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ENHANCED FREE LAYER FOR A m uﬁ'm’w ENSOR I N A MAGNETI C READ HEAD Fi el d

of the | nugnélamsdhe pres relates to an enhaneEdcBerseisayer

for a spin valve sensor and, ndre*particularly, to such a free |ayer and a

met hod of maki ng wherein a desirable negative ferromagnetic coupling field

i s mai ntai ned when a copper layer is |ocated between the free layer and a
capping layer for the purpose of increasing a nagnetore3|st|ve coef ficient
dr/R of the_spin vaI ve sensor. Bagkarol ) egrt of a
conput er i s EHEANG Sucimmacaaisime 2 7 magnet i ¢ di sk,

a slider that has read and write heads, a suspenS| on armabove the rotating
.di sk and an actuator armthat sw ngs t he suspension armto place the read

and vvrltg e%ad§ Qver selegted circular tracks on the rotating disk. The
suspensi on arm Biases the slider into contact with the surface of the disk
«¥en the disk is not rotating but, when the disk rotates, air is swirled by
the rotating dh&l@radéaretceﬂtzeramozaixfelbmr togns emfzaced (ABS) laykr tfve 8l srder

causing {hg S| &g&r L9, r'mQPe %Qr@l%u@éfllpe% isR8h & $htghtyeh shancaectriQmothe
surface o the rotati ngj di sk fex!“ ordngrnetlgecsoug?lrg h%lgll.c{ J.Qearl ng the
wite anB2F@dd"HEEAR BPE IR eﬁa'flovre Witin ressions to and
readi ng magretied fsheh b SPERR éakrer'-‘oh‘f tigeatsst E?W?@nd‘i}bek fremdayad™afd wite
heads ar aamﬂaeréﬁd tex mh@q&ﬁsbﬁgoclmueasrlyngtehartagm@mraﬁwla@mwfmevb a

conput er dp/r,pg,& gpimaggg@ten;@e witing and reading functions. An
exenpl ary hi gh performance read head enploys a spin valv

sensing the nagnetic field signals fromthe rotating magﬁmmm Immmnlmhe
sensor i Bethmesnd ofobrmdneettior| ectrically conductive spacer RE

sandwi ched between a ferromagnetl c pinned | ayer and a ferromagnetl c free

| ayer. An anti Lerre%rrrggnfegl %o 3%1 |ng Aa&%qe% thfsfkaggﬁ, hes i m@dgayaer for

pthni ng the magnelc none I nn ayer to the air bearing
surface (rABiS)lngPi‘argél?ta%dil%c@nallldéad%haar%ast:ﬁﬁ%@f‘@d”rtl(’ietl??@ §pi*h val ve
sensor f eusgoBpdodtirngakoveehise rotrtrieatdishesrat hr aarghatox payidet cvabae e of
the free slugb(éxrsz.b§ drheeo thaE@ttQEerééBV\ﬁfdjhylwﬂemw dkYeoneti hcirespact to

t he ABS fro ui escenat 9L & 1 P i 6.0
pOSItIve é 81(':1] hevéo?rat I’l%t C SI % % {'ld)s Jﬁ'ﬁto 9 é @hée‘si.ip@éls

romthe rotat rTFnetlc
d?&kK. Théoqtﬁc@seeﬁﬂ tb%s*‘iutrif%ﬁ’ﬁ of Wedhﬂﬁgﬁé?fi EPRotElt 1ot HE Jg‘é’ §
whi ch i s wpeefreeattdsk paraleselaitroid seiABS, by Sheheatat heg §eﬁ13@da@ﬁernén@n idr WD
02/ 0S. 1382, AGl BALLL! §@s3,5m.2 reonduesedatbingughe 0t @dd By fEgNeRt a6 dis not

paral | el tO la grsl\M H: 105 an eeh§r(§dirl %ﬁé’ss%?ga% O@’D{h% L%t%ﬁ&%}.gkwﬁigg%he

magnet i ¢ "FREM rom ui escent positi %h
nmagneti c Sﬁfﬂ)‘?‘@nflf‘?ﬁe oABSq RéT ﬁ’@éf%qgvéheaﬁfﬂlheeé‘a i e r}éesaSSn%ree i oflﬁ% Fee

egial whiwcht irgsubdretin impadssiogaalo asy meeding, negriethe ifdedetsaoralfefEPhbel ow.
The sensithiVidokt Ofg A8k SEhB MakVendS BRBERI hésisquadidohh@deastdTrgneselesi stive

coef {1 ci ent AR WRr godllyeks atcﬁgmqqang)e af D88 StRD6R0Fo g1 SRIR Vil ve

sensor from mum r esi stance (magnetic nonents of free 10 and pi nned
| ayers pa“FaHré’I 701 FeRERT PSSt ance (magnetic nonents of the free and
pinned layers antiparallel) and Ris the resistance of the spin valve
sefsor at i NiAxUBk@3Ihs ANGE peBeEdae Gleali NRahi Gip16PYRELPIE TR BIcABERsAf a

Spl n val er ser}lsé(%;% tthel gagsnegec fI’II”Efd %)? I’ll’ egrognotaé r%tglllq}%t Jg%g@gg %I;_g§l stive

(GWR) sensor es 1mresistan in val sensor. are a

functi on T8F TW$OB, “Wl%é?%s B P%““Fﬁ‘éetaﬁg?lé*cﬁé’c%ééﬁ RN RetnC ot s of the
pi nned ard@nfiwiedel dygmsen \Mhéarnggrséc @innentlaysr coddudeetonagnettigh frére spin
val ve serﬁ%r @Sk sli306LonRRANIRSp GANSE 1ROtLNhiatfaeBangRspidiat Bverdairect ed

agd procegsed 2%, AYRACK RLANR! S¢ LhOBiAES MALEL Idh8 {RQNELdsG Mathng
surface (ABS). First and second leads are connected to the spin valve
sensor for conducting a sense current therethrough. A magnetic moment of
the free layer is free to rotate upwardly and downwardly with respect to
the ABS from a quiescent or zero bias point position in response to
40 positive and negative magnetic signal fields from the rotating magnetic
disk. The quiescent position of the magnetic moment of the free layer,

which is preferably parallel to the ABS, is when the sense current is



20 The transfer curve for a spin valve sensor is defined by the

af orenenti oned cos B where B is the angle between the directions of the
magneti c {Ry@nisg3sof the free and pinned |ayers. The bias psgmn&eeiaggisd be
| ocat ed m dway between the top and bottom of the transfer curve. Wen the
25 bias point is |located bel ow the m dway point the spin valve sensor is
negatively biased and has positive asymmetry and when the bias point is
above the m dway point the spin valve sensor is positively biased and has

negative asymret r The | ocation qof the transfe rve relative to the bias
poi nt isCP q%eﬁ%&ow £BarssmEPoM FB?”&e@aWtf?\efrlﬁﬁ‘geSlﬁﬁajes %6?“‘ %hspl n 30

val ve semstatinpawmehytic feskofdgrie Aeiescapt iPrgltfics| of HEE WPﬁb’é’nm?W@tpl nned
J ayer andstm brea1bayer tha apet tiepogneté zinagnd@enag rebp@lsds HE thomrehe

pi nned | aygr, wfms%@geﬁefcuéaglnghgﬁlrgsﬂtsfrrprpeaalslgggﬁggw @b aygisn ofs the

spi n val Ve’ exce net inmage current ld HM fromthe
i st and‘%‘é‘@ﬁﬁﬂ iohrersd PEYEr ereFﬁBer"twrongest magnetic force on the free 35
| ayer structure is the sense current field H. SUMVARY OF THE | NVENTI ON 40
I n the presentrhé Me@BitiNta dregatispenf@Nvormgaet iic gaumplirng dseld -HFC i s
obtal ned .| grelt%t}ssll%trwgSc%e@hcqgrretaer/mrh@rlgI&glgtﬁer oBGacH Golihis. aating

on the er so as nore ad uate%/rlglosmlonthe as (%rgt on the
t r ansf er tEErsiPé“o‘faJtVﬁ SOSPR FErVE R ERR SRS 95FnES p(rmé'f”é?trledmom hodi Trent = WO
Ul US~38@nPEh@BULRYeSGPasalelhi ko paxigup orfsiissinee HRrPebs arrpta pt heng
| ayer whirgBe |a$1dC§h[ﬁh@8%y@f:s RInRt baral aBNgANES &s (fheMagsianendar o¥ittiengpia fi r st
seed |aygr %gegggr?goerd a9f rm?&%% rrgeneéeal% ge LN Ma@)mmt@re%egemeseed

| ayer conp t ant erein t see er interfaces the
first re&d yapis ‘Taér)‘ierse“\ﬁﬁfclﬁ 8 S@B‘Frb‘d’@éd”oﬁ”’é?%ﬁ?nfﬁnaoﬁ’r%’e (A1203), and
t he secomdose@desiprare | SMRbcnedr béhawsen iheefistepceeddthaypern ardve he
}Oimni ng Ls@)f%r adde ifﬂN&ﬁtoihOcB’E chét%eﬁhér@Cé li@eﬁl'laeaaﬁ@ﬂﬁ@étﬁ@d) tl{heaM&_f;neWﬁli::Ch i's
ocat ed bhet ree lLayer .and.a cappi.n r g
| ayer is’) era Ihc(?'et Bnt's (53¢ e p tlljdr'hpeglseasi\l){a Sem@& gllbp i %O&QQQPAJI
which ist F%‘t?hlBh‘? eper r"é‘d"?ose&§°’é! §5erFtFP<F€t ér*ar%fe?a“%esp?"c?“uthﬂ %‘égetShe
magnet or edkstar¢edaeetéd anéntragesitd bnfrdryavdt elgnals hirogpthe ptdtang| ayer
reduces tznlaﬁné@:gnéijtslkde of the negative ferromagnetic coupling field which is
ng sought for proper balancing of the free layer. Further, the spin
ter layer can result in a decrease of the magnetoresi stlve coefficient
dr/ R 15 i nst ed§® o 2RT$ N CPERS €07 ThEPH J8LFR SPRYENLF of fGBYS &¥eS*S educt i on of
t he negatadrgeerfeet t @rErgaet Wowieaepd iingtiel ehgl eblyetowekdli tziendizectbgnsobf tihe free

| ayer beanB@etlerMe'nQQ & tﬁ@efre@mdngldneaera eFhi S myb@es agrogmlhbme@eby

first sputte itin pe fr Qi ckel
iron (N g toercl Ié%fg Mt bet eeg teSFe P apgcb(())b art © Cg'je %¥ar6§feﬁecnurlvﬁ{1%8um ng

od/gen i r}i’tlés @%ﬁﬁt%seﬂ???éeéh%%ﬁ’e’r FeoPidey dPLinigtiich &Pt yadye tShesFepdsi t ed

| ayer. Aceqadivedy \hiabbe ahrelmmd ayeitihassgmmentydaredhén |the poasi wrinands an
unoxi di ze@obd |t PRIdEPHARE BleNsp e vaXedb g f i 4 @begrltvie@ga diSséDGab aths

bet ween t heat veunoxI d{ZGd f’i‘h grttl en faplr(lje ttggnsct%gpc e eYlatlve to he
experlrrer?tg Jt has Deer 'shown that W t it aye t e

