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For FY 2009 First Named Inventor | Koijiro Komagaki
Examiner Name i
D Applicant olaims small entity status. See 37 CFR1.EY - rassignes
Art Unit Unassigned
TOTAL AMOUNT OF PAYMENT | (8) $1,090.00 Atfomey Docket No. | HIT1PS85/HIPO20000046US1

METHOD OF PAYMENT {check all that apply}
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1. BASIC FILING, SEARCH, AND EXAMINATION FEES

FILING FEE'S SEARCH FEES EXAMINATION FEES
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Uttty 330 163 54 27 224 110 osinen
Design 220 110 100 K 148 T
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2. EXCESS CLAIM FEES Small Enil
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Each mdcpcm;iem claim over 3 (inchuding Reissues) 220 1ig
Muluple dependent clains 390 193
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HP = highest number of tolal claims pald for, i geester than 20
Indep. Claims Exira Claims Fea () Fee Paid {$)
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fistings under 37 CFR 1.52¢e}), the application sixe fee due s S270 (5135 for small entity) for each additional 50
sheets or fr:;ci ion thereof, Sec 35 U8 (‘ HEDG) and 37 CFR L 1(;% §

Total Sheets Extra Sheetls Number of each additional 89 or fraction thereof Fee {$} Fee Paid {$}
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ACCESS TO APPLICATION BY  [22=® rw—
PARTICIPATING OFFICES First Named Inventor Knojiro Kamagaki
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Send completed form to; Commissioner for Patends . R AR
£.Q. Box 14560, Alexandria, VA 283131450 Title
{Required)

The undersigned hereby grants the USPTO autharity to provide the European Patent Office (EPO}, the
Japan Patent Office (JPQ), the Korean infellectual Property Office (KIPO), the World intellectual Property
QOffice (WIPD), and any other intelleciual property officas in which a foreign application claiming priority o
the gbove-identified patent application is filed aczess to the above-identified patent application. See

37 CFR 1.14{c) and (h).

in accordance with 37 CFR 1.14{(h)3), access will be provided to a copy of the above-identifisd application
with respeact to: 1) the above-identified patent application-as-filed; 2) any foreign application to which the
above-identified patent application claims priority under 35 U.8.C. 119(a}-(d) if a copy of the foreign
application that satisfies the ceriified copy requirement of 37 CFR 1.55 has been filed in the above-
identified patent application; and 3} any U.S. application-as-filed from which beneafit is sought in the above-
identified patent application.

in accordanca with 37 CFR 1.14{c), access may be provided to information concerning the date of filing the
Authorization to Permit Access to Application by Participating Gifices.

This written authorization should be submitted prior to the filing of & subsequent foreign application, in
which priority is claimed to the above-identified patent application, with any intellectual property office (e.g..
the EPQ, JPO, KIPQ, or DAS Accessing Office). However, if applicant does not wish the EPQ, JRO, KIPQ,
WIPQ, or ather intellectual property office in which a foreign application claiming priority to the above-
identified patent application is filed to have access {0 the above-identified patent application, this written
authorization should not be filed.

No fee will be charged under 37 CFR 1.18(b){1} for providing a participating inteliectual property office with
an electronic copy of the above-identified palent application.

This form must be signed by an authorized party in accordance with 37 CFR 1.14{c}.

{Dominic M. Kotab/ November 28, 2010
Signature Data
Dominic M. Kotab 408-971-2573
Printed or Typed Name Tetephone MNumbet
Attorney for Applicant 42762
Title Registration Number, if applicabl
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individual case. Any comments on the amount of fime vou o it this Foom andior suggestions for reducing this burden, should be sentto
the Chie! Information Offtcer, U.S. Patest and Tradermark Offies, U S, Deparhnent of Conwnerce, P.O. Box 1450, Alexandia, VA 233131450, DO NOT
SEND FEES OR COMPLETED FORME TQ THIS ADDRESS. SEND TO: Conunissioner for Patents, P.O. Box 1450, Alexandria, VA 223131450,

iF you nesd assistance in complafing the forn, ealf 1-800-PTQ-5139 and sejact opticen 2.
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INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
{ Not for submission under 37 OFR 1,99}

Appdication Number

Filing Date

Art Unit

First Namsd rnvantor l Kojire Komagaki

Examiner Name

l Unsesigned

Atarney Docket Number

’ HITTPRSGHIPRDNtAnURY

LS. PATENTS
Examinen Cile  Kind | Name of Patentse or Applicant P&g&‘ﬁ_?@im’?:ﬁ&_h?& \Wﬁefi
Initiat N Patant Number  Codet issue Date of ziter Dlocument Rgi&vant Passages o Relevant
- e Figures Appesy
1

1 v wish 1o add addiions US, Paten

1 citation informstion please click the Add bulion.

 Kirt

U.B.PATENT APPLICATION PUBLICATIONS

Pages, Qolurmrs Lines where

& 3 . 3 ) A ) Figures Appeay
3 20070105502 A1 [R0PEE | Yuesa
2 | 200800SH11B LAY 2006-83-18 Djayaprawita ot af.

1 your wish o add addifonat LS. Published Application citation information please ofick the Add button,

FOREIGN PATENT DOCUMENTS

1 Pages Columms Lines
1 i o Batantas or F ¥
Examiner] Gite | Foreign Document | Counlry Kind | Publication faﬂ;éi;’éfgg?;‘g“ O where Relevant s
feutiat® No | Numberd Coded Coded Date ?p N Passages o Ratevant
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Figures Appaar
10408271 JP B2 | 0080450 1
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INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
{ Not for submission under 37 CFR 1.99)

Appiication Number

Filing Date

First Namad nventor I Kojro Komagaki

Art Unit

!
i

Examiner Name ] Unassigred

Attorney Docket Number

| HIT1PSREHIPYR00A004SLIS T

i

3 2001088780 JB 20010318 Hitachi Lid. x
4 | 2004071714 3P MU | Bony Corp &4
& | 2DO6-134050 a» DOSHBRE | Toshiba Corp &
, Hitachi Lid. -
L ANOR.1R8TOs WORAAR-
& % 008198788 e ER R PNV 25
T 30UBR27388 ¥ sy HO2H0-28 | Sony Torp. &
| - , i , ey Tenhn 16
8 |2008-004784 e 2000108 | ooy Testnclngies 5
i vou wish 1o add additional Fareign Patent Dooumeant citation information pleass click the Adid button
NON-PATENT LITERATURE DOCUMENTS
Examined Cite include name of the author {n CAPITAL LETTERS), title of the article twhen appropriate), title of the lem
mi‘ﬁah" No | {hook, magazine, journal, serial, syraposium, catalog, sic), daty, pages(s), volume-~issua number(s), T3
o | publishar, oty andior country where pubiiished,
| HAYAKAWA et al, "eperduncs of Glant Turnyd Magnetoresistance of Sputtersd CuFeBRAHICaFab Magretic
1 - Tarmel Junations on Mg Barrier Thickness and Annsaling Temperature,” Japanese Jourast of Appled Physdes, Vol
|44, No, 1§, 7005, p. LERT-LERY

I you wish 0 add addiional non-patent Beralure document citation information please dlick the Add button

EXAMINER SIGNATURE

Examiner Sigoaturs Date Considerad

*EXAMINER: inithal if refavence considersd, whether or not cltatin is in confarmance with MPEP 809, Draw line through @
oitation i ot in conformance and nol coraidared. Include copy of this form with next communication o applicant,
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Appiication Number

Filing Date

INFORMATION DISCLOSURE First Namead wveanior I Kﬁiiri; Komagaki

STATEMENT BY APPLICANT
{ Not for submission under 37 CFR 1.98 . i
Examiner Name ] Unassigred

Aftorney Dockel Number HIT1PEREHIPB200a00481I8Y

i

t Qe Kind Codes of USPTO Patent Documents 31wy "o MIPEP S01.04. T Enter office that issusg the dosument, by the fwo-deiter code QNIRO

Standard 8T.31 ¥ Fay Japasese patent documenss, the rulivetion of he pear of e mige of the Srperar must presede fhe sedal number of the patent document
* Kind of document by the appropinte syvimis as indicated on the document wadey WIPD Standard 81,15 if possitte, ¥ Applicant is iz plane & shesk mark here 8
Enghish tanguage ranshation s aitached.
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Appiication Number

Filing Date

INFORMATION DISCLOSURE

First Namad nventor I Kojro Komagaki

STATEMENT BY APPLICANT -
#t Unit |

{ Not for submission under 37 CFR 1.98 7 :
Examiner Name ] Unassigred

Aftorney Dockel Number HIT1PEREHIPB200a00481I8Y

i

CERTIFICATION STATEMENT

Please see 37 CFR 1.97 and 1.8 to make the approprinte selection{sh

That sach fem of nformalion contained in the information disdogure slatement was finst cited iy any commanication
[ from @ forsign patent office It @ counterpar! foreign application not more than three months prioe 1o the filing of the
nformation disclosurs statement. See 37 OFR 1.87{e) 1)

OR

That no flam of information condained in he iformation disclosure statement was cited in a communicalion from a
foreign patent office In & courdsrpart forgign application, and, {o the knowledge of the person signing the csrlification
after making reasonable inguiry, o Hem of dormation conlained in the nformation disclosure slatement was known 1o

[ any individual designeted in 37 OFR 1.58{c) mors than tree manths pror to the filing of the information disclosure
statement. See 37 CFR 1.87{e)2).

L} Sew attached certilicaion statament,
[} Foo setforth in 37 OFR 1.17 {p} has heen submilted herswith,

B None

SIGNATURE
A signature of the applicant or representative is reguired in sooordance with CFR 1,33, 10,18, Please see OFR 1.4(d) fur the
form of the signature.

Signature Dormirdn M. Kolabf Date (YYYY-MM-DD} 20101128
Name/Print Dominic M. Kotab Registration Number 423,762

This colfection of iInformaiion is requived by 37 CFR 1.87 and 1.88. The information is required (o obtaln or ratain @ banefit by the
public whicht is {o e (and by the USPTQ o process) an application, Confidentiality s governed by 35 U.8.C. 122 and 37T CFR
1.14. This collection is estimated to iake 1 how o complete, induding gathering, preparing and submitling the completed
apphication fon fo the USPTO, Time will vary depending upon tha individual case, Any comments ot the amount of time you
reguirg 1o compiate this Jorm andior suggestions fix reducing this burden, should be sent {0 the Chief Informaticn Officer, US,
Fatent and Trademark Office, US. Bepartment of Commercs, B.O, Bony 1480, Alsxandria, VA 2231341450, DO NOT SEND
FEES OR COMPLETED FORMS TO THIS ADDRESS. BEND TO: Conwnissioner for Fatents, P.O. Box 1450, Alexandria,
VA 22313-1480,
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DECLARATION AND POWER OF ATTORNEY

FOR ORIGINAL US. PATENT APPLICATION
Antorpey’s Docket No HITIPSBS/HIPS20000046US

As g below~named inventor, I hereby declare than

My residence, post office address and cilizenship are as stated below next to my name. } believe that ¥ am the original, Grst
and sole inventor (if only one name is {isted below) or an original, first and joird inventor (if plural pumes ave Hsted befow)
of the aubject matter that is chadmed and for which a palent is zought on the invention enditled: MAGNETQRESISTIVE
EFFECT HEAD HAVING A MULVILAYERED PINNED LAYER OR FREE LAYER AND SYSTEMS THEREQF the
spectfication of which, .

{sheck one} 1. is attached hereto.
2, B was filed on as

U.S. Application Serial Nao.
and was amended pa

301 wasfiledon as
Intemational PCT Application Serial No.
and was amended on

I hereby state that § have reviewed and understand the contents of the above-identified specification, including the claims, as
smended by sny amendment referred to ahove, :

I acknowledge the duty to disclose information which is material to the patentability of this application in accordsnce with Title 37,
CFPR § 136,

I hereby claim forelgn priority benefits under Title 35, United States code, § 11%(a){d) or § 365(b) of any foreign application(s) for
patent ar invenior’s certificate, or § 365(a) of any PCT International application which designated at least one country other than the
United States, listed below and have identified below, by checking the box, any foreign application for patent or lnventor's cartificate,
or POT Inieraational application having a filing date before thal of the spplication an which priority is claimed:

Prior Foreign Application{s} Priority Benefits Claimed?
2009-278388 fspen 12/8/2009 Sves [ Ine
{Apsl. No) {Country) {Filing Date)

Dch E]No

{Appl. New) { Coumr;;) {Filing Date)
{Appl. Mo} {Country} (Filing Date}

! hrercby claim the benefit under 35 ULS.C. §119(e) of any United States provisional application(s} listed below:

(Application Serial No.j {Filing Da{(t)
{Application Serial No.} {Filing Date}

I heeehy cleim the benefit under Titde 35, United Sntes Code, § 120 of any United Siates spplication(s), or § 365(c) of any PCT
International application designating the United States, listed below and, insofar as the subject matter of each of the clalmg of this
applcation is not disclosed in the prior United States or PCT International application in the manner provided by the first paragraph
of Title 35, United States Code, § 112, I acknowledge the duty to disclose information which is material to patentability as defisned in
Title 37, Code of Feders! Regulations, § 1.56 which became availuble between the filing dote of the prior application and the
natieaal or PCT international 8ling date of this application:

Atny Docket No. HITIPSSS/FUPO20090046 U8 Page I of 3
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Prier U.B. Application{s)

{ ;i;piicatim Serial No.) (Fiting Datw) {Status - patenied, pending, abandoned)

{Application Serial No.} {Filing Date} (Status ~ patented, pending, shandoned}
And T liereby appoint the following atiorney(s) sndfor agents associaled with PTO Cusiomer Number S0535 as my principal sgenis
to prosecute thng application and {o iransact a3l business in the Patent and Trademark Office connected therewith:

SO533

Zilka-Kotah, PC

P.O. Box 721120

San Jose, California 95172-1120

Customer Number ¢
Send Correspondence Ta:

Direct Telephane Calls To: Dominie M. Kotab at telephone muuber (408) 971-2573

I hereby declare that all statements made herein of my ows knowledge are tres and that all statements mads on information and
belief are belioved to be true; and further that these statements were made with the knowledge that willful false statements and the
tike 50 made are punishable by fine or imprisonment, or both, under section 1001 of Title 18 of the United States Code, and that such
williul false statements may jeopardize the validity of the application or any patent issuing thereon.

Typewritien Full Name of

Sole ar First Isventor: Koliro Komagaki Citizenship Yapan
Inventor’s vignature: % £ &f Date of Signamre:,,,,,[,z,,[ ‘?/20} [
Residence: {City} Odawara {State/Covniry) Japan

Post Office Address: 1-1-192, Yahagi, Odawara, Kanasgaws., 250-0873, Japan.

Full Name of Second Joisd

Inventor (i any): Kateumi Hoshing CHizenship: Japan
Yaventor's signature: %‘l"{zmm MUW . Date of Signature:  f7/ / 9 / J*w!f o
Residence: i) Qdawara (State/Coundny) Iapan

Past Office Address: 2-17-16, Naka-cho, Qdawara, Kanagawa, 250-0085 l.asan

Full Name of Third Joint

Inventor (if any): Masashigs Saw - Citizenchip: Japan

Prnsnohlo, S

Inventor’s signature:

. W faote

Bate of Signature

Residencer {City} Atsugi {State/Country) Japan
Post Office Address: 1-15-803. Atsugi-cho, Atsugl, Kanagawa, 243-004 1. Jupan
Atny Docket No, HITIPSSS/HIPRIQU000461IS1 Page2 of 3
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Full Neme of Fourth Joint

Inventor (if anyh e Hirowekd Hoshiva Citizenship: Japan
fuventor’s signature: WA&C' Mﬁﬁ;&?{m Date of Signature: L} ("}72, lzolo
Residence: (City) Odawara {State/Country} fapsn
Post (Offios Address: 2-1-403, Yahaei, Odavara, Kansgawa, 250-0873 Jspan

Attny Docket No, HITIPIRS/HIPS200900461I81 Page 3 of 3
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nt et Tradannak Offtons; (.8
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N . Aftomey Dockst Number | HITTRESSHIPRZ0080048U81
Application Data Sheet 37 CFR 1.76

Apphication Number

MAGNETORESISTIVE EFFECT HEAD HAVING A MULUTHAYERED PINNED LAYER OF FREE LAYER AND

Tite of ewenbion | averenas THEREOR

*ne spp*m&!san a-stta sheat N m* n% tne gzmv h:m.&i R BIONGIOY ‘-,:\ a;}gi&‘w.,-n :;( W ‘m:&‘ ;‘I »szm; aubmitted, The inliowing o containg the
wk} fographic data aranged in & format speoified by the United Siates Fatent snd Tradantark Office 3a o4 3TCFR 158

This document may be completed slectrorcally and submilied ko the Office in electronic format using the Rieclronic Fitng Bystem (EFE) or the
documant may be printad and inchided v 3 gaper ied applination.

