;\]e3eLI\(N6T39!1 s N o v 200Z 1 Specification SPIN VALVE HEAD W TH

. DI FFUSI ON BARRI ER TECHNI CAL FI ELD The present invention relates to the

field of spin valve read heads for reading data fromrotating magnetic

medi a, and nore specifically to a spin valve head having Eéjl ffusion

barrier to ~~ prevent degradatioa of spin valve performana |V1Q rmal

treatment of the spin valve head a Thespredom nant current usage of the

present inventive spin val ve head W|th diffusion barrier is in high

capacity fixed disk data drive mechanisnms wherein a read head hMﬂM\“M‘Emww

sensitivity is desired. BACKGROUND ART Spin valve ("SV') heads

referred to as giant magneto resistive heads or "GVR' heads) are verysice

attractive for use as high density recording rragneto resistive (g m““m“m“mm

because of their high readback out %g)teuygm(ﬁlg l'i near response, ““

symmetrical read sensitivity profil 1 s ows an air bearing sy

view of a prior art mm , ~W n~. regl ons 12

and |4 separated by Mrﬁﬁ@We ferromagnetic

| ayer) 18 is separated froma pinned | ayer (pinned ferromagnetic |ayer) 20

by a non-magnetic, electrically' conducting spacer |ayer 22 (typically,

primarily copper). The magnetization of the pinned |ayer 20 is fixed

t hr ough EECEHNEAIBIEILPNng with an antiferromagnetic (AFM |ayer 24. The

magneti zation of the free layer 18, however, is free to rotate in the

presence ofTharpresetteinmaitiohirelatks té-tieefitld yod rspib8yalepead hehdsyfor r@@ingpdaten @dmlayer

20 and the AFM | ayer 24 are all forned in the central 19 N Ov 2002 -2
rotating magnetic media, and more specifically to a spin valve head having a diffusion barrier to

“ prevent degra’d?tion of spin valve performance during thermal treatment of the spin valve head.
The predominant current usage of the present inventive spin valve head with diffusion barrie‘; is
in high capacity fixed disk data drive mechanisms wherein a read head having high sensitivity is
desired.

BACKGROUND ART

Spin valve (“SV™) heads (sometimes referred to as giant magneto resistive hea{ds or “GMR”
heads) are very attractive for use as high density recording magneto resistive (“MR”) heads
because of their high readback output voltages, linear response, and symmetrical read sensitivity
profiles. Fig. 1 shows an air bearing surface view of a prior art SV sensor 10 comprising end
regions 12 and 14'se+parat’:e‘d by a central region 16. A free layer (free ferromagnetic layer) 18 is
separated from a pinned layer (pinned ferromagnetic layer) 20 by a non-magnetic, electncally—
conducting spacer layer 22 (typically, primarily copper). The magnetization of the pinned layer
20 is fixed through exchange coupling with an antiferromagnetic (AFM) layer 24. The

magnetization of the free layer 18, however, is free to rotate in the presence of an external field.

Free layer 18, spacer layer 22, pinned layer 20 and the AFM layer 24 are all formed in the central



region 16. Hard bias layers 26 and 28 fornmed in the end regions 12 and 14,
respectively, provide longitudinal bias for the MR free | ayer 18. Leads 30
and 32 forned over hard bias |layers 26 and 28, respectively, provide

el ectrical connections for the flow of the sensing current Is, froma
current source 34 to the SV sensor 10. A signal detectoﬂ gohMﬁVcﬂﬂﬂz
electrically connected to the | eads 30 and 32 senses the change in

resi stance of the SV sensor 10 due to changes induced by the external
magnetic field (e.g., the field generated by a when a field transition on a
disk is noved past the SV sensor 10. Lp.the exanple of FIG 1, a cap 42 is
optionally provided. During the manufacturing of a read/wite head for

magnetic recording nedia, the wite head may be formed on top of the SV
sensor 10.regoni Hy Hawd himaulbpers Wdte and 28 éomedt i ieadnd angiodurlizngnddde of t he

