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REFLECTI VE/ PROTECTI VE OVERLAYS ON MAGNETORESI STANCE SENSORS, AND THE
SENSORS Ul This invention relates to the fabrication of magnetoresistance
sensors and, nore particularly, to the oxide structure that overlies the
free layer. BACKGROUND OF IN OMD- | A magnetoresistance (M) ] ed
in aread/wite head to read magnetic fiel dj on a recordi ngmmmmmwmmms
magnetic storage device. An exanple is the “fead/wite head of a,gopputer
hard di sk drive or a magnetic recording tape drive. The read/wite head is
positioned closely adjacent to the recording nediumin the case of the
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bearing, or even touchin tthrate)g?r |€§anwmmmn onto
an area of the recordi n@Lﬂ%%IL AHSHN MAGCNETORESISTANCE SBARUREC Stat e
using the witing portion of the reW’]ﬁfSﬁ@? hat nagnetic state is

| ater sensed by the MR sensor, which st portion of the

read/ wite head, to read the data bit. Two known types of MR sensors are a

gi ant magnet or esi st gge; éﬂ\ﬂ%?n .a_funnel nagnetoresistance (TMR)
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A magnetoresistance (MR) sensor is used in a read/write head to read magnetic
fields on a recording medium of a magnetic storage device. An example is the
read/write head of a computer hard disk drive or a magnetic recording tape drive. The
read/write head is positioned closely adjacent to the recording medium in the case of
the computer hard disk drive, separated from the recording medium by an air bearing,
or even touching the recording medium. A data bit js written onto an area of the |
recording mediwmn by locally changing its magnetic state using the writing portion of
the read/write head. That magnetic state is later sensed by the MR sensor, which is the
reading portion of the read/write head, to read the data bit.

Two known types of MR sensors are a giant magnetoresistance (GMR) sensor
and a tunnel magnetoresistance (TMR) sensor. The general technical basis,
construction, and operation of the GMR. sensor are described, for example, in US patent
5,436,778. The general technical basis, construction, and operation of the TMR sensor
fire described, for example, in US Patent 5,729,410. The disclosures of both patents are
tncorporated by referetice in their entireties. These patents also describe the read/write
heads and the magnetic storage systems.

The structure of the MR sensors, such as the GMR sensor or the TMR sensor,
includes two thin-film stacks scparated by an intermediate nonmagnetic film. The
intermediate nonmagnetic film is typically a copper film or an aluminum oxide film,
serving as a spacer layer for the GMR or the TMR. sensors, respectively. In one form,
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5,43 6,778. The general technical basis, construction, and operatio‘n‘ldeUthB
TMR sensor are described, for exanple, in US Patent 5,729, 410. The

di scl osures of both patents are incorporated by reference in their
entireties. These patents al so describe the read/ wite heads and the
magneti c storage systens. The structure of the MR sensors, such as the GWR
sensor or the TMR sensor, includes two thin-film stacks separated by an
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The present invention provides a method for fabricating a magnetoresistance
sensor, anq a magnetoresistance sensor made by this approach. The method provides
an optimized combination of maximized electron specular reflection, and a high-
quality, stable interface with the underlying structure. The overlayer is electrically non-
conducting and serves as an effective diffusion barrer protecting the sensor from
deterioration during device processing and fabrication, The dR/R performance of the
MR sensor is improved significantly as compared with prior techniques. The approach
is tolerant of a range in fabrication parameters.

In accordance with the invention, a method for fabricating a magnetoresistance
sensor comprises the steps of providing a.sensor structure including a free layer
deposited upon a lower layered structure, and depositing an oxide structure overlying
the Ifrec layer. The sensor structure is preferably a giant magnetoresistance sensor. The
step of depositing the oxide structure includes the steps of depdsiting a buffer layer
overlying the free layer, the buffer layer being a buffer-layer metal when deposited, and
thereafter depositing an ovetlayer overlying and contacting the buffer layer, the
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protecting the sensor from deterioration during device processing and
fabrication. The dR' R performance of the MR sensor is inproved
significantly as conpared with prior techniques. The approach is tolerant
of a range in fabrication paraneters. In accgrdance with the invention, a
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percent of the buffer-layer thickness. Most preferably, the oxidizing of the buffer layer
oxidizes from about 90 to about 100 percent of the buffer-layer thickness. |

Most preferably, substantially none of the free layer is oxidized.

