WO 03/ 001513 PCT/ GB02/ 00506 1 SPIN VALVE SENSOR WTH A METAL AND METAL

OXI DE CAP LAYER STRUCTURE The present invention relates to a spin valve
sensor wiwbooostal and netal oxide cap | ayer structure @0d/GBIROES06
particularly, to a cap layer structure_which includes a gold or copper

| ayer for specular reflection of conduction el ectrons and an al umi num

oxi de or tantalum oxide |ayer for protecting the gold or copper |ayer from
degradati on. The heart of a conputer is a magnetic disk drive which
includes, Wsdik PamveNSkIBOAGIITE X Gfc@il AGD MAGALtoxepElicak, La¥Es | ddecTdrRat has
read and wite heads, a suspension arm above the rotating di sk and an

aCt Uat or. arm T Qatresg\éltnglslv tnlggosqi‘segetnessi On ag ﬂ;ll.l’lt ga vl‘eageen tOrIIeWirt$aad m%@glVWI te
heads over sélected c¢ireular tracks on therota i'ng disk. The suspension
arm bi asesd uelyel sixidercapnitayet orracturgi ¢, t heresprftacelaghvt e dicsk wvenm t he

disk is %Q;:uctlilgé ewhllglg Jguiude\é'hg%ng.geoxdE%e&?ﬁa@%@sﬁoBrgbggec:‘u§a§%fiQ1&y otfhe

rotating disk adjacent an air bearing surface (ABS) of the slider causing
the slidéPrfusrtiey géeeiforn 3 2 EANTHY™ LXEPF Pt EMSLINCE 1 JATThé S ur f ace of
t he rot atrbgctdhs kne Wign dheosddrdedydti them edybhgiaht bearing the wite and
read heads are enployed for witing magnetic inpressions to and readi ng
magnetic signal fields fromthe rotating disk. The read and wite heads
are connect edht CheproceEssi argpetarC s tar yadrirat c giiek atrdge add o dinpudes. a

conput er . pf QL &R L9, £o0t £ Qb L0e . DOSI L QNPT L be; JrBoneti £, nead; aggenbly so
as to inplenent the Wit ng and reaél ng fsunct.l ons. An exenplary high
per f or marEéts dggdheadswSRPLUYS ¥ TspPvey By E05eAs9 rdisk rdseh SCH e agnet i ¢

signal fighdssfihomchbesptalibAGBgN@hhse @hskead T $QRSMledupCdddes a
nonmagneti ¢ el ectricall y conductive fi r%% ggsac r er sandw ched between
d

) e | a
a ferromgghetice pinfHed Fayer 2 raétinrat % f PO FETTRET R P& Pirer

st ruct ur ehe Arllidat iihes ronagnetviith phariungadeayerchei dits@r flaeeshd Hesipiianed | ayer

struct ur . pianin i Eggg;nt Qf . . Pln I re 900
to an ai %O %%lrnlgn%&s’ufg?%cgﬁ% %E% b erei nal;}];éé %%érp%dsgg%he%oggié%‘ggg%]gce of
the sens@diz¢rat $nees Hehelrmgneitice $BSk.ofFFrs Elidayd cawdon deetldsiearte

connect ed-;40 drhgn SRi-Nbbdh NE 2SENSAE diQk 2 CQNEUGT LAY RAreRRNSL B FRBEing
t her et hrough. A magnetlc nonent of the free layer structure is free to

rotate upWardl JREhd AcNGET df-§= WP HEieedPeCETig9t HE KBSS PRifrgd heads

are employed for writing magnetic impressions to and reading magnetic
signal fields from the rotating disk. The read and write heads are
connected to processing circuitry that operates according to a computer
program to control the position of the magnetic head assembly so as to

implement the writing and reading functions.

An exemplary high performance read head employs a spin valve sensor
for sensing the magnetic signal fields from the rotating magnetic disk.
The sensor includes a nonmagnetic electrically conductive first spacer
layer sandwiched between a ferromagnetic pinned layer structure and a
ferromagnetic free layef structure. An antiferromagnetic pinning layer
interfaces the pinned layer structure for pinning a magnetic moment of the
pinned layer structure 90° to an ailr bearing surface (ABS) wherein the ABS
1s an exposed surface of the sensor that faces the magnetic disk. First
and second leads are connected to the spin valve sensor for conducting a
sense current therethrough. A magnetic moment of the free layer structure
is free to rotate upwardly and downwardly with respect to the ABS from a
quiescent or bias point position in response to positive and negative
magnetic field signals from a rotating magnetic disk. The quiescent