negat i ve Préf rRS’ﬁfﬁan‘ét F'&f]d’ﬁBﬁ?C? Ry F9U&l 'ElalOHF@Ii%sa%bGPe fJFGG daneF rﬁt aufRIR t he
spi n fil tveivé spesod,snacdedat frernegatt ke chepliopafiredti . beupddnnghd péhaked HFC
i s degr ati%glei Qnaboid fr& @ayesnd ﬁétaaewaaetimgt QRneh) &iBLEke! srioh Othe( Ni Fe)

free layer 18 319 oxi glge%eri?\Ichr S fQr Sl 'hg'Fft 3R 3P Qo%cg%%’eerla%%%t of qurt her

negat i ve errorra netl c coupl 'S res ore

st udi es OPLTni2tEd etxﬁép‘h'&ﬁﬁefrc?reeé?%ecrrv% nebefEoR| BRESHr /SReGE HrhEC 9 8%t

i nvent i orfibyt appropondtsligldilayags t ke tshiolgees sraghet ire fooppen theyéree The
negnet or askst isteusarbf iLiadt sddist Ruv@sndraxérd zed when the thickness of the
*35 copper |ayer was about 6 A. The invention also includes oxidizing fully
or a top portion of the copper layer and/or oxidizing top portions of

mul ti pl e duMsry of tHEeIdvEme@Ibyer and cappi ng | ayers. Anot her aspect of the
‘invention is that when the copper spacer |layer 90 of the spin valve sensor

i g0 made thinneh the pdéddRti Sntdiek SASEHegaHOVE VERE rontl388: {80l dlii 6K NS Sa Ofnd he

spacer d fe netic coupli f es which
may adverse%’btj'ai (gccfrog?ﬁ?e BL sﬁsﬁggfo%g?%e%a% (? gg]ééd %&% %1? C 4S 9
free | ayé‘rct”’f‘-’n@np‘?he?séﬁ?e iLAYENSPoR é?ﬁdb?résa‘ﬁ%a’é‘ﬂynpf’?llttléf‘ thgylebast go

enpl oyed dnothe noamEerngrvRectrthR spincorivk nadnison. Wint & mref brredesniddmert | ayer
for further increasing the dr/R Wen a negative ferromagnetic coupling
field -HFC of -16 OCe is obtained by the present invention the nore 5
positive ferromagnetic coupling field due to a thinner spacer |ayer is
offset by the -16 Ce. Aresultant -8 O or |lower can still be used
effectively for properly biasing the free | ayer.



An object of the present invention is to provide a spin valve sensor 10
wherein a negative ferromagnetic coupling field HFC i s not degraded when a

copper | ayeo oz/es488p! oyed between a free layer and a cappi ngchriRiniQs the
pur pose of increasing the magnetoresistive coefficient dr/R of the spin

val ve sensor. 15 Another object is to actonplish the foregoing object as
wel | as appropriately sizing the copper |layer so as to optim ze the
magnet or esi sti ve coeffi cient dr/R Qher objects and attendant advantages

of the inyention wl j at ed upon readi ng.the follow n

descri pti \éﬁ taken to llsﬁ%er%% EF% 51 nga@c%lr'r%‘ ﬁ%.lﬁ’&e*ar@ﬁ‘h $. CERCER g°f

DESCRI PTI @ﬁtammrmenm&w NGEESMDS a3g gEqyiding 8 sk avped éwee*f cemposserpsl ar y

magnet i ¢ wickkl diangenedsi gxid® (SiMAN) endl ¥iwwond seesllager wmbbsett BRgNEti ¢ head

of t hef di @ﬁtg!ilﬁn\/e(t’l‘aﬁ V&%?é‘ll’! @h@'f@@@t %g%ﬁofr?gg%?lntérfal:éeg tl’% §rsq:nrgitlc?§§%:aggs
i ew of the etjc, er

'\;rg enpl oi1 Ig—"q‘ ch lsi scorglpnosfeosloorre ‘I’I%mufnlcﬁ(é‘fi? a{%llfﬂi)’ofan; %@xé‘r"r‘iﬂ r §eed .

suspensi YSS &y Pé?ﬁefdol@e@ﬁﬁ?)dﬂel R theeed faear ardl thaghieniies Heael Fhy. 5 is

an ABS vigsweotidrhéuntegreindubead tadper atwnbayiramech- bs Qbcktdg betwedQ Fig. G
is a partiml fyéeewagér the SlkhfShsand, & phagYRagk ea%@ﬁg 1%}{9?%% 9§e§e%§£'13} n

| 6- 6 112/| | 389
Ba?'??al Vi gw o’f“g sIr'rh‘cileprurgosde a ﬁ‘tergecc’lpper et &a%eéadwﬁsc steft IS% pl ane 7 7

ofOFi g. 2refepred t8 7% 2 spidy £ HIerABYSFi el 6P Hiifeeatd dbe megketprabditygvpl ane
8-8 of 5 ddegfidicnd &hvew trdterrwadenyd the i dpenetiamentiayef dellecg ggyback

magnet i c mﬂgtu&: 8 1:9163' geg%tp% tﬂeekom%ésfewce%ﬁhweﬂ%ha% ch akepeal,ong pl ane

9-9 of Fi enen he mer ed rragnetl c

head; 10 ht 1‘% gr%{’ alaf‘%ﬁ(“@ﬂ gl%’ﬁg Pi%a k%yefo Tﬁt ?r'F|t§‘§ BofiFhith all
mat er i al %SVecatrhée%‘&tl lIP @y BFcraRde | Fadse merpiedes Htgve kbefSicimnemrdRged

| 89net ri cidsthadtafabn dmeoéasa.read head which has a spin valve sensor; 15
Fig. 12 is an ABS illustration of a spin valve sensor wherein a negatlve
ferromagnetic ,lcnou

HF obt ai n .13 is the sane as Fi
12 except_a cop EI I geg’(%rmlveg :boélaig:b‘(’jlajz- retd\‘fvcetelr?nt‘?1"g tf’?e’begf‘ﬁé‘éer and a capp?ng
| ayer ; ﬁrr?ﬁlﬂaqn§tfﬁé’°§ah‘€ga§1elipgby P3igicdepte &oPoif por tiren iverefpree
| ayer hasfdg@gtpqupﬂ|tngdcapplng layer. This may be accomplished by first sputter
20 depositing the top of the free layer, which may be nickel iron (NiFe) or
cobalt iron (CoFe) or cobalt (Co), and then introducing oxygen into a
sputtering chamber for oxidizing the top of the deposited layer.
Accordingly, the free layer has an oxidized film portion and an unoxidized
film portion wherein the oxidized film portion is located between the
25 unoxidized film portion and the capping layer. In experiments it has been
shown that without the spin filter layer the negative ferromagnetic
coupling field —Hg is about -16 Oe, that when the spin filter layer is
added the negative ferromagnetic coupling field —Hg is degraded to about
-8 Oe, and that when the top of a nickel iron (NiFe) free layer is
30 oxidized before forming the capping layer that the negative ferromagnetic
coupling field -Hg is restored to -16 Oe. Further studies optimized the
magnetoresistive coefficient dr/R of the present invention by
appropriately sizing the thickness of the copper layer. The
magnetoresistive coefficient dr/R was maximized when the thickness of the
35 copper layer was about 6 A. The invention also includes oxidizing fully or
a top portion of the copper layer and/or oxidizing top portions of
multiple films of the free layer and capping layers.

Another aspect of the invention is that when the copper spacer layer
40 of the spin valve sensor is made thinner the dr/R is increased. However,
when the thickness of the spacer layer is decreased the ferromagnetic

coupling field increases which may adversely affect the biasing of the



25 Fig. 15 is the sane as Fig. 14 except a top portion of the copper |ayer
is also oxidized; Fig. 16 is the sane as Fig. 15 except the copper spacer
layer is Qdodddssgs i nstead of 10 A thick; 30 Fig. 17 is a gtpGBoGeew ng the
change in a negative ferromagnetic coupling field -HFC in various Exanples
1-4; Fig. 18 is a chart show ng the chamnge in resistance R of the spin 35
val ve sensor with various thicknesses of a copper |ayer in Exanple 3; Fig.
19 is a chart showi ng the change in resi stance dr of the spin valve sensor
with various thicknesses of the copF % Lol Exam ltgr%:t 40 Fig, 20 is a
chart shdiPhd¥fe CRAMGESFRHT 4 Reynal ot é |vee def Fircrent Yt /R o? the spin
val ve semsplowsit frrv ar¢rsgsinegitér ndy8ekn GPmktlﬁ‘étt‘H‘pﬁéFh |2ayeinneR $BRSADI e 3;

MO 42/ 0y 389ePE GRLEA4: 080T dbikh he2dr fRs Bheohantegshiwi Agridiegraitdnge in

uni 3' al c%{}%ﬁ%rﬂl%‘idfl#' @f"Llsh%tbs ¥BEdi10HE dNEkRessas Ohvdnl€oC @RpEKorkayer
in anp a change i.n ea Xi S .coercivi spln
val ve ser‘i’é’ﬁft‘gevxfe?rﬁo%l?qe as ?%Pg%?e&es o'%/ Re® SOPPaT éé’eerar?%éxf‘s

Fig. 23 icffagt ABSHel Fi&Oeat? ceseitaahotthere ‘efn%%‘tﬁrnﬁﬁ% 5(’5F1¥H€ F?ﬁf’entl on

wher ei n tdzecddioely averpasrpy bapsirigl thec @ngosede:nf cobalt iron (CoFe) which
has a top oxidized portion; 10 Fig. 24 is the sane as Fig. 23 except
additional filns corrgosed of ni ckel, ir NI F %: and ogalt nl ron (Qf%)ﬁ

the free | ayeheRAEHXPLITDBPIESFET SRES" and s K 'Sate as ki g.
2¥p exceptwhtehemcemptiwéﬁrwgae*MpCWHwéelebb i o). n°BE%?§QFW CREOR THE
PREFERRER.EMIODE MINTS et 1bhgnebteedd skirbei MgyeRedrel ni cyprhogy 1bpett Hfeor ditewi ngs
wher ei n 'gqu E?fl%%s;@am?e{@ Sagesibonatke: Id ke HicsiMH kayr PR & bproughout
t he several  vi ews | ustrate a nagnetic disk drive 30. The drive
30 i ncl udé&s’a S§BF%II e 32 25 that supports and rotates a magnetic disk 34.
The spindle 32 is rotated by a spindle notor 36 that is controlled by a
npg or control IR oby&dti dertod2cdiapl fsic ohdifoeeyaiegdomiedt sl tellmagnet i ¢
head 40 Lt e R t yat-Okp@rm 46 that is

r ot at abl %goé%llﬁg‘%gp % gj kaé(?:lt(%ﬂ]tgeple 2 é}nz\g%lsﬁ?glc%;éyﬂof di sks, sliders and
suspensi d’f‘?ém = éﬁﬁl%‘ﬁ?zal%’](?n {Rrarge capacity direct access storage
devi ce (DASD) as shown in Fig. 3. The suspension 44 and actuator arm 96 are
noved by the aghuatddfedts thadpasitdon sdvensidedest 4Besinvehtitort Rellmagnet i c
hegd 40 '%ﬁwcat&a mﬁw%aegng ehat ;ANSIHAY Mbdddige S Eace 0fgdiher FRgREtHL
di sk 34. 34 is rotated by the spindle notor 36 the slider is
supporteaacﬁﬁmpantynn% d§§ (pically, .05 un) cushion of air (air bearing)
between the surface of the disk 34 and the air beari ng surface (ABS) 48.
The magnetic head 90 nay then be enployed for witing information to

mul ti pl e BRIEE HESCRIATION PFORHE [PRAYINGSace of the disk 34, as well as for
readi ng information therefrom Processing circuitry 50 exchanges signal s,
representing stigh i nfoa nEAtanon;ewdOf wint éxdmpateadgrddicpiicki degespi ndl e not or
drive signals for rotating the magnetic disk 39, and provi des control
signals to the,actuator for nmoving th lider tq v acks. Ln Fig. 4
the slider 92eF ovsvn m)unt‘él " 9 \7\%%{2‘7 y3%§nalgg? F% &%h abei

drive as seen in plane 2- of Fig. 1;

