H A FREE LAYER

10 OCT 2005 METHOD OF MAKI NG A SPIN VALVE SENSOR W T
éTRUCTURE SPUTTER DEPGCSI TED I N A NI TROGEN ATMOSPHERE BACKGROUND OF THE (7 2005
NVENTION |, Field of the Invention The present invention relates to a
met hod of making a spin valve sensor with a free layer structure ﬁp;tter
et hod whi ch rog "Eﬁ@?’"ﬁh ELE A SPI T Ve NS WETE'A s bR a
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is a magnetic disk drive which includes a rotatlng na?ﬂetlco?;frhgad?LLder
that has read and wite heads, rm above e r
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readi ng magnetducedigaxibl diisitdpy (mOm t he rotating disk. The read and wite

' [ [ ding to a
onnectedg to processing circuitry that operates accor
Eg?rgﬁt gep?ogr amté i npﬂlgwmtmq dheRelatedyAahd readi ng functions. An
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| ary high per re ad. enpl oys, a_spi.n val ve sensor
Cerctng e once 2 BN AAAEL SRRt e St s
sensor i ncl utegneticndiskyeg Bl@ddr&hzwmtréad:_aﬁd Mvrﬁ?’h@hﬁist, |avstaal§éjtngi?)h %ﬁgg@ve tﬁlg
sandw ched between a - ferromagnetic pinned [ayer str cture -ar .
ferromagnet i cTH#Hg digh and an agtator armahat swingd trer alspgRii BPIOHlh O tHe %8

- - i nning a, nagnetic noment ofthe'
pinned | ayer S WARERSUENRY St bl FrckS od dhe g ) Thaespekson iren ABS
pi nne rstr c It i ¢ di I,
5 20 exposedbmusithe didat b eomansath teaberbersront BRCTANTH fioll i s
and second | eads %re connected to the spin valve sensor o | _
sense l?ut, when the disk rotates, air is swirled by the rotating disk adjacent an air bearing
surface (ABS) of the slider causing the slider to ride on an air bearing a slight distance
from the surface of the rotating disk. When the slider rides on the air bearing the
write and read heads are employed for writing magnetic impressions to and reading
magnetic signal fields from the rotating disk. The read and write heads are connected

to processing circuitry that operates according to a computer program to implement
the writing and reading functions. |

An exemplary high performance read head employs a spin valve sensor for
sensing the magnetic signal fields from the rotating magnetic disk. The sensor
includes a nonmagnetic electrically conductive first spacer layer sandwiched between _
a ferromagnetic pinned layer structure and a ferromagnetic free layer structure. An
antiferromagnetic pinning layer interfaces the pinned layer structure for pinning a
magnetic moment of the pinned layer structure 90° to an air bearing surface (ABS)
wherein the ABS is an exposed surface of the sensor that faces the magnetic disk.

First and second leads are connected to the spin valve sensor for conducting a sense
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*@00002* 2 10 OCT 2005 current therethrough. A magnetic noment of the free
| ayer structure.is free to rotate upwardly and downwardly with respect to
the ABS from a qui escent or bias point positi on in response to po$[]'5|q]o;q005
and negative magnetic field signals froma rotating mnagnetic disk. e
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magnetic nonent of the free |layer structure with t sense curr |
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I nterfaces OL t he spacer layer with the pinned and free layer structures.

Wien the magndbiod giser mthﬁﬁbseﬁphﬁféﬂgm&lfdsee. layer structures are
Bt et 2”0k SRRE BB e TR el o BT o oe seme.
scat i g’ cheusen i st SR PSS ERITE A SBLAICH
and free | ayemisimiged uFlis thivkeess degpicallyi tegs dlfart the mems dreei pathiusMéledtiosd as

of "t he sensor EHERE! Bedhebithe Shesten Py o rinesipeniayopordon ol she cendustian oo
froma positi @RchahdhrbatWirddaf tiﬁé Rieiaded dfife E‘%‘%@ffgg%re\gﬁﬂ?ﬁée P@L‘B& gﬁ% f,-%'e nned

| ayer structure to an antiparallel position w S

the resistandavepstrudtures dibar thaheagnetie moagn ﬁtcbfgthc_arpnlmag %ndlf&eﬂafeglsir?d_turebn
addition to the spi.n,valve sensor the, read head inc) udes nonconductive
nonmagneti c f Pfesf?a?%}%('i “gtbggsrpacq,tggae gustherspattering 48 nyinimab pad when thefri l?]@n:’aﬂdt
second shi el ¢hdnaerey | S RSOk ' e ween .t he rs
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or near structure rotates from a position parallel with respect to the magnetic moment of the |
pinned la{yer structure to an antiparallel position with respect fhereto and R is the

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

In addition to the spin valve sensor the read head includes nonconductive
nonmagnetic first and second read gap layers and ferromégnetic first and second
shield layers. The spin valve sensor is located between the first and second read gap
layers and the first and second read ga.p'. layers are located between the first and

. second shield layers. In the construction of the read head the first shield layer is
' formed first followed by formation of the first read.gap layer, the spin valve sensor,
the second read gap layer and the second shield layer. Spin valve sensors are
classified as a top or a bottom spin valve sensor depending upon whether the pinning

layer is located near the bottom of the sensor close to the first read gap layer or near



