; e3e: UPPQTRF2S~T6TT: Ui ?READ HEAD | NCLUDI NG A SPIN VALVE SENSCR WTH A
SPECLAR REFLECTI NG CAP LAYER STRUCTURE 1. Field of the Invention The
present invention relates to a read head including a spin valve sensor with
a specul ar reflecting cap layer structure and, nore particularly, to such a

spi ﬂlllmmmlmmmmﬁm; whe READ HEADANCIYPINGA SPINVADVEI SENSORSWATH cur r ent

s huriid el Xi M Z4 RYFTIPCARREFEECIINPCAY LAYERISTRUCPUREL ' Ons. 2.
Descri pt4Qpe«of the Related Art The heart of a conputer 1s a magnetic disk

drive which includes a rotating magnetic disk, a slider that has read and
Wi uspensi on arm above the rotating disk and an actuator arm
thaim&lmmm\mm#‘rsuspensi N BNCKGROUNDROFFHEINVENTIGNI t € heads over

sel ected circular tracks on the rotating disk. The suspension arm bi ases

the slid®™%nto contact with the surface of the disk when the disk is not
rotating but, when thFied sktlredngéetsdon air is swirled by the rotating disk

adj acent an air bearing surface (ABS) of the s|lider causing the slider to
ride on an air bé&he Pre§ent inyangan relates e eeaf hoad pliding & spievalye seneomwithit | ng

di sk. When th i.d i de t i.r hearin e ite and read heads are
enpl oyed f o% Sﬁffcl%hr r{gﬁ%‘%{gnge%ng¥eﬁ%§3§¥feo%’§£%orgRé‘q\pgig{r&l?’nté’ %ﬁg ﬁe@%&"@?‘gnm
fields fromgdneer Whetdih ntle dtapklaydhetrigaet aMifinikdst SerReasisredt ShnRitge®hRd to
processing circuitry that operates according to a conmputer programto

i npl ement  t Meximizingrsgecitar redetionf corductionsleciphsexenpl ary hi gh per f or mance
read head enploys a spin valve n for, sensing the magnetic signal
Fot at DRSCRHNTERTYHe Helated Ak

fields fromthe . . sensor includes a nonmagnetic

el ectrically conghgthieme ofia’ SdmHnachra h@g@éﬁcsaﬂdmm%i&eﬁmaes & rotating
ferromagnetic pinned |ayer structure and a ferromagnetic free |ayer
structure. wmagnetici disk.r »shdgrethatchasi nead agd Ivenjte heads, ar suaparsiontarmpabovedhe ayer
structure for pinnin magneti c no t of the pinned |ayer strycture 9D to
2n ai v bear fofs el dnd aRAENAgrch fhal e apas SRFRERBELE nBrt HRRT (e
sensor that o AGAige hddlls BRERIcRdGiktilar RhéiSlondRe ret AT Wish. TRE SusefsiGRAmect ed
to the spin valve sensgr for conducting a sense current thérethrough. A
magnet i ¢ nohasds thé slides Mitoeontag/with ther suefaoe of the diskeshandhe diskiienatpotatiogy and
downwardly with.respect to the ABS froma guiescent. or . .bias point position
1T eaponte bt WEE T Gk SAEtACHRE VETRASN BT OUREE i PREERE of A heafPy at f ng
magneti c di glefact NRBIVOORE SRderRESding ME s1itkY 16 Pidk Snfh Airdeaithy/a RfgRdlstincé O the
ABS, is the position of the magnetic nonment of the free |layer structure
with the sefrom thersusface oftbiisetating tisbu@rhentthe skideraides ront the aibbesming the
signal fields. The thi,ckness of .th acer layer .is _chosen so that.shunting
of “The sens T PREFRARRAAS AragrlPTRa BB 31 TiegDHAEHE SRPERRORY BentAodiPh nec
layer Str ucCkiAbRticignalfidld¥ fFoi the MBtadink [dikk TRS Feall hnll YR1tE Abdd¥ abEshnke8d t he
mean free path of electrons>conducted through the sensor. Wth this

ar r angenent o propessingosiranitry thet operates aceondisg ée aroomputer gpregramtte rigygplement he
interfaces gf the gs}gﬁrer |l ayer with the pinned and free | ayer structures.
When the ma A ﬁ?@lng qcﬂgnspi nned and free layer structures are
parallel with I e ARCSleniplary High? SrYBdane € déddChdal Erifloys £ ispi! valyedsenbefor hei r
magnetic monents are antiparallel scattering is nmaximzed. Changes in
scattering edmsingethet magnatwi signalcBelds frimo thpi wtatingvmagmatic odislas The fsansori on of

B, wh is th | bet. th ti t f . .th i d d
SRR O YE RN R T L TR
nmagnet or esi gtaNEme@Rhk pihfidd laSj&/ SEruthigs ?n@ fa feﬁoﬁﬁg?&féaf?&ela'y& {thRuiresAat ance

of the sensor as the magnetic nonent of the free |ayer stfucture rotates
from a posi antifierrpmaghdtisl pinning lapgpetrfaces theepinegh ke struptwra tfon pinming pi nned
| ayer structure to an antt aral l e a&osition\ggklres ggt.therﬁlo @&% Ris
the resi st afagngic MRmeELA RRse laver steishue 90 fo AR AiTsbearing surfage @BS)|
addition to S | i e
nomagnet i Cv#l%@feg? ma@néﬁgéggﬁzéﬁg%g %’g%c‘f g’gg}%{%ﬁ" @g{r %ﬁi‘éﬁﬁg}?ﬁw}éﬁgﬁwand
second shi eFifst ayesesondllzads piercovindotel toethe apini valveoasqdobedndneting heerser st
and second read gap layers and the first and second read gap |ayers are

| ocat ed between the first and second shield layers. In the construction of
the read head the first shield layer is fornmed first foll owed by formation
of the first read gap | ayer, the spin valve sensor, the second read gap

| ayer and the second shield |ayer. Spin valve sensors are classified as a
top or a bottom spin valve sensor dependi ng upon whet her the pinning |ayer
is located near the bottomof the sensor close to the first read gap | ayer
or near 2 the top of the sensor close to the second read gap |layer. Spin
val ve sensors are further classified as sinple pinned or antiparallel