Secrecy Order 37 CFR 5.2

71 Portions or alf of the application associated with this Application Data Sheet may &l under & Secracy Ornder pursuant o
37 CFR 8.2 (Paper fters only. Applications that fall under Secregy Qrder may not be filed electronically.}

Applicant Information:
Applicant 1
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{43)Date of publication of application : 08.01.2009

‘ HolL 43708 {2006, 01)
(51)int.Cl. Kol 43710 {2008, 0F)
GIIR 5739 (2008, 1)

{21)Application number : 2008-160607 {(71)Applicant : HEADWAY TECHNOLOGIES INC

{22)Date of filing : 19.06.2008 {(72)nventor : ZHANG KUNLIANG
WANG HUI-CHUAN
ZHAO TONG
LI MIN

{30)Priority

Priority number : 2007 820251  Priority date : 18.06.2007  Priority country : US

{54) EXCHANGE-COUPLING FiLM, MAGNETORESISTANCE EFFECT ELEMENT USING
THE SAME AND METHOD OF MANUFACTURING MAGNETORESISTANCE EFFECT
ELEMENT

{57)Abstract:

PROBLEM TO BE SOLVED: To provide an exchange-
coupling film capable of increasing a Hex/Hg ratio
between an AFM layer and an AP2 pinned layer without
degrading an MR ratio and stably holding the
magnetization of the AP2 layer in a fixed direction, and a
magnetoresistance effect element using the same.
SOLUTION: The exchange-coupling film 13 is provided
between the AFM layer 12 and the APZ2 layer 14
constituting a pinned layer 17. The exchange-coupling
fitm 13 is an amorphous magnetic layer comprised of at
least one kind of an element selected from a group
comprising Co, Fe, or Ni, and at least one kind of an

element having an amorphous character selected from a
group comprising B, Zr, Hf, Nb, Ta, Ti, 84, or P, or a non-
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magnetic layer comprised of elements selected from a group comprising Cu, Ru, Mn, Hf, and

Cr. Concretely, the exchange-coupling film 13 is composed of CoFeB, CoFeZr, CoFeNb,
CoFeHf, CoFeNiZr, CoFeNiH{, or CoFeNiNbZr,
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{1 1)Publication number : 2001-068760
{43)Date of publication of application ; 16.03.2001

int. ClL. HOIL 43;’:98
(SHint.C GliBE 5/39

HOLF 10/30

{21)Application number . 11-244755 {71)Applicant : HITACHI LTD

{22)Date of filing : 31.08.1999 {72)inventor : ARAI REIKO
KAWATO YOSHIAKI
WATANABE KATSURO

{64) FERROMAGNETIC TUNNEL JUNCTION ELEMENT
{57)Abstract:

PROBLEM TO BE SOLVED: To suppress the reduction
in the magnetoresistance effect due to destruction of a
unnel barrier layer and thereby achieve unifarmity and
reproducibility, by arranging an amorphous

ferromagnetic layer on at least the interface of one of a
ferromagnetic layer and the tunnel barrier layer.
SOLUTION: A base film 22 for improving the orientability
of a free layer 11 of a ferromagnetic tunnel junction, the
layer 11, and an amorphous ferromagnetic layer 15for |
improving heat resistance are formed on an oxide fayer- &
deposited silicon substrate 21. A tunnel barrier layer 12

is formed on the layer 15 by preparing an Al layer, and

axidizing the surface of the Al layer by a plasma

oxidation method. Further, a fixed layer 13, an

antiferromagnstic fayer 14, and a protection ilm 23 are sequentially formed. Next, a lower
glectrode layer 26 and an upper electrode layer 27 are processed into predetermined
configurations. Further, an Al203 insulating fayer 24 for preventing contact between the
layers 26 and 27 is formed, and then patterned, and for contact with the lower/upper electrode
layers 27 and 28, Au layers are formed as lower/ upper electrode wiring layers 25 and 26,
whereby a ferromagnetic tunnel junction slement 20 is prepared.
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{1 1)Publication number : 2004-071714
{43)Date of publication of application : 04.03.2004

Int.Cl. HO1L 43{08
(ST)int.L GI1C 11/18

HOLF 16713
HOIF 10/32
HOIL 27/108

{21)Application number : 2002-226520 {71)Applicant : SONY CORP

{22)Date of filing : 02.08.2002 {72)Inventor : OBA KAZUHIRO
KANO HIROSHI
HOSOMI MASAKATSU
BESSHO KAZUHIRO
YAMAMOTO TETSUYA
MIZUGUCH! TETSUYA

{54) MAGNETORESISTIVE EFFECT ELEMENT AND MAGNETIC MEMORY

{5§7)Abstract

PROBLEM TO BE SOLVED: To provide a
magnetoresistive effect element exhibtiting good
magnetic characteristics by suppressing deterioration in
the variation rate of the resistance due to heat treatment,
and ta provide a magnetic memory comprising the
magneioresistive effect element and exhibiting excellent
writing characteristics.

SOLUTION: A pair of ferromagnetic fayers (a pinned
magnetization layer 5 and a free magnetization layer 7)
are laid oppositely in a layer through an intermediate
fayer 6 and the resistance is varied by supplying a
current perpendicuiarly to the film surface. The
magnetoresistive element 1 comprises the pair of
ferromagnetic layers & and 7 at least one of which
containing an amorphous ferromagnetic material having a crystallization point of 623K or
above, and the magnetic memory comprises the magnetoresistive element 1, and a bit line
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and a word line sandwiching the magnetoresistive element 1 in the thickness direction.
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{1 1)Publication number : 2006080116
(43)Date of publication of application ; 23.03.2008

{51Int.CL HOIL 4308 2008, et}
gl 539 (2006, 01}
HOH. 43770 (2008, 01)
HOIL 43772 {2006. 01)
HOIL 277105 (2006, 01)
HotL 21/8246 (2006 01)

{2 D)Application number : 2004-259280 (71)Applicant : CANON ANELVA CORP
NATIONAL INSTITUTE OF
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(22)Date of filing : 07.09.2004 {72inventor : DAVID DJAYAPRAWIRA
TSUNEKAWA KOJI
NAGAI MOTOMASA
MAEHARA DAIKI
YAMAGATA SHINJI
WATANABE NAQKI
YUASA SHINJI

(54) MAGNETORESISTIVE EFFECT ELEMENT AND ITS MANUFACTURING METHOD

(5T)Abstract:

PROBLEM TO BE SOLVED: To provide a
magnetoresistive effect element which is superior in MR
ratio and of which mass~productivity and practicality are
improved, and to provide its manufacturing method.
SOLUTION: The magnetoresistive effect element (TMR
element 10} has a lamination structure {TMR element 12}
which is formed of a pair of ferromagnetic layers and a
barrier layer located at the middie position between them.
At least one ferromagnetic layer is provided with such a
portion in contact with the barrier layer that has an
amorphous state, and the barrier layer is an MgQ layer
with a single crystal structure.
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{2 )Application number ; 2004-319604 {7 DApplicant : TOSHIBA CORP

{22)Date of filing : 02.11.2004 {72)inventor : NAGASE TOSHIHIKO

IKEGAWA SUMIO
{54) MAGNETORESISTIVE EFFECT ELEMENT, MANUFACTURING METHOD THEREOF,
MAGNETIC RANDOM ACCESS MEMORY
{57)Abstract:
PROBLEM TO BE SOLVED: To provide a magnetic
random access memory capable of reducing shift of
magnetizing inversion.
SOLUTION: A magnetic recording element comprises a
first ferromagnetic layer 21 of which magnstizing
direction is fixed and the value of magnetic moment per
a unit area is m1. A non-magnetic layer 22 contacts the
first ferromagnetic layer. The value of amplitude in
roughness of the interface between the non-magnetic
fayer and the first ferromagnetic layer is h1. A second
ferromagnetic layer 23 contacts the surface of non-
magnetic layer which is opposite to the first
ferromagnetic layer, whose magnetizing direction is
fixed, and the valug of magnetic moment per a unit area
is m2 which is smaller than m1. The value of amplitude in roughness of the interface between
the second ferromagnetic layer 23 and the non-magnetic fayer is h2. A barrier layer 13
contacts the surface of second ferromagnetic layer which is opposite to the non magnetic

layer. The amplitude of roughness of the interface between the barrier and the second
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ferromagnetic layer is h3 which is smaller than h1 and h2. A third ferromagnetic layer 11 faces

the surface of the barrier layer which is opposite {o the second ferromagnetic layer with its
magnetizing direction being variable.
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{§7)Abstract:

PROBLEM TO BE SOLVED: To provide g high speed
ultra-low power consumption nonvolatile memaory, having
a high temperature stability in a zero magnetic field.
SOLUTION: An insulating layer 304 and a non-magnetic
conductive layer 305 are laminated to a ferromagnetic
free layer 303 in a tunnel magnetoresistance effect film
1, comprising the non-volatile magnetic memory having
a writing method by a spin transfer torque.
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{54) MEMORY ELEMENT AND MEMORY
{57)Abstract:
PROBLEM TO BE SOQLVED: To provide a memory
element which improves thermal stability without
increasing a writing current.
SOLUTION: A memory fayer 17 retaing information
based on a magnetization state of a magnetic material. A
fixed-magnetization layer 31 is formed on the memory

tayer 17 through an insulation layer 16. The information

is recordad on the memoyy layer 17 with a change in a
magnetization M1 direction of the memory layer 17
caused by injecting a spin-polarized electron in a
stacked direction. A memory element 3 whose level of
effective demagnetizing field which is received by the
memaory fayer 17, is smaller than a saturation-
magnetization level of the memory layer 17, is
constituted thereby.
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MAGNETORESISTIVE EFFECT HEAD HAVING A
MULTILAYERED PINNED LAYER OR FREE
LAYER AND SYSTEMS THEREOF

RELATED APPLICATIONS

[0001] The present application claims priority to a Japanese Patent Application filed
December 8, 2009 under Appl. No. 2009-278388, which is incorporated herein by reference.

FIELD OF THE INVENTION

[0002] The present invention relates to a magnetoresistive effect head and a magnetic

data storage system having the magnetoresistive effect head.
BACKGROUND OF THE INVENTION

[0003] Typically, a magnetic head used in a magnetic disk drive is provided with a
playback head for reading information recorded on a recording medium. In the playback
head; a magnetoresistive effect film changes resistance in response to a magnetization
signal recorded on the recording medium.

10004] The magnetoresistive effect film is typically provided with a magnetically
pinned layer for pinning a direction of magnetization in one direction and a free magnetic
layer which freely changes a direction of magnetization depending on a signal magnetic
field from the medium, and detects the change in the magnetoresistance produced by
changing the relative angle of the respective directions of magnetization of the free
magnetié layer and the magneticélly pinned layer by the action of the magnetization
signal of the medium, and also reads the signal. Consequently, in order to improve the
reading performance of the playback head, a magnetoresistive effect film exhibitinga
iarge change in the magnetoresistive effect and a magnetoresistive effect element

provided with the film are very useful.
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SUMMARY OF THE INVENTION

[0005] According to one embodiment, a magnetoresistive effect head includes a
magnetically pinned layer having a direction of magnetization that is pinned, a free
magnetic layer positioned above the magnetically pinned layer, the free magnetic layer
having a direction of magnetization that is free to vary, and a barrier layer comprising an
insulator positioned between the magnetically pinned layer and the free magnetic layer,
wherein at least one of the magnetically pinned layer and the free magnetic layer has a
layered structure, the layered structure including a crystal layer comprising one of: a
CoFe magnetic layer or a CoFeB magnetic layer and an amorphous magnetic layer
comprising CoFeB and an element selected from a group consisting of: Ta, Hf, Zr, and
Nb, wherein the crystal layer is positioned closer to a tunnel barrier layer than the
amorphous magnetic layer.

10006} In another embodiment, a magnetic data storage system includes the
magnetoresistive effect head described above, a magnetic medium, a drive mechanism for
passing the magnetic medium over the at least one magnetoresistive effect head, and a
controller electrically coupled to the at least one magnetoresistive effect head for
controlling operation of the at least one magnetoresistive effect head.

[0007] Any of these embodiments may be implemented in a magnetic data storage
system such as a disk drive system, which may include a magnetic head, a drive
mechanism for passing a magnetic storage medium (e.g., hard disk) over the head, and a
control unit electrically coupled to the head for controlling operation of the head.

|0008] Other aspects and advantages of the present invention will become apparent
from the following detailed description, which, when taken in conjunction with the

drawings, illustrate by way of example the principles of the invention.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIG. 1 is a lateral cross-sectional view showing an example of a film structure
of a conventional magnetoresistive effect element.

[0010] FIG. 2 is a lateral cross-sectional view showing a film structure of a
magnetoresfstive effect element according to one embodiment. _

[0011] FIG. 3 is a structural diagram of a magnetic head provided with a tunnel
magnetoresistive effect film according to one embodiment.

[0012] FIG. 4 is a lateral cross-sectional view showing a film structure of a
magnetoresistive effect element according to one embodiment.

[0013] FIG. § is a lateral cross-sectional view showing a film structure of a
magnetoresistive effect element according to one embodiment.

[0014) FIG. 6 is a top view of a magnetic recording and playback device according to

one embodiment.
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DETAILED DESCRIPTION

|00v15| The following description is made for the purpose of illustrating the general
principles of the present invention and is not meant to limit the inventive concepts
claimed herein. Further, particular features described herein may be used in combination
. with other described features in each of the various possible combinations and
permutations.

[0016] Unless otherwise specifically defined herein, all terms are to be given their
broadest possible interpretation including meanings implied from the specification as
well as meanings understood by those skilled in the art and/or as defined in dictionaries,
treatises, etc.

[0017] It must also be noted that, as used in the specification and thé appended

nn

claims, the singular forms "a,” "an" and "the" include plural referents unless otherwise
specified. _
[0018]  One film structure that may be used for the magnetoresistive effect element
includes a structure having a tunnel barrier layer formed by placing an insulator between
the magnetically pinned layer and the free magnetic layer. In U.S. Patent No. 4,082,711, a
magnetoresistive effect element which uses MgO as the tunnel barrier layer and exhibits
an extremely large magnetoresistance change ratio (TMR ratio) is described below.
[0019] In Japanese Unexamined Patent Appl. Pub. No. 2006-80116, a
CoFeB/MgO/CoFeB-tunnel magnetoresistive element which uses a CoFeB magnetic
layer and a MgO barrier layer, which were formed by a sputtering method widely used in
industry, and exhibits a high TMR ratio exceeding 200% is described below.

{0020] In J. Hayakawa et al., Jpn. J.-Appl. Phys., 44, L587 (2005), one reason for the
appearance of a high TMR ratio in the CoFeB/MgO/CoFeB-tunnel magnetoresistive
element is investigated. According to this reference, the reason for obtaining a high TMR
ratio is believed to be that when the CoFeB layer, which is non-crystalline (amorphous),
is subjected to thermal processing immediately after fiim deposition, (001) oriented

crystals occur along the tunnel barrier layer which has (001) oriented crystals.
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[0021] From these references, it may be ascertained that in order for the TMR
element applicable to a playback head to obtain a high TMR, namely, a high playback
output, the use of an insulation layer having (001) oriented crystallinity as the tunnel
barrier layer, and the use of CoFeB layers in the magnetically pinned layer and the free
magnetic layer are believed to be very effective.

[0022] Over the past few years, the bit widths on recording media have narrowed
further and further, accompanying the higher recording density requirements of modern
hard disk drives. Therefore, in order tb read the magnetic signal recorded on the
recording medium, the (eading resolution must be improved by narrowing the read gap of
the playback head. The read gap corresponds to the film thickness of the magnetoresistive
effect film.

10023] In order to thin the magnetoresistive effect film, it is effective to thin the film
thickness of at least one of the CoFeB layer forming the magnetically pinned layer or the
CoFeB layer forming the free magnetic layer which comprise most of the
magnetoresistive effect film.

[0024] However, when the CoFeB layer is thin, the TMR ratio degrades substantially,
in most heads. This is believed to be the result of the obstruction of the crystallization of
the CoFeB layer along the atom arrangement of the tunnel barrier layer because of the
epitaxial relationship originating in the compatibility of the nonmagnetic coupling layer
or the antiferromagnetic layer adjacent to the magnetically pinned layer in the thermal
processing executed after the magnetoresistive effect film is formed. The free magnetic
layer is believed to be similarly connected to the epitaxial relationship due to the
compatibility of the atom arrangement of the adjacent capping layer.

[0025] One oEjective of the embodiments disclosed herein is to solve the above-
described problems to provide a magnetoresistive effect head capable of suppressing |
degradation of the MR ratio caused by thinning of the film thickness of the magnetically
pinned layer and/or the free magnetic layer.

[0026] According to one general embodiment, a magnetoresistive effect head
includes a magnetically pinned layer having a direction of magnetization that is pinned, a
free magnetic layer positioned above the magnetically pinned layer, the free magnetic

layer having a direction of magnetization that is free to vary, and a barrier layer
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comprising an insulator positioned between the magnetically pinned layer and the free
magnetic layer, wherein at least one of the magnetically pinned layer and the free
magnetic layer has a layered structure, the layered structure including a crystal layer
comprising one of: a CoFe magnetic layer or a CoFeB magnetic layer and an amorphous
magnetic layer comprising CoFeB and an element selected from a group consisting of:
Ta, Hf, Zr, and Nb, wherein the crystal layer is positioned closer to a tunnel barrier layer
than the amorphous magnetic layer.

[0027] In another general embodiment, a magnetic data storage system includes the
magnetoresistive effect head described above, a magnetic medium, a drive mechanism for
passing the magnetic medium over the at least one magnetoresistive effect head, and a
controller electrically coupled to the at least one magnetoresistive effect head for
controlling operation of the at least one magnetoresistive effect head.

[0028] In a magnetoresistive effect head according to one embodiment, at least one
of the magnetically pinned layer and the free magnetic layer has an amorphous magnetic
- layer on the side opposite the barrier layer. The amorphous magnetic layer maintains the
non-crystalline state after passing through the magnetization thermal process of the
antiferromagnetic layer and the crystallization thermal process of the insulatidn film and
the magnetic film, which are generally conducted in the manufacturing process of the
magnetoresistive effect head. |

[0029] In a magnetoresistive effect head according to one embodiment, the epitaxial
relationship from the amorphous magnetic layer side in the CoFeB magnetic layer is lost
due to the non-crystalline nature of the amorphous magnetic layer. Thus, even when the
film thickness of the CoFeB layer of at least.one of the magnetically pinned layer or the
free magnetic layer is thinned, the effect of the crystallinity from the side opposite the
barrier layer side of the CoFeB magnetic layer is reduced, and the crystallization occurs
along the atom arrangement on the barrier layer side. Consequently, even if the CoFeB
magnetic layer is thinner, the degradation of the MR ratio may be suppressed, and a
magnetoresistive effect head which achieves both a thinner magnetoresistive effect film
and a high MR ratio may be constructed.

[0030] One embodiment for is described in detail with reference to the figures. In the

description below, the figures illustrate representative examples and do not limit the
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scope of theA present invention. The figures illustrate a bottom spin valve structure, but the
present invention may be applied to a top spin valve structure and/or a dual valve
structure. |

[0031] FIG. 1 is a lateral cross-sectional view showing an example of the film
structure of a conventional magnetoresistive‘eifect element. The example shown here is a
film sﬁucture of a bottom tunnel magnetoresistive effect element.

[0032] A current-in-plane (CIP) element in which current flows in the plane of the
magnetoresistive effect film and a current-perpendicular-to-the-plane (CPP) element in
which the flow is in the direction perpendicular to the film plane are magnetoresistive
effect elements.

[0033] The magnetoresistive effect element shown in FIG. 1 has a tunnel
magnetoresistive effect film 200 between a lower shield layer 100 and an upper shield
layer 300. The tunnel magnetoresistive effect film 200 has a lower ground layer 210, an
antiferromagnetic layer 220, a magnetically pinned layer 230, a tunnel barrier layer 240, a
free magnetic layer 250, and a capping layer 260. The read gap corresponds to the sum of
the film thickness from the lower ground layer 210 to the capping layer 260.

