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8 Septenber 2005 SPI'N VALVE SENSOR W TH PI NNED LAYER AND ANTI PARALLEL (AP)
PI NNED LAYER STRUCTURE PI NNED BY A SI NGLE PI NNI NG LAYER 5 BACKGROSBferhber Dol

- INVENTION 1. Field of the Invention The present invention relates to a spin

val ve sensor with a pinned |ayer and an antiparallel (AP) pinned |ayer

~Structure pinned b I Rg! I g rti.cularly, to such
"a sgnslcj)r V\E: chis %I%ﬁ\"@g %ﬁ%ﬁg&éﬁg@?g\gmgl fﬁ%d 10yyet thg
magnet or esi st ance of* 'Jprﬁ)‘% P D LA : a rut heni um
(Ru) layer in the AP pi nRENNED BY ASINGIE BINNINGEAYER | on of the Rel ated

Art The heart of a conputer irs a magnetic disk drive which includes a
rotatin magneti c di sk, a,slA \tfe heads, a
suspensgon ‘arm above the E?%@Mﬂ@bﬁgﬁﬂgﬁgﬁﬁﬁmﬁ or armthat sw ngs
t he suspensi on aym t opRiPeethleNavedsh and wite heads over selected circular

tracks on the rotating disk. The suspension arm biases the slider into
contact with thellsupresant insfentipe ralatsk tovhsmn valae génsir withraquinpest layérragd aput |

when the disk t ir is swirled by t t ati.ng. di sk, adj t i
boari noC Sk araliEERR) Bphed Tndl briSieHiatdof Rstaf Butige P f a5 hag" 2
bearing a %Jahgéiﬂarﬁ,q t6lisaé R R Gendor WRiEH & ﬁgmfyas@zﬂ)ipiedtlkyﬁtHeOAptphrnﬁdClhféf-anwen t he

slider rides on the air bearing the wite and read heads are enpl oyed for
wr i ti ndOnagist thec magpeterssistanse 05 thaspinrvabici sensoreig meat idsgradeh By o fushefgurir om t he
rotating digk lThe%nratﬁagd,and vg('j]]l te he dse are connected to processing
circuitry t WHeindie S ERIBB HANY ¥ 8D % onput er programto i npl enent the

witing and reading fpm}iﬂﬁg.ofaﬁemlaqg@m{ ary high performance read head
enpl oys a spin valve sensor for sensing the maggetic si-gnal fields fromthe

rotating magnet i Ehedhedt off aecompusasris & megnetieslisk aaveradiadt ingludee atrotatial| y
conductive first. spacer .l r .sandwi ched bet wee a ferromagnet ¢ pi,nned
Cover Cut v o cbbnitis RAC o iRy Thay TR0 EAC BT wRES BB, aSubB R b cvePlnt
ant i f erysomagiighj; @iski nai Atk farmRhR shikBthd 8 peisiditshm @YRdcehé Haldwna for

pinning a 30 magneti-c nonent of the pinned |ayer structure 90 to an air
beari ng surwatgchqadpoyer gileqted girewlar masksi en the wigimgedisls uFieasusposiomarmensor
t hat faces the tic.dis Eir a S . | eads . connect to the
spin val ve béaesﬁg g%g#f@rer 81(5% émlgt?cft nvéﬁ ﬁltse Sl %cezc?t(‘tﬁg ngi( Wien tRe Gisk NSt ro?aging

but, when the disk rotates, air is swirled by the rotating disk adjacent an air bearing

surface (ABS) of the slider causing the slider to ride on an air bearing a slight

20 distance from the surface of the rotating disk. When the slider rides on the air béaring
the write and read heads are employed for writing magnetic impressions to and
reading magnetic signal fields from the rotating disk. The read and Wn'te heads a:e'
connected to processing circuitry that operates according to a computer program to
implement the writing and reading functions.

25 An exemplary high performance read head employs a spin valve sensor for
sensing the magnetic signal fields from the rotating magnetic disk. The sensor
includes a nonmagnetic electrically conductive first spacer layer sandwiched between
a ferromagnetic‘pinnéd layer structure and a ferrorha'gnetic free layer structure. An
antiferromagnetic pinning layer interfaces the pinned layer structure for pinning a

30  magnetic moment of the pinned layer structure 90° to an air bearing surface (ABS)
wherein the ABS is an exposed surface of the sensor that faces the magnetic disk.

First and second leads are connected to the spin valve sensor for conducting a sense




8 Septenber 2005 current therethrough. A magnetic nonent of the free | ayer
structure is free to rotate upwardly apd downwardly with r espec Septenatiee 20085
froma quiescent or bias point positiofi in response to positive and
negative magnetic field signals froma rotating magnetic disk. The
gui escent i &N } : I LSe |
position o?at% r%tfrggratrl]e |ggl' n%?rne%ﬁn%ggh?cﬁ%aéﬁft [rag{eﬁél %%elﬁ‘%s}tstr‘ﬂ“?%‘fﬁ?eg%éfﬁ. J&'ﬁ%g sense
current copeadiyednd doounglardihevite nsspectito thtABD flence qiiessengnal biks pbs. The

t hi ckness of .the spacer l|ayer .is chosen so that.s ti.ng of. the sense
current anBOSLORHFhEISPENSOIPHPISHYY SRRtV naepelic gg@ $ ‘?%%%S‘op‘a%?tagflg uct ur es

are mnim - Th i hSciki Y Pi r ath of
el ectrons %Eg%hcdﬁgl?'eg% ﬁ?%ﬁ%ﬁn P ﬁselﬁzrgr@g}r:ﬂ. %\}é'r'?%%bm gltrlér.lg(r)lgig@n‘gﬁtgj fasZlmgorti on
of the fongositiownf thd acighetis maoneens odtthe fred later tshracturd evithathe sende ¢lreens pacer

|l ayer with the pinned and free  |ayer stryctures. Wen the nmagnetic nonents
of the pi nk¥Mlugied through the sepsariip the ahsence F@nblaff%wq~el with respect to one
anot her scatteri i gl a ' [ n r

anti paral | el scg{tﬂtget?lfcﬁgkélgsgprmk%?i %S%Fa%gkﬁgﬁ%sg?ﬁseg‘té%ﬁ%@ﬁg %ﬁgﬁggegs% he 15

r esi st ancecwterit edspintagnativ @oaplivgp betagem thalfict iand gihnabiaydr swdhewes Gre s t he
angl e between, the nmagnetic nonments of the pinned and free Ia¥er structures.

The sensit Mygizest (s thigkagss 15 dypicallyt less grpnathe ragate fise daths of weclBBS i ci ent
dr/R re. .5, 4t L0t hgsaresi St f  the. Tagneti c
rmrren\t,\,ﬂgf £ %([ad"'lfc?egeﬁ?% effﬂg? v !&%tr'urg ltr}lot?%tagisﬁl@?rﬁgﬁf g %gtsl?r??gﬁsepg‘?ﬁu Pg?ﬂr\?\n th
respect toelebgonspgieaicatteradetie mterfaoes pf theapadedgyer 24 ths theys tuwdeartdofrad

antiparallel position wth respect thereto gnd Ris the _resistance of the
sensor Mefﬁysh@r%’gﬁ@t W@x%ﬁ%m@%%mﬁawm@ﬂbe plnsiaRd frss, T HHCUWES n val ve

sensor the i fylelato} I : 2ozl i i n;ggg cond
read gap | g‘&?%galgéﬁgg%@%éﬁggi%ti C P-IR ?g(fca ttt'gﬁgg g&g@%%@ﬁi ‘gllﬁ%i t?%@e.r 'et?_ﬁe spi n
val ve sensaronentd areantgatalelveeetterirpeis maxsmizadd Chaogasdn rseattbripgeh2ngesdyer s and
the figst and seco read gap layers are.l ocated between the first and
second! Shi BRHRES &f e i PHEC SR I ICERCHPTGT 08 & VO AP SR BSEIERD shi el d
layer s URIdBghdic!Rbmbik of WRklpiRied SIATRLL Relinbcificd | TRE sBARIGRR hayer

the spin valve Sensor, the second read gap layer an e second shie
| ayer. Spi sensat isqquestiSed as magnetaresistsvef doetficaent dr/Rowhere da itibe tchangspnthe/al ve

d di whet h he_ pi nni ng 30, | is.l th
ot tom of " TG ULR<H e FoTier a5 thh el Rmeg gRA A5G SR it op o
the sensor figh5&dsRidnNBardRORh TeHRcORPHe AN EEnetiSRhOMYR! JCHREHAREE 1296£

further 3
20  structure to an antiparallel position with respect thereto and R is the resistance of the

sensor when the magnetic moments are parallel.