30
Fig. 3 is an elevation view of the magnetic disk drive wherein
multiple disks and magnetic heads are employed;
Fig. 4 is an isometric illustration of an exemplary suspension
35 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;
40 Fig. 6 is a partial view of the slider and a piggyback magnetic head

as seen in plane 6-6 of Fig. 2;



7 a suspension 99. The conponents descri bed herei nabove may be nounted on a
frame 54 of a housing, as shown in Fig. 3. Fig. 5is an ABS view of the
sl i der 42waywb/sihmomagneti c head 40. The 5 slider has a cemnpeErgaimdsed t hat
supports the magnetic head 40, and side rails 58 and 60. The rails 56, 58
and 60 extend froma cross rail 62. Wth respect to rotation of the
magnetic disk 34, the cross rail 62 is at a |l eading edge 69 of the slider
and the magnetic head 40 is at a trailing edge 6G of the slider. 10 Fig. G

is a side cross-sectional e|evation_vjew of a piggyback magnetjc head 40,
whi ch i ncl ude.s}?l “wite® W@ﬁ‘d%%o?’f?"br?fﬁheaﬁgl%?rr g%cgg“hlé eﬂo’??ganElGii‘,eagr?eg r ead
head portsesh ¥hpless ng’ s 3pin val ve sensor 74 of the present
Jdnvention. Fig. 8 is an. ABS view of Fig. 6. The spin valve 15 sensor 74 is
sandw chegd betaigens NANIBANeld.CaBs GALL! SAkhY 108U ALLUP Al bis biaid ssgoand

read gap J.aye an n e.re a yers are sandw ched petween

of efr omagnef| cé fs°|°r %rtlowag ° srg%%naé’ ds "flézledgfeérgggss ° O&aenalwba%g "nggﬁﬁsgei%e
external magnetic fields, the resistance of the spin valve sensor 74
changes. A serme.cariseatparSifiondsictied éhrbeghiti&e taRasalotasese 209t hese

resi st ange qchangesndothe x@wiafn@smqeaélmh@@lwfa{hecmﬁf&%smagm%@ Heghenti al

changes aré then processed as readback signals by the processing circuitry
50 shown in Fig. '3. The wite head portion 70 of the magnetic head 90
i Htl udes a coifi92519 dyer vBavw Sakehiadked Heptednl? iafsFigends secdnditingdd ati on
| ayer s 8GuaandiBabdvet hhe doli NSllyat iaod Lender rQ@vedy be enpl oyed for
pl anarizing the head to elimnate ripples in the second insulation |ayer
caused by the coil,layer 84, The first, secon nd third insulation |ayers
are referred tEchj’i' 0% RS o Filar et l‘sloﬁgé L EOT ST ACR™. TR tH! FeT%VE‘%C%4 and
the firsthassecthi@ WHI3®eAT+d insul ation layers 86, B8 and 90 are
sahndw ched between first and second pole piece |layers 92 and 99. The first
and second polg opi ££8s! AVRES 192uaNdt96n ¥rea NBAREIGE! dpsGPURLEL: AL a back
gap 96 aq% Q Ve Egggﬁ\an isecongd%gge 1lp§ 9 agg,log_mhlch are separated
by a wit€’gap 1ayer 102 af THE ABS  An i asutafron fayer 103 is | ocated
bet ween the second shield 35 layer 82 and the first pole piece |ayer 92.
Si nce the secdid.sii ekdtHeaysie 82 EiRd thextégist palper piagee iayetat@d are
sgpar at e Jeayeds thbi Srebepel Sakin@WASn@ 1RV @gyback head. As shown in Figs. 2
and 9, first and second sol der connections 109 and 10G connect |eads from
the spin valve sensor 74 to leads 112 and 114 on the suspension 44, and
third and fourfi-sbl dérttFosenAectidondd F¥6°RInG 4oPgPewinecet [tads¥ 20 and
122 fromlelger daisl b8 psezbidg. 10) to | eads 124 and 126 on the suspension
WO 02/ 05-t1389 PCT/ GB01/OSC~S 8 Figs. 7 and 9 are the sane as Figs. 6 and 8
except the se d i.eld layer 82 and,the first,. pole piece layer 92 are a
c%ﬁnon | ayer. Fsﬁ?fﬁéggfS%gﬁasﬁggkn%aﬁmgé1han%$b 8rﬁ§an%EF§gH§§ﬁ?rThe
i nsul ati oRYPRYEr 2318B°5+44%7e/ pj ggyback head in Figs. Gand Bis onitted. 5
Fig. 11 is an isonetric ABS illustration of the read head 72 shown in Figs.
Slh or h8: The read.heads7he _B&JléJQQSFitghel?r&?%\fl}t'v’tﬁél.@opﬁﬂ @Fa@é:\/@algegznilgzre 24 g

ichis t .1 f.erromagnetic pi nni ng | ayer . First an
second hé%gggfggtgﬁﬁ%ﬁéggalg@@#é 134 and 136 are connected 10 to first and
sétond side edges 138 and 140 of the spin valve sensor. This connection is
known in the &fig-al’ dscorrhpyucshsvingnthe sharged insa haddtyivdeborrphemheithc
comonl y e@ssigiedidld SH. Rat esdiohs GkmPBss Which is incorporated by reference
herein. The first hard bias and | ead |ayers 139 include a first hard bias
llayer 140 and a first lead layer 142 and the 15 second hard bias and |ead
| ayers 136 i ndi*dde'®h &t SRE HAPA"BI%ERT £)879°142 78S HNSEORd FadPHayer
1¥6. The Ware Ssinasr |“Wyerwridl shickndssenosea wagrrat Leyer dh déxample Rt end
“longitudinally through the spin valve sensor 130 for stabilizing the
magnetic domaing thengi D.cnThe s§pidh V@Aé’%ﬁfr‘%s% 30 and.t e OE' i sgﬂg

134 and 13 20 bet wee

second hargvbias and .| d | ayers are |l ocated

ead | _ _

"nonmagnet’Pe Y BIBELTT CAFF YRR AR TIECFT TSP NG SRR IYEAG Y EPIRIYers 148
and 150. The first and second read gap |ayers 14B and 150 are, in turn,

| acat ed bet weeriof e20 aeBgRERIC showitly amnd caetqndn Shinedtbtbayerssiib2 and 154.
25 Exanpl@edefdignt 1o /RNOMERE SRA NM3L VEen38PS AL n 20Q: WY @Hié&eLQ&Sato%dTrPen. t he
first read ggpl%Gﬂ .%4% wh?r%.n the first read gap I's conposed of al um num
oxi de (ALZBBY" “THE" sPi V8V e’sensor 200 includes a pinned | ayer 202 which
has a magnetic nmoment 209 which is pinned by an antiferromagnetic (AFM

pi nning 30 |ayer 20G The magnetic nonent 204 is pinned perpendicular to
the ABS in a direction toward the ABS or away fromthe ABS, as shown in
Fig. 12. In this exanple the pinned | ayer was an antiparallel (AP) pinned
| ayer which included an antiparallel coupling |ayer (APC) 208 whi ch was

I T 1 - o 1 B ATr~Aa \




35 210 and 212. A spacer layer (S) 219 is |located between the second AP

pi nned | ayer 212 and a free |ayer 216 which has a magnetic nonent 218 which
is orientedpasaishel to the ABS and parallel to the major gdwaoBéinses
surfaces of the layers when the bias point of the spin valve sensor is

| ocated m dway on its transfer curve. The free |ayer 216 includes first 40
and second free filns (F1) and (F2) 220 and 222. On top of the second free
film222 is a cap |ayer 224. First and second seed Iayers (SL1) and (SL2)
226 and 228 are prqvided between .the first read ga yer. 14

02/ 0S-t 389 PCFf?B&Clt/ ?5‘&%@ Sﬁ%wrﬁn g 1%a5 & 9506 Wi i %“ta e NSEEREY seedlbjl ayer
228 bei ng'lF‘bd’aFewsbét"vﬁ%‘é‘ﬁst??eoﬁltr@t C‘?R?éﬁ Jiaéfﬁérmz%a%ﬂgr& $he pinning | ayer
«206. Exenpl ary thicknesses of the Al12Q3 first read gap | ayer 146 are 200 5
A-700 A. The tE‘QQCI@Qe§§eaScﬁ%e@ﬁ@abﬁlﬁlgfcéegelﬂlt fic t@yaeeelrawsl@ sBn&dr
nickel manganese oxide (N MO .for the first see l?f%i 226, 35 $. of

tant al um’tTa) 2 F67°% g Second seed | ayer hal > plat i num manganese
(PtMh) for the pi nni ng Iayer 206, 17 A of cobalt iron (CoFe) for the first
AP pinned | ayeig2®3, i8 an' ABDfiliudtrerianm{ Ruptheor enbediantt pdreld el coupling
10 layer ;20&.+i8R Aeetlrpehel freler %ee%es & s1he srsRd M chbdred-dayer
212, 20 {_ ogf XlQ pa rllayer 214, 15 A of cobalt iron
(CoFe) f FO He"P1Fs P?re O?ﬂ A*of nickel iron (NiFe) for the
sktond free film 222 and 50 A of tantal um (Ta) for the cap layer 224. 15 A
sense current ri&. reslyidechdi s@ct ed Higom3r egduptt addigfibnar £ ngnrcdmglosed oofr | ght
as shown 4j; Brdl Qron ni¥HERNA ddogld i$bgNBbrd Y QM Bhd Gt 1BGe MRINE ke a etk

rot at es the m netic nmoment 218 upwardly into the sensor the nagnetic
moment s 20455 g A% becone more parallel which reduces the resistance of
the sensor to the sense current IS and when a field signal fromthe 20

rot ati ng nmagnetpc abi $& whet adres as . gmeagn ek ¢eptmbime ropPek8 ldpanbhas &l yomut of
the sensqiiihrqanpanethc nonents 204 and 218 becone nore antiparallel which
i ncreases the resistance of the sensor to the sense current IS These

i ncreases and decreases in the resistance of the spin valve sensor are

pr ocesse®EASRIFTAPH LKEKTHER FRBTERREY BRECHENERssing circuitry 50 in Fig. 3. 25
As di scussed in the Summary of the Invention various magnetic forces affect
tHe posi Meogmtig Diskt heiveagneti ¢ nonment 218 of the free |layer. The free

| ayer is properly biased by these nmagnetic forces when the nmagnetic nonent
218 is paral |l ®eféxrinhenABSy @a® shwoMhgd WhéEtgin 1Pke Aefegaté \EnSthls

ferromagngti gnaeQuldengr fdigh thy B sl endRghsabkRe fs%e%aunt&tsbahad},m figs one or

nore of t s& netlcforcs r i,asing.the reela G Thi s
negati ve J‘Plg? 5gggnetnﬁ%net6up g 8? "gl %Phéégtﬁéhe a3r(:25h|“e°}1 doBy? r?égyl fig the
pthni ng I%?érsuzegtéoﬁ%sréﬁa‘éﬁs El%ﬁgpﬁ’ﬁrﬁ faiy 2 e e FR e lf HetrFeESPYand
second seedpimyermt22@anda228 whitchllakeby enposed coftmil tkel3s nengabndse 35
oxi de (Nigyhfds @nQoMHE@ﬂéHh(aI@) wfﬁ%pfecgtnbyfé YreadrUict BES ist g pbifst pgegd | ayer

