method of manufacturing the magnetoresistive device according to claim 21, wherein the step of forming said
tunnel barrier layer comprising said single-crystalline MgO, (001) or said poly-crystalline MgO, (0 < x < 1) in which

the (001) crystal plane is preferentially oriented involves deposition by sputtering using a target with the value of x
in MgO, adjusted.

11
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FIG. 3 (A)
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First Named Applicant: Gill Art Unit: 2815
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For: MAGNETIC TUNNEL TRANSISTOR WITH THIN
READ GAP FOR HEAD APPLICATIONS

January 28, 2010
750 B STREET, Saite 3120
San Diego, CA 92101

Nn Somet i N Smet Nevunst i S st s

APPEAL BRIEF

Commissioner of Patents and Trademarks

Dear Sir:

This brief is submitted under 35 U.S.C. §134 and is in accordance with 37 C.F.R. Parts 1, 5, 10, 11, and
41, effective September 13, 2004 and published at 69 Fed. Reg. 155 (Aungust 2004). This brief is fiuther to

Appellant's Notice of Appeal filed herewith.
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CASE NQO.: HSJ920050318US1 PATENT
Serial No. 11/350,226 Filed: February 8, 2000

January 28, 2010
Page 2

{1) Real Party in Interest

The real party in interest is Hitachi Global Storage Technologies, Netherlands, B.V.

{2) Related Appeals/Interferences

No other appeals or interferences exist which relate to the present application or appeal.

3 Status of Claims
Claims 2-10 and 12-15 are pending and finally rejected. Only the obviousuness type double patenting
rejections of Claims 2-10 and 12-15 are net appealed; all other rejections of these claims are appealed.  Claims

1 and 11 are canceled. Claims 16-20 are withdrawn.

4) Status of Amendments

No amendments are outstanding.

5 Summary of Claimed Subject Matter

As an initial matter, it is noted that according to the Patent Office, the concise explanations under this
section are for Board convenience, and do not supersede what the claims actually state, 69 Fed. Reg, 155
{August 2004), see page 49976, Accordingly, nothing in this Section should be construed as an estoppel that
timits the actual claim language.

Claim 2 sets forth a magnetic tunnel transistor (MTT) which includes a ferromagnetic base (16, figure

2; page 4, line 13), a ferromagnetic emitter structure (20-24, figure 2; page 4, lines 18-22), and a ferromagnetic

LISD-03ALY
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CASE NO.: H5J920050318U81 PATENT
Serial No.: 11/350,226 Filed: Febraary 8, 2006
January 28, 2010

Page3

collector (12, figure 2; page 4, line 10) that does not {nclude GaAs (page 2, line 11). A barrier layer of Ti0 (14,
figure 2; page 4, line 11} is disposed between the collector and the base.

Claim 8 recites a magnetic tunne] transistor (MTT) with a ferromagnetic base (16, figure 2; page 4, line
13), a ferromagnetic emitter structure (20-24, figure 2; page 4, lines 18-22), and a ferromagnetic collector (12,
figure 2; page 4, line 10). A barrier layer (14, figure 2; page 4, line 11) is between the collector and base and
has a barrier height of less than three-tenths of an electron volt.  Also, a barrier layer of MgQ (18, figure 2; page

4, line 14) {s disposed between the base and the emitter structure.

(&) Ground of Rejection to be Reviewed on Appeal
(a) Claims 2-4 and 8-12 have been rejected under 35 U.8.C. §103 as being unpatentable
over Nowak, USPN 7,453,084 in view of Lee (publication).
{b) Claims 3-7 and 13-15 have been rejected under 35 U.S.C. §103 as being unpatentable

over Nowak in view of Lee and Sato, USPP 2006/0256484.

{7 Argument
Heading Corresponding to First Ground of Rejection, Claims 2-4 apd 8-12
Subheading for Claim 2
The allegation on page 2 of the Office Action that Nowak, figure 1 and col. 5, lines 7-9 teaches that the
collector does not have GaAs is clear factual error.  The relied-upon section of Nowak teaches that the
collector need not be made from a single-crystal semiconductor, and says nothing about GaAs. While one

form of GaAs may be epitaxially-grown single crystals, alloys also may be made from GaAs and alaminum,

TE-6IAPP
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CASE NQ.: HSJ920050318US1 PATENT
Serial No.: 11/350,226 Filed: February 8, 20006
Japuary 28, 2010

Page 4

phosphorus, antimony, or indium. In other words, while some single crystals are GaAs, some combinations of
Gads are in alloys, meaning that the tacit syllogism underpinning the rejection is false. A teaching that a
collector need not be made from a single crystal semiconductor is not the same thing as a teaching that the
collector does not include GaAs.  Claim 2 and its dependent claims are patentable.

"This has been responded to on page 7 of the Office Action with a transparently false syllogism, namely,
that because Nowak discloses s metal collector and since "GaAs is not a metal material, the collector in Nowak
does not include GaAs”. The flaw in this logic is the assumed but technically incorrect condition precedent of
the major premise that nothing made of metal may contain GaAs. The examiner provides nio evidence for his
unstated assumption but Appellant herewith provides the publication listed in Appendix B which plainly
indicates that GaAs may indeed be incorporated into metallic structures. Because the rejection is based on

clear factual error, it merits reversal.

Subheading for Claims 3, 8

The allegation on page 3 of the Office Action that Nowak, figure 1 and col. 3, lines 31-33 teach the
{imitation of Claim 3 (which also appears in Claim 8) that the base-emitter barrier is made of MgO is clear
reversible error.  The relied-upon portion of Nowak teaches that the emitter-base barner 14 is made of mietal
oxide such as aluminum oxide and nowhere mentions that it is made of the specific compound claimed.