In addition to the spin valve sensor the read head includes nonconductive
nonmagnetic first and second read gap layers and ferromagnetic first and second
shield layers. The spin valve sensor is located between the first and second read gap

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

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

the top of the sensor close to the second read gap layer. Spin valve sensors are further



8 Sept enmber 2005 classified as sinple pinned or antiparallel pinned

dependi ng upon whether the pinned |ayer structure is one or NnOIggeptember 2005
ferromagnetic layers Wth a unidirectiodal nagnetic nonment or a pa ll) ?
ferromagnetic | ayers that are separated by a coupling layer with magnetic
nmonents of the ferromagnetic |ayers being antiparallel. Spin valve sensors 5
rare still fdassified aslsasse fpiredd as aaiipugaldaelq»inmdalbpmdéﬂgalilponawhéth@ the pnedval ve
sensor enploys only one pinned | ayer and g dual .gpin val ve nsor enpl oys
two pi nned RISy SHBCURe f ophar fate (PHgwASTEF Jevass aviftbp AmisirecHiendl JBeeRstt. The
transfer CHLYA rﬁforaa ?zﬁf i Yéi‘}oﬁ?ag[ﬁgtr‘é%&eﬂssthéi‘%fré Eaﬁra@aa bPa cat@li@g“rpa%f @fgd cos

0 where 0 is e angl e between the directions t he agneti ¢ nonents of the
free and lﬁ)agmlenmﬁcbdlmysaofsthe Ifmmsglenc&@ewebesm&nmamhbj eBpiadvalee pmsotsi ve and

negat i magnet. | i gnal | ds from,a ma et I.C k, which are

Cypi cal Py gtékﬁ{rﬁl' Eslaéa{‘seaqe b gl QR et a TRETRas vElE Sense eSBUe  ve
and negati V=1 RY; bove
and be?ow\e(l) gg’?‘ﬁ{i %ﬂg%tsdr%%gélgﬁag%r%g&éfeﬁﬁjhgyssﬂos@nh S‘ﬁga%gsﬁg“ tﬁso t hat

t he positi ke &adlalyelgsatuometceatébah:drelsat'gemi s are equal. Wen the 15 direction
of the magnetic nonment of the fre

ABS and the di rtttassfescurge ﬁ‘a@ﬁb‘(ﬁ efFﬁlﬁ%rlgﬁﬁé %%Fﬁﬁgg’%’gl e |‘£°CS) the
B oy g eRinde8 o150 e B bt Berf il ARERTns OF e D0E Wi SO TE iBANet ! ©

di sk) the positive an egative rea S|gna e equa

sensi ngopoitiriedelagéte. rlﬂgﬁkplmevaﬂVGEkdﬁoﬁ hutfeceddeto p@mt&}e fndAegadtioe mﬁmc di sk.
Accordingly, the bias point should be |ocated m dway 20 between the top and
bot t om of tsHmal fighds feym @ gperang W@gaetf%@slbumcfpeqerwplicgﬂx phasel¢o bp sl inhe |

m dway poi i Ogﬂqmﬁdép i X%&r%ﬁle%ﬁ&ﬁ:forsniv% h%t?:\%l éﬁaggéssﬁx%é?% {?%g PASE! Ve

asynmetry an i'as pol I'S a ove spi n val ve

sensor is spﬁxswanvelﬁiau hehdsiesieand Haksv BB poine oaalymreﬁsfaf cueof thegengadback
signals are asymmetrical, signal output and énam ¢ range of the sensor are
reduced. ReSdwmiak so thatatho mesttig and preptive geagback signals argraqualy, Whenviby For

30715 100 orRLiGROPRE hARKTR O TBARS fepfiyel RRBARN GabaRFRoaE pgne ¥

readback aswmdiied digedtonasfabptmighetid mommaoﬁatpp lpirmad ilayes is pe?rﬁ%dleﬂakbacthe

SIS 1y s B0 ou A0 CED! 8B1.6 LG 8PRLL SRLL NS MIE HhIE B0 ASghefl e ¢
readback signals should be equal when sensing positive and negative fields that are

equal from the magnetic disk. Accordingly, the bias point should be located midway
20  between the top and bottom of the transfer curve. When the bias point is located
below the midway point the spin valve sensor is negatively biased and has positive
asymmetry and when the bias point is above the midway point the spin valve sensor
is positively biased and has negative asymmetry. When the readback signals are.
asymmetrical, signal output and dynamic range of the sensor are reduced. Readback

25  asymmetry is defined as
_Vi=Vy
max (Vyor Vy)
For example, +10% readback asymmetry means @at the positive readback signal V;
30 is 10% greater than it should be to obtain readback symmetry. 10% readback
aéymmetry is acceptable in some applications. +10% readback asymmetry may ﬁot

be acceptable in applications where the applied field magnetizes the free layer close



8 -Sept enber 2005 to saturation. The designer strives to inprove asymetry of
the readback signals as nuch as practi C?| with the goal being syh®aptenyber 2605
| ocation of the transfer curve relative to the bias point is influenced by

" four major forces on the free layer of a spin valve sensor, nanely a

f i ' f.iel d, H > h i
Layer. o metd suRaGRET b Heribt et ¥ EPARG PGt i Rbrd) Behds agence
current fiehfhichias prticalwiticaRrddel bongs synameks of the spin valve except the

free layer, a net image current field Hmfromthe first and second shield
| ayers. | n order The lpeatigacofddpdipnsler sumvg reladvel tg thenbiesh @opit indefluenggdbbyon t he

free | ayer, the pinned | ant.| I ( i - 10
Struct ur e RV ARBSY iee Pyl T a7 o Hah N s Rrost e ) L BB B e apcy
layer vl CBoupling il §kcRtweaNthE PinmeaagyRtdnd the fiet 18R 5aalehaRefiinged

| ayers. The first and second AP pinned | ayers have nmagnetic noments which
are anti par demeig) fieldHprfeepdbe pinped tayemriotenes cweanidicld bf fromealt comugtive

antiferromagnet i oupl i ng therebetvween. The inned | nystructure is
FUl |y Sdescr HBER StibE SRimoTY: SXEPtedRe laver, BReCimdtediRgnl BUTHNERRNE Oy 7
i ncor por at egrdP¥nd Sé@RMARGRINREEISN In BRIeAWSRIMe ddptaghatidih@Field fidm thé pruee
between the first and second AP pinned filns of each first and second AP

pi'nned st rutayer es, thedrse laperpithmpuingdyjavier axayr bs anranjiparalela(AP)dpinaehdasezi ng

field o the free lLa . -Because of the small denmagneti zin } t he
exchangl? cotptiths: o8 SE-pRRRCIRE Hrarls Py oLFPRART o0 BRI ng
layer is i nqhedsi@dodddéd BEwRES fednignéticdhirst badkédohd Avmﬁimn&@@ay%@. MTlYeafinse
sensor is subjected to unwanted magnetic fields in the presence of el evated

t enper at ur esnd ispdosdt ARapiahed ldyemseheye magnstiampente vhiely are entipasalial evidlegr ades
the magnetoresistive cqoefficient .dr/R because of: (1) th esence of the
ant paral | efePe ip P g R g of il B PRUREroBlaeay suPFrd HEEHRESe whi ch
has a magnetthe A35piHReE MyepsiredthRds Fnlly févcabé®in EdminBalyrasizatd . ' Pakint of the.
first AP_pinned |ayer. st ated herei nabove, a portion of the conduction

As
el ectrohy aPe- 54651185 cvhigh i eoTPPFe hbecRse hereins Pigeause (o4 e pastiehfleach of
the pinned @f&gurferbee;%wé&g Fﬁ){e fitst Hfid Yodand AF (i)nn\é’ﬁggmtshdfse&?fr; Jirbhuld SecbR§ AP

es
the resi stance of n valve sensor nse c I ncreasés. \When

t he pinned bawed sguétuedsyeschi APPindd 1pyarns@rts ayBr a Siall detia@nétiingdBeldnger f aces
are the spacer layer with the first Ade()?i nned_ | ayer and the spacer |ayer

with the fHefieayayersiBegaysgref thecemallidsgiagnetizing fields theapx¢hange Fonnlieg

interfaces (0G..8Ra%E" AP pinned layer structure and the pinning layer is increased for

20 promoting high stability when the spin valve sensor is subjected to unwanted
magnetic fields in the presence of elevated temperatures.

Unfortunately, however, the AP. pinned layer structure degrades the
magnetoresistive coefficient dr/R because of: (1) the presence of the antiparallel
coupling (APC) layer and (2) the second AP pinned layer which has a magnetic

25 moment oriented antiparallel to the magnetic moment of the first AP pinned layer.
As stated hereinabove, a portion of the conduction electrons are scattered at the
interfaces of the spacer layer with each of the pinned and free layer structures, and
when this scattering increases the resistance of the spin valve sensor to a sense current
increases. When the pinned layer structure is an AP pinned layer structure the

30 interfaces are the spacer layer with the first AP pinned layer and the spacer layer with

the free layer structure. Accordingly, the first AP pinned layer interfaces the spacer



8. Sept enber 2005 | ayer and the antiparallel coupling |ayer interfaces the
first AP pinned layer. It has been fougd that the antiparallel &8entémbay2005
-layer, which is typically ruthenium (Ru), additionally scatters the
conduction el ectrons which is an unfavorable scattering with respect to the
af orement i iR af¢ahé ahtifigalWicotplGRUBOS idtdrfadeiCthe ditst APt pigndd Mpeneltdiassi stive
"coefficient dr/R Further, the proximty of the second AP pinned |ayer, .
whi ch has Xeemdonnd tharrélirpemnmrﬁlh%b&pmlm layey, tiucly iy typicafy gutheam 45

out - of - phade PR Sl IEE CoRenb KBRFOR MR i ShelOARTHAG Ry MR vy o

the AP pi npggedtatter tisd r afofcnicntibaed ascatiasigl abhich | eausdenagretucdomgid i@kd the
af orenenti oned reductions in the 10 nagnetoresistive coefficient dr/R are

undesi r &bl eagwptoresisivsiegfficiqnt dda Fugtear, theupraximyty of bt sacop@diR pinnede AP
pi nned 'ay?{ygﬁgvgtﬁﬁfl ha§ a'r{,%ggﬁtzc @wmfea PRAREYS flesf a8 ;ﬂgltlé’égfég%o%ﬁg%‘?r i he

spi n val ve ess S an spl alve sensors t

pi nned | ayesdustd thet mhgnetdrblistivercabifidiant dr/RXeseaiseasfdts diy-ofphaderelationstipt he
sense current field H opposes the denacg,rﬂ%tl zing field HD in nost single

