; e3euzr v6&TzJ]' WD 0013494b 1 ~L"t' 3 SEED LAYER FOR A NI G(E!immummumm“
PI NNI NG LAYER FOR | NCREASI NG THE MAGNETORESI STANCE OF A SPI N V.

The present invention relat emumﬁ"wmmm ayer for a nickel oxide 5 (Hi@%
_pinning layer for increasing esi stance of a spin valve sensor
and nore particularly to a seed {i@yer between the first gasp .L/ayga mnﬁm@e
ni ckel oxi WO E4\6 pi nni ng | ayer of a bot{om spi n val ve senB@F 3
.increasing the magnetoresi stance of the sensor 10 A spin valve sensor is
enpl oyed by a read head for sensing nagnetic fields on a noving magnetic
medi um such as a rotating magnetic disk. The season includes a nonnmagnetic
el ectrically CondBee LMSER|FOR ASWHEER QXIDR PINHENR\KAKRY FORt THEBRAGING
ferromagneti c pinned | gl MACNRTORBEISIANCR) QR (A GPIN SRALVE\SFNSOR an
antiferromagnetic pinning |layer interfaces the pinged |layer for 15 pinning

the magnetic MOgENL gled NG phiuicd JANELs 48 4 Godd Wiver AT kMR (B1Es (ABS)

which is an ,expo_s%c? sur g,rx]sorhﬁt hat faces_the magneLic pedium
Fi rst 3gi | d R oRIPHEE RRYEF £ T AREEREERT S HEIBRTH AT B E e &y ST Vo ve
¢onduct i ngaenasanand mare PArtiHUAELYIOUY FEPA L AT RATVESHSRENT IIGE 73R 1eYSde

| ayer is fase the miekal exide pOHO) | wionimyl lapem ol v bditken tsipdn svalye nsengon £2er o
bi as poi nt ; RaGaEIAY the MegtReRN%RiktenResht ke s2asomnegat i ve magnetic fields
froma wavi ng magnetic nmedium The zero bias position is the position of

t he gnetic nmonent, of the free Layer e 1S, M

statg%1 nanel y whetPPhE Ve EP T %%n p}%gg?\%gcf%??‘&%dwtgﬁ %}ﬁ‘%ﬂs}% ngﬁgé‘{ltc

Wi t hout anfiekdgne? 2cmPYiRgnaqReTtsiReTE W SHEY 2P ot <'i"t‘:’|"'ﬁ§;10 BREaEc A %6 s % The
magneti ¢ noanselr isclpdes er abhnaguetid ledecyrdcally FIRUCEREVE KA ot 2R3eBhLA¥ Tat e

of\ the s_engggdwilcﬁed bemagnetfgtrmmtimfpihimi_ flayer kajer tesraregnetic free_
gubstant|i a!l.a!uYelrQaﬁﬁ'ah@lfe&@m&cfﬁ’eté@%ihﬂiﬁé‘Qaﬁw eHEQRacES ahe, pirdhes Clayer Sl |
be' rgd i ghal.ASYIELLL 1 URROh S OCRY GRER 1 8e384 4oV gnalld HELAL Ve
magnerti c f TP ncur o ns.froma rotaal I"l-% |skf ?:}? Thse tpﬁctk gges Qh;he
Spacer | ay8¥rfagec RRSLhighhis a0 SXRREA THETRSh 185K h 0 g ect rons
conduct ed” megrsngh nedéumenEarst ARAHEACARY 28PP5 AT MERDECEEY 5P TN SR PAEYe
conduct i onsedset fansoadirtinatd Gepse Cprrent FRRTOrBTmSl - (fhet Rronesie doneny Of
with the pipdesdednthybt 6n fayerd. rifer iheositivagiret reyardrendisectidusefmimned
and fjpee | gyRLD Aid BAMY pBhid¥ohNid QapSkise! & PBSLLANC! Y negAlive et i

mni mal - ark eg y! h%"{m'lgg”,% ' %:E%%HI&.arﬁ\eaQEfd)%ﬁ‘é el SEARL L£TdHATY 1S
maxi m zed. ding R R alTering chan £9 the .re | stance %et GaSP5R Iave
sensor as BOFRRIER; ntht maguepic 3)%?”&3 0 reﬁn&"e‘? bet ween trtgﬁna net | ¢
nmonent s of quérscehnrAsater nagnele ¥hpn bessengeserredt i Gepdughes, %‘é&af"‘e

si gni fi canséysdyi grizhoungmet pamwitse Aiadd tingnrsiang firont 3 FPratinggMRITHtesi sti ve
( AVRssens@gsk.Forhd hgnétaesatndnt is psefmiabieparelielr eol the 38s dnghlent

magnet or esp ol ARGG: (EYR FCPRO sellbr | OAldnaNmdthet hie mBh@ft pai flie Ofed heyer
nanely & {30 b pat GllaE paanis 8UEnTRAS o OKE BR O ef BRaLES RYE)
pi.nned Iay@?‘nalbf"d’?’r'?es*?nég ?W&Pt’é” Jefa th’rai,%‘icg?i%@cf)g am %vg glﬁgga%iayer)
sense curr Bpgnetig] {Held poprEicng f1m go #3988y ers of the spin val ve
sensaw except™'lie free layer, and the influence Q an AMR effect . The

i nfl uence of thendVMRigkicaet oprenehspdtieaslgyel nts choddne ts dwelass ahamghetiaan

influence gpgh capy gg%&ggs | nbGEtR hroiBe thkUskhsend diikkcdhien A bottom
spin valve eehenedd Ph (e Yof By 8K dinBldlifh d¥kfns(NDbcptnbaty aer for
pi nni ng t h&THEReET ¢ dment ~of the pi nned [ayer per %epﬂdlecglaaerr to the ABS.
The pi nni ng™teRFeres Sff Bhandaeshs daYey Yo" (8 i"f‘§€ Fap e’a3ieryof5'al um na