processes J nvol I turing t \/ ar, 10, 4 tself 1 i gh

Penpor at ur RSl Ardv RN ARNA B, OF AR IS UER b 1 Eshgp 20 48002 e
phot or esi sforthetkovg Iakd biae laverd 26 Ardds, iddpectinelgapioviieodledtiical Aoivhdctipas 24
mat eri al V¥hi %h d?égéfefﬁm red for some materials, and resetting of the pinned
| ayer 20.)%Rfhet B e ng et Isy fiemgririsnbourieatd tedhodV aapsee dbt
materials tend ; L : ; i te cer 22
and the free | a‘g?;@%%@%‘?%?g&?ﬁ%%%%ﬁhés%°%‘Pﬁ€1?§“§32%’?}39%3“’2%35%’&

pi nned | aysensegOhe rhanghiis resstaticei dfrthe SV sensoret§ deasy changeslinduged by thet ween

such | ayer cur.. 1,5 .resul in a_deqgradation.of, the. output.signal
anpl i tude e?){F 0 l}glg%#g?/c igtﬁ]lg% "zlgenfé%p g%e?rat&ﬁggra] vf;l?eq ¢ ﬁ%t}fa&ls%lgnﬁgsai c}1§lb| eto
prevent tHe nmwgdaoat therS aussed 100 1 drgevanipds of FIGr ph dap et Redsyitionhlly he spin
val ve head dud%ﬂg t he manufacturing process. However, to the inventor's

19 NOov 2002°8%howl edge, no prior art construction or process has
effectively andgiid the in@multacnlrR@UTeCrchdyRritE bt fo?@n%%eﬁ@fé&of@ﬁﬁﬁ_xe@iﬁ put
anpl i tude caused by such thermal” treatnent. DI SCLOSURE OF | NVENTI ON

Accor di nglthe write headgnapbg &smedonttep ohtheSHn senisar, b tDwing the prapufagira 0§ pi n

val ve whi i I l.J 1r nt_ It
is still gﬁ%&ﬁ%$h§§%g%?%B?H?ﬁ@&ggﬁégﬁﬁﬂﬁﬁﬁgﬁﬁ&Sn6?356@%@F erghgggﬁﬁtalve
head whi chsensorslf,f iitselEnthligh semperhiuvve procassesumhate| medietbéy t barnnarvolvedx
changes. It 1s yet apother object .of e pr.esent. i.nvention t royi de a

b vai veErnTelE o I il o nh it PHES TR, et ah aRLREM e Wi o
a m ni mumlafer dagmardeibl hichl ik requiseti fot semetrhrering)] Sdt regdttiihof Meepi@ntd

i nvention . to rgv'dﬁga spin valve which will can be. readi y_nanufactured.
Briefly, tlwéer%ro Fat ege LmprseRtiiest thererpindoypdariastofi adiacart Baterialsgenpin val ve
whi ch has tRcHBE Ylifiddnb@¥E at e ARBEADOLB FBIRE 2DehwerN b &iyePRg Ghabayer and
the free layer, t erﬁgy renDV|£§ the grain boundaries between these |ayers
and t hus gt &t bapndearyefithe spacer 2 peshthsaninpedrlaydrede In ghie eendiiion, Agistysey t her mal
processes : r - ShL.Nsv:al v r ,
degradati5ﬁgﬁﬁﬁgﬁ%¥?éﬁgéagﬁﬁggﬁIgﬁ%#ﬁgcg%P%H@g”@gﬂ%H?c &ﬁgéﬁﬁgﬁgﬁf @ been
caused by autmes sighhleanmpituge modwe=d byithe §Visemiozéfl. An advant age of the present

Invention is t E:ar?y, S \;vgulg%le \é%si}’gbke! tohp%g\%n?thrélcggra%gtti nu}:au%e 40' ltoxl{geef"term
thermal treatment of the spin valve head during the manufacturing process. However,

to the inventor's



A further advantage of the present invention is that thermal processes

, durirng manufacture can be tolerated w thout degradation of anplitude. 19
N O V 2002 4 Yet another advantage of the present invention is that read
head sensitivity is increased. Still another advantage of th n
invention is that it is made easier to manufacture spin valvﬁgfhﬁjthQGZ