3 10 OCT 2005 the top of the sensor close to the second read gap | ayer.
Spi n val ve sensors are further classifiedsas sinple pinned or antiPﬁrﬁllﬁ
pi nned dependi ng upon whet her the pinned |ayer structure is one or 2005
ferromagnetic layers with a unidirectional nagnetic nonment or a pair of

f erromagnet i c theatoprof the@hsarctoss ep teabeshdi¥adgfPMpéd Bginl AR seﬂéotr%‘areqﬁﬁﬂgrt I
nonents of the ferromagnetic |ayers being angl paral I el . Spin valve sensors

are still furchesified axgmplepinned e angiperatiel ploued ddpending upors ivhgiher gigipinnedl ve

sensor enpl oy onl'y one pinned |ayer and a, dual spin valve sensor enploys
two pinned | a@aéllcg ngtHre 'tsrf’élef‘?re@oﬁ%@érpn’é,‘g??}& Wers| with eenidifeationalt megneticThe

free | ayer st Gl b, | Layer e rovi des
a desirable %éeﬁg ?éﬁﬁ%rﬁéﬁxﬁmﬁ%@eﬁ ﬁza-}ﬁge@ﬁ{%eskﬁaq%fj d Y%%%P%gqyg{ Wéthf ree
| ayer has a;| avagnesid moinehts cfnthe frronpignétic lapérs e HEE SRR VE AR 6rs Of

the free layer structure.to . signal fields froma rotating magnetic disk.
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will rotate;t ' Tenl o . free | ayer tructure which causes a
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found that wheé frdeclajdretudtardbcdidéd thefebb®vedhsO | ncl udes a cobalt iron or
cobalt layer, sonetines referred to as a nanol ayer, between the nickel

iron layer and t heThefigedayer styusture tpicatly enipdaysregnicket imndayesr whicteprovidas at he
magnet or esi St r...nagnetoreskstiv oefficient dr/R is inproved. In
order to obt a?%sq%b%elgﬁ‘gngﬁf 301?'}?& %’5%@ ﬁ‘?eﬁaY‘?{eJlﬂﬁ‘éé’FFé‘%F@F@tfmFéaYﬁéé‘W pdovent
dr/R, it has ugiarial Whithespy IRURHi LG t L.ron or
cobalt | ayer s,houlad ble or?yt}ﬁlg Q}C&Q)}i&lg?ﬁgg%ﬁbﬁﬁ -ort%’gth&@;& %ﬁgﬂtmy‘pgége in
the t hi cknesssignalifirlds Gl a rotating maguesticr disku C¥her hiee frod layes stradturielis Higtee

| ayer structyr that j,t.is as,, responsive to, signal fields fromthe
rotating nagnié%tsﬁ%ﬁsg‘fes% .Sm?hes@’ra!egll%i%@%ir t3‘?P‘°30 campgneicHBamenis of the feodayst of
i near bit degsudidteavtich ' ; j L3 | [ [
quantified &s bi tseperci%%ﬁ&(aBg}%ﬁggfﬂﬁg%%ﬁ#ﬁ%ﬁg@fﬁfﬁﬁgﬁgﬁIgﬁmgﬁgnspf'a{&k
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the disk. An increase.i n tt}e ac{]ggg density eguates to increased storage

capacity of a ay%’;a ﬁB‘E?F‘é?’?WI ehe S_pf‘d’_@?‘élé dOPtWsRR Khe Biskeleiron dayeegndyhes to
B {a per i nch P S o e e e SR Rk BRI R
occurs, each Wagnetergsistiveccoelfic®mr dpBOS improved. In order to obtain a desirable increase
in the magnetoresistive coefficient dr/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 incfease 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 ils increased by increasing the number of bits per inch

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



4 di sk produces a | ower magnetic field which nust be sensed by the spin

val ve sensor. In order to neet this objective the free |ayer of théUdMTmm§
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nventt on pr SUPaRLVE/puEr il Biendd sRTHE L 1 SopdRe meanels difindds ks
uni axi al ani s6thopybaltHk)n kyes pupreferabile potsredicegl $chehat :tlﬁaegﬂoﬁejﬁntistééwﬁhpmeed n
it LIS . i Lon : i S
201 {rou%) HmERRAu: FnGLA N SR aen, B ORRED, ViR Bl hekor e
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tt d | | XS I .
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was exposed 1S5S EsepeRsive tasigmal sldsiromdhe rtating/magmetiodiskhe copper spacer
| ayer where the first free layer is sputter deposited. Wth a noderate

partial pressure of nitrogen the uni ax'%@mwwopy (HK) of the free
| ayer st r'ict ure was reduced by 17% as to formng the free | ayer

structure 25 wi t holihe plesentiihventjen padvides phieecclaydnstasnee withf a tddacedatiiicsoor i S

R L T
i ncreased. Asteasgherg The Hrst ifies tlayes 96 cobalf ireth ColFe de sputttir sichosited airectigoe 4 s
provided a meghRe spabr FHKI NG ArERANEHbHhERSFA r&%‘%@oncﬁ?é@l;agéj, BSmpORA DGR :
30 making a spin valve Sensor conprising the steps of: formng a
ferr omag?f%t i &rg’ﬁ) RNFF(%’ P é?‘étFeréiFP%th daegthaen ﬂlﬁst%rét &%ﬁgh‘é‘?‘i & 2 pibiogar atmaspherag a
pi nni ng | ayeBefote apgstimothel £dt fiee tier phé1REsher apeder IhyetClal Bxposed to oxygen
which oxidized the surface of the copper spacer layer where the first free layer is sputter
deposited. With a moderate partial pressure of nitrogen the uniaxial anisotropy (Hg) of the
free layer structure was reduced by 17% as compared to forming the free layer structure
25 without the nitrogen atmosphere. An aspect of the invention is that this improvement was
obtained without lowering the magneto-resistive coefficient dr/R. In fact, the
magnetoresistive coefficient dr/R increased.
According to a first aspect of the present disclosure, there is provided a method
of making a magnetic read head, comprising the steps of:
30 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;
35 forming a free layer structure;
forming a nonmagnetic electrically conductive spacer layer between the
free layer and the pinned layer structure; and
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for pinning the magnetic nonment of the pinned | ayer structure; 35 formng a
free layer structure; forming a nonmagnetic electrically conductiv? s&?cer
| ayer between the free layer and the pinned |ayer structure; and [ﬁ T 2005
\ LI BQ 2701. doc: MIC 10 OCT 2005 5 the formfg of the free | ayer structure
conprising the step of sputter depositing a first free |ayer conposed of