The present approach ensures a high-quality interface between the overlying
oxide structure and the underlying sensor structure. The nature of the interface is well
controlled, because the metallic buffer layer is deposited and thereafter oxidized. By

- contrast, when an oxide layer is deposited directly over the free layer, it is difficult to
control the amount of oxidation of the free layer and the nature of the interface.

Other features and advantages of the present invention will be apparent from the
following more detailed description of the preferred embodiment, taken in conjunction
with the accompanying drawings, which illustrate, by way of example, the principles
of the invention. The scope of the invention is not, however, limited to this preferred
embodiment. '
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buffer-layer thickness. Most preferably, substantially none of the free
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bet ween the overlying oxide structure and the underlying sensor structure.
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Figure 1 shows a data storage system, here depicted as a magnetic disk drive
system 20, with which the present approach may be used. The magnetic disk drive
system 20 includes a rotatable magnetic storage disk 22 that is supported on a spindle
24 and rotated by a disk drive motor 26 under motor control 27 of a control unit 44, A
Iznagnetic storage medium 28 is deposited on a surface 30 of the magnetic storage disk

2. |

A slider 32 is positioned in facing relation to the magnetic storage disk 22. The
slider 32 supports at least one read/write head 34 in facing relation to the magnetic
storage medium 28 of the magnetic storage disk 22. The slider 32 is mounted to an
actuator arm 36 by a suspension 38. The actuator arm 36 and the slider 32 move
radially inwardly and outwardly so that the combined inward/outward motion of the
slider 32 and the rotation of the magnetic storage disk 22 allows the read/write head to
be placed into facing relation to the entire area of the magnetic storage medium. The
actuator arm 36 is driven by an actuator 40 (depicted as a voice coil motor or VCM)
under the radial position control 42 of the control unit 44.

.The suspension 38 generates a sl'ight spring force which biases the slider 32
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on a spindle 24 and rotated by a disk drive notor 26 under notor contro

27 of a control unit 44. A magnetic storage nedium 28 is deposited on a
surface 30 of the magnetic storage disk 22. A slider 32 is positioned in
facing relation to the magnetic storage disk 22. The slider 32 supports at
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' The preceding discussion is a simplified description of the data storage system
.m the form of the magnetic disk drive system 20, to set the environment in which the
present invention is used. The present invention is also applicable to other types of
magnetic data storage systems such as tape drives and thcir'read/writc heads.
Figure 2 depicts a preferred approach for fabricating the MR sensor structure S 0,
and Figures 3-5 illustrate the structure at various stages in the fabrication processing.
A sensor structure 70 is provided, numeral 60. The sensor structure 70, shown in
Figure 3, includes a lower layered structure 72 and a free layer 74 deposited upon the
lower layered structure 72. Optionally, an upper layered structure 76 is deposited upon
the free layer 74. The materials of construction and laycf thicknesses of the lower
layered structure 72, the free layer 74, and the upper layered structure 76 are known in
the art. The free layer 74 is typically made of a single layer of a ferromagnetic material
such as Co-Fe alloy, or two or more sublayers of ferromagnetic matéria]s. The sensor

structure 70 is preferably a giant magnetoresistance (GMR) sensor structure, such as
that described in US Patent 5,436,778.
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34 over a recording channel 48. The present approach is concerned wt
magnet-or esi stance (MR) sensor structure 50 that is part of the read/wite
head 34. The preceding discussion is a sinplified description of the data
storage system in the formof the magnetic di sk drive system 20, to set
the environnent in which the present invention is used. The present
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be deposited by any technique that is suitable for the selected buffer-layer metal, with
sputtering being preferred. '