wi t hout causing degradation of the fingshed product. These and ot her

obj ects and advantages of the present Invention will beconme clear to those
skilled in the art in view of the description of the best presently known
node of carrying out the invention and the industrial applicability of the
preferred enbodi nent as described herein and as illustrated in the several
figures of the drawi ng. BRI EF DESCRI PTI ON OF THE DRAWNGS Fig. 1 (prior
art) is an ajr. bearing surface view of a conventional spin valve head; Fig.
2 is a r&bavledge. ROdPTIOTALH ARISITBCION OF RIpsese has effectively; andk sufficigntlyoredpeed: the
present inventive inproved spin valve head; Fig. 3 is an air bearing
surface védngtierf ofzspin vitveutnyt applitudecgausediby stichothemppd trgatmsatat i nventi on; and
Fig. 4 is an air bearing surface view of a variation of the inventive

i nproved spin val ve head having a second diffusion barrier therein. BEST
MODE FOR CARRYI NG QUT THE INVENTION Fig. 2 is a diagrammatic depiction of a

di sk drive 116. As shown in PBISCLOSURE OFINVENEIONt at abl e magnetic di sk
120 is supported on a spindle 122 and rotated by a disk drive notor 124.

19N 2Oﬁ&:ordingly, it is an object of the present invention to provide a spin valve which retains

high amplitude output even after thermal treatment.

It is still another object of the present invention to provide a spin valve head which is
sufficiently sensitive to accurately detect minor flux changes.

It is yet another object of the present invention to provide a spin valve which will withstand
thermal treatments during manufacture with a minimum of degradation.

It is still another object of the present invention to provide a spin valve which will can be
readily manufactured.

Briefly, the preferred embodiment of the present invention is a spin valve which has a very
thin layer of amorphous metal between the spacer layer and the free layer, thereby removing the
grain boundaries between these layers and thus greatly reducing diffusion between these layers
during the thermal processes necessary to the manufacture of the spin valve. Thereby,
degradation of amplitude output of the spin valve which has normally been caused by these
thermal processes is minimized.

An advantage of the present invention is that a spin valve will have a high output amplitude.

A further advantage of the present invention is that thermal processes during manufacture

can be tolerated without degradation of amplitude.



:5 The magnetic recording nedia on each disk 120 is in the formof an

. annul ar pattern of concentric data tracks (not shown). At |east one slider
126 is positioned on the disk 120, each slider 126 supporting one or nore
magnetic read/ wite heads 128 where the head 128 incorporatig%qwgvgzggznsor
of the present invention. As the disks) 120 rotate, slider

radially in and out over disk surface 230 so that heads 128 may access
different portions of the disk 120 where desired data is recorded. Each
slider 126 is attached to an actuator arm 132 by means of a suspension 134.
The suspension 134 provided a slight spring force which biases slider 126
agai nst the disk surface 130. Each actuator arm 132 is attached to an
actuator 136. The actuator 136, as shown in FIG 2, nay be a voice coi

not or (VCM \/ mavabl in & fi net.ic field, the
di rection ahd @18318%?’%%% fé@fi Rre3 ‘E?‘ﬁ&a }Eﬁ? P%’Isﬁtlé'&y bs))n?rﬁ%seﬁ'ot or
current s'%nals su plledpgy a control unlt éfo Duri ng operation of 'the

di sk dri wilransther advaniaes of She BESehinvERUan 152 Tk fremadegasian tq;anyfachire, gpin
between slider 126 and the disk surface 130 which exerts an upward force or
lift on tvelegeaddeadsivithoutrepusiog degardation of the figishedprodyes, whi ch i ncl udes head
128 and faces the surface of disk 120 is referred to as an air bearing

sur f ace ( ABBhesehhd otheer otijedts amipdvimisges @fithiecpreszat mme®ntvill kekomgd tlesptoi thgse
force of suspension 134 and, during nornmal operation, supports the slider

126 of f akilleafdthslartdhbiew ﬁb@&scﬁﬂi@n df e bestpraemlyliddwal médSofdakrying out the
substantially constant spacing. The various conponents of the disk drive

116 axe GRGEGh hffihk Maaﬁmgéﬁ?ﬁ&bhuy 6O pRferRldBboBintkpR AY disEitbeldhert it & 450!