position, which is parallel to the ABS, is the position of the magnetic



gui escent or bias point position in response to positive and negative
magnetic field signals froma rotating nagnetic disk. The qui escent

posi ti on,waliBomsis parallel to the ABS, is the position ofPCrieBoamgioeti c WO
03/ 001513 PCT/ GB02/ 00506 2 nonment of the free |ayer structure with the
sense current conducted through the sefisor in the absence of signal
fields. The thickness of the spacer |ayer is chosen so that shunting of the
sense current and a magnetic coupling between the free and pinned | ayer

st r uct ur @smaéfteofndhk NiZd1ayERi &bt wekness tise toypdec abinent esgdtdt@n t he nean
free pat, of 8l aclLons. conducted LI uan Lhe csepsor. Wih this
arrangement, °a porfron of" the conductron el ectrons are scattered at the
interfaces of the spacer layer with the pinned and free | ayer structures.

Wien the magneil G TRRRALS.Ohnl NSapLNRGEL .ARE 5686, |8YaL:SIfMelAY 68 @
parallel with respect to one another scattering is mninmal and when their

magnet i ¢ SABHEFEE R e™th i FAPaF e FOULART SFFFRFT SRk hP2e P et anges in
scatt eri RYr&taARGL Sirk e nt f51<at antes Ghithesspincyglcdlsensorhas taefnsaat i on

of cos where , js th ecauril%llésegléeév\eeg_t%lhe netic rmmmtcg t%fmthe pi nned and

free | ayérestruRtr & AT PVityT e °Sensor I's quantified as

nmagnet or eskstdeventcoefddrci@ntt diveReantiereicdr elsttdre ehramgettismed k¢ tlesi st ance
of the sensar:.as t&ﬁﬁgg&ée&%mmttw@het F&Jeﬁeaﬁd AYE 1 81dCLIL L at es

froma position para w th respect to the magnetic nonent of the pinned

| ayer st e tie tagnablanerqyaratf ehe posred ord iireh lPBShEEFUtTHETPE®and R is

the resi shance:of: thhe-5R08 A ¥WheanddiRr NREREL 16y MYTRM ihadl £1apARl bidix I N
addition to the spin val ve sensor_the read, head in¢l udes onconducti ve

nonmagnetPE T FSIoEREE S88 HE PERY Yaf T avery AAd*F B 0nadhati< t1rst and
second shicetitkliay ehsngekhehs plaistahae of eng0spins valvec adredr bat wedmcthen fir st

and second read | ayers..and the first and _secon ap.J ayers, are
| ocat ed t?cegt ween'’ ?ﬁger?i st %lﬁda%gtégg%e&wg i el'a mﬁgge;té%sgor{eﬁggﬁg %(l)engtyruecti on of
t he read ahéafFeehkaveirr strustiiuebd |Thyerenpstivipy mEdtis petsorold ovekibyed @cmat i on

of the fifslcdgash GaPe |RYLFicilhe aSP AineMALY € S RS Ghandchen S8 0RG: Lead0ap
| ayer and the second shield layer. Spin valve sensors are classified as a

top or a PotroRFEINY AP mGBRASYT "OUWBheMd iy Tupdm Whetherhe ATy | ayer

i s | ocat edoneapothachaoisdramenf widherespect to the magnetic moment of the pinned
layer structure to an antiparallel position with respect thereto and R is

the resistance of the sensor when the magnetic moments are parallel.

In addition to the gpin valve sensor the read head includes
nonconductive nonmagnetic first and second read gap layers and
ferromagnetic first and second shield layers. The spin valve sensor is
located between the first and second read gap layers and the first and
second read gap layers are located between the first and second shield
layers. In the construction of the read head the first shield layer is
formed first followed by formation of the first read gap layer, the spin
valve sgensor, the second read gap layer and the second shield layer. Spin
valve sensors are classified as a top or a bottom spin valve sensor
depending upon whether the pinning layer is located near the bottom of the
sensor close to the first read gap layer or near the top of the sensor
close to the second read gap layer. Spin valve sensors are further
classified as simple pinned or antiparallel pinned depending upon whether
the pinned layer structure is one or more ferromagnetic layers with a
unidirectional magnetic moment or a pair of ferromagnetic layers that are