pi nned spi Withategeect 16 theehisb AL pimusd\iarer- sithe AVENmedNayerestpcase figs a

i nvention provides,a spjn_valve se r i ¢k has si;ngl i hned_ | ayer and
an' AP pi nndeTaRer G; et RS TIRE, 8 Sl BlefoRe eyl itred®o o

si ngl ej@nt ifHneRra%IvEicoeicient BYR| Y GhdesirableS WRiRE a lsig®d pinfied RE8E eshidet ween
the single 20 pinned |ayer and the free |layer structure. Wth this

ar r angenmentetshestitptedi fondbe |AdY pinned dayee suetiie it dwataebighi demasaspeiog fiaddt he

| j d.pf _bei i ' Ly .adj hi '
Broves ¢ nen RBRRG S sl vate SHIEPE IR el (BRI el e Phdny e T
spi n- depenggnpinniedtib@ri shUcuedi TRisSprobleat i éxddabarea BymihacCacOthat g sense

magnet or esi stive_coefficient dr/R of  the SEL n val ve sensor. Further, the

second AP surrentirdd Hippepses she dgmpagaetizingfigkidHs immoshsinglgipinned spimvdve

scatteligng &139; on so that it does not degrade the nagnetoresistive
coeffi ¢ enf R I't should be understood that the pi nning | ayer pins the

magneti ¢ nonent s. of the firSUMMARYORITHEYENVERTION single pinning | ayer
parallel with respect to one_ another which causes the magnetic_ nonent of
the second AP pilh§dueseal Byvertipnyproyides p Py yakye segsqruhich has a smgls pigaed | ayer .

20,1 P S5 2O iy G SR Sk ECRGREORARI TS,
yet is | essinglecantiféreoriagnetic pinning layer. The spacer layer is located between the single
20  pinned layer and the free layer structure. With this arrangement the AP pinned layer
is remotely located with respect to the spacer layer instead of being immediately
adjacent thereto. This, in tumn, removes the ruthenium (Ru) antiparallel coupling
(APC) layer from the spin-dependent scattering region so that it has no impact on the
magnetoresistive coefficient dr/R of the spin valve sensor. Further, the second AP
25 pinned layer is further removed from the spin-dependent scattering region so that it
does not degrade the magnetoresistive coefficient dr/R. It should be understood that
the pinning laye. pins the magnetic moments of the first AP pinned layer and the
single pinning layer parallel with respect to one another which causes the magnetic
moment of the second AP pinned layer to be antiparallel to the first AP pinned layer.

30 In a preferred embodiment the magnetic moment of the second AP pinned layer is

greater than the magnetic moment of the first AP pinned layer and yet is less than the



8 Septenber 2005 sum of the magnetic nonents of the first AP pinned |ayer
and the single pinned layer. Wth this arrangenent the sense cu8 Bepémbes 2005
. be appropriately directed so that the ense current field H, supports the
magneti c nonent of the second AP pinned |ayer which, in turn; pronotes the
magneti c nonent. .of the first AP pinned er-ibn a 5 direction whjch is
anti par al | S Ob e arRebABIHE Tt AR bt B e B Sl Tajet fer

Accor di ngl winf thes Sradfehled opd sdnde cua&ﬁe[% icGn rﬂé%?{'odﬂfatetllﬂ Rirbite$ 5o ARtRhaned

| ayer is assisted in the direction of the desired exchange coupling with

t he pi nni ngensayemrentviield i dupparts te magnatis meraemaldf eéhe sexonhARIpmaed layer of t he
magneti c no t.of the single pinned |layer. In.the overall biasing schene
The cense BHEReit (e RO dhe BRitReie etk P Hst AThEIHES |AEragrst | 21 ng

field Hp aecidh vifel AEGRALIE SUOHaB8etld BbMeAFUR the Slcbhd ABBRENlagglvant age

is that the single pinned | ayer can be made thinner than typical Single

pi nned | ayAceordingtyhahgpdirectiar bf thehimsgneticpmesiehl ef techinss Abpmaehdayes ischi eved
by the bal ancin f H_against + HFC. . The advantage of the.single pinned
Payer  bei ngosta e fscdfi Share Hatee: Siebare: CHEIBBarTr dreARAY ST 15 An
obj ect of {RRHRfiREESN id Qﬁfgéﬂaﬁé‘l ﬂoﬁth& QirlEt N ﬁh?&%ﬂ&t‘id@%ﬂ{e}x%f heRinghl Nned

| ayer spin valve sensor rein the AP pinn ayer structure provides

t hermal  spiahed layyr. tin thbevepll viasalgvehame slor sense tuatent felgriddian gpeibaklanced

magnet oresi stive coefficient. dr/ R ot her obj.ect is o prqvi

af or entht i 85t iy mel dppasielizing BakioPla: v we Tempmaghats” ehel Bt Hrse
appropri at gf i 9 Lt Be S iR h Bk hiShet RLpni ng of
t he AP pi nﬁaéwdaﬁ(gggf&%n?ﬁeeiﬂiﬁntn@%gﬁ?a elr. CIIg ercE}(])%j gé:a;agﬂlgnd etlﬁlgtr){gant

advant agessiogletpimednagers iofthenptior dre Apisrie possitdel becpsn brasmgiingchitreedf it | owi ng

description taken. together. wth the acconpanying. draw ngs. 25 BRI EF ‘
DESCR PTi (e ERISTFiE BbAWARa Bp g . EiepAates PEeSEl P BBy S itagnet |
di sk dri vegikiedis ZhigfedlagibfortdifiVeocliciddt dpR W th a magnetic head of the
di sk drive as seen In plane 2-2 of Fig. 1; 30 Fig. 3 is an elevation view
of thelsmagnet i cAdiafeardafuthe \pheserti mventiani jsl te mowide ancamtipamlelefAR) piessts ar e
enpl oyed, l7ayer spin valve sensor wherein the AP pinned layer structure provides thermal \
stability to the spin valve sensor without degrading its magnetoresistive coefficient
dr/R.
Another object is to provide the aforementioned spin valve sensor wherein the
20  sense current can be appropriately directed so that a sense current field assists the
pinning of the AP pinned layer by the pinning layer.
Other objects and attendant advantages of the invention will be appreciated

upon reading the following description taken together with the accompanying

drawings.
25
" BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 1s a plan view of an exemplary magnetic disk drive;
Fig. 2 i1s an end view of a slider with a magnetic head of the disk drive as seen
in plane 2-2 of Fig. 1;
30 Fig. 3 is an elevation view of the magnetic disk drive wherein multiple disks

and magnetic heads are employed;
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8 Septenber 2005 Fig. 4 is an isonetric illustration of an exenplary
suspensi on system for supporting the slider and magnetic head; §8¢pterBber 20651
- ABS view of the magnetic head taken al ohg plane 5-5 of Fig. 2; Fig. 6is a
partial view of the slider and a piggyback magnetic head as seen in 5 plane
6-6 of Fig. 2, Fig. 7 is a partial viewof the slider and a nmerged magnetic
‘ head as seen i nFlgpI4arIﬁeaIT igoroétrici iflusteationi of as dxemplagarsuspensiaBSysieaw for t he
slider taken alon 878 of Fi 6 to showthe read and wite elements
of the pi giPpREE %B‘g ?egén%gggnetﬁl%gpg 9 is a partial ABS view of the

slider taken al pjpgsp #ANRBS- \ﬂewfofﬁi&nagneh@hemri&lsngpﬁﬂegrmlofwrlgt@ el ements
of the merged nagnetic head; Fig. 10 is a view taken along plane 10-10 of

Figs. 6 or 7 wiFig Glis apartiad view ofthesliderriidaopibeybagle magnefid kead eisrsepmired: Fi g.
11 is nll g%d(gjf rztrlcnlustratlon of the read head with a spin val ve
15 sensor ; PRY & “%n ABS illustration of a first enbodiment of the

present spin vafye7 gensefial Ae# cﬁuﬁe sﬂi&rlaildaenm‘é d'ﬂl!&%ﬁhbéﬂeh@ﬁs@éerﬁlrﬁecond
enbodi ment of the present spin valve sensor. | PTI ON OF THE

PREFERRED pIMBODIMENS 2; Magneti ¢ Di sk Drive Ref errl ng now to the drawi ngs
wherein like re nce nuue desi t or. simlar, parts thyoughout
the several Vi ef';\g §I'—'Félspani ﬁ#glvdg‘f’rogqg el‘#fﬁdﬁ@l" glong B nﬁlsléggﬁ: %{9 The
drive 30 igplpigsed a%ﬂlv&%%lsn?enw@fthég@gs%é& efiOhaddes a magnetic disk 34.

