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*SENSOR W TH A SPECULAR REFLECTI NG CAP LAYER STRUCTURE Background 0
Invention 1. Field of the Invention The present invention relates to a read

“head | mmmﬂﬁmmunfpl n valve sensor with a specular reflecting cap |ayer
stru?:mmm e Pt APYIRADVINCRUDIRG & XENVfeSERBERE wHigjei n the
cap Tayer-suzseture e S O U Lty 10

Art f The heart of a conputer is a magnetic disk drive which includes a

gﬁgaghmﬁﬂmmmmﬂmw \O/Iias't(,hearSl ider that has read and wri terpqeftﬂzi 2vm‘ s the
susBensi on. 3hip to place thgi‘fgggﬁgﬁgﬂk %ﬁ@a@@gggﬁb&il ected ci rculgar
tracks on the rotating disk. The suspensi on am bi ases the slider into

contact with theq surf : I when the disk is not rotating but,
when t he disk rotlét es%gﬁ%&it%@@v#bﬁéﬁ by the rotating disk adjacent an.air

bearing surface (MBPreseht inbentivhirdiates el séadthehdd nchhdifies spif vaivéedr avithai r
bearing a slight distance fromthe surface of the rotating disk. Wen the
sli der rides spacultereflectingoeapi lagert staicture ard, anere rpastdculashi $0 such apinopbe f or

. witing magnetic ijppressions to and reading. magnetic signal .figlds .fromthe

ot at ] g o SRtsof ARG e ok, Vel HraRBE P B Sered S gl e
circuitry thadxipeh@dReular feBesticttofl@dndudtdiRcaOnPr 0Ogram to i npl ement the
writing reading functions. An exenplary high performance read head enpl oys
a spin val ve senger' fResceiption nfitheRelateddotti c signal fields fromthe

- rotating magneti ¢.,disk. The sensor.includes a nopmagnetic electrically
onductive Tirst Ui ooy comedtetis & magneis sk rerdhich fevdss i rofitings
layer str uc%ﬁegt‘?lcﬁ@%s‘ﬁ HeiaerBEnRAd Feall 8 WAKCHeadh, 4/ Sldpbision drm above the
antiferromagnetic pinhing |ayer Interfaces the pinned [ayer structure for
pi Nnni ng a nmagnadhg diskomendin adtudtbeanm tiee dwirggdhe suspention erd Qo tplacarthairead
beari ng surface (ABS), wherein the ABS is an exposed surface of the sensor .
that faces taﬁé "YF&S g@%qs@vﬂT ect ?ECPE‘&H@"ESE% TPlatng a’ékeﬂl?oﬁll‘ﬁ%eﬂs'é’& 8 the
spin val ve Eﬁ&i?fhefs@iﬁeﬁﬂﬂﬂéﬂhrtdc?gg@ ttﬁ glﬁ']face of the’disk wALRN R QP 1S Wof RiMting

t her et hr ough. magneti c nonen . ree layer structure is free to
rot at e upwarbak,ywherdthe aliskwatadésy ainiis Bwirkedwcthe trotating disB8dfaceirh an ajubesringnt or

bi as point posjtion jn.respqnse t.o positive apnd negatjve magnetic field
s: gnalosI f roprﬁlﬁja?eijé)‘bﬁsb H&t‘wﬂs@ﬁ%&qae?'as E}F‘ s'leih%t.o .Ef{é Ir %/%‘ingia ﬁzgﬁ\llﬁﬁf’téﬁllucei s
preferably Fiﬁfnﬁ"tﬁ@kuff&et&eth@ﬁ&aﬁhé didke RS thb ANdef rilBCoi NSk ibea t of

the free layer structure wth the sense current conducted through the
sensor i n t heritabmdresd béadsiagnemployed fr. wiltieg tiagoticeispresksionk ¢o eeadirigayer
is chosen so that, shunt| f the sense.current and a. netic coupli,ng

bet ween t he r?‘?%‘@“‘éﬁ’(gngi #Fﬁqg%{%?’aﬁg‘? f‘éﬂ%‘l‘@? élréleé?aéfi?ﬂdn\”ﬂ{égga&s FRiemeted kness
i's typicallyl iR Birblify TRADPEFRR R8N tod] 8GthpRBSproghad B/ fhSemehy ough
the sensor.%m%%ts lig larr rg%’\gerrerlljt ,a a portil%fn of thg co%dggati on ellgect rons

axe scatt er etie-atitingand neadinfgfunetions. t he spacer layer with the pinned and

free f | tructures. Wen th ti ts of the pinned and f
[ ayer sttt ur es AP EXGAPANI BE GETRIPEERCietd PERABPIEND Aribin SUAT CEPPRADT &

m ni el and whghs ' hadiREO il TRIREonPiR AkiinA Righ6lic TR Ul BsbiS
maxi m zed. anges 1 n scattering changes the resistarnce of the spin valve
sensor as a ihcindés onomfiagnesc Bectrivhity eonBuctivet fivst spagérdayes isawyyichdddetwegret i ¢

monents of the pinned and free | ayer structures. The sensitivity of the
sensor i s quaFRITOMAgACHUS PIREH YGFééﬁl%thev"é’%c% qraagngiic g’F?i‘XﬁﬁéY‘B e AN { he
change'in t OS] ; - : J G it ree
ayer st ruct imARRaE pRinitd fySEIRATAS he BrRa IRy SuTRSR fordndidg ¢
magnet i. ¢ nonmggnedt méreemiofrthe plmgé layer stra¢iree90°aoaam @nbegrangasurfabe 1(ABSY i on
with respect thereto and,Ris the r&ﬁst&n%e of the sensor when thﬁ'

magnet i ¢ nonwhireingthe AJRS i aepxposed Aerdace; rihe gensos thatitaces Ihe anagaplle fiskh e

veroTand MoV HR sABPRICASLL YEmBORURONE of SE bebl R UGRALIBERNARY

sensar is |located between the first and second read gap | ayers and the
first and second read gap | ayers are | ocated between the first and second
shield layers. In the construction of thq read head the first shield |ayer
is formed frrst followed by formation of 'the first read gap | ayer, the spin .
val ve sensor, the second read gap | ayer and the second shield l|ayer) Spin
val ve sensors are classified as a top or a bottom spin val ve sensor
dependi ng upon whether the pinning layer is |ocated near the bottom of the
sensor close to the f rst read gap | ayer or near 2 22 J UNZ200g 4 -3



the Top of the sensor close to the second read gap layer. Spin val gen

ssensors are further classified as sinple pinned or antiparallel pi nfedJUN 2004‘

dependi ng upon whet her the pinned | ayer structure is one or nore
ferromagnetic layers with a unidirectional nagnetic nonent or a pair of

f er r omagnet ik A/MERMBA. A HBRAR! AbAANTU fe TR UrhGYR! isHdhoTBARE! | C
nonents of the ferromagnetic layers being antipardllel. Spin val ve sensors
are still fuwphasally ahdsdovwnwaddlgsvish nggpectap theaiBSMremes muessdnt @ hissppainval ve
sensor enpl oys, onlly one pinned, | ayer, and .a dual spin valve sensor enploys
two pi nned IPR§iEPY iresponsfator pasiivezan, negative mageeticodeld signglickaBer iRieing The

spi n val ve ; i (NG 1k RO ' ' ey en the
Sl Ve YRl BAR, D BB RAERL RO S A A e 96 e enal v U
free |ayer siokitiohlfahe niignbidnoaicdd of ehe Fraalgpee striitiareewiB $h@Rehsdapieases in
scattering of the conduction electrons through this spin-dependent

scattering reegilnted beenghshe sensorandhesehsengepfggnabicdds of resistance of the
spin val ve sensorto,the sen current. Unfartunate a portion of the
conduction el ectr sthé‘tslg‘ﬁffeo ﬁ??rrmaﬁﬁr' Fh‘ssgl?a‘fsf’érspnthfr @Bingﬁgvﬁf?@ﬁ ¥B¥uces

t he af or emery, aci stk e / _
orevent i ng @g@ggg%ﬁggggsrgﬁg?gg@wgebméﬁ thd R0 /el REGCHRICkIEs are

ction electrons fr t he 5pi n-dependent
regi on i s tanjmmizedeThissthesknesr isrwpicelly dess| thpethe meanchee pathuof eleetrams t he |

top of the spin valve sensor. The _specul ar reflector |ayer_reflects.the
conducti on «,ﬂ%@é‘ﬂ thrgugh, t enﬁeé}s?rhéﬁ ’glbiﬂﬂ§ FEBRBRIR: # ST o thescqnguetigsy oy e
the magnet orgsiohl K Gk o f “%‘N{}{% r nt

‘j nvention pr&;ﬁtﬁeg\ége ﬁaﬁg{?g% ?%1ng{r€a§8férg{3§8§&g§@%fn va v@@@?&@ﬁ I ch

'm hi m zes sHayeristrgctafest Wehen eles magnsticemomeiits ofi ¢he pihsedsgpidfremlayer sewtmes whi | e
maxi mzing refl ection of conduction electrons, back into the tgg_i n- dependent

regi on of t e pEAllel WithFespect fp ene - another scattgring isnimimak andvhsn thelr magpeticyy e

which is co ' t . : [ i
‘conposed of rlgﬁﬁ]@:? (S)(r%fao%lt e%?%ﬁh@nﬁn%ﬁg%dgcﬁet% ﬁ?%‘gﬂ}‘.@?‘é’?@f‘i‘%? eei ng
| ocat ed bet wesistahdecof theespirayaive sénsuc tsin efunctibnt dfecasr ¢h, wherde Fs écthechrigheyer .
Each of the first a}rlld second | ayers o the_ca?1 ucture are specul.ar

st
reflectors, EWESHethe MhRgngle FgMents cofdhe, ninneds and;irge; fayer sheries; hEhesense
current. Ac i k I g i Liste | ayer
s hi nner CRARUPRLYE i Rencol TR Ao ke AR ok iR R it e bescoe
bei ng S~r f ahe changkiinghe kasjstanceanfl thddsenfar ast the nsapnetic momeat of THeefrewlayegnet i ¢
netallic first |ayer serves a dual fu‘n tian, nanelﬁ,:@d%%ﬂ? ,reflectigg_tﬂ
conduct i on eTREWFGHIatES ERM HPesiiorapilc] withaiarah {0 ctif, MmNt oA at i ng
the iron oxi, ) r ] : o\ i ; d
that when T Hom RO sty REE (A RipgElir fod @AM Pretd B e (e
free | ayer gesistehce & the sawon wiksi the degnetttanomients fareggardlieler structure by
raising its uni aﬁéal ni sotropg/.HK. VWhen th HKQ% t({;e Sr e Ia¥er i S
elevated it becon®s? fon 19 ther Spim YafveSenpIsthE HEad, bead, Ingiugles moprondyetiys o,
‘the rotating, BB i 1A 00 4n0 I gyt f r '
i nvention, ﬁler eglﬁéﬁ%fl gg\}isiélgdg%g&%géﬁgt %a? lr gfé ingat(‘jeﬂ\?mﬁﬁ het%aghlgﬁdngi sﬁéﬁgari ng
surf ace ( ABShjeld dayers. Thagpinnaivessgnsdiriic lovated dretveeni the fifst msd secvoidgearbgap r ead
gap layers; a spin valve sensor being | ocated between the first and second
read gap Iaylé)’"sr;g a&ﬂdﬁ? potosnsy sreend regd: gop gﬂ’&rss%r@olﬁﬁf‘tgqlii’é"l"ffep %rﬁg?t Mer ei n
the first a r g t JBRN i AE
second shi elr]%c?rgf/g@gl.d @@S'sgfaﬂe\%ﬁéguggﬁsﬁfﬁ?n@%?gé: a F}es?r%gi;?ggn 1? ?(t;:gj
pi nned 1 ayerfosmed €irsifellévat by fmmatiomofi ée firstrread php layer,ahe spiarvabeesgnsetr) ¢
pi nni ng; Iayei1 exchacpge coupled to the pi nn(fd | r structure for pinning
the magnet i cthRoiFERRd SFad B JiXehedd) Higetecond shielft dayenndnig yahie spuspEy are
structure. T I I ' i g al ckel
iron, séecondagsr?{jﬁet%ﬁa}srag%ﬁro ég oﬁ?/ltg;b?ﬁ’o*ﬁg%%g?? cgep E%&o@%flé(yﬁgﬁﬁgmﬁ?ﬁﬁ%@ 4: irst
free |ayer |lagatiedodasidweanttclintescehiie aaitot Blossitof the firdtayet gap laher geeand
free layer interfacing the spacer layer and the third free | ayer
interfacing the nonmagnetic netallic |ayer, a nonnmagnetic conductive spacer
| ayer | ocated between the free | ayer structure and the pinned | ayer
structure, and a cap layer structure interfacing the free |ayer structure
with the free layer structure | ocated hetween the spacer |ayer and the cap
| ayer structure. The cap layer structur®e includes an iron oxide |ayer, and
a nortmagnetic netallic layer interfacing the free layer structure and
| ocated between the free layer structure and the iron oxide | ayer.
According to a second aspect of the present invention, there is provided a
magneti ¢ read head which has an air bearing surface (ADS), conprising:
nonmagneti ¢ nonconductive first and second read gap | ayers; a spin valve