balt i di tl n e e Y ' ni.trogen atnosphere,.
chgrdi Ingrgo'? o] ;r ggco%doaséﬂé}c{(ﬁg&%(#eéhgrtg%ee wfdﬁguc?hgsJg&PrHSH‘@r‘Z’QiSECPpP%&?LH@a a
5. nethod of naki ndepositimgreefiist free tayeheauposed o cotslnigon Hizedlyepsthefspacenitiyey a

spin val ve sensor ﬁpgﬁﬁﬂoﬁéﬂ'&n{o adeps of: formng a ferromagnetic pinned
|l ayer structure that has”a magnetiCc nonent; fornming a pinning |ayer .
exchange coupl ed t &ceerding inaderendepspsetr of ther presend disglogireynthare ishpravidedet i ¢

moment of 5 t NenopidANFIndidyEs nﬁgﬁéﬁl%ltreqcﬁieagp&omﬁai@ thé %p% gper structure;

formng a nonmagnetiﬁ, el'ectrrcally conduct|ve spacer. | ayer between the
free |ayer structuPEKHE® PHEVRYGssBEPT capwrisivg thestersof: and the forming of the

free layer structure CONRfrintigd feRBmakRRicOPinBOHIARE strhbtude PRF| HdsNg rRagdhkfist
free |l ayer conposed of cobalt iron directly on the spacer layer in a

ni trogen at nospher B*YMf8ein a partial pressure of the nitrogen atnosphere
is from2 x 10-5 Torr t forting 4 PihiniogrlayerAxclungdt Rgupled & tHel piihaisagat stknirde

P esent ) oc! o5ty A TR AR R0 Pt
of : making a wite head fommings fice lajier stmefose;of form ng ferromagnetic first
I, SEEO0S PoLe P 008 Ny gDl R SR
regions: 25 forni nfcalayensighee ard the pined tayer sirusbenduct i ve write gap
layer between the firstRn@riReUThhpateR RYGCRuCAYEOmpHsihBandQtd &f Butter
reglon, depositing a first free layer composed of cobalt iron directly on the spacer layer
in a nitrogen atmosphere wherein a partial pressure of the nitrogen atmosphere is
from 2 x 10° Torr to 1 x 10 Torr.
According to a third aspect of the present disclosure, there is provided a method
of making a magnetic head assembly that has an air bearing surface (ABS), comprising
20  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;
25 forming a nonmagnetic electrically 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

30 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;
35 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:

[R:ALIBQ]270! doc-MIC



formng an insulation stack with at |east one coil |ayer enbedded therein
betmeen the first and second pole piece layers in the yoke region; aﬁ&
connect i ng the first and pole piece |layers at said back gap region; 3005
maki ng a read head including the steps of:5af orm ng nonmagnetic electrically
nonconductive first and second read gap layers; formng a spin valve
sensor between the first and second read gap |ayers; 35 formng the first
and second read gap | ayers between the first shield Ilayer and the first

pol e piece |layer; and a feahing aoferrohegsqticnpiundds dayse rssructuco tipat i ks ngy mdgnetic
steps of: [R\LI B%ﬁ% .docM C 10 OCT 2005 5a formng a ferromagnetic

pi nned | ayer structure that has a magnetic nonent; form ng a pinning |ayer
exchange coupled to the Pirmirga papng leyareachange caupled toiherninepd: laperrigaard c
moment of sthe pi nnegd phdeg th%trﬁé%%t‘l’crﬁomfeﬂtrdptﬁ@plﬁnédﬁ?eljs%ﬁ%fur@trUCture

form ng a nonmagnetic el gctri y conducti ve spacef |ayer between the
free layer and the pi nne&qnéﬁgear freg layeristuetureand the formng of the free

| ayer structure CO”D” Sl ﬂﬂmﬁﬂgea ﬁ&rﬁﬂagﬁéﬁ@@l@&tﬁ@élly donddepasipatdidayer befvidenfthee
| ayer conposed of

ob dire n the spacer layer in a nitrogen
at nospher e. Accordfrﬁ a[y8r aepdfotgﬁpltnﬂe‘gl%‘%éé?mfi@? ﬁﬁ‘?present di scl osure, there
is provided a net hod of theeformmgaofnthg feei laydresimicass eotnpyisinpathe Beep afhspaitter
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i ncluding the step ormn roma I'TSt
| ayers in pole ti pmamgeraatmosxdmke gap regions wherein the yoke region is

| ocated between t h?xg@&hﬁlg t 'a@oﬁﬂpasgétﬁ Iof %ﬁ)rés%ﬂf Aotk 1A% FroPRREBIGHIF

el ectrically nonconductive wit
of making a magnetic head assembly that has an air bearing surface (ABS), comprising

the steps of:
15 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 electrically nonconductive write gap layer
20 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:

25 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
30 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 to the pinned layer structure

35 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 structure and the pinned layer structure;
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20 between the first and second pole piece |ayers in the pole tip region;
formng an insulation stack wth at | east one coil |ayer enbedded therein
between the first and second pole piece |ayers in the yoke region; an1j[] 0CT 2005
connecting the first and pole piece | ayers$bat said back gap region; and

maki ng a read head including the steps of: 25 form ng nonmagneti C

| ectricall duct t d |
Spin valve sensor bet veell iEmig: & her{iF<o BYem T cLE] AP Epahe SHRP RIS ne
; ir St anld second lrdep;bs'gmg d ﬁ;seﬁsg ﬂxggnmggniﬁ;@ g}tf“) cEtmﬂt %mgmk%tggg?l tlélg)sp:ricleglrrur:%gt he
irst pole piece ?ﬁ/?'futr & 8 Us 1n§ eco Plpored 9f
the st ff i PRGY 4
maSnZt |e(|? > m(;ment o ][n O?Ckﬂlngbradlmctif%gghd ﬁaytafrgcglgyd:ran gmlunstgﬁplagdo@gelteh endi nned
| ayer strycture 35 for pij Hiapgrets{lﬁugfl%ﬁtrﬁt?%#ﬂ Bsg)%[eret& g%f‘reﬂle?x 1®€forr