unit 140, such as access C signals and internal clock signals.
Typlcally ontrol circuits, storage apparatus,
am cllrhésg@%tgefs?shg%metml%@gﬁggﬂl}k%BgngCG The control uni t 140 generates
control signals to control various system operations such as drive notor
control signals on |line 142 and head position and seek control signals on
line 144. The control si | jesired current
profiles to optimally S } o the desired data
track on the disk 120. Read and write signals are conmunicated to a from
read/ wite Bigaléprippart}isapalReamgsudicsyichelifonventignalspia vabs\hsadiescri pti on
of a typical magnetic disk drive 116 storage system and the acconpanying
i | | ustrati oRigo? is4 wfativg mediarmagnetiqisicdrivesueines pighbmserporete the present inykplived be
apparent that disk storage systens may contain a'l arge nunber of disks and
act uat or smpsowed spiatvalwabéadact uat or may support a nunber of sliders. Many
ot her variations of the basic typical nmagnetic disk drive 116 may be used
i n conj unct Fign3\ig doMit bearipg esfaot viemodat imnprowed $pin katephaad oﬁ;thefprassehtfmv%op,e
and intention of the invention. An inproved spin valve is depicted in an
air bearidig surface viewin FIG 3 and is designated therein by the genera
reference character 300. The inproved spin valve 300 is, in many respects

simlar to FI@%V@%@HH@M&@& PieWF ¥ arifticH Wﬁl@itﬁzleﬂmfé'lﬁm%ktﬁ/%@gpiﬂ%l% Redd
relation to the prior art FIG 1. The inproved spin valve head 300 has end

regi ons central region 316. A free |ayer (free
%}@%%gé%ﬂ%ﬂ@@%ﬁaﬁ%r erdin.

f err omagnet I's separated froma pinned | ayer (pinned

rerromgﬁﬁsg ﬁﬁ%ﬁﬂoﬁ@Aﬁﬁm&W&PﬁﬁtMﬁfﬁﬁﬁ“ cal | y-conducti ng spacer
ayer 32

Fig. 2 is a diagrammatic depiction of a disk drive 116. As shown in Fig. 2, at least one

G

rotatable magnetic disk 120 is supported on a spindle 122 and rotated by a disk drive motor 124.



magneti zati on of the pinned | ayer 320 is fixed through exchange coupling
with an antiferromagnetic (AFM |ayer 324. The magneti zation of the free

| ayer 318, however, is free to rotate in the presence of an external field.
Free | ayer 318, spacer |layer 322, pinned |ayer 320 and (NDQ/ 2% t he
AFM | ayer 324 are all formed in the central region 3l6. ers
326 and 328 forned in the end regions 312 and 314, respectively, provide

| ongi tudi nal bias for the MR free layer 318. Leads 330 and 332 which are
formed over hard bias |layers 326 and 328, respectively, provide electrical
connections for the flow of the sensing current |Is, froma current source
334 to the SV sensor 300. A signal detector 340 which is electrically
connected to the |l eads 330 and 332 is not substantially different fromthe
si gnal deﬂéletmgnéﬁbmba‘dirrgmbd/iadﬂ:eacrh diskd 1 2@ 1sdn thd formelf ah ianmulaopaitef@ ofL. As in
t he exanpl e of is optionally provided in the exanple of

1, .a cap, 34
FIG 3. ﬁo?q;gtq HURES RPLSBOWBY 300, a diffusion |ayer 348 is positioned
bet ween the spangereaé’tZan@@ﬁdérh@zé r@epdsmbﬁéd kB thel akdi 24, U&cﬁnslicﬁyelr26348 of
t he enbodi nent depicted is nmade of CoFeNb, 8ort| ons of approxi mately
90% Co ( cGéBRRoryng SweFer (mmn}nm@n%%:mwm élbﬂiﬁinjl 8 Twhetgi ¢he bgad 128
concentra oy f LJhis
mat eri al ﬁ%&gp&étgg h%l@g %ggcya&gé%@ﬁaﬁe 'im y gﬁﬁ%@g@@eﬂg éarlldef:orr03| on
resi stancd26 Tmmvatrmdmmun andioat owdr dm&ssue&se 30 ab that headyriag nnzi;,oancdar i es
and, ther f di f.f usi .S zed, between.the fr | ayer, 318 and the
spacer 32% efﬁtg @{%\Wl%totg? dfsllfnf@ ‘rP’T}l?I&dSﬂr% ?ésrregﬂ@eg‘gg@'sg‘éa #qul nis
appr oxi mataghdheB @b \WRQBtAMNd ARA 18O by Mehhl KA SSpensi®H i 4 STHEOHIshérsRni 1Bas may be
made to the invention without altering its value or scope. For exanple, the
t hic kness peavidadea glight Lsﬁnaa forge ryhieh Biegesceigder 18 ageipstehe fdp&knwﬁae 1§Qrggest ed