o o o . 1 r -

o, o o o o



2 27 UN 200g -4a spacer |layer |located between the free |ayer strz.ug_l tJ[%N 2004
v«and the pinned | ayer structure; and a cap |ayer structure interfacing™t

free layer structure with the free |layer structure |ocated between the

spacer | ayer and the cap |ayer structure.3The cap | ayer structure includes:

an iron oxide |ayer; and a nonmagnetic netallic layer interfacing the free
llayer structure and | ocated between the free |ayer structure and the iron

oxi de | ayer thentoprafi the tseisor close @cxﬂweselcezybreadgaaﬂ@mssmndvadtﬁesmméurth@r

venti on, -ERavDes & BREbi st SLARi R bkd EARRHE Rool WeRF I binosd g

surface (ABHyer Guiipfutes ii$ @ne dovirioke flieadagredt Udyeryg Wwiel r:o naplivettichal ihsgnetind
second pol e piece |ayers that have a yoke portion Iocdaéed between a pole

tip portion MmN e RegEH fﬁféﬁamaewtwalam%@aﬁ%pw? y@aﬁoup&kygrayeac\atﬂbd

bet ween t he t pl

i msul ati on SPReRsMRERA (08 torhdifcly Ibr e RRRRRIEE SPIELAGE sl 2"
bet ween t he stibh Iferthmrdiassllﬁsd af strigle 61 dstl veberkis acsmgttb goh e'abzieescesdra:yxm]ws cuhd
the first and secogq pol e ‘i‘?i Iaye s bei ng cqnnect ed. at he| r ﬁg ﬂ%
portions. TRES KEYK pYer and @ éWBIV‘éﬁ%EBS??o PEVO plr“@?ﬂj WEGIVI A HPng:
a spin val veayeeBe@iture NSUaiRIGREeb&wa@Iconduct i ve first and second read gap
| ayers; the spin valve sensor being | ocated between the first and second
read gap layers; a ferromagnetic first shield |layer; and the first and
second gap | ayer s fgispg JEALRGoEk WEH WARelig RpicMiuAlof] i XBfed Bl dGe

first pole piece |aye he spin va sensor udes romagneti c
pi nned | ayenfatmentianed intedfhcdsasd thenspgc&rt lagernwitle reach af theltmﬁredrmda@nteﬂa)@r

| h h d f
o oot ) St ARy it hetenabfe, P1dRiSest BYElackiehds' 1 Sehil, BF'Re

structure. Thedidciee dicyoehns Sirbugt tHie spmcdega&&nasdajtteﬁhg frégion reguits i0findreaseel
iron, second and third free Iaygrs of

alt or cobalt iron th the first
free |ayer [B¢2pggaseriEsitanseostiesat il %entqrdomee%nﬁ%w@t%%{éﬂg%ema

free |ayer i Bf"tﬁfnf(ﬁcth@goﬁd’i@u%élﬁ%oﬂsaéé%pe% fespih kdaftefih @ EedidtY §hich reduces
i nterfacing the nonmagnetic nmetal li er, a nonmagneti ¢ conductive spacer

| ayer | ocat & afermmt%mﬁgwrpawe @@ figiqny d6RaAdscherae é@rmtétpntlag@ﬁcape of
structure, %F aco(haﬁctko%ygl ecFodsURbI gléz %513 rdte@r%fdt@%et fonl 'ise? Rlle St EI%E‘EEHF e

with the free layer structure | ocat et we pacer yer and the cap
| ayer str uctreﬂe&:tor‘llhu;eammp chpyteuctse ratitteuo of theIsphhe&lmensmnThb(spabeuﬂaa;eéllectoand
a nonnagneti c net | i a nterf C|n t.he free Ia cture and
ocat ed-bet Wit Tefteey i, P 5ihetion lesBET Gadhapo B P Spehdra kR &% o

Accor di ng t gmardveUkd MagsR@ctisfe dobfficing GERof itHERA§Iron, there i's provided a
magneti c head assenbly having an air bearing surface (ABS), conprising: a

write head including: ferromagnetic first and second pol e piece |ayers that
have a yoke portion ~ ~ a a N Zoos sffmAvpaeyed between a pole tip portion
and a back gap portion; a nonmagnetic wite gap |layer |ocated between the
pole tip portionsTde Rregent inventiem proyides mabifryke o4t seuctyrayfer 8, spimvaliie §PEeor on
stack with C t

yoke  por t1 onchidh e Sdin WCherREE R IREREN BahEToRE W WiRe
second pol e nrxdmé&zihgsedestidresiypndoctivactetioas badkento thacsiaung&peqmnt rergrtm ofthe

magneti ¢ head ass al so conprises.a rea d {nclu |n v e
Consor nonEuE: TEE R GGG 18 Prmife bRl danulPEnddp s yEPes

spin val ve SRAFRAENAIRI ﬁtgtal Qa@taeskcbrd WBRR vilieh id éah;?] @8d oFesonen roxaft gaﬁ the

| ayers; a ferromagnetic first shield |ayer; and the flrsi and second gap

| ayers bei ndlonB@aRel Beplliserrst et prige lgqﬁteét betvasie Fheatiee tayer flryatyre spddhe

pi ece |ayer 1ro-£h§x1§9's@cdffal MerS #ASR of |tRE If#edAsdebhd RRANGE tife AL BBELLhRYHE
structure that has a magnetic nonent; an antiferrondgnetic pinning layer
exchange couptadartreflediersphoveyer, themnmagnetist metellicdirstdayamishents the seasgresiment.
nmonent of th ee
Tayer st r uctareraiREY, RERbRS; HEbY BunRRR iRl Y Tyl AL Bron IR
third free lay®sscoid kohakith tre prefoatd thl(fl@tESSﬁdi bhng 54 for tlfetﬁrfsrrleeerlamielloA for

| ocat ed bet en th second and third fr ayers; and theéf‘econd frﬁ _gayer
i nt er faci ng héecé’B d g ﬁvé&onaﬁanqtﬁéntt Fif firfiyeier seryeya Araldprctionngamely
nonnmagnet i c r@ﬁé@in?'c%néhﬁﬁﬁ%h el R WRE ML the Eﬁ?ﬁ'-@gﬁé nd¥ & reidh @hd k%ﬁﬁﬁulétﬁ%%@d
between the free lNayer structure and the pinned |ayer Structure; and a cap
| ayer st ructitAneoxide spdondi laxert fivem fthe érep a\@z}@n s§vetukst llurt@vwf@trndt thet wher theairer
structure | ocated between the spacer |ayer and the cap |ayer structure. The
cap layer structure includes: an iron oxide |layer; a nonmagnetic netallic

| ayer interfacing the free layer structure and |ocated between the free

| ayer structure and the |ron OXI de Iayer and the |ron OXI de Iayer bei ng

g e~ o~ o . . o



The free layer structure includes: a first free layer of nickel iron;
vwsecond and third free |ayers of cobalt or cobalt iron with thegfg‘réigr&rzﬁﬁé_
| ayer | ocated between the second and third free layers; and th e
| ayer interfacing the spacer |ayer and thé-third free |ayer interfacing the
nonmagnetic netallic |layer; a nonmagnetic conductive spacer |ayer |ocated
between the free layer structure and the pinned |ayer structure; and a cap
| ayer strucokide seerns inyeriintsriapes the diec | laxes straetpigcit serouslt dearpdes the free dayer
structure | t r C R .iv The
cap | ayer sovaepid TR pabfs A REebR AL Rt LRACEAn: e T I
nmetal i c | apecomestraskatifranpd tidse réspersivetpesignal fields from the cothtogameghdietdvaien t he
free layer structyre and the.iron oxi | ayer. The magnetic di drive .al so
conpri ses; a housi ﬁ?r%é{’grrt&&%ﬂ %Spa?tﬁfqﬁ%f’rﬁg%I‘@Vegﬁﬂbégetrgé‘s prrqw[cﬁg ABIECHY: a
support nouptRd HeRd t GAidAOURE Nen f AIF  BetRd@r tshiffcet HABIN®@infishadnashgieliy

wi th said ABS facing the nmagnetic disk so that the magnetic¢ head assenbly
is in a tramoueuidnetivedirst angrscenng raad gantlarersiegipin Yl veisesror beinglogatpd beRyiesn
for rotating,the net i i sk: t.uat | L 0f .to
the support o0 mEt el e et ' RloRRB e o RARR SR EARE:

Wi t h respectwheeein ahed firmgindt secordi sdad gapdagerpurec hested beomencthe dirstoartdhsecond
magneti c heaﬁ_ ﬁgsenbly, to the spindle notor and to the actuator for
exchangi ng Shighble¥eti t h the nagnetic head assenbly, for controlling
nmovenent of the mEgR&pICyaNSienddtdnélfdest 8 Brfdthdgnbc iﬂﬁe@mﬁ'blt itArnRé tHadhBas a
magnetic head assenbly. According to a sixth aspect of the present |

i nvention, tmagneti¢ sngmeny; areantiferramasnetic RINKRE dayey exchinpe sPHRed o (teg ginngthe

ey sur ayeR Aol PAbinlkfe bl mBiRe: oftnt BCATAR SRR, Bid a free

second pol e Ipieesrudtaseer Bhe fred ldyevsinmture keslyies tifast frechyedofeitkel eronasqohd

tip portion and a hac ap portion; ,a.nonm i it ap_ | r |l ocated
bet ween t he aﬁaﬁ*@r‘i ?r elﬂjaé'gfsi ‘bfpncé)%ﬁlll{ Of fiebatt tren “&Hgﬁ%ﬁ&%‘” egﬁé?%a%? ef‘?ﬁfé’ratb? an
insul ation stamid Mdt thirdt frdeCRFErsOMe seirld fray Biyeeibatdat theespatdr lhpgainddhe
bet ween the yoke portions of the first and second pole piece |ayers; and

! : ( P
the first ar r%eft?@rﬂéyﬁﬁo!n_éef@ic@éethffW%g%lcn@e@gﬁn@é{?‘éd‘ BenpggEeHe _t‘iﬁﬁ‘ﬂ(ucb‘éib
portions. T@ga&s_?%g'epﬁﬁgteﬁ MelwidgShe BeSRiyE MAlcMBe BRNER PiInRANARIRBLEGre, and &
nonconductive first and second read gap | ayers; the spin valve sensor being
| ocat ed bet wephayehstriqturstintgrfacing the frez layer stupuogigh thedfrecclayerctiuetaer lpspred
| ayers; and rr Lc. fi i ; and the first and second
read gap laybgep&‘? etlﬁn Qg%lgfgﬁhgﬁemggr@{egg&@{%t shield | ayer and the first
pol e pi ece | ayer. THeeappiyer s@hoteresneisdes annodnuaiade lager end @ magmegnetic phatalbd
| ayer structure.that .has a.nagnetic ment; an.,antiferyo etic plnnin
| ayer excharl@%"rdﬁtﬁglﬁ‘éﬂgtﬁﬁf ]Erﬁeegﬁi’rnﬁ%{{‘l?%ﬁlé loggt'eﬂgmpfwegnft%? gg‘? ﬂ%’%ﬁtﬁ% d'anld
nmagneti ¢ nor@@iroRbxidegaRk.nned | ayer structure; and a free layer structure.