separated by a coupling layer with magnetic moments of the ferromagnetic



sensor close to the first read gap |layer or near the top of the sensor
close to the second read gap | ayer. Spin valve sensors are further

cl assi f i eaoas/osisnpl e pi nned or antiparallel pinned dependiPeg/GRyofoishet her

t he pinned | ayer structure is one or e ferromagnetic layers with a

uni directional magnetic nmonment or a pair of ferromagnetic |ayers that are
separated by a coupling layer with nagnetic nonents of the ferromagnetic WO
03/ 001513 PCT/ GB02/ 00506 3 layers being antiparallel. Spin valve sensors
are stiliaykusteeny ekasseiiad agpisi vjlve smsdualeretmriel fuatitkigl e spin val ve

sensor enplo onl ! ngd _a-dual . spihb. valhye- <6 enpl oys
two pi nng‘%L %/%lf'élraés \)/ém‘lfl% tﬁe u‘r‘%ge g‘g%nr gst rngtlzt ﬁenl oéa(taed t here et \7/een As

stated herlei mabovened havegpind vafupé SimsHrlVRasen®os fiRISE TR AR r egi on

whi ch is, | acatad,bglwesn thg atorerent heaadasl tleebacesnof the spacer layer
wi th eachof the pinned and free | ayer structures. Unfortunately, a

portion of the conduction electrons escape fromthe spin scattering region
whi ch reducesat heaadonermntberedcimngpat oabsd stnsve hapoeffdioi exwtterin®. A

scheme for AW ing escapg of these a%gpgm% uo%@d %*t%%arc%@soé LQm t he

spi n- depEWdERt “H&Gi on T To Provide a specu ector layer in a cap
st ruct ur epaatert hevet op tof eatcheogp;hﬁ niahed agériyge. 1aY¥heSt§B@*émear refl ector

layer r e&t%%ﬁ:&nét@@y Cangualibon.cLarkbans:back: tatens (Beaspirbodlensndent
region so as rove the nmagnetoresistive  coefficient dr/R of the

sensor. Wtﬁmmﬁlqﬂeﬂl@éﬂéﬁd@%ﬁléiﬂe afRFetenEioned PagretoeEpS i isYer of the
cap strugbdirecids koOgat ed slaﬁén\/éeeﬁr PBevdmter fracas oeathsofcoaddateen| ayer
structure_and a second ca I]"I;he second cg&ow@ er?l S..ehpl oyed for

prot ect i AL THE™S FECUITEP ?pgflf cpten‘?e SO rom ° Sibsequents processi ng st eps.
Typi cal | yefJIehEOJS eepad ieap daayﬁrruhasfebefemhetmtaﬂ trive (SPaR . valME crepaniat el vy,

tantal umdeqrades t Jgeeﬂgeéodr 9£yetrh§efagggyltﬂg ch8idaeh A baygr mhicchdegr ades

its performaﬁce as a specul ar’ reflector. The present invention provides a
magnet i ¢ theainetagerdent| Boded Sonas PalTrPYe 418 “PIRBINGE Y VRaki ng a

magnet i ¢ .bead headaas ek aigreskdBrCl &hénspacuMI fehflh&’&oxﬂl&ﬁirn wdlcueissensor
with a cap | ayer structure which incl udes fc Cae% ayer \M:,:ll chis
? 1nt

conposed foF5 % SR Y ST ShcHas*y S o 2o lﬁelroca egvﬁeecu 4r “reflection and a

second capcl ayes fwheclhyes Conggosethrof a asecond cap layer. The second cap
layer is employed for protecting the specular reflector layer from
subsequent processing steps. Typically, the second cap layer has been
tantalum (Ta). Unfortunately, tantalum degrades the gold cf the specular

reflector layer which degrades its performance as a specular reflector.

The present invention provides a magnetic read head as claimed in
claim 1, and a method of making a magnetic read head as claimed in claim
8, which has a spin valve sensor with a cap layer structure which includes
a first cap layer which is composed of a metal, such as gold or copper,
for specular reflection and a second cap layer which is composed of a
metal oxide, such as aluminum oxide or tantalum oxide. The present
invention also provides a magnetic head assembly having the read head as
just described, and also having a write head. The present invention also
provides a magnetic disk drive having the read head described above. The
inventor has found that aluminum oxide or tantalum oxide is highly
compatible with gold or copper and does not cause degradation thereof. In
a preferred embodiment the free layer structure includes a first layer of
cobalt iron and a second layer of nickel iron with the cobalt iron
interfacing a copper spacer layer and the nickel iron layer interfacing