structure; formng a freg ure; nonma
el ectrically condutal Véosﬂ&lﬂ‘er | ayer between the free | ayer structure and

the pinned layer syihigtabrdant Bivahia Q@f%ﬁélﬂ@ﬁ’tlo%fﬁ @ap}réc&e%o@%&m%hﬁe

formng of the free |layer structurée copprising the ste
deposi ti ng a? ¥°r‘*§9gfl?5éaptl%zy@ke%&$ﬁ %wrfgfhe@a%nemywﬁrawm@éuy on the

spacer layer in a nitrogen atnosphere and sputter depositing a second free
L rogen K mospherer and B0 PESCHETIBROBTRERRAMAIGED of rspher e
being from2 x 10- Bigldris a plao view ol Omdgriaticrdisk@river att endant advant ages of
takentoget hor i t B Ao a5 SR OdRAer ik iRl BAIES HATEN B e
DRAW NGS  Fi glang 2i%ofFig| kin vi ew of a magnetic disk drive;
Fig. 3 is an elevation view of the magnetic disk drive wherein multiple disks and
15 magnetic heads are employed,
Fig. 4 is an isometric illustration of a suspension system for supporting the slider
and magnetic head; |
Fig.5 is an ABS view of the magnetic head taken along plane 5-5 of Fig. 2;
Fig. 6 is a partial view of the slider and a merged magnetic head as seen in plane
20 6-6 of Fig. 2;
Fig. 7 is a partial ABS view of the slider taken along plane 7-7 of Fig. 6 to show
the read and write elements of the merged magnetic head;
Fig. 8 is a view taken along plane 8-8 of Fig. 6 with all material above the coil
layer and leads removed,
25 Fig. 9 is an enlarged isometric illustration of the read head with a spin valve
Sensor;
Fig. 10 is an ABS illustration of a spin valve sensor tested according to the
present invention; and
Fig. 11 is a schematic illustration of an ion beam sputtering system employed in

30  practising the invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
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Fig. 2 is an end view of a slider with a magnetic head of the disk drive as
segn in plane 2-2 of Fig. 1; Fig. 3 is an glevation view of the E@eotcrigm
di sk drive wherein mul tiple disks and 15 magnetic heads are enpl oy A
4 is an isonmetric illustration of a suspensi on systemfor supporting t E
slider and magnetic head; Fig.5 is thﬁi Slq‘ the magneti c headdta en
al ong plane 5-5 of Fig. 2; Fig. 6 is a argla Wof the slider and a

merged magnetic heaBefesrisenow iotheldeneing® W hérefn l‘ﬂfe ﬁféienc% nuﬁ{egal%a?dlénﬁe like . \ o
partial ABS vi e of, t he sLll der taken along plane 7-7 ow

read and writ ePTeHBHNLPAItSS TOPE@WPCQG@MGT%‘QQ&,|F¢gshé-édlluﬁrajp ?aaa:gaeta: &13163#1?@232
above the coi ayer and le
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sensor tested accordln to the ﬁresent i nventi on;
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h 32 is rotate a spindle notor
ggf\i( r g|4| edTb§ ai‘ r?ﬁﬁi?f‘" Y- a5¢ F@Weﬂghy ﬁl%crw 4720 pasition dmmmxiaem s@&m tlied

write magneti GndlgRfc ﬁ@a@iﬂﬂls' ifla tﬁiﬁ?@%xigel‘glal%n ip eansix% ac%\oéﬂgplgqlg%g §§s?<r

arm 46 that is rotatably positione

di sks, slider 534aNﬂl®Lthpdmklm ro@edids, th@@‘gh@MQﬂotbf‘Bgtlgfislgga ésf%{,%igggélogl rect
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for writing information to multiple circular tracks on the surface of the disk 34, as
well as for readmg information therefrom. Processing circuitry 50 exchanges signals,
representlng such information, with the head 40, provides spindle motor drive signals
for rotating the magnetic disk 34, and ‘provides control signals to the actuator for
moving the slider to various tracks. In Fig. 4 the slider 42 is shown mounted o a
suspension 44. The components described hereinabove may be mounted on a frame

54 of a housing, as shown in Fig. 3.

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 shder and the
- magnetlc head 40 is at a trailing edge 66 of the slider.

Flg. 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



34. Wien the disk 34 is rotated by the spindle notor 36 the slider is |
supported on a thin (typically, .05 gn) cyshion of air (air beari nd)0 OCT 2005
bet ween the surface of the disk 34 and the air bearing surface (ABS) 48.
The magnetic head 40 nay then be enployed for witing infornmation to

mul tiple circulairidaligdfsilaivet fiet s {660 Rlad!dap 193K 78%nd 3B, alifitie f’éﬁd‘;gip
reading information therefrom Processing circuitry 50 exchanges si grial's,
representing duysrs anefsendwiched betwieen fernemagnatic £itst and wecatebsshield layess 80taad
drive signals  for ratating the magneti i sk 34, and provides control
signals to tgéza VEUR Y f%g"te%\/‘i"ﬁ%‘eﬁ‘ﬁ@%@%i@’Erfei’tlﬁal%“&rqfdh%sﬂm yalve sensor fftg. 4
the slider 42 chgnsa004N X0 t PEAS AN A4 e nts.
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40. The slider has a center rail 56 that supports the magnetiC head 40,
and side rai | Progssed@s sdbagkesignals lydheprocesingreircaitrysyo shownfin Big. 3. cross rai |
62. Wth respect to rotation of the magnetic disk 34, the cross rail 62 is
at a | eading edge 64 of the slider and the magnetic head 40 is at a -
trailing edgb 66 of the slider. Fig. 6 is a side cross-sectional elevation
vi ew of a nerged magnet ic head 40, which includes a wite head portion 70
and a read head porlieowritghead ipertronald dlcthd magmetic beadA limptadey sacaliblyes Bé n
val ve sensor: 74 pof. it resept . inyention. Fi.g. .7 isS.Aan S view of Fig. 6.
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el ectrical ly iidjerb@iray®eldnipibysansr ?ﬁﬁé}%g B heBPR élﬁa\fﬁ?ﬁ r@lé@"lg tﬂoﬁsecgﬁ&i the
read gap |ayers are Sandw ched between ferromagnetic fir and ‘secon