(Al, ®5) anvbagirsipi mmedts sferhe Pipppdaad fiYeeclave PrenRATHLHrh girh RRspPect
Subsequent thagar andtheneskaaterinie is priaénal apéwhen hehefip geagnaytt mopeR:ssatond
gap | ayer apgigahelsacesdt ehin dsl ayanizdd. t thamges age sthaespig) chahges sensor

has a magggg {;ﬁh%a,@e JREER oaavgﬁ(eﬁs&@earsei Runct forl B dAShstvhace Plisthm
sensor an | e change inre [ r 0 ;

appl i cati oA"H1® ?’ﬁé“eaeﬁ ¥ eegmfxl‘ee ; .ﬁ‘gﬁ%ggq&egﬁ mﬁ?ﬁﬁgan@iﬁ%gh%an f's formed on
the. i n Yal(R sea¥RroR2$ (f SAES YRR YOR? ’t'Pf}/é';'ﬁ/F?ﬁeé"fﬁ'é%‘ﬁ SthE il tiple
phot or esi s®nisgrappiomagtreorasif R offMB] 290587 e RAF FRiPpARAER S 8 250 far
6- 11 hour s serdétinebaredelrdd By s2dugbmict hagreioresient veo i8R INE§A¥Tor esi st ance
of the sensor, The amount of reduction determnes the thernmal stability of
the sensor. tEf f Qb f}ﬁﬁ?@idmug 2510 E'i!hé GoSht RnVéley S-S0 dardet 1 RhPlvencea .
magnejor esi st ance that _survi v e r [ C :

hi gh }nsagnetbgrg%“‘lrsm%ef%%&ét 3’2 6 flhnecr gaa)g%g ’g%ﬁgyt% \?grflmgapﬁﬁu%l %g\?ﬁqggl ve
sensor to magnetic flux incursions froma rotating disk. Another

consi deration, however, is the ferrmagnetic coupling field (Hc) between the
pi nned | ayer and the free layer. It desirable to mnimze the ferromagnetic
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di scl oses a spin valve serisor and hard bias |ayers electrically xnsu7, ated
froman asperity conpensation | ayer by axe 5 antifexronmagnetic |ayer nade
of an i.nsulatirtg material.. ey engb.oyiag particular seed xayexs for a
ni-ckel oxide (Nio) pinning layer ~ n a bottomspire valve, the
* magnet oresi StanCe of the spin val ve can be I ncreased. Zn a preferred

enbodi ment a tantal um oxi de (TayOx) seed?~, 0 |. ayex is fornédgddUNoZﬂ Sors
Che first gap | ayer and the ni okel oxide (N| Q pinning layex is forned
- direct7.y on the Lantal um oxide seed layer. This is followed by the spacer
and free Eaglar dHahcbetivéénTihel pinnbd Jawet anbege £ \lagenora AehagdEdgpldoeour s
in the magRegor efdd aROQiahk@Xalbe, keidd BGrfdntpLididshengorEste katli on of the
wxi ze headgnglize lwwsmaoaf'&eaapia caple sre&scﬁne:lép%nt-.hpamlalfdyeeAFéhdpmmed

bo-oLom SRR LAl UG 3SR cn ol Syl ALCLETRN LSS LI eOLLaI o1 1

val ve sen Otf e Senso; ea-

| ayex t haPoHis 8 thet AXPE PatH “F‘ﬁ&ﬁ“ﬁ F‘Pﬁ 1gRch éﬂdtfét“vv@‘érfleffll?%‘i/ 1&nﬁf@éa‘?fnd
mags~et i cmigriggdevandCiiaeayidse cobalt (Co) . 20 An object o,f the present
invention is to provide a spin valve $ensox with inproved

magnet or esxst aﬂC@m&ﬂO& ar vljeesdnshs Ey@:@in\y efplo¥Rr AUAAKIRGRRESN @Bt ax| ce
of a bottg % peﬁgﬁrﬁgdc&%%v& RERS U whi fwa&e@l@gs,aﬁl ng ot her
pexf or mar o= tox S: o SO a‘u>e<:;_, iear fo Ot L Cttl% de a
seed | ayeP*¥6H %\c 5Kel 8 gr\ﬁﬁ)z’ nn? ot a Do

e ox AP
pi nned spFiFfafiR 1§§ﬁ’§(ﬂf H‘Pﬁ"("“ ﬁ’ge ﬁé@’l'\‘/n“éjt &ﬁ}ég’i %ﬁ%“%‘f 'é’: e?(]sor

Wi t hout | PR rt@gspirginnclager| e@F‘BﬁWFPEtha&e%GﬁF‘FWg aBEt"d?éeﬁpﬁ“tePfelﬁerx ed

| ayer ari @rdéeh@ayerethawerolt wendaynr sodepiabeecdd wbieldOlhper .objteshss ai | d

advant agescdyfe the sbINOAlLVENsatisht HaeCaMRgAPRAEe dtanpervhicRall ag/1 hitere R

fF ol | 0\1»4 nglg%@rwéueahéea&?rhﬂeogéua@raﬂa bR imhéﬁzrﬁﬁgamagyamaﬂéﬁwf NG
ig. ~. Sa anar view o a n s

an end vi ew 019' ki Pﬁ%‘éu §%§‘§"B1 Qép]g,‘ig %ﬁlﬁ a % Ty thgad sh ovvn

netl c
in hi dden“’f"rﬁ‘?eﬁg-ad F—‘Fgf“ﬁ‘ef‘s“afg gf)a‘f 3SR PERF of SPhEhad ﬂ'g’[ fsB%ri ve
wher ei n nﬂ?’tqephﬁaﬁFbk@“&ﬁéplrmgh‘é"cqremlféaayeé‘@@%@Fo%ﬂ‘laﬂ’s"“l:?@ac’%“% an
Xsot net ri ha@d bTkads et iton29d° for gxdhploary- sTbperiwrdnbadying eradfees $hpporti ng
t he sl i desafaredenmigpned iragheadesistafice d2~the $e8scr.~ Bhd agohhtZ@3rdBeegteh i S
atx AeS Xhédeshiadd @Re Ghethiel stisiancy aleerie aknsg pl ane 5-5 0 fib. 2; Fig. 7
Is a partial ABS view of the slider taken along plane 7-7 of 10 Fig. 6 to

show the read AR ed,UBHEA RO IRANELLLE Stk mithoP~T SChES

Pat ent ant (Egg%oresxstgﬁﬂésnhat %urv;ve Ehe hard baking cycles of the write head.
High magnetoregistance e¢quates to increased sensitivity of the spin valve
sengor to magnetic flux incursions from a rotating disk. Another
congideration, howeveyr, is the ferromagnetic ecoupling field (H.) between
the pinned layer and the free layer. It is desirable to minimize the
ferromagnetic coupling field since the ferromagnetic coupling field
affects the bias point of the sensor., A ferromagnetic coupling must be
counterbalanced by some other magnetic field in order to achieve a zero
bias point. Sense current fieslds exerted on the free layer must alsc be
counterbalanced. As the search continues to increase the magnetoresistance
it ig important that the spin valve sensor not be degraded by scme other
factor, such as a high ferromagoetic coupling between the pinned and free

layexrs.



