; e3eHBH>>?D@oATpB6BTB] g 8 METHOD OF MAKI NG A SPIN VALVE SENSOR W TH A TREE
LAYER STRUCTURE SPUTTER DEPCSI TED | N A NI TROGEN ATMOSP BACKGROUND OF
THE I NVENTION 1. Field of the Invention The present |nmwwmwwm"‘,ﬂes to a
met hod of making a spin valve sensor with _a free | ayer utter
depgsited in a nitrogen atnosphere and, re particularly, *issasssuch a net hod
which results in the free | ayer structure having a reduced uni axi al

?nisotropy i(H eSEMRKIRE RisH ﬁ%\?&ﬁg WA A Red ‘ iuter
PR P o AR R R e

an actuator armthat sw ngs the suspension armto place the read and wite
heads over selected circular t e 13 i The suspensi on
arm bi ases the slider into corﬁgﬁwgﬁﬁ%ﬁmgﬁéﬁe di sk when the
disk is not rotatiing bgfeld ¥h@e Ihveatighsk rotates, air is swirled by the
rotating disk adjacent an air bearing surface {AHS) of the slider causing
the slider to ri d@hepresentanventioarelatesdo simethed dof sikimge dpiromalvhieersar Witbe of
the rotating d%sk. When tcge slider rides pn the .?ir beari ng the \F/%;reite and
read heads aPel&HpP¥edriciire,sPyttehqdenogited it # nyfreed) srwosniess, nfe 40975
magnet | ¢ si OpatiohlaRydfo GHAHT, LHENGE WA Jeslis in R Tréee e Shotlir! BnviigRgS are
connected to processing circuitry that operates according to a conputer
program t o i rgleedbmiaxihkanisattopp(Hgnd readi ng functions. An exenplary high

performance read Read | Qys a spi al sensor for sensing the magnetic
signal fields fro?n t hemg‘fré 'i‘?fb"frsfgﬁﬂ@y‘?texgirgk. The sensor includes a
nonmagneti c el ect m [t¥eisfd . . M 1 en a
ferromagnetic pi nggglﬂeg%eo?%gt r cl{t%rles d%@kg&@?%%%?ﬁ:@??&éﬂg%?%&g?ﬁﬁ@e
structure. Amagnétid diskcaslidetthat ldsnead gnd ayrite Headsraf aspansidnearm abed thayer
structure for pinning a_nmagneti c nonent of the pinned |ayer sfructure 90 to

an air beari Ayt disk @nd ABICUHRI HIhiheh SWIRES thes SusrersiQioaTat 1 placa dke Bdt he
sensor that : i i i gﬁ)@d ted
to the spin %‘Z‘f\;ﬁeltésgﬁagg?’ g%%le%tggﬁéﬂagga‘g&s@ﬁgﬁ& dlcﬁ?ﬁ%ﬁtﬁ Eq‘éﬁg@g{& rough.
A magnet i c nbimees thekliddrantorodatactiywith tisd sunfatel vftheslidk whert the ket aotypwaing! y
and downwardly wi.ith respect to the ABS from a quiescent or bias point
position in Pkpdisadhe disketatesyair %W!ﬂé@&y%@ﬁﬁ%@w& afiarent SnFLPATEo M a
rotating mag | i QUi ese I, Lol LGRS el 4 he
ABS: 15 t - BETIE AESKof 2 Sl REGADIncRARLc b B R A UeRrigh ShiR aidinck

wi t h t he sensenc ther anface @f dhe raatingdiskgWhchahe shidarrides drhtheadis baaréngothe
signal fields., The thickness of the sggcer_layer i s chosen so &}r}ﬁt iﬁhunti ng
of the sense“iit pachreadrrads arepmanlpyedion Syritig Hagnmtic iMPFssippele aitiredfivged

| ayer struct 1 40 It hielen | i I t he
roan free patiensiyigh Hellstin ablobuhg ek 76 ol dRnEE s 2 Podrefta
arrangenent , tappeessingnciafuitid thac opetatet iaccording ¢d mcssnmuter pregraint r iethlemerthe
interfaces of the spacer I,ay%r wi th the pinned and free |layer structures.
Wien the maghis VHLRg adige fynelops. nned and free layer structures are
parallel with respect to one another scattering is mninml and when their

seatter i ng. changedr SRR IRk BerfAtbkE altndad SR £ 3Em SO KERR or o
cos B, wher gedirgs tﬁehmﬁgi@ sipBAMVEENIs t fem MG NRLdthgBERR @kt The RicAgRd and

free | ayer structures. e sensitivity of the sensor s quantified as
magnet or esi stinckedes garonmagestic degtricallysoaduntive Sirstispacen daygesandwiched betyespance

f th ' f th |
froma post ¢ AdarpipgpdtRr P ITRTionRt ohd i tehBfnefiE et e HFieg’ Ahonea
| ayer struct ghifer@nABn@it pidaing! lapér iﬁ%?fa&éspﬂle%ihﬁed Byee strudthrer R Piltlife & 1 S

the resistance of the sensor when the nmagneti'c nonents are parallel. In
addi tion to tnagneid momsent of thenpioned hayer gawture 80° it ah wirckeanng sorfacec(ARS
nonmagneti c fi,rst. d cond read gap.l ayers and ferramagnetic first. and
cecond shi of e e ABRGEEh; PG aPmad 6F 1Ry Etber ol RS M mhenis disf ot
and second r gqds gRPscoANEIEIARE doifiedidd Bl thaRFinSRERNEniG Ay BARIVCANER Sefkee

| ocat ed between the first and second shield |ayers. In the consttuction 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 re ap
| ayer and the second shield |ayer. Spin val ve sensors arﬂmmmmﬁmmum%gﬁas a
top or a bottom spin valve sensor dependi ng upon whet her | ayer
is located near the bottomof the sensor close to the first rew®w2*gap | ayer
or near




3 the top of the sensor close to the second read gap | ayer. Spin valve
sensors are further classified as sinple pinned or antiparallel pinned
dependi ng upon whet her the pinned | ayer structure is one or nore
ferromagnetic layers with a unidirectionap nagnetic nonent or a pair of
ferromagnetic |layers that are separated by a coupling |layer with nmagnetic
nonments of the ferromagnetic | ayers being antiparallel. Spin val ve sensors
are still fucdrhen tltzdrahﬂjugheﬂ magretio ghamen ofitled fred tayer sttt igfree spiatateal ve
sensor enpl oys o |y opne pinned | ayer and a dual spin valve sensor enpl oys
two pinned | BRI dly’ pd ﬁowmya b2 a’;‘PéIPe"Et“? the APE frose 4 @ufesosal ebblasPemt The

free | ayer ShOUGLULE LUMEAL L HIR LAY hofuieHiinalif Gfbid BXRLS WU Biappdes

desirabl e ma |c SO ness ayer

| ayer has a hﬁgmtw dist, alheamt@o&m@bsiubiﬁ wihick s {urgiiel 6 ther £BHA8 HeRRRDH cﬂ‘f t he
free layer structure to signal fields froma rotati ng magnetic di sk. \Wen
the free | aythe wegneticunement of Higl greer é?é’pb pspcrereawihdhg senisgreareny eondugged|

rotate the ne nonen er,. structure which causes a
change in th wg%ﬁ@%a?ﬁgtg&tﬁﬁ&%ﬁ? ‘ﬁség@ﬁ‘ﬁf‘\/m ve sensor. It has been Found
that when the freghtaNiRkndst rdf%b'%%a@érslﬁyér“ﬁ'dt@%n 8o Ql‘i)&iadhhnhﬁ%zﬁf%c capel t