pi nned dependi ng upon whet her the pinned | ayer structure is one or nore
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Fig. 8 is a partial ABS view of the slider taken along plane 8-8 of Fig. 6
to show the read and wite elenents of the piggyback nagnetic head; Fig. 9
is a partial ABS view of the slider taken along plane 9-9 of Fig. 7 to show
the read and wite elenments of the nerged magnetic head; Fig. 10 is a view
taken al ongupleantheiddhiblglofA magaetiGmoment of the fde lapertstrutcrire Bofstetol foeat€ Oi |

| ayer and | eads renoved; Fig. 11 is an enlarged isonetric illustratjon of
the read hewavargdlyng @;wmwglvath anspeet toathg ABSY) fronp ajquieseentBy bips peint at i on
of the presen%.spin val ve senSﬁr. QESCRLPTICN QF E@ﬁ PREFERRED ENBODI MENTS
Magnet i c DiRRIGR; 1 Jeppanss 19 RESTH A ReELVE MRS DRKeTERTS fiopLe FeptiPence
nurer al s dﬁﬁh@i&ﬁ& Qidkl TRe QicSéemt haditiPRWIHCA ﬂg&h‘&?&b‘lﬁ piraBelSBRE ABSVISQUS

Figs. 1-3 illustrate a magnetic disk drive 30. The drive 30 includes a

spi ndl e 32 pdsitionsefpthermagnetid manettes the fegrieydrcstmictike 94th thhesenssi ewitent 32 i s

tated b i .ndl t 36 th [ troll t troll 38.
A st der 42 oRRUEtEE HEREA B8 sBat e SR PeoRGMtF e hoad 40 and i 5 Suppor ted
by a suspension g gpgkrﬁgé P?gﬂé ﬁgiﬂ:@r 14et N@lchb®n’ & #HafRhintRRSHE HRNGMAsOY an

actuator 47. A plurality o IS sl 1”ders and suspensi ons nmay be enpl oyed
in a |arge ampatiahd admagudticaompling detwepgethd dvdecend pIABEY leysr strootaresrardi 9. 3.

The suspensi on 44 and, actyator arm 4 re ved by the actuatqr 47 to
posi tion t HEIMEM{Zed, %gsf ducknest is H@lwﬁgjﬁl@ﬁ thapcthe mean Gep rpath of sleciront ng
rel ationshi i : efl i ’MQE i : IS
rotated by @r?ghéstg? ndl gé%@?eg?é}ég} bﬁgHgﬁfgd%*&?ggfngﬁbgﬁﬁ e ggtt%ef ﬁr} n tio
(typically,eledt®onYiang scatishedoat thé imerfadegiof tiespacerghydrewite e pinped and free of

the disk 34 and the air _bearing surface (ABS). 48, The n?gn tic head 40 may
then be enpl@wes&umewnqnﬁée maeBetmosnispithe pinged apd freg layer sYURAWSs on ¢ he
surface of 4 hGaliskwitl oot bhe AothschEaaNontih) HRY WA A Fldem
Processing cirrcuitry xchanges si gnal's, representing suc

i nf or mat i onmomieht3 ard antiyeaaslled Qcattering iis amxipized | Chanpésoin sdattarigséhgngdssthé or
rotating the magnetic disk 34, and provjdes coptrol si%nals to the actuator
for movi ng Yekistaies gk the; iy yplvesensor £ lastunption-plycoyy 4 hwhere (Bris Abe prgle hown
nounted to i t M) r el be
mount ed on RPERIRE Alpithc, HiheRRTEARE, Gnfeth RhiL R YR HANGEL Tk B

vi ew of t hesepbitiglity oft theaseflsdr Hequamgified iac nagactort@istivdeoefticieny drifasvharecdrris er
rail 56 that supports the magnetic head 40, and side rails 58 and 60. The
rails 56, Sheghangsoindthe desistancsRidhe senser anthe magnetip mpomend pf the f1ge 13jiekt i on
of the nmagngf,i i L i i t i t he
ol i dor and ThistirS e fropt BpofBF Balafel wilk rhipolliody: SAEAAR, RERENLYE B
Fig. 6 is apinhetklayepsitucaet tocnnhntégaeallel ipositivh evitlofespeqpith@ytvaatd Ruigrihe i c
head 40, which inclggfs a wite head pagortion 70 and read head portion 72,
the read hetgisgre phthe sensopwhen the magnetie plomepty are paidHelor 74 of the present
Invention. Fig. # L§qidtn AP sHif \?HCIYJ: béhisoD the 186d HRehd iﬂé’}{g&% t?&ﬁﬁ@&uc?i@e' S
sandw ched between nonmagnetic el ectrically insulative first and second
read gap | ay@msagnétiafiist7aéhd sevdnd read gapl lgep bl ferromagaetainsti addesecord ween
ferromagnetic first and second shield |ayers 80 and 82. In respon

: eto
external ragHeldilayers digspin valve senser igdecated betweenshefirgtangeseg Ad 2ap
changes. A r C r USEes
resi st ance @ﬁ@%gﬁ@u?%e@éth@%?gggpéﬁﬁgé&géggﬂ{Pﬁ*ﬁﬁﬁgﬁggiwg ggeﬁ%gggﬁtia
changes ar esdcbad shielt &sssd Imshe easbactkorns bfiniad scallyhealiahp fistestselddayerrisui try
50 shown in Fig wite head portign 70 of the magnetic head 40

. 3. The (
i ncl udes a fomed fgstcdollgwed by dosmation afdhevliest read: gap layR, SESHHY VAV 840805 on

| ayers 86 a {rd.i | at | e I d

pl anari zi nga}ghge%ﬁléadr%% ggPi l%?ér#agﬁed %Eps%gai %Q?lﬁg)‘%ée}b osgj(qp ivgps(ﬁl Y ?‘f)r% gyer
caused by t bigssified ad 8y orSdbotibaespih Valive segopteheaditig ipbn tvhctieu kst piing ayer s
are referred to in the art as an "insulation stack”™, The coil |ayer 84 and
the first, lyeowdocsies nearthe bottom af thersensoy elose swthed@staread gap Javer QLR ched
between first and second pol e piece |layers 92 and 94. The first and second
pol e piece layers 92 and 94 are magnetically coupled at a back gap 96 and
have first and second pole tips 98 and 100 which are separated by a wite
gap layer 102 at the ABS. An insulation |ayer 103 is |ocated between the
second shield layer 82 and the first pple piece |layer 92. Since 6 t he
second shield |ayer 82 and the first pole piece |layer 92 are separate