her ei n. P
anor phous Iillggétg%lpg [ ncﬁ"&tﬁacﬁ%} ﬁgﬁﬁ}uﬁ& %6 2& or Eﬁa?o(r 21:3I’6 %%ﬁ)ﬁ# | t
known i n tfhe. a,rmaycbewsemae b mootpr (%Chﬁk@hwei‘vfdlqsmwl midoalele evithinta shoul d

be not ed orr0|ve 19 N OV Z Wil e, the Fe of
thecombi At et Rr. i BiRafe MEWHRA or oo By ETes bime Rptidd

inventor byshd autd caxpersigaitsappliedibied casrohuginl4& 10% Fe does not
significantly reduce the variances i.n that n range coul d
be used. O her Wt%ﬁ&@%%d‘t*’ﬁé‘“"ﬁ*ﬁﬂ@\/‘@ﬁ"@:@“%ﬂ&@‘te "g%oie %e“ﬁEi’é bl e,
and one sl liesbating thafvédhtslideul b hifd el d&sl@@'ﬂ&%cetlh@ WhigR @Rbrtd Rty @pwhn for
use with such alternative constructions. For exa where pinned | ayers

520 havi ngoma bt ipics heylde 126aThe sufasaiol s Sidet SHamietsmGiudehbend: 128ue, on
Darri or 348 ol aLaAD S AR QY9G rrbed & WIBPL 8hifiLoOLE (hBRY 1. of e

toillustrate t Fesent | nvention. the |nven Ive usi o rier 348 is
shown in tahéemrmrg éms cafnt¢riml Sives the stight3pangdiorchoLiwspaisionr Bdemid) daa'ntghe

sinmpl e pr| Q V sensor inve A4S by no
reans. | | nroEaicgeion SRats N ges 128 alian iy i dhGTeh dirtishe

di ffusi on 1B@&t a shalB48bdientiallgeopaamispstings plescrl bed herein, into m)re

o the ke \ &%2%%@%'@9%5 BB 45 e A B, e Syer™
in the futbhtgol sé%kﬁa‘ls gé}%r leciroting 140 R af ARES Bt igmalsl ddqust r at ed
in the view of An al fernate |rrproved spin val ve sensor 300a is nuch

li ke the pitesicbelork sigmelsr Tppidaliynsenireldunipil #0 has lagic eerdrnl cBouvityisysagss ed
herein in t xcept that the alternate inproved spin valve
sensor 303 %ché%ggggﬁtp%&%%ogl on barrier 348a between the spacer 322 and
the pinned | ayer 320. | NDUSTRI AL APPLI CABI LI TY



19 N Ov 2002 -9 The inventive inproved spin valve 300 is intended to be

w dely used for read heads in nodern high capacity disk drives. According
to the inventor's findings, decreased anplitude output of spin valve
sensors has been caused by heat treatnent is required duriﬂg ﬁmﬁ@(}
aspects of the manufacture of the SV sensor. It is known tihat Zerm
thermal treatnent, even at relatively | ow tenperatures (around 100C. ), can
degrade perfornmance of the spin valve. Qutput anplitude typically drops by
about 30% and this degradation (anplitude |oss) cannot be recovered by a
pi nned | ayer reset. However, this |ost6ganplitude can be regai ned by higher
drive field. This observation has suggested that this anplitude loss is
related to the magnetic hardening of the free |layer 318. This hardening is
nost | i kelNiegqatrelounihd 40 gendrates spntrdtshgnals toneontrol vadouscsistenn pperalos and t he
Ni Fe free ' ) d (I o Y= T at the
tenperatu rs g@%}ﬁggg H}ﬁ? (kalggﬁlglgigf gﬁqglgt vveQ eaﬁltdm%‘ d"ﬁaﬁi‘tﬁ? p%n?éﬁ\éﬁ( 292%0132 2 and
t he Ni Fe figaals| @y &ne 348. Ghe wontrbhsiguglh drhéingrlddnprovidedthe i desirpd egmant at t he