the gold or copper layer. The gold or copper layer prevents an interfacing



met al oxide, such as al um num oxi de or tantal um oxide. The present

i nvention also provides a magnetic head assenbly having the read head as
j ust descwpDbadoisahd al so having a wite head. The present PCRXGBURI0@I6al SO
provides a magnetic disk drive having the read head described above. The
i nventor has found that al um num oxide or tantalum oxide is highly
conpati ble with gold or copper and does not cause degradation thereof. In
a preferred enbodimnent the free | ayer structure includes a first |ayer of
cobal t i rkiélﬁw@eﬁd tﬂe seeosld ikayenyof and chkel aliungmmapxitiet pie tepballvl P 6A

interfacing a %{ SPacs n'gaé(;?ercu@&d Lhe Rk gkek idnancdiayedid-ptsif aci ng
the gold 570 ayer. € gold or copper |ayer prevents an interfacing

WO 03/ 001513 PCT/ GB02/ 00506 4 between the nickel iron |ayer and the

al um num oxi de, Ptpiant 8¢ Wik Gdedent |:L§\y&ft;l.ora3.svﬂ o &8 d6 a4l it Rk svpedualyar
reflection of conduction el ectrons. Op ect ofL the re ent. _Lnveption is
to provi d&ighfgarses éaﬁcﬂﬁe?efgxﬁ?‘ﬁ?nc%%%% Spedufar FetT &ction. o conduct i on
el ectronsi38d isSRCGRRH IﬁﬁpdedrayertthnhtchWSlW wtegﬁawj@teh@nﬁl et cap

| ayer whi rotecting.the [ J.avel. Lrom subsequent processing
steps. Othk rSQo jeg?ys?ran bseggnt ggoaentﬁges e%f the invention will be

appreci ated upon readi ng the foll ow ng description taken together with the

accorrpanyl ng d&@l\@rn&sj eEl9.and diScAhneNfbgetdekSOMRLE iieviddidatwiatiwn of the
spin valve sensor according to a preferred enbodi ment of ttl'e pr 4 ecsﬁeph
ion of

i nvent i on?PEEPgLated| WorNTEq AT JEE ?@ééo‘(lé“ﬁrdetf’eéﬁtﬁﬁns PAcEF T ult
the presgiomsfiyany alré@i:mensor 74 of the preferred enbodi nent of the
present invention which is |ocated between the first and second read gap

layers 76 and_78. The_spin_valyV 23 SPACE, L ayete (S) 200
which is Ioca?egd E)ejtsvv%en gn g%nt ?T)ognr%g H?& ?ggl%nﬁoed a%rgr structure 202

and a freeensloay@cos@mact%@epmrr%emﬁﬁdﬁﬁe@ Payér l%’ﬁsﬁﬁ‘f drEe39%i ncl udes an
antiparal l el coupling (APC) layer 206 which is |ocated bet Ween f| rst and
second antiparallel (AP) pinned |ayers (APl) and %APZ ﬁ % n, thThe
first AP pi nneBi9-ayets 2D ATEST Ated2anerEExtidnge dotpi&a J’to an <
antiferr Oﬁﬁﬁéﬁtls@lﬁABMfe picaBbNg 4| &y @he Zﬂcafwftieﬁhentbbﬂ:sneat nEfghe¢ iccesmrent 214

of the first AP pinned.layer perpendicylar o the A834 R diy egid.an,out
and 78. The spin valve sensor includes a spacer layer (S) 200 which is
located between an antiparallel (AP) pinned layer structure 202 and a free
layer structure 204. The pinned layer structure 202 includes an
antiparallel coupling (APC) layer 206 which is located between first and
second antiparallel (AP) pinned layers (AP1) and (AP2) 208 and 210. The
first AP pinned layer 208 interfaces and is exchange coupled to an
antiferromagnetic (AFM) pinning layer 212 which pins a magnetic moment 214
of the first AP pinned layer perpendicular to the ABS in a direction out
of the sensor or into the sensor, as shown in Fig. 10. By a strong
antiparallel coupling between the first and second AP pinned layers 208
and 210 the second AP pinned layer has a magnetic moment 216 which is
antiparallel to the magnetic moment 214. A seed layer (SL) 218 is
provided as a base for the pinning layer 212 for promoting a desirable

texture of the layers deposited thereon.