The free layer structure includes: a first free |ayer of nickel iron;
second and third fAuerdingdesa é?CO@Sb"éP?Ctp?f theberiesent ABYENHPRN thers i pFasidad; ae
layer |ocat exﬁa%%?i\é‘@ D hOE SACAMs ARl Blditgf dupBcd ?A(BSﬁicoHiﬁis_ﬁQPQBQnﬁé&ﬁc

|l ayer interfacing the spacer layer and the third free layer interfacing the
nonmagnet i ¢ mmacenductivé fiseand seconthread gap layersonshis vhlye sgpacksing kpaied begveerd

between the fr | ayer structu t i 1€ ap
| ayer str uctthf’ gﬁftn?@f?eﬁgﬁl%ﬁeatd a%f §8%51 %@efé@?& %g%tﬁér/gfs\tm%ﬁ Lég ‘%1021 df Srhéeg&]ﬁfg%ér’
structure | oghdrest thetfingendtsbeorsipesd gap hiyers teig lobsted dptweay ¢lie fitst and wecend The
cap | ayer struﬁa re includes: an iron oxide |ayer; a nonmagnetic netallic

| ayer i nt er FeSlh [YERe free layer structure and |located between the free
layer structure anthd &y L4108 s@xbORchayeh fedbdagittic ipidRd 0t StriciethAigang
aFe203 and the nonmagnetic netallic |ayer being copper; The magnetic disk
drive al so coagetis aaomenthgugntitprromagagjitepinping; laxerrexchangs| spupled porthe ®inngdt he
housing; a s li L Al edf of R retiNgy dr REuEBRNGEA & fhead
assenbly w tl}%g)és}%:irgw{g}gésj%gm rlll(gg H%gnﬁ gﬁ%?ﬁ’c ediEgk sg) thatgyt he }lragneti ¢ head
assenbly is laperastiuctumes dlibé frge takastrushehiipsivwdesha fitse fisadayet o€ nigkelkirora seqsindd| e

nmotor for rotatin he magneti,c,di sk; .an . 1 L.t oni

connected t oar}%htblrg Jlbeﬁﬁﬂergfifcmti (‘HgCOP %g”%gé‘;ﬁg‘tatﬁ‘g fﬁgggéealég% %%}}W%ﬂ t|hf)l e
posi tions W §ddoficaneeiird fres dydrsyalgnsicbad dies Kayeanntedaging des sprerchpeaeatdethet o
t he magnetic _head assenbly, to the spindle notqgr. and to the actuator, for
exchangi ng sthifaltee yeh IEEacRg st P‘?:“%B“%é‘?éﬁ{w %yef;o?' nopmpgRstic; Gogductive
novenment of the magnetic disk and for controlling the position of the
magneti ¢ head assenbly. According to a seventh aspect of the present
invention, there is provided a nethod of making a magnetic read head which
has an air bearing surface (ABS), conprising the steps of: formng




structure and | ocated between the free | ayer structure and the iron oxide
Y1ayer. According to an eighth aspect of the present invention, éhf[)i Ill\f
provi ded a nethod of making a magnetic read head which has an akr u 2804
surface (ABS), conprising the steps of: f4r.mi ng nonmagneti ¢ nonconductive
first and second read gap layers; formng a spin valve sensor between the
first and second read gap |ayers; formng ferromagnetic first and second
shield | ayeFE%CCra]ﬁMeTfléiaa’wiﬁbetWhén therfege layat strectorecandethel piympd laygestsuddat el t he

the stops optt parnitnEhl WPl MRy otk ufh 8 k8558 SPhgtrerbamtal "

magnet i ¢ nobetmieen fherspadeg 1gRr and the @4 DiyaidRictuge.pi Nni ng | ayer exchange
coupled to the pi iBed Iayer structure for pinni negl the magnetic nonment of
the pinned | ayer S0 AR GYS:Stiprg wehiday aa itongxidedpyar; and-apenmagnetitiictalicof
the free la I@e igRe! 1 ] first.free | ayer
of i ciel | 1ot Myl 1Re HOE IS Subolfreniniioelq borRbl B8 Ros bt syht s of
iron with tHe ifonraxide lager; wWapesin thedemexideelnyerdn oF b®; 2ad dindnamehginbii¢ thefatlee

| ayers Wtha&@ﬁs%@ﬁ%@'d free layer interfacing the spacer |ayer and the
third free 1 yer “rmterfacing the nonmagnetic netallic layer; formng a

nonmagnet i ¢ condugtéordingitd & thishapest dfaeprefak WReRd) ehedré RSrbARUE] a SaHGIUT €
and the fi rﬁt pi nqxn,g@ l.ayer st r,ugt ure; and forming a cap |ayer strpctgure

i nt er f aci ngNGalsssIRRlY |haying a4 4if, beasing sprtaee (ARS) cemprisipgr a siritebead includoat ed
bet ween t hefeslafaBhett ANBf aRNG ; I the

| ayer structure ggnf:l qdesat hecéﬁ%(g@@%ek@{%%ﬁﬁhggﬁgw%slglﬁygél:t@g l?%%ip?et\?g@m ng
a nonmagnet  polgdirapartien had e ba¢ingapr faativm@ nonmagnete Wetearapdayendoaated tndeen

| ocat ed bet I r re.and the iron oxide ]layer: and the
i ron oxide ﬁfgfﬁé}éﬁp{)\%ﬁ)ﬁ%f)% %r?% éﬁ%g%nda (Qetphegerl@'r?ﬁsaﬁﬂé’ﬁu tigBisiack Vet alyer
bei ng f or medagfoneapildayer embeddddl thetdilNIoRRRd betifeeAaBO W olkdBortiBnRoNikBifitstamRect
of the present (anlent.l o;,ﬁ there i|s fﬂ’r ovi ded a net hod of naki ng nmagnetic
head assenmb¥SyORhRPCHIECeIAYersy angethe et g seqend polggyecedayss ibeing gonmestesk aips
of : maki ng eeiMbatiegdiesttibmc! uding the steps of: formng ferromagnetic first
and second pol e piece layers in pole tip, yoke and back gap regi ons wherein
the yoke region ikhe megnasig hisad nesembishalspodraptisep aanatl beadkingagingegisginsalve
formng a n g j o IV It | ayer . between the first and
second pol e&g?%égl%f@;%%%gﬁi ﬁ%ﬁg&dﬁ\gﬁgﬂr%tp%}cggi&@ﬂ? P84 AR A S shiR Valye
stack with sensdreeing ooated dietwdeaythe fiesheddecbntiheadkpap hetwee Ferhfadretis tirgnd
second pol e pi;eGe. |l aye i he, yoke.region; and connecting the first and
pol e piece ﬁ@%}gﬁ%"e&t and;ﬁ’ﬁ tgrééﬁndggﬁop‘ééflgﬁly% cHG {9rgtpdotetvegn Hg firsheheld: i ¢
head assenblayerf atidt ther filsOpplel siese layBKi Mhe &pheaslvaahor REdIulisNg fehEmapfme of :
form ng no\r)%rrgjgegﬁ i C noncondHctl ve first, and second read gap | ayers; formng

a spin val : gET HEIE thatHhas 4 pagnelis nemerhan PERETIgaISSheticepianing idyer
formng theexcharte congledas aRpinaad 1@;@%&@&5%@&%@% A ghbdShoihb ik ayer
and the first pole piece |ayer. Mking of the spin-valve~sensor conpriSing
the steps oNNgdjpysrsgueiures pRGadighEEESIPIchned | ayer structure that has a

magneti c nmonent; i i i i.nnj er exchan .

Coupl ed 10 1 he pi maeht Sy &8Pk SERAERENRL e Bharb el YT, RESRERE g,

t he pi nned firegylayers of oadtaliros cobalt momyith the st frey Ryerslbeated beteveerf he¥edtgdand

nonmagnet i c,.conducti ve .spacer . layer be en the free | ayer structure and

t he pi nned ?g@@&eeg?xeﬁcgﬁ%@?o%he%/%ﬁﬁ 1yt Cl(‘?ﬁﬁlt‘]‘f W@‘?ﬁgﬁr@@g dhecthird feserlayarng

the free | apeefasinguled ndrenainttic inbRllfo1eger] @H&ﬁn@héﬁ@édﬂdﬁctﬁ%ﬁ@&'l } &Rt he

spacer Iayfhr‘;p and t he ca[p | ayer structure. Making of the cap l|ayér structure

i ncl udes t H¥tWestpthe diee lpysr frugtureand: e pinped dayes yavctureoand agam layenstaustise i

metal | i c | ayiRkfaki | : et ween the
R¥fabink §hd ﬁ@édﬁ?ext MchikERith g‘%@{r%ifea&é{%%_ rldh gt‘ﬁféal%gatL@ Bgt})\%?% gme [spacer

free layer structure an he 1ron oxi orm ng
| ayer st rudeyarand g eapdayer Reugtuep dhefcap fayenitrugtuae frichsles fn fren beide layef, and ckel

iron; and f ) third.free, |l ayers of cobalt or cobalt iron
with the fia(r)@{h%%é‘g&f g‘%ﬁ‘?%@%& ‘é@f’"%‘éi’\%g%?%iay§éé%‘ff 5709 {ofiafed hetwesny tg?/er s
Wi th the sdeerdydrstectusyal thairen bride iyet. he spacer |ayer and the third free
| ayer interfacing,the nonmag_r}eti c netall iﬁ | ayer. According to a tenth

aspect of the pres®ERIIRHRH ifodth @ik of She rrstienk dnventien,ndbereofs provided a

nmagneti ¢ haaghnets aekd ¥sskidly MAsn ir TheRERY | @,@g : Ligh g
the step o??ggrraki ng a wi tey heaoga?lngilrt?gi ng %‘ﬁgcgﬁéggﬁg%oz o?n#i %gme tead
f er r omagnet PEUFINE s ferEmppeaato hastpdldesgspré @o0lcapises lavierpdiae havp a yakeepation back
gap regions wherein the yoke region is |ocated between the pole tip and
back gap regions; form ng a nonnagneti c nonconductive wite gap | ayer
between the first and second pole piece layers in the pole tip region:
formng an insulation stack with at | east one coil |ayer enbedded therein

o, r ~ o o P o o o



z z'~ a N 200 -4h BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is a plan view

+of an exenplary magnetic disk drive; FIG 2 is an end view of ans
a magnetic head of the disk drive as seen in plane 2--2 of FlI (3212 &E@\?ﬁﬂlf

is an el evation view of the magnetic di skd4trive wherein nmultiple disks and
magneti c heads are enployed; FIG 4 is an isonetric illustration of an