Thereafter, an overlayer 80 is deposited overlying and contacting the buffer
layer 78, numeral 66 of Figure 2. The structure with the deposited overlayer 80 is
shown in Figure 5. The overlayer 80 is deposited as an overlayer metallic oxide of an
overlayer metal. The overlayer metal and the buffer-layer metal are preferably the same
metal, bl'lt they may be different metals. The overlayer 80 is pmferahly deposited to
have a thickness of not less than about 20 Angstroms, and most preferably is deposited
to have a thickness of from about 20 to about S0 Angstroms. The overlayer 80 may be
deposited by any suitable technique, with reactive sputtering being preferred.

The buffer layer 78 is oxidized, numeral 68 of Figure 2, to form a buffer layer
metallic oxide of the buffer-layer metal. The step 68 of oxidizing the buffer layer 78
is preferably performed at least in part simultaneously with the step 66 of depositing the
overlayer 80. That is, the overlayer deposition 66 is preferably performed by a
technique such as reactive sputtering in an oxidizing environment, resulting in
simultaneous oxidation of the buffer layer 78. The step 68 of oxidizing the buffer layer
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buffer-layer thickness is oxidized.

Figures 6-8 illustrate various possible extents of the oxidation of the buffer layer
78. Preferably, substantially none of the free layer 74 is oxidized. Fi lgure 6 depicts a
situation wherein the oxidation of the buffer layer 78 has been completed, and also
some of the free layer 74 has been oxidized to an oxidized free layer region 74a. This
result is undesirable, because the sensing ability of the free layer 74 is degraded,
causing a reduction in the functionality of the MR sensor structure 50.

A preferred case is illustrated in Figure 7, wherein all (100 percent) of the buffer
layer 78 is oxidized, no more and no less. Because the initially deposited buffer-layer
metal of the buffer layer 78 is selected to have a higher affinity for oxygen than does
the metal of the free layer 74, this preferred degree of oxidation is readily achieved.

The partial oxidation of the buffer layer 78 illustrated in F igure 8, producing an
oxidized region 78a that is less than the entire thickness of the buffer layer 78, is less
desirable than the complete oxidation of Figure 7, but more desirable than the over-
oxidation that produces the partial oxidation of the free layer 74 as shown in Figure 6.
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about 5 Angstr : ut 10 to about IS Angstromns.
I n any evegt, ?@H?gﬂ%rrg?lgﬁyg%ﬁ{lﬁgﬁ%ﬁﬂ%aﬁgﬂcﬁw&veﬁ@%ﬁm%ﬂﬂ losver
?gg fer-I ayter ftlﬂ}'% RH@@@T:F £l)tﬁ¢Rb/€eEhO_ m“Oxmﬂﬁ@mangéﬂE&;@PébF%@gFgoﬁ}}ﬂyt
ercent of gy ckness .is oxidized, Figures b-
il ugt rate vari ousr/é?))g;s{io de, %ﬁf@a@t‘%ﬂ? Fél@k'ﬂgﬁ{‘\?@h@&dﬂﬁg Vari dusrthichyeyses
286 Pr eI er abl y of heuffenisyat 7§ mfmprepﬁx_-egh ?htggéa@fel;ﬁé{s 6‘75?? 't&te%f‘fog %%Nﬂglg gure
epicts a si i.on el xidatiqn O e buffer layer
beenpcorrpl et ed,(% agfiﬁé\“hc%gﬂr?gﬂﬁﬁhgq:&% 14%@311‘1’1@?&96 arid thegesulis ere %opidbdhnl?igaraan
oxi di zed free Paykhe GMR matioihcreaddiis iﬁ@sﬂb’tﬁﬂéguﬁgﬁﬂg@ﬁﬁ&m&fc éftse?@% ﬂqu