shi el d | ayer|s irs0latind 1282 catsedrbys thenmd lagere8d. eFheafirstyagomid and ildtddmsulatien
resi stance of . the s‘gi n vqadsve ensor 74, c enseg current is
FIEiastonn

anges. S _
conduct ed t hr GYGH & aﬂ’hé‘ésépaﬂ‘égﬁ?ﬁléﬁg ¢ coH daygrds end the first,
mani f ested as Hahi bl ¢
processed as rsg'gggggg%isuirgrllal gﬁ%? lfg’tﬁgssg?’%?g ?1%1 agcfg@ggff@ﬁaggug g‘mn%rsf ﬁnq:i g.
3. The wite headdpoletpiese [dgerep2 tihd frebirectiiscarieedontDpole piecd &8ets TDaAd dAyer

84 sandwi ched_bet ween first, and second jnsu] atign |ayers 86 and 88. A
third insul at F‘E?H“%“&ﬁ%?ﬂy “RE@ %% % %aff aVﬁWQ{ﬁaﬂnﬁzﬂFﬁgﬂtm@ Hen?® ped

SR, TLPMETIR SERRRIENE | TRHLATAGE e e ol g
art as an "i ndykn$l and thedukt'polapiece biyér 92aare a c®hmmaodlayérethisitiesd 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 soldér connectibns 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



second and third insulation |layers 86, 88 and 90 are sandw ched between
first and second pole piece layers 92 and 4. The first and secong gl
pi ece layers 92 and 94 are magnetically coupled at a back gap 96 and have
first and secopd pole.tips 98 and 100 which are separated by a wite gap
| ayer 102 at tHst fesdbias Byer 140candes Bretiloarilaven 147 apefhecandihirdeiss ot lepd| o

i ece | ayer 92 q this head,i known as. a _nerged head. In
D o7 oy back heafoeF 36 BRI SR bt bias BRR 144wl ¥ Y6000 |55 daver 246 Thecdes
are separ at e |yetayemhiqph tLCo . shown in
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44, and third and fgqurt | der, connections 116 and 118 connect 1eads 120
and 122 from tHE%d| |a“§§h%§1§% apql égacongﬁqaf biag and lead daygrigl psdoB6 dve located

ion. Fi i i ] i : |0 f th d head 40
Shown 0 R go. e the o RBlc ifci LRty Ins B An Secohf il oo 74,
First and secomd Mailte Firstsndrdconderesd %)’ﬁ;yérs bﬁ”anﬂ% ajfé”,ﬁifn%ﬁl ?&Q{éﬁcﬁeﬁgeéno
of t s

first and secopd_ side edges 138 and 139 e spin valve $ensor.
connection i s RERomagnetiefiest andsscand sieldilayers80 gndrf3tion and is fully
described in comorid:y ASSsI , .Patent 5 018,037 which is

i ncorporated by refé 'eflocszfe’sl %Q?‘é?#?‘“ﬁﬁé’of‘? ng‘ SRl Wﬁ}ﬁ‘? sensah40Q avhich woe testedsa
include a 8 1QcéXEdingX05the firéseht NRertidl asd Waly 1 . ayer
142 .and the second nh%ar.d bipas and Ieétd. Iayer?eld%%cgfsﬁgpgd%t@ fs‘%%‘é‘ﬁﬁg'ﬂm

bi as | ayer 144PEnlve sva8e5 290 cen e sulyssitutadifor thhepimaalde sérisas74 shRisinlFQ aind
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are located between the nonmagnetic electrically 1ns
second read gap.Cangdyeive speceralager7és) 2MRewhichss lamatbdsiestwaeh aeadtiganllélaygns 76

and 78 are, in; ogat ed t wee he ferromagnetjc first and second
shield | ayer ;B%Eggay‘%zﬁﬁfﬁg? %}6 ?‘Ed]ﬁnfr%@yﬁ ISHB‘ftg‘ES’t P¢hsThy AR pisned Jayeve
sensor 200 whitelictu@s204 srchilies A6C At Harlel Boﬁﬁ]ggeg\q‘ggrlﬁyér%gwgg@ %ggca\{?eill be

di scussed in detail hereinafter. The spin'v nsor
substituted fBFtWeRR fuffi andysecord ertinasallel 4ABhpinned yBisgAPQ) and TAP2Y21d.@nd he

i I i t the first d d -
Eyers 76 and g Tndr AR ARSI b Ruahabi oBimiesh g amidorearsanetieal | y
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(AP)  pinned lager structure 204 and a free layer structure
pi nned | ayer 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 (81), (S2) and (83) 221, 222 and 224,
which will be discussed in more detail hereinafter.

The free layer structure preferably includes first and second free layérs (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



structure 204 includes an antiparallel coupling (APC) layer 208 which is

| ocated between first and second anti paraél el (AP) pinned |ayers (Aib) and
(AP2) 21-0 and 212. The first AP pinned layer 210 is exchange coupl ¢d @03 2005
an antiferromagnetic (AFM pinning |ayer 214 which pins a magnetic nonment
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second free layers, (F 1) -and (F2). 226 and 228. A cap |ayer 230 may be
| ocat ed on t hagnRetie mement 252 qid of he seasor the maseaticigompets 232 and 21 § deeaane or

from subseque i +hd [E: 0 0 tructure
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maj or pl anes ekistanee tigingesare Précesicd s playBadkl ghald hthe pPodeSiifig Sikcuitp B0 ief t
toright, as _shown in Fig. 10. Wen a signal field fromthe rotating
magneti c di:skFigo3.ates the magnetic nmoment 232 of the free layer into the
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moment 232 out of the sensor the magnetic nonments 232 and 218 beconme nore
paral | el whi chirst sepdclesert22d, BRA| aft nielsd npinganpse osidedor the sehendssaeddayanr22@nt
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i
hereinafter, are 30A of alum num oxide for the first seed I'ayer 221, 30A
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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 fn the presence of a nitrogen (N2) 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 (NigFei) 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