22G nust |nt erface an um omg A read, ga Ia er 148 or be
| ocated on an a ﬁnﬁll‘]nﬁrrln dECt [ ?éhé"‘éd rOL %P’c‘hos‘lt’gorpd r 6%i mat el y 30

A thick. th‘éa@ﬁl H vai BJeJ@éh@brsz‘é)’(?an SIiF@ersl2n‘3\/a°§5P%n§tl€HS G¥ ‘i’et §mployed
f&r r omagnet & Clacoeplaragi fy €ixkctHeccegntstiotragmsiet b d DAY ) bes -sh6wiOan Bdy.whi ch
i's shown st T@e{mteelslot n 4Fhigh awuator\/@mo% Q38 RETHBEL/ D3 Garorl@7 1o shoul d

be noted Lhal, hell. theaapasel, Layetn@ldoha depapsed ] i thiekigss, ghat the

magnet or gSI | ve coe cl ent dl’ I'S 1 NCreas acer
layer 2148 iPBERERLEHD idn SEHIaSRNYS $t MBIRErCofittinat i dTheBudiel ik P&IF - HFC
I ncr easesotated ppsihel ywirdile goitborst Wk chidemay advertsel yn af tebt bi asi ng of
tie tree (tgyRta1l246..08CE0N dbsiglon, of Rer NRYAIHAERIASI HOPRGACENL seotsRLIi sy fiel d
PO of @ &Ryl B RKAMPAS oLy 1,068 Lal.8, DAGRYISR 1 bE. bl ss.af 40 he

spacer é% can now be re I ncrease e I ncréase
in the fé&rfomig®tided ol Y"‘?fgtlf‘i?e’i“tfoﬂ't?élt’% tPh’éthWhh&lrg‘b]a?EeFralcé?e?“ can be
of f set byha pafecefoft biee diek Gd, 40 wEKampl o2 rfagingl Bnfohpatsioa HEirafval.ve
sensor 30RowdHsehg i & rtherrgap® &shilyes SfligRa Vel ¥ep:SRRE0Ing208kH Anfdrghat ddh, except
a4(§p| n f'lelt:ﬁ'rthl aM&rd Q§F)prgogdés s;!)ﬂl%?‘é %Qt@?t&ﬁ% gl@ﬁafsecfgpqoftgtgﬁl fl:ljlem 222

and the cag ?ﬁ on testi ng Hl n val ve sensor 30 was
found t hdP9PH Cn%lg PYe r?%ﬁ?‘ise P%tr(‘f’&uiﬂqn U° 5% P 2eRuabgs £ &VH‘@ shown
by Exanpltée2slidefitp vagioust traghs pdnslien € hdte shicdepedfatisvehavagrremnted doupl i ng
field of Exanple 2 had dropped by 50% as conpared to the negative
ferromagnetic coupling field -HF for Exanple 1 in Fig. 12. The thickness
and material of the spin filter layer 20 302 was 10 A of copper (Cu). Wile
a negative ferromagnetic coupling field -HFC of -8 Oe nay be desirable for
biasing the free layer 216, it is too lowto provide any offset when the
th| ckness of the ‘spacer Iayer 214 is decreased for the purpose of further

o N~



The spin valve sensor 400 in Fig. 14 is the sane as the spin val ve sensor
300 in Fig. 13 except a top portion 402 of the second free film 222 has
been oxi diwaeehiosdsyoor di ngly, the second free fil mhas an unpxi/dBageseporti on
222 of nickel iron (N Fe) and an oxidized portion 402 which is 30 conposed
of nickel iron oxide (NiFeO. The oxidized filmportion 402 is |ocated
directly between the unoxidized filmportion 222 and the spin filter |ayer
302. After sputter depositing the second free film 222 oxygen was exposed
into the_s utter| h nd the second fi vas ex ed to.the oxygen
for 30 s&8cohdsS at° 6%r§§?ﬁﬁ?@?naﬁﬁ dTﬁméb?%Bera*ﬁl%w%?g%zhrelggegaused t he
oxi di zed £pare P4nc4@2ne ‘Glﬂ%v@Poﬂ“WFh€‘§an:%alve sensor 400 was tested for
its negative ferromagnetic coupling field -HFC and it was found to be -16

Ge whlt chis sfﬂ@wn sa&sF Bxanpd auéwld}l Eltaé] s1dder Q\Qcﬁgdd{:MWgnéﬂ% REL580! The :

i nvention n _Fi restore en erromagnetic
'cgupl i ng fll eﬁr W?% % cenﬁ%ﬁer% it g?% oL rts ttge inagngtlﬁ Fgﬁ]egmfn efl | ter
| ayer 30%2t&h 5Bearélh1§Po>Té8 ¥agds 'arr’?nad“& ?%é’xéﬁﬂfhﬁf%és%‘fsst Rells i n Vflltf“t er

| ayer asrexgpdaai hedohetisnnbe|thw. mdahet 5c sipek Bdated thets thidl 6ACTeaseai n t he
negat i velfegcﬁlr n@@&efahc‘ofceyplélmgeﬂ SndUaet RadReid dehatddats atVD 024054389 11
PCT/ GBOL/ ge hOX|ld|dzat| on caused a snoot her interface between the

| ayers 2599 302" The °Chi ckness of the copper layer 302 in Fig. 19 was
tiven varled |n 5 order to determne the effect of this thickness on

resi stance R of t he spin valve sensor, the effect on the change in

resi stance dr Tof- thés shishds 4rges SEAREHNALE e VB Ry ELh Of He Rid &r esi stive
coef fi ci eatnaricRhafd the wapem ivial wessensate Hehe @hange 70 nardNbaxdaal head

ani sot rogxréio%l 4> HEhgfretaBehe%%' Boelcqlox n&,@a;ﬂ{g anghat he:Ghange Léhs%§5¥4 ¢l S

coer ci vi n val ve in Ei

respect i \V\é?yprefﬁlét R R1&8 s P tanéss?)l? ?l‘flte(‘%’r €1§§7%r 30?%&8% eé%‘a wi t hout
tihe spi nseinserei 4| by erndwidhehdatydanhnetmaghetdssekecsticidysiianlativeefitsdyer of
5 A 10 Andlé&ecAnan@dadlyap. 1WdrBomd ahberesphid frhktfadi dapCatydre seen from Fi g.

17 that nggdvgl%%leét@%ﬁ@eﬁf%m@?neﬁga%lIfsrtomdzlsgconlﬁsljilQQdcmgg dOn aﬁgséZSt ance

dr was 1 rom net oresi stive coefficient dr/R was
S Trom BRoroS0RPnae PHHE-Um RPN TP orFr T 1HCoWE 13 5 Snde T
Fig. 21 ©hasox Hé dwmsgemxPssuver ednreny ﬂﬂ@%ﬁsctﬁd Wrengk Haes pensoti $auses| ayer
vims 5 A theek rkhestaasé shangss Bowas madi fekshed ahamgent inlr esdrgfeancmeds was 1. 9,
the magnehoLashstinsg &so%ﬁé'tfﬂeﬁnﬁro%éﬂc}/\@§ &a@baékh§1§;}B'1§Xﬂ>ﬁ|thél"gx%%£ ,
field Hk; .20 v%/as%D he coercivity Hc was 6 Qe, ‘as shown in Figs.
17-20, r&3pettive W’Pe t 1€t hi ckness of the spin filter |ayer was
increased to 10 A the resi stance R was 22, the change in resistance dr was
1. 75, the magmatomndsk Stdadep@aebd 70 entthedr hdgnease Bedd,40t hecluneaxd abil

gy sot ropyydd %|4dshlﬁw¥[\@r§ed9bg§~e@ﬂdflr|§@ acrfaeg@ao\ﬁat ynsid@atvm @aﬂer@eeﬁ afigsfrown in
Fi gs. 1742 25, re‘_f_;L i ckness |gf||te | ayer

cti
was incrdasadd & E’l %ay el s“faé(n elf'i‘pvvga'ysmz or5p9?rh rlzhn ge”ih re{S| st ance
dr was 1eélm3t’1‘?§enﬁ’g’ﬁé‘f%rlés’f}?c F?%Or@oé‘f”f‘iléi:b?ﬂ LgygrReapasdzoy g het ¢ri 1y hayet al

ani sot ropy. fitel dikK, weeco8d arGetiaind theileobsrcilyydry o waserked(Osy iastishown in

Figs. 17x20,ad @speGlkivali¥n WaeR~! haetéulqkm@ @4‘ ah@ech%pmgti | §donkianfyr was
fﬂ‘brt her %gl%@%%ggfa%qaéqmtygrﬁ&ﬁh%g g%!‘lsé)toange san et?’beEQeee I’? gce I% 65

resi stance net or esi st ve eoer Ty cient t he
uni axi al SERPELPPODPIFFRI'AYHEE \?/gsa“fo e ThAdEiRE ad’@‘e??ﬁ‘\?ljt‘ip%ﬁlcpir%’se 52¥PIR, as
shown i n %k gl 917a20madneticaldeserupbee dthatbachegdphPélardsbawd fitw spin filter
| ayer be sepéidripges thips dwaxhdriiob nghitheaBgaslatesingtd weicoefbi ciyrpt16r/ R as
Shoun 35 kDol dne 19, ARE95E100Lyye.0Bb4 UM LN EX0ES8.d 0Ln 1R SR InfLId e

| ayer is_a roxmate wh achr'eve a magnet or esl St1ve

“coeffici éﬁ? S ea=gii tBe £35S} (POLEPIELE oL WET sFenSHIE Geco ehiRlWhaYPLt he

t hi cknes$2o$nqg tbe sfirpt frollt exiccaykmyeir s9%6 afe tdeptiratieel ayviraxitals beddsdbr opy

’f i el d HKkhswiatasaa rﬂl@bfﬂh@kaﬁeaa Sa R hodhiis f‘ﬁgsde§ia|h§b4 e rs6st hal ddhendiree

| aver hasosald «40ndIRINGL b 6s GhAY A B3I CRd 8! slfSPANLRG St el Lal8: el d

signals f the rota netic dis I ci Vi n

21 is neéif’e *q9st POW‘ &11%t W\%&ﬁ i"l‘?@e’?srﬁ"é‘kﬁ%sé“%fthfﬁ% aé‘ﬂl °“frf°\’tﬁd?%yer |s
#out 6 ApnwtsonsWoezvd@l&@agnmﬂl@@lﬁm(ans 122 fram Ree domditlatiese t hat
the freerligyeamn)has 1saedd 1omghet Lz6 propey shesnehérch are desirable. A
desirable range for the thickness of the spin filter |ayer woul d be between
5-7 A, as shown fromFig. 19. Wien the thickness of the spin filter |ayer
was 6 A the resistance R was 22, the change in 5 resistance dr was 1. 85,

t he magnetoresistive coefficient dr/ R was 8.45, the uniaxial ani sotropy
field H; was 7.5 Ce and the coercivity Hc was 6.3 Oe, as shown in Figs.

