; STe3eZVZS\r 60T8; FABRI CATI ON OF SELF- ALI GNED REFLECTI VE/ PROTECTI VE
. OVERLAYS ON MAGNETORESI STANCE SENSORS, AND THE SENSORS Thi s invention

relates to the fabrication of nmagnetoresistance sensors a

particularly, to the oxide structure that overlies the frgm m’mm’mm’”m
BACGROUND OF THE | NVENTI ON A nagnet oresi stance (MR) sensor is.ygefd in a
read/wite head to read magnetic fields on a recording medi umof a magnetic

storage device. :An exanple is the read/wite head of a co Hﬂmﬂm i sk
drive or a magnetlc recording tape drive.1dhe read/wite h m oned
closely adjacent to the recording nediumis the case of the cowpger hard

di sk drive, separated .fromthe recording medi um by an air bearing, or even
"touching the recordin g medium A data bit is witten onto an area of the

recordi ng nedi umBAB TIQN@ESWgAHGngREFLB ROTECEINE writing
portion of the read/ g?ﬁ sensed by the
MR sensor, which is the'rea g mmkﬁﬁmvﬁw to read the

data bit. Two known types of MR sAﬂhﬂbf’H-lElSENSQJ{&nt rragnetore5| stance (GWR)

sensor and a tunnel nmagnetoresistance (TMR) sensor. The general techni cal
‘basi s, construction, and operation of the GVWR sensor are described; for

exanple, in US p&ﬂmﬁwﬁmﬁhﬁl&fﬁﬁ&o ﬂiﬂﬁbmnafwﬁnmmgﬁgém?rsand, moreI
construction ti of the TMR senso escri be or exanpl e,

in US PatenPa@c’%@pg% d & 5’:]"'5@1% ¥t s are incorporated by
reference in their entireties. These patents al so describe the read/wite
heads arid the magnetic stqrage : ] ye.of the MR sensors,

such as the GWR sensor oar ' . #e thin-filmstacks
separated by an, internediate nonrragnetlc fi I m . The internedi ate

gce)p\r/r?gge;iscaf ;L;né:;]at égl cal | K a :E%er f. | m qr an QI ymi nu g%&l | m o
one form fieRls.or Aerebonditig hibldi\nﬁldfﬂ& lstié @f&ragteaeﬂcé r Q&Y%ﬁcﬁxﬂple is the
Eructur e, Teadie bepdete sampRR b %v%%s?%@gﬁfé&nﬁé%%@%w% s
ree | ayer fdaaweHangspiiiaiEolbelyaliasmgnsiiosoddrding mbdiog T 5t of
(parallel tg the .air de%‘ﬁkaﬁ%s%rfactee%lmr_g%g trl C ard bi.a %’IO'SQ)P structure is
present, eit PR i - 8h &
lateral | y fopev&m&;ubmn@_thé irb¢ordingciisdiuh eaedmw@ Wﬁ#erbentmﬁeacbf the
well. ‘recording medium by locally changing its magnetic stato using the writing portion of "

the read/write head. That magneuc 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 CI’MR) 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
are described, for cmplc, in US Patent 5,729,410. The disclosures of both patents are
incorporated by reference 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 ot the TMR sensor,
includes two thin-film stacks scparated by an intermediate nonmagnetic fitm. The
intermediate nonmagmetic 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,




An overlayer or cap layer .is deposited over the thin-f | m stacks.

. performance of the MR sensor depends upon the nature .of the overl ayer.

Al t hough a nunber of different overlayers have been uti.lized and are
operabl e; they do not provide an optinum conbi nation of perfornmance and
stability. There is accordingly a need for an inproved overlayer structure.
The present invention fulfills this need, and further provides rel ated
advant ages. SUMVARY COF THE | NVENTI ON The present invention provides a

met hod for fabricating a magnet oresi stancezsensor and a magnet or esi st ance

sensor nade by, AP0 thod provides an optim zed conbination
of maxini zed eFe(;cv'é,érl B 5&&*"*"5‘?& vm@emehd@mmwwbegﬁ%
ric