The spindle 32 is rotated by a spindle notor 36 that is controlled by a
nmot or 1Q&ont rol | EBig. 985 afpastialddBS adewad the slodepitaleed alergipland vt of Eigralieet i ¢

head 40 and is uppor.ted b uspensi on 44 an ator arm46 that is
rot atabl y %5’ ??gloa'Wétﬁ J%?%%?@F’eﬁ’?rgeﬂ TB‘]‘%PF&? f?@ffJof di sks, sliders and
suspensi ons rrayF#gelerm'aoved« ﬂaﬁe@aio%%@gﬂa&ol(ﬂi@%ﬁ'ﬁl 5. ¥ bEGwilte GR SRatehar age

devi ce (DASD) as shown in Fig. e suspension 44 and actuator arm 46 are
moved by ta’c@vamamkiayethndcbeqdemmomd the slider 42 so that the 8

Fig. 11 is an enlarged iscmetric illustration of the read head with a spin valve
15  sensor; '
' Fig. 12 is an ABS illustration of a first embodiment of the present spin valve
sensor; and
Fig. 13 is an ABS illustration of a second embodiment of the present spin»
valve sensor.
20
DESCRIPTION OF THE PREFERRED EMBODIMENTS
Magnetic Disk Drive
Referring now to the drawings wherein like reference numerals designate like
or similar parts throughout the several views, Figs. 1-3 illustrate a magnetic disk drive
25  30. The drive 30 includes a spindle 32 that supports and rotates a magnetic disk 34.
The spindle 32 is rotated by a spindle motor 36 that is controlled by a motor
controller 38. A slider 42 has a combined read and write magnetic head 40 and is
supported by a suspension 44 and actuator arm 46 that is rotatably positioned by an
actuator 47. A plurality of disks, sliders and suspensions may\ be employed in a large
30  capacity direct access storage device (DASD) as shown' in Fig. 3. The suspension 44

and actuator arm 46 are moved by the actuator 47 to position the slider 42 so that the



8 Sept enber 2005 magnetic head 40 is in a transducing relationship with a
surface of the magnetic disk 34. Wen the disk 34 is rotated by8Sémembir2tte
notor 36 the slider is supported on a t8hi n (typically, .05 nm) cushion of
air.- (air bearing) between the surface of the disk 34 and the air bearing
surface (A ef | / . i ting
“informati oriﬁ%%l%ﬁﬁlh;g?%ﬂg?%ﬁ%hr ar ?]{ragf:} g Onshtpﬂ\gﬂlsl%fs%ngggé gg’ﬁ@r@a ?{sl?(% , as

vel | as for34r edbienghd aiskr3aEs iroratet e spimile Phaioe 36 itrgslafer dusuppyrtédoruchanges
signals, representing such information, with the head 40, provides spindle

mot or dri vehis; Gragally, fsrnmbeushiongeft ave(airdhgaseg)dbetivesn tha sutprs fthg/figkS4cont rol
i gnal s t , 10, he, S| dler t i Fig 4
the el der 313 T Siihlhe stoc AU (i uihic 1ad 90 HR0Eh BEployRa" O

descri bgd Her eirhpoiviforfrayioheo maultipRccifnlad tfatlden tiedswfaca dfatisidivg, 34asshown
in Fig. 3. Fi g 51is an ABS. view of the slider 42 and the magnetic head 40.
The sii der welhas f9r seading informatiog therefromy Fpenessng piscuiiay A8 exehangesssignpls,and

side rails 58 an 0. Th rails 56,.5 60 e nd [fr il 62.
Wi respedtrrtpEdpet iartfion” yafiind Ree . RIS SRl AT dBLOSRRERL ' | 0%
a | eadi ng gegeotain®ithd hfigtticlaisk a3 dnleproviBeedrtol Rea@IsAR the @tuatort fori | i ng
edge 66 of the slider. Fig. 6 is a side cross-sectional elevation view of a

pi ggyback rreejing itee Blided to s@riowhiteeks. nkl Kiged the slider i2hissshopormowned & and a

Cansor 104 GRHoREp, B FOECHBRRRER Sesel hRFlaRe S B g oRL gt

spi n val ve saesfstousthgl ssgl@mwnqii@@,bet ween nonmagnetic electrically
insulative first _and second read tg;ap | ayers 76 and 78, and the read gap

layers are sandwWigh@ds seikeMieneof baslidest42cand; the magnetic beasid). shheslidarayer s
80 and 82. r r.n i 2l .-t he. i c f the
spin val ve hé‘%a%scgrgé?gﬂ F%%gh%égﬁs(ﬁp%ﬁs?éenrglg%ﬁ% rh g?\c{ h(ﬁsaggoshcfurg{lgegaaﬁ&r gg‘gﬁhfg he
sensor causgids 5BES® ands6éGlearae 26m changesail 62 bewimnickpsst ad BatipRtdmMheal
changes. These potential changes are then processed as readback signals by

the prdéesdnaggets itk Bty thsoctopo il £4 iFiay.a lsadineedgp G4eohdiuslissr @ndrtheo of
t he magneti %ngggh?& 4@&'338?%}}@“8%@'81*g@ﬁ?{egﬁéﬁﬁ sandwi ched between first and

second i nsu ayers Insulation |ayer 90 may be
enpl oyed for pl digréis agideherohsadtivml eldvaiiaravirw o pagyback megreetic diedd 30
i nsul ation | ayer caused by the coil er 84. The first, second and third

la
i nsul ati on 4% ingfudes e bgad portian 1 end prreaskhesd porigny Achorradied” . The
coi | Tayer 3&idNEmplSing a dual spin valve sensor 74 of the present invention. Fig. 8 is an

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

electrically insulative first and second read gap layers 76 and 78, and the read gap

layers are sandwiched between ferromagnetic first and second shield layers 80 and

82. In response to external magnetic fields, the resistance of the spin valve sensor 74

changes. A sense current Is conducted throug'h the sensor causes these resistance
25 changes to be manifested as potential changes. These potential changes are then
| processed as readback signals by the processing circuitry 50 shown in Fig. 3.

The write head portion 70 of the magnetic head 40 includes a coil layer 84
sandwiched between first and second insulation layers 86 and 88. A third insulation
layer 90 may be employed for planarizing the head to eliminate ripples in the second

30 insulation layer caused by the coil layer 84. The first, second and third insulation

layers are referred to in the art as an "insulation stack". The coil layer 84 and the



8 Septenber 2005 first, second and third insulation layers 86, 88 and 90 are
sandwi ched between first and second pole piece |ayers 92 and 94 Sepigmbes 2005
and second pol e piece layers 92 and 94%ar e magnetically coupled at a back
gap 96 and have first and second pole tips 98 and 100 mhich are separated

b t 2 t : I 3 t ed
Dltmeen 1 ndrdosesnat o dnd asplaton =g BB R AN 'S seiibnd pefert 5877 e
the seconda,gh Iseddﬁdl @Y@ﬁle&zla%lg obhgd f9w %e Fﬁ%t%@ 'sé‘é&d'p%l/eeﬂile&?la%@ wepar at e
layers this head i's known as a pi ead. As shown in qu 2 and 4,

first and S4coadagseficdly oognlné@t lachaszg@m 9ér$dd heee Eiovinedtse¢anddeo ¢ tipm98Bhe spin
val ve sensaqr tq.l,eads nd 1 the 0 d and
fourth sol 38? z@%ﬁﬂg‘g} ar&.?gpaﬁ X& VI% 1%,5 tptF'e 1‘% nsuozgho?;\ ?r omthe
coi | 845(sq03 ki Jocaldd) bétweé@mseéaﬁd anéldhaﬁercw aﬁd"&e%ﬂ?@l&' $léce Raveis92.7 and 9
are the sane as Figs. 6 and 8 except the second shield [ayer 82 and the

first pol eSpicechelsagand shieldlayen 82 anduhe ﬁmy@ple mmeslawp%z afe jepardte lyrRisown as

d t head.. Th k head
B g 200 T DEAd R R o crack Brh® as S JREieR! 2 bAE 4P R AR SeeolEn ot "
the read hggdefBormiReMbhs TD4FArle}068conﬁéct3ead-£%rﬁ gedsw&amvégehmlmcleaead%e spi n

val ve sensor 74. First and second bias and l'ead | ayers 134 and 136 are
connect ed tlcbeamdslt14amdth§e&uemsmd% @d@é@rdﬂ_aﬂﬁ ﬁntﬂthlsﬁ@der@bnnmwsplldﬁﬁ@ﬂve

o ol 19 adT EPRRGC ISt andatf TS ek hEo Bt PR ade i e R TRA SR AP ERR S

|ncorporat@%§m§é@§@{ence her ei n. The first hard bias and |lead | ayers 134.
i nclude a firs?_hard bias layer 141 and a first lead layer 142 and the
second hard bi afle@no‘t’ dnglaQ) are] thy same 23Figsnbland S excepictha dedeadoshislddayeapdr 144
and a second,l.ea

hard bi 141 and ,144
ot o R B fst BB g el B2 e Qe o ast B o Bad 1 bat Bl 3 ansor 74

for stabil infdrgéll mAgndiRARAE] The di¥BiakSN 1 f@@ﬁoffﬁ@? Ag@%&lé/l?éa\f.lfin N§Q@ind74 and
the first and second hard bias and | ead |ayers 1 nd 136 are I ocated

betmeeh5th§1ﬁ©ﬁn@ghet|c electrlcally insulative first and second read gap
avers, 10, o0, e I8 4 bR RS ARG SRR PR NPT RAL D
and 82. 300i9. $h§©¢Hde}féaa 140486lades the spin valve sensor 74. First and second hard bias -
and lead layers 134 and 136 are connected to first and second side edges 138 and 140
of the spin valve sensor. This connection is known in the art as a contiguous junction
20  and is fully described in commonly assigned U. S. Patent 5,018,037 which is
incorporated by reference herein. The first hard bias and lead layers 134 include a
first hard bias layer 141 and a first lead layer 142 and the second hard bias and lead
layers 136 inciude a second hard bias layer 144 and a second lead layer 146. The
hard bias layers 141 and 144 cause magnetic fields to extend longitudinally through
25  the spin valve sensor 74 for stabilizing the magnetic domains therein. The spin valve
sensor 74 and the first and second hard bias and lead layers 134 and 136 are located
between the nonmagnetic electrically insulative first and second read gap layers 76
and 78. The first and second read gap layers 76 and 78 are, in turh, located between
the ferromagnetic first and second shield layers 80 and 82. '
30