17 20, respectlvely Exanple 4 10 The spln valve sensor 500 |n Flg 15 i's

o - o T o o P oy - NN [ —




Exanpl e 5 The spin val ve sensor 550 in Fig. 16 is the sane as the spin

val ve sensor 500 in Fig. 15 except the spin filter layer 552 in Fig. 16 is
only 25 6wh éisgigeand i s shown oxi di zed t hroughout its thipgknessroshss St at ed
in Exanple 3 this thickness is the optim zed and preferred thickness for
the spin filter layer. This is shown by Figs. 17-23. Exanple 6 30 The spin
val ve sensor 600 in Fig. 23 is the sane as the spin valve sensor 550 in
Fig. 13 except a free layer 602 is provided vvhich has a third free film
(F3) 604 which was_deposited as 15 A of, cob on g}a Thedtsrglllggdfree
film604 has EfFunda™di 2etFer Fimspdt ol Br oadlgl TFER- 602 HTd A oxX1di zed
film poriawm 8DEnvhifeh fisstcobig Pikeorarsd 38 3% £CHFEQ) . laEﬁafrﬁPés TYPRe spin
wval ve SeB§Q{ea$0ﬂ; kfowri @s 24ek§ed REgBANE 2L MEhes phdulualare Legnsod3 60 in

Fig. 23 adt L LL st S e films 220 40 and 222 have
KEBRboRAC ladt 1P ribLole B OR0 QR L

an unOX| tiron and an oxidized portion. The first free film 220 has
af unoxi d| zed filmportion of cobalt iron (CoFe) and an oxidized film
portion 702 oficwoBalis iaroisooritie PEHREAD)strIRorseéoig Feddmheadpdy 09798a389 13
PCT/ GBOLA£5GyS. 223rh@s Tas neaaxhdhiazed ihtlutepotid pre222 and apiroxadiezed film

gg{)t: gnFZQnso f71f’%§ ﬁ :Lsr Q&a@éhd&x QIQ%F%Qerr@ﬁé‘cﬂ:}%thc 8(A§Mﬂ}ﬁn§ﬂ'lgnlé(y”érve sensor

Is the sane as th In_val ve se 24ecept
t he spi nlg? 1 lFé’fsq a9erse58nd d’farﬁlkﬁasl% &e %F%V@dig)‘g@n% 13J6u55| %rolm}k?f éf t he
dRi de fi kosfigay drd $eramddside edaesshife apdritér ohdhehwioxyalgef $anPBOTEA Fi g.
14. It shemledtbsh uBdEtShond thBadrtt be af esdHiagonS jhhamarar@usslfayeys may be

accompl i §0ed; 0, A0 LR 0'as3PUIdLE! BT BURLEN, (SHoR7LanaS, BE of

sputterlng i on beam s erin

t erin
under st od8°TRAF2 1Py 8?%%‘* el§2 Fn léfg réaﬁ%i ajrar?eﬁgd Sjbée?ulllgg or
parti al | ynobicdi zgdrst WG@/a@y%@rlh‘wCEN MBIbrst lgadragiet |1é re@ddthfead
QGNPri Si Bgcond Bt bVad \GAdSBNRSIOrae200)361 Nrodiude N seBGH GBtd bAi&SBaher 144

and a second lead layer 146. The hard bias layers 140 and 144 cause
magnetic fields to extend longitudinally through the spin valve sensor 130
for stabilizing the magnetic domains therein. The spin valve sensor 130
and the first and second hard bias and lead layers 134 and 136 are located

20 between nonmagnetic electrically insulative first and second read gap
layers 148 and 150. The first and second read gap layers 14B and 150 are,
in turn, located between ferromagnetic first and second shield layers 152
and 154.

25 Example 1
Fig. 12 shows a spin valve sensor 200 which is located on the first
read gap (Gl) 148 wherein the first read gap is composed of aluminum oxide
(Al,0;) . The spin valve sensor 200 includes a pinned layer 202 which has a
magnetic moment 204 which is pinned by an antiferromagnetic (AFM) pinning
30 layer 206. The magnetic moment 204 is pinned perpendicular to the ABS in a
' direction toward the ABS or away from the ABS, as shown in Fig. 12. In
this example the pinned layer was an antiparallel (AP) pinned layer which
included an antiparallel coupling layer (APC) 208 which was located
between ferromagnetic first and second antiparallel layers (APl) and (AP2)
35 210 and 212. A spacer layer ({S) 214 is located between the second AP
pinned layer 212 and a free layer 216 which has a magnetic moment 218
which is oriented parallel to the ABS and parallel to the major thin film
surfaces of the layers when the bias point of the spin valve sensor is
located midway on its transfer curve. The free layer 216 includes first
40 and second free films (Fl) and (F2) 220 and 222. On top of the second free
film 222 is a cap layer 224. First and second seed layers (SLl) and (SLZ)
226 and 228 are provided between the first read gap layer 148 and the



a ferromagnetic pinned | ayer (202) that has a magnetic nmonment; 10 a pinning
| ayer (206) exchange coupled to the pinned |ayer for pinning the nmagnetic

nonent of widwe/aizzaed | ayer structure; a free layer (216) ;pdHcBofasoiggnetic
conductive spacer |ayer (214) |ocated between the free | ayer and the pinned

| ayer; a capping layer (224); 20 the free |layer (216) being | ocated between
the spacer |ayer (214) and the capping layer (224); the free | ayer having
an oxidized filmportion (402) and an 25 unoxidized filmportion with the
oxi dized filmportion bein E"g | ocat ed between t he unoxi dized filmportion and

t he cappipl;‘iﬁmt”&yg?“"e"a?ftlj6 YLD FAErSa°8PR o0 AYoF 0tiit BY Wet WIS difged
film portfiost oked Havey é’éﬁlﬁgﬁeth%mn@h@ éayRyi AG6d ayer. 30 2. A magnetic read
head as clainmed in claim1 further including: nonmagnetic nonconductive

first and seceggmge@g memle@éeg f BRe tAfieo SHr@tvlaéa\ﬁe et eey ges rsqte' oeAt ed

bet ween th i,rst and cond re yers: ferroma and

cond S%‘I Z?%AI ayfty &0 %ﬁﬁsszﬁf R mlal ?‘g‘[alﬁn?if S8R fdeF €2 eﬁ%{ﬁ‘rFa efsChei ng
Tocated béckienandracss ostde (i ofer Shieefig sk asaedslayer\26,123 35889 15 5 10
PCT/ GBBOLkbhSGus: Bra)AfdsmgnetSeeoﬁ@a;dehaa@easzzel aiTell oM pLidiniinZnangendien the

unoxi di qutbfld ! %p%umn%%g Jrz% 1a;ygrof %o@aﬂL ek&l (E&R) Eaé %@nﬂlfs'@e

oxi di zed _fil grtlon 0 [ iron oxid

magnetic Fe%fdmﬁ adYgE TPai Of nru&f‘ %/ “?‘Urfﬂrerthﬁo?ﬁ?rl%ﬁar]rdﬂ t%épifdt?per
I*&yer beitAges @By 265xh difzeebadt heani nEeBen 6% dhe expcpid APpRImiedntaed 242,
unoxi di zed £idfme@geti o) Bor Ansagaett Aavendibead AsofClabdrdiidéh gbaddn 3

wherein the NinRing FANCE: i 2Bb AbisNAMMRDGARess;, %lp%) %Ré Csercgﬁai head as

clainmed in claimb wherein, the spin valve 15 sensor rt I ncl udes:
free film 222 and 50 A of tantalum (Ta) for the cap layer 224

15 A sense current Is may be directed from right to left or from left to
right as shown in Fig. 12. When a field signal from a rotating magnetic
disk rotates the magnetic moment 218 upwardly into the sensor the magnetic
moments 204 and 218 become more parallel which reduces the resistance of
the sensor to the sense current I; and when a field signal from the

20 rotating magnetic disk rotates the magnetic moment 218 downwardly out of
the sensor the magnetic moments 204 and 218 become more antiparallel which
increases the resistance of the sensor to the sense current I;. These
increases and decreases in the resistance of the spin valve sensor are
processed as playback signals by the processing circuitry 50 in Fig. 3.

25

As discussed in the Summary of the Invention various magnetic forces
affect the positioning of the magnetic moment 218 of the free layer. The
free layer is properly biased by these magnetic forces when the magnetic
moment 218 is parallel to the ABS, as shown in Fig. 12. A negative

30 ferromagnetic coupling field —Hg is desirable for counterbalancing one or
more of these magnetic forces for properly biasing the free layer 216.
This negative ferromagnetic coupling field has been achieved by employing
the pinning layer 206 composed of platinum manganese (PtMn) and the first
and second seed layers 226 and 228 which are composed of nickel manganese

35 oxide (NiMnO) and tantalum (Ta) respectively. Further, the first seed
layer 226 must interface an aluminum oxide (Al,0,) first read gap layer 148
or be located on an aluminum oxide (Al,0;) seed layer which is
approximately 30 A thick. The spin valve sensor 200 in Fig. 12 was tested
for its ferromagnetic coupling field -Hye and it was found to be -16 Oe,

40 which is shown at Example 1 in Fig. 17.