interface witof ﬂlhesensnﬂ:magnﬂﬂcflﬁ (?YEJ hp%gttp , e,sgcgcm';hgw h
e

nonconduct i ”%eﬁsﬂﬂ \ke &3 ef f ect | ve u3| 0

' sensor from oY ar ﬁ'{:;l%l@vl mpc%tmgnauxdeﬁ;ﬂbm 8RO Held N
dR/' R perfor mulﬂinalr@afiﬂieswlﬂ%mk i fi.cant as conpare
wi'th prior t& ‘g% The approach is t% eran?ng%nﬁ %&aﬂwcémmmn
paraneters. In aceo fg Bagt ?WMMkmpaﬂhmbdmerﬂgbﬁbﬂ%b%a
nmagnet or esi sﬁm@&dmnﬂhes&amlrﬁgsbémcﬁ B gy, Provi ding a sensor

structure includi Qq}(a frlee | ayer "dep osMg% upon‘a | ower | ayered structure,
and depositing an’oki°JEM&YF, et FeR ’Gyﬁl'r F%/ldﬂgoﬂiﬂed 6verethe athii-f 1N SagIe) Or-h

)

structure i qu:rfmﬁmmblofﬂibpﬂagg The step

-deposi ting t&%ﬂ%h"&eﬁ ruct urenlsnc ﬁﬁéf@?@%@rﬁ P@'@;ﬂi@ ?)’*ng -‘slthnmar

| ayer overly erent %Wﬁyershevmhﬁmmlm@md tbeb r§'§mﬁm al

when deposi t &y tmiﬁntdamﬁ(ﬁr r overI | ng

contacting t buffe a er, ve anc cml lic
i (ofpeaeiacl oo B filee gly o ment

oxi de of an 9g(|cr Smmjf'ﬂmpmvaeﬁhmﬁﬂf Bethié ﬁeédgs{@] ffer

| ayer et al Ipmvmsdélatelhﬂv%gg strcture is preferably not an dabout

25 Angstrons thick. The buffer-layer nmetal is preferably tantalum

al um num titanium zirconium haf ni um yttr| um chrom.um nagnesi um or
silicon (all of which for th&IIMRELARY BERPS S si dered netals). The
overlayer netal., and the buffer v Rt sane netal or
different netals. The steps of oxidizing the buffer | ayer and depositing

the ‘overl ayer ar Therprésont blvwentich si mul t anequsly. The:
step of oxid gaﬁbp%n he buffernl a'x;fg?éﬁg% %e ot ng%ﬁﬁm&‘g?gqew"ﬁ“&m@fter

the step of "depds ¢f/ensersmadmby Sisappasachy Thengahipa rcN?&es
magnet or esi ellaqpttmmwsombhmioucbmﬂmﬁﬂz&ﬂfeie%& J;%iﬂ&éﬂ Thae gf fer
Bad y.! F

preferably kne s LOfanpt ess than a ?%angnﬂ t
preferably ror%l'?1 %Ai)uf B‘LPB 2‘3‘? ﬁ"@ﬁﬁkemuwerldy&lmgeahcﬁl}emgyffer

| ayer pref eﬁ%ﬂﬂ“}tmglandmvescns érﬁ&ﬁ"eéth&:ndlﬂ%iéh of .t he
buf f er - | ayege referably, o‘%?lal z# ?&hpgtthg BRRSOF dfom ay ey

oxi di zesf f r% oﬁgﬁgﬁj‘g‘é‘g{’ °f®?f Pfl@ﬂ“]ﬂ!lh lﬁ/B.rpelrﬁ);m%dbﬁEaess
(%o} T
prztselr[])'[ eagagga%ﬂgsnggf;nkg%a zi]ﬂ ﬂual | t int erfacg ée{mhﬁﬂ%hgﬁ}?\%@mﬁg

oxi de structure an €8t r uct ure. The nature of the

interface is \/vellnacomﬂamielwnhtﬂéﬁﬁwﬂi@ t fer |a

deposi ted aggeds hfgnq@t'éeg oxj, di z%(d é‘cﬂﬁfﬁgﬁﬁ \Agréénw%' o’??ég?@?é‘im?%

‘deposi ted djrect Ve q‘ PRy, “glatsqiléf’fdmﬁqtmlmchllutgoatﬁ-w layBe

amount of Mtedmponfalb%riaye&ds&h@ﬁr@rlﬂdtdgﬁoﬂﬂgﬁ )ﬁhewsﬁ, nterface
nv

O her feat es. of the esent” |
fromthe fglliclﬁ%éfr% et gﬁ%&mﬁnﬂ"& orably, ﬁmtmmmsmdsm&odmeent

taken in céfﬁpwﬁ:dﬁmlmgmcbhmemﬁﬁam&lﬁ& %ﬁ# il trate,

way of exagph EF}&#G nC| ﬁ?ﬁ?}\&g e nverslt I on ﬁ% @yggg’go? Lﬁg l?ﬁ?fent i on

is not, hovvev = ‘b‘aé' buffrsdayee metal whea deposited, and :
thereafier depos1tmg an overlayer ovetlying and contacting the buffer layer, the