The free layer structure 204 includes first and second free layers
(F1) and (F2) 220 and 222. The free layer structure 204 has a magnetic
moment 224 which ig parallel to the ABS and to the major planes of the
layers in a direction from right to left or from left to right, as shown

in Fig. 10. When a signal field from the rotating magnetic disk rotates



of the sensor or into the sensor, as shown in Fig. 10. By a strong
antiparallel coupling between the first and second AP pinned | ayers 208

and 210 twe oseesmsl AP pi nned | ayer has a magnetic nonent ZPCE/GHRO06S
antiparallel to the magnetic noment 214_. A seed layer (SL) 218 is provided
as a base for the pinning layer 212 for pronoting a desirable texture of
the | ayers deposited thereon. The free layer structure 204 includes first
and second free layers (Fl) and (F2) 220 and 222. The free layer structure
204 has ahragRettie: momEeni24224 amkai Sheel Saypar tlrhetureoiite tiBSeward , t thet he
maj or pl anes_.of the . | rs . L rectiaon_fr. ihght .t.q I. r.frhaomleft
to right e Oy ﬁor\r}\%nen}:shg%iggafndl 1.@ﬁ%%cg\m%arusr%g?\%ﬁrlgg%%]lgbf“?hg%h tlﬁ%%a%fe zsittirhr%g
magnet i ¢ ndesicanot AfeshaNBRBBr0BA 518 OTE CBORFB050620E vhere thagherik fasient

224 of the free lAVeEnshbyeldr EilRl Qb AS $RNSAEnetiRenom@BNLLI SutiBBRALS 224
and 216 becone nore antiparallel which increases the resistance of the

sensor t GoPRY /s Bifs @B E MOt S 434 IR P P hBEETPG TSR PU S FBHi™ he rotati ng
magnet i ¢ disdadent ticesediRCatmrgaettng smBeNtto224 etliseofutdeer. senswr, the

magneti JIROENES, Zc%g'.naensda2a=£l'6 bgecs%e ai0L £, Bal alslielalvs\hlgfhrgceecsr ggses the
resi stance i the Sensor to the sense current . These X Fesi stance changes

are processeditas plogydack) si gnal s by processing circuitry (not shown). A
cap layer structure 226 is |located on the free |ayer structure 204 for
reflecting conduction electrons back into the nean free path of conduction
el ectrons and % 67 prEEe i R 28ets SPCFHEENT™S GBS &G Nty SHrvcBserAg® %t eps.
The cap |myefeRbEthGlhUEshdad 26 dnneldddesmarsfpecttathne mebh eckorpat®R)s | ayer 228
which interfaces the seconddfrfee Ia%/er,ZZ%hand a cfa%nl ayer 23t0 which is

| ocat ed BEPRAEEA P He *Sbetdl B1° Fef PERTGT ThyeF 28" and" t*he > SBEond read gap

| ayer 78.proneseipy eftepe ed Tearbedi Ivant , stirhetwperdl dwcludes lacepauléayer 228 is
gol d_(Al)-cch Dde RS Layl N SRAGUL ALerbEIdCOIOLecdAY Bloc228 flas, DERN Lapped

by tantalum (Ta) which ‘degrades the performance of the gold specul ar
refl ect orcdPayier 33 vheehprefloFrred BADGER feAt SReRBlaapetlicayer 1989 P38

pr ef er abl ghacompaseshaofeal Y NaydAr203)mWicebed:se€ apadindhe, tubtdpegeld and
does not cause degradati on. Igdtég‘ al um na ca I%}/_er 230l i nt glrf%ced t he
ni ckel i rﬁlf‘f\tﬁoﬁe?ayseéc%?ﬁdl?rgé’ | A8t 222590t PRiul HCatRis AT retiector

layer 228 has been capped by tantalum (Ta) which degrades the performance
of the gold specular reflector layer. In the preferred embodiment the cap
layer 230 is preferably composed of alumina (Al,0,) which is compatible
with gold and does not cause degradation. If the alumina cap layer 230
interfaced the nickel iron (NiFe) gecond free layer 222 it would cause
oxidation of the second free layer. Accordingly, the gold specular
reflector layer 228 isolates the alumina cap layer 230 from the nickel
iron second free layer 222, as well as causing specular reflection of
conduction electrons. The preferred embodiment also includes copper for

the metal first cap layer and tantalum oxide for the second cap layer.