This has been responded to on page 7 of the Office Action that "Nowak makes obvious the claimed
material since MgO is a metal oxide." This is clear legal ervor. It is axiomatic that a genus does not
necessarily describe a species, fmpax Laboratorics Inc. v. Aventis Pharmaceuticals Inc., 468 F.3d 1366 (Fed,

Cir. 2006).

1{B-83APP
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CASE NO.: HSJ920050318US1 PATENT
Serial No.: 11/356,226 Filed: February 8, 2006

January 28, 2010
Page S

The examiner next resorts to WO 2005/0088745, now EP | 737 (0 55 as a teaching that using MgO as a
barrier layer is well known, Office Action, page 7. However, reliance on this publication is clear legal error
since it was not published in English until the European patent was published in December 2006, with the WO
publication being in Japanese, [n re Hilmer, 359 F.2d 859 (CCPA 1966} (discussed at MPEP §2136.03).

The examiner also resorts to USPP 2004/0229430 for the same purpose, Office Action, page 7, but
unfortunately for the examiner's case the discussion in this published application was directed to MJTs, not
MTTs. The two structures are different and no evidence has been adduced of record that using MgO as an
unrelated barrier in a different semiconductor device than claimed was known by the skilled artisan to
encompass use as a different barrier layer in a different type of device.

As if to make Appellant's case, onpage 8 of the Office Action the examiner thoughtfully refers to USPP
2008/013%660 as a teaching that a MTT device is merely a MJT device "married" to a collector, relying on
paragraph 112.  But what bas escaped the examiner's attention is the explicit and unambiguous teaching in that
paragraph that the MTT device envisioned MTT "is a three terminal device typically formed from a magnetic
tunnel junction married to a semiconductor collector where the semiconductor can be formed from, for
exaniple, GaAs" (emphasis mine) - a structure that has been positively eliminated from Claim 3 by virtue of its
dependency from Claim 2. The examiner’s own evidence thus supplies yet another basis for reversal of a
clearly erroncous rejection.

Heading Corresponding to Second Ground of Rejection, Claims 5-7 and 13-15

Sublieading for Claims 5 and 13

The allegation that the CoFeB pinned layer 13 of the ferromagnetic tunnel junction device for a read

head of Sato may be combined with Nowak and Lee to arrive at Claim 5 (the base of a magnetic tunnel

1185-63APP
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transistor being made of CoFeB) is clear error.  Nowhere does Sato even mention the concepts of a base or
eraifter or collector; i s not directed to an MTT, but rather to a ferromagnetic junction device. There is thus no
suggestion that its layer 13 be used in a structure which is not contemplated by Sato.

The examiner's response to this on page 8 of the Office Action is to refer to USPP 2008/0138660 as a
teaching that a MTT device is merely a MIT device "married" to a collector, relying on paragraph 112, But
what has escaped the examiner is the explicit and unambiguous teaching in that paragraph that the MTT device
envisioned MTT "is a three terminal device typically formed from a maguetic tennel junction married toa
semiconductor collector where the semiconductor can be formed from, for example, GaAs" (emphasis mine)
- a structure that has been positively eliminated from Claims 5-7 by virtue of their dependency from Claim 2.
The examiner's own evidence thus supplies yvet another basis for reversal of a clearly erroneous rejection.

In addition, the prior examiner made a {finding of fact on the written record that the elected claims were
patentably distinct from the non-elected claims because the elected claims have "separate utility such as usable
in a memory as opposed to a.read head". However, the present examiner’s use of Sato in the present rejection
diametrically contradicts the basis for the restriction, see, e.g., the title of Sato.  Accordingly, it is respectfully
submitted that for consistency, the resiriction requirement be withdraws and the non-elected claims be rejoined

and allowed, or that Satc be removed as a reference.

Subheading for Claims 6, 7, 14, and 15
The same comments apply to the rejections of Claims 6 and 7 (reciting specific emitter structure) based
on teachings from Sato. Sato nowhere suggests that the relied-upon constituents should be used, much less

would work with, MTTs.
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APPENDIX A - APPEALED CLAIMS

2. A magnetic tunnel transistor (MTT) comprising:
a ferromagnetic base;

a ferromagoetic emitter structure;

a ferromagnetic collector that does not include GaAs; and

a barrier layer of TiO disposed between the collector and the base.

3. The MTT of Claim 2, comprising a barrier laver of MgQ disposed between the base and the

emitter structure.

4. The MTT of Claim 2, wherein the collector is made of NiFe and/or CoFe.
5. The MTT of Claim 2, wherein the base is made of CoFeB.
6. The MTT of Claim 2, wherein the emitter structure includes a layer of Ru disposed between a

layer of CoFeB and a layer of CoFe.

7. The MTT of Claim 6, wherein the emitter structure is pinned by a pinning layer.

8. A magnetic tunnel transistor (MTT) comprising;

DIR5-63APF
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a ferromagnetic base;

a ferromagnetic emitter structure;

a ferromagnetic collector;

a barrier layer between the collector and base and having a barrier height of less than three-tenths of an
electron volt; and

a barrier {ayer of MgO disposed between the base and the emitter structure.

9. The MTT of Claim 8, wherein the barrier layer is made of TiO.

10, The MTT of Claim 9, wherein the collector does not include GaAs.

2. The MTT of Claim 9, wherein the ¢ollector is made of NiFe and/or CoFe.

13. The MTT of Claim.9, wherein the base is made of CoFeB.

14. The MTT of Claim 9, wherein the emitter structure includes a layer of Ru disposed between a

layer.of CoFeB and a layer of CoFe.