[0034] In the film structure shown in FIG. 1, the antiferromagnetic layer 220 is
positioned on the side opposite to the tunnel barrier layer 240 of the magnetically pinned
layer 230. The capping layer 260 is positioned on the side opposite to the tunnel barrier
layer 240 of the free magnetic layer 250. ‘

|0035| From the epitaxial relationship of the antiferromagnetié layer 220 and the
capping layer 260, thé CoFeB layer of the magnetically pinned layer 230 or the free
magnetic layer 250 is believed to obstruct the development of the (001) oriented crystals
along the atom arrangement of the tunnel barrier layer 240.

[0036] According to one embodiment, and referring to FIG. 2, a lateral cross-
sectional view of a magnetoresistive effect element is shown. Fbr example, the lower
shield layer 100 may be comprised of permalloy formed by a plating method.

[0037] The lower ground layer 210 above the lower shield layer 100 may become the
layered structure of Ta and Ru from the lower shield layer 100 side (not shown), in one
approach. Also, the antiferromagnetic layer 220 above the lower ground layer 210 is

shown. The antiferromagnetic layer 220 fixes the direction of magnetization of the first
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magnetically pinned layer 230 above the antiferromagnetic layer in one direction, and
may comprise, for example, Mnlr. The antiferromagnetic layer 220 may be constructed
from MnPt, PdPtMn, NiMn, FeMn, RhMn, RuMn, RuRhMn, etc. »
[0038] The magnetically pinned layer 230 above the antiferromagnetic layer 220 may
become a layered ferri structure, in one approach. Specifically, the magnetically pinned
layer 230 may be comprised of a three-layer structure of first magnetically pinned layer
231/honmagnetic coupling layer 232/second magnetically pinned layer 233. The
antiferromagnetic coupling is realized through the nonmagnetic coupling layer 232
between the first magnetically pinned layer 231 and the second magnetically pinned layer
233,

[0039] | The first magnetically pinned layer 231 may comprise an alloy material
having, for example, Co and Fe. The nonmagnetic coupling layer 232 may comprise an
alloy having one or two or more of, for example, Ru, Cr, Ir, Rh, etc.

*[0040) In one approach, the second magnetically pinned layer 233 may comprise a
layered structure having the three layers: a CoFe magnetic layer 233c, a CoFeB magnetic
layer 233a, and an amorphous magnetic layer 233b in order from the side in contact with
the tunnel barrier layer 240. The amorphous magnetic layer 233b may be a layer which
includes CoFeB and an element selected from the group composed of Ta, Hf, Zr, Nb.
|0041] The composition ratio of Co and Fe of the CoFe magnetic layer 233c may
have a preferred composition range for Co:Fe of 75:25 to 100:0 in a face-centered cubic .
structure or a hexagonal close packed structure, in one embodiment. In addition, the film
thickness of the CoFe magnetic layer 233c may preferably be about 0.5 nm to about 1.4
nm from the perspective of the TMR ratio, in one approach. '
[0042]  Preferably, the composition ratio of Co and Fe in the CoFeB magnetic layer"
233a is a composition range of 100:0 to 75:25 which has the face centered cubic
structure, or a composition range of 75:25 to 0:100 which has the body centered cubic
structure after crystallization, in some approaches. In particular, the composition range of
75:25 to 0:100 which has the body centered cubic structure may be preferred.

[0043] Preferably, a film thickness of the amorphous magnetic layer 233b is about
0.25 nm to about 1.5 nm, in one embodiment. |

[0044]  The tunnel barrier layer 240 comprising an insulator is above the magnetically
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pinned layer 230. The material forming the tunnel barrier layer 240 may be an insulation
material such as oxides, nitrides, comprising one or two or more of, for example, Mg, Ca,
Zn, Sr, Al, Ti, etc., according to various embodiments.

|0045] The tunnel barrier layer 240 may obtain an optimum effect when an insulator
having the (001) oriented crystallinity of a halite structure is used, in one approach. This
kind of tunnel barrier layer 240 may be obtained by oxidizing or nitriding a metal film
formed by a sputtering method or a vapor deposition method. Alternatively, the layer may
be formed by using an oxide or a nitride target, according to various embodiments.
|0046| The free magnetic layer 250 above the tunnel barrier layer 240 may have a
layered structure comprising the three layers of: a CoFe magnetic layer 250c, a CoFeB
magnetic layer 250a, an amorphous magnetic layer 250b in order from the tunnel barrier
layer 240 side, in one embodiment. The amorphous magnetic layer 250b is a layer
comprising CoFeB and an element selected from a group consisting of: Ta, Hf, Zr, Nb, in
one approach. ‘

10047) Preferably, a composition ratio of Co and Fe of the CoFeB magnetic layer
250a has a composition range of 100:0 to 75:25 which has a face centered cubic structure
or a composition range of 75:25 to 0:100 which has a body centered cubic structure after
crystallization, according to various embodiments. In particular, a composition ratio
within the range of 100:0 to 90:10 which has a face centered cubic structure may be
preferred in one approach. In addition, preferably, a film thickness of the CoFe magnetic
layer 250c may be about 0.5 nm to about 1.0 nm from the perspective of the TMR ratio,
in one approach.

[0048] The free magnetic layer 250 may include, for example, a NiFe layer on the
amorphous magnetic layer 250b (not shown) because magnetostriction may be preferably
minimized.

[0049] The capping layer 260 above the topmost part of the tunnel magnetoresistive
effect film 200 may comprise a layered structure of, for example, Ru and Ta, in one
approach.

[0050] FIG. 3 is a structural diagram of a magnetic head provided with a tunnel
magnetoresistive effect film, according to one embodiment. The view is the cross-

sectional view in the plane direction perpendicular to the ABS plane (A-A line position).
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[0051] The magnetic head has a playback head 35 and a recording head 40. The
playback head 35 provides a magnetoresistive effect film 200 which is formed between
the lower shield layer 100 and the upper shield layer 300.

[0052] The recording head 40 provides a main magnetic pole 41, a first return yoke
42, and a second return yoke 43. A trailing shield 44 is provided on the front end of the
second return yoke 43. A coil 45 is wound around the back yoke member of the main
magnetic pole 41,

[0053] The structures of the magnetoresistive effect film and the magnetic head were
described above, according to various embodiments. An example of an amorphous
magnetic layer placed in both the magnetically pinned layer 230 and the free magnetic
layer 250 was described previously, but even if an amorphous magnetic layer is placed
only on either of the layers, the effect corresponding to that part may be obtained,
according to various embodiments.

10054 As above, in the magnetoresistive effect film previously described, the second
magnetically pinned layer 233 and the free magnetic layer 250 have layered structures
comprising CoFe magnetic layer/CoFeB magnetic layer/amorphous magnetic layer in
order from the tunnel barrier layer 240 side. It is believed that the epitaxial relationship
from the amorphous magnetic layer side in the CoFeB magnetic layer is eliminated by the
non-crystalline nature of the amorphous magnetic layer. Therefore, the CoFeB layer of
the magnetically pinned layer 230 or the free magnetic layer 250 easily becomes (001)
oriented crystals along the atom arrangement of the tunnel barrier layer 240, in one
approach. Therefore, even if film thicknesses of the CoFeB magnetic layers of the
magnetically pinned layer 230 and the free magnetic layer 250 are thinned, the
degradation of the TMR ratio may be suppressed.

[0055] In addition, based on the magnetic head previously described, the degradation
in the TMR ratio may be suppressed, and a high playback outpuf may be obtained while
continuing to narrow the read gap and improve the reading resolution by thinning the film
thickness of the CoFeB magnetic layer.

|0056] FIG. 4 is a lateral cross-sectional view showing a film structure of a
magnetoresistive effect element, according to one embodiment. The film structure shown

in FIG. 4 includes a CoFe layer 223d between the nonmagnetic coupling layer 232 and
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the amorphous magnetic layer 233b added to the structure described in FIG. 2. For
example, the film thickness of the CoFe layer 233d may be about 0.5 nm to about 1.0 nm,
according to various embodiments.

0057} FIG. 5 is a lateral cross-sectional view showing a film structure of a
magnetoresistive effect element, according to one embodiment. The film structure shown
in FIG. § differs from that in FIG. 4 in that the magnetically pinned layer 230 comprises
only the second magnetically pinned layer 233. The rest of the structure is the same as in
FIG. 4, according to various embodiments.

[0058]  In the structure of this tunnel magnetoresistive effect film, the magnetically
pinned layer 230 is formed by only the second magnetically pinned layer 233. In other
words, this-has a single-pin structure. In the single-pin magnetoresistive effect film, a
unidirectional anisotropic magnetic field Hp acting between the antiferromagnetic layer
220 and the second magnetically pinned layer 233 is directly reflected in the resistance to
external magnetic fields of the magnetically pinned layer 230.

0059} Hp is represented by the following equation (Equation 1) in terms of the
unidirectional anisotropic constant Jk, the amount of saturated magnetization Ms, and the

film thickness t of the second magnetically pinned layer 233.
Hp =Jk/(Ms - t) Equation |

[0060] According to Equation 1 described above, it is clear that Hp increases és (Ms -
t) decreases, and the second magnetically pinned layer 233 is firmly pinned.

[0061] In another embodiment, the magnetically pinned layer 230 may have a layered
structure comprising the CoFe magnetic layer 233c, the CoFeB magnetic layer 233a, and
the amorphous magnetic layer 233b in order from the side in contact with the tunnel
barrier layer 240, according to one embodiment. The amorphous magnetic layer 233b has
a small Ms compared to the CoFeB magnetic layer 233a. The (Ms - t) of the magnetically
pinned layer 230 becomes smaller. Consequently, Hp is large compared to the
conventional single-pin magnetoresistive effect film, which does not use the amorphous

magnetic layer 233b, and the resistance to external magnetic fields of the. magnetically
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pinned layer 230 improves. .

[0062]  As described above, according to one embodiment, the magnetically pinned
layer 230 may have the layered structure of the CoFe magnetic layer 233c, the CoFeB
magnetic layer 233a, and the amorphous magnetic layer 233b in order from the tunnel
barrier layer 240 side, and obtains ef’fects_similar to the other embodiments.

[0063] In the above-described embodiments, the thermal processing is applied after
the tunnel magnetoresistive effect film was formed. For example, the thermal processing
is applied from several tens of minutes to several hours ata température from about
240°C 10 about 350°C in the magnelic field of several KOe 10 several tens of KOe applied
iin a constant direction. "

10064| FIG. 6 shows a top view of a magnetic recording and playback device 50
according to another embodiment. The magnetic recording and playback device 50
provides a mégnetic head having the structure of the magnetoresistive effect film 200
described in any one of the previous embodiments.

[0065] In one embodiment, a magnetic data storage system 50 includes at least one
magnetoresistive effect head as described herein according to various embodiment, a
magnetic medium 52, a drive mechanism f(or passing the magnelic medium over Lhe at
least one magnetoresistive effect head and a controller electrically coupled to the at least
one magnetoresistive effect head for controlling operation of the at leést one
magnetoresistive effect head. '

[0066] The magnetic recording and playback device 50 provides a plurality of
magnetic recording media 52 rotatably driven by a spindle motor in a casing 51 formed in
a rectangular box shape. An actuator arm 53 supported to enable swinging parallel to the
medium surface is positioned on the side of the magnetic recording media 52. A
suspension 54 is mounted on the front end of the actuator arm 53 in the extension
direction of the actuator arm 53. A head slider 55 is mounted on the front end of the
suspension 54 towards the medium surface.

[0067] The magnetic head formed from the playback head 35 provided with the
magnetoresistive effect film 200 described above is formed on a head slider 55.

[0068] The magnetic head is connected to a control circuit through wires formed on
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the suspension 54 and a flexible cable 56 installed on the actuator arm 53. The control
circuit records signals on the magnetic recording medium 52 and plays ‘back signals
recorded on the magnetic recording medium 52.

[0069] A process which records information on the magnetic recording medium 52
and plays back the information by the magnetic head acts with the operation (seek
operation) which swings the actuator arm 53 to the specified position by using the
actuator 57.

[0070] Working examples according to various embodiments and according to
conventional art are described below.

[0071] In Working Example 1, an example which verifies the amorphous nature of
the amorphous magnetic layer which constructs the tunnel magnetoresistive effect film is
explained. In Working Example 1, CoFeBTa was adopted as the structure of the
amorphous magnetic layer, and the amorphous nature before and after the thermal
processing was examined experimentally. The film structure of the samples used in
‘Working Example 1 is shown below. The left side corresponds to the substrate side
(lower side in FIG. 1, etc.), and the film thickness of each layer is enclosed in the
parentheses ().

[0072] In the layered structure of Ta (3 nm)/Ru (2 nm)/Mn75ir25 (6 nm)/Ru (0.8
nm)/(Co40Fe4OBZO)1§o.xTax (10 nm)/Ta (3 nm), the x in (Co40Fe40B20),00.xTax which
comprises the amorphous magnetic layer indicates the composition ratio as an atomic
percentage (at.%). The (Co40Fe40B20) in the parentheses indicates that Co, Fe, and B
have the composition ratio of 40:40:20. The composition ratio of (Co40Fe40B20) and Ta
was converted from each film growth rate. The Ta composition x was changed t03,6,9,
13, 17 at.%. |

[0073] To identify the amorphous nature of the fabricated samples, a vibrating sample
magnetometer (VSM) and an X-ray diffraction device (XRD) were used immediately
after depositing the film to measure the saturated magnetization per unit area and the
diffraction peaks after thermal processing at 280°C and thermal processing at 320°C.
[0074] When the CoFeB magnetic layer is crystallized by thermal processing, the
amount of magnetization of the CoFeB magnetic layer increases under the influence of

the diffusion of B. Consequently, by verifying that the saturated magnetization does not
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change before and after the thermal processing of the CoFeBTa amorphous magnetic

layer, the amorphous nature of the amorphous magnetic layer may be identified. In

addition, the amorphous nature may be identified when the diffraction peaks by X-rays

cannot be observed. In the two methods described above, the amorphous nature of the

CoFeBTa amorphous magnetic layer was identified. Table 1 shows the effects. The T in

the table represents Tesla.

Ta (at.%) Saturated Saturated Saturated Presence of
magnetization | magnetization | magnetization | diffraction peak
immediately after thermal after thermal after thermal
after film processing at processing at processing at
deposition 280°C 320°C 320°C
3 1.264T 1.270T 1.272T No -
6 0.991T 1.00T 1.00T No
9 0.758T - - No
13 0.300T - - No
17 0.032T - - No
Table |
[0075] As shown in Table 1, diffraction peaks could not be observed in any of the

samples from the Ta compdsition of 3 at.% to 17 at.%. In addition, in the samples having

the Ta compositions of 3 at.% and 6 at.%, the amount of change of the saturated

magnetization after the 280°C thermal processing and 320°C thermal processing

immediately after film deposition was less than 1%.
[0076] In other words, the CoFeBTa magnetic layer exhibits a good amorphous
nature after at least thermal processing at 320°C in the Ta composition range from 3 at.%
to 17 at.%.
[0077]

describes an amorphous magnetic layer which exists stably as an amorphous alloy when

Bulletin of the Japan Institute of Metals Materia, Vol. 37, No. S, p. 339 (1998)

the atomic radius ratio of the elements forming the alloy is at least 12%. Consequently,

even if, for example, Hf, Zr, Nb, etc., are used instead of Ta shown in Working Example
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1, it is easy to assume that similar effects result.

[0078] In Working Example 2, Sample | described below was created as a
conventional tunnel magnetoresistive effect film.

10079 Each layer was deposited as a film by using DC magnetron sputtering. The
MgO of the tunnel barrier layer was formed by first accumulating a metal Mg film by a’
sputtering method, and then causing natural oxidation in a chamber having a mixture
ratio of oxygen and argon set to 5:95 and a chamber gas pressure of 0.1 mTorr. The
oxidation timé was set to 10 seconds. The metal Mg film formed a tunnel barrier layer
having different thicknesses in the substrate by film deposition at an incline with respect
to the substrate so that different area resistances (RA) were obtained. After each layer was
deposited, thermal processing was conducted at 50 kOe, 280°C for 3 hours in a thermal
processing reactor in a magnetic field.

[0080] Sample 1 described below roughly corresponds to the removal of the
amorphous magnetic layers 233b and 250b in Figure 4. “Ta (1 nm)/Ru (2 nm)” on the left
side of Sample 1 corresponds to the lower ground layer 210 and corresponds to the layer
.one step higher when advancing to the right. “MgO (0.8 nm)” corresponds to the tunnel
barrier layer 240. The right silde of the tunnel barrier layer 240 corresponds 10 the free
magnetic layer 250. |

[0081] Sample 1 included: Si/Ta (1 nm)/Ru (2 nm)/Mn75Ir25 (5 nn1)/Co75Fe25 (2
nm)/Ru (0.8 nm)/Co90Fe10 (0.5 nm)/Co40Fe40B20 (2 nm)/Co90Fe !0 (1.4 nm)/MgO
(0.8 nm)/C0o90Fe10 (0.9 nm)/Co40Fe40B20 (3 nm)/Ru (3 nm)/Ta (3 nm)/Ru (4 nm)
[0082] A sample similar to Sample | was fabricated except the film thickness of the
CoFeB magnetic layer 233a (Co40Fe40B20 (2 nm)) was set to |1 nm, denoted as Sample
2.

[0083] A sample similar to Sample 1 was fabricated except the film thickness of the
CoFeB magnetic layer 250a (Co40Fe40B20 (3 nm)) was set to 2 nm, denoted as Sample
3. ' '

[0084] Table 2 shows the results where the value of the TMR ratio was measured for
each sample when the RA value was fixed. The measurement method was the current-in-

pla.ne tunneling (CIPT) method.
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nm)/Ta (3 nm)/Ru (4 nm)

[0089] A sample (Sample 5) similar to Sample 4 was fabricated except the film
thickness of the CoFeB magnetic layer 233a (Co40Fe40B20 (0.5 nm)) was set to 1.0 nm.
10090] A sample (Sample 6) similar to Sample 4 was fabricated except the film
thickness of the CoFeB magnetic layer 233a (Co40Fe40B20 (0.5 nm)) was set to 1.5 nm.
[0091] A sample (Sample 7) similar to Sample 4 was fabricated except the film
thickness of the amorphous magnetié layer 233b ((Co40Fe40B20)s4Tag) was set to 1.0
nm.

[0092] A sample (Sample 8) similar to Sample 4 was fabricated except the film
thickness of the amorphous magnetic layer 233b ((Co40Fe40B20)y4Tas) was set to 1.5
nm,

10093]) A sample (Sample 9) similar to Sample 4 was fabricated except the
amorphous magnetic layer 233b was (Co40Fe40B20)9Ta;.