Exemplary thicknesses and materials for the layers are 30A of
tantalum for the seed layer 218, 150A of platinum manganese for the
pinning layer 212, 15A of cobalt iron for the first AP pinned layer 208,
8A of ruthenium for the antiparallel coupling layer 206, 20A of cobalt
iron for the second AP pinned layer 210, 23A of copper for the spacer
layer 200, 15A of cobalt iron for the first free layer 220, 30A of nickel
iron for the second free layer 222, 10A of gold for the specular reflector

layer 228 and 30A of aluminum oxide for the cap layer 230.



oxi dation of the second free layer. Accordingly, the gold specul ar
reflector |ayer 228 isolates the alumna cap | ayer 230 fromthe nickel

i ron secowo oBoers1d ayer 222, as well as causing specul ar r @CIraR200506f
conduction el ectrons. The preferred enbodi ment al so i ncludes copper for
the metal first cap layer and tantal um oxide for the second cap |ayer.
Exenpl ary thicknesses and materials for the |ayers are 30A of tantalumfor
the seed layer 218, 150A of plati num nanganese for the pinning |ayer 212,
15A of cobal t whion theras bearfeidrstyeAPstpmmed taeyée 208srre8A iof shavlberd um f or
the antiparal| I y al r sgegand AP
pi nned Iayerrsf%d Ct%ﬁ E Q%Aol%plg{n% aty %géécglé%tgl(r}g I@%ﬂr&o% 1%1%1}6\412? cobal t
iron for feheoreppetict faverk ayer l23‘2@‘“91?_’.’!3?@of FATOREl it pavlfidie pRdeTEBeshd free
layer 22Z;,4Q4;0f agglr%lfeoépltnhﬁalszﬁegéﬂsaf Isekhsat o ribayer c@28a@ndysHA of

al um num oxi de for the ca aXer 230. WD ,03/ 001513 PCT/ GB02/ 05 6 6 Wile
the AP piShReEdFFayEr 3t5°ubt 0re aj@ah SR YRS $5ShouPH e u]i'r' der st ood

t hat a siumpl £-epi nied it&yaetux&temhurﬂg wheblhgrisitg ias fore fmreermf gobalt

fer romRgnet) Cul:a) oL, 0Ty b SIPLOVEd . FULLLEL o repllaibel. b, Hdar st 0od
that whil'é”a %S ngle spin val V€ sénsor 1§ 'S P e cap Tayer
structur Ghﬁagagahwebesu}sredcqeﬁfaﬂﬁamdrélbi n Hoedves sléngléﬁuldskei PPd&fH?F?%r t he

free | ayes, stdbct Lyoepgél‘helns FL¥ bele®RBPLd $bPG 1A fddeSiafekes Qb gRbAl4ne i rON
and a second free | ayer of nickel iron is preferred for optimzing the

magnet or €9Psth & GEYFIT RN P dFIRLY HoRRYe P25t BHEUPE BHES RTGETST8od t hat
ot her com§¢§ﬂte&s ﬂmyoﬁaet emphoyrgré Qr. the breRrkayeaicsdir ueddine . Nillre,, .

cobalt ir ers si.mply.cobalt b sed homever, the referred
Conposi tiogﬁ éy%angnFX errgnzizgﬁ%f 19%+° yeldﬁe Breferred ni'e alngr TONn is

Ni 83Fel7.iri@lremaygannssng Haweers, 222 mmyehedemylenidd; fons rbh mEenma keyer
manganesesoglaelmlmgrr%megarr»%aﬁna,)HO\A@e/%rmltdhse RESLAREES JiBt arlal for the
pinning layer 1s platinumnanganese (PtsoMh5d- it should be understood

t hat the thpFedeRes SEstiyf mﬁ”ﬁ%’lﬁg% @FFaﬁ@m%]r@e”Yeﬁér‘rﬁY%ﬁ' the6ReHERT t he specul ar
refl ect orrdfdy@or 228 ck-Sor ef r-abdyaplPAcfrod €58 £6 AS tb il i Zehssense
current shunti nghuV\D 03/ 001513 PCT/ GB02/ 00506 7

current nting.