Q6. oxr. 2ao00 ~'ig. 6 is a partial eleva~it~n view of the slider and
magneti c head as Seen in plane 6-6 of Fig. 2; A~I(END~-D SH-~"1" ,,.. (P
FAIEP 4 - 3 ,1 UN 2003 Fig, a ~.s a view taken along plane 8-8 of Fig. 6
with all material bovedhe 521 hayer removed; Fi,g. 9 ~.s an ABS
«illustration of a dqinple bop mspin val ve sensor wth a tantal um oxi de
seed | ayer of the gresent invention fox the A FMIlayer; Fig. r? QIQ
isometric illustrat|idm: i ' 11 ~. s an AeS|IIustrat|ono

pirnned k~ottom spi t4nt aXum oxi de seed | ayer for the
AFM | ayer; Fi.g. 12 zs an isonetric illustration of Fig. 11; Figs, 15A,
1.58 and 15~ 6huUSv mtEnt sk . nei1odzof diekiongs th@pianiadl-eimearssangaeddl mser of

t he pr esenta}telweérédtemalapdulﬂug&edl@Por@rahdagﬂi'lWWmﬁen%‘iQQ&d 1WREhed of
maki ng theaﬂﬁ&k@l-&{l’gﬁééﬂelm?&eﬂa&@)&rafomE m%t&k&%ﬁl%ﬁiaﬂve”t' on. Dsagaetic

bilk Drive Referring now to tl dr aw ngs erern e reference nuneral s
designate like or simlar parts throughout the several views there is
illustrated in B gegplix@gap?ﬁdﬁ'ét’rrc *HES Rayr ey E°o3F i ldpride SBLQ) npimdE9 a
spi rxdl e 3B¥SHain SuppBIs Skl VRbIGt &8¢ Faguefvars batdhck FArhd eis piaidd can32
i's rotat edbebynaremsedr 3@ntdairekercantmaidiechtDy cantalai oodd r@ajolesedd_ A

conbiped raadraid Gorhéd H@ré@cﬁ'}e&ﬂ GhBegidsf0gdps 100N LR4l BB Aickkh d&tldéthtBEt
At 32?5"2?‘*‘*“‘98“?'?%%% @%Wéf’éi”?%@; éﬁuﬁhes*ﬁep'stidaé%%rc?f
storage dewi cgj‘i‘?‘fﬁé } rIB’F?é{ j layers,an %Lg]g' é’l‘igtl gﬂ iy ‘é'tﬁlcf a4%%at or
arm 46 poeTHivh e 7“‘1°Be‘?°°4‘2'5e’d‘ t"'H%tt"“ﬁﬁ%“’r‘l"&Qh‘ét"icE H5g Wy peking grep dn
t ransduci ngrer eprAtzuatitinpofithe weingr heate JThe Reverddnetisc aphldieaBY: tWam t he
di sk134 | santdpataddel biar) heirnedt imet86. sitihevallviedesnsioe ©UPpLX 'asetheon a thitl
(typi cal | yafeorbdarnthon€d ShieTe Bbeeind spii abedlseRg)y bete B, pinhed JatE&C gpod
the disk 3&1%@%&:&&64@9@@@ pmgadgyweaceha(%t@ é%ut@aeumnetcithﬁ@etuﬁ

may t hen fonL Wik t I ¢dlsar tracks on
t he surface oggljtl %ér%?s mcongqt%gfp Jgésﬁmé)rwg;é%l mg ﬂ Srgbrfa;lttjgn) ‘t herefrom
Prpcesaing Crcuitry SO exchanges signals, repr esex~t| ng such WO 00f 34946
5 PCRY GR991039F object]of) Ny BPEPankf HIVRRE} SN 15 \iia REPHideht APLIR0TE 1P AFRERS

nmpt ar dri watbi gmaioged orgneticreshFanhe- nagneti ¢ di sk 34, and provi des control
ssgnala for nmoving the slider to vari QUS tracks. ~n Fig. 4 the slider 42 is
shown mount ed tfhdchér JuGHENTL0Z pidvidehempR@NRghstdlescidhed drenaidtabave

may be 8| quated annﬁ pinﬁé&ir%lé%ﬂﬁreasﬂéui-'ﬂﬂh&ﬁ ASg MWD denbr HeFEormance | 0-
er 42 and the nagnetic head 40. The slider has

5 |s n A

a Oen er ?ﬁ%c}é!:g%’ ?ha’f sﬁ%oorts t he magnetic head 40, and side rai~, s 58 sad
60.- The rails a6, 5B and 6D extend froma cross rail 10 62. with res~r ect
to rotation of ® KEvFReiNERIctdis ERBTOHAR 5683 Yaxpy &9 ¢ Rigkel, opddsyiMiPledge
64 of the rbhéeg laver cfica rhaghet G At GT4ER pdnped apit ARLVhFereR)e EBH- of t he
slider. 1 ivagadsmist EXe Pegnetiorpsilabi€ of6thd sansdd @ichaussisaetsigakhel evat i on
vi evsof t hRrbBfiguetic BeplndOpaiies thaspindtki 18 eheath pRE tAx@8 1dYedtibyand ead
head portiQnaddepchbfe 16a4h head portion enploying a spin valve sensor 74 of
the present invention. Fig. 7 is do AH5 view of Fig. 6. The sensor 74 is

| ocat ed bet weer, f|

St
r objects and advantages of the invenktion will become apparent
upon reading the following description taken together with the
a5 accompanying drawings.

Fig. 1 1s a planax view of an exemplaxy magnetic disk drive;

Fig. 2 is an end view of a slider taken along plane 2-2 with a
40 maguetic head shown in hidden lines;

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

45 Fig. 4 is an igometric illustration of an exemplary suspension
system for gupporting the glider and magnetic head;

AMENDED SHEET
(PEA/EP.



~0 and :second gap layers 76 and 78 and the dap | ayer8 are | ocated between
first and seGGnd shield ~. ayers 80 and 82. In response to exteraal

magi xetic fields, the resistance of the senaox ~4 ahaages. a sense Current
ZS (see Pig. 9) conducted through the sensor causes these resistance
-changes to be manifested as potential chonges. These potential changes 25
are then processed as readback signals by the processing c~.rcujtry 5D
shown is Fig. 3. The priax art wite head,portion of the magx‘~"§ hﬁ-ﬁh\baﬂﬂa
includes a f- coil, layer 84 |ocated between first and second i, nsul ati an

| ayers 96 at~d !.~, 30 88. A ehi.rd insulation |layer 9D may be enpl oyed for
pl anari xi ng t he Rigatl %= asl A58 Adlustiritpignest thet flddse ciavdni aisub aplson 3-dyef
caused by tdag.coi| | ayer 84. The First, secQid arid third insulation

| ayers; are referxed to iu the art as an "insulation staG~~. The coil |ayer

84 arid the firg,, $ecan dhind i |l ation. l.aye :

| ocat ed bet ween%[fl?r' sf '%SQa%%qn'géig;% vi)%?g @%ibe‘gfe tﬁgyéﬁgggfngﬁggﬁ%f"?%%g?i rst
and second aﬁof%""“pi"éo%l?‘l”&yg'rss°§35"§nd2'94 are magnetically coupled at a back
gap 96 8,nd have fiFSt and second pole tips 98 and 10D which are separated
by a wite gap IFdger? ig2aaiaxtchel 388.viay shohna S1idey gake? soda Hlaherst? ahd
seconm sol deg. Goraeskdwo e M34daird difiecond@ats lcEadse maghadikensansor 74 to