I f t the slid d magnetic h
PG5 14 Ao RAPes oA PURLP ARGREARE 1RSSR ERERTIO| §AQIBGBY SV &3P TG
2; FIG 6 igocatddabétwakn Vth@‘ﬁéow ti gﬁorﬁbﬁsd%f R irdt ﬂicggycl%ﬁﬁ kpdtTﬁgi‘éac% %gr ?\%as

seen in plane 6--6 of FIG Is a partial view of
mer ged nagnemsulatmw@caswéb@hleast one ®1121a§]€tnr¢nﬁ®déeqotMrﬁen Tecﬂtedfbdt:wgpn the yokeg. 8

| | k t
the road andoftinsSref Mo 4R Rebbalederk. B BRagRL ARCEHL 2ud Sefop rply blege ™
partial ABS |aieeyvbeiiig tdihested detheir dickngapl porgor3| ane 9-9 of Fig. 7 to show the

read and wite el nts of the nerged nagnetic head; Fig, 10 .is a view
t aken al ong pl anee[%g magngtic SSQ!ngB‘V ajso,omprises a readepd inchiing a span yelve

layer and | Qaddr. oy Afeti] 'rﬂnccﬂtﬁlubt?veaﬁrﬁ @n@r&%gnd ?@dﬁegéﬂ %}JEBJS % spid Qavef

the read head with a spin valve sensor; Fig. 121 stratlon
of the presepnsospeingJatajed bawser the ﬁ)ES@RI mmm\lre@d g'EHBaYd?EFEma@MB@ﬁMEI\ﬂ'S

| ik
numer &l o deStisth (a4 FahE vO M tebehd Db (RS, 1 ORRE WRotseh It §irll B0kiE
Figs. 1-3 i Ild}lﬂ:stahdtthe &irﬂt&g@ietﬁlﬁbediaykr dThy epi30valVeigesbor Vaclddesi f Gewsiasgratic

spindle 32 that supports and rotates a nmagnetic disk, 34. The spindle 32 is
rgt ated by &' F’ﬁﬁﬁ‘% SHyEre g@t ?‘ﬁ%lf‘ q‘%gn%ﬁg’?oé‘i‘qnéda‘b?rméfe%‘?’%“e@@rﬂ‘?‘&ﬂ‘g apyessg.

A slider 42 eﬁélfange %Qurﬁlbd‘ﬂﬂtlfee}ﬁﬂnéﬂ”lﬁyw étﬁl@tu‘i@%%@ﬁn?@l@éﬂmﬁ @1’3%61%6:1%%9“ ed
by a suspension 44 and actuator arm 46 that is rotatably positioned by an

act uat or 47pnmeéllmasﬁrwgtur§farm%ftge lager spwe®reand suspenS| ons may be enpl oyed
in alarge capacity, éee%};ena&ﬁféﬁﬁe ﬁé«%ﬁ@e@?aqﬁé@ %@eb J?AE [}SXV'"S Ortlcl: a3
e ac 0

The suspension 44 "an ator arm are nove
posi tion t hehisd lfnterlaydeﬁ‘s 96 cobat ot Iaeba‘ragnntWidl Idﬁﬁﬂrsm‘raeslayer lacatedilbsdweh rthge

| at hi t.h ace of th i sk. When the dj sk 3 S
o tateq by Brendhnd Pl hEF By St T SOR e g i tacits B Stheenaner and the

(typically, thitf fMe rmy&ul%tyrﬂemgfthalrronﬁ@gﬁetiae@eeang:) 1ab &Yt eRShrh PR e B IchARR L 04
the disk 34 and }he ai .r bearing surface (ABS) 48, The magnetlc head 40 may

then be enplSB3c&l aver logated balgveen s treg lager Bt ?Ilcbqhé P@meé AVEF sEugeRsanshe t he
surface of the1fkeskrdfure %ﬁet“fﬁ‘élﬁ fhe fféérlaxe?%ghagre' ﬁﬁl?[ﬂ%équyetrr}%&hfeolm:ated

Processing circuaitry SO exch anges signal s
between the spacer layer and the cap layer structure. The cap layer structure includes: an

iron oxide layer; a nonmagnetic metallic layer interfacing the free layer structure and
located between the free layer structure and the iron oxide layer; and the iron oxide layer
being aFe;0; and the nonmagnetic metallic layer being copper.

According to a fifth aspect of the present invention, there is provided a magnetic
disk drive including at least one magnetic head assembly that has a write head, a read
head and an air bearing surface (ABS). The write head includes: 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.

The read head includes: 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



2 2'J UN 200g representing such information, with the head 40,, proyides
vspindle notor drive signals for rotating the nmagnetic di sk 34, ZanJm}NVZOB#s
control signals to the actuator for noving the slider to various tracks. In
Fig. 4 the slider 42 is shown nmounted t o4 -suspensi on 44. The conponents
descri bed herei nabove may be nounted on a franme 54 of a housing, as shown

in Fig. 3. Fig. 5is an ABS vi f the sli 42 and th tic head 40.
The st dor BRIt IoFaiRd o eeh e SisbRur i 49%eh andrlde! R BHe J0er anpe
side rails §1§ina\;}1‘f've69ensa_1hﬁlcpﬂite%1zsa Reronviindid pfifle@1d R dtrhe@re ﬁxa@h_@fﬁég@g'n'etiéz

Wth respect” to rotation o e magnetic disk 34,” the cross rail, Is at a
| eadi ng edgencidentsf an hanti¢rraieagnaticl mnwngrdayest ¢xcharged cawpled tatthe pipagd ilaygr

d 66 of t | i . Fi 6 i [ - [ I ' ' f
ot gayback. mBReopaingnzghe fedett HoMatar e ghReL AR e BF S st B, °
read head pe@frtidtore. 72, the read head portion enploying a dual spin valve
74 of th t o tion, Fig. 8] BS vi .Fig. 6., Th
pi m val ve- | sensofp 4rasslasineieERe dnehutc 8 TR FR gHEE PG AL iPTasepy and
| nsulati ve fyde8NE3EPRAIPRE BB LY Slith it AR el 1a3IobEd hEAFbe AR

| ayers are sandw ch etween ferromagnetic first and second shield | ayers
80 and 82. Isecandsnditisied free bayems aral thersepoat ifice flayer itdorfacing the spasenlayer asrd thére

i I h . h h
Sencor caus 46N Rsg ey e anios RangmeBteCRbpl FREY b inein B e

changes. Theggeepfivenlocated Goanga shafrée laherstucnee asdtheginneddayea situsugnahda by
the processing circuitry 50 sho i ite head portjion 7

|fn Fig. 3. The.t\%v: ng
the ragnet i GAPEREr FIGHE lifgefacing Eis;tree) léXﬁérStrSgtuEea‘ﬁ ﬂl?nféﬂ: laxensbufturg logpted n g
second i nsu lb’éﬁv}r&ﬂ th@YRker l%geraa'ﬁg tﬁ@capﬁa%'é}' strtlctufts Uf1Rt dapayed¥aictBR iBd&e an
enpl oyed for planariZing the head to elimnate, rlpp! es In the second

i nsul ati on lizoperxidealagerdaid/a npemagsictic mejallic Bwer mfrstacingsthe frge dayga stayatere @Ad r d

i nsul ation l.ayer rer i rt “isul ation stack”. The
coil layer 8‘9f ai?ﬁia}et?wgenftlgézl{e,é?agyglé%ﬁdc?%ar%&% |erl{§)%i%r)l(gdt}l lg f?bn | ayers 86, 88 and
90 are sandw ched Thetmegietitidist dandalseconghripes @ lpivsing; laayagretio 2lisknt@4bly The

first and second pole piece |ayers 92 and 94 are magnetically cqupled at a
back gap 96 SHRRPIFSE thﬂ‘% sing, § LBRY el 1{1it€¢sﬁ%1§n%]§>risu %X%ﬁqcehmggrgﬁc
separat ed byhead WstdnfolgaRith MRY ABX fading ik frddBeticdisknsaltivdti the hagtetic | kad |
is |located between the second shield |ayer,

th r .82 and the first pol i ece
| ayer 92. Siaseemtdy is n 2 tyapdyeing relapienship with thenaegetic dis ;825}1)3&5’3" ?‘H)éorf for st
pol e piece | SRl URLS pbdiiicniRe Akahs cEMRRIAS e BiygRYDREK
head. As Shala’%a%?lﬁq%? g{sa.%n%?ogﬁigﬁ;{ﬁl ?létr st gnd_lselc%ryql solc_der connect | o%g) 104
and 106 conneoting damimagnatin hdad asgsimbly & walltide positins wish respaet to saidamagnetia

~on the suspension 44, and thir n . 1.0 18
connect | eao‘ﬁg]&fﬂggnp&b(ﬁ?rfc? %cg%dgtog}é% ﬁﬁg&.&f?fegggggss&%%?g%% #?ﬁ%&fgﬁ%g%d
T26 on the stdsheastuar for @changimnsighalamdtht the isapnetiahedd gsemblyafdt @®nealliept
the second shield |layer 82 and the first pole.piece |ayer are a.c n
| ayer. Thi s PQYangt orﬁéé?i “i“’sg“fi%ﬁﬁﬁa?é’d Oﬁﬁg’@té 1‘&%3@%??%9{%88%‘%%%%@3?”%& on
| ayer 103 ofasgg}ﬁ\blpj ggyback head in Figs. 6 and 8 is onmtted. Fig. 11 is an
isonetric ABS illustration of the read head 40 shown in Figs. 8 or 9. The
read head 40 i ncl udesording tasppixthaiped of degupseniinvention therrls PERVAHRE 1RPEMFas
and | ead | ay, .94 ik ' it81Héed e 8ag

| 38 and 140 @?ﬁtdﬁgeépllnH\Jg?tv?ageﬁgggsﬁfﬁgs&g%%ﬁgg{bpgﬂﬁit zﬁfﬁm in the art
as a conti guimad apdnotaidrearng sugade (ABS) d dde nirive headhinsbidre e Fomegiogiadasiands,