CLAIMS 1. A magnetic read head which has an air bearing surface (ABS),
conprising: a spin valve sensor (74) including: a ferromagnetic pinned

| ayer strwotoanels{202) that has a magnetic nonment; a pi nniPRY/GEIZM0506212)
exchange coupled to the pinned | ayer styucture (202) for pinning the
magneti c nonent of the pinned | ayer structure (202); a ferromagnetic free
| ayer structure (204); a nonmagnetic electrically conductive spacer |ayer
(200) | ocated between the free layer structure (204) and the pinned | ayer
structure (202); a cap |layer structeIi¥26); the free | ayer structure
(204) being | ocated between the spacer |ayer (200) and the cap | ayer
structure (226); the cap layer structure (226) conprising first8%§28) and
second (230)lcap Payspstigheras heahabhifh §bs G@patayerrifg 28 ips |'‘B8%¥ed

bet ween and.;LMerfaces each of the free layer structure (204) and the
second cap layer (230) ; the first cap |ayer (228) being conposed of a
netal for spedufBP W?é?l%%FFB&745H&C$H§n§écond cap | ayer (230) being
conposed of aamBir@bmag@xtde piZhedAlamgnetiuctuead2dreathashed & mehekic cl aim 1
including: nonmagnetic el ectrically nonconductive first and second read
gap |ayér¥™“fhe spin val ve sensor being |ocated between the first and
second read gapirnayersyef dpivmeyrEnpe Jopstd AndhseRioiEd Siver FHFAYerE; and

the first,and:second:dead gaphdcayaiheReionglogatrd halwearutheef (1@ ; and
second shield layers. 3. A magnetic read head as claimed in any preceding

claim wherei & f3EFFFeEiedpet d9er™ iP5 EGMPos€d*of gol d or copper and the
second cap | aygdurhSneRapasedrafhl By WohaumioXisgecar 1agnt a2aah bodaded WO
03/00151% PCT/

etweenciﬁézégg£5quer structure (204) and the pinned layer structure
(202);

a cap layer structure (226);

the free layer structure (204) being located between the spacer
layer (200) and the cap layer structure (226);

the cap layer structure (226) comprising first (228) and second
(230) cap layers wherein the first cap layer (228) is located between and
interfaces each of the free layer structure (204) and the second cap layer
(230) ;

the first cap layer (228) being composed of a metal for specular

reflection; and the second cap layer (230) being composed of a metal

oxide.

2. A magnetic read head as claimed in claim 1 including:

nonmagnetic electrically nonconductive first and second read gap
layers;

the spin valve sensor being located between the first and second
read gap layers;

ferromagnetic first and second shield layers; and

the first and second read gap layers being located between the first

and second shield layers.

3. A magnetic read head as claimed in any preceding claim
wherein the first cap layer is composed of gold or copper and the second

cap layer is composed of aluminum oxide or tantalum oxide.



8 4. A magnetic read head as clainmed in any preceding claim including: the
free layer structure including first and second free |ayers wherein the
second frweoBayesn3is | ocated between and interfaces each @CT/GBwe/06Fonst free
| ayer and the first cap layer; and the first free |l ayer being conposed of
cobalt iron (CoFe) and the second free |ayer being conposed of nickel iron
(NiFe). 5. A magnetic read head as clained in any preceding claimwherein
the pinned |layer structure is an antiparallel (AP) pinned |ayer structure
that includesa.fer nomagaetd cedd hsdd andclsésohdratyi peacafiind c{3™ pi nned

| ayers V\/lrth the first AP pinned |layer interfacing the pinning | ayer and

t he second" lngdi nned | ayer interfacing the spacer |ayer; and an

antiparal | el EAPEreoupyERFEregere |iFcatEdIbe éﬁldaﬂ?foflﬂt%teieajcﬁyﬁﬁs the first
and secopg.. AR, PifNgsk nayeles. 1Her A dTRENRLECodteash assambtytakayisaghatr ead head
as clainmed in any preceding claimand also having a wite head. 7. A
magnet i cto SRTET i8S iIRFPLAPRGTS TEGRetTc'Wedd ¥¥ claimed in  any preceding
claim the di ske drikve rfiets tilhger Gy icenpiged aothodsiligirca agretand dhsk
rotatably supported in fhe housing; . r, ated in the housing for
support i %ﬁcﬁnﬁe’?ﬁnﬁgga elrcg?llélgdcom ggecehnﬁ?yrﬁ\l/é\nggﬁ 1%?]%41&?%%6.61” ng surface facing
the magnetic disk so that the nmagnetic head assenbly is in_a transducing
rel ati onshi p Wi-th thesgmegieteed bdpdles alaprhdPeabPE?cord ot 4t AT THe
magnet i € o gl $knnd 1868 AL AIRBS 11ki ANiaRgi gRRANS1C o epleddt iybhestsuppaet for
nmoving the magnetic head assenbly to nmultiple positions with respect to
said maghetilecHieR: and a processor connected to the magnetic head
assenbly, to trherspbndlie fiwetoimdanckbdnd drhepactliet drRPY einesce havrgisngiti gnal s

with the magnetjc head ;assenbly. fon. contralling opvenent.,of Jheq magnetic
. d B 1dye he'ls d
di sk and tg%%qrg%)hpr of'f1%hg t'he posi t1 5%50? tlﬁe rrrg%ng?l ¢ head assenbly.
pinned layer interfacing the spacer layer; and
an antiparallel (AP) coupling layer located between and interfacing

the first and second AP pinned layers.