| ayer, sonetines referred to as a nanol ayer, between the nic iron |ayer
and the spacewréndyaad mmgnmcecmamng@etmemﬂm@w had gmnet dayer sgructures are

t t t ffi dr/R
or dor to. obt sl SRR ARERRaE i iR e, T Bieet e IR lefiboeandy
dr/ R, it hagoRreRdl trdudh tht Qemkdr t Wath thi\Cadr ﬁ}igéﬁﬁﬁﬁsa B(f)rtlbﬁ%fctﬁp%bhddcfti%ﬂ or

cobal t | ayer shoul d be on the order of 15R fortunately, any increase in
t he thicknes eleatfronsmxe coditeired atrtha ihtayfecesrafdbe epaceh layeoWithdbe poined land fireee

| t t hat t t i |. fields f th
ot ating. maglfeer SrustutRs. When thedateniin rarenty obibe e dad free 1FHE SERORGRC o
linear bit d ataueti%htrésgﬁtstwo% Qn?lﬁelsécta eritkg R 9hindl lan8 Whsh theid Pagnetic

gquantified as bits per in ong t e track of the disk and Track
wi dt h densi tmmxcntﬁmntantlpadllel$camexutgss peaximivet. CHaRiges & s:nagemrlrgachaagwﬂleof

the disk. An increas ﬂn t.he real denmbéH es t rea toral

capacity of h S | ©b s to
EE RGO TN\ APIB A RASePs s EUROR DrcRS | A TEES 18 e ByeiEe

gi gabyt es. E@theEﬁ‘%E Hﬂa%néiﬁ“%i&ﬂeﬂtss df“fh'ée?ﬁnﬁgd byhdl ReE R éﬂ‘gtrﬁ{!/\ﬁre‘&“f’f‘ﬁ?r of

bits per inch along the acks of the rotating magnetlc
occurs, eachsdusttivity efithehsensords quakitdfiedps mhgrewrasistiveeocfiapnedi/R wheed dr ishi ch

it 02 oo Bl BB Ao Ko B S 5Bt e T
reduced fi el dgydtn@Tolal PSR lal it pardieP WothirB&Hebl t%%é ofienbfiembRied! bf'Ge

magneti c disk. This neans that the 'magneti ¢ nonent of the free | ayer nust
be reduced spinnhdtlayer siractueesto an iahfiparalldl tpositionpwitls gespoctt thereta endl Rf isotinet he

bits of the rotatin i sk. This s _been acconplished.by reducing the
Chi ckness of FHATF O Hlo sk Wiy e maSietle Hraats HFARRUY uct ur e Sq that ¢ he
magneti c nmoment ofy f P&ltﬁ)ﬁ% th&¥%pin ?élﬁé‘%&ﬁkb? theéd réa%sﬁeaﬂr‘iﬂcﬁxﬁ@sr RbRoBIR

responsive to | ower signals fromthe bits of the rotating nagnetic
di sk. The t hhoixmegmtlofﬁrshenct cewint rcadgap dyms iasd femémagetiy first anddemad so

t hat the afore on ro edmanetore tive goefficient d/R S
mai nt ai ned. I ?ﬂteys éﬁetsﬂé?‘ tHi leﬁﬂgééetbt\ée?ﬁ? ‘tl’rts{e%'llcf%ﬁ‘/'g? W:ﬁﬂ’ure
is reduced t efsaérlLd)tlﬁf ﬁfs'f'%n& QBadrd ferag rgagrﬁﬁert Y& Todated! $@w@élf|ﬂﬁa| fitst QRdf r ee

| ayer increas results 1n the | ayer structure belng nore

magnet i cal | y setonflfshiahdl ldyess Indbe eosstietion ofithe atadt headdthe ffirstshibld laptratsi ng
magnetic dis N\/ENI'I present invention provides a
free |ayer SE?@??H%R%HPWG§ JJBUE%‘H’“S‘? R’egtsregfg%lagg\rr R ¥§f’? PO HK)
by sputter d fih St u n i hegre.
The first fr g??%%?qgég?géaﬁ? er: ?%(ﬁ ﬂzé SlEi&ghhl é]ﬁgllguta ln %‘gg‘glﬁeg%é%%eﬁl y on
a copper spachissifiad as a top er mbditlmg eplnazulmspimr demndn@ weaovicttier elee piayimg,
conposed of nickel iron (N Feé putter deposited_ directly_ on the first
free |ayer i mYEX lp%@%ﬁeaaﬁh% ttseveascg ciesgdaithe firgt re3d eap dayier oF Bear| ayer
t he copper spacer |ayer was exposed to oxygen which oxidized the surface of
the copper spacer |ayer where the first free layer is sputter deposited.
Wsh a noderate partial pressure of nitrogen the uniaxial anisotropy (HK)
of the free |ayer structure was reduced by 17% as conpared to form ng the
free layer structure without the nitrogen atnosphere. An aspect of the
invention is that this inprovenent was obtai ned wthout |owering the

magnet o-resi stive coefficient dr/R In fact, the magnetoresistive
coefficient drlR I increased. An object of the present invention is to
prow de a rrethod of ITB.kI ng a free S layer structure of a spin valve

o o -



degradi ng the nmagnetoresistive coefficient dr/R of the sensor. Another
object is to provide the aforenenti oned sensor nade according to the nethod
of the’invention. Oher objects and attendant advantages of the invention
wi |1 be appreciated upon reading the follgw ng description taken together

wi t h, the acconpanyi ng draw ngs. BRI EF DESCRI PTION OF THE DRAWNG Fig. 1 is
a plan view of a magnetic disk drive; Fig. 2 is an end view of a slider

W th a magnetieciof @R thedlenidi@lshe 3k twgev@cﬂ%a& gﬁf‘lalyé'r ﬁl%l\?e‘s%nﬁfrq ﬁlegfurtﬂer Fig.
3 is an elevation view of the magnetic disk drive wherein nultiple disks

and magnet i c chissified ay smpippionedior a‘mg)aralllel Bmaed d@mnémguu@on mthetheer thei ponnasft  a
suspensi on system faor sup I’tl{lllg EF sl i der. g head; Fi 5.1s an
ABS vi ew of tHE Bi 8 e r%ﬂ’lﬁgﬁetb‘f grs5w i ulpfhdecné)nal':{nggneg 16 s a
partial view ! | &E@m

of Fig. 2; - nRilcnéérﬂ%r 53 age(gai?it%lggllagﬁ,b%gg | ew o {eh%péklglége% a g”ac}@ ng p ane
7-7 of Fig. @ndgaetshimontenes ofethel famenagnetie [aesning antfpardile]. ripiig eslversgmsets C
head; Fig. 8 is a w taken along plane 8-8 of Fig., b, with all nmateri al
above the coffe st&&féﬁ% %laﬁ%fnér&sasrsm%%roﬁua#w@erey%lnaw e W rerenry sHleyse

Il lustration ; BS
Il lustration gy %&gxghﬁ&g!’f?gﬂ%s%gg?] '% %g¥§%ﬁé§¥ E&%ﬁ% tw?tﬁnnegigg}éek o

i nvention; arisk fréclayédristiustuge BxchtedmhdrebeltWéenst ration of an ion beam

sputtering syst emT%g%lre%yla)Eier structure typically employs a nickel iron layer which provides a
desirable magnetic softness for the free layer. This means that the free layer has a low
uniaxial anisotropy Hx which promotes responsiveness of the free layer structure to
signal fields from a rotating magnetic disk. When the free layer structure is highly
responsive a small signal field will rotate the magnetic moment of the free layer
structure which causes a change in the magnetoresistance of the spin valve sensor. It
has been found that when the free layer structure also includes a cobalt iron or cobalt
layer, sometimes referred to as a nanolayer, between the nickel iron layer and the
spacer layer and interfacing the spacer layer that the magnetoresistance or
magnetoresistive coefficient di/R is improved. In order to obtain a desirable increase
in the magnetoresistive coefficient di/R, it has been further found that the thickness
of the cobalt iron or cobalt layer should be on the order of 15A. Unfortunately, any
increase in the thickness of the cobalt iron layer reduces the softness of the free layer
structure so that it is not as responsive to signal fields from the rotating magnetic
disk.