Patent 5,018, 037 ich is incorporated by r. i T 1St rd
bi as and |ea%f°?‘é‘§/£$]§ Bitss Ty Beeak p Pk ?‘%fé‘?%“?%?‘%?eﬂegﬁ%ﬁ ahple gﬁng{o ia‘Pgt621

| ead | ayer 114a%kagaF poftfonS @GRAmMafrtd viitezapnay et dmdted dyeerenB6 polacipustetians of
second hard bias layer 144 and a second | ead | ayer 146. Thﬁ Qﬁrd bi gs

| ayers 141 athg fayandseeend ROl RIEES Laversa 2 Wﬁ}‘l%tié%/’eﬁﬁc Siithi 4 e 20F FoiHP¥Tigh
the spin val y8p&RRg Werdift 168ted btebh e GolleROriiGIENSH the fﬁ@mmn@cbmF@lerpiethe
spi.n valve sensor 74 and the iirst and second hard bias and | ead, | ayers 134
and 13b are layerst end ity fivseandt spsomb ppiggpiees daversebeing cannsptadnatytheir Raskrgapst
and second rﬁgrg‘ gap | ayers 76 a ' and 78. The first and second read gap

| ayers 76 an 8 are, in turn, |located between the ferromagnetic first and
second shi el d | ayeThe 8&dandd 32cluddsga spih valvarsesBS ndumaghetit hancooductive first

present spin valve sensor 74 wherein.the spin valve sensor |s |aocat

bet ween t he f} §?C°8§deasde%@n3f‘y§’§pﬂ}ea§}’é? Jabg SﬁH%Pr%?.mgT amg&ﬁi%eeggﬁ?/&er%e%gor
74 includes a spacer layer (S) 200 which is |ocated between an anti parall el
(AP) pinned |ayer structure 202 and a free layer structure 204. The AP

pi nned | ayer structure 202 includes an antiparallel coupling (APC) |ayer
206 which is |ocated between ferromagnetic first and second antiparallel
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resitstance of the sensor to the sense current IS and when the gignal field
srotates the magnetic nonment 228 of the free layer structure d Uh&ZBUQ
of the head the nmagnetic nonents 228 and 216 becone nore parallel which
decreases the resistance of the spin valakl sensor to the sense current I5.
These increases and decreases in the resistance of the spin valve sensor
are processed as pl ayback signals by the processinqacircuitry SOin Fig,

t

g . > g, 3.
r ~ A cap st¢watduryd gaplaysrspped pdeaomagness fyst smeld dayes and, the’ st anrd sgcend o4
bet ween t he I r : p
ayer st rucfeaip BYEE pEhE Kot ol SnRRE D SRRNE B ol Chiscr &
processi ng giheppin vabweseasor includest b ferpregeetic pinvahtay arstiutturgthaeks easnaguetic
magnet or esi stive _coeffilrrfi ent dr/.R .of. the spin.' valve s(iglsotrh, as_dj icussed
her ei nbel owMCRGIC A Y{ierEapanesspinipe Jaed prohapses sumleT df ot pmncd, dper (&
1) and (Cktrdctdredod pAdthg the ndgnbdd mdaRnt 8y®BE X?r_{i\%dll@ye@ efim@sRd afd a dree layer
nonnmagneti c netal and the second cap |ayer 234 is conposed of an iron
oxi de. Bot hsBfctifge first arid second cap |ayers 232 and 234 are specul ar
reflectors which &y, ezlagerustNlcaﬂ'QQnaE@ég? alfi1ed frtz#]?a}[ﬁ'ef OF Infdiel %H:délﬂ)h@ And
el ectrons back into the spin scattering region o he spin val ve sensor
whi ch i s | odhitddrebdayarenf tchbals ec enbaldRopi witte thd  fyst irc@layeamkbcatbe betweeh thap

| ayer 232. In a preferred enbodi pent t first cap.layer 232 is copper, and
o second R e drsechumsn e eepnbphlpr HR RS the Pare TG o 00
that the meygkd ifellhydtinftfacingy@e r%%ﬁla?hétic ftalltc &?Bﬂ%_zpfloﬁxﬂ nRBOBndiltivent

I S which reduces the signal output of the sensor. [t is further recognized
that the iropawskiayer beaisddebrgsnithy bee yer structuse sed therpinnedilayer strueiies 8ad vpy
Hx of the fr d Lot at . re.
A i nor ease 18 R SruhE EHEApd Do 1o B FOLARERIA R SEER WG R IOUELMT D
free |ayer detweenuhespoer lnpetiandshd tap lnpastmstare. olhsi eppdhyerisghetsref indueshan
rotating nmagnetic dilsk., Accor di Q:%l y. L 2 ltahei: C'kPe?tsaSi gft tge rrlet arl lt}uct fi rgé}
cap | ayer 239 e IReL; 4, 28MAenHS PERlIS, lay g iBieTiating JBg 415 1Y BHEER AT
the iron oxilcetaicsoweercthp fica)yer 2@dctiieindithe fremskidg layee, andithirah olide doter opy

HK of the free layer structure. In a preferred, enbodi nent the thickness of
the first cd§me _5?632%%{‘138 nP'é@%g”ceH&H’eEar@C FaﬁFrclPFh‘é%%Opd?Fr;the second cap |ayer
234 and has a thi q*hraeﬁ%d%ﬁ%va%ﬁ@d% hRo %mgki@esa aPiRkRIg’ adnasrRadidiniotdtigy
first cap layer is SAt ca‘? igayer i s 10A thick.

$h

_ ick and the second _ , .
Opti onal |y, supportedpgn theyheusing; rausaippets nEsotedsi theBeusing for sHppaiting phel magnetie c3)

236 of tant i i S: t C c Y e
second gap %.&T}a\rél@ﬁﬂe‘?lglrl (r%(eégl gﬁ)sgg\%c\éﬁ%i?h et %gdgtﬁ ﬁ?ér)g%gagoolﬂlé@e@gzléggﬁeggg}%g?t ed
and the secocnstnddp i$ ay artré8dudisg meldiorshipuivith the magnétic Kisks s spmdpe otoswt for he
free layer structure 228 from subs ent processing. steps ieh thi ckness
my be-on ¢ HEBREdP pResee SRS ARMEEeRigTRE RieB% RARERACIE sheteR E
third free |lmnydhg ARBmagnetioriead asseafbly abalultipdé postiaist with edspedito ishidanigetiog
the third free Ia%er 226 of cobalt or cobalt iER?n W%nﬁ?g'a copper, first cglp

| ayer 232 t HHskyaRM8EPs8s%% cpprectsddr the magpetigrherd gisemblys L Hegpindde wofarjan

further incrgagedetuddhs ?d%sé(icﬁ&%liﬁg SiBRAS Gitpernb BElhshORGhdt mémlslp,efmbﬁfr&ﬁh%
and t hicknesses of the materials described herel nabove are exenplary an
can be vari gdomanéoif thel magoetichdisk andifar cortzalling thespesition pf theemagnetio hepd
iron and ni Cai§$é nganese or iridi um mnganese may 9 2 2 J UN 200g be
used in place 6’%‘”81 ati num manganese, Cobalt iron is preferably Co9oFe, o,
nickel iron is preieoahhy thiasdventhaaspepd af itheupraseniganeson| shaoe o erabded a
Pt soMhso. It shoul d further be understood that in-lieu qf an AP _pin

| ayer str uct’ﬂ?tgoédg making 4 é“a&nﬁ%%cﬁe*}dggéard Ppgﬂl/&‘obaseﬁﬂl %93’&?“%3“%&&@&?8)’

i nvention al®enpridflgude steph MRk iAag Ainnivkei@ndidndiotive MRt dndngdompidad \iapve
sensor. Cearly, other enbodinments arid nodifjcations of this inventiaon
will occur rlawdsifprmiggapaevalye srngerketyeaithe (first and secogd reqd gap; lavgrafiorpag e
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magnetic moment; forming an antiferromagnetic pinning layer exchange coupled to the



1. A magnetic read head which has an air bearing surface (ABS), I si ng:
snonmagneti ¢ nonconductive first and second read gap | ayers; a s | Tﬁghyg004
sensor being | ocated between the first and second read gap | ayers;
ferromagnetic first .and second shield |laygs; and the first and second read
gap layers being |located between the first and second shield |ayers; the
spin val ve sensor including: a ferromagnetic pinned | ayer structure that
has a nagnetpimleddmtstrucameafnt pinengdhegagndtic momeitrof thapiencdiayératyetues apd ed
to the pinnqg ger structur for pinning the magnetic nonment of the pinned
| ayer struct'll 2 freedayer siug UJ'§tructure the free layer structure

i ncluding: a f' rStMﬁlﬁﬁQ of Qﬂ@ﬁe@fla}'vr(‘slﬁﬁétufer Ao ludsRC hadkstepadoft Fbiming raeﬁrst FBr' s
of cobalt or cobalt iron with the first free | ayer | ocated between the

second and tiyer @f pickel irasy end formieg m@nct@a,(btherdff_re@éayeas@f cqbaiter calkaliigon wish
spacer | ayery, AR, e @thﬁc Eéd%t&@éﬁ%e sPéo%f i tf%@ ?mﬂaﬂ‘%hé Seddd ?l{eL' ¢

| ayer; a nonmagnetic I've spacer Tayer Toca ree layer
structure arlatvetr hetepfiacing dhd apaer ddyeuahdirtes tharde &pe llayeerinstfaciog uhe nbmhegrfeaci ng

the free |ayer truct e wth the free r ruct ur

Spacer | ay ol iU dagmiP R paPrBRENt e diee Tl Brath B CBREen fE HeR et "°
i ncl udi ng:  afruttuf arPthé Grdt pitred |RRE sttuch@BMBANBEMhgdap| 1hyed stragtBfe interfacing
interfacing the free layer structure and | ocated between the free | ayer

structure arthe f|e laylebﬁtrumrs evifhatherirecdayen stefhest logated hefveen theatpagsrdpyrs@nd n
claiml, %p@hé(’)bpfa Er afua Q”ﬁﬁdkgn%&f tgk' 14;%)’ %udt&eﬁﬁélﬁ&ésgﬂﬁg{eg%ft fiﬁ?ﬁp%g

conS|st|ng 0 Ver an magnetic rea as cla

in claiml, ashiesreoxide ttayer ramd foxniolg d eyrenagnstic eleedlie tyér owerfacmggthe fpe layer
consi sting of aFe203,, F UN 2004 4. A netic read
head whi ch Rl S lotalcs Petieat Pe dies 9 RpRyIcne iy H i oG e | o
nonconductive firsfcoafiing a6 andeiphidagpo@r dRURS ﬁnes@tslﬁt/éhti\ém Yieré enpedvidsl AY
| ocat ed between the first and second read gap. | ayers; errorragnet ic first

and second s‘ﬁ‘i’té%l qf pakiag 3 pepanglec reads heash hiche By ap el bgapng aydecs (RABHY
| ocated bet vg thé s&bs %Pdfo%ﬁ%r&‘i’orﬁrm bk h&)@%ﬁ&a&@%&%@ RO MPrea8 Bap"

including: af rro gnetfc pinned-l ayer structure that has a nagnetic
nmonent ; an daydrs;domoimggrepin valyd semsorcberwisenrthe fieth and scavnd peasidgapdayens fpimmingd

| ayer str Pthg{rgmBgrgeti@ifﬂsi AR §e@gnmgﬁt15§ergoa[ﬁ%nfton8{ngt Mg PRIt P lead gap

structure;
layers between the first and second shield layers. 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; and
forming a free layer structure;

Making of the free layer structure includes the steps of: forming a first free layer
of nickel iron; 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; forming a nonmagnetic conductive first spacer layer between the free layer
structure and the first pinned layer structure; and 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. Making of the cap layer structure includes the steps of: forming
an iron oxide layer; forming a nonmagnetic metallic layer interfacing the free layer
structure and located between the free layer structure and the iron oxide layer; and the
iron oxide layer being formed of aFe,O; and the nonmagnetic metallic layer being formed

of copper.



a free layer structure; the free layer structure including; a first free

*layer of nickel iron; second and third free |ayers of cobalt %r C neon
with the first free layer |ocated between the second and thir %I%@N ZQQ?IS

the second free .layer interfacing the spgcer layer and the third free

| ayer interfacing the nonmagnetic netallic |ayer; and a nonmagnetic
conductive spacer |ayer |ocated between the free layer structure and the
pi nned | ayer st r udceardingdo eaypnthaypact of theqireseat invertidna cheng ist provided e rhab®r

t t ] he f N r strycture | ocated between the spacer, | ayer
S S M ek e oL AU R B B B w e BT s i
oxi de | ayer stegs ofniEdnehal wriehedd! in6ludigeihe | SR dfAFordng hﬁé&ﬁlﬁ@&i@%ﬁgt and
structure and | ocated between the free Iaéer structure and t I ron oxl de

| ayer; and 199809 PR Piser daversdp @pledin, wok chigap régionsomreagindhe yokeatgibh isc