15. The MTT of Claim 14, wherein the emitter structure is pinned by a pinning layer,

FESG-0IAPP
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APPENDIX B - EVIDENCE

Publication "About the 8th Bienniel Workshop on OMVPE: Technical Program”, April 1997.
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K1 BIERNNIAL WORKSHOP ON ORGANDMETALLIC VAPOR PHASE EPITARY
Aprid V37, 1947 - Dana Pafnr, Calilorain

The following papers will be presented at the §th Bienmdal Workshop on OMYPE, on Tuesday evening,
April 15th, 1997, The calendar of gvenis describes the entire technical program.

S8
SESSION CHAIR:

BID K Gaskil, Naval Researcli Labortory, Washington, DO

SESSION VI: GROWTH MECHANISMS & ORDERING
7:20 pm

Impurity Incorporation and the Surface Morphology of MOVPE Grown GaAs: Jiang Liand T.F.
Kuech, Department of Chemical Engineering, University of Wisconsin, 1415 Engineering Drive,
Madison, W1 53706

A comprehensive study of impurity incorporation in GaAs in metal-organic vapor phase epitaxy
(MOVPE) process, combining growth, electrical and morphological studies, is presented. The impact of
impurity incorporation on the development of surface morphology has been systematically investigated,
According to our investigation the surface morphology of the epilayers was determined by both the
properties of the impurity itself and the surface growth chemistry. A variety of different doping
materials including Mg, Zn, C, Si, O and Se, were used to study the influence of the interaction between
the impurity atoms and the host material on the surface morphology. Impurity atoms with smaller atomic
weight belonging to group H and VI has a larger influence on the surface morphology than the other
doping materials. Different doping sources for the same dopant were also used to explore the effect of
surface growth chemistry on the formation of surface feature. The surface adsorbed methyl group can
inmpede the lateral motion of surface steps thus lead to the modification of surface features. Models for
impact of impurity on the growth front evolution based on surface chemistry are presented.

7:46 pm

Growth of Order/Disorder Heterostructures in Galnl using a Variation in the V/III Ratio: V.S
Chun*, S.H. Lee*, LH. Ho*, G.B. Stringfellow*, C.E. Inglefield**, M.C. DeLong**, P.C. Taylor**,
LH, Kim*** and T.Y. Seong***, *Department of Materials Science and Engineering and Electrical
Engineering, and **Departments of Physics, University of Utah, Salt Lake City, UT 84112,
***Departments of Materials Science and Engineering, Kwangju Institute of Science and Technology,

Kwangju, Korea

CuPt ordering is known to result in a shrinkage of the bandgap of GalnP lattice matched to nominally

http:/fwww.tms.org/Meetings/Specialty/OMVPE/Program/Tues-pm- Vi html 1/28/2016
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APPENDIX C - RELATED PROCEEDINGS

None (this sheet made necessary by 69 Fed. Reg. 155 {August 2004), page 49978.)
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Please find below and/or attached an Office communication concerning this application or proceeding.

The time period for reply, if any, is set in the attached communication.
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11/350,226 GILL, HARDAYAL SINGH
Office Action Summary Examiner Art Unit

JOSE R. DIAZ 2815

-- 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 MONTH(S) OR THIRTY (30) DAYS,
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earned patent term adjustment. See 37 CFR 1.704(b).

Status

1)X] Responsive to communication(s) filed on 03 February 2010.
2a)[] This action is FINAL. 2b)X] This action is non-final.
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6)X] Claim(s) 2-5,8-10,12 and 13 is/are rejected.
)X Claim(s) 6,7.14 and 15 is/are objected to.
8)] Claim(s) _____are subject to restriction and/or election requirement.

Application Papers

9)[] The specification is objected to by the Examiner.
10)[_] The drawing(s) filed on isfare: 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).
11)[] The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152.

Priority under 35 U.S.C. § 119

12)[_] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)~(d) or (f).
a)JAIl b)[]Some * ¢)[] None of:
1.0 Certified copies of the priority documents have been received.
2[] Certified copies of the priority documents have been received in Application No. ______
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) |:| Notice of References Cited (PTO-892) 4) D Interview Summary (PTO-413)
2) ] Notice of Draftsperson’s Patent Drawing Review (PTO-948) Paper No(s)/Mail Date. __
3) [] Information Disclosure Statement(s) (PTO/SB/08) 5) [ Notice of Informal Patent Application
Paper No(s)/Mail Date 6) D Other:
U.S. Patent and Trademark Office
PTOL-326 (Rev. 08-06) Office Action Summary Part of Paper No./Mail Date 20100729
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DETAILED ACTION
1. In view of the appeal brief filed on February 3, 2010, PROSECUTION IS
HEREBY REOPENED. New grounds of rejection are set forth below.

To avoid abandonment of the application, appellant must exercise one of the
following two options:

(1) file a reply under 37 CFR 1.111 (if this Office action is non-final) or a reply
under 37 CFR 1.113 (if this Office action is final); or,

(2) initiate a new appeal by filing a notice of appeal under 37 CFR 41.31 followed
by an appeal brief under 37 CFR 41.37. The previously paid notice of appeal fee and
appeal brief fee can be applied to the new appeal. If, however, the appeal fees set forth
in 37 CFR 41.20 have been increased since they were previously paid, then appellant
must pay the difference between the increased fees and the amount previously paid.

A Supervisory Patent Examiner (SPE) has approved of reopening prosecution by
signing below:

Claim Rejections - 35 USC § 103
2. The following is a quotation of 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.

3. Claims 2 and 4 are rejected under 35 U.S.C. 103(a) as being obvious over

Nowak et al. (US 7,453,084 B2) in view of Lee et al. (“Large Magnetocurrents in
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Double-barrier Tunneling Transistors”, Journal of Magnetism and Magnetic Materials,
Feb. 2005, vol. 286, p.138-41).