BRI EF DESCRI PTI ON OF THE DRAWNGS Figure 1 is a schematic diagram of a-
+.magnetic disk data, storage system Figure 2 is a block flow diagram of an
approach for fabricating a nmagnetoresi stance sensor; Figures 3-5 are
schematic el evational views of the sensor structure at various stages in
the fabrication processing of Figure 2; Figures 6-8 are schematic

el evational views of the sensor structure with varying degrees of

oxi dation; and Figure 9 is a graph of GWRratio as a function of buffer

| ayer thickness, for three different |ayered GWR structures. DETAILED

dopicted as & Oﬂiﬁletl Ml el Oyt FaekalB S5 Rle S48 o vetavon mutee. Sireciutier kayer
yer is

approach may bexX toﬁtrmmhgﬁmlayerdmﬁhdbﬁhié TNSOE il 65&?!15

rot at abl e rragn&lta_b %ﬁﬁ%}'SK %ﬁ that is supporte %ﬂr:lha s#ﬁgf nofjess

rotated by a d grlve ?Eter not or control 27 of a control unit

44. A magnetic st or Eheboffet-layerReiab ! of the
‘magnetic storaga. di sk 22 Af% der 193& S|t|one Ellﬁi{{‘%ﬂi‘ﬂﬂu@gfrpgwu%

the magnetic storage %@“&I‘PW oupflinons(atlt of edich &ethe present

read/ wite heaplltﬁdsesméc&ihsiaﬁr n e .,medi um 28 of
t he magnetic ti}agglgdl sk 22 dﬂ_?hgﬁa] | &?og%%%éﬁﬁte% Tgyer metal mayn

36 by a suspensi Fm&tais 36 and the sli der 32 nove radially
“inwardly and outwarThe/ sfep ut t| on_of the
slider 32 and tt}g ’ tatlon of the %%gnetlc st#\(g}@% o ga eoWéefliWér are
“read/write hedd® Eicd gt deast ncprrhgimulthndcusly., t’n;etd&q, Sdidei bgée&t he
magneti c st or dgeer gy B corifudChl @5@ iV .an act %ator
(depicted as a voicse&cml nmot orao éﬂlﬁja{t?n%?eftﬁ‘hé éﬁndspxﬂsaeﬁh%ﬁwtmm
42 of the conCPBPIgRias ha!zpmwéng mmmsiﬂm@em@&mdtﬁ Eidbufeh 1
force which bi ases ThHa® gid- BUSL he_ s of t he ma netic
storage disk 22, Du |nu sensor ﬁgﬁ%l on ﬂtﬁﬂmﬁggqtf ﬁ”%ﬁb’*‘ “H?él(lgmoms
turns, and asa’é‘?f"%éﬂﬁ”i blydfrem %ﬁtse&hweﬁsﬂhmgstdmmwardly facing surface

of the slider 32, tmelmulﬁﬁ GF the Mo ABS an t he
upwar dl y famsg_s 2‘}%}-@? %f thg h%c&%{'ora eo’& an ghout 80
downwar dl y or G Qtery g?l%@qsﬁtwmbﬂuem&mmzﬁg&ﬁ'tﬁébwﬂf&tlw be

an upwardiy oondiﬁceﬁ'o'ﬁiwtﬁit%&sl t he netic' storage
i i ! b 2Bt 1B RRtdn Ff&llht F‘i"H’ﬁ’t‘B SHt the