6. A magnetic head assembly having a read head as claimed in any

preceding claim and also having a write head.

7. A magnetic digk drive including a magnetic head as claimed in
any preceding claim, the disk drive further comprising:

a housing;

a magnetic disk rotatably supported in the housing;

a support mounted in the housing for supporting the magnetic head
assembly with an air bearing surface facing the magnetic disk so that the
magnetic head assembly is in a transducing relationship with the magnetic
disk;

a spindle motor for rotating the magnetic disk;

an actuator positioning means comnected to the support for moving
the magnetic head assembly to multiple positions with respect to said
magnetic disk; and

a processor connected to the magnetic head assembly, to the spindle
motor and to the actuator for exchanging signals with the magnetic head
assembly, for controlling movement of the magnetic disk and for

controlling the position of the magnetic head assembly.



WO 03/ 001513 PCT/ GB02/ 00506 9 8. A nmethod of making a magnetic read head
whi ch has an air bearing surface (ABS), conprising the steps of: a making
a spin vawoasserssdbr (74) conprising the steps of: form ngcCa/droeneivagnetic
pi nned | ayer structure (202) that has a rmagnetic nonent; form ng a pinning
| ayer (212) exchange coupled to the pi nhed | ayer structure for pinning the
magneti c nonment of the pinned |ayer structure; formng a ferromagnetic
free layer structure (204); form ng a nonnagnetic electrically conductive
spacer layer §£200)» hetveer tdenfreasdmyes 2haucharaianchashen pinned | ayer
structure; formng a ca Ia(}/er.s.trutturge(szgg) with the free | ayer

st r uct ur BS¥GRAL B THE 't FEPEpACEr “1%afer and t he cap | ayer structure;
form ng the camdrayera spiruchlee sgndoln {14 s¢omputlsisgcerrd sty Phyers wherein

the first cap.laxer a(%%gé%nﬁgnétqg%i%ge@qta}a@@@tmuwt@ea&)actagt@@gha of the

free layer structure an e second cap layer (230); formng the first cap
| ayer of magrestalmofgrtispecul ar refl ection; and formng the second cap | ayer
of a netal oXigdgind- 2 AiARIRO RS ¢113) NBEnhkyeCbaipned douthdeiniadclayirng st eps
of :  form ng nonnagneti¢ electrically nongoor}dggeti ve fi;st ancdugg&r%r;ld read

gap | ayeFESUEdFHitng RIFBID RS VRFVE IS eIESPT Bat WeeR THe 11 st and Second read

gap |ayers; frormingQa frecronggetdicl trdel Igterantduseoendz®@hiel d | ayers; and
formng the first. and second. r l-avers shetween. t.be fiLst.apd second
shiel d | ayers. T 9A r?éjflﬁ%géleg%sce% 3%%2% i c AN %r?y pr ggedi ng met hod
wher ei n beheeehi st feep lhegreptiusting fed e BiePdd deYed FHELCARt t he second cap
layer is Comg%%gog c%.;_oufgygyr@tQ&EgﬁeofzztG@-Mi%&luiHeoﬂréiﬁ-Il.ayer structure

located between the spacer layer and the cap layer structure;

forming the cap layer structure with first and second cap layers
wherein the first cap layer (228) is located between and interfaces each
of the free layer structure and the second cap layer (230);

forming the first cap layer of a metal for specular reflection; and

forming the second cap layer of a metal oxide.

9. A method as claimed in claim 8 further including steps of:

forming nonmagnetic electrically nonconductive first and second read
gap layers;

forming the spin valve sensor between the first and second read gap
layers;

forming ferromagnetic first and second shield layers; and

forming the first and second read gap layers between the first and

second shield layers.

10. A method as claimed in claim in any preceding method wherein
the first cap layer is formed of gold or copper and the second cap layer

is composed of aluminum oxide or tantalum oxide.