sensing abili ty i s deQrade causing a re

e free |layer 7
the functionall E?Jto% RPH%“%S M%Fhﬁqm@ ypthexappedtbuffct-layeathickness of
il lustrated i nabowuilel 7 Anghtesras.n Fot ; t . ver 78
i s oxidized, ng more nfi 0 |ess Bgzéa?ﬂés?gh?ﬁlé&lg%i%fltg |b&h§5géé}§}’ﬁbﬁ éﬁﬁmﬂo
buf f er-1 ayer r?gg"a)ﬁ 1386}' %gh%ﬁg‘éﬁmsﬁwﬂmﬂ%m@“%l@dbﬁmﬁlelﬁlhmrhpgimem_
affinity for olyeeh caseahowl®rs, the GMRBAY i ' eh 74 this
preferred degrge of oxi datt'Lon is readil ymg{:eﬁ%éé{q;re%ﬁaﬁg?%‘aarbtof‘gp Bcautte dd- of

the buffer | ay et PFEeT RS ﬁPHﬂ"’FIH @gmen@,blﬁandmrﬂg inselewed.di zed region
78a that is |ess thalthduph aqiﬁ'ﬁdlﬂaﬂdﬂiﬁaﬂﬂﬁéxﬁ_o?ihetiﬁ%ﬁﬁ&fh% bL%}/‘gésé’}?‘B%%i"Z de';ﬁgf,

desirabl e tha conpl gt xj.dation of Fjgure but Tror

the over- oxi 5%’% ;ﬁgﬂ"{%ﬁngt’{eﬂﬁ’éﬁa%% Yapous madifications and ieohansenents fung del myds

74 as shown i nwithaudepatitinglforthe andScope of the invention, Accordingly, the invention
is not to be limited except as by the appended claims.




The present invention has been reduced to practice in several enbodinents.
The followng multilayer MR sensor structures 50 were prepared over 5a
conventional |lower |ayer structure: (1) 1 JUN 2008
CoFe/ CoFeOx/ CuOx/ Ta- buf f er/ TaOx- oxi de; (2‘)9 CoFe/ CoFeOx/ Al - buf fer/ Al Ox

oxi de; and (3) CoFe/ N Fe/ Al -buffer/AlOx-oxide/ Ta. Various thicknesses of
the buffer | IMS: wer e prepared. These specinens were tested for the GWR
ratio (dR/'R) as a function of the buffer |ayer thickness, and the results
are depicted in Figure 9. The GV ratio increases significantly for a
buffer-1layer thickness of greater than about 5 Angstrons and reaches a

maxi mumin the range of hukE@bd ks ridallt\ﬂgggr ﬁ‘fé’fe@%f?%?déf%%?’&?gﬁ'ﬂggl [ ons.

For greater thicknesses of the buffer ey ghtly

for the Al -buffer i rens__and re rapidly for, the Ta-buffer specinens.
In each case, ho rgrgﬁlqgng ER"r %HcgurF n‘B?IBQ%‘ésa fﬁqgnfqygggep%tﬁddwgtaﬂg\ver
percent to 14- 15 percent when the properly dinensioned buffer layer 78 is
sel ect ed.S Al PHIEGHIUCYSr #dul ar ermbodi ment of the invention has been
described in detail for purposes of illustration, various nodifications
and enhancements migpogitingradeoxidd sthurtiire depeyingnie fireemaytre vatpirdin tdepoditise ape
of the invention. Accordingly, the invention is not to be limted except
as by the appeddechcalraimibude® CLAI MS: 15 JUN 2006 | . A nethod for
fabricating a magnetoresi stance sensor, conprising providing a sensor

structure incl udi nigpasifin®e bhfvelhydeRea{ing thd RO adel. AL, S i -
structure; and depogi ti n% an oxi )clle st rzlc?ure ovea?lef/i ng ‘%Eez I%}%g&ﬁgfebru,ffer

wherein depq§§, inGartden &ﬁbﬁﬁedsﬁl{ax;éﬁﬁépe i ncl udes depositing a buffer |ayer
t

overlying the free | ayer, e burfer |ayer being a buffer- layer netal when

deposited, thereaffer .10 depositi n

d 8 a .ove%{/a er overl %/)l r}g and contacting
the buff&r layer, TRESINR QYL 2YHBYRY Ihand emtagiee the baften ayex theeovstlager
overlayer netal, and

eing an overlayer metallic oxide of an overlayer metal, and
oxidizing the buffer layer to form a buffer layer metallic oxide, wherein
depositing a buffer layer includes depositing the buffer-layer metal selected from the
group consisting of tantalum, aluminum, titanium, zirconium, hafnium, yttrium,