di sk.) The air beafjng caunter

suspensi on 38 and &Pﬁg@iﬂ? n'%‘ Bes Wﬂ%?—%ﬁ’%‘hﬂﬁ'@dda&amdﬁe&e the surf ace

3a with a small, sTheppsseh Sh Gilstfels a ead/vvr ad 34

wites data g &é&)c %‘E{e ﬁa%ﬂéﬁﬂ?‘ L ar age rreaﬁgélnqg%ﬁtg%teﬁag? ?Y‘Eﬁ@{‘%t es

in the magnet theppdegyme seaser steugtured nhhwnfﬂmma&eéisqwu

storage nedi mle@llbgl, tzemwertle hivtallie biffes ﬁy&ﬁﬁ@éoﬁ@?%ﬂ&ﬂ{é?%gf %ﬁﬁ% gr @?
as

medi um 28. T and. y eadi ng ,con
witten or reag %et%?'?ﬁhgﬁt‘{eei g 3 wectlyravien theufinset lager, itrisidiffieult to

read/wite hesttrobthmanount bﬁoﬁ(ﬁnagoﬂh%rﬂﬁﬂaféanalﬂfe %3@?%&,{%%“ I's f
part o

concerned with a %f oreS| sta nsor struct ure
the read/ wite hea ‘éﬁfs pseseatinyention wilhbe iapparent from the

descri ption JOlIQ\hmgdnd)mdatdibd es b6 6F netic disk
: g diipti 8 whi C ¢ Pte prg@%ﬂl"he%%’t‘%?ﬂl s

drive systemg2 sst t he e |ron

used. The prez;lr;t | nve’ﬁ?m $ agﬂfh@%ﬁﬁtetwwyiefexme ﬁléprmg!plﬁs
data st or age of hetiewentione Missch Gfﬂklﬁiﬁﬁ: J;t? ﬁh,fads gure
2 depicts a gﬁ@f v e approachptaor fabrlggP?sn% h&wﬁﬁ??@%%@? SLR,‘FW
and Fi gures UStrate the structure at various stages in the
fabrication processing. A sensor structure 70 is provided, nuneral bO. The
sensor structure 70, shown in Figure 3, includes a |ouver |ayered structure
72 and a free | ayer 74 deposited upon the |ower |ayered structure 72.
Optionally, an upper layered structure 76 is deposited upon the free |ayer
74 _ The materials of construction and |ayer thicknesses of the | ower

| ayered structure 72, the free layer 74, and the upper |ayered structure 76
are known in the art. The free layer 74 is typically nade of a single |ayer
of a ferromagnetic material such as Co-Fe alloy, or two or nobre sublayers
of ferromagnetic materials. The sensor structure 70 is preferably a giant

. magnet or esi stanee (GVR) sensor structure, such as that described in US

Pat ent 5, 436, 778.




_6_.An oxide structure is deposited overlying the free layer nuneral 62.

+ The oxide structure desirably has a thickness of not |ess than 25
Angstronms. The step 62 of depositing the oxide structure preferably several
substeps. A buffer layer 78 is deposited overlying the free |ayer 74,
nuneral 64, producing the structure shown in figure 4. The buffer |ayer 78
may be deposited directly in contact with the free layer 74. |If the
optional "upper layered structure 76 is present, the buffer layer 78 is
deposited contacting the upper |ayered strudture 76. The buffer layer 78 is
a buffer-layer netal when deposited in step 64. The buffer-layer netal
preferably has a greater af BRIERF\DESCRD FRARORA terial of the
free layer 74. Preferred buffer-layer netals I nclude aruomtaom and tantal um
but ot her buffer-| ?%/er nmetal s such as titanium zirconium hafniumyttrium-
chrom um magnesi unfFigures] is £theffYic Fhe.buffer |ayer 78 is
pref erably deposi t6‘19~ to gav,e a thi c%“?@%‘i&?fl‘lﬁgﬁwg?‘ﬂgéﬁﬁm Systern; _.
Angstrons, and nost B € 4419 blockeflowi dingram bfivim apbhdaek NEorS 1Rl Eig
about 10 to ahmagneldredistandd @iSor: The buffer layer 78 may be deposi ted g]ﬁny
technique that is agitable for the selected buffer-layer metal, with

sputtering being praf¥esdd ecschamatic elenationad viewsest tB9 si i1e .
overlying andsmgas ﬁpﬂ’b%ﬁ&gﬂﬁ@si g%gg 78é nurrer al G%ﬁgggwcgld{reeaqzaﬂoﬁe
structure with the_deposited OvVer ay".el 1gug g‘nown in Figure 5. The
overlayer 80 is degmsmmcmﬁcbbyaﬁomm%bfmr% 30‘)4@5 Layer
era ya%m;