| ayers this head is known as a piggyback head. As Shawn in Figs. 2 and 4,
first and second sol der connections 104 and 106 connect |eads fromthe spin
val ve sensor 74 to |eads 112 and 114 ~on the suspension 44, and third and
fourth sol der connections 116 and 118 connect |eads 120 and 122 fromthe
coil 84 (see Fig. 10) to leads 124 and 126 on the suspension. Figs. 7 and 9
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be used in place of platinummanganese, Cobalt iron is preferably Co9oFe,

o, nickel iron is preferably Ni s3F and pl ati num manganese is preferably

Pt sovnso. It should further be understood that in~lieu of an AP pi nned

| ayer structure 202 a single pinned | ayer nay be enpl oyed. The present
invention ahéeop sthe d@fsof BRsdRIthE Secdhd Tl g39 1638, SR WERE Rénsenefde Sitherval ve
sensor. Cearly, other enbodi ments and nodifications of this invention will
occur r eadi¢lgssiftedtas siraplefpimnedon antjparli¢lipinnedideperding upon/whethertthe pimed
teachings. ,Therefore, .this invention is to be |lin.ted only, by the fallow ng
o ai s, whi YT STEACTHEG 5, 93¢ F OROTE fORPAENREIS K N FveidhiesHetalmrensiewed i n
conj unct i oWt dEpAPBY SrRSEHC ByERThA e GLATDABY BB A I wirt0
CLAIMS 1. A magneti cpread?eﬁea \MEﬁtllgﬁaS'has an fajur iggr P%S sgﬁl?lzé(l:qeas}%igls ,
conpri si ng: magrepic Mmoraémte of ehesferromaghetidi lagers beingrantipmglielt Spinpvabveesbnkaryer
structure that has a nmagnetic nonent; an antjferrqmagnetjc pinning, |ayer
exchange ccip P@@ Ryrgher E@Sﬁﬁﬁ ausingls or duglhareina Sigle PIRYAIYG Serrer gglavei c
nonent of t i r.u =N qéﬁ;F ; 0, ghetic
conductive (gg @g?%ﬁgx)?g% 5ca§ ea gtsﬁge‘ﬁah{‘{]%%?é ee lgistegwtgk)%%tltlj S&aﬁgﬁt he

pi nned | ay ethe Sitee lmer steuctaredagatddathierebstweent ure interfacing the free |ayer

structure with the free |ayer structure | ocated hetween the spacer |ayer
and the cap | ayeFhespincalieesensaschag fpspin yeattesing gegion avhighcisarated beweenon

oxi de | ayer } | d [ } . yer
structure a"’r‘?& %?%rg%e@ﬁ%?@e%ﬁ%?ﬁf Fl'lreeéé)%iz%r;a}éférs\%v% %El %}féf g% dlg lpﬁee({ ?’?‘g #egxi de
layer. 2. Aap@adifiictied. dadindatdateréinaboved incheaseésant dedrémdbsith Behtteringvignet i ¢
nonconductive first and second read gap | ayers; the spin valve sensar being
| ocat ed bet theespndretian elpetransd thiaeghn ghis @am—éqpndweacgt;terﬂ@r Fegiaty tesulte 1p r st

ocat e bet Ratsfedh il foleas e telSiabtd 31 o8 Spif SRR R B BReBE o e
as cl ai med Uﬂfdf:ﬂuﬁhtﬁl]y? afporfidie6f thergohilgdtive elédifonk eSapk demi tiss §pit betRrin

including: a first free layer of nickel iron; second and third free Fayers
of cobalt ofiegosbahich redpogs tthe taferementongd avagngipsesistiye seasdifigientnde/B. the

The spacer TpP o A RAAE oYt e cobBieepanfiiont el B4 Thin-ARbA' "

met al |i c | apegfon i4 to provedpespeculal afledRn dayRs i h @hpretudtiireclt aheMop offils spin t he
nonmagnetic netallic |ayer is selected fromthe group consisting of copper,
si | ver and yiveisensor. Ahguperatiardeflecior laperaretlects the eandustioncelggetrans bapleimon t he

L R ] M e e

nonmagnet i cthe®emdok.i ¢ | ayer is selected fromthe group consisting of copper,
silver and gold. 7. A nagnetic read head as clained in claim®6 wherein the
iron oxide |ayer >

SUMMARY OF THE INVENTION

The present invention provides a bilayer cap structure for a spin valve sensor
which minimizes shunting of the sense current through the spin valve sensor while
maximizing reflection of conduction electrons back into the spin-dependent region of
the sensor. The cap structure is a combination of a first layer which is composed of a
nonmagnetic metal and a second layer which is composed of an iron oxide with the
nonmagnetic metallic first layer being located between the free layer structure and

the iron oxide second layer. Each of the first and second layers of the cap structure



is a Fe203 and the nonmagnetic netallic layer is copper. 8. A nmagnetic read
head as clained in claim7 further conprising: the free | ayer structure
including: a first free layer of nickel iron; second and third free | ayers
of cobalt or cobalt iron with the first free |ayer | ocated between the

second and uid spaciflacRfleassy; Bowend, thd aosnegRdc el Tiranayed sRidtagicendehe
spacer |layer and the third free layer interfacing the nonmagnetic netallic

| ayer. 9. Acwmgietceordingly, dstigkngssnefithe gonmagneticaetrllindirsulayercie things) |

i Si ng: i h i ncl pdi nq: ..f jC, fi d d I
S ebe | ayor il ifa 3R sehfad it S SERET b asies bl LR FoE S o
and a back gaer iy 100%r (Be E&mwaeaimwohﬁﬁg@sem Aaétmfclﬂr@aay&qe%g yaga the

pole tip portions of the first and second po pi ece layer’s; an insulation
stack with Sinctiensnamelg: dd) reflesting coembetide dlactrenebacklito tHeospan-dependenteen
he first and second i.ece

th k ti. t, I , d the first
e Lo TS Ryl G OB BB i B AR
and a read headr.nghidivien e BB BxiVRMEnATARR hiteAARURANRLL Ifaxgps{aﬁfaﬂﬂygt' ve

first and second read gap layers; the spin-valve sensor ocate
bet ween t hesériowsly degthdes denfiee lage! spraptutaleraisingité eniapiaharisstrapyfHg $heahi el d
| ayers being, | ocated between the first

| ayer; and the fifst anci second gap. .
shield | ay efheaiof e free; ¥er of Vet ber e ot RATE 1l 1655 TeSRRAPIVE e sigadr
i ncl udi ng: ‘i’ie{d‘g?fomr}s{a'ﬁﬁ?@*%?&“@er structure that has a magnetic