15 chromium, magnesium and silicon.

2. A method for fabricating a magnetoresistance sensor, comprising

providing a sensor structure including a free layer deposited upon a lower
layered structure; and

20 depositing an oxide structure overlying the free layer, wherein depositing the

oxide structure includes

depositing a buffer layer overlying the free layer, the buffer layer being a buffer-
layer metal when deposited, thereafter

depositing an overlayer overlying and contacting the buffer layer, the overlayer

25 being an overlayer metallic oxide of an overlayer metal, and

R:LIBF:6564095G_claims_[90306.dox



oxidizing the buffer layer to forma buffer layer nmetallic oxide, whefd&i fUN 2006
depositing a buffer layer includes depositing the buffer-Ilayer netal

sel ected fromthe group consisting of tam alum alum num titanium
zirconium haffiium yttrium 15 chrom Uuny magnesiumand silicon. 2. A

met hod for fabricating a magnetoresi stance sensor, conprising providing a
sensor structure i9%digaBige dufieedayenye rfore pobifferdlaypometalliowside wheremethe
structure; and 20 depositing an oxide structure overlying the free | ayer,
wher ei n depasietlayey nidta andxheden firiaset wetal iarecthel 688e gRepdsi ti ng a buffer | ayer
overlying the free layer, the buffer layer being a buffer- |layer netal when
deposited, thereafter depositing an overlayer overlying and contacting the
buffer |aver, the overlayer 25 being an overlayer netallic oxide of an

overlayer netal, and R TALF?E&%%%P%%@J ia%?qfnaegog?sq)%gr?cg%?t?so}ﬁco g)e'}%s 06 _10-

oxidizing the buffer layer to forma buffe I C oXl erein
the overl ayer netal and the buf](‘j;r-{a%/er n;tal g?ree the sane, netal. 3. A
met hod for fabri cAFPHERE AeGhedr GiNEiUss ARuding is dree LBy AFRISHE! SPRR oV il §ig a
sensor structure_ incl udi n% a free layer deposited upon a |ower |ayered
structure; anErebyBstueidan oxi de structure overlying the free |ayer,
wherei n depositing the oxide structure includes depositing a buffer |ayer
overlying the freealepesang ab haideustiueturt ayerlyibgithe fiee Hufdre whedein lday®sitingetal
when deposited, thereafter depositing an overlayer overlying and contacting
t he buffer loxydstructige icRide@yer being an overlayer netallic oxide of an
overlayer netal, and oxidizing the buffer layer to forma buffer layer
metal l'ic oxide, WiRp&ifing a buffer layer overlying the free layer, the buffer layer being a buffer-
10 layer metal when deposited, thereafter
depositing an overlayer overlying and contacting the buffer layer, the overlayer
being an overlayer metallic oxide of an overlayer metal, and
oxidizing the buffer layer to form a buffer layer metallic oxide, wherein

oxidizing the buffer layer is performed at least in part after depositing the overlayer is

15 complete.