The areal density of a read head is the product of linear bit density and track
width density. Linear bit density is quantified as bits per inch (BPI) along the track of
the disk and track width density is quantified as tracks per inch (TPI) along the radius
of the disk. An increase in the areal density equates to increased storage capacity of a
computer which has progressed from kilobytes to megabytes to gigabytes.

The linear bit density is increased by increasing the number of bits per inch

along the tracks of the rotating magnetic disk. When this occurs, each bit from the



in practicing the invention. DESCRI PTI ON OF THE PREFERRED EMBODI MENTS 6
Magnetic Disk Drive Referring now to the drawi ngs wherein |ike reference
nuneral s designate like or simlar parts throughout the several views,
Figs. 1-3 illustrate a magnetic disk drivg 30. The drive 30 includes a
spindle 32 that supports and rotates a magnetic disk 34. The spindle 32 is
rotated by a spindle notor 36 that is controlled by a notor controller 38.
A slider 42 kak modwebhneder maghetiodield whichmagndkeisendeddy thé spindalve sengapor t ed
by a suspension 44 and actuator arm46 that is rotatably positioned by an
act uat or 47. Imoplenitemeey this objestive the) fregelayerapfdhe sRiverayospasoraUE dEaRple0y ed
inalarge c Clt | r i S I ig. 3.
The. suspensi S e EEisPE TERR 8 BF SRy SR ok e RS S bt e
posi tion thensdgheigd dfkk. Thid Rdand Higat NEBE NRAgnetiO @AGNGR b tHenfrae Ay SANE | Heg
relationship with a surface of the magnetic disk 34. Wen the disk 34 is
rotated by tmeduspd selthat aois dess 36T ingtssiesphase tosthe fjshd moadtherbits of heyrotating

e o ok s 4% 1S haf Besiatoyished Bedockine MBARL SRR kR FHR S0 ey
then be el dyetled RyeSihichid sb Ma B Sdibrt ok fied BYbAinicRAE Ksien the

surface of the disk™ 34, as we readi ng information t here rom
Processi ng ciand uh¢refors e ahspogsise $0 Jowers fieldepgrede fitoim thesbitsh of thieoratatingon,

2 b AR R o o SO
the slider tonyaibRHRntibRLK Smptdvelf Hﬁglgetéﬂéﬁsﬁ\bé %éfffb?ed;/ S%ﬁﬂﬂoi@n nidniained to a

suspensi on 44. The conponents descri her el nabove may be nmounted on a
frame 54 of dJHodmaney, whers thevethicknedsiof .the freFilayer Strugtumnis ABRiced dhe odtiot bfe
slider 42 and th netic head 40.. The sljder has a cepter rail. 56 that
Subpor t 5t ho ThRARe O sscauRy 10 kiicheliron fiee dvsh Tapgstio I e Tisiip Mesfiet 55
and 60 ext engyfet "y V4TSt RREIs feSpdrRivatih U@l fidlles
magnetic di s%‘}%ﬁmtj el%cro S raaél IPQ%.‘ZC li}é‘v'i: }gstt aéﬁgfgdsl ltr?gperﬁgvg %4@)‘?‘ tlieéasrlmlnder
and t he magneis wtdim@dnaighetisdizk. a trailing edge 66 of the slider. Fig. 6 is
a side cross-sectional elevation view of a nmerged nmagnetic head 40, which
includes a wite head portion 70 and a read head portion 72, the read head
portion enploying a dual spin F INVE esent invention.
Fig. 7 is an ABS view of Fig. Swﬂrﬁ%ﬁgprt?ﬁr\)T\g?ve sgr:l:lcgﬁm is sandw ched
bet ween nonmagnet iTthe préseat anenti@aployidenafreetlayee structare et asredoced stéfodssgap

| ayers 76 and 78, and the rg&_& gap | ayers are@ga dwi ched between |

f er r omagnet i OF Mptxial anigoEeRYCIEL) BN SRteT dspesitingde Jicq 1aysT SITCIpIESIp U iogeR
external  MagRehhhieC s firltee 157 Ur 2064 £ 7 freck
changes. A sglrﬁﬁsﬂtg,ﬁcgllrarenté llri cgngiégt egaﬁtr oé%ﬁ]@ﬁé sﬂ’rlll‘gg%ra augé(}ggltr?'ucelg’eon
resi stance chaogpar dpacdrdayann hastregenasmpsphere ardl a sdvand) fse 1ajles xenpotahof al

changes are then, proce d.as readback signals by the progessi.ng circuitr
oo o ik SonREFa i rhEadomahed BiicoHly ot ther o Hon J4eE ingaitagn
i ncludes a cqi r a i e i i td

| ayers 86 ang'hh%%pﬁﬁl%f ﬁ?ei}‘gl%i Ial u Sgtﬁégﬁgl g;%?ﬂ%% l‘{?% tﬁg%é’ﬁgﬁg‘gaﬁbﬁw& ey

pl anari zi ng tekpodedad oxpgen whichaixidizédtheassrface ofithe seppercspacerUubydrivarere dheer

caused by the cojl layer 84. The first, second and thjrd insulation |ayers
are referred g frep Wé 1§ SpUl OS‘FWS&{IQWBW@{%RW“‘ Peses pf putogen i€ ang

thefirst,,s%pﬂgﬂ j i ' Lq)@,gﬂyg hed
between first an '2‘@%8%’%%@?“3%3?’]&%%&%%%‘?%&3‘3"%%3 gﬁj@%ﬂgygﬁ??ﬁg% an sec(F;ond
pol e pi ece | aydormifg tienleOlayer struchge etithoad thy niteogeh etinedphareb Ankaspeqy o8 heand

have first and second pole tjps 98 and 100 which are separated by a ite
gap |ayer 103nventipne inpthatgithise ippEovSEEhd Wahi Obtpines cwithout, Jawerne r thes