nonent; an antiferromagne nni ng | ayer exchange coupled to the pinned

| ayer structure fAarobjeorof g grésentimgadionds ioplnide @fcap Beusturefoel a kpiyiealve
structure; a free |ayer structure; a nonmagnhetic conductive spacer | ayer

| ocat ed bet WISAT-tWRICh r wiEnimiges r sSning + Qfr dhey SEnsen surseri nwdile afpexinyzingcthre; a
cap | ayer S%éﬂé%iiﬁﬁ@f{:&ﬂéﬁ%ﬁ@fél@&r e free layer structure with the free
ocat ed be

| ayer structure ween e spacer layer and the cap |ayer
structure, the captheaybjecstdndcitiehdant adamdageg of tininvemtiomwilllbe lappretiatednd a
nonmagnetic netallic |ayer interfacing the free |ayer structure and | ocated
bet ween t he UpPidepdipg rthgt follewinge dssraiptine {akem teggther mithe the aocompanyiget i c
head assenbh%w@ﬁ §Iained inclaim9 including: a ferromagnetic second

) ? gs:
shield | ayer;

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a plan view of an exemplary magnetic disk drive;

Fig. 2 is an end view of a slider with a magnetic head of the disk drive as seen
in plane 2-2 of Fig. 1;

Fig. 3 is an elevation view of the magnetic disk drive wherein multiple disks
and magnetic heads are employed;

Fig. 4 is an isometric illustration of an exemplary suspension system for
supporting the slider and magnetic head,

Fig. 5 is an ABS view of the magnetic head taken along plane 5-5 of Fig. 2;

Fig. 6 is a partial view of the slider and a piggyback magnetic head as seen in
plane 6-6 of Fig. 2;

Fig. 7 is a partial view of the slider and a merged magnetic head as seen in



a nonnaag~etic isolation |ayer |ocated between the second shield | ayer and
the first pole piece layer. 13 11. A magnetic head assenbly as clained in
claim9 further conprising: the free layer structure including: a first
free layer of nickel iron; first and second free |ayers of cobalt or cobalt
iron with tplané 7reéfHigee | ayer |ocated between the second and third free

| ayers; and the second free |ayer interfacing the spacer |ayer and the
third free | ayerFign8asfaapartigl ABS view of gieeslider dakenl dlong playe8-8 0P Fighbntagnet i ¢

head assenbly as clajned i. | ai m 9. wher ei he nonmagnetic netallic |ayer
i s select eds%%ﬁ\etrﬁif’éi ’Hl'dg‘ﬁﬂpcc"'gﬂg?lg% P%@Q&gggﬁgﬁp?mlﬁg‘i‘cﬁand gold. 13. A
magneti ¢ head as I aj rd i j e i ayer
is selected f romﬁt e %ra"gﬁagﬁ%lolr\g?glgél\ﬂg?gl?é gﬂ(%é%h%&% gﬁﬂé Eg8§ﬁgcljjtloA
magnet i ¢ hesiibvatheaedt andasritel démends bfithe Insdrpedlidagdeticdiend;t he nonmagneti c

nmetallic layer is. selected fromthe group consisting of copper, silver and
gol d. 15. A magnE& dOHefdviswstaken #long nlang K40 ok Figsaibnori 2 wighepldimatema i ron

oxi de | ayera%ﬁe%hfﬁtﬁf?y@x’%dtl@fdsr}gﬂﬂweti c netallic layer is copper. 16. A

magneti c head asse as clarmed rn ¢laim15 further conprising: the free

| ayer structure Figclluds mgenlarged isvimetrie dhdsayon of theireddchead vath a sgiaaaleand
third free | ayers of cobalt or cobalt iron with the first free |ayer
| ocat ed bet $#€M:8R& second and third free |ayers; and the second free | ayer

interfacing the : : . ' . r interfacing the
nonmagneti c mnet aF%iagffsa%/rg)r(gé l@ﬂﬂgﬁé}rﬁ%ﬁnﬁk ﬁoges%;?@%névféih\//eeie?%o?l udi ng at | east
one magnetic head assenbly that has an a wite head, a read head and an air
bearing surface (ABS) conprising: the wite head including: ferromagnetic
first and second pol e piece |ayers that have a yoke portion | ocated between
a pole tip portion anDESCRIIION OB THROPREFERREBEMBODIMENT Sjap | ayer

| ocated between the pole tip portions of the first and second pol e piece

| ayers; an insulation stack with at | east one coil |ayer enbedded therein

| ocat ed between the yoke portions of MagneticiDisk Dxiy¢ second pol e piece

| ayers; and the first and second pal e piece | ayers being connected at their

back 9ap. o {1 o ice 6 s MBI B Bt BbP iR, e

sensor bei ngr dinglat pehrBtoigROutithe sdvefad VieddOFigs. 1-3 illustrate a magnetic disk drive
30. The drive 30 includes a spindle 32 that supports and rotates a magnetic disk 34.
The spindle 32 is rotated by a spindle motor 36 that is controlled by a motor
controller 38. A slider 42 has a combined read and write magnetic head 40 and is
supported by a suspension 44 and actuator arm 46 that is rotatably positioned by an
actuator 47. A plurality of disks, sliders and suspensions may be employed in é large
capacity direct access storage device (DASD) as shown in Fig. 3. The suspension 44
and actuator arm 46 are moved by the actuator 47 to position the slider 42 so that the
magnetic head 40 is in a transducing relationship with a surface of the magnetic disk
34. When the disk 34 is rotated by the spindle motor 36 the slider is supported on a
thin (typically, .05 pm) cushion of air (air bearing) between the surface of the disk 34
and the air bearing surface (ABS) 48. The magnetic head 40 may then be employed
for writing information to multiple circular tracks on the surface of the disk 34, as

well as for reading information therefrom. Processing circuitry 50 exchanges signals,



second read gap layers; a ferromagnetic first shield |layer, and the first
and second read gap | ayers being |ocated between the first shield | ayer and
the first pole piece |ayer; and the spin valve sensor including: a
ferromagnetic pinned | ayer structure that has a nmagnetic nonent; an

ant i f er r omagipedseAtind diich RefolANEdn, WIGNAB Gead M Preddésspitie RiotdiaRive Aihls
structure for pinning the nmagnetic nonent of the pinned | ayer structure; a