AP pinned | ayer 212, 20A of copper for the spacer |ayer 202, 15A of cobalt
iron for the first free |ayer 226, 30A of 1rai ckel iron for the secpndOCfTrzg[ﬁ
llayer 228 and 50A of tantalumfor the cap l'ayer 230. In the foll ow ng
exanpl es the ion beam sputtering system400 in Fig, 11 was enployed for
sputter deposithéd@i g ; I d .0 free
Byer st ruct ara ity ndSt Bt FEPIE sChd (ol SEIBRRTE i K Tpacer
layer 202. Lqadiagressurhiofitte mipogengN, NgithinaibeantR2was 2 k@t t eri ng
systemis a substrate 404 upon which |ayers 406 of the spin valve sensor
200 below the first free layer 226 have been forned. Also |ocated within
the chanber are cobalt iron (CogoFe, 0) dLand lnhckel iron (N B3Fel7) targets
408 and 409. An ion beam (113) gun 41.%™'€cts through the chanber 402
and accel er at es xengnthisXexarmseSthkOsdi inAnS&d o i.C auses
cobalt iron.(CoFe) and tﬁ)é%\mﬂiecﬁjgl Sé‘?ﬁ‘?\ath?erNig eS;;r t290b§1 g%t@e%& {}thﬁn %ﬁ%
targets ont o depesitingtherfirsiearntlsecomi firab tayees2d ynd 208, nogkswS M2Fig 91, in the

i ntroduced through. an . opening 412 into the chanber_so that the nitrogen
reacts first WPY r‘c"lgeCh@B‘g’ﬁT Wl&lpgharynaltrpgeq@tr@gphg_rggghq Haiaxial anhisottepyn(Hg el
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depositing the first and second free layers 226 and 228, as shown in Fig.

11, in the sputtering chamber without Exampi¢ 2r ogen at nosphere. The

uni axi al ani sot r opy,, (,HK) 7.25 Ce and the nmagnetoresistive coefficient
dr/R was 7.86% Thgn rtleﬂséi g’f%@%% ah%ug\%%enzgtip§p s Eq “RRPYER N HEy SHticEng
coercivity (Hchambes ifi Fig QewitlEXimit®geén bay (N Beif¥ HIRIdGcA 1 i
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formation so the top surface e spacer |ayer was copper o
Next a cobal t of tsrPpessdesee woy coppey oxideSuO)aNexs mplobyke droarCosBeit)t targed4dy t he
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cubic centimeter per minute (sccm). After formation of the first free layer 226 the

nickel iron (NigFei7) 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 (Hg) 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.

Exam'ple 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



ni ckel iron (Ni 83Fei7) target 409 was sputter deposited by the ion beam gun
410 and nitrogen (N2) was introduced throygh the opening 412 to f orhf Q6% 2005
second free layer 228 directly on the first free |ayer 226. After
conpleting the spin valve sensor 200 in Fig. 10 it was tested and the

uni axi al ani sotasoRY% Hille Y@ Sitdnoe Rl dfahb&elsof v 28 dH% S(QZQQQ§9@5§5} akjsve
coefficient dr/R was found to be 7.84% The resistance R was 21.8 -ohns sq
and the easy #R¢fiviydHc) wat€2§@¢) was 6.05 Ce. Exanple 3 This exanple is
the sane 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 (HK) was % "Pﬁmd t he magnet oresi stive
coefficient dr/R 11 10 OCT 2005 was 7.9% Thé resistance R of the sensor
was 21,8 ohis sq affthid beaneple)s the smeQLERApleY2 Exkebt MRSAGW BT filogdn@iPhe 4
This exanple is the sane as Exanple 2 except the flow of. nitrogeh was 4
seem After |cSHpneffiah complesiagdbe seumri2Q0RngFig1 d0iit weastested tand the dintaxéal

uni axi al ani f t.o~be 7.3 OCe and the magnetoresistive
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Exanple 2 eXC%g: the fl ow of ni.trogen was (gaﬂa;g%nﬁﬁéiﬁigo%glﬁ%???%ﬁg%tﬁz
sensor 200 inY g. 10 it was tested and the uniaxial anisotropy (HK) was
found to be 6.0 Ce and the magnetoresistive coefficient dr/R was 7.95%
The resistahnce R was 21.9 ohns sq and the easy axis coercivity (Hc) was
5.85 C(©Ce. Discussion It can be seen f fesabove exanpl es that Exanple 5
provi des the best results in that the uniaxial anisotropy (HK), in Exanple
1, of 7.25 Ce was Mbiucadpeois teGade anbxdnse Ragepotheiai of aittaeh e @nt
dr/ R was increased {,trom 7..§6%t0 7.95%_ _In Exan(‘ﬁ)l_es 2 to 5 the partial
pressure of . t AT fHEGEAMPIRUNg (he sensen2ABdn Kgnl0 dhgas testeshand she gnigxiab 1 x
10" Torr. In ghi i f . LT