first and second seed layers with the first seed | ayer being conposed of
ni ckel manganese oxi de and the second seed | ayer being 20 conposed of

t ant al um wdesesmond seed | ayer being | ocated between the pe1/6BoBEsess | ayer
and the pinning layer; and the first read gap | ayer being conposed of

al um num oxide. 25 7. A magnetic read Héad as clained in claim®6 wherein
the copper layer is 4-10 A thick. 30 8. A magnetic read head as clained in
claim7 wherein the cappi ng | ayer is tantal um 35 40 9. A magneti c read

head as clali mf?ﬁ ugd%e not V&'%Baet when PQI nnggr ll%égll.: él% }etagfé"éal!n: |elal (AP)

pi nned Iag BoE 1 RFq 885 S% &PF omagne I'rst econ Ipara
(AP) pinf HCW‘PF?rstf\ﬂFt‘Hlet Héngthé%SlAPl‘tﬁ AAREEiFieHh PR(RrAFatisi§2t9% pi nni ng
1 ayer andotdrersedendtid spacmedafdr M4 nseddaersy tihettspaners kiayer; and an

ant i par alflaﬂomeéxﬁ’étleoe'&ldl@gg fdily Imgairfaieb%s\warh 04§ ivkedfact g, t fiei i r st
and second AP rserl Qa~389 e/g? 1.08G~ A magnetic

réad heal*a<Fy aHeCtl%laﬁlﬁgvﬂ%eéhe AT Ehe *Uhoxi zAé3§°¥(§1nﬁ1§)bo Pfon of the
free | ay@rgdtsva fﬂ?‘b‘aﬁﬂ%gqeﬁ:bﬁ Fouphrgnfl sllebxicdi ZEd OFH’mEiSi‘i?Hlieoh i8f the free
| ayer i sdasiabaktodchose akedenitkhans &F The dbaragnetee 2lgackrhead resredwiened in

cl ai m 10 wwheiekhsd Qﬁefcﬁ@@ Layehe fidetdige m%edfe&ramggn@keé dolyS nkyi E1@1wher ein
t he cobalt |rog filmis | ocat eg bet ween t‘pfef spabcer z@éer %nd tlt%e Ql ckel

iron fil 12 thlnnl:Spread fread“ds “Claited 1°'n°c 1 vvhereln the free
| iyer 10 further |ncI udes a nickel iron oxide filml ocated bet ween t he
ni ckel i Eeamngdliel m and the cobalt iron film 13. A magnetic head assenbly

having an air F%arllan!héwgaggﬁn(éﬁ%,seqlggprgo@l Bicnlds anwr i headei fuhudi ng:

ferromagnetic first pol e piece, y.0k rtlon

| ocat ed B’é{[‘(ﬁeéﬁn%" 3?@ g gl%o?‘tz BEBhd PHh %éftearpaﬁ% Qg}:{f 3% 1 (E%%%agnetl c
wite gapereaper tlll%@at:@féfi 5@?%@«3#“ 1338 P! &he |°|§Pp&meifo‘f’?s4 OFPthhéef’r‘ilFlgtth&nd
second peben plagee deayer spoait wasoahd ahastiaeknedathvatfereasinenie coi | | ayer

enmbedded ther % nfr?eidl ogaled _beteeniihe wlggam@ti apsrof. the ki st nand

zg?\gggt g%legrt\ t g theba%?(asclve maglgl%ti.elé)::]égusp i qfl r% E a(?nlp epé %Cg c!rog c?bbeI ng

50% as compared to he negatlve ferromagnetlc coupling field -Hy for
Example 1 in Fig. 12. The thickness and material of the spin filter layer
20 302 was 10 A of copper (Cu). While a negative ferromagnetic coupling field
—Hge of —8 Oe may be desirable for biasing the free layer 216, it is too
low to provide any offset when the thickness of the spacer layer 214 is

decreased for the purpose of further increasing the dr/R.

25 Example 3
The spin valve sensor 400 in Fig. 14 is the same as the spin wvalve

sensor 300 in Fig. 13 except a top portion 402 of the second free film 222
has been oxidized. Accordingly, the second free film has an unoxidized
portion 222 of nickel iron (NiFe) and an oxidized portion 402 which is

30 composed of nickel iron oxide (NiFeO). The oxidized film portion 402 is
located directly between the unoxidized film portion 222 and the spin
filter layer 302. After sputter depositing the second free film 222 oxygen
was exposed into the sputtering chamber and the second film was exposed to
the oxygen for 30 seconds at approximately 2 x 10° Torr. This exposure

35 caused the oxidized portion 402 to develop. The spin valve sensor 400 was
tested for its negative ferromagnetic coupling field -Hg and it was found
to be -16 Oe which is shown at Example 3 in Fig. 17. Accordingly, the
present invention, shown in Fig. 14, completely restored the negative
ferromagnetic coupling field to a value obtained in Example 1 so that the

40 spin filter layer 302 can be employed for obtaining the advantages of the
spin filter layer as explained hereinbelow. It is speculated that the

increase in the negative ferromagnetic coupling is due to the fact that



30 a read head including: a spin valve sensor; 35 nonmagnetic nonconductive
first and second read gap | ayers; the spin valve sensor being | ocated

bet ween t @ éd/ss3g9and second read gap | ayers; 40 a ferromagmetBo/fs64st
shield layer; and WD 02/05-1389 PCT/ GBOL/ OSI ~S 17 the first and second
gap layers being | ocated between the fillst shield layer and the first pole
pi ece layer; and the spin valve sensor including: 5 a ferromagnetic pinned
| ayer that has a magnetic nonent; a pinning | ayer exchange coupled to the

pi nned |ayer for_pi.nning the magnetic nonent of the pin I r ructure;
10 a freéx?a‘i?‘éfifz%lﬁﬁn‘?‘?gﬁﬁgtai Sm%gﬁaﬁcﬁqtsg}sascﬁa%%trw © rétytg‘re ?ag%é: Zé/ b%%\}meen t he
free |l ayéP2and the pinned layer; 15 a capping |ayer; the free | ayer being

|l ocated between the spacer |ayer and the capping |layer; 20 the free | ayer
havij_ng an, _Ori %éeatthifcuagspw tt:hgncc?ﬂgr a.l.rétyﬁf‘@@2?jﬁn7—ﬂgf il!mwrtm%@lmamw ikhe ;
e cappPAEeT Spere AR ROFBEr o] Ayer ora Al et ettt Ee ek (B £ P "
portion ePinsaflie fepeer:| Ayerefipet Chetheappityg Fayeristeace A5afhidei tPifead
assenbl y vasvelsahsee] tie changn 3 thrChaghengres30t avef eoeifiagerdat de/Becotriet shi el d
layer; a RonnRgnetiLsdSokat ic@i@nc{;@-)ﬁ%rurli%(i%ﬁgnpﬁt%ﬁﬁ i Bed 3L N Ens Ripeh d
llayer and the first lL.e piece Tayer. 35 .15 A magn '95@ ad_ assenbly as
cl ai med i"AEF &CRTY3 2 et?'& HPHR UhSRTHized C'Tolef?rl];ﬁo}'t on of the free |ayer
il a ni clehsmonsfibonn dndFidre bk zEePPRPTHiepEr (ThEntHEkReE PEde 858t is a
ni ckel i rant@xildged isbMmwadbteshetngnabic theashiassidnbl ylagsr cdral tiseh witicl ai m 15
f U!’t ,her Ct?l rie%isgg,:ofélg'let Qsirpcfgﬁ?@é: -llgy&r OESS faul {oy A?XiEQiAZQQi eh Nawidkbut
oxi di zed thle sng])iexog[.]!tgg i ngax?'rl)euggé(rl (%Irgn?q‘lgl '1”? Qr?gtt Itl('?en'resistance R was 24,
that from Fig. 18 the change in resistance dr was 1.8, from Fig. 19 that
15 the magnetoresistive coefficient dr/R was 8, from Fig. 20 that the
uniaxial anisotropy field H¢ was 12.5 and from Fig. 21 that the easy axis
coercivity Hc was 7. When the spin filter layer was 5 A thick the
resistance R was 23, the change in resistance dr was 1.9, the
magnetoresistive coefficient dr/R was 8.3, the uniaxial anisotropy field Hg
20 was 10 Oe and the coercivity Hc was 6.7 Oe, as shown in Figs. 17-20,
respectively. When the thickness of the spin filter layer was increased to
10 A the resistance R was 22, the change in resistance dr was 1.75, the
magnetoresistive coefficient dr/R was B8.15, the uniaxial anisotropy field
He was 9 Oe and the coercivity H; was 6.2 Oe, as shown in Figs. 17-20,
25 respectively. When the thickness of the spin filter layer was increased to
15 A the resistance R was 20.5, the change in resistance dr was 1.6, the
magnetoresistive coefficient dr/R was 7.95, the uniaxial anisotropy field
H¢ was 9.5 Oe and the coercivity Hc was 15 Oe, as shown in Figs. 17-20,
respectively. When the thickness of the spin filter layer was further
30 increased to 20 A the resistance R was 19, the change in resistance dr was
1.45, the magnetoresistive coefficient dr/R was 7.65, the uniaxial
anisotropy field Hgx was 10 Oe and the coercivity He was 6.4 Oe, as shown in
Figs. 17-20, It is desirable that the thickness of the spin filter layer
be optimized for maximizing the magnetoresistive coefficient dr/R as shown
35 in Fig. 19. Accordingly, optimum thickness for the spin filter layer is
approximately 6 A which will achieve a magnetoresistive coefficient dr/R
of 8.45. It can also be seen from Fig. 20 that when the thickness of the
spin filter layer is 6 A that the uniaxial anisotropy field Hg is at a
minimum at 7.5 Oe. This is desirable so that the free layer has soft
40 magnetic characteristics for responding freely to field signals from the
rotating magnetic disk. Further, the coercivity He in Fig. 21 is nearer its
low point when the thickness of the spin filter layer is about 6 A. This




WO 02/ 05-t1389 PCT/ (GB111/0S1.15 18 17. A magnetic head assenbly as cl ai ned
in claim15 wherein the pinning layer is platinummnganese. 18. A nagnetic
head assegy yr/&g356! @i med in claim17 wherein the spin 5 vaprEGBEIMIs
further includes: first and second seed |layers with the first seed | ayer
bei ng conposed of nickel nmanganese oxi de and the second seed | ayer being
conposed of tantalunm 10 the second seed | ayer being |ocated between the
first seed Iayer and the pinning layer; and the first read gap Iayer bei ng
conposed of al um num o magnet i c ead assenbl din
cl ai m 18 WKHEPE ﬁnflh“é‘tc‘?ﬁp%ﬁ: %‘h éfeei %abﬁelggai\ stoﬁ cieIns 8r°%r%les 8t (r:plshead
assenbl y s d¢diraele i A éﬁS&FHWPQrWR?r v thRe-Reappr IRy Of dyer Spig f’%ﬁieél um 21.
A magnet i ayBeadbuds SaiTbbyweas Bl7abed biowl arsn Z20gwher eitent tiee phiviedss ayfer i s

an antipangl Lel, (f{*f’eerphgg%dw&@éeﬁ 1.IhlaaLegl@€£me§ wﬁzéertmer@gﬂeélﬁ first and
second anti Qar aI I eI

AP %I nnq\5 rrg { ﬂ,\n
i nt er f aciTfgEHEHi ¥ Jr Ver PR °%eeséonld’eA|5°%| ﬁﬁé%f’ m I ht eranC| ng the
spacer | ayer unlaﬁdagwnaﬁowwp@ﬁéﬁlfblwa@ﬁ’ﬁ &suptd ﬁ@efqoleﬁﬂ‘ﬁéét”edwalfe@m%en and
interfacioyg ahenbuf sin angk.seteod ARppetivedyfil ns. 22. A nmagnetic disk drive
that includes at | east one magnetic head 35 assenbly which has a wite
head, a read head and an air bearing surface (ABS), conprising: the wite
head mcl%iﬁf“ﬁjge 40 ferromagnetic first and second pole piece |ayers that
hafe a yoke pothei epin gedredebetrwedth ia Pidl-elt iy pot SEBR @nbhea SBHEK 245D
portion; sen¥é¥ 0RO0YB38AgPAW &Btdbt USGob Sckisn ramanagrat i spivr fleegamybayer

located bepwgen fog oqah&éc{(pzs&%himﬁ Ofnet BS: of lfmexamgye%eﬁgmnpol e piece

| ayers; an insulation

fast one coi | %ot{% enbeg % t herein
| ocat ed DEYXERSIFChE YR PGPt Po PR {HY FIY &° 83‘1%?158 4" et 8

| ayers: asmbpreheoxfifie stCu@hdbXecHrrdopilicepifdée varyees Hei irg leeatgdchddear their
bagk gap fr thensizéndile ddreidreack haadchenedmidiapey 224. Upon testing the

spin valve sensor 500 it was found that the negative ferromagnetic
coupling field —-Hy was -15 Oe as shown in Example 4 in Fig. 17,
Accordingly, the negative ferromagnetic coupling field of Example 4 is
substantially the same as the negative ferromagnetic coupling field of

20 Example 3.

Example 5
The spin valve sensor 550 in Fig. 16 is the same as the spin valve
sensor 500 in Fig. 15 except the spin filter layer 552 in Fig. 16 is only
25 6 A thick and is shown oxidized throughout its thickness. As stated in
Example 3 this thickness is the optimized and preferred thickness for the

spin filter layer. This is shown by Figs. 17-23.