I & bi gaybadripetirefRfid sHORIRR E o ek (SR pbi nROUD o BTERIETIRTE,

are separ at e ih@ysed. Whi ch are separated by a nonmagnetic |ayer. As shown in
Figs. 2 and 4, first and second sol der connections 104 and 106 connect

| eads from the spidn pbiegokthespresept inventiem isstorprovidae methogd pft makisg &&essi on
44, and third and fourth sol der connections 116 and 118 connect |eads 120
arid 122 fromthe coil 84 (see Fig. 8) to leads 124 and |26 on the
suspension. Fig. 9 is an isonetric ABS illustration of the read head 40
shown in Figs. 6 or 7. The read head 40 includes the spin valve sensor 74.
JFirst and second hard bias and |l ead | ayers 134 and 136 are connected to
first and second side edges 138 and 139 of the spin valve sensor. This
connection is known in the art as a contiguous ,junction and is fully
described in comonly assigned U. S. Patent 5,018,037 which is incorporated
by reference herein. The first hard bias and |l ead |layers 134 include a 8
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9 structure has a magnetic nonent 232 which is oriented parallel to the
ABS and to the major planes of the layers in a direction fromright to |eft
or fromleft to right, as shown in Fig. 10. Wen a signal field fromthe
rot'ati ng nmagnetic disk rotates the magneki c nonent 232 of the free | ayer

i nt.o the sensor the magnetic nonents 232 and 218 becone nore anti parall el
whi ch increases the resistance of the sensor to the sense current |s, and
when the signgl sirb@hit &ff £5pihRAIVeNeAldrEinRanesd ﬁnﬁkﬁkaﬁi@ét%ﬁs(}ﬂ(b‘%{ﬁ%%e“ c
nonent 232 out of the sensor the nagnetic nonents 232 and 8 becone nore
par al | el whidegradmgubemapghsoresisiiet cnefficiedt drffeofsthasarsot.o t he sense current

| s. These resistance changes are progessed as . pl ayback signals by the
processi ng ci rcuiwaf)@%lezt Pit@Pr@Edel'ﬁ’@ W@ﬁﬂ%@?@éem mMagE spgorduigde thene
llayers for they . .t he experinents, which will be discussed

her ei nafter, ar@@gﬁégﬁ’eg{lﬁéﬁ num oxi de for the first seed | ayer 221, 30R of
ni ckel nmanganese Gukerdebjtas ahd atteadmpddemedsel af ehic #R2ntidbRildbe tappieiased f or
the third seed | ayer 224, 175R of pl ati num nanganese for the pinning |ayer
214, 17A of upebaicading other frlloprag rdeseription faken c@gethge with) dhe giscompanyingeni um
for the ant idpmﬁésllel coupling layer 208, 20R of cobalt iron for the second
AP pi nned | ayer 2, 20A of copper for the spacer |ayer 202, 15A of cobalt
iron for the first free | aycBRIEP DESERIFTION!IOF THRODRAWINGS second free

| ayer 228 and 50A of tantalumfor the cap |ayer 230. In the follow ng
exanpl es the i on Higdnis gmlan wewrnd agyagnetie dob drise;Fi g. 11 was enpl oyed for
sputter depositi e first.and.second.free fins, 22 d 8. 0f the free
Bver “struoeture fiecs 2pend YiReors SRR e Rt peaT abBE iRk S pacer
layer 202. lLppmhed-Mbft¥ighi;a sputtering chanber 402 of the sputtering system
is a substrate 404 upon which |layers 406 of the spin valve sensor Q00 bel ow
the first free | &@r3 B2G ¢dlexatiohesw 06 thesagnatic aligkodristessthareintmltipteediskramber
are cobal t irgn %BCOQOEG’O and .ni (afgel iron (N g3Fe, 7) targets 408 and 409.
An i on beam®Pfl BPEREHC hAdS BreiaRIPYed 1 ough the chamber 402 and accel er at es
xenon (Xe) ions tpge tA¢s hih@ietrié m@sﬁﬁmsﬁa%bﬁéasﬁﬂ%%agmcwashbpdrﬁ@g theCoFe)
and then nickel iron (NiFe) to be sputtered fromthe targets onto the

substrat e 4GUdersinduhagastiobedd;, nitrogen (N2) is introduced through an
opening 412 into the chanber so that the nitrogen reacts first with the

cobalt iron and _, 10 then w.th e nickel .iron.to formth irst and
second :‘ree | ayerfds: agﬁ@s\émwzg\gv O%H@ "Béﬁ"ceflﬁlhle @gg‘h?‘l@n%giaf‘ﬁg'%fhﬁ&g?én (N2)
ithin th hanber; 1050T i > i
wihin the chanbelig W £ pirtiOvRwIOf the d@g te@ahérgelmhgne?ﬁg{égh%s%&l API

val ve sensor 200 in Fig. 10 was teste r depositin Irst an
second free planee-6 oRPPig. 2nd 228, as shown in Fig. 11, in the sputtering
chanber w t hout an L trogen. atnosphere, T unj axial apis opy.. ( was
758 e and the fabrbitoh GGl AR VWt the hderdket tiaue PlasRoL 7 PR it ance
R was 21.8 QR iciclind W€ BRIeAkof 1RARELY ainétifleatls 6, 75 Ce. Bxanple 2
In this exanple a nitrogen atnosphere was “enpl dyed in the sputtering
chanber in Fig. Figulish vitwe takieh abopgrplaess-8 MR Fighéiwith alhmatedatawve theoemh t he
opening 412 durin tge sputtering of the targets 408 and 409 by the ion
beam gun 41(3*.‘3'68@?(8}'3@? V§8: the first and second free |ayers 226 and 228
the copper. spacerrif 2y & arPifaites iSHRATEiusRatfiSicie (R hdad WHER shiRvabRENT N
412 after its fornation so the top surface of the spacer |ayer S copper
oxi de (Cu0) .sedxi a cobalt iron (Co90Fe,0) target 408 was enpl oyed and
sputtered by the jon beam gun 410 sjnultaneous with the introduction of
nitrogen (N2) t hrl‘ld%rgl*f})i%%n g&&fﬁHﬂTa&‘i’Q qfia spin vp{%wemréemd BCCOdIRBAP B ubi ¢
centineter ) . .S . After formation of the first free | ayer 226
t he ni ckel ﬁ?%sr?m(ﬁd%@gg“?ﬁ@arget 409 was sputter deposited by the ion beam
gun 41 0 and ni t r dignl I( i82) schematinillusiatiomdoftdarion barh Bputtgrmg systerldmployddor m
the second free |ayer 228 directly on the first free |layer 226. After

conpl eti ng tiR&asHcingshe pwerlifisor 200 in Fig. 10 it was tested and the

uni axi al ani sotropy (HK) was found to be 8.4 Ce and the magnetoresistive
coefficient dr/R was found to be 7.84% The resistance R was 2|.8 ohns sq
and the easy axis coerPESCRIPTHON ORSHE PREEERREDEMBODIMENESanpl e is
the sanme as Exanple 2 except the flowrate of the nitrogen was 3 sccm
After conpleting the sensor 200 in Fig. 10 it was tested and it was found
that the uniaxial anisotropy (Hx) was 6.4 Ce and the magnetoresistive
.coefficient dr/R 11 was '7.9% The resistance R of the sensor was 2|.8
ohns sgq and the easy axis coercivity (H) was 6.25 Ce, Exanple 4 This
exanple is the same as Exanple 2 except the flow of nitrogen was 4 sccm
After conpleting the sensor 200 in Fig. 10 it was tested and the uni axi al
ani sotropy (HK) was found to be 7.3 Ce and the nagnetoresistive coefficient