interface therebetween. G ain boundar tffusion_ is, kno t e an order of
gt t ude PRI AR AMATOSTOn tesslidsb 2b fofhydepSeaats feck s e ¢
systenms. Agkordi Read and keit®sRAEB aré BYRMuhRAed 3D RoMOIeREIATIE heafsel 28emDVved
by using a very thin layer of anorphous netal between the "Cu" spacer 322

and t he Nithreugh seondingeghagned 14Ghi s di f fusi on i nhibitor |ayer 348 nust

satisfy the fo h : - Maj .0 hi . i Cl 2.
Mai Int aiyn magnemh gvggg%{ gg%gb{é?l?{a F}g t%?%%%@r“%‘i]g@ﬂi i tlgﬁﬁ%&é&c%}r%?%g’i on
r esi st ancend theNempmpenyngralipsenist of E1G.ohare H réprEeénibod phtpokhe otlyF&ND

conbi natiq scrihe t he enbodi pent herein atisfies t e

cond! t 1 ondhoud B2 GeaPed BF PR me (e ek R Ber &S o
enbodi menfastugbrs, MBdPthas eidh hMeoF irfdy sUpRSE aSiinhbedof Bliddie Mah%vuthér readily
observe that nunerous_ other nodifications and alterations_ nay be made

wi t hout d&pa#ons Pl theRatinEyrigl mmagneic disk glske ol ot aY ipRwsed i RONIMREINGI ngl v,
(his di schamii prsdtink@iRAIGHIAL L Wit {BBe ARACRIAHOG! & i are Lo
be interpreted as enconpassing the entfre scope of the invention. Since the
i nproved gpientiom| ve 300 of the present invention nay be readily produced

and integrated, i ST i: I: Ve . . ices, and
since the advarllb‘tn 21{6@)5{82‘45 %#érgg?ll 2%8 égtggﬁﬁg?g{rpt?egglﬁéég&%t%?‘g ‘g?gg?’ ed t hat
it will bend &adisignatedahe@emoby thetdemerahehfarenge cHasactdrit®®e Thadmptdved spmasons,

R O A AR R N AC A
discussed herein in relation to the prior art FIG. 1. The improved spin valve head 300
has end regions 312 and 314 separated by a central region 316. A free layer (free
ferromagnetic layer) 318 is separated from a pinned layer (pinned ferromagnetic
layer) 320 by a non-magnetic, electrically-conducting spacer layer 322. The
magnetization of the pinned layer 320 is fixed through exchange coupling with an
antiferromagnetic (AFM) layer 324. The magnetization of the free layer 318,
however, is free to rotate in the presence of an external field. Free layer 318, spacer

layer 322, pinned layer 320 and



1 9 NO V2002 -11 IN THE CLAIMS: 1. A thin filmnmagnetoresistive (MR) spin
val ve read sensor conprising: a pinned |ayer; a spacer |layer; a diffusion
barrier |ayer being disposed upon said spacer |ayer, said diffusion barrier

| ayer bei ng conposed of an anorphous material conprised of , ein X
is an el enent selected fromthe group consisting of Nb Zr‘hggﬁzfy Zﬁﬁéee

| ayer bei ng di sposed upon said diffusion barrier |ayer and being conposed
of a crystalline ferromagnetic material. 2. The sensor of claiml, wherein:
said el enent X conprises between two percent and ten percent of said
diffusion barrier layer. 3. The sensoryof claim2 wherein: said diffusion
barrier layer is made up of generally 90% Co, 5% Fe and 5% X. 4. A thin

fil mmagnetoresistive (MR) spin valve read sensor, conprising: a pinned

| ayer; a $hpmAEM layged24 aefallfotmeli infths centrabzagioned 1 6. daed blasilaygradd2pasled upon

sai d spac l.aver,. said first diffusi.on barrier |ayer .bei.ng.c osed of an
o phous AB(TEGin I5% S el L CEA solBr b Bl YR OGDRaRT BBEREL, o
fromthe ghioMR Sesliy&t31BgLeddsN0 akd 380 evhidh; aré fdriree ovayiefd bik Mayedd Fposed
upon said diffusion barrier |ayer and_ being conposed qof a ¢rystalline

f er r omagnéffl S2¥afesPreiivel eLdRFleATeaAlGoBRCANARS ifeF theaflew pbithey sens¥fosed
upon sai d BB, KBHER cuftBit WRRLEIIN RANE SPARRor UCH Lisndll RRQRGHAPON. Sal d

second diffusion barrier [ayer; said second usi on rier layer being
conposed ofhighisaientpdadlysconntated @l thaleadhdBGgnd 33 is wadcubstarCimHy Yiffedert ei n Y

o0 o e AL o AR MRy FRRR bR b G e T
anti f er r oemghpleiof FIGYEra cagj3ag éndptionalppdvited i thel cayi@ple of FIG. N 0 V 2002