(Cogore, o) ani g Tekp e fodfdle EE 008 B Mg PR PREN B v,
broad concept 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 (Hy), in Example 1, of 7.25 Oe was reduced to
6.0 Oc 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
(CosoFe0) and the second free layer 228 was nickel iron (NigFe,). 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; 1to 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



of the invention these conpositions may change and it shoul d be understood
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or nickel i mamlaﬁtﬁctarec(rgaﬂﬁes@&eq rdfsﬁlé”ﬂréenﬁiy&t %HﬁdtWeebMt@x@tlflﬁWJﬁﬁﬁ)dh&%g

uni axi al anj sotropy (HK) the free layer structure. Clearly, other
enbodi ment s amitragedibetweeen tbmtoois oftthe thimf@nt pothimfilms. dBeucobalt éemti drynitkel

t hose of ordinary ski art Vi ew. of t eachi ngs.  Ther ef ore
this: nvent | danes gshaeef chsuiic i SR riies e amena) FRsotHRY G0 of
include all syghfesbadiiiBiites and nodifications when viewed in conjunction
with the above specification and acconpanyi ng drawi ngs. 10 OCT 2005 - 13
W claim 1. A net Iﬁlichrtyt otleek ienthodimeys @hd anodifichtivaadf thsnprémiongwilhecsireps

of:  makin a5|nv ensor co ng.the steps of: form .
ferr omagne'? i ¢ IdER &R %98? @?%Fﬁﬂgnttﬁ%ﬁgﬁ%ye&’ Pﬁ?ttF%ChHiﬁﬁeﬁgereﬁ%&? rﬁ“.ﬁg a
pi nni ng | ayer ;Qxahange 1§ BePlifled %@%ﬂo%ﬂ?ﬁe{ilaﬁﬁs{ UGHLK Snclh @ aff digh N9

e
t he magnetic nonent of the pinne ayer struct
embodiments and modifications when viewed in conjunction with the above

1

specification and accompanying drawings.



formng a free layer structure; formng a nonmagnetic electrically
conductive spacer |ayer between the free layer and the pinned | ayer] OFT 2005
structure; and the formng of the free layer structure conprising the step
of sputter depositing a first free | ayer-18onposed of cobalt iron directly
on the space%alﬁer. in a nitrogen atnosphere. 2. A nethod as clainmed in
claim1, inclUOPA™the further steps of: form ng nonmagnetic electrically
nonconductive first and second read gap |ayers; form ng the spin valve
sensor between the first and second read gap |ayers; formng ferronmagnetic
first. and sedond shimethod af makingardagnetiaead heate comprising the stepsofid r ead gap

| ayers between the_first c shiel.d. | aye . A nethod as cl ai ned
in claim2, wherei HIaH%% af%?fnvaﬁlge %Bg?rk?léh’?)rhglgg?%eyé%ss%ruct ure further
includes the step of spufdminglapfesiotiapgetic piaaah dayier sauttaye that A os @thghbtic
nickel iron directly on the first free layer in a nitrogen atnosphere. 4.

A met hod of maki ng ™Y .'ngti c read head, conprising the steps of. making a
spi n val ve sensor conpri fdrﬂ%éK'ﬁirﬁxlr%plﬁyé?féxcﬁd&rg@cﬂﬁbl@d femey hi&G sRuBRed
| ayer structure that has a magnetic nonent; formng a pinning |ayer

exchange coupl ed t &ripimning theeehgnajemomentafithe pinnéblayei stmictuge;t he magneti ¢
nonment of the pinned | aygr rugture. formng a free |ayer structure;

[ R\LIBQ 2684. doc: M C 10%&?&%%%3 {agg-sftl}lgt”ﬁ’ng a nonnagnetic electrically
conductive spacer |ayer hemiwennétiragneteeleayiedllyséondastivesspace liyee bpiwess dhe

| ayer structure; and the formng of the free |ayer structure conprising the
step of sputter dB'B%L%yF‘iﬂb“géP%PE‘ilaV?resémF%ran onposed of cobalt iron

directly on the spacer |a¢eforming 6 tht tFe@UR eraddtiRERE @ ﬁ%mﬁg%@sﬁprtﬁfgﬂua&r
pressure of the nitrogen atnosphere is from2 x 10"5 Torr"to 1 X 10-4
Torr. 5. A nethod éepositmgreldrst Heelaypmeampaspdperebalttivonf direstly fonghe spager layer

formed of cobalt i, a nitrogen atmosphere.

2. A method as claimed in claim 1, including the further steps of:
forming nonmagnetic electrically nonconductive first and second read gap
layers;
forming the spin valve sensor between the first and second read gap layers;
forming ferromagnetic first and second shield layers; and
forming the first and second read gap layers between the first and second shield
layers.
3. A method as claimed in claim 2, 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.

4. A method of making a magnetic read head, comprising the steps of:
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;

(RALIBQ]2684.doc:MIC



iron (Co90 Felo) and the second free layer is formed of nickel iron (N 83
Fel7). 6. A nethod as clainmed in claim5, including the further ste @ &b;
form ng the spacer |ayer of copper; and after form ng the spacer Ia3 r U 4005
before formng the first free |layer, expeddng the spacer |ayer to an
oxygen atnosphere. 7. A pethod as clained in ai m.6,.wherein a form ng of
Che ol nned T ayer st r uct upEmIEGh e dea el Sadbon A PR ety SRARRtre
first and second apbéRgeddtheturd AR hPbiAeE IdyBy /ARt iddt he first AP layer
interfacing the pinning |ayer; and formng an antiparallel (AP) cggpllng

f

| ayer between the first thadosvingmf the fregi laysdstiugipee somgrising ribe I9n off sputtki ng
a magnetic head as y t i } .Sl ng
The ateps of . maiki Ao ieie ok 285 rbpRBe b ESbafdion G fecuy S the, sFRPIay
ferromagnetic firsin @nittogacatnmspitdre wheirea paylalrredsaretitke hitipgen yakspleorel is
back gap regi ons wherein h::gle yoke rﬁgjﬁg_fi S |l ocated between the pole tip
and back gap regi offi8m 4 ¥1f Agirdo dgnthgh¥ti c el ectrical Iy nonconducti ve
wite gap | ayer between the first and second pol e piece |layers in the pole
tip region; formng an insulation stack with at |east one coil |ayer
embedded thérein oibed as plaiméd: it clainud,swleaseit the fest fiee dayer ay formed of cokalt
yoke region; . cenn i I I: . swat, sai d back
gap region; gnﬁgc?ﬁﬁ%?}?gg‘? @gg%%ﬁgygéiahrgffég‘?%éd&e1@(%2161%1?%1?{83 f‘%?)'
\ LI BQ} 2684. doc: M1 C 10 OCT 2005 - 15 form ng nonmagnetic electrically
nonconductive first an ecqnd read, .gap. | ayers: formng a spin valve
sensor bet vvegn theAfm?tg?(f%\Sn alglfgdﬂﬂlaf"ggdmﬁ%lqgéf}% ,hefﬁtg?ﬁ‘ﬁ% the first and
second read gap | aggmind¥8b WoRBr fah&r dfichspersdtidel d 1 ayer and the first pole
pi ece | ayer; and a making of the spin valve sensor cor}pri sing the steps of:
after forming the spacer layer but before forming the first free layer, exposing the

spacer layer to an oxygen atmosphere.