| eads 113 and 40 12d an the suspension 44. Third and fourth sol der
connections 1.18 and x06 conaeet |eads 130 arid 12Z fromthe cai~l 8~ Isee
Fig. 8 to leads 126 and X14 on the suspension. | at the
magneti ¢ head 40 enploys a single |ayer 82/9Z to |sBurapalsches Hatertamtyi on as
a second shield layer for the read head and as a [f ©€PJt- Dipoststadediasit or t he
wite head. VI rO 00134946 ri GIl GB9~1035~33 6 --{ ~ J ﬁlN gﬁJﬂmnThis type
of ,magnetic head is referred to in the art as a netged ﬁeg . pi ggyback
head enpl oys two sepaxate layers for these functifons. The lavantioa $ Figs.
9 and 10 are schematic illustrations of the prese s ' [ ~sor
2p0 of a read head whi,ch includes a nonmagnetic € T ve
spacer |ayer 202 which is sandw ched between a ferromagnetic fxee |ayer 204
and a ferromagnetic pinned |ayer 206, fihe pinned | ayer 14 206, which may
have a nickel Iran (NiFe) first pinned film207 sad a cobalt (Co) second
pinned film 208, has a nagnetic nonment Z09 face Fig. 10y which is
preferably pitui ed perpendicular to the 1~S 210 by an antiferromagnetic
(AFM layer 212. Each circle with era x in it ~. indicates that the
direction of the magnetic m-lent is directed away from, , 15 the reader.
zn a qui escent state (sense purrent IS candncted through the sensor 200 but
Wi t'hout arty magnetic incuxsian froma rotating nmagnetic disk) a magrxetic
nonment 214 of the free layer 204 is preferably parallel to the AHS 210.
Accordi ngly, when positive and negative i Xi CArSiOn$ are inposed or. the
spin val ve sensor 200 fxoma rotating nmagnetic disk the 20 magneti ¢ nonent
2x4 of t.he~free layer rotates upwardly and dawnwardly respectively from
the parallel, position shown in Fig. 10, The parallel position of the
magneti c nonent 214 is generally the zsra bias point on the transfer curve
of the spin valve sensaz~ and when it is positioned upwardly ax downwardly
fromthis pars.liel .po$ition is a quiescent state 25 the bias point of the
spin val ve sensor is not zero but sone value pabitive or negative with
respect to the zero position. ~ltre~x the nagnetic none~at 214 is in the
zero bias position the read signax has synsxetry ahaut the bias point, but
when the magnetic nonent is angled upwardly ax domawardiy frcne the
paral l el position, shows in Fig. 10. the read signal 30 is asymretric.
Accordingly) it is desirable that the ma:gneti C nonent 214 of the free

i ~tyer be located at the zero bias point, which is the parallel position
Shawn in Fig. 10. when the read senSt~r 200 is fn a ttuiesoent state.
nanely sense Curret.t r5 on but no magnetic inCUrsi.ox~ froma rotating
magnetic di 9k. 35 1~,5 stated herei nabave) there are various forces acting
on the "magnetic nonent 214 of the free |ayer when the spin valve read

S~ x6Dr 19 in a, quiescent state. These forces include a ferromagnetic
coupling field between the free | ayer 204 and the pinned | ayex 206, a demag
field fxom40 the pirned | ayer 206, sense current fields when the sense
current ZS 18 conducted through the sensor fromall conductive | ayers of
the spin val ve sensor except ENBED S8HEEY4 and the influence of. an At~t
effect. The stronger of these inﬁﬁggﬂggp i.sthe sense current fields from
t he spacer layers 202 and the pinned I'ayer 20ti. The AFM | ayer 212 is
constructed on 45 the first gap idyer 216 which first gap |ayer is also
Spawn at 7~ in Fig. 7 '




-- s ~a N 2aa3 6. A sap layer 718, which may be tantalum (Tal is
constx'ucted on the free | ayer 204 before constructing the second gap | ayer
78 shown in fig. 6. xhe AFM |l ayer may be 425 | ~ of nickel oxide (NLO), the
pi nned l.ayer 207 may be 8 | ~ of nickel iron (N Fe), the pinned |ayer 208
"may be 12 A of cobalt t~Co)) the spacer |ayer may be z2 A of copper (Cu),
-the free layer 204 1' Aay be 70 A of nickel iron (NiFe) and the cap |ayer
z19 may be 50 A of tantalum (Ta). poring 4he naking of the wite heart the
sensor 200 is aub~ ected to aru~sealing of 23 0 C for 10Iuny$ g&é Bér

t he snaking of the head the AFM | ayer 212 is reset by appl.yit gJu 0

tenperatux' e ofg;g00g g ROy chkdrOh1ddy BLiHY @Sp id? FiP. RF 9SE@NGE1 Matrdridrel d

that is di p e Q the AHS. Thxg sets the magnetic spin$ of
t he AFM | aarfgggq%f ?Eﬁﬂt E?%%#Jﬁg%v cul ar direction which, by exchange

coupling, pins the nagnetic nonents df the pirused f3. InE 20"i _and 208 in
the sane direct§ign)? ignar \ABSeiberflreticnr of ¢ fHPLABRItTAT 8Pt dAbBUSeMNt of
t he presentithnyeantaiums pxidnseédiinpss dd (he gyeBut swegitiqy dior20ie ABM

enpl oyed heiween Che first gap layer 216 and the AFM | ayer 212 as shown in
k’igs. 9 and ~. 0. The tantalum ox~.de seed |ayer increases the

magxi et or esi st gnee t ed to a sinple bottom
spiix val ve se%ggr ﬁj 1tsh9§31t1% tqt%gn@géf%qg%?a}e%s%egl ayer s.ts the

i nstancee~ of the as deposited state of the sensor, after resettixxg the
AFM | ayer 27.2 Edgd ¥ térahaP8 HIURFEatdoRrmE pASH airend payers spin (vRtvVawr it e
head. The seamtnalvinh oxitdstsleadotizigesed?n layoe$on@hesaginilayeant | y i'ncrease the
ferromagxietic coupling field between the pisuZed |ayer zo9 and free |ayer
204. Further, sijgxXae skag qg%&xbdgllugtmogt.ﬁng;gt i7¥¢ sso sense Curx'erit
is shunted theret hrough nor i.s there any sense current field e~Certed on
the free layer 204 to affect |ts bias point. In figs. il sad 12 an
antiparallel (Af) pinned bottom spin valve 300 i s shown which has a