~ N o, o ~ A ~ o o



This exanple is the same as Exanple 2 except the flow of nitrogen was 6
sccm After conpleting the sensor 200 in Fig. 10 it was tested and the

uni axial anisotropy (HK) was found to be 6.0 Ce and the magnet oresistive
coefficient dr/R was 7.95% The resistange R was 21.9 ohns sq and the easy
axis coercivity (H) was 5.85 Ce. Discussion It can be seen fromthe above
exanpl es that Exanple 5 provides the best results in that the uniaxial

ani sotropy (HK), in Exanple 1, of Niaghefi®DidksDFipeluced to 6.0 Ce and the
magnet oresi stive coefficient dr/R was increased from7.86%to 7.95% In
Exanpl es 2 to S tRafepingtnoay tathe slsawiegowherem Inke refagencegmmerals tbsgmitaliber can
range from2 x.10'S to 1 x 10~' Torr. |.n all]. exanples, the first, free |ayer
56 was. cobal ST P UBHEN] theaverRkviSuS digr 11 aDurep MRtk e
iron (N a3Feqy- [Eal rs j i id 12gns may
change and i%to' )srﬁgt??l g@ gg lgﬁggfsg{]glgﬁalf ggt&gg%igpyﬁ%?ﬁ(gfb(%giﬁﬁ %ggﬁggairsr%tg’g'ri al
may be substThHeusgiddieo32 dolvafatedi by sfihdlei motomt 360 ithaal is ccontrolledidy 4 meotpr oduct

made and its use_in_the Hggnetic head in Fig, 6 and the disk drive in Figs.

1 to 3. The §onelet 38 nYy sHestor hay 2 embined repd and mate magnpie beast 4@ apdds spin
brefor aot y  rryebdhd 88 FieusiRhJoll 3 KR 3EHARY drlcad 1P BUEIT by an
layers. | n tdehstedmpal glugdlity bhaisks, lsHi@s and buspbisidrisagay by emphlyed i 4ltegar e
sputter deposite,guiﬂ,nq? nitrgtgen adtgrrps?g%gb W]ﬁligle it sgprrgg‘erred_th%‘tmt he
free | ayer SOPHIBDUMECT ALFASE BIOEREC|ASHIE (Pi ag AtpvarEbiig. B swparsiocHhposed
of cobal t iron ANC kA6 ek Mhveli BYRES oY 47 I p ! e BiFae! 2950 ThAGHe ¢ hat
a single cofAf® ﬁlr(t)({r%a?llrﬁeg 4rayervena$|q€e é‘\'r(f%%’o‘;%(? RSt thtee?l?%ee ?gsgerﬁ ©
struct ure wirhgictic heabd0 isia d rawduding sdatiddshipf withe surfaendfi the mafikitichdisk it

shoul d be understood that the nitrogen (NZ) at rms:%rslere changes the
ni crost r uct e Whgnathg disk 34 isofotaterbby theespindje motar-igcthg slidesyisispprartedian @ | y

i ntroduci ng nitLogen, bet-we s, of _{ he in filmor thin el The
cobal s 1 r o Bn (ERE” g Ralhiondraal eb bihe i htback Ot e o4
reduces the 4ndi ¥ iad beafing @hffasey(ABS M80Thé Rfaghét@chdaaysy m%%' ikt b Emploledr | Y,
ot her enbodi nents and nodifications of this invention will occur readily to

t hose of or dionaitingkinformagion e multiple reirgnlontigpks erethe ustaenionighe dirkSdepdr e,

his i i ony i be |inted f ol | 0w ' whi ch jncl ud
a1 such ermual e Sediiad Initiol theeeim, EfpotbRinaitcMinCaf et sfdteln s he-
above speci frepRbéminganch aFG@MEIRAY With thl BoddI0s providds $ginfleMhdr drivésipiilhod of

maki ng a magnetic read head,_conErising the steps of a making a spin
val ve. sensorfog geteting ithgy magaetia 3¢ andprevidesacandiiol signalactoi the pcwatoy foayer

structure t : tic : i i nni r
Soupl ed to tHEVEEMESRENGVeliolE Has, 1 8L e el W AU IR
the pinned |gqigpdnstoin 41 Theonfpasits destribe@ BeleiaBbove ay e UhGintéd bila Teande
nonmagneti c el ectrically conductive spacer |ayer between the free | ayer and

the pinned |¥yefra bousing ay thowaria Figid. forning of the free layer structure
conprising the step of sputter

Fig. 5 is an ABS view of the slider 42 and the magnetic head 40. The slider
has a center rail 56 that supports the magnetic head 40, and side rails 58 and 60. The
rails 56, 58 and 60 extend from a cross rail 62. With respect to rotation of the
magnetic disk 34, the cross rail 62 is at a leading edge 64 of the slider and the
magnetic head 40 is at a trailing edge 66 of the slider.

Fig. 6 is a side cross-sectional elevation view of a merged magnetic head 40,
which includes a write head portion 70 and a read head portion 72, the read head
portion employing a dual spin valve sensor 74 of the present invention, Fig. 7 is an

ABS view of Fig. 6. The spin valve sensor 74 is sandwiched between nonmagnetic



depositing a first free |layer conposed of cobalt iron directly on the
spacer layer in a nitrogen atnosphere, 2. A nethod as clained in claim1l

i ncl udi ng: form ng nonmagnetic electrically nonconductive first and second
read gap layers; forming the spin valve gensor between the iirst and second
read gap | ayers; | 4 formng ferromagnetic first and second shield | ayers;
and formng the iirst and second read gap | ayers between the first and

second shi eklbciritylty $nsulhtiv firet fimblseeend kedngeg lagers 1781 and278Maad @hé réddegdpor mi ng
of the free layer structure further includes the step of sputter depositing
a second fr dayersagresandmished hetyreenifenemagnetin firptr ansk segowrrh shipld Iayers 80fande

[ ' h 4. A hqd . cl ai in claim3 [
part1 al | pre St aSRed P ERR AR  maEia R M S Epd i ship eReepsetft; ° "
10"i Torr. Shanfre§TeAh@ds@sufbm TRGniubt&d Mrbugh Yl’{ée.l‘)eglisé‘r Eili%lesf kHe3t rbdi@gndeayer

is farmed of cobalt iron (Co9oFelo) and the second free layer is forned of
ni ckel ironchaigeske be) magifestedres potential chamigese dThese glotintinls changehare itheml udi ng

Spacer | ayePrBSteRar BAbTRETG B¢ ProcSieine BB & g X e apacer
| ayer to an oxygen atnosphere. 7. A nmethod as clainmed in claim6 wherein a
formng of the pinned |ayer structure conprises the steps of formng
ferromagnetic first and second antiparallel (AP) pinned |ayers with the
first AP layer Tgtert acinda'ioeidl 20"oP the S Sreticad 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. Since the second shield
layer 82 and the first pole piece layer 92 are a common layer this head is known as a
merged head. In a piggyback head the second shield layer and the first pole piece
layer are separate layers which are separated by a nonmagnetic layer. As shown in
Figs. 2 and 4, first and second solder connections 104 and 106 connect leads from the
spin valve sensor 74 to leads 112 and 114 on the suspension 44, and third and fourth
solder connections 116 and 118 connect leads 120 and 122 from the coil 84 (see Fig.
8) to leads 124 and 126 on the suspension.
Fig. 9 is an isometric ABS illustration of the read head 40 shown in Figs. 6 or
7. The read head 40 includes the spin valve sensor 74. First and second hard bias and
lead layers 134 and 136 are connected to first and second side edges 138 and 139 of
the spin valve sensor. This connection is known in the art as a contiguous junction
and is fully described in commonly assigned U. S. Patent 5,018,037 which is

incorporated by reference herein. The first hard bias and lead layers 134 include a



formng an antiparallel (AP) coupling | ayer between the first and second AP
pi nned | ayers. 8. A nethod of making nmagnetic head assenbly that has an air
baring surface (ABS), conprising the steps of: making a wite head

i ncluding the steps of: formng ferronagﬁetlc first and second pole piece

| ayers in pole tip, yoke and back gap regions wherein the yoke reglon S

| ocat ed between the Eole tip and back g4a re |ons f orm ng
normagnet i cﬁéqtéletdrbl@alayyr ofhanthadisstiload laver 28 awor@eh%bwswné leady st

atack wiin doerdReaRSuiet Shcny Rold MabB ARl aXe P RO RO T PR 21"
second pol epfksagRers qmraﬁdlmt&aasefﬁﬂagnétﬁgﬁaas t@eﬂeﬁ@mmumally Mol He and

pol e piece layers at said back &I on; and naking a read head i ncl udi ng
t he steps ospmoraﬂwmgpnsomﬁﬁdoesﬁabﬂleh)gc ei roagrietic rdonmdnsitiereineThe spin vahe