I bei n ' I ving an air bearing.
33%/1? ;c eEI( A%g%g@@g%e?g |thr%d aﬁﬁﬁ%{g&hﬁﬁﬁéﬁgﬁﬁrﬁ@& fié Plgﬁﬁrbefli'é:tqogcchdpgtfveand
second pol ewpicegap laygebstwebatthhfive andyekendpolei giecd hyaitseid thetpbwm[a&egl@h;_et
ti tion;and a bac a rti.on; 12 zZ.a a w zoo ~ nonmagnetic wite
gap |ayer ey BRdeBRRRE WP efops il beked %eregzbaame@awna

l e pi dmlyeeond poleipisesl@terOth ik 3oke Wdibh; Hnd| @ASEcHBPIHE Bild ah@¥Be pi
gﬁb:dglegcfher?gi n llloggfe%&be?tv?een thg@y%keglport i ons on1 Phe&f |krtsat éng pslgcc?ond
pol e pi ece lR¥§eptsaidbarkigqn 1egieRt and second pol e pi ece | ayers being

ted at thei 1 : pneluding: a spin
Valve. sensor ;  nommgREthod R Ak 8 HaerBHC hend KRG BRARNEF LU RpBBLD
t he spin valeed heahiwitudieg thy dtepsasfe dorfrdhgvmenmbgrestiti nomtormindti ee Gigsd hind &acbrdap

I ; f netig first shield |ayer: and,t first and second gap
| aver s bei niged SERRES Brine Rl vENP sorb e s dfstand Seordme s gemaras
pi ece | ayeranddbtningehsfiishanbdecendeas giip lapeds bdivign tae filt SIROBINRE hid MHeHrgd
| ayer structyre,that ha magnetic nmonent; an antiferronmagnétic pinning
| ayer exchalfje PESEpPed: tsl\gglflﬁé Ogit%éﬂnl‘é?}/‘@r SegsQr camprising thepstepsi ¢fy forming a

magneti ¢ MORRBMmagheticN PikledN e el AMRICHTL G W8’ 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; and 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.

Making of the cap layer structure includes the steps of: forming an iron oxide
layer, forming a nonmagnetic metallic layer interfacing the free layer structure and
located between the free layer structure and the iron oxide layer. The forming of the free
layer structure includes 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.

According to a tenth aspect of the present invention, there is provided a method
of making magnetic head assembly that has an air bearing surface (ABS), comprising the
step 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



a free layer structure; the free layer structure including: a yzstgrez
«| ayer of nickel iron; second and third free |ayers of cobalt o onb! N h{]&n

with the first free layer |ocated between the second and third free | ayers;
the second free layer interfacing the spager |layer and the third free layer
interfacing the nonmagnetic netallic |layer; a nonmagnetic conductive spacer
| ayer | ocated between the free |l ayer structure and the pinned | ayer
structure; andapedngdyete pieealeyars in thayeke regiomgandheorneeting Hyeefirst tand cppale eieset h
the free la ructure | t ed between the spacer |ayer and the cap | ayer
structure; ﬁgpéerigtﬁgidta@aggggﬁf%&rhre i ncluding: 13 z z ~~ ~ Zo0os an iron

oxi de layer; and ahmeomedgdess makiigamajteticalyedd astéfiblyaglsd Tokipeisés @R stay OF
structure and | ocated between the free |ayer structure and the iron oxide
layer. 6. AMgpeaireaddead induding e stepsafajomming renmagnaticnongeadustive fik and
nonmagneti c | L1 i I LS er,
i1 ver and gor R AP el g aToRE O TRk Ahe S E BAT L] (B ealiBR)
t he iron oxilaers;dyeming shes itse endskcbnd eatlipap dayenpbatwnani tieifivgt shiieldFa203n fiFse0
and Fe304. 8. ,A magnetic ad assenbly having an air .bearing surface.(ABS),
compr 1ot ng: PGPS Wik MABRe HEAGE Spi v Sheb eSpriss i ofhod cbn e

pi ece | ayer Sefrbrahgrivtive ping@kRypoOrsiiubtird ofiat @fs Det WRghetR RRdBerit! PoRAME! R
and a back gap.portion;, a, nonnmagnetic wite gap |ayer |ocated bet ween t he

pole tip pordt 1fsompRnetic, Piming laysy exebaies grupkedpteadiee Ipiyed slayein stryrgureator on
stack with afinifate RGO HonlAY6F th@@hﬁgﬁ%& El‘?t[cﬁ}r@; fo%ﬁltg:ag%peﬁhz\@rﬁsﬂuuﬂ%

yoke portions of the first and secon e 'pl ece |ayers; Irst and
second pol e fpimeing al roperagneted eqndootiveespaeet layertbetveenithe Kregdgyapatrictaresandathd a

read head ing i ng; spin valve sensor: nonmagneti c nongcondugti ye first
and second ;bgtkan%gg%gerl §t§ ér%%r;e’ and fg’BPng%ﬁ{?B @@ﬂs UG ?qr%‘(‘fﬁ‘tge ebéf%\é@f‘?rt he
first and seaocdre @ith tigafied dyer Siucturt esdatedatipt@édnCtht ispader HVeehill HRY®p lay@nd

the first and second gap | ayers being | ocated between the first shiel
| ayer and t B89t pol e piece |ayer; and the spin valve sensor including:

a ferromagnetic pivagas baYIRS capt layiét AR MRS tRe BRENEE | BrARBBMA! ironl dxide
layer; forming a nonmagnetic metallic layer interfacing the free layer structure and
located between the free layer structure and the iron oxide layer. Forming of the free
layer structure includes the steps of: forming a first free layer of nickel iron; 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; and the iron
oxide layer being formed of aFe;03, FeO and Fe;04 and the nonmagnetic metallic layer
being formed of copper.

Other objects and attendant advantages of the invention will be appreciated upon

reading the following description taken together with the accompanying drawings.



z z'~ a N Zoos an antiferromagnetic pinning |ayer exchange coupled to the
+pi nned | ayer structure for pinning the nagnetic nonent of the ? g qu#
structure; a free layer structure; the free layer structure inc |J§

first free layer of nickel iron; second apd third free | ayers of cobalt or
cobalt iron with the first free | ayer | ocated between the second and third
free layers; and the second free layer interfacing the spacer |ayer and the

third free layer interfa ; a nonmagnetic
conductive spacer |ayer Qﬁ%%g Eﬁ%ﬁ?&géﬁﬁﬁie free ayerkggﬁﬂcture and the
pi nned | aye uct Sfruc erfacing the free |ayer
structure \Mi:ll(ts‘\ ?Ieeleiwa?iaeag e§?%ﬁ%f%@5gﬁlef%§€se(cfp L‘et ween the spacer |ayer
and the cap Yy r str ture; e ca er struc dln an.iron
oxi de |ayer ¥ (g ﬁ YIEW Orf’é’tglldﬂ Wﬁhé‘y‘é?gqeﬁf’ @F‘I‘%Bfﬁﬁ cﬁﬁ‘e eﬁ’j’fé‘? plane
structure aquhqquep between the free layer structure and the iron oxide
| ayer; and the iron oxide |ayer being Fe203 and the nonmagnetic netallic
magnet io. helith8o ar olfETFREN B he fadthet ARCUAE, Whefin SRARRICTRI and
bearing sur frmgaet@%)is emrepmleyedy: the wite head including: ferromagnetic
first and second pole piece |ayers that have a yoke portion |ocated between

a pole tip [FOGt#dnampdnetixaidkstyapnpdran exempéary onspaysien isystemiforesuppprtingytbe
| ocat ed bet e pole tIH portions of the first and second pol e piece
.“ﬁ&ﬂaa etic e

| ayers; with at |least one coil |ayer enbedded therein
| ocat ed betwe he e,porfions of the first and.second e,pi ece
| ayers; and 1 Jisw phihe magagtichegd Lakep alpng (ﬂlaéle ?I} (et%by%’rs bei ng

connected at thelr back gap portions; and, the read head including: a spin
val ve sensoFIGnbimmpatiel vewohdisndider adea pigexback mpgngtic Aerd: assem Hpplang 676 -

the spin valygigensor being located between the first and second read

FIG. 7isa partial view of the slider and a merged magnetic head as seen in



gap layers; a ferromagnetic first shield layer; and the first 0,
«read gap |l ayers being | ocated between the first shield | ayer i@dsﬂiﬁffﬁ&é

pol e piece layer; and the spin valve sensor including: a ferromagnetic

pi nned | ayer structure that has a magnetic nonent; an antiferromagnetic

pi nni ng | ayey_ e _2a e goupled to the pinned |ayer structure for pinning

t he nagnetiéﬁﬂﬁﬁé PPg%*ghe pi nned | ayer structure; a free |ayer structure:

the free |ayer stpsics W & phitfal WHSNG ff thE Stiddr 8Red &% I g d TR
second and third flgeewlr aygrg of Scogal t %lr %ég raI tﬁei roﬁé\ﬂp{nﬁmt ﬁ?fﬁ%s‘?% ree
| ayer | ocat estowdbevead ahtherseclemdnand thepiggybhaclemapmsterieadand t he second free

| interfacing.the, | _ he, third f | interfacing th
nonmagnet | ¢ et Al 5 BRrisk ARG e i he Shdetdaken dlens plner-D B e b ed
between the d(Ghd Pe&ﬁl%néh&ﬂé{alﬁfém%@%‘?tlfe'é@gx%‘e@?fag@%tﬁyﬁéad“ruc“”e; a cap

| ayer istructure 1 nterfacing ree urewith the free | ayer

structure | ocat edfipetovees vidve takeacong plvae 16410 ¢fhBigs.ad ot Jywith NI meferine; the
~cap layer structure includi n]%;e an iron oxide |ayer; and a nonmagnetic
metal ljc | apbpve thespildayengnd leads regwvedyer structure and | ocated between the

free layer structure.and. the iron oxide,l [ a,.J, U.N 2004
- housing; a nagnetﬁil%elc}i 13@r%ﬁ‘é%egb‘ﬁ)n%tﬂﬁdgys?éﬁop H%ﬁ}?ereﬁ%h%qdnﬁl,tﬁlﬁ SB{?p‘f?iYet
mounted in tsagsoprodhd Nng for supporting the magnetic head assenbly with said
ABS facing the magnetic disk so that the magnetic head assenbly i's in a
t ransduci ng r el atHignigris pn WiBSH1lusteation @f S1ei resgnt$pin salypsendde not or f or
rotati ng the magnetic disk; an actuator positioning neans connected to the
support for noving the nmagnetic head assenbly to nultiple positions with
fr—e*;spect to said nmagnetic disk; and a processor connected to the nagnetic

head nbly, to th ' \ [
€ad assenbly, to the ﬁESﬂﬁ'&ng@Wﬁ%’t@%fWﬁ%Oﬁ%ﬁf@a”g' ng

signals with the magnetic asse ‘I'ng novenent of the
magnetic disk and for controlling the position of the magnetic head
assenbly. 10. A magnetic disk drive qqa?h.@ﬁmﬁkimmé aim9, wherein the
nonmagnetic netallic layer is selected fromthe group consisting of copper,
silver and gol d. :

' Referring now to the drawings wherein like reference numerals designate like

or similar parts throughout the several views, Figs. 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 z; large
capacity direct access sforagc 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 |
i 34. When the disk 34 is rotated by the spindle motor 36 the slider is supported ona
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,