tantal um oxi de (Tay, Ox) seed |layer 3QL. xn this ednbodi nent a spacer |ayer
302 i.s located betweer~ a free |ayer 304 and an Ap pinned |ayer 306. The
AP piruied | ayer 306, which is described in ~. S. Patent No. 5,'141, 223 may
i nclude an B 7~ rut henium (RU) spacer |ayer 309 which is |oce,ted between
pitnmed films 310 and 31l oa one side that are ' exchange coupled to an

axit o fer i OMRInElLP (e Nes! ufhsd dnfdnd ﬁ@s@n&ungy | Ghicdilel BRE YR 317

on.the ot herds é Bacer . uf“ayer
313 pins PHREHEFRRARYHditen Ifffge 'i‘ "Pﬁenﬁ Ahé&F°f ~. 7. ma 310 and 311 in one
direction perpendicular to the x~S and tkse magnetic nonent 320 of the Al2
pi naned fil m 3F¥9%s Y5Arand &6R 9hoHR #9pard methidr ef tiadkAng cthge REAEIERICXESE t he
AES. Sashseed Glagewnidthtlan pdesentr inydntioB. ~ a a N ~ao~ indicates that the
dxrectiori of the magnetic nonment is toward the reader, 'the pinned film
310 may bgadfhticObisM §Lk&le irOn (NiFe), the pinned film 311 may be 24 ~ of
coHalt (Ca), the spacer | ayer 308 may be 8 A of ruthenium (Ru) and the AB

pi nned film 3~ be z4 ~ obal t etic nonent, 332 of the
R4 rs%.x\ g 'i .
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tantal um ( TSGR OGS L e AN Sodhiol NSnSBL D XAINESAISRE AQ, | &

unproved fp) Foy 1p ntal um oxide. (1a r}" E [ to

a bot t om FLSeFP T PR MR ARG R R (o

7. ayer | nEF‘W@B’Fn%Q%*?ee ASP) AP 480 pielideds st Fhe BEPeRBlcgeht R aftuskor

ra$e@ i ngarmaeAbesitibnyde 8lixiear 42 agf tegt hbe dhabadtileghedik 4dnbuliataon | ayErs

of the W tishdd@athg Fuldtienshiie vietaaburfaexi 6t theatighayRr adsiesi4nothen the

ro, gnifi cami ¥ei NEXRRSEd B RN hevmgpetire souRkT I shpsddehednaetmiud he

pi nned | aygr,,. Qﬁd,g“dost;hﬁ) 1 i RYSX afflhas EUIDEhe) agewéamﬂ W exidge seed

| ayer Xxs no opduct i ye and e~ens nor
will it eX8Fé ﬁﬂs?'e“n§5 er 3t hFF‘é’r’%? gﬁr#‘l‘fé ?’*r‘%é 1%y %6@9{‘% ° aﬁ?dné?s its
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Fi 9. 15A gnérefxohal pphedetnd aetuddy sepsshidsosdsmhbe, frepsiésegaind ayer (G )
3ubaequently, ~ the seed | ~.yer 401 is subjected tq oxygen whfek~ causes a
top surf ace por'tf.dn td oxidise . These step6 can |~e acconplished iri a
sputtering chanbrr (slot shown) whexein the tantalum (Ta) seed 7.ayer is

sputtered onto the first gap layer (Gl.) . amshown |n F|g J 51 fol | owed
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an antiferromagneC c piiu7frtg layer o;~ ni.clce~. ox~.de (N 4) ; a
nonmagneti c electrically conductive spacer layer; a f erromgaetic ree

| ayex; the spacer |ayer being sandw ched between and interfacially

engagi r~g the pinx~.i.~xg layer arid the free |ayex;. a seed |ayer of

“tantalumoxide ; the pituzirig |ayer being sandw ched bet weer i the se

" layer a,t-~W@0RéMSpanned | ayer with the segd |ayer i nt er f acPGI/FHS g?égl ng
the pinning layer. Z. A spin va7.ve sensor as olained irs cl alaﬂMgggsn

_the pinned layer ' ie an antiparallel (Ap) pinned |layer tl~,t .

first. az' ~d seaaud ferromagnetic filnms; a ruthenium (RU) spacer film

sax~dwi chediBOrRatidm vid £h¢ Jead tp .spEeHides dotoRmipiue i siohplarer tiveatingst

f er romagnet Hee matmetiict @idkad4 n@othprqvildes rontwmylesioualh fdrS meRiGgetie si¥dERn, t

panned by tb& vairbdisngréder i ¥14. fnh&n@&ézeqblmshaﬁdmbnﬁtéaee&m

f t t
bl e by | hemerp | “%?i e o F’?@“épﬁﬁﬁ‘%;@‘y "‘%ﬁ%%“.‘*%" Rl B o €

antxpar alle 0 sal hosf'f FactT Shown in h val ve sensor as clained in
claiml or 2 i~rhereis7. the seed layer is Tayox whi ch has been reactively
xon beam sput eer Biff-i A ihanpaRSO¥ieCafothep}itar 4D thk nAgmgiin healdven.
gertsor as THeaishbdkri haglaakenterora?l Bhetimitnsipper &L ete | Mt RORPED &@5 akay~aC
whi ch has_begm exidl 8ehndVsEXPRRYALLE RXVELYTA (F-bxtord ¢ n{ngé‘zﬁ} rd1§ad

a s an ] ~
(har 48, "o RSP highopEd 368 Lubnche SRR bl A NIl
sensor respbhéfvd 13RI StafhetiPcsHider £0d the Eranstdd li“ﬁdc#‘élim at & j r st
fluid seoonﬁ%é%%&éﬁ%tﬁﬁcoélté‘et slidarly insulative gap layers; the spin
val ue seasor being | ocated between the first and second gap |layers ; arrd

fhrst and seamebic aeggtrically COx~ductive |ead |ayers xocated between iQ
\';he fyxXSt aad second gdp Iayers arl d coaryeeted to the spin vaI ve sensor

or Conductin Sen r t n valve sens netic
head as cl aj mgdaF Fal mg5£§§r% BB g&mmglnegg IR Vg af??ﬁ ‘35‘3’3?5’(‘1 8
( Ap) p||1necﬂq gy%ﬁh Pﬁﬁla wﬁéquaggd qPrtfgqig and a read head portion 2, the read
head portion employing a spin valve sensor 74 of the present invention.
Fig. 7 is an ARS view of Fig. 6. The sensor 74 is located between first
20 and gecond gap layers 76 and 78 and the gap layers are located between
first and second shield layers 80 and 82. In response to external
magnecic fields, the resistance of the sensor 74 changes. A gense curreént
IS (see Fig. 9) conducted through the sensor causes these resistance
changes to be manifested as potential changes. These potential changes
25 are then processed ag readback signals by the processing clrouitry 50
shown in Fig. 3.