4, A method for fabricating a magnetoresistance sensor, comprising

providing a sensor structure including a free layer deposited upon a lower
layered structure; and

20 depositing an oxide structure overlying the free layer, wherein depositing the

oxide structure includes

depositing a buffer layer overlying the free layer, the buffer layer being a buffer-
layer metal when deposited, thereafter

depositing an overlayer overlying and contacting the buffer layer, the overlayer

25 being an overlayer metallic oxide of an overlayer metal, and

R:ELIBR656409SG_claims_10039¢ doc



oxidizing the buffer layer is perforned at least in part after de?ositing
the overlayer is is conplete. 4. A nmethod for fabricating a 3 JUN 2006
nagnet or esi stance sensor, conprising pro 3ging a sensor structure
including a free |layer deposited upon a fowér |ayered structure; and 20
depositing an oxide structure overlying the free |ayer, wherein depositing
the oxide structuPddizig theibutferdassite forg abufter flasier mejadlic oxide whiersin oxidizinge
| ayer, the buffer |layer being a buffer- |ayer netal when deposited,

t hereaf t er ddpdbsitei lagerancloderdxadizing ovtestdnyialig namedo faha fractayag t he buf f er

| ayer, the overlayer 25 being an overlayer netallic oxide of an overl ayer
netal, and R LJBP656409SG cl ai ns 100306 doc 15 JUN 2006 -11- oxidizing the
buffer layer to forma buffer layer netallic oxide wherein oxidizing the
buffer layer inclugdes oxixdizi 1 Al e e - A
met hod for fabri c;%i'i ng aArrglé{r\Hg’tgofr%gg?@t%gltrllﬁc%hs%?ég{rb?esg%?%?iSs?lhgnog’ %‘%1@@&% epes
of providing 2 ifant magnet or esi stance sensor structure including a free

| ayer de5p057 ?pesg’ upon a | ower | ayered structure; and depositing an oxide
structure overlying the free |layer and having a thickness of not |ess than
about 25 Angst r onsPIOYIRHEs f eflalf MYERIQTepisianceaRensRl dirusiure daalvding ne Ifiedi layer he
io steps of depositing a buffer |layer overlying the free layer, the buffer
| ayer bei ng ¢epbsifddaiponiadgeer laperad stwturegdandosi t ed and having a thi ckness of
not | ess than about 5 Angstrons, thereafter depositing an overl ayer
overlying and contdepbsitigg ahexhisfstmtturayerilyidigdtie dwrrbpareind hh9inped fiickadlss of

overlayer netallic oxide of an overlayer netal, and sinultaneously
not less than about 25 Angstroms, the step of depositing an oxide structure including the
10  stepsof
depositing a buffer layer overlying the free layer, the buffer layer being a buffer-
layer metal when deposited and having a thickness of not less than about 5 Angstroms,
thereafter
depositing an overlayer overlying and contacting the buffer layer, the overlayer
15 being an overlayer metallic oxide of an overlayer metal, and simultaneously
oxidizing the buffer layer to form a buffer layer metallic oxide, wherein the step
of depositing a buffer layer includes the step of
depositing the buffer-layer metal selected from the group consisting of tantalum,
aluminum, titanium, zirconium, hafnium, yttrium, chromium, magnesium and silicon.
20
6. A method for fabricating a magnetoresistance sensor, comprising the
steps of
providing a giant magnetoresistance sensor structure including a free layer

deposited upon a lower layered structure; and

R:LIBF:656409SG_claims_100306.doc




oxidizing the buffer layer to forma buffer layer netallic oxide, wherein
the step of depositing a buffer layer includes the step of depositingd titk 2006
buffer-layer nmetal selected fromthe groui) consi sting of tantalum

alumi num titanium zirconium hafnium Yy $7ium chromium magnesi um and
silicon. 20 6. A nethod for fabricating a nagnetoresistance sensor,

conpri si ng the st ej§postingpwekidesueturs everlyingghe tfrnedayestand hevingrasthickness of
structure including a free | ayer deposited upon a |lower |ayered structure;
and R °-. L16fet les6 HiahCHSE 25 Angstrdifl) Jidbstetpof dépoditiNg 20 idel Rructep ddliding than
oxi de structure overlying the free |layer and having a thickness of not |ess
than about ZfepSdgstrons, the step of depositing an oxide structure
including the steps of depositing a buffer |ayer overlying the free | ayer,