metal . The ovdegeyess &5 ndythe buffer-layer metal are pre
aﬁt)oeﬂ”i%ﬂﬁferent netals. The overlayer 80 is

sanme netal, but they ma

preferably deposi tE‘!gumg isagraph oFGMR etin wﬁﬁwﬁoh@fﬁu&&%eﬁlaﬁa&eg? £
Angstrorn, an&m“gy&&pm%nju%g&posi ted to have a thi‘ckness 0OF ?'r‘B¥ﬁ°
about 20 to about 50 "Angstrons. e overlayer 80 may be deposited by any
suitabl e technique, with reactive sputtering being preferred. The buffer
| ayer 78 is oxidized; nu?; i1 EH ' : o forma buffer |ayer
metal lic oxide of the buitTé

x-S+ eSS VENIJONIi zi ng t he
buffer layer 78 is preferably perfornmed at |east in part sinmultaneously

with the step 66 QfjgBRPP S er 80. ,that is, the overlayer
deposi tion G%YQEH%F%?W%?@?%#%S%& %esl?l’elg‘ﬁﬁid&ﬂ@t@%wl&mm iskydrive
sputtering i » <. approay ) usads The! S4: X i on
of the buff e syoeaD ifGludd £ ribBleifiagHendXidlh h?yr&{;g ag?fﬂfée]% 'agg?lwr T o
may be contigyed after the step 66 0 gepom%’lﬁg(' ﬁ‘ $#euprgded g ajspindle
conpl ete. Fo é’?ﬂﬁ%ﬁaf,‘”’wed'ﬁ'afi%wnogy# ungler mntbr oygtial 2710f atdotedNdit 84, A

structure at madgatticitagey mdelins 285 3 R&RS raot e, step 66 of .
depositing the overlayer 80 is C(;rrpTlg’tBe toﬁgﬁ%ﬁot@?m%%tgwwkng

of the free fayer by the, Pt-M pinning layer that is part of the |owered
| ayered struct ur e A78lidef B is RftRoned id ¥R further .oxidatjon during
the anneal i ng;  These two oxﬁgi zi ng a?)%r..acaggﬁgr)ra@cme ?@Sﬁa'%ﬂghmﬁe
hi ght enper at Ur e HPPOrty gt %sb?n"cﬁ‘é aveteihegd 34 40 faning rethfi@hio deRasdnedt t he
oxi dat i on of stbtagechnédiam 28¥L£the | e sk B e subsequent annealing. The
conpl et ed oxécqgtit ruc%@é' 82 cofa_ iegﬁre SE? ﬁ%!‘??xesﬁ‘%o‘?‘ﬁgﬁﬁlso%%%@ agQ
and the buf fer 38y am hEPRiaNo3&in Theiastiatarrarn 36 and thel sliddr32CkGvE 82-

desirably hasdailyoiwded] AndloutWardly §&that thed %vs h n about . 25 e
Lo, e St e s ittt

Angst r ons arhtpiacezlMt@fahﬁhbmm%ﬁﬁo&%ig%mggtgggﬁ%gé}gkgéﬁ{gséﬁg ; .I{\hgny

events it isa %ferreg ﬁh t not |ess tl
buf f er - | ayer cﬁﬁ QDL 36 Js W’U‘P&é’éj@m4@Kéﬁlli¢tadlhyaflbi@mcaﬂ%ﬁtoPQrV@Mj)out
100 per cent unﬁetﬂferbaifalﬁédiiﬁ%nﬁﬂh?%ic&ﬁo‘i’ﬁhﬂ?ﬁed' Figures 6-8

s of the . oxli

illustrate vario ossl bl e extent on of the buffer |ayer
78. Preferably, suBstUsRERsion g8 gonerates a slight spring fores whichi ﬁa@ﬁltﬁéégﬁtﬁﬁ gure
6 depicts a situation wherein the oxidation of the buffer |ayer as

been. conpleted, and also sone of the free |layer 74 has been oxidized to an
oxi di zed 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 |ayer 78
i's oxidized, no nore and no |l ess. Because the initially deposited
buffer-layer netal of the buyer layer 78 is selected to have a higher
affinity for oxygen than does the netal of the free layer 74) this
preferred degree of oxidation is readily achieved, The partial oxidation of
the buffer layer 78 illustrated in Figure 8, producing an oxidized region
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_g_.The present invention has been reduced to practice in several