[0094] A sample (Sample 10) similar to Sample 4 was fabricated except the
amorphous magnetic layer 233b was (C040Fe40B20)yqTa . ' ,

[0095] A sample (Sample 11) similar to Sample 4 was fabricated except the
amorphous magnetic layer 233b was (Co40Fe40B20)x;Ta)3.

[0096] A sample (Sample 12) similar to Sample 4 was fabricated except the
amorphous magnetic layer 233b was (Co40Fe40B20)s3Ta, 7.

[0097] A sample (Sample 13) similar to Sample 4 was fabricated except the structure
‘had the CoFeB magnetic layer 233a (Co40Fe40B20 (0.5 nm)) removed from the second
magnetically pinned layer 233.

[0098] A sample (Sample 14) similar to Sample 4 was fabricated except the
amorphous magnetic lziyer 233b was (Co40Fe40)gsTas.

[0099] Table 3 shows the results when the value of the TMR ratio was measured for
each sample when the RA value was fixed. The measurement method was the CIPT

method.
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Sample | CoFeBTa film | CoFeB film Film thickness of 2nd Ta TMR

No. thickness thickness magnetically pinned layer | composition | ratio
1 - 2.0 nm 3.9nm - 80.5%
4 0.5 nm 0.5 nm 29 nm 6 at.% 90.3%
S 0.5 nm 1.0 nm 3.4 nm 6 at.% 86.2%
6 0.5 nm 1.5 nm 3.9 nm 6 at.% 87.3%
7 1.0 nm 0.5 nm 3.4nm 6 at.% 101.0%
8 1.5 nm 0.5:nm 39nm 6 at.% 103.9%
9 0.5 nm 0.5 nm 2.9 nm Jat% 83.7%
10 0.5 nm 0.5 nm 2.9 nm 10 at.% 85.4%
11 0.5 nm 0.5 nm 29 nm 13 at.% 82.4%
12 0.5 nm 0.5 nm " 29nmm 17 at.% 65.6%
13 0.5nm - 2.4 nm . - 20.3%
14 ~ CoFeTa 0.5 nm * 2.9 nm 15 at% 50.2%

0.5 nm |

Table 3
[00100] As shown in Table 3, from comparisons of Sample 1 of the conventional
example and Samples 4 to 8 of the present working examples, it is clear that the _
degradation of the TMR ratio is suppressed even when the film thickness of the second
magnetically pinned layer 230 is thinned by forming the second magnetically pinned
layer 230 in a layered structure of CoFe magnetic layer 233¢/CoFeB magnetic layer
233a/CoFeBTa amorphous magnetic layer 233b from the tunnel barrier layer 240 side.
[00101]  From the comparisons of Sample 9 to Sample 12, a highTMR ratio is seen in
the Ta composition range from 3 at.% to 13 at.%, particularly, from 3 at.% to 10 at.%.
[00102]  Asshown in Table I, in the composition range for the Ta composition from 3
at.% to 10 at.%, the CoFeBTa amorphous magnetic layer exhibits a high saturated
magnetization from approximately 0.75T to |.3T. The magnetic coupling between the
CoFeBTa amorphous magnetic layer 233b and the CoFe magnetic layer 233c is believed
to be strong.

{00103] Consequently, it is believed that the magnetic'layers of the layered structure of
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Sample No. | CoFeB film Film CoFeB film | CoFeB film | TMR ratio
thickness of | thickness of | thickness of | thickness of
2nd 2nd free free

magnetically | magnetically | magnetic magnetic
pinned layer | pinned layer layer layer

1 2 nm 3.9 3 am 39 80.5

2 1 nm 29 3nm 39 404

3 2 nm 3.9 2nm 29 72.1

Table 2
{0085] As shown in Table 2, compared to Sample 1, the TMR ratio decreased in

Sample 2 and Sample 3. From the above results, in the conventional example, it is

understood that when the film thickness of the CoFeB magnetic layer of at least one of

the magnetically pinned layer and the free magnetic layer is thinned, the TMR ratio

degrades.
[0086]

In Working Example 3, Sample 4 described below having the amorphous

magnetic layer 233b positioned on the magnetically pinned layer 230 was fabricated. In

addition, Sample 5 to Sample 14 were fabricated for comparison. In Working Example 3,

to verify the effect of placing the amorphous magnetic layer 233b on the magnetically

pinned layer 230, the free magnetic layer 250 had the same structure as the conventional

example.
{0087]

The CoFeBTa amorphous magnetic layers in Sample 4 and Sample 9 to

Sample 12 were identified to have a Ta composition of at least 3 at.% from the results of

XRD and VSM and to maintain an amorphous structure after the 280°C thermal

processing. In addition, Sample 14 had a portion of the second magnetically pinned layer

233 set to a CoFeTa amorphous magnetic layer compared to the CoFeTa amorphous

magnetic layer.

Sample 4 included; Si/Ta (1 nm)/Ru (2 nm)Mn751r25 (5 nm)/Co75Fe25 (2

[0088]

nm)/Ru (0.8 nm)/Co90Fel0 (8.5 nm)/(Co40Fe40B20)94Tas

1o~

(0.5 nm)/Co40Fe

Y

=

40820 (0.5

nm)/Co90Fe10 (1.4 nm)/MgO (0.8 nm)/Co90Fe 10 (0.9 nm)/Co40Fe40B20 (3 nm)/Ru (3
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the CoFeBTa amorphous magnetic layer 233b and the CoFe magnetic layer 233c function
well as one magnetic body; and the direction of magnetization of each layer acts
independently, and the function as a magneteresistive effect element is not damaged.
[00104] From the comparison of Sample 4 and Sample 13, the tunnel magnetoresistive
effect film which has a second magnetically pinned layer 233 composed of only the CoFe
magnetic layer 233c and the CoFeBTa amorpho.us magnetic layer 233b is known to have
a large decrease in the TMR ratio. Thus, the effects of the present invention may be
expected when the layered structure is a crystal layer, which is composed of CoFe
magnetic layer 233¢ or CoFeB magnetic layer 233a, and an amorphous magnetic layer
233b. Consequently, the film structures disclosed in Japanese Unexamined Patent Appl.
Pub. No. 2001-068760, Japanese Unexamined Patent Appl. Pub. No. 2004-07!7’141
Japanese Unexamined Patent Appl. Pub. No. 2006-134950, Japanese Unexamined Patent
Appl. Pub. No. 2008-198792, Japanese Unexamined Patent Appl. Pub. No. 2008-227388,
Japanese Unexamined Patent Appl. Pub. No. 2009-004784 are not layered structures and
are not believed to obtain the effects of the present invention.

[00105] From the comparison of Sample 4 and Sample 14, the CoFeTa amorphous
magnetic layer, which does not contain the element B, has a large decrease in the TMR
ratio. The reasons that the effects of the present invention are not obtained in the
amorphous magnetic layer which does not contain-the element B, namely, the reason that
the effects of the present invention are obtained in the amorphous magnetic layer which
contains the element B are as follows. |

[00106] The epitaxial relationship from other than the tunnel barrier layer 240 is
interrupted by the amorphous structure, and a portion of the B atoms diffused by the
thermal processing is believed to contribute to the crystallization of the CoFeB magnetic
fayer 233a and the CdFe magnetic layer 233c¢. Thus, the amorphous magnetic layer 233b
containing B is believed to obtain superior magnetization characteristics to those of the
amorphous magnetic layer not comaiﬁing B.

[00107] In Working Example 3, samples were fabricated with the film thickness of the
amorphous magnetic layer 233b in the range of 0.5 nm to 1.5 nm. If the film thickness is
approximately 0.25 nm, it is assumed that effects similar to those of Working Example 3

are exhibited.
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[00108)

In Working Example 3, Co40Fe40B20 was adopted as the structure of the

CoFeB magnetic layer 233a. It is assumed that the same effects as Working Example 3

are exhibited if within the composition range represented by (CoFe);40xBx (10 £x <30

at.%).
{00109]

In Working Example 4, Samples 15, 16 which have an amorphous magnetic

layer 2500 placed in the free magnetic layer 250 were fabricated. The magnetically

pinned layer 230 had the same structure as the conventional example. Table 4 shows the

results when the value of the TMR ratio was measured for each sample when the RA

value was fixed. The measurement method used the CIPT method.

Sample No. | CoFeB film | CoFeBTa Film " Ta TMR ratio
thickness film thickness of | composition
thickness free
magnetic
layer
1 3.0 nm - 39 - 80.5%
15 2.0 nm ©0.5nm 34 6at% 90.3%
16 1.0 nm 1.0 nm 29 6 at.% 86.2%
Table 4
[00110]  As shown in Table 4, from the comparisons of Sample 1 in the conventional

example and the Samples 15 and 16 in this working example, because the free magnetic

layer 250 has the layered structure of CoFeB magnetic layer 250a/CoFeBTa amorphous

magnetic layer 250b in order from the tunnel barrier layer 240 side, even if the film

thickness of the free magnetic layer 250 is thinner, the degradation of the TMR ratio may

be suppressed.

[00111] In Working Example 4, samples were fabricated with a film thickness of the

amorphous magnetic layer 250b in the range of 0.5 nm to 1.0 nm. However, if the film

thickness is approximately 0.25 nm to 1.5 nm, the.effects equivalent to those of Working

Example 4 are assumed.

[00112]
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Example 3 as the structure of the CoFeB layer 250a. However, it is assumed that effects
equivalent to those of Working Example 4 are exhibited if within the composition range
represented by (CoFe)100.4By (10 < x < 30 at.%).

[00113] In Working Example 4, 6 at.% was adopted as the Ta composition ratio of the
CoFeBTa amorphous magnetic layer 250b. However, it is assumed that effects equivalent
to those of Working Example 4 are exhibited if within the range from 3 t0 13 at.% as in
Working Example 3.

[00114]  While various embodiments have been described above, it should be
understood that they have been presented by way of example only, and not limitation.
Thus, the breadth and scope of an embodiment of the present invention should not be
limited by any of the above-described exemplary embodiments, but should be defined

only in accordance with the following claims and their equivalents.
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CLAIMS
What is claimed is:

1. A magnetoresistive effect head, comprising:
a magnetically pinned layer having a direction of magnetization that is pinned;
a free magnetic layer positioned above the magnetically pinned layer, the free
magnetic layer having a direction of magnetization that is free to vary; and
a tunnel barrier layer comprising an insulator positioned between the magnetically
pinned layer and the free magnetic layer;
wherein at least one of the magnetically pinned layer and the free magnetic layer
has a layered structure, the layered structure comprising:
a crystal layer comprising one of: a CoFe magnetic layer or a CoFeB
magnetic layer; and »
an amorphous magnetic layer comprising CoFeB and an element selected
from a group consisting of: Ta, Hf, Zr, and Nb,
wherein the crystal layer is positioned closer to the tunnel barrier layer

than the amorphous magnetic layer.

2. A magnetic data storage system, comprising:

at least one magnetoresistive effect head as recited in claim 1;

a magnetic medium;

a drive mechanism for passing the magnetic medium over the at least one
magnetoresistive effect head; and

a controller electrically coupled to the at least one magnetoresistive effect head

for controlling operation of the at least one magnetoresistive effect head.

1ot H 3 H scharsin tha s gmatianll
3. The magnetoresistive effect head as recited in claim 1, wherein the magnetically

pinned layer has the layered structure.
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4. The magnetoresistive effect head as recited in claim 3, wherein a film thickness of
the amorphous magnetic layer is in a range from about 0.25 nm to about 1.5 nm.

5. The magnetoresistive effect head as recited in claim 3, wherein the crystal layer
comprises the CoFeB magnetic layer, and wherein the CoFeB magnetic layer has a

composition represented by (CoFe) p0-xBy, with 10 at.% < x <30 at.%.

6. A magnetic data storage system, comprising:

at least one magnetoresistive effect head as recited in tlaim 5;

a magnetic medium; o

a drive mechanism for passing the magnetic medium over the at least one
magnetoresistive effect head; and

a controller electrically coupled to the at least one magnetoresistive effect head

for controlling operation of the at least one magnetoresistive effect head.

7. The magnetoresistive effect head as recited in claim 3, wherein the amorphous
magnetic layer has a composition represented by (CoFe)wo-xBxcby, wherein ¢ is the
element selected from the group consisting of: Ta, Hf, Zr, Nb, with 10 at.% < x < 30 at.%,

and with 3 at.% <y < 13 at.%.

8. A magnetic data storage system, comprising:
at least one magnetoresistive effect head as recited in claim 7,
a magnetic medium;
~ adrive mechanism for passing the magnetic medium over the at least one
magnetoresistive effect head; and
a controller electrically coupled to the at least one magnetoresistive effect head

for controlling operation of the at least one magnetoresistive effect head.
9. The magnetoresistive effect head as recited in claim 1, wherein the free magnetic
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layer has the layered structure.

10.  The magnetoresistive effect head as recited in claim 9, wherein a film thickness of

the amorphous magnetic layer is in a range from about 0.25 nm to about 1.5 nm.

11.  The magnetoresistive effect head as recited in claim 9, wherein the crystal layer
comprises the CoFeB magnetic layer, wherein the CoFeB magnetic layer has a

composition represented by (CoFe)00.xBx, with 10 at.% < x <30 at.%.

12. A magnetic data storage system, comprising:

at least one magnetoresistive effect head as recited in claim 11;

a magnetic medium;

a drive mechanism for passing the magnetic medium over the at least one
magnetoresistive effect head; and

a controller electrically coupled to the at least one magnetoresistive effect head

for controlling operation of the at least one magnetoresistive effect head.

13.  The magnetoresistive effect head as recited in claim 9, wherein the arhorphous
magnetic layer has a composition represented by (CoFe) 00-xBxdy, wherein ¢ is the
element selected from the group consisting of: Ta, Hf, Zr, Nb, with 10 at.% < x < 30 at.%,

and with 3 at.% <y <13 at.%.

14. A magnetic data storage system, comprising:

at least one magnetoresistive effect head as recited in claim 13;

a magnetic medium; ‘

a drive mechanism for passing the magnetic medium over the at least one
magnetoresistive effect head; and

a controller electrically coupled to the at least one magnetoresistive effect head

for controlling operation of the at least one magnetoresistive effect head.

15. The magnetoresistive effect head as recited in claim 1, wherein the magnetically

¢
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pinned layer and the free magnetic layer have the layered structure.

16.  The magnetoresistive effect head as recited in claim 15, wherein a film thickness
of the amorphous magnetic layer in the pinned laj/er and the free magnetic layer isina

range from about 0.25 nm to about 1.5 nm.
17.  The magnetoresistive effect head as recited in claim 15, wherein the crystal layer
in the pinned layer and the free magnetic layer comprises the CoFeB magnetic layer,

wherein the Col'eB magneti‘c layer has a composition represented by (Col'e)00.x<Bx, with
10 at.% < x <30 at.%.
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ABSTRACT

According to one embodiment, a magnetoresistive effect head includes a magnetically
pinned layer having a direction of magnetization that is pinned, a free magnetic layer
positioned above the magnetically pinned layer, the free magnetic layer having a
direction of magnetization that is free to vary, and a barrier layer comprising an insulator -
positioned between the magnetically pinned layer and the free magnetic layer, wherein at
least one of the magnetically pinned layer and the free magnetic layer has a layered
structure, the layered structure including a crystal layer comprising one of: a CoFe
magnetic layer or a CoFeB magnetic layer and an amorphous magnetic layer comprising
CoFeB and an element selected from: Ta, Hf, Zr, and Nb, wherein the crystal layer is
positioned closer to a tunnel barrier layer than the amorphous magnetic layer. In another
embodiment, a magnetic data storage system includes the magnetoresistive effect head

described above.
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application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

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

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

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

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

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

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

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

NOT GRANTED

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

Application or Docket Number

Substitute for Form PTO-875 12/955,767
APPLICATION AS FILED - PART | OTHER THAN
(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($)
BASIC FEE
(37 CFR1.18(a), (b}, or (0)) N/A N/A N/A N/A 330
SEARCH FEE
(37 GFR 1.16(K). ), or (m)) N/A N/A N/A N/A 540
EXAMINATION FEE
(37 CFR 1.16(0), (B} ot (@) N/A N/A N/A N/A 220
TOTAL CLAIMS .
(37 CFR 1.16()) 17 minus 20= OR [x 52 - 0.00
INDEPENDENT CLAIMS *
(37 CFR 1.16(h)) 1 minus 3 = x 220 = 0.00
If the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
FEE $270 ($135 for small entity) for each additional 0.00
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00
* |f the difference in column 1 is less than zero, enter "0” in column 2. TOTAL TOTAL 1090
APPLICATION AS AMENDED - PART Il
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
< AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE(S) FEE($)
E AMENDMENT PAID FOR
| Total g i w -
s (37 CF(:H 16(i)) Minus X OR |x
) Independent * Minus | *** =
5 (37 CFR 1.16(h)) X OR X
<§: Application Size Fee (37 CFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j) OR
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
m AFTER PREVIOUSLY EXTRA RATE(S) FEE(S) RATE(S) FEE(S)
E AMENDMENT PAID FOR
L Total * Minus = -
= (37 CF?H.IB(H) X OR |«x -
% Independent * Minus | *** = X = OR |x =
[Tm} (37 CFR 1.16(h)) - -
<§( Application Size Fee (37 CFR 1.16(s))
OR
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16())
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE

* If the entry in column 1 is less than the entry in column 2, write "0" in column 3.
** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20".
*** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3".
The "Highest Number Previously Paid For" (Total or Independent) is the highest found in the appropriate box in column 1.
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233 bfEEE LzD T, EHOFEEL ~ 2 LEIMOMENESND,
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<FEfuoFRE4d >

X 61%. ARFHOERDIFEEA 1125 BT EUEHHARE 5 0 0 FHIKTH 5. WKl
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T oA~y NEHA 5.
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BETGUAR R 5 013, HiRofiRIcERENW=r—2 > 7 5 1 W2, A RLE
— Z 2 &k o TIHERENE) & 1 2 B OBSGUEEAR S 2 2R 5. WSGELEEARS 2 ofll s
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VI FarL—F7—0b5 30N, TV Farn—F7—h53DEERMITHARY
TarhbaAnBYfHTeEh, AR g v 54Ny RAS A ¥ 5 5By
K& ARSI T e Ten s,
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~y RZAS A% 5 512id, AR L 72N B g 2 0 0 i A 54~y K3 523
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Ta (at.% REiRE % 280°CHALIEEE | 320°CHRMRIER{E | 320°CHRANIE(E
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6 0.991T 1.00T 1.00T i3
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17 0.032T - - i
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N - F2HCEER F2ECEEE EitEdE [sg(=T=20E o
YeILES CoFeBfE/E (nm) EE (hm) CoFeBfEE (nm) CoFeBiEE (nm) TMR 5(%)