Regarding claim 2, Nowak discloses a magnetic tunnel transistor (MTT)
comprising:

a ferromagnetic base (16/38) [Figs. 1 and 2];

an ferromagnetic emitter structure (32) [Fig. 2; and col. 4, lines 29-30 and 58-65];
and

a collector (20/40) [Figs. 1 and 2]

a barrier layer of TiO (18/38) disposed between the collector and the base [Figs.
1 and 2; col. 3, lines 65-67 and col. 4, lines 21-27 and 54-55].

With regards to the limitation that the collector “does not include GaAs”, Nowak
discloses the collector is made of metal instead of a semiconductor material [col. 3,
lines 33-34 and col. 5, lines 7-10]. Thus, Nowak discloses the limitation since GaAs is a

semiconductor material, not a metal.

Nowak substantially discloses the claimed invention except for a configuration

having a ferromagnetic emitter, a ferromagnetic base and a ferromagnetic collector.

Lee teaches a structure having a ferromagnetic emitter, a ferromagnetic base

and a ferromagnetic collector [Fig. 1; abstract and Section 3, first paragraph].
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Nowak and Lee are analogous art because they are from the same field of
endeavor as applicant’s invention. At the time of the invention it would have been
obvious to a person of ordinary skill in the art to include ferromagnetic layers serving as

the emitter, base and collector in the device as taught by Nowak. The motivation for

doing so, as is taught by Lee, is increase the collector current density (abstract). In

addition, the court has held that it is within the general skill of a worker in the art to
select a known material on the basis of its suitability for the intended use as a matter of
obvious design choice. In re Leshin, 125 USPQ 416 (CCPA 1960); Sinclair & Carroll
Co. v. Interchemical Corp., 325 U.S. 327, 65 USPQ 297 (1945). Therefore, it would
have been obvious to combine Lee with Nowak to obtain the invention of claims 2 and
4.

Regarding claim 4, Lee teaches a ferromagnetic collector made of CoFe [Fig. 1

and Section 3, first paragraph].

4. Claims 3, 5, 8-10 and 12-13 are rejected under 35 U.S.C. 103(a) as being
obvious over Nowak et al. (US 7,453,084 B2) in view of Lee et al. (‘Large
Magnetocurrents in Double-barrier Tunneling Transistors”, Journal of Magnetism and
Magnetic Materials, Feb. 2005, vol. 286, p.138-41), and further in view of Sato et al. (US
2006/0256484 A1).

Regarding claim 3, Nowak discloses a barrier layer (14/34) disposed between the

base and the emitter structure [Fig. 1 and 2]. Further, Nowak discloses a barrier layer
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made of a metal oxide such as aluminum oxide [col. 3, lines 31-32]. However, Nowak

does not teach a barrier layer made of MgO.

Sato further teaches MgO as an alternative barrier material to aluminum oxide
[paragraph 0062].

Nowak, Lee and Sato are analogous art because they are from the same field of
endeavor as applicant’s invention. At the time of the invention it would have been
obvious to a person of ordinary skill in the art to include a Emitter-Base barrier layer
made of MgO in the device taught by Nowak. The motivation for further doing so is that
the substitution of one known element for another yields predictable results to one of
ordinary skill in the art. In addition, the court has held that it is within the general skill of
a worker in the art to select a known material on the basis of its suitability for the
intended use as a matter of obvious design choice. In re Leshin, 125 USPQ 416 (CCPA
1960); Sinclair & Carroll Co. v. Interchemical Corp., 325 U.S. 327, 65 USPQ 297
(1945). Therefore, it would have been obvious to combine Sato with Nowak and Lee to
obtain the invention of claim 3.

Regarding claims 5 and 13, Nowak discloses a base made of CoFe [col. 3, lines
61-63]. Sato further teaches adding an additive element such as B to the CoFe material.
[Paragraph 0054, 0062, and 0066]. The motivation for further doing so, as is taught by
Sato is to improve the quality of the tunnel barrier film [paragraph 0066]. In addition, the
court has held that it is within the general skill of a worker in the art to select a known
material on the basis of its suitability for the intended use as a matter of obvious design

choice. In re Leshin, 125 USPQ 416 (CCPA 1960); Sinclair & Carroll Co. v.
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Interchemical Corp., 325 U.S. 327, 65 USPQ 297 (1945). Therefore, it would have been
obvious to combine Sato with Nowak and Lee to obtain the invention of claims 5 and 13.

Regarding claims 8-9, Nowak and Lee, as stated in the rejection of claim 2,
discloses the claimed invention including a barrier layer (18/38) disposed between the
collector and the base [Figs. 1 and 2; col. 3, lines 65-67 and col. 4, lines 21-27 and 54-
55]. In addition, Nowak discloses a barrier layer (14/34) disposed between the base
and the emitter structure [Fig. 1 and 2]; and Sato, as stated in the rejection of claim 3,
discloses MgO as the barrier material [Paragraph 0062]. With regards to the limitation
of having a that the collector-base barrier has a barrier height of less than three-tenths
of an electron volt, Nowak discloses a barrier layer made of TiO [Fig. 1 and col. 3, lines
65-67 and col. 4, lines 21-22 and 25-27].

Regarding claims 10 and 12, Nowak discloses a collector made of metal instead
of a semiconductor material [col. 3, lines 33-34 and col. 5, lines 7-10]. In addition, Lee

teaches a collector made of CoFe [Fig. 1].

Allowable Subject Matter
5. Claims 6-7 and 14-15 are objected to as being dependent upon a rejected base
claim, but would be allowable if rewritten in independent form including all of the

limitations of the base claim and any intervening claims.

EX2006 - Page 150



Application/Control Number: 11/350,226 Page 7
Art Unit: 2815

Response to Arguments
6. Applicant's arguments filed October 20, 2009 have been fully considered but they
are not persuasive.