- enbodi nents. 'The followng nultilayer MR sensor structures 50 were
prepared over a conventional |ower |ayer structure: ( 1)

CoFe/ CoFeOx/ CuOx/ Ta- buf f er/ TaOx- oxi de; (2) CoFe/ CoFeOx/ Al buffer/A Ox oxide;"
and (3) CoFeal NNi Fel Al - buffer/Al Ox-oxi de/ Ta Various thicknesses of the
buffer |ayer 78 were prepared. These specinens were tested for the GWR
ratio (dR'R) as a function of the buffer la§er thickness, and the results
are depicted igvgkgure 9. The GVWR ratio increases significantly for a

buffer-Iayer tt thessugface B0 axfdhe nizghetid r eaches. a

maxi rrumi% th 4 ﬂ@sﬂ@% -] ayer ﬁi cmggdgfm%%o%g- q&r?&@'ﬁ%iﬁ 1C
For greater. gﬁlfﬁéﬁnesse 0 k[e#éluﬁé’ﬁﬂ ap girchearingis axnated betweeh thd dowsviraly | Y
f t he Al -bufidcin tenefth e B2€ térfed 3510'?8 f [ :
I(rjlreacﬁ casetJ E%;;p?’ame{mgﬁéﬁw tigti ncrce*g‘ges r%@glwﬁ§$ra§§§§ﬁn§&e
percent to 14 per?@ﬁin aﬁﬁﬂfﬁ}?@ﬂ@ﬁ#@r@mﬁhzbukwyﬂ@y@w%h

sel ect ed Al t hotigitedshider is illustidted RO he jnvention has been
p e }ﬁuﬁ ggé ?‘é‘ﬁ& 9 pvaselyrarieated sliderand

described in tai_t(l!} ﬁOE put poses of )

enhancem&*ntsnth pefae Ve fhe magnetic storage diski)hEhe it bbirin@Sshnt& 8 Qs

the i ti 0 6 oy j | ' t t Jdmted . b
the appended ol ar e Prug fofce o the sHesisil 4 S Bbpirts e idenda mamall dstance
magnet or esi st%?P@@E%WP%@Mh§M,sﬂhsmiahymeyﬂﬁtml_a sensor

structure incl udi Mh&rdadBer ng‘gg | t upon, a | ower |ayered structure;
and depositi %t an oxi de st r%c eﬁ&le oV ?ﬁsy ontg dhe magnelis sterageipedivm@ foby

deposi ting t HECOREMAEEHEStales in theahagtietig stdrgpestheditmD bndl Lt uf.f er
| ayer overl yirﬂgg[{em stéra quﬁ' sb ff Erﬂll ayer %ten?ng gﬂgﬁﬁdg;&fi’%‘%‘ t al
when deposited,  thereafTer depoSitl nﬁkllgﬁ , 59%19‘%*}%?‘“@%&?1%1119% storage
contacting t FRCdim 2§. The writingraadaeading yomniaids GisareID¥ALL AUES torﬁrétv@liét&cor
oxi de of an eusl, lady AandBit@l b gePﬁﬂ.l dizing the buffer |ayer to torma
buffer layer nmetallic oxide. egd? ee?rgegilhgg"’é’f %I@Mﬁi}"’%@ beadi3d everm of
v o1 3 SHEGaeaedR. Theposer apeomhiscaiarety® Viniotl sy
magnet or esi s BefisRSRucttld 5§ - ad of ¢l aim1,” wherern the
step of depositing,a buffer f%ﬂeé??“.%%f ﬂ@§%@$%§4depo-si ting the
buf fer-1ayer net alPEPreceding discussiomis apimplifieddaicriptiog opiliel @R b system
al um ni um t i Geifufh of HHeGRRAbRNTK el AUM__chronmi.um nagnesium or
silicon. 4. The nethod, of, cTal md}aév\ﬁg‘lr’%%yn :Hléb’o éF‘i-‘Eﬁz&P"lF@%'Ja?mamwhmhethe
buffer-1ayer? lﬁ'r‘é?’éﬁ_ n¥enhiqnys usedre The pagsent invention is also applicable to other types of
magnetic data storage systems such as tape drives and their read/write heads.
Figure 2 depicts a preferred approach for fabricating the MR sensor structure 50,
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 layer thicknesses of the lower
layered structure 72, the free layer 74, and the upper layered structure 76 are known i
the art. The free layer 74 is typically made of a single layer of a ferromagnetic material

such as Cp‘Fe alloy, or two or more sublayers of ferromagnetic materials. The sensor

structure 70 js preferably a giant magnetoresistance (GMR) sensor structure, such as
that described in US Patent 5,436,778.