1

2nm

3.9

3nm

3.9

80.5

2

1nm

2.9

3nm

3.9

40.4

3

2nm

3.9

2nm

2.9

72.1
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e40B20) gg4Tag (0. 5nm) /Co40Fe40B20 (0. 5nm) /C
090Fel10 (1. 4nm) /MgO (0. 8nm) /Co90Fe10 (0. 9nm
) /JCo40Fe40B20 (3nm) /Ru (3nm) /Ta (3nm) /Ru (4n
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(F>7ub)

CoFeBhME233a (CO40Fe40B20 (0. 5nm) ) ofEE% 1. O
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[0087)

(F>7r9)

TENT 7 Akgf@233b% (Co40Fe40B20) g7Tasz&LzDANEy
>4 ERRCAFRIL 72,

[00 8 8)
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TEN 7 7 A2 33 b% (Co40Fe40B20) goTaio&LzlIAMNE
BTN 4 L ERRICAFRIL 72,
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TENT 7 ARMIE233b% (Co40Fe40B20) g7Taqisz&L=lANE
YTV 4 kR 72,
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BT 4 L ERRICAFRIL 72,
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FTENT 7 ARMEE233b% (Co40Fe40) gsTags&LzlBMNIy> o
4 LEfRIcERIL 7=,
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#3112, RAZEEL-EEDODTMREDEZY > I NVEICHIEL 2R EZ T, Hl
EHFE. CIPTHEEHWE,

(0094]
(%3]

B 7L ES | CoFeBTald (nm) | CoFeBIEE (nm) %iggn@ﬁ@ Tafflrk(@t.%) | TMRH(%)
1 — 2.0nm 3.9nm — 80.5%
4 0.5nm 0.5nm 2.9nm 6at.% 90.3 %
5 0.5nm 1.0nm 3.4nm Gat.% 86.2%
6 0.5nm 1.5nm 3.9nm Gat.% 873 %
7 1.0nm 0.5nm 3.4nm 6at.% 101.0 %
8 1.5nm 0.5nm 3.9nm Gat.% 103.9 %
9 0.5nm 0.5nm 2.9nm 3at.% 83.7 %
10 0.5nm 0.5nm 2.9nm 10at.% 85.4 %
11 0.5nm 0.5nm 2.9nm 13at.% 824 %
12 0.5nm 0.5nm 2.9nm 17at.% 65.6 %
13 0.5nm - 2.4nm - 20.3%
14 CoFeTa 0.5nm 2.9nm 15at.% 50.2%

0.5nm
(009 5]

FIITRT LIS, ERH DY TN 1 EAREEH DOV > T4 ~P 7)) 8 ol
5. B2tEER2 302 b 2NN UTE24 0flI5HICCoFeiM/E@2 33 ¢
/SCoFeBRME233a,/ CoFeBTa7ENT» AME2 3 3 boiEEgikt 2
FTHZLIicky, F2mfltEEE2 3 0 g2 < L TE TMRIEOFHAMHHI 5
Z bbb,
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Hiic3at. %~10at. %oHFAICBOTEWTMRIEZRL TSI 235,
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BERILIIGRTEIIC, Taflgk3 at., %51 0at. %ofMxdificid, CoF
eBTa7ENT 7 ARMEIZAIO. 75TH»6 1. 3TomWMR tEZ L., CoF
eBTa7ENT 7 ARiME2 33 b2 CoFelitt/g2 3 3 c DlORGRIASSITI
bDLEZOLND,

(00 98]

L7Mo>T, CoFeBTa7EN T 7 ApM/Eg233bsCoFew/g23 3 co
FEIERE & T 2 mMgid o & Dotttk & L TRIFICHEEL . &8 oAt m A Bl &l
EL TefdShuRE2 T 2 L CoEE e bh b Z idvnboeHx 6N 5,

[(0099)

B, VYU IN4A e TN 3o s, B 2mftEERE 2 3 3A3C o F e ifE
233cktCoFeBTa7ENT 7> ARME2 3 3 bDHRISLSE N2 RINVESEDTRN
By, TMREMDSKELILBRAITEZ 005, ko, CoFelilg233chd
WICoFeBughlg2 33 arodf/ge 7ENT » AfE 2 3 3 b & OFfffaEks
BEETHEEICRRBOMBEIATGFTE S, Ledd-> T BUNORREFSCER 3 20 S 45T
Bk 8 ICHI R SN T W ARSI IFERE TlaR Vo T, ARIHORIIES e EXx
55,
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FRFSCER7 : 52008 -2 2 7 3 8 85
FRFCHA8 : FffH2 009 —-004 7 8 45
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F/2, B I4 eI 14 olkigns, BiiEExSERWwWCoFeTa7P®ENL
7 7 AgtfEiE, TMREDIKREL{E T THZ 3005, BLEEZZSERWWTENLT 7
2Rt TAFHOREBE S Wl 32bbBtEEs TG 7EN T » AgtE T
KRFEHOMEBE SN LB L LT, ROoEBFETHNS,

(0102)

FENT 7 ARBEICE > TR INAUNYTIEZ2 4 OIS DX T2 v VEREZY]
O, POBMHIC L OIET S5 B FOFEA, CoFeBMg23 3 aBLUCoF
emitEfg 2 3 3 c Dt SET AL EXONS, LT, BEEL7VENLT 7R
g2 33 blik, BEZ2ESERWTFENLT 7» Mg &L 0 biENZBAGFESE SN D D
nEeHEZIBGND,

[0103)

RNEHEM 3 TlE, PELZ 7 ARME23 3 bjiE/E2 1L TO0. 5nm~1. 5nmd
#HFHDOY >IN EERL7ZHS, 0. 2 5 n miEEDEETHNIIARERM 3 & RZFEDRE
PRIETHHDLMEESN D,

(0104)

F-. RNERMS T, CoFeBlg233anfEike L CTCo40Fe40B20%
FRHALZED, (CoFe) 100—-xBx (10=x=30at. %) TERINLIHKD
HIFHN THNIE, REwH 3 L AFORERIET L2 b0 eEIhb,

(0105)
<S4 >

REMM 4 TiE. BHMEEBEE2 50IC7ENL T » ARMIE2 50 b 2EEL /=% > S
15, 16%FRL 7=, W tBEEM2 3 013nEkfl & AfkoREke Lz, £412, RA{E
PEELZEEDTMREDEEZ Y INVFBICHIEL 28R 2R3, HlEG3EE CIP
TiEZ A=,

(0106)

(&4)]

HoTILES

CoFeBiZ (nm)

CoFeBTal#=
{nm)

tiLemE
IR nm)

TatflEk(at.%)

TMR HE (%)

1

3:0nm

3.9

80.5

15

2:0nm

Q:5nm

3.4

6

90.3

16

1.0nm

1.0nm

29

6

862

[(0107)

RAWRTEIIC, ERHITHEH L TIN1 &, KERMPOV > FN1 5, 16Dl
26, WbtEHRE250%2 2N U 724 O 6HicCoFe BlgM/g2 50
a/CoFeBTa7ENT7 7 ARME2 50 boflfgiEs 34227, mibtEAHE?2
50fEE%E# I LT, TMRIEOFBADMIFIENE Z L3bh 5,

(010 8)

B, AEMMAITBNT, PEL T » 2AM/E2 50 bDE/EX L TO. 5nm~1
. OnmofiHoWy > FINEBVER LA, 0. 25 nm~1. S5FREDOHIETHNITARE
ifl 4 & FRIZFEOEEFRIET L 0L MESINDS,

[(0109)
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F/o. ANEHEMA TIE, CoFeB/250 ankims L TEMMS3 LEMICCo040
Fe4O0B2O0%¥HLZD., (CoFe) 100—-xBx (10=x=30at. %)
TREINSHROHFHAN THNIE, KEMEH 4 L RIEOMELE2RIET b0 MEESN S

[(0110)

Fm, NEHMA TIE, CoFeBTa7PENT7» AME250bT aflaklte L
T6at. %EHRALED., ERMI3S LEMII3~13at. %N THNIE, £KE
a4 L EIZFEOMBERIET L2 b0 MESNS,

(5 o aiiH])

(0111)

35 :fENy R, 40 :it8t~y R, 41 : ERgtli, 42 : 1 Vx—>a—r, 4
3:¥2Uyx—raA—r, 44 : hL—UITT—NVR, 4524, 50 : Kokt
TWEE, 51— 2, 52 i mSKECHRER, 53 : 7V Far—FF7—L, 54
AR gy, B ANy RRASAY, 56 : 7LV INr—TI, 57 TV IF
aTL—%, 100 : FERY—ILKRIE. 200 : h > X VERIGHEGIAHEE,. 21 0 @ g
. 220 pUstE, 230 - mfbEEN. 231 5 1 mfbEEE. 2 3 2 @ FERtE
SalE. 233 :FB2ftEEYE,. 233a:CoFeBhig,. 233b: 7PENLT 7
ARgte)g. 233 c:CoFefit)g. 233d:CoFelg. 240 : R RANRYF
Jg§. 250 :ifbEH/E. 250a : CoFeBRiE. 2500b : 7ENLT » AEMTE
. 250c:CoFefME. 260 :F%vyvy > ZfE. 300 : LI —I RE.
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RIZCRALE R RIS 2 0T 5 & & 24 e 3 5 2R 1 200 REGHRR

~v K,
(GEKIH 3]

RliCR R S 2 AR T AR 7BV 7 » ARMEE OfE/E1320. 25 nm~1. 5nm
OHIFHTH 5 = & 2FH & T 5 3ERAE 2 il oS~ v R,
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Application No. Applicant(s)
12/955,767 KOMAGAKI ET AL.

Office Action Summary Examiner Art Unit
JEFFERSON EVANS 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 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) Responsive to communication(s) fledon _____
2a)[] This action is FINAL. 2b)[X] This action is non-final.
3)[J An election was made by the applicant in response to a restriction requirement set forth during the interview on
___ ;therestriction requirement and election have been incorporated into this action.
4)[J Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims
5)X] Claim(s) 1-17is/are pending in the application.
ba) Of the above claim(s) is/are withdrawn from consideration.

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

7)XI Claim(s) 1,2 and 9-12 is/are rejected.
)
)

) 1.2and 9-12
8 Claim(s) 3-8 and 13-17 is/are objected to.
9)[] Claim(s) ____are subject to restriction and/or election requirement.

Application Papers

10)[] The specification is objected to by the Examiner.

11)X] The drawing(s) filed on 29 November 2010 is/are: a)[_] accepted or b)[X] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).

12)[] 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

13)X] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
aX Al b)[J Some * ¢)] None of:
1.X] 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) x 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 6) D Other: _____
U.S. Patent and Trademark Office
PTOL-326 (Rev. 03-11) Office Action Summary Part of Paper No./Mail Date 20121001
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Application/Control Number: 12/955,767 Page 2
Art Unit: 2627

Claims 1-17 are pending.

1. The title of the invention is not adequately descriptive. A new title is required that
is more clearly indicative of the invention to which the claims are directed by, for
example, making reference to the pinned layer and/or free layer including a crystal layer

and an amorphous layer.

Drawings
2. Figure 1 should be designated by a legend such as --Prior Art-- because only
that which is old is illustrated. See MPEP § 608.02(g). Corrected drawings in
compliance with 37 CFR 1.121(d) are required in reply to the Office action to avoid
abandonment of the application. The replacement sheet(s) should be labeled
“‘Replacement Sheet” in the page header (as per 37 CFR 1.84(c)) so as not to obstruct
any portion of the drawing figures. If the changes are not accepted by the examiner, the
applicant will be notified and informed of any required corrective action in the next Office

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

Claim Rejections - 35 USC § 102
3. 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.

EX2005 - Page 117



Application/Control Number: 12/955,767 Page 3
Art Unit: 2627

4. Claims 1, 2, 9-12 are rejected under 35 U.S.C. 102(b) as being anticipated by Gill
(U.S. 2009/0155629). Gill discloses a magnetoresistive effect head, comprising: a
magnetically pinned layer 408 having a direction of magnetization that is pinned; a free
magnetic layer 410 positioned above the magnetically pinned layer, the free magnetic
layer having a direction of magnetization that is free to vary; and a tunnel barrier layer
412 comprising an insulator positioned between the magnetically pinned layer and the
free magnetic layer; wherein the free magnetic layer has a layered structure, the layered
structure comprising: a crystal layer 436 comprising one of: a CoFe magnetic layer or a
CoFeB magnetic layer; and an amorphous magnetic layer 442 comprising CoFeB and
an element selected from a group consisting of: Ta, Hf, Zr, and Nb (paragraph 0043)
wherein the crystal layer is positioned closer to the tunnel barrier layer than the
amorphous magnetic layer. The layer 442 will be within the 0.5 to 3 nm range (note the
last 6 lines of paragraph 0043). The layer 438 may become crystalline during annealing
and is CoFeB with B being in the 15-25 at% range (note the first 5 lines of paragraph

0043).

Allowable Subject Matter
5. Claims 3-8 and 13-17 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.
6. Any inquiry concerning this communication or earlier communications from the
examiner should be directed to JEFFERSON EVANS whose telephone number is

(671)272-7574. The examiner can normally be reached on weekdays, 11:00am to
7:00pm.
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Application/Control Number: 12/955,767 Page 4
Art Unit: 2627

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Wayne Young can be reached on 571-272-7582. 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.

/Jefferson Evans/

Primary Examiner, Art Unit 2627
Monday, October 1, 2012
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PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re application of:

Kojiro Komagaki et al.
Application No.: 12/955,767
Filed: 11/29/2010
For: MAGNETORESISTIVE EFFECT
HEAD HAVING A MULTILAYERED
PINNED LAYER AND/OR FREE
LAYER HAVING AMORPHOUS AND
CRYSTALLINE LAYERS, AND
SYSTEMS THEREOF (AS AMENDED)

Customer No.: 50535

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 2233-1450

Sir:

Confirmation No.: 8147

Examiner: EVANS, JEFFERSON A.

Art Unit: 2688

Atty. Docket No.: HIT1P585/HJP920090046US1

Date: January 4, 2013

Transmitted herewith is an amendment in the above-identified application.

X Applicant(s) believe that no Extension of Time is required; however, if it is determined that such an
extension is required, Applicant(s) hereby petition that such an extension be granted and authorize the
Commissioner to charge the required fees for an Extension of Time under 37 CFR 1.136 to Deposit

Account No. 50-2587.

[XI  If the required fees are missing or any additional fees are required to facilitate filing the enclosed response,
please charge such fees or credit any overpayment to Deposit Account No. 50-2587 (Order No.

HIP920090046US1).

P.O. Box 721120
San Jose, CA 95172-1120
Telephone: (408) 971-2573

(Revised 12/2010)

Respectfully submitted,
Zilka-Kotab, PC

/Dominic M. Kotab/

Dominic M. Kotab
Registration No. 42,762
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PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re application of:

Kojiro Komagaki et al.
Application No.: 12/955,767
Filed: 11/29/2010
For: MAGNETORESISTIVE EFFECT
HEAD HAVING A MULTILAYERED
PINNED LAYER AND/OR FREE
LAYER HAVING AMORPHOUS AND
CRYSTALLINE LAYERS, AND
SYSTEMS THEREOF (AS AMENDED)

Customer No.: 50535

Confirmation No.: 8147

Examiner: EVANS, JEFFERSON A.

Art Unit: 2688

Atty. Docket No.: HIT1P585/HJP920090046US1

Date: January 4, 2013

AMENDMENT A

Commissioner for Patents
P.O. Box 1450
Alexandria, VA22313-1450

Dear Examiner:

In response to the communication mailed October 4, 2012 (hereafter “Non-Final Office

Action” or “NFOA”), please consider the following amendments and/or remarks

believed to place the claims in condition for allowance.

HIT1P585/HJP920090046US1
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IN THE SPECIFICATION:

Please amend title as follows:

-- MAGNETORESISTIVE EFFECT HEAD HAVING A MULTILAYERED
PINNED LAYER AND/OR FREE LAYER HAVING AMORPHOUS AND
CRYSTALLINE LAYERS, AND SYSTEMS THEREOF --.

HIT1P585/HJP920090046US1 -2-
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AMENDMENT TO THE CLAIMS:

This listing of claims will replace all prior versions of claims in the application:

LISTING OF CLAIMS:

1. (CURRENTLY AMENDED) A magnetoresistive effect head, comprising:
a magnetically pinned layer having a direction of magnetization that is pinned;
a free magnetic layer positioned above the magnetically pinned layer, the free
magnetic layer having a direction of magnetization that is free to vary; and
a tunnel barrier layer comprising an insulator positioned between the
magnetically pinned layer and the free magnetic layer;
wherein at least one of the magnetically pinned layer and the free magnetic layer
has a layered structure, the layered structure comprising:
a crystal layer comprising ene-of:a-CoFe-magnetic layreror a CoFeB
magnetic layer; and
an amorphous magnetic layer comprising CoFeB and an element
selected from a group consisting of: Ta, Hf, Zr, and Nb,
wherein the crystal layer is positioned closer to the tunnel barrier layer

than the amorphous magnetic layer.

2. (ORIGINAL) A magnetic data storage system, comprising:

at least one magnetoresistive effect head as recited in claim 1;

a magnetic medium;

a drive mechanism for passing the magnetic medium over the at least one
magnetoresistive effect head; and

a controller electrically coupled to the at least one magnetoresistive effect head

for controlling operation of the at least one magnetoresistive effect head.

3. (CURRENTLY AMENDED) Fhe-magnetoresistive-etfect-head-asrecttedin

HIT1P585/HJP920090046US1 -3-

EX2005 - Page 131



elatm+ A magnetoresistive effect head, comprising:

a magnetically pinned layer having a direction of magnetization that is pinned;

a free magnetic layer positioned above the magnetically pinned layer, the free

magnetic layer having a direction of magnetization that is free to vary: and

a tunnel barrier layer comprising an insulator positioned between the

magnetically pinned layer and the free magnetic layer;

wherein the magnetically pinned layer has the a layered structure, the layered

structure comprising:

a crystal layer comprising one of: a CoFe magnetic layer or a CoFeB

magnetic layer; and

an amorphous magnetic layer comprising CoFeB and an element

selected from a group consisting of: Ta, Hf, Zr, and Nb,

wherein the crystal layer is positioned closer to the tunnel barrier layer

than the amorphous magnetic layer.