11. A magnetic disk drive as claimed in cl aim9, wherein the i rﬁn oxi de
‘layer is selected fromthe group consisting of aFe203, FeO and $eB04

magnetic disk drive as clainmed in claim11, wherein the nonmagnet?c‘jUNL?DU#

netallic layer is selected fromthe group consisting of copper, silver and

gold. 13. Ay ' ' ' [ i 0 | east one neti.c head
assenbly t har{gB%g@tg% Sgbl?/vrh}%%@gd&ﬁé%gee %dra@aamé{ﬁi?s awngﬁfrggtggppﬁgmgmlf ace
(ABS) compri o nefatirk ehoviisgfotlteaik 3¢ hidipniiadscidieR 8his o the Shordit opooNd
pol e piece |ayers that have a yoke portion |ocated between a pofe tip
portion and ™movagkheakdasde tvasions tracksnimigetd thevalider 42 dp shay®e mduntalt ©0a
between the pole ti PP tions of tge f.i)rqsii and, second pol e piece |layers; an
i nsul ation sYSRSPSIRNt .g{hchggxpngﬁ% essripeqd heremabpyrmay bepnanted on gdzarae

bet ween t he IO, he. fihrst and second pol e piece |ayers; and
5008, M%Hgb{bzshefvntlﬂ Fid, 3

the first and secon pi ece yers being connected at their back gap

portions; and thefigehds e AdSi view wdithgslider 42 adahd maghet?d B8adP4® PTHE MRy €
sensor! non;%%net_i c nopconductive first and second read gap | ayers; the

spin val ve SFEnisE Y0 Behsupors thocaagnetis head 49, anddideoratln 48 mod 60 gEhe

| ayers; a f gret | AT ' I r.. ad first. an econd read

gap | ayers Eélﬂﬁg@r ggadfngdé%gﬁ%gﬁﬁga Fliaolégtra%%aelvg“ JWCtaFPdrqﬁéorf P?élﬂe pol e
-pi ece | ayer ;magmtic hiisks pi,ntheadrves BEAN6DIs ana! luakiing edge 68T SOMRIIRAES Gndithned

| ayer structure that has a magnetic nmoment; an antrferronmagnetic pinning

| ayer excharf§eenetiapepaditQ is of parafingedae p@pbthestiderct ure for pinning the

ti t of t ' | ture:;. a free | tructure; th
Tree  ayer structuped Tl pORHy U Stordl il iaf i Chinefiebhenblc Bektond
and third freoewhidheinslugés & apiad heaarp&@c?m@ ahd @ el Helld ?Bﬂid(n' 75 f&%é‘ 1e88 Pk&v er

| ocated between the second and third free layers; the second free layer
i nt er f aci ng ROKEONs prABOYiNg-a dval spin vahee sansord74 pthel prysent imeetidadiig ishan

ti ' : onr t] duct,i | | ocat ed
et ween t he Ao alepLEE PR Tnf P8 VANE anesic T ReiopuyBed Bebtrepupmagnetiey
layer structdléctriéallysihfidaivedfidsand ERnd RS oy rayeﬂsh%eaﬂei ?é] dnld&nt TER %aj% _ert he

structure | ocated between the spacer layer and the cap |ayer struct
cap | ayer stlpXses arcesandwiohad bgtwesn ferromagnetid dimstagrst secand shiehiyhgers SOmetdal | i ¢

R e T - RN
- aFe203 and tdhengeenARgses ictrret Bl dondudtdd Shrol@h MG SERBE 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 secqnd insulation layers 86 and 88. A third insulation
layer 90 may be employed for plaﬁafizing the head to eliminate ripples in thé 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



a héusing: 18 2 z ~a N 200 a nagnetic disk rotatably supported in the

“housing; a support nmounted in the housing for supporting the rr%geftﬁ @ﬁf
assenbly with said ABS facing the magnetic disk so that the ma th N lf
assenbly is in a transducing relationship with the magnetic disk; a spindle

mot or for rqh@tddagdt B3 K | Cli AN o
connect ed tght F}%&SSSB%E t gl‘r3 Qngegégé(gﬂ%rbr?gcgglg?él g‘ryﬁlgg% az&iésg@a 9?@%?55%1§ I ple
posi tions wilead isdoosmtastagiggybaclnigden s shadrsin Fignd andr dew 3A@EecoanRgidgted to

t he magnetic head as ly, to the spindle notor and to the actuator for
exchangi ng §P§?F&Fl§n%§$‘ﬂgﬁéowgw&cr icade foh theesnin yalve senson drtol leadsgl 12

magnet ¢ hedit S TR hgihith 38T ol Ch Bl B B okE fubRShéns el ind i cn

has anf air kemidcnicadsil2Gae] (25SHm thE ol B&iMFi@elO%@R:%delmal?d M¢6n the
nonmagneti ¢ nonconductive first and second read gap |l ayers; formng a spin

val ve sensofUfsnieBn the first and second read gap layers; formng

f : tic first d 0 shield |layers; and formng the first and
second read gap Iiger ST GBARE A 15 T il & Suchny Ui peaoed FgldlayerSomaici ng

of thej spi n HAMERSEPSIO picee et 52 Ak 4 &ﬁnﬁlbﬁg@eﬂfm; RploPdeit fsSmbRABgRet i ©

~ pinned | ayer structure that has a nmagnetic nment; rmng an

" anti f er r onagmergddcmpgnenicrhgad. herinsstativarigger dOARI el piggyaek heanAOFRiEa6eind
structure fqr. gi nni g the magnetic nonment of the pinned | ayer structure;

‘fornming a f%é% R structure; a naking of the free layer structure

ncluding the steng 10fis af AbMLHE Abd lifsiraddier heydah Hiha B GHiln b AR

fqrm ng second and" third free layers o obal't or “coba I ron W _
fi'rst free Pa¥he rdaddwaddo ejwdesthe dpin saleesehsan®y, Firist shdf seeend Bardisaswindh t he

second free |l gyer i rfaci the spacer_|ayer and the third free |ayer
_interfaci nglqaﬁéaﬁ% %‘gﬁ‘é‘? ﬁ‘{' g‘i‘?tcﬁpp‘?céeq toylrst andyyecpnd)side ﬁdgﬁﬁa@ﬁe&ndd;()tohf
conductive fy : YR ' d ruct.ure an e
First pinned Sm VaRE RencoR Blis aEhEREN < o WRYEHSS bR T ooy er
structure i aherib abilpgdestribedr ae comymnlys tasdigiedr &, V8.t Patbfite 5fo18@37 awhich is
structure | gcated bg@l)\lxﬁgg‘{the spacer, | ayer and the cap |ayer structure; a
&r

maki ng of t MEORGRAte en¢e thgredn. Hea {iEst hard bas end jeadolayers 134 include a
first hard bias layer 141 and a first lead layer 142 and the second hard bias and lead

layers 136 include a second hard bias layer 144 and a second lead layer 146. The hard -
bias layers 141 and 144 cause a magnetic field to extend longitudinally through the
spin valve sensor 74 for stabilizing the magnetic domains therein. 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 léyer (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)



formng an iron oxide layer; and form ng a nonmagnetic netallic er
‘interfacing the free layer structure and | ocated between the freZaZa‘;”e}rN 2004
structure and the iron oxide layer. 1 S. A nethod as clained in claim 14,
wherein the nonmagnetic netallic |layer is selected fromthe group

consi sting cf08CAAPEND. A% drtiérrsbraal Sinnkf: lafe 0% exhitid colipled 33 ™ 14
wherein the iron oxide layer is selected Tromthe ‘'group consrsti 0

aFe203, FeO thadirftegOpinnad layer 268 hods wsordnaiitsmahghnetic hrvieni 814 pegxadibulane

nonmagnetic nmetallic | gyer. is selected fromthe group consisting of copper,
silver and g8itee ABgIn %%Eﬂitwad?%f)fﬁﬁl@m@r ar igythesersor.asshowndn g th Byas

an
air bearing E‘rﬁl?é) LS| h of : rm ng.non etjc
nonconduct i vsgld?é%glﬁpan scgggﬁlj(l??ée@g&gg% ﬁ%@é&@?ecﬂ}gr‘élﬁalngegﬂ?yﬁr%@‘gensor
~bet ween t he Florthe nemdeticmon@nt 2E6lo0MR keI S picdidier (LoriROARIphfIE] T St
-and second shield layers; and formng the first and second read gap | ayers

bet ween t he 1Pithe Magrgtic aeament SHde 1A s¢edylayer: (Sh) 7dRi mgy bk priowidseibeloralthee
'sensor conprj:Si. h s of .. f I ng_a rromagneti.c pinned | ayer
structure tt#é@lﬁglsaslglezrggﬁgwemmhﬁex&ﬁ Prf&i‘a lzgﬁrsg Pflg"r‘ﬁh?&@ﬁet i c pinning

| ayer exchange cOEhY fee gyel REuBRN204 liRdf8desSd rfh'%‘ttﬁ‘éc?le{aféf (?U‘qu‘gvtﬁéheis |
magneti c nonment of the pinned | ayer structure; formng a free |ayer
structure; tloeatedhbhgtwgensecondarid therdifropdayess (F2Y and €F3) 224 add 06.tTe fbtepee of :
formng a fi,rst ee |ayer. of .njcgkel iron; 20 2,2 J UN 200g formn ng
second and tAS 85{) l’secé)"‘?lé?%q 9% %‘Pf‘%d’fﬁ’él at“dé]i‘e se5end end thigd fﬁﬁe_tlﬁyecrhgﬂ‘ 226 1 ee

| ayer | ocat afe bekea bheobRE MR ddbafl b ehilll Sl BY histulleliMint o G0RC 1 eC
Jgyer interfacing the spacer layer and the thir ree layer 1nterfacing the
‘nonmagnet i ¢ hergindfierc Thayfege, ldyor strngjue 20 thag ree iagnetiol duarhént 278 diichs pacer

| b . f truct 2d the first pinned | aye
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structure Wirdht {RAf 6r8%orh 3eto ﬁ%l‘étu% Hfu@?ﬁt@%ﬂ{ P%. Ii’?.tWB@H als] afﬂ@ﬁleﬁo&%yer
a making of the cap Tay c

and the cap layer structure; ayer str ure 1ncludi ng
t he steps ofrotafing magpetindisk ootatex itlhblembagyetic; mément 228 wpwindivegnethe headtlr! | i c
| ayer interfacing the free | aye tructure and | gcated between the free

| ayer str uctnﬂﬁg@e'gﬁdn?m%“t? o %‘3@[ 3§6I bRpepe mnge entiparallel which increases the