5. netal are different netals. The nethod of claim 1l wherein the overl ayer
- metal and the buffer-I|ayer -10 6. The nmethod of claim1, wherein the
-steps of oxidizing the buff. layer and depositing the overlayer are
performed at |least in part sinmultaneously The nethod of claiml1l, wherein
the step of oxidizing the buffer layer is perforned at least in part after
the step of depositing the overlayer is conplete. 8 The nethod of claiml1,
wherein the step of oxidizing the buffer |ager includes a step of '
annealing the buffer |ayer after the step of depositing the overlayer is
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. Xygen than does the materjal of
tye free layer 74, 'Prefcm:d buffer-layer metals i_rchude aluminum and tantalum, but
other buffer-layer metals such as titanium, zirconium, hafbium, ytirjum, chromium,
magnesium or silicon may also be used. The buffer layer 78 is preferably deposited to
have a thickness of not less than about 5 Angstroms, and most preferably is deposited
fo have a thickness of from about 10 to about 15 Angstroms. The buffer layer 78 may
| be deposited by any technique that is suitable for the selected buffer-layer metal, ﬁm
sputtering being preferred. | " o
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, but they may be different metals.‘ The overlayer 80 is preferabljr 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 50 Angstroms. The overiayer 80 may be
deposited by any suitable technique, with reactive sputtering béing 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 rgactivé sputtering in an oxidizing environment, resulting in
simultaneous oxidation of the buffer layer 78. The step 68 of oxidizing the buffer layer




_11. oxidi zing substantially none of the free layer. 14. The nethod of claim
1, wherein the step of depositing the oxide structure includes the step of
depositing the oxide structure having a thickness of not 1ess than about 25
Angstrons. 15. A nethod for fabricating a nmagnetoresi stance sensor,
conprising the steps of providing a giant magnetoresi stance sensor
structure including a free |ayer deposited upon a | ower |ayered structure;

. and depositing an oxide structure overlying7the free |layer and having a
thi ckness of not I|ess than about 25 . Angstrons, the step of depositing an
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| The completed oxide structure 82 of F.igure 5 includes both the overlayer 80 and
the buffer lgycr 78 converted to an oxide form, The oxide structure 82 desirably has an
oxide-layer thickness t; of not less than about 25 Angstroms, and the buffer-layer
metallic oxide 78 (after oxidatiog)‘ desirably has a buffer-layer thickness t, of not less
- than about 5 Angstroms and more preferably from about 10 to about 15 Mgs&oﬁs.’

In any event, it is preferred that not less than about 80 percent of the buﬁ'er—layer
thickness is oxidized. Most preferably from about 90 to about 100 percent of the
buffer-layer thickness is oxidized. |

Figures 6-8 fllustrate various possible extents of the oxidation of the buffer layer
78. Preferably, substantially none of the free layer 74 is oxidized. Figtire 6 depicts a
situation_ wherein the oxidation of the buffer layer 78 has beeq compléted, and also
some of the frqe 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 prefetred degree of oxidation is readily achieved,

The partial oxidation of the buffer layer 78 illustrated in Figure 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.



metal are different netals. 19. The nethod of claim 15, wherein the step of
- depositing a buffer layer includes a step of depositing the buffer |ayer
havi ng a thickess of from about 10 to about 15 Angstrons. 20. The net hod of
claim15, wherein the buffer layer has a buffer-layer thickness, and
~wherein the step of "oxidizing the buffer |ayer includes the step of
oxi di zing from about 90 to about 140 percent of the buffer-layer thickness.
21. The method of claim15, wherein the steg _of oxidising the buffer layer
i ncludes the step of oxidizing substantially none of the free | ayer.
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9. The GMR ratio increases sxgniﬁcanﬂy fora buﬁ‘er—layer thickness of greater than
about 5 Angstroms and reaches a maximum in the range of buffer-layer thickness of
about 10-15 Angstroms. For greater thicknesses of the buffer layer, the GMR ratio
falls, slightly for the Al-buffer specimens and more rapidly for the Ta-buffer specimens.
In each, case, however, the GMR ratio increases from less than about 13 percent to 14-
15 percent when the properly dimensioned buffer layer 78 is sclcotcd.