free |ayer Hrrotatingehe anagoatiegliskt 34 andnpnovides eostpelcxignalsayee thel actuater fdret ween
the f | . St . d.th ' i f . 15 |
Structure | FoNnBap b Firics fadbld 6 hic Ghe Sider 2 remopBampliye o o™
structure | QaatRsh8s. cérﬂﬁo&ﬁé%%cﬂ&ﬁ%erﬁﬂ?o&v@%ﬁgﬁedhﬁﬁﬁfed%ré'%ﬂfee; the

cap layer structure including: an 1ron oxide |ayer; a nonnagneti C
met al | i ¢ | aj4of a hoesidgas slgpwihim Fige® | ayer structure and | ocated between the

free layer structure and the jron_oxide |ayer; a housing; a magnetjc disk
rotatably suppor {8 18 2eBhH ¥ H@ﬁ’eé?@%%ﬂ’d ﬁ%uﬁ?@@tﬁcaT%ﬁéohgﬂ%ishéerf oX
supporting j 1.5 ' aci iC

ok 5o 1 naleh AR RAMARS R fdtnedo RaldChl B 6 ik SOBIRONTeL

with the magiikt36; 38 akd 60 epembiemataoss’ til 62t Withnespért toa@RionCofdihegk; an
actuator positioning neans connected to the support for noving the nmagnetic
head assenbmpgeeiicydiski 3 dhe,sqss irah S2nist # 2 deading: edas &hiof theghdar andgthsk: and
a processor | nbly, to the spindle notor

and to the g%gﬂgﬁgée%ggpq%écegﬁgﬁgg&éﬁ gé]n(gfﬁge\glf ' t he magneti c head assenbly,

for controlling Fiyementsidd ciosesdionsit dlevation kiandf hqigBoatk flaghdit kidad
position of the nagnetic head assenbly. 18. A magnetic disk drive as

clai med in #0.avhich malydes ddwiitg: head pertionniliyang: a read Beahportian dRdthe agad head
iC i ian . b d. shi.el d dth
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Further conaBSsvied:oftiig. 6./'He spil &alvetsensdr UMeisisaadwidh&l betvebh mdhmbgegicl ayer

of nickel iron; second and third free |layers of cobalt or cobalt rron with
the first felgetricaljyinsuintine dustoandaesand rradsgapdayeradl andi 78 and dke reagdegap; and
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82. In response to external magnetic fields, the resistance of the spin valve sensor 74
changes. A sense current Is conducted through the sensor causes these resistance
changes to be manifested as potential changes. These potential changes are then
processed as readback signals by the processing circuitry 50 shown in Fig. 3.

The write head portion 70 of the magnetic head 40 includes a coil layer 84
sandwiched between first and second insulation layers 86 and 88. A third insulation
layer 90 may be employed for planarizing the head to eliminate ripples in the second
insulation layer caused by the coil layer 84. The first, second and third insulation
layers are referred to in the art as an “insulation stack”. The coil layer 84 and the first,
second and third insulation layers 86, 88 and 90 are sandwiched between first and
second pole piece layers 92 and 94. The first and second pole piece layers 92 and 94
are magnetically coupled at a back gap 96 and have first and second pole tips 98 and
100 which are separated by a write gap layer 102 at the ABS. An insulation layer 103

is located between the second shield layer 82 and the first pole piece layer 92. Since



20) A magnetic disk drive as claimed in claim17 wherein the nonmagnetic
netallic layer is selected fromthe group consisting of copper, silver and
gold. 21. A nmagnetic disk drive as clainmed in claim17 wherein the iron
oxide layer is selected fromthe group consisting of a Fez03, Fe0O and
Fe3Qa. 22. the magnet shicldilayer B2i anel ths fakiapoteidcs layarion A sepauri laydrhehis
nonnmagnetic netallic layer is selected fromthe rou& consi sting of copper,
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ni ckel iron; second and third free |ayers of cobalt or cobalt iron with the

first free ¢omypest leadsai2@mndd2ddiemn theecadle8b(sde Higd 10hiorldadsr 4 dndyl@6on thad t he
second free | ayer interfacing the spacer layer and the third free |ayer
I nterfaci ngsu§p| S (5‘nmagnet ic netallic layer. 25. A nethod of nmeking a

magnetic read heggds Whh£do hasiiRkardeasT8aY B%dssléicegﬁm%@@nd smma'r%féf gy the
steps o0 a making a spin valve sensor conprising the steps of forring a

f er r omagnetand the mMmsgpoleapiece byen 2 arce comanomeyera Tinsgmpe oLheadie khowhi @s ai ng an
antiferromagneti.c pinni er_exchange pl.ed to th i nned.. | ayer
structure f‘g‘Frgﬁfl gnghie Hgadrr&éﬁéﬂspémﬁﬁ it ?§¥°¥ﬁ’€ pd%?ﬁ?@é‘ ﬁ%@ép%ﬁsr é@f‘ﬁr e; 17

formng a fgaehiegr structure; formng a nonnmagnetic conductive first

spacer |ayer between the free | ayer structure and the first pinned | ayer
structure; formRg &l som isayetriciBLitiustrationrifehid @mad head 4%sHovweein/Figse 8 or

structure with the fre ayer. structure |ocated between the spacer |ayer
and the cagéwﬂsferﬁaﬂwas@idm@dss Hhaisphyvadye %qaéorc%p%irawd sspondchd Bias gef i ng
the steps )N ' ' i ' t

nmetallic | gf;?g(frl Pe{yﬂse%ﬁ%}dngﬂk{g% g%é%?eﬁ“@?@u%%@eﬂg%gd#ggg? gggblgtg v(\gen t he
free |ayer therspot valee aemtot.(his cameotiond & kaowar in hé. arfaste ichatigvasas gurectiond i n

| ai m 25 i ncl udi th { ,of f ' ] ti tive first d
SCRRI RS R et TR M
second rea 1@%@8#3%@1[? ret]fePern'& Brel .glél{cégﬁ%{‘%x‘dcblﬁé E‘ﬁ‘f 1«%6%?%&9@&' ‘ﬁ‘g%‘ﬁéeg first

| ayers; and e first an read gap [ ayers” between
and second fitst bhid biayyer 1417andfa fiest fiend lagercll4@iamddhe secohdihardiiad amd fead

Form ng a7 1S 19paRetideaseegnd hprdibias s34 s esens fepcLB1es bl s o
L nebe oo BLIRPLEL B $90ehbe R P LA AR bR ke
i nt er f aci ngspgihevabpaseasor] 24 dor staidlizing théd imagnétice domainertherein. The spin valve
sensor 74 and the first and second hard bias and lead layers 134 and 136 are located
between the nonmagnetic electrically insulative first and second read gap layers 76
and 78. The first and second read gap layers 76 and 78 are, in turn, located between
the ferromagnetic first and second shield layers 80 and 82.