In the improved SV sensor 300, a diffusion layer 348 is positioned between
the spacer 322 and the free layer 318. The diffusion layer 348 of the embodiment
depicted is made of CoFeNbD, in proportions of approximately 90% Co (cobalt), 5%

Fe (iron) and 5% Nb (Niobium).

The high Co concentration used provides an improvement in the GMR
coefficient. This material is known to be very soft magnetically and to posses high
corrosion resistance. This amorphous material has essentially no grain boundaries
and, therefore, diffusion is minimized between the free layer 318 and the spacer 322.
The example of the diffusion barrier 348 described herein is approximately between
5A and 104 in thickness.

Various modifications may be made to the invention without altering its value
or scope. For example, the thickness of the diffusion barrier 348 could be varied from
that suggested herein. Another example would be to use other elements to make the
Co amorphous. These might include Hf (hafnium) and/or Zr (zirconium). It is known
in the art to use B (boron) to make Co amorphous. However, it should be noted boron

is known to be corrosive.



-12 6. The spin valve read sensor of claim4, wherein: said elenment X
conpri ses between two percent and ten percent of said first diffusion
burner | ayer, and said elenment Y conprises between two percent and ten
percent of said second diffusion barrier layer. 7. A magnef chgp\ngw%
conprising: at |least one rotating nmagnetic nedium a slider ni ng
coil for positioning said slider; and a head affixed to said slider such
that said head may be positioned relative to said at | east one rotating
magneti ¢ nedium by the action of noving said slider with said positioning
coil; wherein said head includes a spig- val ve sensor having a pinned | ayer;
a spacer layer; a diffusion barrier |ayer being disposed upon said spacer

| ayer, said diffusion barrier |ayer being conposed of an anprphous materi al

conprised of COflk thatisraefi the xomblr@hore [deseeibed disreit dees Wtdmnmi%lt@ toths
consi sti n@%’ﬂi,r |Me%'r rﬁent%pqlayf C%dl&%ﬁié’ d'ﬁf‘a# g rﬂhaP %?el] ‘W%nd&%' fot

di ffusion ayer an ystalline ferromagnetic
mat eri al . s1§mf‘b‘hn&13nmgﬂ&tﬂae GMB.kamllrso\Aanaﬁces i thiat Zenevﬂearlgemoukﬁamhwﬂenent X

conpri ses between er cent aand.ten rcent of iddiff) |on barrier
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Just one example of an alternate construction is illustrated in the view of FIG.
4. An alternate improved spin valve sensor 300a is much like the previously described
improved spin valve sensor 300 discussed herein in relation to FIG. 3, except that the
alternate improved spin valve sensor 300a has a second diffusion barrier 348a

between the spacer 322 and the pinned layer 320.

INDUSTRIAL APPLICABILITY
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longer term thermal treatment, even at relatively low temperatures (around 100°C.),
can degrade performance of the spin valve. Output amplitude typically drops by about
30%, and this degradation (amplitude loss) cannot be recovered by a pinned layer
reset. However, this lost amplitude can be regained by higher drive field. This
observation has suggested that this amplitude loss is related to the magnetic hardening
of the free layer 318. This hardening is most likely due to interdiffusion between the
"Cu" spacer layer 322 and the NiFe free layer 318.

The inventor has found that it is likely that at the temperatures involved, the
diffusion between the "Cu" spacer layer 322 and the NiFe free layer 318 occurs
through the grain boundaries present at the interface therebetween. Grain boundary
diffusion is known to be an order of magnitude higher than bulk diffusion for most
polycrystalline metallic systems.

According to the present invention, grain boundaries are removed by using a
very thin layer of amorphous metal between the "Cu" spacer 322 and the NiFe free
layer 318. This diffusion inhibitor layer 348 must satisfy the following conditions:

1. Maintain high GMR coefficient
2. Maintain magnetic softness of the free layer
3. Exhibit high corrosion resistance

4. Near zero magnetostriction
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The CoFeNb combination, described as the embodiment herein, satisfies these conditions.