Second readSgRpr PAyen Bie it RadcheBnd Brid Fs L REL LRy PUAPdGHY Tageraled *
e AL s e, 9 e on s B
pi nned | ayeand 78 UEhafiest ahdisedoad readgapriayérs 76md (78;are, in turn, located between
the ferromagnetic first and second shield layers 80 and 82,
Fig. 10 is an ABS illustrations of a spin valve sensor 200 which was tested
according to the present invention and will be discussed in detail hereinafter. The
spin valve sensor 200 can be substituted for the spin valve sensor 74 shown in Fig, 9.
In Fig. 10 the spin valve sensor 200 is shown between the first and second read gap
layers 76 and 78. The spin valve sensor includes a nonmagnetic electrically
conductive spacer layer (S) 202 which is located between an antiparallel (AP)
pinned layer structure 204 and a free layer structure 206. The AP pinned layer
structure 204 includes an antiparallel coupling (APC) layer 208 which is located
between first and second antiparallel (AP) pinned layers (AP1) and (AP2) 210 and
212. The first AP pinned layer 210 is exchange coupled to an antiferromagnetic
(AFM) pinning layer 214 which pins a magnetic moment 216 of the first AP pinned
layer perpendicular to the ABS in a direction out of the sensor or into the sensor, as
shown in Fig. 10. By a strong antiparallel coupling between the first and second AP
pinnied layers 210 and 212, a magnetic moment 218 of the second AP pinned layer is
antiparallel to the magnetic moment 216. A seed layer structure 220 may be provided
between the first read gap layer 76 and the pinning layer 214 for promoting a
desirable microstructure of the layers deposited thereon. The seed layer structure 220
may include first, second and third seed layers (S1), (S2) and (S3) 221, 222 and 224,
which will be discussed in more detail hereinafter.
The free layer structure preferably includes first and second free layers (F1)
and (F2) 226 and 228. A cap layer 230 may be located on the free layer structure for

protecting the spin valve sensor from subsequent processing steps. The free layer



formng a pinning | ayer exchange coupled to the pinned | ayer structure for
pi nni ng the magneti c nonent of the pinned | ayer structure; formng a free

| ayer structure; form ng a nonmagnetic electrically conductive spacer |ayer
between the free layer and the pinned |aygr structure; and the forming of
the free layer structure conprising the step of sputter depositing a first
free | ayer conposed of cobalt iron directly on the spacer layer in a

ni trogen at mygphifletias 4 mApdRE Bifneds 293 Jhitdds bﬂeﬂttea;pmaﬂewa%@ ABStA td HeM NY
of the free layer structure further includes the step of sputter depositing
a second freaadjayplanesooipihs ddyars ima cliettion Grondiightctol leftoor frive leftrietright ees

llayer in a nitrogen _atnps hod as clainmed in erein
a partial pr SN & §18(He R %amwbﬁeﬁeépwo%ﬁe%nggnw@mﬁ3& e W ¢ 1o
1 x 10-0 Tor ' ee

| ayer is for I'ri}]\eg111 élt%c @8@1%&?9% gﬁh% ég%i%grfo 3’3&}?&9?\:3@%7%&] 11{&?\‘??:{%%?2 elufsdr
formed of ni Qk&lbetoma rhdlesantiparatpl whith mcmsésoﬂheaeswﬂaawmﬂ thensenlsan o e
further including the steps of formn ]g}the spacer of cop and after

form ng the §¢e6 Sprrells rang whandhe signaldield ﬁr@mwé rpfaping marga%th disleFotatep i ng
the spacer ﬁyagﬁeﬁ@m%ﬂ}eﬂfgmu 1 The géh%&ﬁhelr?fa rﬁn@‘a&&ﬁ&tsaiﬂ,f&ﬁc{ %Wb%c'&n&l aim

12 wherein a er str ure conprises eps of:

forming ferr m@p@ﬂallel \fvhirchtredmés ﬁmeeesisiamtdfpﬁé sdnk & to(tlQPéem Ollil%hth@%éﬁ‘e Wi th
the first AP layer interfacing the pinning |ayer; and form ng an

anti paral | el Tgsance shanges @rq prpeessesbas playback sighpls by thnprosessingcrizpitry 50 in
Fig. 3.

The thicknesses and materials of the layers for the examples of the
experiments, which will be discussed hereinafter, are 30A of aluminum oxide for the
first seed layer 221, 30A of nickel manganese oxide for the second seed layer 222,
35A of tantalum for the third seed layer 224, 175A of platinum manganese for the
pinning layer 214, 17A of cobalt iron for the first AP pinned layer 210, 8A of
ruthenium for the antiparallel coupling layer 208, 20A of cobalt iron for the second
AP pinned layer 212, 20A of copper for the spacer layer 202, 15A of cobalt iron for
the first free layer 226, 30A of nickel iron for the second free layer 228 and 50A of
tantalum for the cap layer 230.

In the following examples the ion beam sputtering system 400 in Fig. 11 was
employed for sputter depositing the first and second free films 226 and 228 of the
free layer structure in the presence of a nitrogen (N;) atmosphere on the spacer layer
202. Located within a sputtering chamber 402 of the sputtering system is a substrate
404 upon which layers 406 of the spin valve sensor 200 below the first free layer 226
have been formed. Also located within the chamber are cobalt iron (CogFe;0) and
nickel iron (Nis;Fe,7) targets 408 and 409. An ion beam (IB) gun 410 projects through
the chamber 402 and accelerates xenon (Xe) ions to the targets in sequence which
causes cobalt iron (CoFe) and then nickel iron (NiFe) to be sputtered from the targets
onto the substrate 404. Simultaneously, nitrogen (N) is introduced through an

opening 412 into the chamber so that the nitrogen reacts first with the cobalt iron and



pi nned | ayers. 14. A magnetic read head including: nonmagnetic electrically
nonconductive first and second read gap | ayers; the spin valve sensor
| ocat ed between the first and second read gap | ayers; ferromagnetic fi
and second shield layers; the first and s%cond read gap | ayers being

| ocated between the first and second Shl

Md | ayers; and the spin valve

sensor including: a ferromagnet I c pinned |ayer structure that has a

Hih R P B AE R0 B STIAF o YRR sl bl o AR 2o BYFls o

magneti c no
structure f

free |ayer %ﬂ%b%sﬁxre@fﬂiéﬂﬂﬁg

bei ng
r st

L(ING) RitRimithe edchber GARAUELO-VEogPacer | ayer

| ocat ed bet ween 17 the free %tcﬂyer and the pinned | ayer structure; and the

free layer structure having a first free | ayer of cobalt iron sputter

deposited directly on the spacer Iaye#ﬁ a nltrogen at nosphere. 15. A
[

magnetic read head as clainmed in cIa

I rst

erein the free | ayer structure

furt her includes 1 #6cOfmblectie ST vAIOTRRARH Mo B IE 107 Bl 8K Shor

deposi ted dlrectly on t

ayer 1 n a ni t rogen atnDs ere.