Fig. 12 is an ABS illustration of the present spin valve sensor 74 wherein the
spin valve sensor is located between the first and second gap layers 76 and 78. The
spin valve sensor 74 includes a spacer layer (S) 200 which is located between an
antiparallel (AP) pinned layer structure 202 and a free layer structure 204. The AP
pinned layer structure 202 includes an antiparallel coupling (APC) layer 206 which is
located between ferromagnetic first and second antiparallel layers (AP1) and (AP2)



I nterfacing the nonmagnetic nmetallic layer. 28. A nmethod as clained in

claim 26 wherein the nonmagnetic netallic layer is selected fromthe group
consi sting of copper, silver and gold. 29. A nethod as clainmed in claim26
wherein the iron oxide |layer is selected 18 fromthe group consisting of

a FezO-, Fefh&@adl FEBQ andfferrdmapidtiechimsing l8eMBAFNN2 Y & éRchingehwiugled tbhe
nonmagnetic nmetallic layer is selected fromthe group consisting of copper,
si | ver and §eIfirst A8 pinseddayeod08 50 @5 40 erienti its waghefic Joomensrdidrperpradioulas oxi de

| ayer is formned .a Fe2 an e nonmagnetic netallig |ayer.is.fgrnmed of
copper .32 CATAPR I8 = SEegaT Gl orithe RS AT S0/t TR et sher iR T 208 Faki ng
of the freestohpamtiphfaliel w@uhgsﬂewdéeﬂ%é HRstSdnARRcodd APYimdadagers D08 tanfir ee

| ayer of nickel” iron; and form ng second and third free |ayers of cobalt or

cobal t i ron2lA the rmagnefi¢c myymdnt 246 lodyle sdcondd@pitmedwaysr is lodested entipaxaldelt hi r d

free layers w,th the second f ayer .interfacgi t he spacer er and the
third free ﬁ%@rmﬁﬁle&ﬁl&emﬁat éﬁ‘g %%ﬁé&%{ ﬁéL)né{g%ch? Q@yﬁged?,gglgﬂ thet hod
of maki ng ng [ : | E ace (ABS),
conprising 1 ﬂ_gﬁgt@gg@g?f@@?@%g %Ia?%xetﬁﬁggﬁ ‘%@‘fﬁ??ﬁ‘%&‘? ﬂé&g%(;enps of : .f orm ng
ferromagnetic fiThe¢ fesedagacsindbtyrel 204pineheles ayfirss free japere(Itl) @20ywkrehaind back
gap regions Wneé%i n the yoke region is |ocated Sggween t e ti

back gap relgreird bepvsenisepnd and did Hes layersdhoandEe) ¥ mhf?é%ﬁﬁrﬁ@?nd

form ng an et 72018 B0mBELAE rhdlePirfh RS e Wi anf hipf 680 cls ATl 28, .
bet ween t hearki cahpasnd cfecabait polcebgit dron Wwhyohr svill rbet dBcysskd in egorendetaild
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gap | ayers fightiedeft ohéroh lefit togight) a3 illastetedrindFighE. fWhat a pighsl fiéld dont ayer ;
and a maki ng of the spin_valve sensor caqnpri si n% the steps of formng a
f er r onagnet TaSatpiemagnetigydisk xotates thgrraagnetie momend 248 giwarrdly dpadhe headsthgi ng an
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resistance of the sensor to the sense current Is and when the signal field rotates the ’
magnetic moment 228 of the free layer structure downwardly out of the head the
magnetic moments 228 and 216 become more parallel which decreases the resistance
of the spin valve sensor to the sense current I. These increases and decreases in the
resistance of the spin valve sensor are processed as playback signals by the processing
circuitry 50 in Fig. 3.

A cap structure 230 is provided on top of the free layer structure 204 between
the free layer structure 204 and the second gap layer 78. The cap layer structure
protects the free layer structure 204 from subsequent processing steps, however, in
the present invention it increases the magnetoresisti\"e coefficient dr/R of the spin
valve sensor, as discussed hereinbelow. The 'cap structure 230 includes first and
second cap layers (C1) and (C2) 232 and 234. The first cap layer 232 is composed of
a nonmagnetic metal and the second cap layer 234 is composed of an iron oxide.

Both of the first and second cap layers 232 and 234 are specular reflectors which



formng a free | ayer structure; formng a nonmagnetic conductive spacer

| ayer between the free | ayer structure and the pinned | ayer structure;
formng a cap |l ayer structure interfacing the free layer structure with the
free layer structure | ocated between the spacer |ayer and the cap | ayer

structure; meamkihagtiel reflectaopdhaionrelsdtions bacle into chelshin Geatheingt repion aft:
formng an iron oxide |ayer; and form ng a nonmagnetic netallic |ayer
i nt er f aci ngtherspin valge penser whichus tlegatedabriveen theegcond AR @inneddayer 240 anger

d the | ife | L34 A | ai,med 4.9 .cl ai m 33
nel udi g + 118 eCts BORCHA Ty Peplerred sl ohe Se SRIERE 2238 sBrifra
form ng a ngimReREddnd cap Myf D3WislaBRrirdedM@E F&®,pecond shiel d | ayer and

the first pole piece layer. 35. Anethod as clainmed in claim33 further
conprising: the Hakireepgoized thatfthe andtalierfirst capclayerc23hwiilighuy sohe oft thes af :

f ' first f I i ckel. i . and form ng, second and third
free | ayer SOt BUESe BHChaRHePs Fiecrens PHPRE! the SEPor T Al ozt
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h Y
interfacing the spacer layer and thhe thir ree | ayer Interfacing the

nonnmagnet i cfreetagbt stuctuy svhen YGntesfaoestthe freatayet struvtute An aicagase B8HwwEthei n t he
nonnmagneti c meipal lic | oup consi st i of ,copper,
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sel ected frofrthehmetatliu first aapilagearrpois mampdned & thedowastdegell seceSary frnet hod
as clained in claim38 wherejn the iron oxide |layer i.s formed of ¢x, FezGCs

and the nonPRSYSREMEC theedegn pride 55r0pnd LCapofayey 23f Hephdpereasing Aheamisipl as

oo S AR A, B Sy Bl AR |,

and f or m ngthedirstnehpdayer 282 idlehy than taytbickneds of dhxadeicond capolapért23drand hak bh t he
en the_ second and third free layers with the
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ca] ca] ca] capg) i #idh Rl G SobrRbsfhea £l i Al fRlCRkt At GRickideY to protect

the free layer structure 228 from subsequent processing steps, which thickness may

be on the order of 50A.