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 Is These increases and décreascs 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 di/R of the spin
_V_al""ve 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



the iron oxide | ayer being fornmed of aFe203 and the nonmagnet i L]
* layer being fornmed of copper. 19. A nethod of naking nmagnetic ﬁﬁﬁ&séﬁghy

that has an air bearing surface (ABS), conprising the steps of: making a
wite head including the steps of: formng ferromagnetic first and secoEd
pol e piece |Ig h | Pﬁgn ac regi _ ! n_-%g oke
region is Iolc%(f?,{ggt %tgtth %gﬁ]étchgonp%l e t?%&éﬁgf %‘é’ga&é’a@gr@gf%‘%?‘r“%ﬁﬁﬁ Og

nonmagnet i c thespiandiret sensorwiitle isglapated perweea tthe sstohf A pinfisd AYer SREQRE pol e
piece layers in the pole tip region; formng an insulation stack wth at
| east one cdhe firghycap lavas@ddeln » peaferred ebodiment the finst cap bayer ﬁibibcslmszppi e

| ece |ayers_i e ke reqgi,an;. and connegting, t first and pol e piece
IoayerS! at saaingq%%%?oé(_gﬁaprlg&%&ﬁ?’l%ﬂaﬁ‘?‘rﬁﬂ’? A% ( F”g:gb(glﬁ?\'ead i ncl udi ng the steps
of : form ng nonnagRetdcOgmiad Mt el n¥@illd fisst caﬁ'q’a@%@@%g%ﬂnﬂ?&né e
form ng a spin valve sensor between the first” and second read gap Tayers;
formi.ng the sehsesturgntils vejcinckdnesadhesipnal apeus obttevsersor! Ids furthet resbiebell | ayer

and the first pole piece |ayer; d?21 .22 J UN200g a making of the
spin val ve §h‘?1tst8? "(f’grpﬁ‘t“fﬁeﬁé“‘{ FPé’a@’b’%"pé%‘Fl?reP%Frsﬁpﬁg‘n’&xfﬂglaF@ﬁﬁ%gk of tenned
| ayer 'struct \ AL AN ] a Lfer tic
pi nni ng | aye%gegiiﬁhgagga%oﬁgﬁgﬂ?%raﬁﬁgﬁpi nne-! e?%%{rigrset %gﬁ(hr?%s%fl%?ﬂggﬂﬁq ng
t he magnet i dreedaypertstmtturd mcpdasesetie hagdnesssaft the tfree dayer Giratinge: and Fedacdsayer
structure; form ng a,nonmaﬂhqetic conductive spacer |ayer between the free

| ayer struct'BRONMIP signal Sieflsdepm Mratotaing pagnetic disky Mﬁgdhlgba;ﬂllq Hyckness
structure | | t e . SLI ‘ ~lit h ree. |l ayer
Styructure | ong g%’éegﬁ%‘rlel? \?\eﬁgﬁt {Zi?e&g%:%g lﬁsglﬁiéh%]g%&a a% ere l(?&%gﬁ ky&f“%&egﬁil&f 6?r_e; a
‘malki ng of tipeeveafing ajierirei roxideu secont Ceapdilay@r t182 FilopP Sin@reasiA®the Nehidhall r ON
oxi de |ayer; form n}gI a_nonmagnetic netallic layer interfacing the free

| ayer st r uctiBisetrapyHx 6f thechieplaysretictune Ip paueferrgd embodiresnt tlee thicknesseofi r on

oxi de | ayer y,d ' f. FoS ture.includi t st eps
o e Ve e 008 N R L 58 LD
thickness between 1A to 5A. In a preferred embodiment the first cap layer is 5A thick |

and the second cap layer is 10A thick. Optionally, the cap layer structure 230 may
include a third cap layer (C3) 236 of tantalum which is located between the second
cap layer 234 and the second gap 78. In.a preferred embodiment the third cap layer .
236 is omitted and the second cap layer 234 is made a sufficient thickness 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 cobalt iron. By intérfacing 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



forming second and third free |ayers of cobalt or cobalt iron wnth t
first free layer |ocated between the second and third free Iay\é\?s?vxﬁjm\ltzwlr
second free layer interfacing the spacer layer and the third free |ayer
interfacing the nonmagnetic nmetallic layer. 20. A nmethod as clainmed in

claim 19, whgeegikéed ihel om t he .group
consi sting of cgpper P aglé)%ﬁ%mglggpmaﬁﬁ%é CCJRQMEI ﬁtgfegafoif%é)&%ﬁﬁ, E'Fg?lm 19,
wherein the imoons oxéferablyaliaF, i mdsplaﬁﬁmlﬁdnéﬂg@ﬁb&h@ Iﬂéi@tﬁbl}ﬂpﬂ@l{ﬁ%' RQ;hQuld

aFe203, FeO F$304 22. A nethod as clained in claim?2l, wherein the
nonmagneti c p ainglersiopd F}Bat feliarekan AP pinner daygr stpcturerd2st single pinnedpper ,

2sserbl y ¢ har Vi Ieg be Chnsipded The TRRC e igIYINS tnshiseR i, Greie of mabingr -
maki ng a wri the dfethentichaddphovdleseasgps of : for mng ferromagnetic first and

second pol e piece |ayers in pole tip, yoke and back gap regions wherein the
yoke region is | o&aEy. Qtéxemmbodmeqtﬂom miqdifacatiobnok thiainvagioansill besuri ng a

P ane ey < PR REHES P oritalZyflR i R in Vigh ot therd deashings, Thaseioradtbin ot
| east one cojdvehi@iels epedsiafed Bﬁ{flay tﬂ?é?tfmﬁﬁng*ﬁﬂhls %m@{“f'rhcz&g af B¢ e

pi ece layers in the yoke region; connectin e firs

| ayers at sa¢wibodivientyapnd egodificationd whkn ngewed eind chgjadctione vieh 1iBe t4HRvet eps
of : form ng non etic, nonconduyctive first and second read gap | ayers;
formng a spfﬂ?cﬁ%{; N and AEGPMBARYIREHAMINGS i r st and second read gap | ayers:
formng the first and second read gap | ayers between the first shield |ayer
an first pole piece layer; and a making of the spin valve sensor conprising
the steps of: forming a ferromagnetic pinned | ayer structure that has a
magnetic nonment; formng an antiferromagnetic pinning | ayer exchange
coupled to the pinned | ayer structure for pinning the magnetic nonent of
the pinned |ayer structure; forming a free |layer structure; fornng a
nonmagneti ¢ conductive spacer |ayer between the free | ayer structure and
the pinned |layer structure; formng a cap |layer structure interfacing the
free layer structure with the'free |ayer structure |ocated between the
spacer | ayer and the cap |ayer structure; a making of the cap |ayer
structure including the steps of: form ng an iron oxide |ayer;

10



form ng a nonmagnetic netallic layer interfacing the free | aye
and | ocated between the free |ayer structure and the iron oxi dgszawwg@mr

~ 2 J UN 2004 the form ng of the free layer structure including the steps
of: formng a first free layer of nickel iron; formng second and third
free | ayersvgf cobalt or cobalt iron with the first free | ayer |ocated
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10m 10ny, ; s10%v& ()-y+g 10%m& ()-!Y(:' 109%k& ()- 4;

- 2aB~\=@#! 109%&' ()-,!1 109%& ()-,! 10%& ()- ,s! 109& ()- 2 2 JUN 2004
[, LI 10%: ()-! 10% ()-' 08aB~\=@! 100%& ()- @ 100%&' ()-,,! 100%& ()-3!i,)! 10% (
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| 1098 ()-mffO%SrZ& A magnetigopag liep dwlll@vkgﬂ)&ap rgm&&ee@ﬁ PS)ovgrprising:

Lom 10m 10m, 4! 10008 e§ SRR @%&%ﬁ%@é@é@ﬂaﬁs e

1 10%& () -f*! 10°/da&p(n)va?h’fé*%r&sqrdbﬁ‘ﬂ@@od’atdd]m%e(n)the Sidduld fcoBd read gap layers;
"109%& () - FF109%& (). 940%&. é 10%& %@ g2 L 1 1H24dEYNC
1109 () -, +t 109&IRyQmagnetie digs 65‘ fecpd (3vers; #88e ()-m @0%& () - 341 55555

677~ @10%: ()- | 109%s ()anc%ecoﬁ@ éfﬂz/%&p(])gérs %Qm%%cated between the ﬁrst and second
10: 1 TO%' () - &9510%& () - 378B99 yO10%&' ()-: 10%&' ()-
"109& ()-y! shiedl layers3 100& ()- : ==1>KGE@E~ @: ! 109 ()- f810%& ()- -

ATE 1 S i ) O prcoon o
10<! 109%& ( ) - BCEE&FHHJE~ a@ﬁ‘dxﬁﬁ@n‘e(i& piantd DY fjucthod@Miat has a magnetic moment;
SL&10%& () - @ 10%&: () - Man antiferromagnetic pinning layer exchange coupled to the pinned layer
structure for pinning the magnetic moment of the pinned layer structure;

a free layer structure;

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;

the second free layer interfacing the spacer layer and the third
free layer interfacing the nonmagnetic metallic layer; and

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;

a nonmagnetic metallic layer interfacing the free layer
structure and located between the free layer structure and the
iron oxide layer; and

the iron oxide layer being oFe;O; and the

nonmagnetic metallic layer being copper.

5. 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 located between a pole tip portion and a back gap portion;
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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;
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;
the second free layer interfacing the spacer layer and
the third free layer interfacing the nonmagnetic metallic layer,
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:
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7. A magnetic head assembly as claimed in claim 6, wherein the iron oxide layer is

selected from the group consisting of aFeyO3, FeO and FesOy.

8. 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 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
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,;
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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;
a nonmagnetic metallic layer interfacing the
free layer structure and located between the free layer
structure and the iron oxide layer; and

the iron oxide layer being «Fe;O3; and the

nonmagnetic metallic layer being copper.

9. A magnetic disk drive including at least one magnetic head assembly that has 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
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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;
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,
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;
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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 signals with the magnetic head assembly, for controlling
movement of the magnetic disk and for controlling the position of the magnetic head

assembly.

10. A magnetic disk drive as claimed in claim 9, wherein the nonmagnetic metallic

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

11. A magnetic disk drive as claimed in claim 9, wherein the iron oxide layer is

selected from the group consisting of «Fe;03, FeO and Fe30y4.

12. A magnetic disk drive as claimed in claim 11, wherein the nonmagnetic metallic

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

13. 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:
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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;
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;
the second free layer interfacing the spacer layer and
the third free layer interfacing the nonmagnetic metallic layer,
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;

a nonmagnetic metallic layer interfacing the
free layer structure and located between the free layer
structure and the iron oxide layer; and

the iron oxide layer being aFe;O; and the
nonmagnetic metallic layer being copper;

a housing:
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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 signals with the magnetic head assembly, for controlling
movement of the magnetic disk and for controlling the position of the magnetic head

assembly.

14. A method of making a magnetic read head which has an air bearing surface
(ABS), comprising 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;
forming ferromagnetic first and second shield layers; and
forming the first and second read gap layers between the first and second shield
layers;
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;
a 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;
forming a nonmagnetic conductive first spacer layer between

the free layer structure and the first pinned layer structure; and
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ing 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.

15. A method as claimed in claim 14, wherein the nonmagnetic metallic layer is

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

16. A method as claimed in claim 14, wherein the iron oxide layer is selected from

the group consisting of aFey03, FeO and Fe;0y.

17. A method as claimed in claim 16, wherein the nonmagnetic metallic layer is

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

18. A method of making a magnetic read head which has an air bearing surface
(ABS), comprising 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;
forming ferromagnetic first and second shield layers; and
forming the first and second read gap layers between the first and second shield
layers;
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;
the making of the free layer structure including the steps of:

forming a first free layer of nickel iron;
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with the second free layer interfacing the spacer layer and the third free

layer interfacing the nonmagnetic metallic layer;
forming a nonmagnetic conductive first spacer layer between
the free layer structure and the first pinned layer structure; and
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;
forming a nonmagnetic metallic layer interfacing the
free layer structure and located between the free layer structure
and the iron oxide layer; and
the iron oxide layer being formed of aFe;O; and the

nonmagnetic metallic layer being formed of copper.

19. 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;
forming the first and second read gap layers between the first shield

layer and the first pole piece layer; and
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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;
forming a nonmagnetic metallic layer interfacing the
free layer structure and located between the free layer structure
and the iron oxide layer;
the forming 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 cobal’é 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.

20. A method as claimed in claim 19, wherein the nonmagnetic metallic layer is

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

21. A method as claimed in claim 19, wherein the iron oxide layer is selected from

the group consisting of «Fe;03, FeO and Fe;0y4.

22. A method as claimed in claim 21, wherein the nonmagnetic metallic layer is

selected from the group consisting of copper, silver and gold.
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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;
forming the first and second read gap layers between the first shield
layer an first pole piece layer; and
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;
forming a nonmagnetic metallic layer interfacing the
free layer structure and located between the free layer structure

and the iron oxide layer;
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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; and

the iron oxide layer being formed of aFe;0O3, FeO and
Fe;O4 and the nonmagnetic metallic layer being formed of

copper.
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