magneti ¢ r ealdpbsiting g fitsaand second (ﬂeteilaye‘r&mﬁmnelzmtimhbmasm Iﬁgehl linythe i s
(Co9¢Fel 0) .and the second free égr ni ckel iron (N a3Fe)
a5 rq",{.ﬁ}e

cobalt iron

17. A magnetsPBiterag chamaher avglﬂ&uamautmgemaam

was 7.25 Oe and the magnetoresistive coefficient dr/R was 7.86%. The resistance R
was 21.8 ohms sq and the easy axis coercivity (Hc) was 6.75 Oe.
Example 2

In this example a nitrogen atmosphere was employed in the sputtering
chamber in Fig. 11 with the nitrogen gas (N;) being introduced through the opening
412 during the sputtering of the targets 408 and 409 by the ion beam gun 410. Before
forming the first and second free layers 226 and 228 the copper spacer layer 202 was
exposed to oxygen (O;) through the opening 412 after its formation so the top surface
of the spacer layer was copper oxide (CuO). Next a cobalt iron (CosFeo) target 408
was employed and sputtered by the ion beam gun 410 simultaneously with the
introduction of nitrogen (N;) through the opening 412 with a flow rate of 2 standard
cubic centimeter per minute (sccm). After formation of the first free layer 226 the
nickel iron (NigFe,7) target 409 was sputter deposited by the ion beam gun 410 and
nitrogen (N,) was introduced through the opening 412 to form the second free layer
228 directly on the first free layer 226, After completing the spin valve sensor 200 in
Fig. 10 it was tested and the uniaxial anisotropy (Hx) was found to be 8.4 Oe and the
magnetoresistive coefficient dr/R was found to be 7.84%. The resistance R was 21.8

ohms sq and the easy axis coercivity (Hc) was 6.05 Oe.

Example 3
This example is the same as Example 2 except the flow rate of the nitrogen
was 3 sccm. After completing the sensor 200 in Fig. 10 it was tested and it was found

that the uniaxial anisotropy (Hx) was 6.4 Oe and the magnetoresistive coefficient dr/R

ciaxiplandsptrany (Ha) er



I's copper and is oxidized at an interface with the first free layer. 18. A
magneti ¢ head assenbly having an air bearing surface (ABS), conprising: a
write head including: ferromagnetic iirst and second pol e piece |ayers that
have a yoke portion | ocated between a pole¢ tip portion and a back gap
portion; a nonmagnetic wite gap |ayer |ocated between the pole tip
portions of the first and second pol e piece |layers; an insulation stack

wWith at | easfasonecaine fediRihc@ROEARE sbiRF aldy dP8adies Bgtanaeietdasy ¥le
portions of the first and second pole piece |layers; and the first® and

second pol ecpgreivity (Hyewas 23 0. connected at their back gap portions; and a
read head including: a spin val ve sensor; nomagnetic electrically
nonconductive first arid second read gap | ayers; 18 the spin val ve sensor
bei ng | ocated between the first and mﬁgﬁeaead gap layers; a ferromagnetic
first shield layer; and the first and second gap | ayers being | ocated
bet ween the fi rsThishexsntple ay dre sante dhExdmplet2 podept pheeflowl afymtrogandag e spin
val ve sensor incl ydi ng: i';\ _fer{_lorragneti% pi n.neq | ayer struyct r% t hat has a
magneti c nofgR.; After completing the sensor 200 in Fig. 10 it"was tested and the uniaxial
anisotropy (Hx) was found to be 7.3 Oe and the magnetoresistive coefficient dr/R was
7.95%. The resistance R was 21.9 ohms sq and the easy axis coercivity (Hc) was 6.3

Oe.

Example 5
This example is the same as Example 2 except the flow of nitrogen was 6
sccm. After completing the sensor 200 in Fig. 10 it was tested and the uniaxial
anisotropy (Hx) was found to be 6.0 Oe and the magnetoresistive coefficient dr/R was
7.95%. The resistance R was 21.9 ohms sq and the easy axis coercivity (Hc) was 5.85
Oe.

Discussion

It can be seen from the above examples that Example 5 provides the best
results in that the uniaxial anisotropy (Hx), in Example 1, of 7.25 Oe was reduced to
6.0 Oe and the magnetoresistive coefficient dr/R was increased from 7.86% to 7.95%.
In Examples 2 to 5 the partial pressure of the nitrogen gas in the chamber can range
from 2 x 10 to 1 x 10** Torr. In all examples, the first free layer 226 was cobalt iron
(CoxFeyo) and the second free layer 228 was nickel iron (NigFe;7). In a broad concept
of the invention these compositions may change and it should be understood that
cobalt or a cobalt based material may be substituted for cobalt iron. The invention
also includes the product made and its use in the magnetic head in Fig. 6 and the disk
drive in Figs. 1 to 3.

The present invention may be used in either a single or a dual spin valve

sensor. In a dual spin valve sensor the free layer structure preferably has a nickel



a pinning | ayer exchange coupled to the pinned | ayer structure for pinning
the magnetic noment of the pinned |ayer structure; a free layer structure;
a nonnmagnetic electrically conductive spacer | ayer | ocated between the free
| ayer and the pinned | ayer structure; the free layer structure having a
first free layer of cobalt iron sputter eposited directly on the spacer
layer in a nitrogen atnosphere. 19. A magnetic head assenbly as claimed in
clai m18 whefRiiyer 'T!)%tvfréeﬁea DY 8 cobhlt YU fers. Uh thiS %xélﬂﬁiel&lllet?ne& RGGS! el e ee
| ayer conposed of nickel iron sputter deposited directly on the first free
layer in a dietrlagenstatarareparer sputien deposited niet & mitregeh atswesphérg. ¥éhitd at med i n

| 19 wh t f | balt i ~0oF dth
cecond 1 r ee PraigEed ft dhe B TR stokmaiactage apleastfiin GrS heonioet JsEnyl y
as cl ai med Tcﬂmgb dﬁf&b&‘f??{ |t ke ef P‘Bﬁe{es;&e%%l%\' it sﬁ&lﬁ?;ﬁ% ugﬂgrs{ogd%z{tcy zed

at an inter t he rst fr I SK

i ncl udi ng atsingkassbalin@omd@edhyesr heypde a:sqﬁamkiyfot hied fﬂeaslam sauctube avithogt
surface (ABS) and that includes a wite head and a read head, conprising: a

wite head idgpartiag frigm thespisivafistinentiphst and second pol e piece | ayers that
have a yoke 19#&&!1&’ ﬂ%hl) ﬁabte%ld% Sloo8 ocat{)&hg%&{ %ZQ&H}S@H @%ﬂarfqe?ﬁ%k gap

portion; a nonmagneti e gap ayer ol'e
portions of miib@stridtate e%aainmzs)mf el RedilBee straptaresby &ﬂtetdﬁﬁlull?tlh@didlféirﬁng

with at | east one coil |ayer enbedded therein
nitrogen between the atoms of the thin film or thin films. The cobalt iron or nickel
iron has a changed crystalline structure which reduces the uniaxial anisotropy (Hx) of
the free layer structure.