Another aspect of this invention is that the third free layer 226 is composed of
cobalt or cobait iron. By interfacing the third free layer 226 of cobalt or cobalt iron
with a copper first cap layer 232 the magnetoresistive coefficient dr/R of the sensor is

still further increased.

Discussion
It should be understood that the materials and thicknesses of the materials
described hereinabove are exemplary and can be varied as desired. Further, cobalt

can be used in place of cobalt iron and nickel manganese or iridium manganese may
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1. A magnetic read head which has an air bearing surface (ABS), comprising;
a spin valve sensor including:
a ferromagnetic pinned layer structure that has a magnetic moment;
an antiferromagnetic pinning layer exchange coupled to the pinned
layer structure for pinning the magnetic moment of the pinned layer structure;
a free layer structure;
a nonmagnetic conductive spacer layer located between the free layer
structure and the pinned layer structure;
a cap layer structure interfacing the free layer structure with the free
layer structure located between the spacer layer and the cap layer structure;
the cap layer structure including:
an iron oxide layer; and
a nonmagnetic metallic layer interfacing the free layer structure and

located between the free layer structure and the iron oxide layer.

2. A magnetic read head as claimed in (;laim 1 including:

nonmagnetic 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 claim 2 further comprising:
the free layer structure including;
a first free layer of nickel iron;
second and third free layers of cobalt or cobalt iron with the first free

layer located between the second and third free layers; and
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10% U& ()-F 10% U& ()- 10% U& ()- t10% U& ()- ,10% U& ()- 10/Z
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10% U& ()-[\=\\]J][]1dE:/ 10/ )10% U& ()- y&I10% U& ()- $10% U& ()-
@310% U& ()- 110% U& ()- 10% U& ()-]]]#MAAADE: / 10/ 3-10% U& ()- , 210%
u& () - the second free layer interfacing the spacer layer and the third free

layer interfacing the nonmagnetic metallic layer.
4. A magnetic read head as claimed in claim 2 wherein the nonmagnetic

metallic layer is selected from the group consisting of copper, silver and gold.

5. A magnetic read head as claimed in claim 2 wherein the iron oxide layer

is selected from the group consisting of « Fe,0;, FeO and Fe;0s.

6. A magnetic read head as claimed in claim 5 wherein the nonmagnetic

metallic layer is selected from the group consisting of copper, silver and gold.

7. A magnetic read head as claimed in claim 6 wherein the iron oxide layer

is « Fe,O;and the nonmagnetic metallic layer is copper.

8. A magnetic read head as claimed in claim 7 further comprising:
the free layer structure including:

a first free layer of nickel iron;

second and third free layers of cobalt or cobalt iron with the first free
layer located between the second and third free layers; and

the second free layer interfacing the spacer layer and the third free

layer interfacing the nonmagnetic metallic layer.

9. A magnetic head assembly having an air bearing surface (ABS),
comprising;
a write head including:
ferromagnetic first and second pole piece layers that have a yoke
portion Jocated between a pole tip portion and a back gap portion;
a nonmagnetic write gap layer located between the pole tip portions of
the first and second pole piece layers;

an insulation stack with at least one coil layer embedded therein
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located between the yoke portions of the first and second pole piece layers,

and

the first and second pole piece layers being connected at their back
gap portions; and
a read head including;

a spin valve sensor;

nonmagnetic nonconductive first and second read gap layers;

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

a ferromagnetic first shield layer; and

the first and second gap layers being located between the first shield
layer and the first pole piece layer; and
the spin valve sensor including:

a ferromagnetic pinned layer structure that has a magnetic moment;

an antiferromagnetic pinning layer exchange coupled to the pinned
layer structure for pinning the magnetic moment of the pinned layer structure,

a free layer structure;

a nonmagnetic conductive spacer layer located between the free layer
structure and the pinned layer structure;

a cap layer structure interfacing the free layer structure with the free
layer structure located between the spacer layer and the cap layer structure;
the cap layer structure including: -

an iron oxide layer; and

a nonmagnetic metallic layer interfacing the free layer structure and

located between the free layer structure and the iron oxide layer.

10. A magnetic head assembly as claimed in claim 9 including:
a ferromagnetic second shield layer;
a nonmagnetic isolation layer located between the second shield layer and the

first pole piece layer.
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11, A magnetic head assembly as claimed in claim 9 further comprising:
the free layer structure including;

a first free layer of nickel iron;

first and second free layers of cobalt or cobalt iron with the first free
layer located between the second and third free layers; and

the second free layer interfacing the spacer layer and the third free

layer interfacing the nonmagnetic metallic layer.

12. A magnetic head assembly as claimed in claim 9 wherein the nonmagnetic

metallic layer is selected from the group consisting of copper, silver and gold.

13. A magnetic head assembly as claimed in claim 9 wherein the iron oxide

layer is selected from the group consisting of « Fe;O;, FeO and Fe;O..

14. A magnetic head assembly as claimed in claim 13 wherein the
nonmagnetic metallic layer is selected from the group consisting of copper, silver and

gold.

15. A magnetic head assembly as claimed in claim 14 wherein the iron oxide

layer is « Fe,O; and the nonmagnetic metallic layer is copper.

16. A magnetic head assembly as claimed in claim 15 further comprising:
the free layer structure including;

a first free layer of nickel iron;

second and third free layers of cobalt or cobalt iron with the first free
layer located between the second and third free layers; and

the second free layer interfacing the spacer layer and the third free
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17. A magnetic disk drive including at least one magnetic head assembly that
has an a write head, a read head and an air bearing surface (ABS) comprising:

the write head including;

ferromagnetic first and second pole piece layers that have a yoke
portion located between a pole tip portion and a back gap portion;

a nonmagnetic write gap layer located between the pole tip portions of
the first and second pole piece layers;

an insulation stack with at least one coil layer embedded therein
located between the yoke portions of the first and second pole piece layers;
and

the first and second pole piece layers being connected at their back
gap portions; and
the read head including:

a spin valve sensor;

nonmagnetic nonconductive first and second read gap layers;

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

a ferromagnetic first shield layer; and

the first and second read gap layers being located between the
first shield layer and the first pole piece layer; and
the spin valve sensor including:

a ferromagnetic pinned layer structure that has a magnetic moment;

an antiferromagnetic pinning layer exchange coupled to the pinned
layer structure for pinning the magnetic moment of the pinned layer structure;

a free layer structure;

a nonmagnetic conductive spacer layer located between the free layer

structure and the pinned layer structure;
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a cap layer structure interfacing the free layer structure with the free

layer structure located between the spacer layer and the cap layer structure;
the cap layer structure including:
an iron oxide layer; and
a nonmagnetic metalilic layer interfacing the free layer structure and
located between the free layer structure and the iron oxide layer;
a housing;
a magnetic disk rotatably supported in the housing;
a support mounted in the housing for supporting the magnetic head assembly
with said ABS 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 connected 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 sighals with the magnetic head assembly, for
controlling movement of the magnetic disk and for controlling the position of the

magnetic head assembly.