With regards to claims 1 and 10, applicant argued that the reference fail to teach
the limitation “the collector that does not include GaAs”. However, the examiner
disagrees. For instance, Nowak discloses a collector 20 made of metal (col. 3, lines 33-
34). Since GaAs is not a metal material, the collector in Nowak “does not include GaAs”.
In addition, Lee further teaches CoFe as the collector material [Fig. 1]. Therefore, the
combination of Nowak and Lee renders the argued limitation obvious. As such the
rejection is considered to be proper.

With regards to claims 3 and 8, a new rejection has been made in view of Sato to
clarify that a barrier layer made of MgO is very well known in the art.

With regards to claims 5 and 13, a new rejection has been made in view of Sato

to clarify that it is not novel to add an additive element such as B to a CoFe material.

Correspondence
Any inquiry concerning this communication or earlier communications from the
examiner should be directed to JOSE R. DIAZ whose telephone number is (571)272-
1727. The examiner can normally be reached on Monday through Thursday.
If attempts to reach the examiner by telephone are unsuccessful, the examiner's
supervisor, Kenneth Parker can be reached on (571) 272-2298. The fax phone number

for the organization where this application or proceeding is assigned is 571-273-8300.
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Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a
USPTO Customer Service Representative or access to the automated information
system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/KENNETH A PARKER/
Supervisory Patent Examiner, Art Unit 2815

J.R.D./
Examiner, Art Unit 2815
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From:rogitz & associates 16193388078 08/04/2010 13:16 #317 P.001/004
’ RECEIVED -

CENTRAL FAX CENTER
AUG 0 4 2010

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

First Named Applicant: Gill Art Unit: 2815

Serial No.: 11/350,226 Examiner: Diaz

Filed: February 8, 2006 HSJ920050318US1

For: MAGNETIC TUNNEL TRANSISTOR WITH THIN
’ READ GAP FOR HEAD APPLICATIONS

August 4, 2010
750 B STREET, Suite 3120
San Diego, CA 92101

Nt Nt Nt Nt Nt N N N N

RESPONSE TO OFFICE ACTION

Commissioner for Patents
Alexandria, VA

Dear Sir:
This responds to the Office Action dated August 3, 2010, indicating the allowability of Claims 6, 7, 14,
and 15.
Respectfully submitted,

/John L. Rogitz/

John L. Rogitz

Registration No. 33,549
Attorney of Record

750 B Street, Suite 3120
San Diego, CA 92101
Telephone: (619) 338-8075

JLR:jg

1189-63AM2
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From:rogitz & associates 16193388078 08/04/2010 13:16 #317 P.002/004

RECEIVED
CENTRAL FAX CENTER
AUG 04 2010
CASE NO.: HSJ920050318US1 ’ PATENT
Serial No.: 11/350,226 Filed: February 8, 2006
August 4, 2010
Page 2
1 (canceled).
2. (currently amended) A magnetic tunnel transistor (MTT) comprising:

a ferromagnetic base;
a ferromagnetic emitter structure;
a ferromagnetic collector that does not include GaAs; and

a barrier layer of TiO disposed between the collector and the base, wherein the emitter structure

includes a layer of Ru disposed between a laver of CoFeB and a layer of CoFe.

3. (original) The MTT of Claim 2, comprising a barrier layer of MgO disposed between the base

and the emit_tcr structure.
4, (original) The MTT of Claim 2, wherein‘the collector is made c;f .NiFe and/or CoFe.
5. (original) The MTT of Claim 2, wherein the base is made of CoFeB.
6. (canceled).

7. (currently amended) The MTT of Claim [[6]] 1, wherein the emitter structure is pinned by a pinning

layer.
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From:rogitz & associates 16193388078 08/04/2010 13:16 #317 P.003/004

CASE NO.: HSJ920050318US1 ' PATENT
Serial No.: 11/350,226 Filed: February 8, 2006 .
August 4, 2010

Page 3

8. (currently amended) A magnetic tunnel transistor (MTT) comprising:

a ferromagnetic base;

a ferromagnetic emitter structure;

a ferromagnetic collector;

a barrier layer between the cqllector and base and having a barrier height of less than
three-tenths of an electron volt; and

a barrier layer of MgO disposed between the base and the emitter structure, wherein the emitter

structure includes a layer of Ru disposed between a layer of CoFeB and a layer of CoFe.

9. (original) The MTT of Claim 8, wherein the barrier layer is made of TiO.
10. (currently amended) The MTT of Claim [[9]] 8, wherein the collector does not include GaAs.
11. (canceled).

12. (currently amended) The MTT of Claim [[9]] 8, wherein the collector is made of NiFe and/or CoFe.
13. (currently amended) The MTT of Claim [[9]] 8. Wherein.the base is made of CoFeB.

14. (canceled).
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CASE NO.: HSJ920050318US1

PATENT
Serial No.: 11/350,226 Filed: February 8, 2006
August 4, 2010
Page 4

15. (currently amended) The MTT of Claim [[14]) 8, wherein the emitter structure is pinned by a

pinning layer.

16-20 (canceled).
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/Ruby Johnson/
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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 [ 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.
[J Advance Order - #of Copies [ The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any
overpayment, to Deposit Account Number (enclose an extra copy of this form).

5. Change in Entity Status (from status indicated above)
. Applicant claims SMALL ENTITY status. See 37 CFR 1.27. e Applicant is no longer claiming SMALL ENTITY status. See 37 CFR 1.27(g)(2).

NOTE: The Issue Fee and Publication Fee (if required) will not be accepted from anyone other than the applicant; a registered attorney or agent; or the assignee or other party in
interest as shown by the records of the United States Patent and Trademark Office.