Fig. 12 is an ABS illustration of a first enbodi nrent of the present
invention wherein the present spin valyve sensor 200 is | ocated $8¢piaatrer 20605
first and second read gap | ayers 76 antd 78. The spin val ve sensor 200
includes an antiferromagnetic -fAFM pinning layer 202 which is |ocated

bet ween a si ngl ned- | r.(P) 204 nt i I AP) pi.nned
~layer structur e%2£6& géﬁ ‘é‘g‘ ﬁ)f%ﬂPéer 2%)&“3&91%8@ EPf}g}eePfeﬁ r‘hz'c?gmﬂﬁl tiple
films. The uhRrdmh ﬂ{aeaeéély@;lsm%m%ﬁw 2806s loBskddavean RNk PaAdetSid rea@UP! i NY
(APC) layer 208 which is located between ferronmagnetic first and second

ant i par al | gap payened6| ayder8. . TPispinarnal v Apaspr 200 iaelidesi 2n m&trqmagm@cp. nned
| 204 the first A 10 int t 202
e 2o B e ol A MBI e ot RS R BT g 2
second AP pj, p@ch:APe12@ Ph dufled ZdRr E@ﬁcum{e%ectvhe@mntedflawafmwhﬁ?%earsq

processing steps. A nonmagnetic electrically conducti've spacer Iayer (S) 216
is |ocat edﬁhatwuemnltlgl@é‘llqns nride ABymnnelOlhyemnsiruature 266 lingledessanr antiparalle?18. The

f | t ruct 218 i ncl first and d F2
990" and’ sos0urHie LEGHEveT o8 el BtSeted Rpwrpa ST AGet ATt AidsPid & h
seed | ayer gnfipakdllel JftndB1al @rsl(m’% afd RRPYESI0 hﬁ@zlil 'Eakh e PRRed M¥RE 76 and

the first free layer 220 pronoting a desirable mcro structurée of the
| ayers depadé4 t@d tlheﬁmbnABnpinaect‘,cb'c}}perZIDaymrfaZQBhﬂﬂynmegIlmmt%QiB ahdtareen t he

| 24 220f t f h f
Lo 02" o5ings eontlc BlefaTR e sl BEE T4 R hS ieried S thiSecbhd AR AUPED 10A of
“copper for 1@@@211%%@&%%@9&1 fhsipRhalisigs sihe secd | ayer 224, 30 o

nickel iron“for the'first Tree I|ayer cobalt iron for the
second free | ayéy n@ﬁﬁagr@&Ae&mrmﬂpeondmnve smaceslpyard ) Eh@/Brlo@Ilﬁi b@oaenf

balt i far t 125A .of | i f
Cheant | f oeRBbEvE A7hindn Hea et Sains gas o he Sisleer SIS Gmiahe 1 v ot
AP pinned §pyele fhPand4ec@hd Ttk i uid éPQ) 3 eaidparRd ie%bnc?ﬁ’é@l g@gzt@yer

208, 35A of cobalt iron for the secon pi nned | ayer 212 and
t ant al Un f interfadee th@ppacaylayerzzm mepllaurey (§Lh2241gxaafbet locatedi§aiaveen thenent s

22 o 228 el 8, P A R e AR T

230 of thesgestaRdofAthdisyepddéppyreéd Birdte Sid aCédpPeOlyePD25 may be located
between the layers 224 and 220 for promoting magnetic softness of the free layer
siructure 218. ,

20  Exemplary thicknesses and materials of the layers are 10A of copper for the
layer 225, 1VOA of tantalum for the seed layer 224, 35A of nickel iron for the first free
layer 220, 10A of cobalt iron for the second free layer 222, 23A of copper for the
spacer laycrk 216, 20A of cobalt iron for the single pinned layer 204, 125A of
platinum manganese for the antiferromagnetic pinning layer 202, 20A of cobalt iron

25  for the first AP pinned layer 210, 8A of ruthenium for the antiparallel coupling layer
208, 35A of cobalt iron for the second AP pinned layer 212 and 50A of tantalum for
the cap layer 214. _ |

Exemplary pinning of the magnetic moments 226 and 228 of the single pinned
layer 204 and the first AP pinned layer 210 respectively are directed into the sensor

30  with the magnetic moment 230 of the second AP pinned layer being directed out of |

the sensor, as shown in Fig. 12. With this arrangement the sense current I may be



t he sensor, as shown in Fig. 12. Wth this arrangenent the sense current Is
may be 11 8 Septenber 2005 directed fromleft to right which w |8 Semersleer2b@sS
conductive |layers bel ow the second AP ﬂ)fnned | ayer 212 to provide sense
current fields H which assist the pinning of the magnetic nonent 230 of

t he second AP pi,nned .l ayer. out ,of the sensor. This. in tu sists, the
mgnet | onofERESIERaR 1eR4S HeRt iven Wi cBEAR spifitive st b PSRN o
which is i nPpinRed 585212 tol PR vETRI senderdutRns BB H, HHicH 4bsfst the plnihg of eeer r ed
tointhe art as a top spin valve sensor since the free layer structure 218

i s | ocat ed mAgoste masneniy @30 fof thst secerdi A§gpnneshyiayer ot pfithe sensorhd hesedwtuny ead

gap layer 78. It shoul d.be underssood that ,iin .a typical .ant.ipargllel pinned
dorn val ve ASiFS S ReRRSt R 6t 2 e Bot AR nfeed Bt o FORRbEl A fiort e
first AP piwHigHis ia¥ethe 3&8sor 1@ hi RhRY $aAed RAAsdrTDOSRFGEL 12 id¥&errdd B indhklart he
present invention the AP pinned layer structure 206 is renotely located with

respect t o as laetopspire valvaysensop s8icsdhe Hige layes stmotuheeRl §iia ocated slasar iptheal | el

coupling | r 208 and t second AP pi nned [ayer,,212 do not degrade the
rmagnet or esi%éfetir\e/% %@%?rcﬁwllg%%sgﬁor@ﬁga gapdayes| e sensor as di scussed
her ei nabove. |t 15biId bBRnASkRBd thavR A ichlh@&ipbfaﬂeﬁﬁnaw 551, val iy hsdrd

structure still provides the desired stability for the spin valve sensor
even t hougthé AP (paanedeleyemstmusture 02Gthiss lacated t with gbatfirstn APTpiangd lagien2d@ | ayer
structype stild .has. a very |ow.net etic_nmoment which onpt es,_a_strong
ant i f oD onaEes BE S sPHat faver 14 LAV REAR PRGNS ofF BPedaltmne. AP
pi nned | aygfruslifdl 008§ rBbtely %c@ted%ﬁﬁ%fgﬁ@t TRRALIREL [d/Be? $61%L Ohat fiR

t hi cknesses of the single pi'nned |ayer 204 and 20 the first AP pinned | ayer

210 are gr eatherivphahthelratipiralitloupling layne2@feawhthespcqridnAB pinnegylayer 212, | f

all the layers ,ane cobalt iro the sumgf .t ic thji gknesses of the
2 ngl e pi niBdotaperago s peRleres R Hesichh o B b Snb FEESRER & ¢ han
the nagnetdiseusdetckaemabele. t e sEoGlaNBe NSt ModkveRWRAt the2APApRInel day&d
difference in the sumof the thicknesses of the single pinned | ayer 204 and

the fidgt Apuginpmstdl prgradesatbe Aesiredsstabilipafosdhe spinhvalwesenser evenphawal it ayer

212 is in range from.3A to 10A , Thi s ovjigles a . net netic...mmment of
t he si ngl e%ﬁf ﬁﬁ dnfoavﬁglto%ﬁ,re?]ﬁ%e }olc?ts“%n‘AE%eAn EH‘CFQ%GF %Btu&engulﬁ%s &econd

AP pi nned Ivapelow?het whgrdlici omeid Whith p2émbes Qr¥hdAg QntifhRneisatad e6uplidgp! i ng
field between the pinning | ayer 202 and each of the single pinned | ayer 204
and the fi figld hetwsenribe meniag layep 2030and the AP pinned layer Structure 206. In a” ,

preferred embodiment the sum of the thicknesses of the single pinned layer 204 and

20  the first AP pinned layer 210 are greater than the thickness of the second AP pinned
layer 212. If all the layers are cobalt iron, the sum of the magnetic thicknesses of the
single pinned layer 204 and the first AP pinned layer 210 are greater than the
magnetic thickness of the second AP pinned layer 212. A preferred difference in the
sum of the thicknesses of the single pinned layer 204 and the first AP pinned layer

25 210 as compared to the second AP pinned layer 212 is in a range from 3A to 10A.
This provides a net magnetic moment of the single pinned layer 204, the first AP
pinned layer 210 and the second AP pinned layer 212 which is small so as to enhance
the exchange coupling field between the pinning layer 202 and each 6f the single
pinned layer 204 and the first AP pinned layer 210.