All of the above are only some of the examples of available embodiments of the present
invention. Those skilled in the art will readily observe that numerous other modifications and
alterations may be made without departing from the spirit and scope of the invention.
Accordingly, this disclosure is not intended as limiting and the appended claims are to be
interpreted as encompassing the entire scopé of the invention.

Since the improved spin valve 300 of the present invention may be readily produced and
integrated into existing magnetic disc drive systems and devices, and since the advantages as
described herein are provided, it is expected that it will be readily accepted in the industry. For
these and other reasons, it is expected that the utility and industrial applicability of the invention

will be both significant in scope and long-lasting in duration.

!



10-u 10-u +10% u& ()-(10% u& ()-y& 10% u& ()-S# 10% u& ()-y'10% u& ()-&
10% u& () -y6z6666: h; Z<xV4/ 10'Y 10%b& ()-!'Y 10%b& ()-

10%& ()-10%& ()-1 &10%& () -#10%& () -F 10-uZ<{<<<<<<<=hC 10'Y

1, &10% &' ()- " $&10% & ()-F 10 10 10 +109%& ()- +10%& ()- +10

& ()-=Y==>e>>>dEbC 10!'Y ng NOV 2002
1&F10% &' ()-FQ@10% & ()-&10% & ()-&-1#10% & ()-1 @10% & ()-1&

10% & () ->Vv??@aaaa@ YNC 10!'Y 1 10" 10"
10" 9L! 10 % & ()-&@10% & () - &@10% & ()-!10% & () -
@aap A_Awkﬁé‘%%%if@&&

1. A thin film magnetoresistive (MR) spin valve read sensor comprising:

a pinned layer;

a spacer layer;

a diffusion barrier layer being disposed upon said spacer layer, said diffusion
barrier layer being composed of an amorphous material comprised of CoFeX, wherein
X is an element selected from the group consisting of Nb, Zr and Hf;

a free layer being disposed upon said diffusion barrier layer and being

composed of a crystalline ferromagnetic material.

2. The sensor of claim 1, wherein:
said element X comprises between two percent and ten percent of said

diffusion barrier layer.

3. The sensor of claim 2 wherein:

said diffusion barrier layer is made up of generally 90% Co, 5% Fe and 5% X

4. A thin film magnetoresistive (MR) spin valve read sensor, comprising:

a pinned layer;

a spacer layer;

a first diffusion barrier layer being disposed upon said spacer layer, said first
diffusion barrier layer being composed of an amorphous material comprised of
CoFeX, wherein X is an element selected from the group consisting of Nb, Zr and Hf;

a free layer being disposed upon said diffusion barrier layer and being
composed of a crystalline ferromagnetic material;

a second diffusion barrier layer being disposed upon said pinned layer, and
wherein said spacer layer is disposed upon said second diffusion barrier layer; said
second diffusion barrier layer being composed of an amorphous material and being
comprised of CoFeY, wherein Y an element is selected from the group consisting of
Nb, Zr and Hf.

5. The spin valve read sensor of claim 4, and further including:

an antiferromagnetic layer adjacent to said pinned layer.
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at least one rotating magnetic medium;

a slider;

a positioning coil for positioning said slider; and

a head affixed to said slider such that said head may be positioned relative to
said at least one rotating magnetic medium by the action of moving said slider with
said positioning coil; wherein

said head includes a spin valve sensor having

a pinned layer;

a spacer layer;

a diffusion barrier layer being disposed upon said spacer layer, said diffusion
barrier layer being composed of an amorphous material comprised of CoFeX, wherein
X is an element selected from the group consisting of Nb, Zr and Hf;

a free layer being disposed upon said diffusion barrier layer and being

composed of a crystalline ferromagnetic material.

8. The magnetic disk drive of claim 7, wherein:
said element X comprises between two percent and ten percent of said

diffusion barrier layer.

9. The magnetic disk drive of claim 8, wherein:

said diffusion barrier layer is made up of generally 90% Co, 5% Fe and 5% X.

10.  The magnetic disk drive of claim 7, wherein:

the spacer layer includes copper.