Authorized Signature Date

Typed or printed name Registration No.

This collection of information 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 va.g de ending 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,%.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.

PTOL-85 (Rev. 08/07) Approved for use through 08/31/2010. 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.uspto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKETNO. |  CONFIRMATION NO. |
11/350,226 02/08/2006 Hardayal Singh Gill HSJ920050318US1 9816
24955 7590 08/19/2010 I EXAMINER |
ROGITZ & ASSOCIATES DIAZ, JOSER
750 B STREET | ART UNIT PAPER NUMBER |
SUITE 3120 2815
SAN DIEGO, CA 92101 DATE MAILED: 08/19/2010

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

The Patent Term Adjustment to date is 772 day(s). If the issue fee is paid on the date that is three months after the
mailing date of this notice and the patent issues on the Tuesday before the date that is 28 weeks (six and a half
months) after the mailing date of this notice, the Patent Term Adjustment will be 772 day(s).

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that
determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information Retrieval
(PAIR) WEB site (http://pair.uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be
directed to the 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. 08/07) Approved for use through 08/31/2010.
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Application No. Applicant(s)

3 . 11/350,226 GILL, HARDAYAL SINGH
NOtlce OfA”OWélblIlty Examiner Art Unit
JOSE R. DIAZ 2815

-- 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 8/4/10.

2. X The allowed claim(s) is/are 2-5.7-10,12,13 and 15.

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

a)[J Al b)[JSome* c)[JNone ofthe:
1. [ Certified copies of the priority documents have been received.
2. [ Certified copies of the priority documents have been received in Application No.
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 notreceived: __
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 resultin ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

4. [] A SUBSTITUTE OATH OR DECLARATION must be submitted. Note the attached EXAMINER'S AMENDMENT or NOTICE OF
INFORMAL PATENT APPLICATION (PTO-152) which gives reason(s) why the oath or declaration is deficient.

5. [] CORRECTED DRAWINGS ( as “replacement sheets”) must be submitted.
(a) [ including changes required by the Notice of Draftsperson’s Patent Drawing Review ( PTO-948) attached
1) [ hereto or 2) [[] to Paper No./Mail Date _____.
(b) [ 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. [ Notice of Informal Patent Application
2. [[] Notice of Draftperson's Patent Drawing Review (PTO-948) 6. [ Interview Summary (PTO-413),
Paper No./Mail Date .
3. [ Information Disclosure Statements (PTO/SB/08), 7. ] Examiner's Amendment/Comment
Paper No./Mail Date
4. [] Examiner's Comment Regarding Requirement for Deposit 8. [X] Examiner's Statement of Reasons for Allowance
of Biological Material
9. [0 other .
U.S. Patent and Trademark Office
PTOL-37 (Rev. 08-06) Notice of Allowability Part of Paper No./Mail Date 20100811

EX2006 - Page 163




Application/Control Number: 11/350,226 Page 2
Art Unit: 2815

REASONS FOR ALLOWANCE
1. The following is an examiner’s statement of reasons for allowance: the prior art
fails to teach, disclose, or suggest, either alone or in combination, a magnetic tunnel

transistor comprising:

an emitter structure including a layer of Ru disposed between a layer of
CoFeB and a layer of CoFe; and a barrier of TiO disposed between the collector
and the base as instantly claimed, and in combination with the additional

limitations; or

an emitter structure including a layer of Ru disposed between a layer of
CoFeB and a layer of CoFe; and a barrier of MgO disposed between the base
and the emitter structure as instantly claimed, and in combination with the

additional limitations.

Any comments considered necessary by applicant must be submitted no later
than the payment of the issue fee and, to avoid processing delays, should preferably
accompany the issue fee. Such submissions should be clearly labeled “Comments on

Statement of Reasons for Allowance.”
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Application/Control Number: 11/350,226 Page 3
Art Unit: 2815

Correspondence

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to JOSE R. DIAZ whose telephone number is (571)272-
1727. The examiner can normally be reached on Monday through Thursday.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Kenneth Parker can be reached on (571) 272-2298. 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 PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a
USPTO Customer Service Representative or access to the automated information

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

J.R.D./

Examiner, Art Unit 2815

/KENNETH A PARKER/

Supervisory Patent Examiner, Art Unit 2815
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Application/Control No. Applicant(s)/Patent Under
Reexamination
Index of Claims 11350226 GILL, HARDAYAL SINGH
Examiner Art Unit
JOSE R DIAZ 2815
4 Rejected - Cancelled Non-Elected A Appeal
= Allowed + Restricted Interference 0] Objected
[J claims renumbered in the same order as presented by applicant O cpa O TD. O R.1.47
CLAIM DATE
Final Original |06/08/2009|10/08/2009|01/02/2010 |07/29/2010 {08/11/2010
1 v B B R -
1 2 v v v v =
2 3 v v v v =
3 4 v v v v =
4 5 v v v v =
6 v v v 0 -
5 7 v v v 0o =
6 8 v v v v =
7 9 v v v v =
8 10 v v v v =
11 v v - B -
9 12 v v v v -
10 13 v v v v =
14 v v v e} -
1 15 v v v o] =
16 N N N N -
17 N N N N -
18 N N N N -
19 N N N N -
20 N N N N -

U.S. Patent and Trademark Office
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Application/Control No. Applicant(s)/Patent Under Reexamination
Issue Classification | 1135026 GILL, HARDAYAL SINGH
H“HH ”“ “ Examiner Art Unit
JOSE R DIAZ 2815
ORIGINAL INTERNATIONAL CLASSIFICATION
CLASS SUBCLASS CLAIMED NON-CLAIMED
257 29 Hio]1|L 29 /08 (2006.01.01)
CROSS REFERENCE(S)
CLASS SUBCLASS (ONE SUBCLASS PER BLOCK)
257 295 E21.208
360 3242
O Claims renumbered in the same order as presented by applicant O CPA O T.D. O RA1.47
Final Original Final Original Final Original Final Original Final Original Final Original Final Original Final Original