30



12 8 Septenber 2005 Fig. 13 is an ABS illustration of a second enbodi nent of
the present invention wherein a spin vall2ve sensor 300 is | ocat e® Jeptemben2005
-the first and second read gap |ayers 76 and 78. The spin val ve sensor 300
is known in the art as a bottomspin valve sensor since the free |ayer

structure 206 isF'iQ.Cl%tiggn%?Ss sl Rid ¥ SREG L EREmIRDI Thd @ixgerm grg«ehﬁéﬂ to

‘the first read gap |l ayer e spin valve sensor 300 in 13 1s the
sane as t he vdrdin \aabpie vabressns@0800 s Ficgted ittweecnetht firseandiyeoad atad gep spi n
val.ve sensor between the seed |ayer 224 g}r&iﬁt he cap | ayer 214 are reversed

in their or erswe Bnd 8- e pripelle sepeqr _ d?"l?l’"@ Bofge g #g? PEaetpIn
directly onyhng sglisg)g gin@é{ ﬂ{el @&ﬁagﬂ%&??@\é?%% 3 lgé%{ed ééséeéft@m%e%éc{/m@%(ﬁz ggp free

| ayer structure el ng | ocat y on t 10 layer as
~shown i nSFi @uyeil 28 tHango tisssfistread igap tayet 36.bEhaispie valive sehsbh3@0 tnHiGgt 1 skhesses

and materials of the |ayers described._ herei nabove are enpl.ary. The
preferred c&Mases thegwin Calvg s 2P0 indde. 1Poexgepirthe Péarsm?)élvsgﬁmﬂ ?’éﬁe PEISRF g3Fel7

and the pre i S : t ood
hat cobal t opesspt A Sl T 2 RRRP pasmal i AN re oo A Mol #ETE, Py
ant i f err onagiPepinficdrbdyer stalctura@P6 ringslechtéddirédily dil theisag Jlagared24s He shaen

ni ckel manganese (N Mh) or iridi um nmanganese éIrNh). It should further be

under st ood thEie. tiRergthesshen theqfremiayernstiusture dis being lpeatetbdirestly paibggeed t he
spin vakye I nd,~300 shown in Figs. 12 and 13. Cearly, other
enbodi mllagt slagnﬁ%r:r%%lgfsiﬁ%a |Pnol§1H '%) “this invention will occur readily to those
of ordinary skill in the art in view of these teachings. Therefore, this
invention is to be limted only by the follow ng clains, which include all
such enbodi nents and nodi fications WES§i08wed i n conjunction with the

shove, (25, SPec! 1P ShhgE SIYBSCRION TR SHAH0RS b S 56,8 SepEToe
(ABS), conpdestibgd herdiyabovaears exemphy e Benpefertedcéabdltnigon is CogoFe;q, the
15  preferred nickel iron is Nig;Fe;7 and the preferred platinum manganese is PtsoMnsg. It
should be understood that cobalt (Co) may be substituted for cobalt iron (CoFe) and
that other antiferromagnetic materials may be used for the pinning layer such as
nickel manganese (NiMn) or iridium manganese (IrMn). It should further be
understood that the present invention includes the method of making of the spin valve
20  sensors 200 and 300 shown in Figs. 12 and 13.

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

25  specification and accompanying drawings.

I claim:

30



a ferromagnetic pinned | ayer that has a magnetic nonment; a ferromagnetic
antiparallel (AP) pinned |ayer structure that has a net magneti 8 Septemben200an
antiferromagnetic pinning |layer |ocated between and exchange coupled to each
of the pinned | ayer and the AP pinned |ayer structure for pinning directions
of the magnetic nonent of the pinnedl3ayer and the net nmagnetic nonent of
the AP pinned |ayer structure; onléhgﬁﬁsfree | ayer structure; and only one
nonmagneti ¢ conductive spacer |ayer t he spacer |ayer being | ocated
between the free layer structure and the pinned |ayer. 2. A magnetic read

head as clainmed in claim]l including: nonmagnetic nonconductive first and
second read ljaf magpeticsread headswhishhas amais bearmg sHERGSYARD 5PTSIENREN ¢ he

first ando%esﬁﬁng‘;e%gﬁlsogﬁﬁldd rs; ferromagnetic first and second shield
e % n

| ayers; an irst and second read gap | ayers being | ocated between the
first and secomftrrogiagastit pirngd layer that has pumpgneticonoment; head as clainmed in claim

2 wh [ he AP pi | ' af | c fi d
econd anti par ARFBIAEss Bl (PTG R R paf bl RIRRkRGe) L0 1S

interfaci mgmele pinning |ayer and the second AP pinned |ayer; an

antiparallel (AP) coupling. layer |ocated hetween and i nterfacing the first
and second Aparpmrﬁ@wma@p@tecsﬁlmangjlawréO?qt?dsltewnaP&ﬁwapwla’\eﬂﬁfg?ﬁcgci ng the

pi nni ng | i i a i i i s Blen t he net
ragnet . e pifnedlafROREL e AP0 RRITR bilnfE AT ok B
ant i par al inegnetio moroként @f theopinnéd lajer andgthe metcmagnstie mornadnt off shepARmaenedayer. 8
Sept enber 200§m 4 5. A magnetic read head which has an air bearing surface
(ABS) , co}%?ris Hrgre nonmagneti ¢ nonconductive first and second read gap

| ayers; a spi noMabiefréchgarstrag@urgaddcat ed between the first and second read

gap layers; ferromagnetic first and secaond shield | ayers;. and the. first and
second read gaPhly 39%8%““2?@?‘??& qopugtive Spase Wt“hé{“? fhag re[%bﬁﬂb‘élg% Ingfed

between the free layer structure and the pinned layer.

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

shield layers.

3. A magnetic read head as claimed in claim 2 wherein the AP pinned layer structure
includes:
ferromagnetic first and second antiparallel (AP) pinned layers with the first AP
pinned layer interfacing the pinning layer and the second AP pinned layer;
an antiparallel (AP) coupling layer located between and interfacing the first and
second AP pinned layers; and

the first AP pinned layer interfacing the pinning layer.

4. A magnetic read head as claimed in claim 3 wherein the net magnetic moment
of the AP pinned layer has a direction which is antiparallel to a direction of the magnetic

moment of the pinned layer.



shield | ayers; the spin valve sensor including: a ferromagnetic pinned | ayer
that has a magnetic nonent; a ferromagnetic antiparallel (AP) pi8fSeptenibay2G05
structure that has a net nagnetlc nmoment ;  an antiferromagnetic pinning

| ayer | ocated between and exchange coupled to each of the pinned |ayer and
the AP pinned | ayer structure for pinning directions of the magnetic nonent

of the pinned Iayer and t neti ¢ nomen i nned | ayer
structure; a ¥rempgRFLF r%apﬁ‘ﬁﬁ‘fﬁFgﬁg%ﬂi‘aé”ﬁﬁﬂ% ‘?Eﬁg@nﬁ‘ﬂﬁ T spacer | ayer
| ocat ed bet Weennbﬂﬂaéﬂeﬁ@n&&)éﬂducﬁw Hfst sid&secaaGedd Rplayeied | ayer; the AP

pi nned | ayer structure including: ferromagnetic first and second

antiparal | el ( AR)Pipivahiegensay aing lpated bmre«m the firshand serondigad gapdaystsit er f aci ng
t he pi nning Iay? (gﬁgagggﬁgpﬁggga@ﬁsﬂkﬂﬂ ré@%?r an antiparallel (AP)

coupling | ayer tween and interfacr’'ng the first and second AP

pi nned | ayers; aalmlﬁdefsecromﬂ rédd gap tayers bemgdocatedtbetwess thecfirstemdsecomidng | ayer ;
each of t%ﬂﬂ@ nned | ayer and the first and second AP pinned | ayers having a
magneti c ™2 net nagnetic nonent of the AP pinned |ayer having a

di rection mhlChﬂk%pma@hk@aﬁa}hehdh@ a direction of the magnetic nonent of
the pinned layer; and a sum of the magnetic nmpments of the pinned |ayer and
the first AP pi ?‘lff&?“}aﬁy@("P“H@fiﬂ@’egmétaliaéla“?%ﬁwtrﬁ%mﬁ‘&gnet| c moment of the

second AP pi nnegf%n%\‘nﬁ etfd-an ﬁ&ﬂ@%&ﬁﬁ%‘hﬂ?%&%%@hﬁ%&n claims

wherein the free layer structure is “closer to the first read gap | ayer than
t he seconmagwmlgapeﬂt,ayer 8 Septenber 2005 15 7. A magnetic read head as

claimed in claim5s erein the fre uctur to the second
read gap | ayer ?Ih%{ﬁ%rﬁomq‘gineu PIpaaE ?aefer%?aé %ena Sﬁ%&ﬁgg ? ﬁ%gd assenbl y

havi ng an t@ach betheipithes layeparl thé\BB)pinmediayet su-uagne foa pmnnﬁgaili‘eeﬁﬁhsldﬁ eeudi ng:
{ g;;»? gg gn?‘l‘ltalgl(l:etfcl 1€1§1£1ent o(% tlsug.a %%rlllgd ac))zlere arPc{ Sl% %e{ n%égrrlestlctmhg&enqao\%ethg A)f’o}I;lgn dor tion
layer structure;
a free layer structure; and
a nonmagnetic conductive spacer layer located between the free layer structure
and the pinned layer;
the AP pinned layer structure including:
ferromagnetic first and second antiparallel (AP) pinned layers with the first AP
pinned layer interfacing the pinning layer and the second AP pinned layer;
an antiparallel (AP) coupling layer located between and interfacing the first and
second AP pinned layers; and
the first AP pinned layer interfacing the pinning layer;
each of the pinned layer and the first and second AP pinned layers having a
magnetic moment;
a net magnetic moment of the AP pinned layer having a direction which is
antiparallel to a direction of the magnetic moment of the pinned layer; and
a sum of the magnetic moments of the pinned layer and the first AP pinned layer

being greater than the magnetic moment of the second AP pinned layer.