the buffer |ayer P%Eé'ﬂttuaga% Ug{)fgr l'ang‘ ok%ﬁlg 0 file Wﬂ&nt}gﬁﬁgfelr téa?gr B‘Qﬁg Eg%gf%g- a

t hi ckness of not out ons, ef ea oSl

overl ayer overlyi and contacting, the buffer |ayer,. the overl ayer being
an over | afyerla%tr%"lf}%i ‘gﬂ?fkﬁﬁ)é’sﬁ‘?& ﬁxﬁp Boveng 3§@FE'H¢€§8 oGl g'ia %Pﬁhgdﬁgﬁ?oms’
oxidizing the buffer layer to forma buffer layer netallic oxide wherein
the 10 overthgiggffernetal and the buffer-layer netal are the same metal. 7.
The nmethod of claim5 wherein the overlayer netal and the buffer-|ayer
met al are differeniepoetizd an ot&laer Thelymg hudcwiftactingithe buffevhieyei thet herlayap
of depositing a buffer layer includes a step of depositing the buffer

| ayer havi ngetngtdh BkALES nedtallic oRIdLO U oldHdyer @bAYtand SimAR@SsUsBHS .

oxidizing the buffer layer to form a buffer layer metallic oxide wherein the

10 overlayer metal and the buffer-layer metal are the same metal.

7. The method of claim 5 wherein the overlayer metal and the buffer-layer

metal are different metals.

15 8. The method of claim 5, wherein the step of depositing a buffer layer
includes a step of
depositing the buffer layer having a thickness of from about 10 to about 15

Angstroms.
20 9. The method of claim 5, wherein the buffer layer has a buffer-layer
thickness, and wherein the step of oxidizing the buffer layer includes the step of

oxidizing from about 90 to about 100 percent of the buffer-layer thickness.

10. A method for fabricating a magnetoresistance sensor, comprising the

25 steps of

R:LIBF:6564098G_claims_i00106.doc



20 9. The nethod of claim5, wherein the buffer |ayer has a buffer-lag§r
t hi ckness, and wherein the step of oxidizing the buffer |ayer include QHMZMB
step of oxidizing fromabout 90 to about_ 100 percent of the buffer-Ilayer

t hi ckness. 10. A nethod for fabricating a nagnetoresistance sensor,
conprising the 25 stegs of R .LIBF.(,5640")SG claiqu |IG0?06.doc 15 JUN
2006 - 13 provi di MGPUIEBaHSIHH gIeBRAYES ARG Bensei, senctuker tioluding jan&reidrYRy a
free layer deposited upon a |ower |ayered structure; and depositing an
oxi de st r uctdgpesitgdaipby ahepverHaydredsiruciyegrandnd havi ng a thi ckness of not

| ess than about 25 Angstrons, the step of depositing an oxide structure
including the 5 slepgstind atlepidsistructgresovediingrtht feenayey and Yaviggtahdicknes of

| ayer, the buffer |ayer being a buffer- |ayer netal when deposited and
having a t hifknas shaafaboet 24 Angsthdia) tabay oﬁde?ﬂagi%hg%f{%xidetéﬁ%(:ﬁ% hRRfuding the
depositing an overlayer overlying and contacting tThe buffer layer, ﬁﬁ%
over | ayer, %ﬁzggkng an overlayer netallic oxide of an overlayer netal, and
si mul t aneous & oxidizing the buffer layer to forma buffer layer netallic

oxi di 21 ng- subst anteaT et RTETR g FruaE fifere Taper! heibuies [986RGBBENENaT ns
100305. doc layer metal when deposited and having a thickness of not less than about 5 Angstroms,
thereafter
depositing an overlayer overlying and contacting the buffer layer, the overlayer
10 being an overlayer metallic oxide of an overlayer metal, and simultaneously
oxidizing the buffer layer to form a buffer layer metallic oxide, wherein the step

of oxidizing the buffer includes the step of

oxidizing substantially none of the free layer.
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