7. A method as claimed in claim 6, 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.

8. A method of making a 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 electrically 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:

[RALIBQ2684.doc: MIC



formng a ferromagnetic pinned | ayer structure that has a nmagnetic nonent;
formng a pinning | ayer exchange coupled to the pinned |ayer structung 0@05005
pi nni ng the magnetic nonment of the pinned | ayer structure; formng a fre

| ayer structure; form ng a nonmagnetic elestrically conductive spacer |ayer
between the free |layer and the pinned | ayer structure; and the form ng of
the free |ayer struct ur eformmgpranmaggetinelegirieglyoponsgndyciive fiyahend sqcapd sead
first free |ayer cgﬂp@?&% of cobalt iron directly on the spacer layer in a
ni trogen atnosphere® 9’ met hod as clainmed in claim8, wherein the formng
of the free |ayer structformaingf airspinewalive censbe betweensthepfinf anpuet@rd read gap
depositing a seconﬁl free |ayer conposed of nickel iron directly on the
first free layer i?¥¥5nitrogen atnosphere. 10. A nethod of neking a

nmagnetic head assenbly thahingage aMts@hdd KRBAA REhdSEY RSErs KefWedn thHeORmt kisiclad
the steps of: making a wite head including the steps of: formng

ferromagnetic firshyerandsheBistpglopiecpiayes ahdyers in pole tip, yoke and
back gap regi ons V\Qﬁ{aﬁ#ngotfﬂ?e%%\?al{}ee&ég&&&p@?@%&ﬁ?s&%é@een the pole tip

and back gap regions; rmngra nonnaghetic Yy nonconducti ve
wite gap |ayer betweenfoithingf a rfstromaghesie grimkbdptayer pirectarel thperhas ianmapeetieol e
tip region; formng an insulation stack with at |east one coil |ayer
enbedded therein M%Ben the first and second pol e piece layers in the

yoke region; and conneCf‘ohaglgtehﬁnﬁin@aaye@rés!_cmag@c&hﬂ&ptd mu?ﬁxﬁleatm'feaisduaa&k
gap region; and making a read headincluding the steps of:
[R'\.LI3Q2684. dfepinninglthe opengtposomen-ofthy pinpgyd lapHdhigetatac el ectrical ly

nonconductive first and ﬁ)ﬁﬁgfédaﬁ&aigyer%ﬂ'gcthﬁyerS; form ng a spin val ve
rea

sensor between the first and®secon gap layers; formng the first and
second read gap | ayers bfstrmieers ndnmdgnetst elsdtiiedlly 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.

0. 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 of making a 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 electrically 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:

[RAALIBQ)2684.doc MIC



| ayer and the first pole piece |ayer; and a naking of the spin valve sensor
conprising the steps of: forming a ferromagnetic pinned | ayer structldr@(T 2005
that has a magnetic nonment; formng a pinning | ayer exchange coupled to the
pi nned | ayer structure for pinning the magoneti c nonent of the pinned | ayer
structure;, formng a free layer structure; formng a nonmagnetic
electrically conductive Spasiag noamegnaiist electricallyenonceedictisg dirstsandusscondereadd

t he pi nned | ayer st ag%}%se; the formng of the free layer structure
conprising the stepé f sputter depositing a first free |layer conposed of

cobalt iron directly on tfomminpacepinl @iles serisor detweeh aberfiret b RE®NE RAd gap
sputter depositing a second free | ayer conposed of nickel iron directly on
the first free | ayd®Y§™ a nitrogen atnosphere; and a partial pressure of

each nitrogen atnmosphere 13ghing the FRtZnd sjegc')rfﬁl_ el r%apélgye?ts betPeedt t}@rﬁrst ghjr?ldA

met hod as clained in claim10, wherein the first ayer 1s tornmed o
cobalt iron (Co90 lrefrend thedirstpwlepicomidyér eml | ayer is formed of nickel iron
(Ni 83 Fel7). 12. A laimed in claim.11, .includi.ng the further
steps of: formng atnﬁzélgg 8@%'? %P)’P Vc%gvﬁﬁg?s‘,or8?1‘8"3?‘?%?’%%?&10 'g the spacer |ayer
but before formng the fifosiingre€ertaysneti®phort Ngydrheructpacit hay ermhghed
oxygen atnosphere. 13. A nethod as clainmed in claim 12, wherein a form ng

of the pinned | ayer™Oo8¢Myct ure conprises the steps of. formng

ferromagnetic first and Y8GAAE aGMdiRAIAk! @Ach&ég%)co%&aqg tﬁ@gﬁhéd mykps&qzﬁgf

first AP layer interfacing the pinninhg’layer; and formng an antirpara
(AP) coupl i ng | ayerfoppinpingthe magtictic snonzand of the pinnedtayepstruntute] ayers.
[R°LIBQJ 2684. doc: MC forming a free layer structure;
forming a nonmagnetic electrically conductive spacer layer between the
free layer structure and the pinned layer structure;

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 and sputter depositing a second free layer composed of
nickel iron directly on the first free layer in a nitrogen atmosphere; and

a partial pressure of each nitrogen atmosphere being from 2 x 10” Torr

to 1 x 10 Torr.

11. A method as claimed in claim 10, wherein the first free layer is formed of cobalt

iron (Cogo Feyo) and the second free layer is formed of nickel iron (Nigz Fe;).

12. A method as claimed in claim 11, including the further 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.
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