The prior art write head portion of the magnetic head includes a

coil layer 84 located between first and second insulation lavers 86 and

a0 88. A third insulation layer 90 may he employed for planarizing the head
to eliminate ripples in the second insulation layer caused by the coil
layer 84. The first, second and third insulation lavers are referred to
in the art ag an "insulation stack". fThe coil layer 84 and the first,
gecond and third insulation layers 86, 88 and 90 are located between first

a5 and second pole piece layers 92 and 94. The first and second pole piece
layars 92 and 94 are magnetically coupled at a back gap 96 and have first
and gecond pole tips 98 and 100 which are separated by a write gap layer
102 at the ABS, As shown in Figs, 2 and 4, first and second solder
connections 104 and 116 connect leads from the sensor 74 to leads 112 and

40 124 on tha suspension 44. Third and fourth solder connections 118 and 106
connect leads 120 and 122 from the coil 84 (see Fig. 8) to leads 126 and
114 on the suspension. It should be noted that the magnetic head 40
enploys a single lavey 82/92 to serve a double function as a second shield
layer for the read head and as a £irst pole piece for the write head.
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first and second ferromagnetic filLas; a ruthenium (RU) spacer fia.m

saadwi chad between the first and second ferronmagnetic films: 20 the fir$t
ferromagnetic filminterfacing the piruiing layer with its magrieti C nonment
pi nned by the planing layer in a first direction; and the second ‘.
ferromagl ~etic filta interfacing the spacer layer with its a5 magnetic
moment pl ameplodBasdéne first ferromagnetic il,fi in a sBCOnd ®CTHGRM0INEAN
that is aritiparallel to said first directfon. 9. A magnetic di sk drive
that includes at | east one magnetic head that has an air bear l_kNlr

(ABS)) the disk drive Conprising: t ' 3p the magnetic head incl hding a
Ctrnbi ned r ebds opd s chaytiédie baadis actorked bead thohart | e hudadgba Haags SPi n

val ve ,sensqrg {ﬁﬁﬁg@glﬂé@dt&ﬁg 4 il SR Fﬁtél ga)f, £ 85 Resd %hﬂ@ﬂohg claimX;

first and secon onmagnet i c e ectrical nsu ative gap layers; 4U the

spin val ve sensor bejng | ocated between the first and second qap | ayers: '
and first afBesEVBREAM ectrical y conductive |l ead |ayers | ocated between

the fiPFst and second gap | ayers and connected to k, he 5gin valve sensor for
95 Conducti ng a Fégse 9Cand erdt atéwrseughtthalsuédﬂwodavefsamsﬁfesentVHGn valve
001 34946 PGyEhidIOOIWIZ Jaher nénd) whhl LAl dtibliohEatt egddidbitiy 1 X!

and second BehficiifE SosBUEN3yaN 4o Wicn! s SRRNBNES beBuddiCel it &,@@q ggcond

pole B ece LIS hage 0 0 FhSalibebls atengd e 2 %

er
24 86 RZESE BHPE he
A$S; M an PR&uMBEERy Moyt have RaRACkL dirop caldFer fizet Mpped &m0 nand ati on
| ayers: at teomeS+t (Colec s€apnd papmyd énlreddiedhnn 4 hegnerdnl mimeon 2Macskee angl. r

. XS theoe] MedbRtieBréfeial1pPAnkdie pafpen@oailaong ¢ré lagsay ey pheig | ocat ed
| aet ween thﬁnéiﬁeﬂaﬂ}ﬂéf{gﬂgm)BCi'a?e:P'zQ&e AU T el RSP L doSRE YD Taver

and the fi rir&dﬁgltes R;h%gethe :Lrec glor? %fatlgeonntggoz{]e&czaﬂ/omeht is directed away from :

15 the reader. In a quiescent state (sense current IS conducted through the
sensor 200 but without aany magnetic incursion from a rotating magnetic
digk) a magnetic moment 214 of the free layer 204 is preferably parallel
to the ABS 210. Accordingly, when positive and negative incursions are
imposed on the 8pin valve sensor 200 from a rotating magnetic disk the

20 magnetic moment 214 of the free layer rotates upwardly and downwardly
respectively from the parallel position shown in ¥ig. 10, The parallel
position of the magnetic moment 214 is generally the zero bias point on
the transfer curve of the spin valve zensor and whan it is positioned
upwardly or downwardly from this parallel position in a qQuiescent state

25 the bias point of the spin valve sensor is not zero but some value
positive or negative with respect to the zero position. When the magnetic
moment 214 is in the zero bias position the read signal has symmetry about
the bias point, but when the magnatic moment is angled upwardly or
downwardly from the parallel pogition, shown in Fig. 10, the read signal

30 is asymmetric, Accordingly, it is desirable that the magnetic moment 214
of the free layer be located at the zero bias point, which is the parallel
position shown in Fig. 10, when the read sensor 200 is in a quiescent
&étate, namely sense current IS on but no magnetic incursion from a
rotating magnetic disk.

-~

as .

As gtated hereinabove, there are various forces acting on the
magnetic moment 214 of the free layer when the spin valve read sensor ias
in & quiescent state. These forces include a ferromagnetic coupling field
between the free layer 204 and the pinned layer 206, a demag field from

40 the pinned layer 206, sense current fields when the sense current IS ig
conducted through the sensor from all conductive layers of the spin valve
sensor except the free layer 204 and the influence of an AMR effect. The
atronger of these influences is the gense current fields from the spacer
layer 202 and the pinned layer 206. The AFM layer 212 is constructed on

45 the first gap layer 216 which first gap layer is also shown at 76 in Fig.



20 a hous3.;ag ~ a magnetic disk ratatably supported in the housing; 29 a
support nounted in the housing for suppc~rtinr~ the nagnetic head with its
A8g facing the magnetic disk so that the nagnetic head is an a transducing
.relation$hip with the magnetic disk; nmeans for rotating the magnetic disk;
30 positioning nmeans connected to the support fbr noving the magnetic head
to nmultiple posit~.ons with respect to saig magnetic di sk; and processing
means connected to the magnetic head, to the neans for 35 roLaimNEQ
magnetic disk and to the gositioaing neans for exchanging sig Uahe
nmerged nagnetic head) for antr0| | i ng. novenent the ma netlc di sk. and for
co~atrol |i n§-t He Poe¥rHRgr YIHED n%’ge?ﬁ?“ﬁ%ﬁ’ﬂ‘ %a) 9 SEEAPE K TRrE
as cl ai ned Layed apmbRfahecopptussing thherecawr (987 etavie¥ Zh séﬁ‘ﬂ ﬂﬁr Eé’ﬁil ef- (AF1
pirirred | ayer that includes: , first and second ferromagnetic fi7.ns; ‘a