6. A magnetic read head as claimed in claim 5 wherein the free layer structure is

closer to the first read gap layer than the second read gap layer.



between a pole tip portion and a back gap portion; a nonmagnetic wite gag
| ayer | ocated between the pole tip portions of the first and se&:%"rﬁ?“ﬂhﬂ@ 05
pi ece layers; an insulation stack with gf |east one coil |ayer enbedded
therein | ocated between the yoke portions of the first and second pole

pi ece layers; and the first and second pole piece |ayers being connected at

their back p Jortions: .an e | |_NQ. pin val ve
sensor; nongzg ﬁg?jfl%neﬁ ﬁ%agﬁ‘agdc?ﬁ ('j\’}agl ?E}ls‘ﬁgg{n%&is%gfgﬁge F%ée)l%&égasgﬂﬁg%eﬁ s; the spin
val ve sensisserieitivgetaadataigapdiywee than thedirftirest gapiiayesecond read gap | ayers; a
ferromagnetic first shield layer; and the first and second gap | ayers being

| ocated between the first shield |ayer and the first pole piece |ayer; and

the spin val ge spagtic hodd dasiniily havihedn APBGFag hufoe (MBS, baniprisiihat has a
magnetic nmonment; a ferromagnetic antiparallel (AP) pinned |ayer structure
that has a net avaifadeadinc] nt; an antiferromagnetic pinning |ayer |ocated

between and exg gt?éjﬂlls?&éi[sgccﬁlﬂ%le S}Q gfetlélﬁgﬂhﬁﬁﬁge A PU& portish 1béiged\P PI Nned

| ayer structure tor prnning direction magneti c nonent of the pinned
| ayer and betweenetpoleappetiion andrahatk gdp paniondP pi nned | ayer structure; only

one free layer structure; and onl ne n netic nduct i ve | ayer
with the spacer® TONRENHIK; ‘?45@%83?%8?0" @?3’5@%"%{‘ ﬁlée ?orlggplpé)gtgaorn\ésotfr%gc ﬁ{; e and

t he pi nnedind 8%8hd pSle pRcehgaef i ¢ head assenbly as clainmed in claim38
including: a ferromagnetic second shield |ayer; nmagneti ¢, i sol ati on

| ayer | ocated @ét‘@%‘@ﬁ‘oflﬁ@%@’é‘ﬁﬁﬂl%ﬁi%fm? €¥e l?ﬁﬁg?‘ﬂg‘qel‘ ate‘%B?‘t‘é’eﬁ} ece

| ayer. 8 %ﬁeﬁ}t e&ggg&iogpggth%'ﬁm}gnd&cmtigcehg séqﬁéenbl y as clainmed in claim

8 wherein AP pl nne ayer structure includes: ) .
the first and second pole piece layers being connected at their back gap portions;

and

a read head including:

only one spin valve sensor;

nonmagnetic nonconductive first and second read gap layers;

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

a ferromagnetic first shield layer; and

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

the spin valve sensor including:

a ferromagnetic pinned layer that has a magnetic moment;

a ferromagnetic antiparallel (AP) pinned layer structure that has a net magnetic
moment;

an antiferromagnetic pinning layer located between and exchange coupled to each
of the pinned layer and the AP pinned layer structure for pinning directions of the
magnetic moment of the pinned layer and the net magnetic moment of the AP pinned
layer structure;

only one free layer structure; and

only one nonmagnetic conductive spacer layer with the spacer layer being located

between the free layer structure and the pinned layer.

9. A magnetic head assembly as claimed in claim 8 including:
a ferromagnetic second shield layer;
a nonmagnetic isolation layer located between the second shield layer and the first

pole piece layer.



ferromagnetic first and second antiparallel (AP) pinned |ayers with the
first AP pinned |layer interfacing the pinning |ayer and the sec®Beptgxpber 2005
pinned | ayer; an antiparallel (AP) coupling |layer |ocated between and
interfacing the first and second AP pinned |ayers; and the first AP pinned
| ayer interfacing the pinning layer. 11. A magnetic head assenbly as cl ai ned

in claim 10 erein the net maanetic, . Nnf,... i I has a
di rection whi AlE'a%}ﬁhf:&5?‘%\??58%&?03851%?”?&5% (lgl?)l%I %H@H@Eﬂ%&gﬁgﬁn ggt?lrag,gn%nt of

t he pi nnedtrh@yerinclddes: A nagneti ¢ head assenbly having an air bearing surface
(ASS), conprising: a wjite head incl.uding;,ferro net i i rst d second
pol e pi ece | ayé?rgo'?ar%{atlﬁg\fa?"g sged ﬁ?%‘?‘%ﬁ“?%@é?‘&gq%ﬁ&v@b{?eﬁ%ﬁ tip
portion anthmdqd RAeKinGrACAS e minglaaﬁmﬁamu@dm pien@ARydrayer | ocat ed
between the pole tip portions of the first and second pole piece |ayers; an

i nsul ati on st aek anjipasaliel (ARspplingdayssiqcated petveenprdiiateafacing thei first a9€at ed
between t . tl the first and second pol e piece | ayers; and
the first sg%gxg‘ieﬁeéﬁ%ddl@%gss’slice | ayers being connected at their back gap
portions; and ahe fiatiAR@asied taybuidienfycing theppiningdayere sensor; nonmagnetic
nonconductive first and second read gap | ayers; the spin valve sensor being
| ocated between the first and second read gap |layers; a ferromagnetic first

shi el d | ayer ;11a86ndgh&id lichd hssainblys ¢RitHediaR1dim )6 vehebedi thg nepmagmtdc bet ween t he
first shield layer and the first pole piece. layer; and t.he spi?? val ve
sensor i ndnerasmh§f thg APepinraddayse hasa drasHerwhigh isantiparallelde a diractignef ¥ nonent: a
f er r omagne} d G @bk nitfd@ayet nned | ayer structure that has a net

magneti c %n#%%nt ; bl@QIESept er‘%er 2%}%5 17 an antiferronmagnetic pinning |ayer

| ocated between and exchange coupled to each of the pinned layer and the AP
pinned | ayer lf.tAI: Hl%éryerti% h];gcf asgelzmnb% Hgvnggl £ne:§1} l')e%plﬁg (s-)lIrfath ?ABS), comprising;:

a write head including:

ferromagnetic first and second pole piece layers that have a yoke portion located
between a pole tip portion and a back gap portion;

a nonmagnetic write gap layer located between the pole tip portions of the first
and second pole piece layers;

an insulation stack with at least one coil layer embedded therein located between
the yoke portions of the first and second pole piece layers; and

the first and second pole piece layers being connected at their back gap portions;
and

aread head including:

a spin valve sensor;

nonmagnetic nonconductive first and second read gap layers;

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

a ferromagnetic first shield layer; and

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

the spin valve sensor including:

a ferromagnetic pinned layer that has a magnetic moment;

a ferromagnetic antiparallel (AP) pinned layer structure that has a net magnetic

moment;



magneti c nonent of the pinned | ayer and the net magnetic noment of the AP
pi nned |ayer structure; a free |layer structure; and a nonmagnet$ 8eptember 2005
conductive spacer |ayer |ocated between §he free |ayer structure and the
pi nned | ayer; the AP pinned |ayer structure including: ferromagnetic first
and second antiparallel (AP) pinned layers with the first AP pinned |ayer

interfacing the p| in | a and .t he,sec

anti paral | el (,&B)an UB&F?T&Y F Rinoy ngll%eé%ogateggf vvéeeerhg%dqne %ﬁ% g%&é’éf(ﬁ{ga PHL first
and second th piined dslyer amerthe A Qirinb@ ldyier Strudditepfon péshingadirections ef fthei ng t he
pi nni ng | ayer;  each of tlt nae[d Iaﬁ(gr and the first and igﬁg(pd AP pi nned
| ayers haMaggetic memgR? @erP ayer, apd the et magnetic, HAMSRt of ¢ nned
l'ayer haviig: gnfthfr&G frédNaydisimitnire; an@nt i parallel to a direction of the
magnetic nonent of t he pi nned Iayer and a sum of the magnetic nonents of

t he pinned | ay@rn(mmgtlﬁ@ chndgthmspmen tever loggted betwspm thegfresalayer RISATE he
magneti c edtl%‘% .second AP pinned |layer. 13. A magnetic head assenbly
as claine @5 wherein the free | ayer structure 1is closer to the
first read gap tha&ElpMnladitayteﬂmmsmoa)imclludiagd gap layer. 14. A magneti ¢ head

assenbly as clagined in.cl.aim 12 wherein ee | r str.uc cl oser
to the gecond GP%‘E‘H“‘QJEB o g{fglétan%ﬁ%ﬁ‘?ngﬁﬁtllﬁaimﬁgf (‘%‘%)aﬂnﬁe%ﬁy%@&’h%% rs,&‘#ggnetl c
di sk dri veyhmeg hé&df ﬁiﬂarf&&mb@Eé%mrﬁﬂ@la?&%@‘tﬂe%e&ﬁﬂd\laﬁﬁﬂﬁeﬂ hat has an

wite head, a read head and an air bearin surfacéwfjABS conpri_si ng; the

write head i nclandmtiparalied (AB)seppbng dayer m%teéhﬁf“@@t aging;t ‘é@rslt adrs t hat
have a yo‘%@co%wgﬁﬂnéd%ﬁ?q gbetween a pole tip portion and a back gap
etic

portion; a nonma te gap layer |ocated between the pole tip portions
of the first dhelfiseABpihnedlayepintecfacingthepininglayersul ati on stack with at

ho 1i7at and CBODRE TRoPE~S bt pory P SCRT feodfh PG BmpS o Bk Bl 1 775,

and secondnfdab@c Bbmes; | ayers being connected at their back gap portions; and

a net magnetic moment of the AP pinned layer having a direction which is
antiparallel to a direction of the magnetic moment of the pinned layer; and
a sum of the magnetic moments of the pinned layer and the first AP pinned layer

being greater than the magnetic moment of the second AP pinned layer.

13. A magnetic head assembly as claimed in claim 12 wherein the free layer structure

is closer to the first read gap layer than the second read gap layer.

14. A magnetic head assembly as claimed in claim 12 wherein the free layer structure

is closer to the second read gap layer than the first read gap layer.