4, (ORIGINAL) The magnetoresistive effect head as recited in claim 3, wherein a
film thickness of the amorphous magnetic layer is in a range from about 0.25 nm to

about 1.5 nm.

5. (ORIGINAL) The magnetoresistive effect head as recited in claim 3, wherein
the crystal layer comprises the CoFeB magnetic layer, and wherein the CoFeB magnetic

layer has a composition represented by (CoFe);go-xBx, with 10 at.% < x <30 at.%.

6. (ORIGINAL) A magnetic data storage system, comprising:

at least one magnetoresistive effect head as recited in claim 5;

a magnetic medium;

a drive mechanism for passing the magnetic medium over the at least one
magnetoresistive effect head; and

a controller electrically coupled to the at least one magnetoresistive effect head

for controlling operation of the at least one magnetoresistive effect head.
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7. (ORIGINAL) The magnetoresistive effect head as recited in claim 3, wherein
the amorphous magnetic layer has a composition represented by (CoFe)i9o-Bx .
wherein  is the element selected from the group consisting of: Ta, Hf, Zr, Nb, with 10

at.% < x <30 at.%, and with 3 at.% <y < 13 at.%.

8. (ORIGINAL) A magnetic data storage system, comprising:

at least one magnetoresistive effect head as recited in claim 7;

a magnetic medium;

a drive mechanism for passing the magnetic medium over the at least one
magnetoresistive effect head; and

a controller electrically coupled to the at least one magnetoresistive effect head

for controlling operation of the at least one magnetoresistive effect head.

9. (ORIGINAL) The magnetoresistive effect head as recited in claim 1, wherein

the free magnetic layer has the layered structure.

10. (ORIGINAL) The magnetoresistive effect head as recited in claim 9, wherein a
film thickness of the amorphous magnetic layer is in a range from about 0.25 nm to

about 1.5 nm.

11. (ORIGINAL) The magnetoresistive effect head as recited in claim 9, wherein
the crystal layer comprises the CoFeB magnetic layer, wherein the CoFeB magnetic

layer has a composition represented by (CoFe)i00-xBx, with 10 at.% < x <30 at.%.

12. (ORIGINAL) A magnetic data storage system, comprising:
at least one magnetoresistive effect head as recited in claim 11;
a magnetic medium;
a drive mechanism for passing the magnetic medium over the at least one

magnetoresistive effect head; and
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a controller electrically coupled to the at least one magnetoresistive effect head

for controlling operation of the at least one magnetoresistive effect head.

13.  (CURRENTLY AMENDED) Fhe-magnetoresistive-effecthead-asreecited-in

elaim-9; A magnetoresistive effect head, comprising:

a magnetically pinned layer having a direction of magnetization that is pinned;

a free magnetic layer positioned above the magnetically pinned layer, the free

magnetic layer having a direction of magnetization that is free to vary; and

a tunnel barrier layer comprising an insulator positioned between the

magnetically pinned layer and the free magnetic layer;

wherein the free magnetic layer has a layered structure, the layered structure

a crystal layer comprising one of: a CoFe magnetic layer or a CoFeB

magnetic layer; and

an amorphous magnetic layer comprising CoFeB and an element

selected from a group consisting of: Ta, Hf, Zr. and Nb,

wherein the crystal layer is positioned closer to the tunnel barrier layer

than the amorphous magnetic layer,

wherein the amorphous magnetic layer has a composition represented by
(CoFe)ipoxBx y, wherein  is the element selected from the group consisting

of: Ta, Hf, Zr, Nb, with 10 at.% < x <30 at.%, and with 3 at.% <y < 13 at.%.

14. (ORIGINAL) A magnetic data storage system, comprising:

at least one magnetoresistive effect head as recited in claim 13;

a magnetic medium;

a drive mechanism for passing the magnetic medium over the at least one
magnetoresistive effect head; and

a controller electrically coupled to the at least one magnetoresistive effect head

for controlling operation of the at least one magnetoresistive effect head.
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15. (CURRENTLY AMENDED) The magnetoresistive effect head as recited in
claim 4 3, wherein the magretieally-pinnedlayerand the free magnetic layer have also

has the layered structure.

16. (ORIGINAL) The magnetoresistive effect head as recited in claim 15, wherein a
film thickness of the amorphous magnetic layer in the pinned layer and the free

magnetic layer is in a range from about 0.25 nm to about 1.5 nm.

17. (ORIGINAL) The magnetoresistive effect head as recited in claim 15, wherein
the crystal layer in the pinned layer and the free magnetic layer comprises the CoFeB
magnetic layer, wherein the CoFeB magnetic layer has a composition represented by

(CoFe)100-xBx, with 10 at.% < x < 30 at.%.

18. (NEW) A magnetic data storage system, comprising:

at least one magnetoresistive effect head as recited in claim 3;

a magnetic medium;

a drive mechanism for passing the magnetic medium over the at least one
magnetoresistive effect head; and

a controller electrically coupled to the at least one magnetoresistive effect head

for controlling operation of the at least one magnetoresistive effect head.

19. (NEW) The magnetoresistive effect head as recited in claim 1, wherein the

magnetically pinned layer has the layered structure.

20. (NEW) The magnetoresistive effect head as recited in claim 1, wherein the

magnetically pinned layer and the free magnetic layer have the layered structure.

HIT1P585/HJP920090046US1 -7-

EX2005 - Page 135



AMENDMENT TO THE DRAWINGS:

The attached sheets of drawings include changes to Fig. 1. This sheet replaces the
original sheet for Figs. 1-2.

In Fig. 1, the words --(prior art)-- have been added to the legends of the Fig.
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REMARKS:

In the Specification

The title has been objected to. The title has been amended to reflect the general subject

matter of one or more claims. Withdrawal of the objection is respectfully requested.

In the Drawings:

The drawings have been objected to. The words --(prior art)-- have been added to Fig.
1 in the attached replacement sheet. Withdrawal of the objection is respectfully

requested.

Claims 1, 2 and 9-12:
Claims 1, 2 and 9-12 have been rejected under 35 U.S.C. § 102(b) as being anticipated
by Gill (U.S. 2009/0155629 hereafter “Gill”).

While Applicant respectfully disagrees with the rejection, and solely in order to
expedite prosecution, claim 1 has been amended to further differentiate the claim from
the cited reference. Particularly, claim 1 has been amended to require “a crystal layer

comprising a CoFeB magnetic layer.”

In sharp contrast, none of the art of record in any combination discloses the unique
combination of features claimed. For example, Gill 0043 indicates that layer 438, of
CoFeB is amorphous. Accordingly, the art of record does not anticipate claim 1 and the
rejection thereof must be withdrawn. Reconsideration and allowance of claim 1 is

respectfully requested.
For the reasons discussed above, claim 1 is believed to be distinguishable from, and
therefore in condition for allowance over, the art of record. Claims depending from

claim 1 are believed to be allowable by virtue of their dependence. Reconsideration and

allowance thereof is respectfully requested.
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Applicant does not concede that the subject matter encompassed by claim 1 and its
dependents as originally presented is anticipated by the art cited in the rejection.
Rather, claim 1 was amended solely to facilitate expeditious prosecution thercof, and
the right to pursue additional claims, including the subject matter originally
encompassed by claim 1 and its dependents, in this or future applications is reserved.
Moreover, Applicant does not concede or assent to the Examiner’s arguments as applied
to claim 1 and any claim depending from claim 1 in the previous communication(s).
Rather, the rejection of claim 1 and any claim depending from claim 1 is deemed
improper at least by virtue of the reasons set forth herein and/or claim dependency, and
Applicant reserves the right to further address the grounds of rejection in this or future

actions and/or applications.

Claims 3-8 and 13-17:

Claims 3-8 and 13-17 have been objected to as being dependent upon a rejected base

claim. Such objection is deemed avoided by virtue of the arguments set forth herein.

Claim 3 has been amended to include all limitations of the parent claim and any

intervening claim.

Claim 13 has been amended to include all limitations of the parent claim and any

intervening claim.

For any one of the foregoing reasons, the rejection(s) have been overcome.
Accordingly, Applicant respectfully requests reconsideration and allowance of all
claims.

New Claims

New claims have been added to further define and vary the scope of the present

invention. The claims are fully supported in the present application and drawings as
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originally filed. No new matter has been added. Moreover, Applicant believes the new
claims to require subject matter not shown, expressly or inherently, in any combination

of art currently of record. Allowance of the new claims is respectfully requested.

In the event a telephone conversation would expedite the prosecution of this
application, the Examiner may reach the undersigned at (408) 971-2573. For payment
of any additional fees due in connection with the filing of this paper, the Commissioner
is authorized to charge such fees to Deposit Account No. 50-2587 (Order No.
HJP920090046US1).

Respectfully submitted,

By: /Dominic M. Kotab/ Date: January 4, 2013
Dominic M. Kotab
Reg. No. 42,762

Zilka-Kotab, PC

P.O. Box 721120

San Jose, California 95172-1120
Telephone: (408) 971-2573
Facsimile: (408) 971-4660
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and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.

EX2005 - Page 147




PTO/SB/06 (07-06)

Approved for use through 1/31/2007. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

* If the entry in column 1 is less than the entry in column 2, write “0” in column 3.

** If the “Highest Number Previously Paid For” IN THIS SPACE is less than 20, enter “20”.
*** If the “Highest Number Previously Paid For” IN THIS SPACE is less than 3, enter “3”.
The “Highest Number Previously Paid For” (Total or Independent) is the highest number found in the appropriate box in column 1.

Legal Instrument Examiner:

/KAREN VESTAL/

PATENT APPLICATION FEE DETERMINATION RECORD | Applcation or Docket Number | Filing Date
Substitute for Form PTO-875 12/955,767 11/29/2010 | [ To be Mailed
APPLICATION AS FILED — PART | OTHER THAN
(Column 1) (Column 2) SMALL ENTITY [] OR SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE ($) FEE ($) RATE ($) FEE ($)
L1 asic Fee N/A N/A N/A N/A
| ____(STCFR1.16(a). (b) or (c))
[ searcH Fee N/A N/A N/A N/A
| (37CFR1.16(k (). or (m))
[0 EXaMINATION FEE
(37 GFR 1.16(0). (o), or (a) N/A N/A N/A N/A
TOTAL CLAWS I - onfxs -
INDEPENDENT CLAIMS . N _ _
(37 CFR 1.16(h)) minus 3 = X$ = Xs =
If the specification and drawings exceed 100
n sheets of paper, the application size fee due
ASF;PCI’_’lgﬁﬂISN SIZE FEE is $250 ($125 for small entity) for each
( 16(s)) additional 50 sheets or fraction thereof. See
35 U.S.C. 41(a)(1)(G) and 37 CFR 1.16(s).
[C] MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16()
* If the difference in column 1 is less than zero, enter “0” in column 2. TOTAL TOTAL
APPLICATION AS AMENDED — PART Il
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
— 01/04/2013 AFTER PREVIOUSLY EXTRA RATE (8 FEE ($) RATE (%) FEE ($)
E AMENDMENT PAID FOR
s ;I'?;(?)\) (37 CFR « 20 Minus | = 20 -0 Xs$ = OR | X $62= 0
(@]
= T B mins | -3 -0 Xs__- OR § X seco- 0
<§( l:l Application Size Fee (37 CFR 1.16(s))
D FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR
“TOTAL TOTAL
ADD’L OR ADDL 0
FEE FEE
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
AFTER PREVIOUSLY EXTRA RATE®) | Fee (g RATE($) FEE (9)
— AMENDMENT PAID FOR
E T?e‘(?)‘) (37 CFR . Minus | * - Xs = oR Ixs =
S E inus | - - X8 oRpxs -
E I:I Application Size Fee (37 CFR 1.16(s))
=
< |:| FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR
TOTAL TOTAL
ADD’L OR ADDL
FEE FEE

This collection of information is required by 37 CFR 1.16. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering,
preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S.
Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.

EX2005 - Page 148



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. |
12/955,767 11/29/2010 Kojiro Komagaki HIT1P585/HIP920090046US1 8147
50535 7590 01/31/2013 | |
EXAMINER
ZILKA-KOTAB, PC- HIT
P.O. BOX 721120 EVANS, JEFFERSON A
SAN JOSE, CA 95172-1120
| ART UNIT | PAPER NUMBER |
2688
| MAIL DATE | DELIVERY MODE |
01/31/2013 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)

EX2005 - Page 149



Application No. Applicant(s)
12/955,767 KOMAGAKI ET AL.

Office Action Summary Examiner Art Unit
JEFFERSON EVANS 2688

-- 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)IX Responsive to communication(s) filed on 04 January 2013.
2a)[X] This action is FINAL. 2b)[] This action is non-final.
3)[J An election was made by the applicant in response to a restriction requirement set forth during the interview on
___ ;therestriction requirement and election have been incorporated into this action.
4)[J Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims
5)X] Claim(s) 1-17is/are pending in the application.
ba) Of the above claim(s) is/are withdrawn from consideration.

6)X] Claim(s) 3-8 and 13-20 is/are allowed.
7)XI Claim(s) 1,2 and 9-12 is/are rejected.
)
)

) 1.2and 9-12
8)[] Claim(s) _____is/are objected to.
9)[] Claim(s) ____are subject to restriction and/or election requirement.

Application Papers

10)[] The specification is objected to by the Examiner.
11)] The drawing(s) filed on _____is/are: a)[_] accepted or b)[_] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).
12)[] 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

13)[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
a)J Al b)[JSome * ¢)[] None of:
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)).
* 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) D Other: _____
U.S. Patent and Trademark Office
PTOL-326 (Rev. 03-11) Office Action Summary Part of Paper No./Mail Date 20130128
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Application/Control Number: 12/955,767 Page 2
Art Unit: 2688

Claims 1-20 are pending.

Claim Rejections - 35 USC § 102
1. 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.
2. Claims 1, 2, 9-12 are rejected under 35 U.S.C. 102(b) as being anticipated by Gill
(U.S. 2009/0155629). Gill discloses a magnetoresistive effect head, comprising: a
magnetically pinned layer 408 having a direction of magnetization that is pinned; a free
magnetic layer 410 positioned above the magnetically pinned layer, the free magnetic
layer having a direction of magnetization that is free to vary; and a tunnel barrier layer
412 comprising an insulator positioned between the magnetically pinned layer and the
free magnetic layer; wherein the free magnetic layer has a layered structure, the layered
structure comprising: a crystal layer 436 comprising one of: a CoFe magnetic layer or a
CoFeB magnetic layer; and an amorphous magnetic layer 442 comprising CoFeB and
an element selected from a group consisting of: Ta, Hf, Zr, and Nb (paragraph 0043 and
figure 4) wherein the crystal layer is positioned closer to the tunnel barrier layer than the
amorphous magnetic layer. The layer 442 will be within the 0.5 to 3 nm range (note the

last 6 lines of paragraph 0043). The layer 438 may become crystalline during annealing
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Application/Control Number: 12/955,767 Page 3
Art Unit: 2688

and is CoFeB with B being in the 15-25 at% range (note the first 5 lines of paragraph

0043).

Allowable Subject Matter

3. Claims 3-8 and 13-20 are allowed.

4. THIS ACTION IS MADE FINAL. Applicantis reminded of the extension of time
policy as set forth in 37 CFR 1.136(a).

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

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

5. Response to Arguments filed 1-4-2013

Applicant’'s amendment to claim 1 does not overcome the rejection because Gill
discloses a CoFeB layer 438 which may be at least partially crystalline and an
amorphous CoFeBX layer 442, with layer 438 being closer to the tunnel barrier layer

than layer 442.
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Art Unit: 2688

6. Any inquiry concerning this communication or earlier communications from the
examiner should be directed to JEFFERSON EVANS whose telephone number is (571)
272-7574. The examiner can normally be reached on week days 11:00am to 7:00pm.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Wayne Young can be reached on 571-272-7582. 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.

/Jefferson Evans/

Primary Examiner, Art Unit 2627
Monday, January 28, 2013
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PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re application of:

Kojiro Komagaki et al.
Application No.: 12/955,767
Filed: 11/29/2010
For: MAGNETORESISTIVE EFFECT
HEAD HAVING A MULTILAYERED
PINNED LAYER AND/OR FREE
LAYER HAVING AMORPHOUS AND
CRYSTALLINE LAYERS, AND
SYSTEMS THEREOF

Customer No.: 50535

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 2233-1450

Sir:

Confirmation No.: 8147

Examiner: EVANS, JEFFERSON A.

Art Unit: 2688

Atty. Docket No.: HIT1P585/HJP920090046US1

Date: April 17,2013

Transmitted herewith is an amendment in the above-identified application.

[XI  Applicant(s) believe that no Extension of Time is required; however, if it is determined that such an
extension is required, Applicant(s) hereby petition that such an extension be granted and authorize the
Commissioner to charge the required fees for an Extension of Time under 37 CFR 1.136 to Deposit

Account No. 50-2587.

X1  Ifthe required fees are missing or any additional fees are required to facilitate filing the enclosed response,
please charge such fees or credit any overpayment to Deposit Account No. 50-2587 (Order No.

HIP920090046US1).

P.O. Box 721120
San Jose, CA 95172-1120
Telephone: (408) 971-2573

(Revised 12/2010)

Respectfully submitted,
Zilka-Kotab, PC

/Dominic M. Kotab/

Dominic M. Kotab
Registration No. 42,762
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PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re application of:

Kojiro Komagaki et al.
Application No.: 12/955,767
Filed: 11/29/2010
For: MAGNETORESISTIVE EFFECT
HEAD HAVING A MULTILAYERED
PINNED LAYER AND/OR FREE
LAYER HAVING AMORPHOUS AND
CRYSTALLINE LAYERS, AND
SYSTEMS THEREOF

Customer No.: 50535

Confirmation No.: 8147

Examiner: EVANS, JEFFERSON A.

Art Unit: 2688

Atty. Docket No.: HIT1P585/HJP920090046US1

Date: April 17, 2013

AMENDMENT B

Commissioner for Patents
P.O. Box 1450
Alexandria, VA22313-1450

Dear Examiner:

In response to the communication mailed Jan. 31, 2013 (hereafter “Office Action” or

“OA”), please consider the following amendments and/or remarks believed to place the

claims in condition for allowance.