Although a particular embodiment of the | invention has been desctibed in detail
for purposes of illustration, ‘various modifications and enhancements may be made
without departing from the spirit and scope of the invention, Accordingly, the invention
is not to be limited except as: by the appended claims.
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CLAIMS:

1. A method for fabricating a magnetoresistance sensor, comprising the
. steps of .
providing a sensor structure including a free layer deposlted upon a lower
layered structure; and
depositing an oxide structure overlying the free layer, the step of deposmng the

oxide structure including the steps of

depositing a buffer layer ovetlying 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 being an ovetlayer metallic oxide of an overlayer metal, and

oxidizing the buffer layer to form a buffer laycr metallic oxide.

2. The method of claim 1, wherein the step of pfoviding a sensor struciure
includes the step of
providing a giant magnetoresistance sensor structure.

3.  The method of claim 1, whercm the step of depositing a buffer layer

includes the step of
depositing the buffer-layer mctal selected from the group consisting of tantalum,

alummum, titanium, zirconium, haﬁuum, yttnum, chromium, magnesium or silicon.

4. The method of claim 1 wherem the overlayer metal and the buffer-layer
metal are the same metal,

5. The method of claim 1 wherein the overlayer metal and the buffer-layer
metal are different metals,
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| 6. The method of claim I, wherein the steps of oxidizing the buffer layer

and depositing the ove_rlayer are performed at least in part simultancously.

7. 'The method of claim 1, wherein the step of oxidizing the buffer layer is
- Performed at least in part after the step of depositing the overlayer is complete.

_ 8. The method of claim 1, wherein the step of oxidizing the buffer layer
includes a step of ' S
annealing the buffer layer after the step of depositing the overlayer is complete.

9. The method of claim 1, wherein the step of depositing a buffer layer

includes a step of _ _
depositing the buffer layer having a thickness of not less than abaout §
~ Angstroms.

- 10, The method of claim 1, 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. '

- 11. The method of claim 1, wherein the Buffer layer has a buffer-layer
thickness, and wherein the step of oxidizing the buffer layer includes the step of
oxidizing not less than about 80 percent of the buffer-layer thickness.

12.  The method of claim 1, wherein the buffer layer has a buﬂ'erjlayer
thickness, arid 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.

13.  The method of claim 1, wherein the step of oxidizing the buffer layer
includes the step of
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| HHHHHHHZI J_=!10 14,  The method of claim 1, wherein the step of depositing the oxide structure
includes the step of
~ depositing the oxide structure havmg a thickness of not less than about 25
Angstroms.

15. A method for fabricating a magnetoresistance sensor, comprising the
steps of |
- providing a giant magnetoresistance sensor structure includiag a free layer
deposited upon a lower layered structure; and
depositing an oxide structure overlymg the free layer and having a thickness of
not less than about 25 Angstroms, the step of deposxtmg an oxide suucture including
the steps of
- depositing a buffer layer overlying the free layer, the buﬂ‘er layer being
a buffer-layer metal when deposited and having a thickness of not less than abouts
Angstroms, thereafier '
depositing an overlayer ovalymg and contacting the buffer layer, the
overlayer being an overlayer metallic oxide of an overlayer metal, and simultaneously
oxidizing the buffer layer to form a buffer layer metallic oxide.

16.  The method of claim 15, whcrem the step of depositing a buffer layer

 includes the step of
depositing the buffer-layer metal selected from the group consisting of tantalnm,

alurmnum titanivm, zirconium, hafnjum, yttrium, chrommm, magnesium or silicon,

17.  The method of claim 15 wherein the overlayer metal and the buffer-layer
metal are the same metal.

18.  The method of claim 15 wherein the overlayer metal and the buffer-layer
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20.  The method of claim 15 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.

21.  The method of claim 15, wherein the step-of ox1dlzmg the buffer layer
includes the step of

oXidizing substantially none of the free layer.