1 2

2 3

3 4

4 5

5 7

6 8

7 9

8 10

9 12

10 13

1 15

/JOSE R DIAZ/
Examiner.Art Unit 2815 8/11/10 Total Claims Allowed:
1
(Assistant Examiner) (Date)
/KENNETH A PARKER/
Supervisory Patent Examiner.Art Unit 2815 08/15/2010 O.G. Print Claim(s) O.G. Print Figure
(Primary Examiner) (Date) 1 2
U.S. Patent and Trademark Office Part of Paper No. 20100811
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PART B - FEE(S) TRANSMITTAL

Complete and send this form, together ...th appleable fee(s), te: Mafl Mail Stop ISSUE FEE
Commissioner for Patents
P.O. Bex 1450
Alexandria, Virginia 22313-1450
or Fax (871)-273-288%

INSTRUCTIONMS: This form shouid be used for transmitting the ISSUE FEE asd PUBLICATION FEX (if required). Blocks 1 ihrough 3 should be comploted whert

iato. All furthor comespondence including the Patont, advance ovders and notification of mainienance feos will be mailed o the currout corespondence sddress as
dicaled wnless corrected below or-direcled otherwise in Block [, by (8) specifying a new correspondunet address, andlor {b) indicating a scparate “FEE ADDRESS® for
foe notifications

MECH AT

EX§ {Note Use Btoric§ for any ehange of sddeess) Note: A certiticate of mathing can only be used for domestic maitings of tie
Fee(s) Transmittal, This cortihcnis caniol be psed for any other sccompanying
sapers, Bach additonal paper; such g8 an assigmment or Tormal trawing, must

have its avn certiiiceie of malling of transanssion

24585 7598 O8/1972010
Certificate of Mailing or Transmission
| hereby contify that this Fee(s) Transmitial is being deposited with the United
Mader States Postal Service with suilicient postage for firsc elass mail in an envelope
g i e . N addressed 10 the Mail Slop ISSUE PEE address above, or boing facsinle
Slobal Storage Techoologies teansmitted to the USPTO (571) 2732885, on the date tndicated bolow.

rha Buena Road
& CA 95135

Jennifer Grygiel {epasitor' naied
fJG}ﬂI).i fel’ Grygielf' {Swashin)
Novemnber 4, 20738 Dy

AFPLICATION NO. ! FUING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO CONFIRMATION NG
F§/350,22¢ G2/08/2008 Hardayal Singh Gitt HSIS206050318USL 9816

TELE OF INVENTION: MAGNETIC TUNNEL TRANSISTOR WITH THIN READ GAP FOR HEAD APPLICATIONS

N N - N AU § N N . .1 - -
APPLN TYPE SMALL ENTITY ] IS5UF FEE DUE f(‘UBLE{:AHUNFE& DUE | PKEV PAIDISSUR FEE E TOTAL FEES) DUE § DATERUE
nonprovisional NG 21310 $3060 §6 1810 1Y/1972010
% FXAMINER E ARTLNIT i CLASS-SUBCLASS I
DIAZ,JGSER 2815 257429000
1. Change of cotrespondence address or mdivation of “Fee Address™ (37 2. For printing on the patent front pa;;; Jist
g 363y ‘ . T s o i
CFR 1.363) ) {1} the names of up 10 3 tefistered patent atorneys ! John L. Rogifz
i Change of correspendence address (o Change of Correspondence oragents OR, atternatively,
; " T 1203 altach )
‘;\,:{4; ss Torm PTO/SBA122) atiached. (z {ngie firm (having as a member 2 2
I3 "roe Address” indication {or “Fec Address® Indication form FeS oy or agent) and the names of up to
PY(HSRAT, Rev 0302 or mwre vecont) atsched. Use of a Customer 2 registercd paient attorneys o agents. i no nameis 3
Mumbies is reqisired. listed, o naroe wall be proed, R —

S ASSIGNEE NAME AND RESIDENCE DATA TO BEPRINTED ON THE PATENT {prins or type)

o1

nize data wiil appear on the patens,

PLEASE NOTE: Unless an assignee iy identified below, no as K ] ar o !
recordation as sct fork w37 CER3T. Completon of this form is NOT 4 substitute for Hag an as

(AY NAMIE OF ASSIGNEE (B RESIDENCE: {CITY and STATE QR COUNTRY]

Hitachi Global Stovage Technologies Amsterdam, The Netherlands
Netherlands B.V.

- — —
Please check the appropriate assignee calegory o catvgories {will not be prinied on the patent) J individual 4 Corporation or other privaie growy eatity L Goyerament

da. The foliowing fecls) arc submiticd: 4b. Fayment of Fee{s): (Piease first reapply any previously pald issue fee shows shove)
by . ) :
G fssue For {3 A cheek is enshused
& publication Foe {No smpall emity dizeouwm permitted}) ] Payment by oredit card. Form PTO-2038 s suached.

2l The Director is hereby authurized to charge ihe reguived fee(s), any deficiency, or credit any

L Advance Order - dofCopres creby aull : cditany
e ovirpayment, {0 Deposit Account Number 582887  (cnclosean oxtra copy of this {orm}

3 Change in Emi?y Statuy {from statns indicated above)
s Apphicent claims SMALL EMTITY status. See 37 CFR 127, Lih Appleant 15 no longer claimieg SMALL ENTITY siatus: See 37 CFR 1.27(g)(2).

tered gitomey or agent, or the assignee or othice party in

¢ {if required) will not b aveepted frem anyoene other thap the apphcant; a
cd States Patent and Yradersark (fice.