HIT1P585/HJP920090046US1
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AMENDMENT TO THE CLAIMS:

This listing of claims will replace all prior versions of claims in the application:

LISTING OF CLAIMS:

1. (CURRENTLY AMENDED) A magnetoresistive effect head, comprising:
a magnetically pinned layer having a direction of magnetization that is pinned;
a free magnetic layer positioned above the magnetically pinned layer, the free
magnetic layer having a direction of magnetization that is free to vary; and
a tunnel barrier layer comprising an insulator positioned between the
magnetically pinned layer and the free magnetic layer;
wherein at least one of the magnetically pinned layer and the free magnetic layer
has a layered structure, the layered structure comprising:
a crystal layer comprising a CoFeB magnetic layer; and
an amorphous magnetic layer comprising CoFeB and an element
selected from a group consisting of: Ta, Hf, Zr, and Nb,
wherein the crystal layer is positioned closer to the tunnel barrier layer
than the amorphous magnetic layer,

wherein the magnetically pinned layer has the layered structure.

2. (ORIGINAL) A magnetic data storage system, comprising:

at least one magnetoresistive effect head as recited in claim 1;

a magnetic medium;

a drive mechanism for passing the magnetic medium over the at least one
magnetoresistive effect head; and

a controller electrically coupled to the at least one magnetoresistive effect head

for controlling operation of the at least one magnetoresistive effect head.

3. (PREVIOUSLY PRESENTED) A magnetoresistive effect head, comprising:

HIT1P585/HJP920090046US1 -2-
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a magnetically pinned layer having a direction of magnetization that is pinned;
a free magnetic layer positioned above the magnetically pinned layer, the free
magnetic layer having a direction of magnetization that is free to vary; and
a tunnel barrier layer comprising an insulator positioned between the
magnetically pinned layer and the free magnetic layer;
wherein the magnetically pinned layer has a layered structure, the layered
structure comprising:
a crystal layer comprising one of: a CoFe magnetic layer or a CoFeB
magnetic layer; and
an amorphous magnetic layer comprising CoFeB and an element
selected from a group consisting of: Ta, Hf, Zr, and Nb,
wherein the crystal layer is positioned closer to the tunnel barrier layer

than the amorphous magnetic layer.

4, (ORIGINAL) The magnetoresistive effect head as recited in claim 3, wherein a
film thickness of the amorphous magnetic layer is in a range from about 0.25 nm to

about 1.5 nm.

5. (ORIGINAL) The magnetoresistive effect head as recited in claim 3, wherein
the crystal layer comprises the CoFeB magnetic layer, and wherein the CoFeB magnetic

layer has a composition represented by (CoFe)i0-xBx, with 10 at.% < x <30 at.%.

6. (ORIGINAL) A magnetic data storage system, comprising:

at least one magnetoresistive effect head as recited in claim 5;

a magnetic medium;

a drive mechanism for passing the magnetic medium over the at least one
magnetoresistive effect head; and

a controller electrically coupled to the at least one magnetoresistive effect head

for controlling operation of the at least one magnetoresistive effect head.

HIT1P585/HJP920090046US1 -3-
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7. (ORIGINAL) The magnetoresistive effect head as recited in claim 3, wherein
the amorphous magnetic layer has a composition represented by (CoFe)i00xBx v,
wherein  is the element selected from the group consisting of: Ta, Hf, Zr, Nb, with 10

at.% < x <30 at.%, and with 3 at.% <y < 13 at.%.

8. (ORIGINAL) A magnetic data storage system, comprising:

at least one magnetoresistive effect head as recited in claim 7;

a magnetic medium;

a drive mechanism for passing the magnetic medium over the at least one
magnetoresistive effect head; and

a controller electrically coupled to the at least one magnetoresistive effect head

for controlling operation of the at least one magnetoresistive effect head.

9. (ORIGINAL) The magnetoresistive effect head as recited in claim 1, wherein

the free magnetic layer has the layered structure.

10. (ORIGINAL) The magnetoresistive effect head as recited in claim 9, wherein a
film thickness of the amorphous magnetic layer is in a range from about 0.25 nm to

about 1.5 nm.

11. (ORIGINAL) The magnetoresistive effect head as recited in claim 9, wherein
the crystal layer comprises the CoFeB magnetic layer, wherein the CoFeB magnetic

layer has a composition represented by (CoFe);po-«<Bx, with 10 at.% < x < 30 at.%.

12. (ORIGINAL) A magnetic data storage system, comprising:
at least one magnetoresistive effect head as recited in claim 11;
a magnetic medium;
a drive mechanism for passing the magnetic medium over the at least one

magnetoresistive effect head; and
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a controller electrically coupled to the at least one magnetoresistive effect head

for controlling operation of the at least one magnetoresistive effect head.

13. (PREVIOUSLY PRESENTED) A magnetoresistive effect head, comprising:
a magnetically pinned layer having a direction of magnetization that is pinned;
a free magnetic layer positioned above the magnetically pinned layer, the free
magnetic layer having a direction of magnetization that is free to vary; and
a tunnel barrier layer comprising an insulator positioned between the
magnetically pinned layer and the free magnetic layer;
wherein the free magnetic layer has a layered structure, the layered structure
comprising:
a crystal layer comprising one of: a CoFe magnetic layer or a CoFeB
magnetic layer; and
an amorphous magnetic layer comprising CoFeB and an element
selected from a group consisting of: Ta, Hf, Zr, and Nb,
wherein the crystal layer is positioned closer to the tunnel barrier layer
than the amorphous magnetic layer,
wherein the amorphous magnetic layer has a composition represented by
(CoFe)100xBx y, wherein  is the element selected from the group consisting

of: Ta, Hf, Zr, Nb, with 10 at.% < x <30 at.%, and with 3 at.% <y <13 at.%.

14. (ORIGINAL) A magnetic data storage system, comprising:

at least one magnetoresistive effect head as recited in claim 13;

a magnetic medium;

a drive mechanism for passing the magnetic medium over the at least one
magnetoresistive effect head; and

a controller electrically coupled to the at least one magnetoresistive effect head

for controlling operation of the at least one magnetoresistive effect head.

15.  (PREVIOUSLY PRESENTED) The magnetoresistive effect head as recited in
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claim 3, wherein the the free magnetic layer also has the layered structure.

16. (ORIGINAL) The magnetoresistive effect head as recited in claim 15, wherein a
film thickness of the amorphous magnetic layer in the pinned layer and the free

magnetic layer is in a range from about 0.25 nm to about 1.5 nm.

17. (ORIGINAL) The magnetoresistive effect head as recited in claim 15, wherein
the crystal layer in the pinned layer and the free magnetic layer comprises the CoFeB
magnetic layer, wherein the CoFeB magnetic layer has a composition represented by

(CoFe)100-xBx, with 10 at.% < x < 30 at.%.

18. (PREVIOUSLY PRESENTED) A magnetic data storage system, comprising:
at least one magnetoresistive effect head as recited in claim 3;
a magnetic medium;
a drive mechanism for passing the magnetic medium over the at least one
magnetoresistive effect head; and
a controller electrically coupled to the at least one magnetoresistive effect head

for controlling operation of the at least one magnetoresistive effect head.
19.  (CANCELED)
20. (PREVIOUSLY PRESENTED) The magnetoresistive effect head as recited in

claim 1, wherein the magnetically pinned layer and the free magnetic layer have the

layered structure.
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REMARKS:

Allowable Subject Matter

Any rejected claims have either been made to depend from an allowable independent

claim or canceled.

Allowance of all pending claims is respectfully requested.

Certain claims have been amended and/or canceled. Applicant does not concede that the
subject matter encompassed by any claim as originally presented is unpatentable over
the art cited in the rejection. Nor does Applicant agree with or acquiesce to any of the
rejections. Rather, said claims have been canceled and/or amended solely to facilitate
expeditious prosecution of the remaining claims, and the right to pursue additional
claims, including the subject matter originally encompassed by such claims in this or

future applications is reserved.

Claims 1, 2 and 9-12:
Claims 1, 2 and 9-12 have been rejected under 35 U.S.C. § 102(b) as being anticipated
by Gill (U.S. 2009/0155629 hereafter “Gill”).

While Applicant respectfully disagrees with the rejection, and solely in order to
expedite prosecution, claim 1 has been amended to further differentiate the claim from
the cited reference. Particularly, claim 1 has been amended to require the limitations of

allowable claim 19.
In sharp contrast, none of the art of record in any combination discloses the unique
combination of features claimed. Accordingly, the art of record does not anticipate

claim 1 and the rejection thereof must be withdrawn. Reconsideration and allowance of

claim 1 is respectfully requested.

HIT1P585/HJP920090046US1 -7-
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For the reasons discussed above, claim 1 is believed to be distinguishable from, and
therefore in condition for allowance over, the art of record. Claims depending from
claim 1 are believed to be allowable by virtue of their dependence. Reconsideration and

allowance thereof is respectfully requested.

Applicant does not concede that the subject matter encompassed by claim 1 and its
dependents as originally presented is anticipated by the art cited in the rejection.
Rather, claim 1 was amended solely to facilitate expeditious prosecution thereof, and
the right to pursue additional claims, including the subject matter originally
encompassed by claim 1 and its dependents, in this or future applications is reserved.
Moreover, Applicant does not concede or assent to the Examiner’s arguments as applied
to claim 1 and any claim depending from claim 1 in the previous communication(s).
Rather, the rejection of claim 1 and any claim depending from claim 1 is deemed
improper at least by virtue of the reasons set forth herein and/or claim dependency, and
Applicant reserves the right to further address the grounds of rejection in this or future

actions and/or applications.

In the event a telephone conversation would expedite the prosecution of this
application, the Examiner may reach the undersigned at (408) 971-2573. For payment
of any additional fees due in connection with the filing of this paper, the Commissioner
is authorized to charge such fees to Deposit Account No. 50-2587 (Order No.
HJP920090046US1).

Respectfully submitted,

By:  /Dominic M. Kotab/ Date: April 17,2013
Dominic M. Kotab
Reg. No. 42,762

Zilka-Kotab, PC
P.O. Box 721120
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San Jose, California 95172-1120
Telephone: (408) 971-2573
Facsimile: (408) 971-4660
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New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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PTO/SB/06 (09-11)

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

PATENT APPLICATION FEE DETERMINATION RECORD | Application or Docket Number

Filing Date

Substitute for Form PTO-875 12/955,767 11/29/2010

I:l To be Mailed

APPLICATION AS FILED — PART |

eNTITY: [X] LARGE [] smALL []MICRO

*** If the “Highest Number Previously Paid For” IN THIS SPACE is less than 3, enter “3”.

(Column 1) (Column 2)
FOR NUMBER FILED NUMBER EXTRA RATE ($) FEE ($)
L1 asic Fee N/A N/A N/A
(37 CFR 1.16(a), (b), o (c))
|:] SEARCH FEE N/A N/A N/A
(37 CFR 1.16(K), (i), or (m))
|
EXAMINATION FEE
(37 GFR 1.16(0), (p), or (q)) N/A N/A A
TOTAL CLAIMS . N
(37 CFR 1.16(i)) minus 20 = X $ =
INDEPENDENT CLAIMS : N
(37 CFR 1.16(h)) minus 3 = X $ =
If the specification and drawings exceed 100 sheets
0 of paper, the application size fee due is $310 ($155
A;%,_lgﬁﬂ'g';‘ SIZE FEE for small entity) for each additional 50 sheets or
( 16(5)) fraction thereof. See 35 U.S.C. 41(a)(1)(G) and 37
CFR 1.16(s).
] MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16()
* If the difference in column 1 is less than zero, enter “0” in column 2. TOTAL
APPLICATION AS AMENDED - PART Il
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER
}_ 04/17/2013 AFTER PREVIOUSLY PRESENT EXTRA RATE ($) ADDITIONAL FEE ($)
E AMENDMENT PAID FOR
S | [gaerern “19 Minus | = 20 -0 x 580 = 0
5 5
Independ: .
z ndependent = 3 Minus | =3 -0 x $420 = 0
<§( [] Application Size Fee (37 CFR 1.16(s))
D FIRST PRESENTATION OF MULTIPLE DEPENDENT GLAIM (37 CFR 1.16(j))
TOTAL ADD’L FEE 0
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER
AFTER PREVIOUSLY PRESENT EXTRA RATE ($) ADDITIONAL FEE ($)
— AMENDMENT PAID FOR
Z | Total (37 cFR . *x
& me(\))( Minus - X $ =
Independent “ i ek
% $37C€R1.16@ Minus = X $ =
& [T reptcancrs
] pplication Size Fee (37 CFR 1.16(s))
=
<C D FIRST PRESENTATION OF MULTIPLE DEPENDENT GLAIM (37 CFR 1.16(j))
TOTAL ADD’L FEE
* |f the entry in column 1 is less than the entry in column 2, write “0” in column 3. LIE
** If the “Highest Number Previously Paid For” IN THIS SPACE is less than 20, enter “20”. /DEBRA SAVOY/

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

This collection of information is required by 37 CFR 1.16. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering,
preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S.
Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS

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

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uSpto.gov

NOTICE OF ALLOWANCE AND FEE(S) DUE

I EXAMINER |
50535 7590 04/26/2013
ZILKA-KOTAB, PC- HIT EVANS, JEFFERSON A
P.O. BOX 721120
SAN JOSE, CA 95172-1120 | ART UNIT PAPER NUMBER |
2688
DATE MAILED: 04/26/2013
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKETNO. | CONFIRMATION NO.
12/955,767 11/29/2010 Kojiro Komagaki HIT1P585/HIP920090046US 1 8147

TITLE OF INVENTION: MAGNETORESISTIVE EFFECT HEAD HAVING A MULTILAYERED PINNED LAYER AND/OR FREE LAYER HAVING
AMORPHOUS AND CRYSTALLINE LAYERS, AND SYSTEMS THEREOF

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

nonprovisional UNDISCOUNTED $1780 $300 $0 $2080 07/26/2013

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

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

HOW TO REPLY TO THIS NOTICE:

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

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

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

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

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

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

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

Page 1 of 4
PTOL-85 (Rev. 02/11)
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PART B - FEE(S) TRANSMITTAL

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

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

Note: A certificate of mailing can only be used for domestic mailings of the

Fee(s) Transmittal. This certificate cannot be used for any other accompanying

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

Certificate of Mailing or Transmission

50535 7590 0412612013 I hereby certify that this Fee(s) Transmittal is being deposited with the United
ZILKA—KOTAB, PC- HIT States Postal Service with sufficient postage for first class mail in an envelope
P.O. BOX 721120 addressed to the Mail Stop ISSUE FEE address above, or being facsimile

e transmitted to the USPTO (571) 273-2885, on the date indicated below.

SAN JOSE, CA 95172-1120

(Depositor's name)

(Signature)
(Date)
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
12/955,767 11/29/2010 Kojiro Komagaki HIT1P585/HIP920090046US1 8147
TITLE OF INVENTION: MAGNETORESISTIVE EFFECT HEAD HAVING A MULTILAYERED PINNED LAYER AND/OR FREE LAYER HAVING
AMORPHOUS AND CRYSTALLINE LAYERS, AND SYSTEMS THEREOF
| APPLN. TYPE ENTITY STATUS | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE
nonprovisional UNDISCOUNTED $1780 $300 $0 $2080 07/26/2013
I EXAMINER | ART UNIT | CLASS-SUBCLASS |
EVANS, JEFFERSON A 2688 360-324120
1. Change of correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list
CFR 1.363). 1

(1) the names of up to 3 registered patent attorneys
[ Change of correspondence address (or Change of Correspondence or agents OR, alternatively,

&
Address form PTO/SB/122) attached. (2) the name of a single firm (having as a member a 2

(] "Fee Address"” indication (or "Fee Address" Indication form registered attorney or agent) and the names of up to
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 2 registered patent attorneys or agents. If no name is 3
Number is required. listed, no name will be printed.

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

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

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

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

4a. The following fee(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)
[ Issue Fee [ A check is enclosed.
[ Publication Fee (No small entity discount permitted) | Payment by credit card. Form PTO-2038 is attached.
[ Advance Order - # of Copies (1 The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any
overpayment, to Deposit Account Number (enclose an extra copy of this form).
Page 2 of 4

PTOL-85 (Rev. 02/11)

EX2005 - Page 168



i

. Change in Entity Status (from status indicated above)

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

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

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

entity status, as applicable.

NOTE: 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 l 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 v: epending 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 e ief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O.
Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450
Alexandria, Virginia 22313-1450.

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

Page 3 of 4
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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. |
12/955.,767 11/29/2010 Kojiro Komagaki HIT1P585/HIP920090046US 1 8147
I EXAMINER |
50535 7590 04/26/2013

ZILKA-KOTAB, PC- HIT
P.0. BOX 721120
SAN JOSE, CA 95172-1120

EVANS, JEFFERSON A

I ART UNIT PAPER NUMBER |

2688

DATE MAILED: 04/26/2013

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 249 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 249 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.

PTOL-85 (Rev. 02/11)
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Privacy Act Statement

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

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

1.

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

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

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

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

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

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

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

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

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local
law enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or
regulation.
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Application No. Applicant(s)
12/955,767 KOMAGAKI ET AL.
: i i i AlA (First Inventor to
Notice of Allowability 'JEI’E‘:';‘E":SV ON EVANS 2&‘8;’"" File) Statis
No

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

1. X This communication is responsive to the AF Amendment filed 4-17-2013.
[] A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on

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

3. X The allowed claim(s) is/are 1-18 and 20. As a result of the allowed claim(s), you may be eligible to benefit from the Patent
Prosecution Highway program at a participating intellectual property office for the corresponding application. For more information,
please see hitp:/fwww Lisplo.gov/patenis/init_events/gph/index.jsg or send an inquiry to PPHisedhack@usplo.aoy .

4. X Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:
a)X] Al b)y[JSome *c)[] None of the:
1. X 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 not received: __ .
Interim copies:
a) O An b) [ some c) [ None of the: Interim copies of the priority documents have been received.

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

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

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

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

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

Attachment(s)

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

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

3. [J Examiner's Comment Regarding Requirement for Deposit 7. [ Other .