18. A magnetic disk drive as claimed in claim 17 including:
a ferromagnetic second shield layer;
a nonmagnetic isolation layer located between the second shield layer and the

first pole piece layer.

19, A magnetic disk drive as claimed in claim 17 further comprising;
the free layer structure including:

a first free layer of nickel iron;

second and third free layers of cobalt or cobalt iron with the first free
layer located between the second and third free layers; and

the second free layer interfacing the spacer layer and the third free
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20. A magnetic disk drive as claimed in claim 17 wherein the nonmagnetic

metallic layer is selected from the group consisting of copper, silver and gold.

21. A magnetic disk drive as claimed in claim 17 wherein the iron oxide

layer is selected from the group consisting of « Fe,0s, FeO and Fe;Qa.

22. A magnetic disk drive as claimed in claim 21 wherein the nonmagnetic

metallic layer is selected from the group consisting of copper, silver and gold.

23. A magnetic disk drive as claimed in claim 22 wherein the iron oxide

layer is « Fe.O;and the nonmagnetic metallic layer is copper.

24. A magnetic disk drive as claimed in claim 23 further comprising:
the free layer structure including;

a first free layer of nickel iron;

second and third free layers of cobalt or cobalt iron with the first free
layer located between the second and third free layers; and

the second free layer interfacing the spacer layer and the third free

layer interfacing the nonmagnetic metallic layer.

25. A method of making a magnetic read head which has an air bearing
surface (ABS), comprising the steps of:
a making a spin valve sensor comprising the steps of:
forming a ferromagnetic pinned layer structure that has a magnetic
moment;
forming an antiferromagnetic pinning layer exchange coupled to the
pinned layer structure for pinning the magnetic moment of the pinned layer

structure;
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the free layer structure located between the spacer layer and the cap layer
structure;
a making of the cap layer structure including the steps of:
forming an iron oxide layer; and
forming a nonmagnetic metallic layer interfacing the free layer structure and

located between the free layer structure and the iron oxide layer.

26. A method as claimed in claim 25 including the steps of:

forming nonmagnetic 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.

27. A method as claimed in claim 26 further comprising;
the making of the free layer structure including the steps of:

forming a first free layer of nickel iron; and

forming second and third free layers of cobalt or cobalt iron with the
first free layer located between the second and third free layers with the
second free layer interfacing the spacer layer and the third free layer

interfacing the nonmagnetic metallic layer.

28. A method as claimed in claim 26 wherein the nonmagnetic metallic layer

is selected from the group consisting of copper, silver and gold.

29. A method as claimed in claim 26 wherein the iron oxide layer is selected
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30. A method as claimed in claim 29 wherein the nonmagnetic metallic layer
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is selected from the group consisting of copper, silver and gold.

31. A method as claimed in claim 30 wherein the iron oxide layer is formed
of a Fe;Os;and the nonmagnetic metallic layer is formed of copper.

32. A method as claimed in claim 31 further comprising:
the making of the free layer structure including the steps of:

forming a first free layer of nickel iron; and

forming second and third free layers of cobalt or cobalt iron with the
first free layer located between the second and third free layers with the
second free layer interfacing the spacer layer and the third free layer

interfacing the nonmagnetic metallic layer.

33. A method of making magnetic head assembly that has an air bearing
surface (ABS), comprising the steps of:

making a write head including the steps of:

forming ferromagnetic first and second pole piece layers in pole tip,
yoke and back gap regions wherein the yoke region is located between the
pole tip and back gap regions;

forming a nonmagnetic nonconductive write gap layer between the
first and second pole piece layers in the pole tip region;

forming an insulation stack with at least one coil layer embedded
therein between the first and second pole piece layers in the yoke region; and

connecting the first and pole piece layers at said back gap region; and
making a read head including the steps of:

forming nonmagnetic nonconductive first and second read gap layers;

forming a spin valve sensor between the first and second read

gap layers;
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a making of the spin valve sensor comprising the steps of:

forming a ferromagnetic pinned layer structure that has a magnetic
moment;

forming an antiferromagnetic pinning layer exchange coupled to the
pinned layer structure for pinning the magnetic moment of the pinned layer
structure,

forming a free layer structure;

forming a nonmagnetic conductive spacer layer between the free layer
structure and the pinned layer structure;

forming a cap layer structure interfacing the free layer structure with
the free layer structure located between the spacer layer and the cap layer
structure,
a making of the cap layer structure including the steps of:

forming an iron oxide layer; and

forming a nonmagnetic metallic layer interfacing the free layer

structure and located between the free layer structure and the iron oxide layer.

34. A method as claimed in claim 33 including the steps of:
forming a ferromagnetic second shield layer; and
forming a nonmagnetic isolation layer between the second shield layer and the

first pole piece layer.

35. A method as claimed in claim 33 further comprising:
the making of the free layer structure including the steps of:

forming a first free layer of nickel iron; and

forming second and third free layers of cobalt or cobalt iron with the
first free layer located between the second and third free layers with the

second free layer interfacing the spacer layer and the third free layer
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from the group consisting of « Fe,0s, FeO and Fe;0,.

38. A method as claimed in claim 37 wherein the nonmagnetic metallic layer

is selected from the group consisting of copper, silver and gold.

39. A method as claimed in claim 38 wherein the iron oxide layer is formed

of o Fe,0;and the nonmagnetic metallic layer is formed of copper.

40. A method as claimed in claim 39 further comprising:
the making of the free layer structure including the steps of:

forming a first free layer of nickel iron; and

forming second and third free layers of cobalt or cobalt iron with the
first free layer located between the second and third free layers with the
second free layer interfacing the spacer layer and the third free layer

interfacing the nonmagnetic metallic layer.
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