Example 6

30 The spin valve sensor 600 in Fig. 23 is the same as the spin valve
sensor 550 in Fig. 13 except a free layer 602 is provided which has a
third free film (F3) 604 which was deposited as 15 A of cobalt iron
(CoFe). The third free film 604 has an unoxidized film portion of cobalt
iron 604 and an oxidized film portion 606 which is cobalt iron oxide

35 (CoFeO) .

Example 7
The spin valve sensor 700 in Fig. 24 is the same as the spin valve
sensor 600 in Fig. 23 except each of the first and second free films 220
40 and 222 have an unoxidized portion and an oxidized portion. The first free
film 220 has an unoxidized film portion of cobalt iron (CoFe) and an

oxidized film portion 702 of cobalt iron oxide (CoFeO). The second film



a spin valve sensor; nonmagnetic nonconductive first and second read gap

| ayers; 15 the spin valve sensor being | ocated between the first and second
read gap hayereissa ferromagnetic first shield |ayer; and 2cwégofises and
second read gap | ayers being | ocated between the first shield | ayer and the
first pole piece |layer; and 25 the spin3val ve sensor including: a
ferromagneti c pinned | ayer that has a nagnetic nonent; a pinning | ayer
exchange coupled to the pinned Iayer for 30 pinning the nagnetic nonent of
t he pinn st ruct. fr \ nonma net| onductiv p ce

| ayer | o? aaybelt1 een egffrlge %%I%Ilayez(r%aan FhE B e g’rgyé)?rtlé’ncz b

| ayer ; tﬁ@bﬂ%érP’a)PéFd%éFﬂ'ﬁeq ocat ed between the spacer | ayer and the 40
.cappi ng | ayer; WO 02/ 0s~389 20 PCT/GBO 1 /05GtS the free |layer having
an oxi di &ggndilel g\ portion and an unoxidized filmportion with the oxidized
filmportion l;}% Iocaited bet ween t he unoxi di zed fil mgortlon and. t he
cappi ng | ayer; 1B WIS oIS OF P8r 11 dddt b%t ePPh 8% o¥1°d P2 Ed Y71 1%m
portion GEngdie 7\99@@ Figrerd ardephebeappinn§iitayevayen Fousf tjg- 106 asnagneti ¢
di sk rot anabdyedsupported in the housing; a support nmounted in the housing
for supporting the nmagnetic head assenbly with said ABS facing the nmagnetic
di sk so that the nmagnetic head assenbly is in a transducing relationship
with the magnetic disk; 15 a spindle notor for rotating the magnetic disk;
ar® act uaPépscydrti oni ng neans connected to the support for noving the
magneti c head to nmultiple positions with respect to said magnetic 20 di sk;
and a processgruc@preﬁgto%%é e AIRONE e Endie R 1013 BIAALE Ry BN, L O
t he actuator far exchangin 17'c he (f, con rolling
moverment f&f"t40é Hadnst i ﬂ'sl?ha'r‘ﬂd" PSr“"@SﬁTtrOGPI‘i% Y'}I‘fe SR 61"1 t?S of the

rnagneti(:Vheéth layers may be accomplished in any type of sputtering system, such

15 as RF or DC sputtering, ion beam sputtering or magnetron sputtering. It
should be understood that the tantalum (Ta) 224 in all embodiments may be
fully or partially oxidized.



23. A magnetic disk drive as clainmed in claim22 including: 30 a
ferromagneti c second shield | ayer; a nonmagnetic isolation |ayer |ocated
bet ween t v ®@aze3¥d shield | ayer and the first pole piece |BYBGBIGG&. A
magnetic disk drive as clainmed in claim?22 wherein the unoxidized film
portion of the free layer is a nickel ilton filmand the oxidized film
portion of the free layer is a nickel iron oxide film 90 25. A nagnetic
disk drive as clainmed in claim24 further conprising: the copper |ayer
being fully oxidized or having an oxidized filmportion and an unoxi di zed
filmportion. WO 02/05:L389 21 PCT/GBII |/0OSC-!5 26. A magnetic disk
drive as clainmed in claim?24 wherein the pinning layer is platinum
mmanganese. 27. A magnetic disk drive @idBaimed in claim26 wherein the
spin valve 5 sensor further includes: first and second seed layers with the
first segd | ayer bei ng cog‘g_f%s d of nickel manganese oxi de and the second
s€ed | ayét bel nPEEMMOFELY o2 SFFRF LT"910 t he second seed | ayer being

| ocat ed between the first seed |ayer and the pinning |ayer; and the first
read gap | ayern bgimgacepesed ofoocal umdinumexi de. 15 28. A magnetic di sk
drive as clainmed in claim27 wherein the copper layer is 4-10 A thick. 20
29. A magnetic disk drive as clainmed in claim?28 wherein the capping |ayer
is tantal um 30T PAGHELF PGPk 1avFv 288! dPaF ed R EPaTIn 29"Sérei n t he
pitned | ayer is an antiparallel (AP) pinned |ayer that includes: 25
ferromagneti c af pirsiingnrhysec@nd) anichpafeakbed1e0AR) thk viQded i1agsr Wiokh t he
first APophEd:hd LTLhOLE AAEHE %ot Be RspRLIGabay SErdfideLie second AP pi nned
filminterfacing the spacer |ayer; and 30 an anti paral [e] (AP) coupling
filmlocated between and interfacing the first and second AP pinned fil ns.
31. A nethod ef frekilagem (Abgneti c read head which has an air bearing 35
sigface (ABS), conprising the steps of: making a spin valve sensor

i ncl udi ng theaskgr%ggééicf 006,00 2 EELdamegnet g /i pngded %‘%geérh%e hgse2a
magnetic 40 nonent; “Tormng a pinning layer exchange coupled to the pinned

| ayer for2¥inAr gtriehB“?f’&d‘n " monent of the pinned | ayer;

a capping layer (224);

the free layer (216) being located between the spacer layer (214)
and the capping layer (224);

the free layer having an oxidized film portion (402) and an
25 unoxidized film portion with the oxidized film portion being located

between the unoxidized film portion and the capping layer; and

a copper layer (302) located between the oxidized film portion of

the free layer and the capping layer.

30
2, A magnetic read head as claimed in claim 1 further including:
nonmagnetic nonconductive first and second read gap layers;
35 the spin valve sensor being located between the first and second
read gap layers;
ferromagnetic first and second shield layers; and
40 the first and second read gap layers being located between the first

and second shield layers.



WO 112/11S~389 22 formng a free layer; PCT/GBU /U56~S form ng a
nonnmagneti ¢ conductive spacer |ayer between the free | ayer and the pinned
| ayer; 5 @y é803@ssa capping layer with the free | ayer bei ngpdwcBiRZciet ween
t he spacer layer and the capping layer; formng the free layer with an
oxidized filmportion and an 10 unoxi di®ed filmportion wth the oxidized
filmportion being | ocated between the unoxidized filmportion and the
capping layer; and form ng a copper |ayer between the oxidized filmportion
of the free layer and. the iing layer. 15 32, net hod as cl ai.ned in
claim313urt hérm?%(‘?lgh%lirr?ﬁgﬁ'ﬁeg'ds%eﬁgx%ﬁeg ?rbrcﬁnahlbénS}ﬁer?ﬁéﬂe%ecuﬁod{ﬁg%ﬁ%‘%ucti ve
first andivecontioread Ymp fregdrger 20 F oakelgirere 4P pogathre ostHese Hdfween
the firstoatitbnsecamd read1gap hawensckdloimomexfer eomagnetic first and
second shield layers; and 25 form ng the first and second read gap | ayers
bet ween the first and second shield |layers. 33. A nethod as clained in
cl®im 32 wherein the unoxidized film portion of the free layer is fornmed as
a ni ckel 4i-r on A nhgneand tead tpaddey edainddrigrligéntd dnrigfert pavpki et ayer i s
formed as a nickel iron oxide film 34. A nethod as clainmed in claim 33
further including r.m ; I Ldized, .of 4 t n

oxi di zed fil _mqlﬁ)]gr%%pg)ﬁman egn%ulﬁgfﬁ%gﬁsz/e%XgiTJnf%%ﬁa?gﬁg a§59x31%.lz¥0\& rfgtlﬁod as

cl ai med PRTEISE APSRWHRPEIAZEhE Bt RAF g™ ayer is formed of platinum
néhganese. 36. A nethod as clainmed in claim35 wherein the making of the
spin val we 40 sens@fetidrida@rndadcididesitdaei st@psn f where® € H1@rihg89

PCT/ CBOl/l(%S/é +AS

is pf%%inum manganese.

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

15 sensor further includes:
first and second seed layers with the first seed layer being
composed of nickel manganese oxide and the second seed layer being

composed of tantalum;

the second seed layer being located between the first seed layer and

the pinning layer; and

the first read gap layer being composed of aluminum oxide.

25
7. A magnetic read head as claimed in claim 6 wherein the copper layer
is 4-10 A thick.

30 8. A magnetic read head as claimed in claim 7 wherein the capping layer
is tantalum.
9. A magnetic read head as claimed in claim 8 wherein the pinned layer
is an antiparallel (AP) pinned layer that includes:

35

ferromagnetic first and second antiparallel (AP) pinned films with

the first AP pinned film interfacing the pinning layer and the second AP
pinned film interfacing the spacer layer; and

40

an antiparallel (AP) coupling film located between and interfacing
the first and second AP pinned films.



formng first and second seed |ayers with the first seed | ayer conposed of
ni ckel manganese oxi de and the second seed | ayer conposed of tantalumwth
t he seconWOs®Bé34384yer being | ocated between the first seeddrgBol/ERG t he
pinning layer; and 5 formng the first read gap | ayer of al um num oxi de.