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

/JEFFERSON EVANS/
Primary Examiner, Art Unit 2688

U.S. Patent and Trademark Office
PTOL-37 (Rev. 03-13) Notice of Allowability Part of Paper No./Mail Date 20130421
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UNITED STATES PATENT AND TRADEMARK OFFICE

Page 1 of 1

BIB DATA SHEET

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

P.0. Box 1450

Alexandria, Virginia 22313-1450
WWW.uspto.gov

CONFIRMATION NO. 8147

SERIAL NUMBER FILINS‘-"_\t_)I_rE 371(c) CLASS GROUP ART UNIT ATTORNEE)( DOCKET
12/955,767 11/29/2010 360 2688 HIT[ P585/HJ P9é0090046
RULE
APPLICANTS
Kojiro Komagaki, Odawara, JAPAN;
Katsumi Hoshino, Odawara, JAPAN;
Masashige Sato, Atsugi, JAPAN;
Hiroyuki Hoshiya, Odawara, JAPAN;
** CONTINUING DATA
*edk FOREIGN APPLICATIONS Fedededededededededk dedededede dededekde kdekdk
JAPAN 2009-278388 12/08/2009
** |[F REQUIRED, FOREIGN FILING LICENSE GRANTED **
12/09/2010
Foreign Pricrity claimed M ves o STATEOR | SHEETS TOTAL |INDEPENDENT
35 USC 119(a-d) conditions met aYes D No D M%ﬁgﬁge COUNTRY DRAWINGS CLAIMS CLAIMS
Verified and /JEFFERSON A
eriedan EVANS/ JAPAN 3 17 1
Acknowledged Examiner’s Signature Initials

ADDRESS

ZILKA-KOTAB, PC- HIT
P.O. BOX 721120

SAN JOSE, CA 95172-1120
UNITED STATES

TITLE

MAGNETORESISTIVE EFFECT HEAD HAVING A MULTILAYERED PINNED LAYER AND/OR FREE
LAYER HAVING AMORPHOUS AND CRYSTALLINE LAYERS, AND SYSTEMS THEREOF

FEES: Authority has been given in Paper

FILING FEE _
RECEIVED [No. to charge/credit DEPOSIT ACCOUNT
1090 No. for following:

U All Fees

U 1.16 Fees (Filing)

IEI 1.17 Fees (Processing Ext. of time) |

‘EI 1.18 Fees (Issue) |

1 Other

U Credit

BIB (Rev. 05/07).
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OK TO ENTER: ALE/

PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re application of: Confirmation No.: 8147

Kojiro Komagaki et al. Examiner: EVANS, JEFFERSON A.
Application No.: 12/955,767 Art Unit: 2688
Filed: 11/29/2010 Atty. Docket No.: HIT1P585/HJP920090046US1

For: MAGNETORESISTIVE EFFECT | Date: April 17,2013
HEAD HAVING A MULTILAYERED
PINNED LAYER AND/OR FREE
LAYER HAVING AMORPHOUS AND
CRYSTALLINE LAYERS, AND
SYSTEMS THEREOF

Customer No.: 50535

CKTO ENTER: LE/
AMENDMENT B

Commissioner for Patents
P.O. Box 1450
Alexandria, VA22313-1450

Dear Examiner:

In response to the communication mailed Jan. 31, 2013 (hereafter “Office Action” or
“OA”), please consider the following amendments and/or remarks believed to place the

claims in condition for allowance.

OK TO ENTER: MLE/

HIT1P585/HJP920090046US1 -1-
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Application/Control No.
Issue Classification | |,qs5757

Applicant(s)/Patent Under Reexamination

KOMAGAKI ET AL.

"““H““H“H“‘HH““H ““H“ m “‘ - m
JEFFERSON EVANS 2688
CPC
Symbol Type Version
CPC Combination Sets
Symbol Type Set Ranking Version
US ORIGINAL CLASSIFICATION INTERNATIONAL CLASSIFICATION
CLASS SUBCLASS CLAIMED NON-CLAIMED
360 324.11 G B 5/39 (2006.01.01)
CROSS REFERENCE(S)
CLASS SUBCLASS (ONE SUBCLASS PER BLOCK)
360 324.12 324.2
NONE
Total Claims Allowed:
19
(Assistant Examiner) (Date)
/JEFFERSON EVANS/
Primary Examiner.Art Unit 2688 4-21-2013 O.G. Print Claim(s) O.G. Print Figure
(Primary Examiner) (Date) 1 2

U.S. Patent and Trademark Office

Part of Paper No. 20130421

EX2005 - Page 175




Application/Control No. Applicant(s)/Patent Under Reexamination

Issue Classification | 555767 KOMAGAKI ET AL.
NN |===

JEFFERSON EVANS 2688

NONE
Total Claims Allowed:
19
(Assistant Examiner) (Date)
/JEFFERSON EVANS/
Primary Examiner.Art Unit 2688 4-21-2013 O.G. Print Claim(s) O.G. Print Figure
(Primary Examiner) (Date) 1 2
U.S. Patent and Trademark Office Part of Paper No. 20130421
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Application/Control No. Applicant(s)/Patent Under Reexamination

Issue Classification | ;,qs576; KOMAGAKI ET AL.

H“m H“‘ H“‘ m“ ‘H““H “ “H“ m “‘ - m

JEFFERSON EVANS 2688
O Claims renumbered in the same order as presented by applicant O CPA O T O R147
Final Original Final Original Final Original Final Original Final Original Final Original Final Original Final Original

1 1 16 17

2 2 17 18

8 3 19

9 4 7 20

10 5

11 6

12 7

13 8

3 9

4 10

5 1

6 12

18 13

19 14

14 15

15 16
NONE

Total Claims Allowed:
19
(Assistant Examiner) (Date)
/JEFFERSON EVANS/
Primary Examiner.Art Unit 2688 4-21-2013 O.G. Print Claim(s) O.G. Print Figure
(Primary Examiner) (Date) 1 2
U.S. Patent and Trademark Office Part of Paper No. 20130421
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Search Notes

Application/Control No.

12955767

Applicant(s)/Patent Under
Reexamination

KOMAGAKI ET AL.

T
JEFFERSON EVANS 2627
CPC- SEARCHED
Symbol Date Examiner
CPC COMBINATION SETS - SEARCHED
Symbol Date Examiner
US CLASSIFICATION SEARCHED
Class Subclass Date Examiner
360 324.1 10-1-2012 JAE
360 324.11 10-1-2012 JAE
360 324.12 10-1-2012 JAE
360 324.2 10-1-2012 JAE
360 3241 4-21-2013 JAE
360 324.11 4-21-2013 JAE
360 324.12 4-21-2013 JAE
360 324.2 4-21-2013 JAE
SEARCH NOTES
Search Notes Date Examiner
EAST (see attached) 10-1-2012 JAE
EAST (see attached) 4-21-2013 JAE
INTERFERENCE SEARCH
US Class/ US Subclass / CPC Group Date Examiner
CPC Symbol
360 324.1 4-21-2013 JAE
360 324.11 4-21-2013 JAE
3603 324.12 4-21-2013 JAE
360 324.2 4-21-2013 JAE
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i

. Change in Entity Status (from status indicated above)

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

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

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

entity status, as applicable.

NOTE: 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.

/Dominic M. Kotab/ July 17, 2013

Authorized Signature Date

Dominic M. Kotab _— 42,762

Registration No.

Typed or printed name

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 l 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 v: epending 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 e ief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O.
Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450
Alexandria, Virginia 22313-1450.

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.
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PTO/SB/AT (03-09)

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

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

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

“FEE ADDRESS” INDICATION FORM

Address to: Fax to:

Mail Stop M Correspondence 571-273-6500
Commissioner for Patents -OR -

P.O. Box 1450

Alexandria, VA 22313-1450

INSTRUCTIONS: The issue fee must have been paid for application(s) listed on this form. In addition,

only an address represented by a Customer Number can be established as the fee address for maintenance
fee purposes (hereafter, fee 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.

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 “Fee Address” under the provisions of 37 CFR
1.363 the address associated with:

Customer Number: 36023

OR

|:| The attached Request for Customer Number (PTO/SB/125) form.

PATENT NUMBER APPLICATION NUMBER

(if known)

12/955,767

Completed by (check one):

[] Applicant/Inventor /Dominic M. Kotab/
Signature
Attorney or Agent of record 42,762 Dominic M. Kotab
(Reg. No.) Typed or printed name
|:| Assignee of record of the entire interest. See 37 CFR 3.71. 408-971-2573
Statement under 37 CFR 3.73(b) is enclosed. Requester’s telephone number

(Form PTO/SB/96)

I:‘ Assignee recorded at Reel Frame July 17, 2013

Date

NOTE: Signatures of all the inventors or assignees of record of the entire interest or their representative(s) are required. Submit multiple forms if more that one
signature is required, see below*.

* Total of _* forms are submitted.

This collection of information is required by 37 CFR 1.363. 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 colle ction is estimated to take 5 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. Depar tment of Commerce, P.O. Box 1450, Alex andria, VA 22313- 1450. DO NOT SEND COMPLETE D FORMS TO THIS A DDRESS.
SEND TO: Mail Stop M Correspondence, 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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Electronic Patent Application Fee Transmittal

Application Number: 12955767

Filing Date: 29-Nov-2010

MAGNETORESISTIVE EFFECT HEAD HAVING A MULTILAYERED PINNED LAYER

Title of Invention: AND/OR FREE LAYER HAVING AMORPHOUS AND CRYSTALLINE LAYERS, AND
SYSTEMS THEREOF

First Named Inventor/Applicant Name: Kojiro Komagaki

Filer: Dominic M. Kotab/April Skovmand

Attorney Docket Number: HIT1P585/HJP920090046US1

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 1780 1780
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 ($)

2080
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Electronic Acknowledgement Receipt

EFS ID: 16347087
Application Number: 12955767
International Application Number:
Confirmation Number: 8147

Title of Invention:

MAGNETORESISTIVE EFFECT HEAD HAVING A MULTILAYERED PINNED LAYER
AND/OR FREE LAYER HAVING AMORPHOUS AND CRYSTALLINE LAYERS, AND
SYSTEMS THEREOF

First Named Inventor/Applicant Name:

Kojiro Komagaki

Customer Number:

50535

Filer:

Dominic M. Kotab/April Skovmand

Filer Authorized By:

Dominic M. Kotab

Attorney Docket Number: HIT1P585/HJP920090046US1
Receipt Date: 17-JUL-2013
Filing Date: 29-NOV-2010
Time Stamp: 19:58:52

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment

yes

Payment Type Deposit Account
Payment was successfully received in RAM $2080

RAM confirmation Number 6473

Deposit Account 502587

Authorized User

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

Charge any Additional Fees required under 37 C.F.R. Section 1.16 (National application filing, search, and examination fees)

Charge any Additional Fees required under 37 C.F.R. Section 1.17 (Patent application and reexamination processing fees)
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Charge any Additional Fees required under 37 C.F.R. Section 1.19 (Document supply fees)

Charge any Additional Fees required under 37 C.F.R. Section 1.20 (Post Issuance fees)

Charge any Additional Fees required under 37 C.F.R. Section 1.21 (Miscellaneous fees and charges)

File Listing:

D t I . File Size(Byt Multi P
ocumen Document Description File Name ile Size( y es)/ Y I. . ages
Number Message Digest | Part/.zip| (ifappl.)

140870
1 HIT1P585_HJP920090046US1_|I 4
ssueFee_07-17-2013.pdf yes
45d4abc286c203d270d9d5796d37c6cfde9)
e3lab
Multipart Description/PDF files in .zip description
Document Description Start End
Issue Fee Payment (PTO-85B) 1 2
Change of Address 3 4
Warnings:
Information:
32291
2 Fee Worksheet (SB06) fee-info.pdf no 2
379827132c2e1ca37{8429f818bc1bbd89fe]
475¢
Warnings:
Information:
Total Files Size (in bytes):i 173161

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

New Applications Under 35 U.S.C. 111

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

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

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

New International Application Filed with the USPTO as a Receiving Office

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

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re application of: Confirmation No.: 8147

Kojiro Komagaki et al. Examiner: EVANS, JEFFERSON A.
Application No.: 12/955,767 Art Unit: 2688
Filed: 11/29/2010 Atty. Docket No.: HIT1P585/HJP920090046US1

For: MAGNETORESISTIVE EFFECT | Date: July 17,2013
HEAD HAVING A MULTILAYERED
PINNED LAYER AND/OR FREE
LAYER HAVING AMORPHOUS AND
CRYSTALLINE LAYERS, AND
SYSTEMS THEREOF

Customer No.: 50535

Issue Fee Payment Transmittal

Mail Stop Issue Fee
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Sir:

Transmitted herewith are the following items:

1) Part B- Issue Fee Transmittal
2) Fee Address Indication Form

Respectfully submitted,
Zilka-Kotab, PC
/Dominic M. Kotab/
Dominic M. Kotab
Reg. No. 42,762

P.0. Box 721120
San Jose, CA 95172-1120
(408) 971-2573
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PART B - FEE(S) TRANSMITTAL

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

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

Note: A certificate of mailing can only be used for domestic mailings of the

Fee(s) Transmittal. This certificate cannot be used for any other accompanying

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

Certificate of Mailing or Transmission

50535 7590 0412612013 I hereby certify that this Fee(s) Transmittal is being deposited with the United
ZILKA—KOTAB, PC- HIT States Postal Service with sufficient postage for first class mail in an envelope
P.O. BOX 721120 addressed to the Mail Stop ISSUE FEE address above, or being facsimile

e transmitted to the USPTO (571) 273-2885, on the date indicated below.

SAN JOSE, CA 95172-1120

(Depositor's name)

(Signature)
(Date)
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
12/955,767 11/29/2010 Kojiro Komagaki HIT1P585/HIP920090046US 1 8147
TITLE OF INVENTION: MAGNETORESISTIVE EFFECT HEAD HAVING A MULTILAYERED PINNED LAYER AND/OR FREE LAYER HAVING
AMORPHOUS AND CRYSTALLINE LAYERS, AND SYSTEMS THEREOF
| APPLN. TYPE ENTITY STATUS | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE
nonprovisional UNDISCOUNTED $1780 $300 30 $2080 07/26/2013
I EXAMINER | ART UNIT | CLASS-SUBCLASS |
EVANS, JEFFERSON A 2688 360-324120
1. Ch: f d ddi indicati f "Fee Address" (37 2.F inti the patent front list H
CER 211n3g663()) correspondence address or indication o ce ress ( or printing on the patent Irront page, I1s ) leka_KOtab, PC

(1) the names of up to 3 registered patent attorneys
[ Change of correspondence address (or Change of Correspondence or agents OR, alternatively,

&
Address form PTO/SB/122) attached. (2) the name of a single firm (having as a member a 2

'Fee Address" indication (or "Fee Address" Indication form registered attorney or agent) and the names of up to
O/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 2 registered patent attorneys or agents. If no nameis 3
Number is required. listed, no name will be printed.

%)

. 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)
HGST Netherlands B.V. Amsterdam, The Netherlands
Please check the appropriate assignee category or categories (will not be printed on the patent) : N 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)
[ssue Fee [ A check is enclosed.
v Publication Fee (No small entity discount permitted) [l Payment by credit card. Form PTO-2038 is attached.
[ Advance Order - # of Copies I he Director is hereby authorized to charge the required fee(s), any deficiency, or credit any

overpayment, to Deposit Account Number 50_9587  (enclose an extra copy of this form).

Page 2 of 4
PTOL-85 (Rev. 02/11)
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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.0.Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
12/955,767 08/20/2013 8514527 HIT1P585/HIP920090046US 1 8147
50535 7590 07/31/2013

ZILKA-KOTAB, PC- HIT
P.0. BOX 721120
SAN JOSE, CA 95172-1120

ISSUE NOTIFICATION

The projected patent number and issue date are specified above.

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

The Patent Term Adjustment is 249 day(s). Any patent to issue from the above-identified application will
include an indication of the adjustment on the front page.

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 Application Assistance Unit (AAU) of the Office of Data Management
(ODM) at (571)-272-4200.

APPLICANT(s) (Please see PAIR WEB site hitp://pair.uspto.gov for additional applicants):

Kojiro Komagaki, Odawara, JAPAN;
Katsumi Hoshino, Odawara, JAPAN;
Masashige Sato, Atsugi, JAPAN;

Hiroyuki Hoshiya, Odawara, JAPAN;

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location
for business investment, innovation, and commercialization of new technologies. The USA offers tremendous
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation
works to encourage and facilitate business investment. To learn more about why the USA is the best country in
the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov.

IR103 (Rev. 10/09)
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Practitioner's Docket No. HITIPS85/HIPOZH090046US1 PATENT
INTHE UNITED STATES PATENT AND TRADEMARK OFFICE

Patent Number: 8,514,527

Issued: 08/20/2013

Name of Patentee:  Kojiro Komagaki

Title of Invention:  Magnetoresistive Effect Head Having A Multilayered Pinned Layer And/Or Free Layer

Having Amorphous And Crystaliine Layers, And Systerus Thereof

Commissioner for Patents

2.0, Box 1458

Alexandria, VA 22313-1450

REQUEST FOR CERTIFICATE OF CORRECTION OF PATENT
FOR PTO MISTAKE (37 CF.R. § 1.322(a}}

i, Attached is PTO/SB/44 1n a form suitable for printing.
2. The exact page and line number where the errors are shown cotrectly in the application file are:
in the listed pubkications (page 2):

replace prior art listing "JP  2008-277388  9/2008" with --JP  2008-227388  9/2008--.

in the Specification:
col. 4, lincs 66-67 replace "anti ferromagnetic” with --antiferromagnetic--;

col. 4, hnes 67 replace ™in," with --in--,

3

3. H s noted that the above identified errors were typographical errors that apparenily
occurred during the printing process. Accordingly, it is believed that no fees are due in
connection with the filing of this Reguest for Certificate of Correction. However, if it is
determined that any fees are due, the Commissioner is hereby authorized to charge such
fees to Deposit Account 50-2587 (Order No. HiP920090046US1).

4, Please send the Certificate to;

Name: Diomindc M. Kotab

Address: Zilka-Kotab, PC
PO Box 721120
San Jose, CA 95172
TUSA

/Bominic M. Kotab/
Dominic M. Kotab, Attorney of Record

Request for Certificate of Correction of Patent For PTO Mistake--page 1 of 1
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PTO/SB/44 (04-04)

Approved for use through 04/30/2007. OMB 0651-0033

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

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.
(Also Form PTO-1050)

UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENTNO. : 8,514,527 B2
DATED o 08/20/2013

INVENTOR(S) : Komagaki st al.

It is certified that error appears in the above-identified patent and that said Letters Patent
is hereby corrected as shown below:

in the listed publications {pags 2):

replace prior art listing "JF  2008-277388  9/2008" with —-JP  2008-227388  ©/2008--

In the Specification:
col. 4, lines 86-87 replace "anti ferromagnetic” with ~antiferromagnetic—;

col. 4, lines 67 replace "in,” with ~in--.

MAILING ADDRESS OF SENDER: PATENT NO. 8,514,527 B2

Zitka-Kotab, PC
P.O. Box 721120
San Jose, CA. 95172 |:> 1

This collection of information is required by 37 CFR 1.322, 1.323, and 1.324. 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 1.0 hour 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: Attention Certificate of Corrections Branch, Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450.

No. of additional copies

If you need assistance in completing the form, call 1-800-PT0O-9199 and select option 2.
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