Tie fssan Fex and Poeblivation F
sprorest as shown by the records of the L

: .
Suthorized Signatwre ___so0m L, Rogita/ Date Novenbar 4, 2010

33,549

mation is required 1o oblain or retain a benefit by the pubhic which 35 to £l (and by e USPTO Process)

Typed ov printed name Johwy T, ROQitZ

collection of information s required by 37 CFR 1311, 12 U Btain C
an application. Confidentality 3s governed by 35 ULS.C, 122 7 CER L I4. This collection s estimated totake 12 minuies to complele, including gathoning, peepaning, and
submitting the completed applicahon form o the USPTOQ, Time will vary de, g:ndmég upon the individu, sc. Any comuments on the amount of Ume you require to complele
this form andfor suggestions for reduciog this burdesn, shonid be sent to the Chiel Information Officer, ommeree, PO

b 3 ¢ LS. Patent and Trademark Office, U.S.
Box 1430, Alexandiie, Virghaa 22313-1850) DO NOT SEND FEES OR COMPLETED FORMS TG THIS ADDRESS. SEND TO! Comtmissioncr for Pateris, P.O. Box 1458
Alexandna, Yirgmia 22313-1450

Unger the Paperwork Reduction Act of 1995, no persons are required to rospond to @ collection of informasion waless it displays 2 vaird OMB control mamber.

OMB 06510033 U8, Patent and Trademark Offtee; U5, DEPARTMENT OF COMMERCE

PTOL-8S {Rew, D807 approved for use through 0%
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PTO/SBI47 (03-09)

Approved for use through 03/31/2012. OMB 0651-0016

U.5. Patent and Trademark Cffice; U, 5. DEPARTMENT OF COMMERCE

Under the Papenyork Reduction Act of 1895, no persons are required o respond to a colfaction of information unless it displays a valid OME controf number.

“FEE ADDRESS” INDICATION FORM

Address to: Fax to:
Mail Stop M Correspondence §71-273-8500
Commissioner for Patents ~OR -

P.O. Box 1450

Alexandria, VA 22313-1450

i| INSTRUCTIONS: The issue fee must have been paid for application(s) listed on this form. In addition,
il only an address represented by a Customer Number can be established as the fee address for maintenance
I| fee purposes (hereafter, fes address). A fee address should be established when correspondence related to [
\ maintenance fees should be mailed to a different address than the correspondence address for the application.
il When to check the first box below: If you have a Customer Number to represent the fee address. When ]
{| to check the second box below: If you have no Customer Number representing the desired fee address,

{ in which case a completed Request for Customer Number (PTO/SB/125) must be attached to this form. For
| more information on Customer Numbers, see the Manual of Patent Examining Procedure (MPEP) § 403,

For the following listed application(s), please recognize as the “Fes Address” under the provisions of 37 CFR
1.383 the address associated with:

lz Customer Number: 36023

OR

: :] The attached Raquest for Customer Number (PTO/SB/125) form.

PATENT NUMBER APPLICATION NUMBER

(if known}

11/350,226

Completed by (check one):

D Applicant/inventor Jdohn L. Rogitz!
Signature
E Atforney or Agent of recorg 33,549 ) John L, Rogitz
(Reg. No.} Typed or printed name
D Assignee of record of the entire interest. See 37 CFR 3.71. 619.338.8075
Statement under 37 CFR 3.73(b) is enclosed. Reguester's telephone number
(Form PTO/SB/98)
D Assighee recorded at Resl Frame Novernber 4, 2010
Date

NOTE: Signatures of all the inventors or assignees of record of the entire interest or their representalive(s) are required. Submit mudliple forms § more that one
signatwre is required, see below®.

* Totat of forms are submitted,

T

This callection of information is required by 37 CFR 1,363, The information is required 1o oblain or retain a bensfit by the public which is to file {and by the USPTO
io process} an application. Confidentialty is governed by 35 U.S.C. 122 and 37 CFR 1. 11 and. 1.14. This coie ction is estimaled 1o take 5 minuies to complete,
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case, Any commeants on
the amount of time you requise to complete this form andfor suggestions for reducing this burden, should be sent to the Chief Information Officsr, U.S. Patent and
Trademarx Uffice, U.8, Depariment of Commerce, P.Q. Box 1450, Alex andsa, VA 22313- 1450. DO NOT SEND COMPLETE D FORMS TO THIS A DDRESS.
SEND TO: Maif Stop M Corresp wce, C issioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

if you need assistance in complating the form, call 1-800-PT0-8199 and select option 2.
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Electronic Patent Application Fee Transmittal

Application Number:

11350226

Filing Date:

08-Feb-2006

Title of Invention:

APPLICATIONS

MAGNETIC TUNNEL TRANSISTOR WITH THIN READ GAP FOR HEAD

First Named Inventor/Applicant Name:

Hardayal Singh Gill

Filer:

John L. Rogitz/Jennifer Grygiel

Attorney Docket Number:

HSJ920050318US1

Filed as Large Entity

Utility under 35 USC 111(a) Filing Fees

Description Fee Code Quantity Amount Suz—;'g(tsa)l in
Basic Filing:
Pages:
Claims:
Miscellaneous-Filing:
Petition:
Patent-Appeals-and-Interference:
Post-Allowance-and-Post-Issuance:
Utility Appl issue fee 1501 1 1510 1510
Publ. Fee- early, voluntary, or normal 1504 1 300 300
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Description

Fee Code

Quantity

Amount

Sub-Total in
UsD($)

Extension-of-Time:

Miscellaneous:

Total in USD ($)

1810
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