37. A nmethod as clained in claim36 whéfein the copper layer is forned 9-10
A thick. 10 38. A nethod as clained in claim37 wherein the capping | ayer
is formed of tantalum 39. A nethod as claimed in claim38 wherein a

formng @b, t heAmagﬁgglc]'?ei@%%éd Ca%rrgiéﬁlg? tnlhg fébeBSWh%freanf Ih]e nr%m_fl.hz

ferromag @ei first and second anti para *he
first APTHT MCFHt%r Phd ﬁgf’fer?elﬁeﬁmlﬁg:‘ FoRAt: l%ﬁﬁ’deJG“ 2Bf nfhegoritiiand ifparal | el
(AP) coupb¥tgnf ¢1 whpefrmeckevelels iar stbadndimeconidieAPL .l ns. 40. A net hod as
clainmed in claim32 wherein the unoxidized film porti on of the free | ayer

' g for ITEQ]_ as aA%%ﬁL‘ElCJ E:Qg'd f IeaF]aa.‘angl J.mgd X d ZEd ﬁeri\ln gl’t% Qn pf the

free |ayer formed as a co iron oxide" F°8s' A med
in clai nfﬁ’fltr\ﬁﬁelrréilﬁd‘f%é phel| Ay fil f"ﬁ?lteﬁértﬁeo??i@dtmlfw &1k éRel iron

filmw thotdiedciottaben ithensdacem beengrdotiat edeiat ween fihe. spacer | ayer and
the nickel iron film 30 42. A nethod as clained in claim4l wherein the
free layes. fur%qnea Lnel ude(; form N9, a.n n| ckel |ro? oxi de, fi |l m between the

ni ckel iron fi tjtchée%otk)lgf' 5% 6n A 53 ARG Ho EPB T FRKIAYG"
tdgnet i c THedgr aJsrscéHB‘F%/ at Wa%kel%a’sro@noﬁldle B@a‘ri@@tsérﬁ%weer( ABS) nickehprpsi ng

t he st ep$ilf andekiengotelwritod helad i ncl uding the steps of: 40 form ng
ferromagnetic first and second pole piece |layers in pole tip, yoke and back

gap regions erein e yoke reqi is |located hetween the pole tip and
back gap9$eg| ons: one %ﬁlf oé??fes %%@ggCTﬁﬁééi/ GBGST 2R n@“e"&aﬁ% Bleti c
noncondu€®TRFEE St e gap | ayer between the first and second pole piece
ll&yers in the pole tip region; formng an insulation stack wth at |east
one coil |ayeg v@&gﬂ@i@ﬁ&lﬁg{@é n between the first and second pol e piece
layers in the yoke region; and connecting the first and pole piece |ayers
at said back gap region; and 10 neking a read head including the steps of:
f ormi ng nonnagﬁ@tof“égl?ﬁhéoﬂéﬁét?f\ﬁesﬁqﬂ@ltP%ﬁdpsfé@oh@’elreaﬁwgapa‘hayeycsce 15

f or mi ng pospion Mebved densan bepaveenid beriiohSindantbaacoas poearbngap | ayers;
20

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
25 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

30
a read head including:
a spin valve sensor;
35 nonmagnetic nonconductive first and second read gap layers;

the spin valve sensor being located between the first and

second read gap layers;

40 a ferromagnetic first shield layer; and



formng the first and second read gap | ayers between the first 20 shield

| ayer and the first pole piece |layer; and a nmaking of the spin valve sensor
conpri si ngvg éxssiseps of: formng a ferromagnetic pinned | ayergBhadschas a
magneti c nonent; 25 form ng a pinning |ayer exchange coupled to the pinned
| ayer for pinning the magnetic nonent af? the pinned |ayer; formng a free

| ayer; 30 form ng a nonmagneti c conductive spacer |ayer between the free

| ayer and the pinned |ayer; form ng a capping layer with the free | ayer

bei ng | ocated between t he spacer yer and the capping | a 35 form ng
Che Tree. Laver wi t FOArGRE APRea AT ATl Y St olPHAGR HREZEE FPE m por i on
with the oxi difzeet shishdpbrrdroanddibagtirstardd biecaekaverheanghoxi di zed film
portion and t heecafipi v vkayeispr aint148inger m ng a copper | ayer between the
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between the unoxidized film portion and the capping layer; and

It
C

a copper layer located between the oxidized film portion of

25 the free layer and the capping layer.
14. A magnetic head assembly as claimed in claim 13 including:
30 a ferromagnetic second shield layer;

a nonmagnetic isolation layer located between the second shield

layer and the first pole piece layer.

35 15. A magnetic head assembly as claimed in claim 13 wherein the
unoxidized film portion of the free layer is a nickel iron film and the
oxidized film portion of the free layer is a nickel iron oxide film.

16. A magnetic head assembly as claimed in claim 15 further comprising:
40
the copper layer is fully oxidized or has an oxidized film portion

and an unoxidized film portion.
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the first and second AP pinned films.

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

the write head including:
40 ferromagnetic first and second pole piece layers that have a

yoke portion located between a pole tip portion and a back gap

portion;
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the first and second read gap layers being located
between the first shield layer and the first pole piece layer;

and

25 the spin valve sensor including:

a ferromagnetic pinned layer that has a magnetic moment;

a pinning layer exchange coupled to the pinned layer for
30 pinning the magnetic moment of the pinned layer structure;

a free layer;

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

a capping layer;

the free layer being located between the spacer layer and the
40 capping layer;
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a spindle motor for rotating the magnetic disk;

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

a processor connected to the magnetic head, to the spindle motor and
to the actuator for exchanging signals with the magnetic head, for

controlling movement of the magnetic disk and for controlling the position

25 of the magnetic head.
23. A magnetic disk drive as claimed in claim 22 including:
30 a ferromagnetic second shield layer;

a nonmagnetic isolation layer located between the second shield
layer and the first pole piece layer.

35
24. A magnetic disk drive as claimed in claim 22 wherein the unoxidized
film portion of the free layer is a nickel iron film and the oxidized film
portion of the free layer is a nickel iron oxide film.

40 25. A magnetic disk drive as claimed in claim 24 further comprising:

the copper layer being fully oxidized or having an oxidized film
portion and an unoxidized film portion.
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sensor further 1nc

first and second seed layers with the first seed layer being
composed of nickel manganese oxide and the second seed layer being
composed of tantalum;
10
the second seed layer being located between the first seed layer and

the pinning layer; and

the first read gap layer being composed of aluminum oxide.
15
28. A magnetic disk drive as claimed in claim 27 wherein the copper
layer is 4-10 A thick.

20 29, A magnetic disk drive as claimed in claim 28 wherein the capping

layer is tantalum.

30. A magnetic disk drive as claimed in claim 29 wherein the pinned
layer is an antiparallel (AP} pinned layer that includes:
25 '
ferromagnetic first and second antiparallel (AP) pinned films with
the first AP pinned film interfacing the pinning layer and the second AP

pinned film interfacing the spacer layer; and

30 an antiparallel (AP) coupling film located between and interfacing
the first and second AP pinned films.

31. A method of making a magnetic read head which has an air bearing

35 surface (ABS), comprising the steps of:
making a spin valve sensor including the steps of:

forming a ferromagnetic pinned layer that has a magnetic

40 moment;

forming a pinning layer exchange coupled to the pinned layer

for pinning the magnetic moment of the pinned layer;
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a4 between the spacer layer and the capping layer:;

forming the free layer with an oxidized film portion and an
10 unoxidized £ilm portion with the oxidized film portion being located

between the unoxidized film portion and the capping layer; and

forming a copper layer between the oxidized film portion of

the free layer and the capping layer.

15
32. A method as claimed in claim 31 further including the steps of:
forming nonmagnetic nonconductive first and second read gap layers;
20 forming the spin valve sensor between the first and second read gap
layers;
forming ferromagnetic first and second shield layers; and
25 forming the first and second read gap layers between the first and
second shield layers.
33. A method as claimed in claim 32 wherein the unoxidized film portion
of the free layer is formed as a nickel iron film and the oxidized film
30 portion of the free layer is formed as a nickel iron oxide film.
34. A method as claimed in claim 33 further including forming the copper
layer fully oxidized or with an oxidized film portion and an unoxidized
film portion.
35

35. A method as claimed in claim 33 wherein the pinning layer is formed

of platinum manganese.

36. A method as claimed in claim 35 wherein the making of the spin valve

40 sensor further includes the steps of:
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38. A method as claimed in claim 37 wherein the capping layer is formed

of tantalum.

39. A method as claimed in claim 38 wherein a forming of the pinned

15 layer comprises the steps of:

forming ferromagnetic first and second antiparallel (AP) pinned

films with the first AP film interfacing the pinning layer; and

20 forming an antiparallel (AP) coupling film between the first and
second AP films.

40. A method as claimed in claim 32 wherein the unoxidized film portion
of the free layer is formed as a cobalt iron film and the oxidized film

25 portion of the free layer is formed as a cobalt iron oxide film.

41. A method as claimed in claim 40 wherein the free layer is further
formed with a nickel iron film with the cobalt iron film being located
between the spacer layer and the nickel iron film.

30
42, A method as claimed in claim 41 wherein the free layer further
includes forming a nickel iron oxide film between the nickel iron film and

the cobalt iron film.

35 43, 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:
40 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;
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. Q%U
rming a agnetic noncond ive 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
5 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
10

making a read head including the steps of:

forming nonmagnetic nonconductive first and second read gap
layers;

15
forming a spin valve sensor between the first and second read

gap layers;

forming the first and second read gap layers between the first
20 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 that has a magnetic moment;

25 forming a pinning layer exchange coupled to the pinned layer for

pinning the magnetic moment of the pinned layer;
forming a free layer;

30 forming a nonmagnetic conductive spacer layer between the free

layer and the pinned layer;

forming a capping layer with the free layer being located
between the spacer layer and the capping layer;
35
forming the free layer with an oxidized film portion and an
unoxidized film portion with the oxidized film portion being located

between the unoxidized film portion and the capping layer; and

40 forming a copper layer between the oxidized film portion of

the free layer and the capping layer.
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forming a ferromagnetic second shield layer; and

5 forming a nonmagnetic isolation layer between the second shield

layer and the first pole piece layer.

45, A method as claimed in claim 43 wherein the unoxidized film poxtion
of the free layer is formed as a nickel iron film and the oxidized film

10 portion of the free layer is formed as a nickel iron oxide film.

46. A method as claimed in claim 45 further including forming the copper
layer fully oxidized or with an oxidized film portion and an unoxidized

film portion,

15
47. A method as claimed in claim 45 wherein the pinning layer is formed
of platinum manganese.
48, A method as claimed in claim 47 wherein the making of the spin
20 valve sensor further includes the steps of:
forming first and second seed layers with the first seed layer
composed of nickel manganese oxide and the second seed layer composed of
tantalum with the second seed layer being located between the first seed
25 layer and the pinning layer; and
forming the first read gap layer of aluminum oxide.
49. A method as claimed in claim 48 wherein the copper layer is formed
30 4-10 A thick.
50. A method as claimed in claim 49 wherein the capping layer is formed
of tantalum.
35 51, A method as claimed in claim 50 wherein a forming of the pinned
layer comprises the steps of:
forming ferromagnetic first and second antiparallel (AP) pinned
films with the first AP film interfacing the pinning layer; and
40

forming an antiparallel (AP) coupling film between the first and

second AP films.