rut heni um t Ru) S@ﬁg%mf Ldy@rsand wechd Abst weare1t BRidd rRio)anehs ecnndd layer
f errot nagnet, 0/ o &I L4 ﬁA&t nifxeh3ibhe diFst .ﬁk&rg ﬁﬂﬁ *é:r bbb Mag- B¢ 6 fRGEND

th t
2 i rat O PERRFoRCoTank™d 118380 GRIT Y (bl & A 3 BB 11

l‘facm

spacer | ayeRO4imal be Fordfent ecatohEm ‘&Fﬁﬁe%r’doﬁh‘f &P H’é‘l‘ PLEP¥EgPT &t PE
filmin a seswndudi (Tagt | Fmrihatthesnaking mx bheerits heafl b F%‘tﬂ"ax?@c%i or ~.
s. A nmet hoda@hjdFakd 1@ ausdalling/altVelmenstyr cOMmpursi NGEtéothe ngpkdng @fdrilk ayer
of tantal unwae d8e  AROLIjdr G175 s2PidetChy APPUARE] Keati BOI N Gehpatatudd obXaice~.
|O);;I g? ((:I:\"r 22: LJ eehd ycei‘ | nlﬁemﬁqu P&’%ﬁe pr&senéeogfnangriiélé %259@9{1%{:&@' nlned
conduct sve Bf)éd’é‘ai'f §Pt o T S‘ft 2 e m?%n?tq'% % ?k q:hg ﬁ& i%’t;eq'.l J

nned

tree |layer &% Wh@‘%ﬁ&b‘@?ﬂdlla‘f/ﬁr d%%ﬁ'%d’){‘b@ 0 s ‘TT& lf‘g' 55 ’ihﬁ'at
has an a. ~, wadredit mpreurs 5 ctiRpSIeh Apbmax 39 hgnd: 3°f3a|1ﬁ1"ﬁ‘§ ganee diraTELRP t hat
I ncl udes: fﬁiﬂiﬁmgp&peﬁ&i:d’tﬂ.ﬂgnﬁl\‘-he HEgr st shield |ayer;

In one embodiment of the pregent invention a tantalum oxide

(Ta, O,) seed layer 201 is employed between the first gap layer 216 and
the AFM layer 212 ag shown in Figs. 9 and 20. The tantalum oxide seed
layex increases the magnetoresistance (dR/R)} of the sengor 200 asz compared
to a simple bottom spin valve sensor without the tantalum oxide seed layer
in the instancas of the as deposited state of the sénsor, after regetting
the AFM layer 212 and after hard baking the ingulation layers of the write
head. The tantalum oxide seed layer 201 does not gignificantly increase
the ferromagnetic coupling field between the pinned layer 208 and free
layer 254. Further, since tantalum oxide is nonconductive no sense
current is shunted therethrough nor is there any sense current field
sxerted on the f£ree layer 204 to affect its bias point.

In Fige. 11 and 12 an antiparallel (AP) pinned bottom apin valve 300
is shown which has a tantalum oxide (Ta, O,) seed layer 301. In this
embodiment a spacer layer 202 is located between a free layer 304 and an
AP pinned layer 306. The AP pinned layer 306, which is deacribed in U. S.
Patent No. 5,701,223 may include an @ A xuthenium (Ru) spacer layer 308
which is located between pinned films 310 and 311 on one side that axe
exchange coupled to an antiferromagnetic (AFM) layer 312 and an
antiparallel pinned layer 317 on the other side that is adjacent the
spacer layer 302, The AFM layer 312 pins the magnetic moments 318 of the
pinned filme 310 and 311 in one direction perpendicular to the ABS and the
magnetic moment 120 of the AP pinned film 317 ig pinned in an opposite
direction pexpendicular to the AB3, Each circle with an dot in it



form-.ng a nonmagx~etxc e~.eetrically insulative first gap | ayez~ on the
first shieXd layer; tormng a spin valve sensor an the first gap | ayer
according t.a the steps of claim1l as follows: formng first and second
el ectrically conductive lead 7.ayer that are on the first gap | ayer and
" coxaxiected to the seagar: formng a nor~magn.etic electrically
insu7,at.ive second gap |ayer an the sendbr, the leads atld Che first gap

| ayer: and farming a ferronagnetic second sh3.eld | ayer on the cmw gﬂﬂ
| ayer. 11. A nmethod as clainmed in claim10 inc'lud~. ng: form ng ' 3
head as foll ows: WO 001 34946 pCTI GB99103933 3 J U N 2003 foxatiag d wite
gap | ayer indichtaR thaubbd iddrestiaokofivthd mgpetic mayert dgbesided theergrder. on
the secondnghpslndal AMQr 350 mhfade LOEA 58 GNetleshizeind (hass!, Ghe @iinyy BLIOBSL as
a [ irat poles, ¥og Gl Qlodiie ! end15atka: 8 ek h68 Hal0n8 £5COA%SRLARI CCO
| ayer on t & Théul atT an ftagk alnd #yeawrh! t?4 gaRSa nneat ed ﬁ’tf "qa\.,#%g&(c gap
to the fir&® PR &Fepinsd HlRet o8 oL faihed PP Fal ' or To™WEr &1 n
t he pi nnedoreRte?2? ofathafisepatayer o194 2pH)shgim Raraf Lo~ @hScodsFuct i on
conpri seslayed 3Rdris rgnetxucted chebip fugmanier Fo0Mnbefa@ei aprH rACYiGR e ke
t Ru) spaceecéid gup itdyerfra ahdfenrSliradnsr shodd lieg Fendé15 f8rm ng a second
ferromagnetic filmon the ruthenium (Ru) x7.m

.A3. Al e. AY. A. A:S%% %a’ : f%ye@.’[? g‘gb |315 E‘Jf antalum oxide (Ta, O,), the AFM
E. A. AE. A02%-HADKI'$ & ztol c a aUTc gcaica ca cgl)cal
caU] cal] ca®Tadféalyabt Mrch créfc a%r(’:a ta]c gf%a calcau ca E;ﬂec%’] o=
E A f mpe§ <oppex {Cu), the frae layer 30% may be 70 of nickel iron (NiFe) and

the cap layer 324 may be 50 A of tantalum (Ta). The maguetoresistance of

the spin valve sensor 2300, ig improved by employing a tantalum exide (Ta,

0,) seed layexr as compared to a bottom AP pinned spin value sensor that

does not employ such a seed layer in the instances of an as depoaited

state of the sensor, after regetting the AFM layer 212 and after hard

baking the insulation layers of the write head. Further the tantalum

oxide seed layer does not significantly increase the ferromagnetic

coupling field between the pinned layer 2080 and the free layexr 204.

Furthar, the tantalum oxide seed layer is not conductive and will noz

shunt any of the sense current nor will it exert a gense current field on

the free layer 304 that affects its bilas point.