Clearly, other embodiments and modifications of this invention will occur
readily to those of ordinary skill in the art in view of these teachings. Therefore, this
invention is to be limited only by the following claims, which include all such
embodiments and modifications when viewed in conjunction with the above

specification and accompanying drawings.



| ocat ed between the yoke portions of the first and second pol e piece

| ayers; and the first and second pole piece |ayers being connected at their
back dap portions; and a read head including: a spin valve sensor;
nonmagnetic el ectrically nonconductive fijgst and second read gap | ayers;

t he, spi n val ve 'sensor being | ocated between the first and second read gap

| ayers; a ferronmagnetic first shield layer; and the first and second read
gap layers being |located between the first shield layer and the First pole
pi ece layer; and the spin valve sensor including: a ferromagnetic pinned

| ayer structure that has a magnetic nonent; a pinning |ayer exchange
coupled to the pinned | ayer structure for pinning the magneti c nonent ofthe
pi nned | ayer structure; a free layer structure; a nonnagnetic electrically
conductive spacer |ayer |ocated between the free |ayer and the pinned |ayer
structure; and the free layer structure having a first free |ayer of cobalt
iron sputter deposited directly on the spacer layer in a nitrogen

at nosphere; a housing; a nagnetic disk rotatably supported in the housing;
a support nounted in the housing for supporting the magnetic head assenbly
with said ABS facing the magnetic disk so that the magnetic head assenbly
isin a 20

CLAIMS

1. A method of making a magnetic read head, 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 a 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 electrically conductive spacer layer between
the free layer and the pinned layer structure; and

the forming of the free layer structure comprising the step of sputter
depositing a first free layer composed of cobalt iron directly on the spacer

layer in a nitrogen atmosphere,

2. A method as claimed in claim 1 including;
forming nonmagnetic electrically nonconductive first and second read gap
layers;

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



transducing relationship with the magnetic disk; a spindle notor far
rotating the magnetic disk; an actuator positioning nmeans connected to the
support for noving the magnetic head assenbly to nmultiple positions with
respect to said magnetic disk; and a proggssor connected to the magnetic
head assenbly, to the spindle notor and to the actuator for exchanging
signals with the magnetic head assenbly, for controlling novenent of the
magnetic di sk angyfndih ?&P&ﬁﬂ%{k’tl@ﬂﬁt'&ﬁd Q%hﬁ'sﬂ@ldlﬁyérﬁ‘eanﬂﬁgnetl ¢ head
assenbly. 23. Amagne isk drive as clained in claim22 wherein the free
| ayer structure ffomingrthe dubtuaiels searonéd goattl gap wetsab@wecmmlmaﬁw ankl secailk|

iron sputter ia(f)osMed directly on the first free layer in a nitrogen

at mospher e. SHig! lﬁé"?\‘égnetl c disk drive as clained in claim23 wherein the
first free layer is cobalt iron (Co9oFe,0) and the second free | ayer is

ni ckel iron (N s3Fe~~). 2S. A magnetic disk drive as clainmed in claim?24
wherein the spacex IaWemeltlmmmmmednﬂ clamdX ivtlerz@dthatfoaningrifehd freelapet h t he
first free |ayer. A R AS{Y?. AF. A Al _. A" h% A9l 9. Ay

AL A{I 9. ANsLqugrep@lrl;h@ glchlgﬁs thad stqp-@vspnm:r depositing a second free layer composed
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10%& () - formmg ferromagnetic first and second antiparallel (AP) pmned layers w1th

the first AP layer interfacing the pinning layer; and
forming an antiparallel (AP) coupling layer between the first and second AP

pinned layers.

8. 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
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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 electrically 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
a making of the spin valve sensor comprising the steps of:

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

forming a pinning layer exchange coupled 1o the pinned layer structure
for pinning the magnetic moment of the pinned layer structure;

forming a free layer structure;

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

the forming of the free layer structure comprising the step of sputter
depositing a first free layer composed of cobalt iron directly on the spacer

layer in a nitrogen atmosphere.
9. A method as claimed in claim 8 wherein the forming of the free layer
structure further includes the step of sputter depositing a second free layer composed

of nickel iron directly on the first free layer in a nitrogen atmosphere.

10. A method as claimed in claim 9 wherein a partial pressure of the
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12. A method as claimed in claim 11 further including the steps of’
forming the spacer of copper; and
after forming the spacer layer but before forming the first free layer exposing

the spacer layer to an oxygen atmosphere.

13. A method as claimed in claim 12 wherein a forming of the pinned
layer structure comprises the steps of:

forming ferromagnetic first and second antiparallel (AP) pinned layers with
the first AP layer interfacing the pinning layer; and

forming an antiparallel (AP) coupling layer between the first and second AP

pinned layers.

14. A magnetic read head including;
nonmagnetic electrically nonconductive first and second read gap layers;
the spin valve sensor being located between the first and second read gap
layers;
ferromagnetic first and second shield layers;
the first and second read gap layers being located between the first and second
shield layers; and
the spin valve sensor including;
a ferromagnetic pinned layer structure that has a magnetic moment;
a 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 electrically conductive spacer layer located between
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structure further includes a second free layer composed of nickel iron sputter

deposited directly on the first free layer in a nitrogen atmosphere.

16. A magnetic read head as claimed in claim 15 wherein the first free

layer is cobalt iron (CosFe10) and the second free layer is nickel iron (NigFe;r).

17. A magnetic read head as claimed in claim 16 wherein the spacer layer

is copper and is oxidized at an interface with the first free layer.

18. 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 electrically nonconductive first and second read gap

layers;
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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;
a 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 electrically conductive spacer layer located between
the free layer and the pinned layer structure; and
the free layer structure having a first free layer of cobalt iron sputter

deposited directly on the spacer layer in a nitrogen atmosphere.

19. A magnetic head assembly as claimed in claim 18 wherein the free
layer structure further includes a second free layer composed of nickel iron sputter

deposited directly on the first free layer in a nitrogen atmosphere.
t

20. A magnetic head assembly as claimed in claim 19 wherein the first

free layer is cobalt iron (CogFe;o) and the second free layer is nickel iron (NigsFeir).

21. A magnetic head assembly as claimed in claim 20 wherein the spacer

layer is copper and is oxidized at an interface with the first free layer.

22. A magnetic disk drive including at least one magnetic head assembly
that has an air bearing surface (ABS) and that includes a write head and a read head,
comprising:

a write head including:

ferromagnetic first and second pole piece layers that have a yoke
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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
aread head including;
a spin valve sensor;
nonmagnetic electrically 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;
a 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 electrically conductive spacer layer located between
the free layer and the pinned layer structure; and
the free layer structure having a first free layer of cobalt iron sputter
deposited directly on the spacer layer in a nitrogen atmosphere;
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
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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.

23. A magnetic disk drive as claimed in claim 22 wherein the free layer
structure further includes a second free layer composed of nickel iron sputter

deposited directly on the first free layer in a nitrogen atmosphere.

24. A magnetic disk drive as claimed in claim 23 wherein the first free

layer is cobalt iron (CosFe1o) and the second free layer is nickel iron (NigsFeir).

25. A magnetic disk drive as claimed in claim 24 wherein the spacer layer

is copper and is oxidized at an interface with the first free layer.