2 method of constructing the tantalum oxide (Ta, 0,) seed layexr 401
of Figs. 11 and 12 is showa in Fige. 15A, 15B and 1SC. In Fig. 154 a
tantalum geed layer 401 deposited on the first gap layer (Gl).
Subsequen&ly: the seed layer 401 is mubjected to oxygen which causes a top
surface portion to oxidize. These stepas can be accomplished in a
sputtering chember (not shown) wherein the tantalum (Ta) seed layer is
aputtered onto the first gap layer (Gl), as shown in Fig. 15A, followed by
the intreduction of oxygen through an inlet into the chamber g0 as to
oxidize the seed layer. This is followed by deposition of the nickel,
oxide (NiO) AFM layer 412 as shown in Figure 15¢. The dR/R in this
embodiment was 4.53% and the ferromagnetic coupling field (H.) of the AP
pinned layer 316 to the free layer 304 was 4.0 Oe or4.0x107T.
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1. A spin valve sensor that haa an air bearing surface (ABS)
compriging:

an antiferromagnetic pimning layer of nickel oxide (Nio);
a nonmagnetic electrically conductive spacer laysr;
a ferromagnetic free layex;

the spacer layer being sandwiched between and interfacially engaging
the pinning layer and the free layer;

a sead layer of tantalum oxide i

the pinning layexr being sandwiched batween the seed layer and the
‘pinned layer with the seed layer interfacially engaging the pinning layex,

2. A spin valve sensor as claimed in c¢laim 1 wherein the pinned layer
is an antiparallel (AP) pinned layer that includes:

First and second ferromagnetie £ilwms:

a ruthenium (Ru) spacer £ilm sandwiched between the first and second
Farromagnetic films;

the first ferromagnetic¢ £ilm interfacing the pinning layex with its
magnetic moment pinned by the pinning layer in a first direction; and

the gecond ferromagnetic film interfacing the spacer layer with its
magnetic moment pinned by the first ferrcmagnetic £ilm in a second
direction that is antiparallel to said first direction.

3. A spin valve sensor ag claimed in claim 1 or 2 wherein the geed
layer is Tayox which has been reactively ion beam sputtered in the
presence of oxygen (0,).

4. A spin valve gengor as ¢laimed in claim 1 or 2 wherein the geed
layer comprises Tayox which has been oxidized by exposure to axygen (0;).

5. A magnekic head that has an air bearing surface (ARS) comprising:
a read head that includes:
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first and second electrically conductive lead lavers located hetween

10 the first and second gap layers and connected to the spin valve sensor for
conducting a sense current through the spin valve sensor:

6. A magnetic head as claimed in claim 5 wherein the pinned layer ig an
~ antiparallel (AP) pinned layer tbat includes:
{+ as
first and second farromagnetic £ilmsg;
a ruthenium (Ru) spacer film sandwiched between the first and second
ferromagnetic £ilms;
20

the first ferromagnetic film interfacing the pinning layer with its
magnetic moment pinned by the pinning layér in a first direction; and

the second ferromagnetic £ilm interfacing the spacer layer with its
25 magnetic moment pinned by the first ferromagnetic £ilm in a second
direction that is antiparallel to said first direction.

7. A magnetic disk drive that includes at least one magnetic head that
-~ has an air bearing surface (ABS), the disk drive comprising:
30

. —
-

the magnetic head including a combined read head and write head;
a read head that includes:

35 a gpin valve sensor responsive to applied magnetic fields as claimed
in claim 1

firat and second nonmagnetic electrically insulative gap layers;

40 the spin valve sensor being located berween the first and second gap
¢ layers; and

first and second electrically conduchiﬁe lead layers located between
the first and second gap layers and connected to the spin valve sensor for
45 conducting a sense current through the aspin valve sensor;
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5
the f£irat and second pole piece layers heing separated by the write
gap layer at the ABS and connectad at a back gap that is recessed
rearwardly in the head from the ABS;
10 an insulation stack having at least first and second insulation
layers;
at least one coil layer embedded in the insulation stack; and -
15 the insulation stack and the at least one coil layer being located
petween the first and second pole plece layers;
the second shield layer and the first pole piece layer bheing a
common layer;
20
& housing;
a magnetic disk rotatably supported in the housing;
25 a support mounted in the housing for supporting the magnetic head
with its ABS facing the magnetic disk so that the magnetic head is in a
transducing relationship with the magnstic disk;
means for rotating the magnetic disk: ;
3o

positioning means conngcted to the suppert for moving the magnetic
head to multiple positions with respect to sald magnetic disk; and

processing means connected to the magnetic head, to the means for
35 rotating the magnetic disk and to the positioning means for exchanging
signals with the merged magnetic head, for controlling movement of the
magnetic disk and for eontrolling the position of the magnetic head,

8. A magnetic diak drive as claimed in claim 7 wherein the pinned
40 layer is an antiparallel (AP) pinned layer that includes: \
first and second ferromagnetic films;

a ruthenium (Ru) spacer f£ilm sandwiched between the firat and second
ferromagnetic £ilms;
49
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the first ferromagnetic film interfacing the pinning layer with its
magnetic moment pinned by the pinning layer in a first directiom; and

the second ferromagnetic film imterfacing the apacer layer with its
magnetic moment pinned by the first ferromagnetic film in a second
diarection that ia antiparallel to said first directiomn.

9. A method of making a spin valve sensor compriging:
forming a seed layer of tantalum oxide :

forming an antiferromagnetic pinning layer of nickel oxide (NiO)
diractly on the seed layer;

forming a fexromagnetic pimned layer directly cn the pimming layer;

forming a nonmagnecic electrically conductive spacer layer on the
pinned layex;

forming a ferromagnetic f£ree layer om the aspacer layer.

L0, A methed af making a magnetic head that has an alr bearing surface
(ABS) comprising: ‘

forming a read head that includeg:
forming a fervomagnetic first shield layer;

forming a noamagnetic electrically insulative first gap layer on the
first shield laver;

forming a spin valve sensor on the first gap layer according to the
steps of ¢claim 1 as follows:

forming first and second electrically conductive lead layer that are
on the first gap layer and connected to the zensor;

forming a nonmagnetic electrically insulakive second gap layer on
the sensor, the leads and the firsgt gap layex: and

forming a ferromagnetic second shield layer on the second gap layer.
11. A method as claimed in claim 10 including:

forming a write head as followa:
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5 forming a second pole piece layer on the insulation stack and the

write gap and c¢onnected at a back gap to the first pole piece.

12. A method as claimed in claim 9 or 10 wherein the pinned layer is an
antiparallel (AP) pirned layer which construction comprises:

10
forming a firat ferromagnetic film;
forming a ruthenium (Ru) spacer £ilm opn the first ferromagnetic
£ilm; and
15

forming a second ferromagnetic £ilm on the ruthenium (Ru) £ilm.