15. A magnetic disk drive including at least one magnetic head assembly that has an

a write head, a read head and an air bearing surface (ABS) comprising:

the write head including:

ferromagnetic first and second pole piece layers that have a yoke portion located
between a pole tip portion and a back gap portion;

a nonmagnetic write gap layer located between the pole tip portions of the first
and second pole piece layers;

an insulation stack with at least one coil layer embedded therein located between

the yoke portions of the first and second pole piece layers; and



the read head including: only one spin valve sensor; nonmagnetic
nonconductive first and second read gap |ayers; the spin val ve s&Bemembrri20g5
| ocat ed between the first and second &ﬁ@d gap layers; a ferromagnetic first
shield layer; and the first and secon ead gap |ayers being |ocated between
the first shield layer and the first pole piece |layer; and the spin valve

i ncl udi f
ARG F R AT R

magnetic af@nent; an ant i ferromagnetl c pinning | ayer |ocated between and
exchange coupl e ach i t he pinned layer and the AP pinned | ayer
structure for ﬁ‘?ﬁ‘? 44ipdidifGns of the magnetic noment of the pinned | ayer
and the net nagpBtdde spRARe sedsof;ne AP pinned |ayer structure; only one free
| ayer structure; "and only one nonmagnetic conductive spacer |ayer with the
spacer |ayer baionmagnstianeerongestive 8rst antbserondereadigapriayers;uct ure and the pi nned
| ayer; a housi Ragﬂ ng; a
support nount egg? Srﬁtf e %hg(}qr?gi g%&%ﬁ%&%{%ﬁ{F}%‘i’j{?ﬁ%ﬁ%«%ﬁ%{i‘f&gﬁ%ﬁ%&%ﬂggenbl y
with said ABS affanomggrehe firshghieltlilayediapk so t hat the nagnetic head assenbly

is in a transdygi rel ati netic disk;.a | e not or
for rotating tﬁﬁ ﬁ%&ﬁ%‘f?%coﬂgéﬁ{ﬂ %ﬁ y@f%%?’&%gg%g‘ﬁ’ t&'ﬁf‘?’né‘en%r%ép ﬂ‘ﬁ'gﬁt ed to
t he supporahdfmrﬁrmmeé&?mﬂetl c head assenbly to multiple positions with
respect to said nmagnetic disk; and a processor connected to the nagnetic
head assenbly, tb%SleEalgﬁeﬁéﬂrén i8¢ and to the actuator for exchanging
signals with t ling novenent of the
magneti ¢ di sk g‘n Qg%gﬁ ?cfla %h%%gl% |(t)1§1 e’?he magneti ¢ head
assenbly. 8 Sept fenbmag@@@&nn&ral&l (APhpignest Ia&erchtslktum thathassa pétanagadtié n cl ai m
15 i ncl udi ng.

moment;

an antiferromagnetic pinning layer located between and exchange coupled to each
of the pinned layer and the AP pinned layer structure for pinning directions of the
magnetic moment of the pinned layer and the net magnetic moment of the AP pinned
layer structure;

only one free layer structure; and

only one nonmagnetic conductive spacer layer with the spacer layer being located
between the free layer structure and the pinned layer;

a housing;

a magnetic disk rotatably supported in the housing;

a support mounted in the housing for supporting the magnetic head assembly with
said ABS facing the magnetic disk so that the magnetic head assembly is in a transducing
relationship with the magnetic disk;

a spindle motor for rotating the magnetic disk;

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

a processor connected to the magnetic head assembly, to the spindle motor and to
the actuator for exchanging signals with the magnetic head assembly, for controlling
movement of the magnetic disk and for controlling the position of the magnetic head

assembly.



a ferromagnetic second shield | ayer; a nonmagnetic isolation |ayer |ocated
bet ween the second shield |layer and the first pole piece | ayer .8 September 2005
magnetic disk drive as clainmed in claim wherein the AP pinned | ayer
structure includes: ferromagnetic first and second antiparallel (AP) pinned
| ayers with the first AP pinned Iayer interfacing the pinning | ayer and the

second AP pinned | a ant i par (AR) cau | ayer | ocated between
and i nterfaci ng® tﬁégafgnFté"c lsﬁmves"’é(?g’ﬁ'a ‘ialﬁcbql‘%?ﬁédnﬁq‘é‘i}ggs and the first AP
pi nned | ayer i nt ej fedohiagndtR@edindRhiel lhyyer . 18. A magnetic disk drive as
clainmed in claim17 wherein the net nagnetic nmpnent of tﬂg ed | ayer
has a direction vihRQ@magaeticiselaignlpye located beieen the;ssepndsshiefitla ‘?@8 % ¢ nonent
of the plﬁ olt:?}é%% 9. A magnetic disk drive including at |east one

se

magneti c y that has an a wite head, a read head and an air
bearing surface (ABS) conprising: the wite head including: ferromagnetic

[t and secod Rol e BhCHRLAYEL2 chiiRls N1y QG AORLI A pichaf Bl bet veen

a pole tip por gap portion; nonmagne e gap | ayer

| ocat ed befrygdas idchglepol e tip portl ons of the first and second pol e pi ece

| ayers; an |nsulat|on st ac at | east (1.1 ayer edthereln

| ocated bet ween ERIMFIEHS taln ifecondl apjpar Peﬁ}s(»gﬁiaﬂ fag g’ e st

layers; ang &ﬁifédflé}reﬂnt&ﬁémémﬁlmﬂgla‘?*elpdnﬁ(fﬁé JeBRY AP Bﬁh&ﬂlaﬂjé}nneﬁ ed at their
back gap portions; he read head including: a spin valve sensor;

nonmagnetic n o nc cﬁlﬂohnttpal‘al:lelf (AP couplingdaves herated hetvirep qndyl@‘ieﬁacm& thestysty val ve

sensor bein e first and second read gap | ayers; a
ferromagn&1 sec |‘f’éf%mr% pﬁgl ’aygr and 8 Septenber 2005 20 the first and

second read gap |thy €ifss APgimgdlgeninedfabiap teeqrinitifelajerr st shi el d

18. A magnetic disk drive as claimed in claim 17 wherein the net magnetic
moment of the AP pinned layer has a direction which is antiparallel to a direction of the

magnetic moment of the pinned layer.

19. A magnetic disk drive including at least one magnetic head assembly that has

an a write head, a read head and an air bearing surface (ABS) comprising:

the write head including:

ferromagnetic first and second pole piece layers that have a yoke portion
located between a pole tip portion and a back gap portion;

a nonmagnetic write gap layer located between the pole tip portions of the
first and second pole piece layers;

an insulation stack with at least one coil layer embedded therein located
between the yoke portions of the first and second pole piece layers; and

the first and second pole piece layers being connected at their back gap
portions; and

the read head including;

a spin valve sensor;

nonmagnetic nonconductive first and second read gap layers;

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

a ferromagnetic first shield layer; and



| ayer and the first pole piece |layer; and the spin val ve sensor incl udi ng: a
ferronmagnetic pinned | ayer that has a nagnetic nonent; a ferrondgisetember 2005
antiparallel (AP) pinned | ayer structure jpat has a net nmagnetic nonent; an
antiferromagnetic pinning |ayer |ocated between and exchange coupled to

each of the pinned |layer and the AP pinned | ayer structure for pinning
directions of th netic . ] et magnetic
nonent of the APetB? ﬁrra%g%fl e%%/ngfr g%{]éagg%ylf?s}e‘b;%lrgl ér]‘lgégl 46%%?1 t@{ﬁrgé?ﬁilg; and a
nonmagnet layercmddhicirstsolspiacelaydrpardr | ocat ed between the free | ayer

structure and the %)i nnecl Ig%/‘er s ‘iE\h<f AP pinned | ayer structure including:
ferromagnetic fi rtBy SEARYRIEGSIRY MO Pr al | el (AP) pinned | ayers with the

first AP pinned 4 @6mageti€ pinded Rgertha has mﬁiaF;g:tilc&Uﬁﬁenand the second AP
pi nned | ayer; an anti parall el _(AP? coupl i ngl ayer Ioc%t ed bet ween and

interfacing the fafegeomagnetic sniinsrilehARipimed layeystueturethat Raga net r st AP pi nned
| ayer int g{ak@q{c%rﬁ & pinning layer; each of the pinned |ayer and the first
and secon pi nned 1ayers having a magnetic noment; a net magnetic nmoment
of the AP pi nned dnaptiferiomagnejicpiniingleydrdoratedibstween anderchpngegonpled top g

direction of t magnet.i c nt, 50f. i - - t he
nmagneti c ﬁ%‘&?eorﬁlﬁe B‘f’g‘fcﬁgyf)ri %%%gge AR e"r“gegﬁ%%{ Hg&%’ljre 3?‘%&‘?3“%’9%%‘2%’%*%’?3}6 bei ng
gr eat er t hagndtitemomentasfithe piniedlayei aridithe et magnetie momera cbfl the AP, pingednousi ng;
a magnetic disk rotatably supported in the housing; a support nmounted in the
housi ng f bWYesyiMe®fEi ng t he magnetic head assenbly with said ABS facing the
magneti c di sk so fhal{demiagaciic head assenbly is in a transducing
relationship with the magnetic disk; a spindle notor for rotating the
magneti ¢ di sk; ara eanmagneic qooductive spaner layealtosaied hefsser thetfisedaysr support for
novi ng the,_ nagnet|] enbly to multiple positions with respect to
sai d magné céurgflsi%h%gﬁ%gla%g%tenber 2005

the AP pinned layer structure including:

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

an antiparallel (AP) coupling layer located between and interfacing the first
and second AP pinned layers; and

the first AP pinned layer interfacing the pinning layer;

each of the pinned layer and the first and second AP pinned layers having a
magnetic moment;

a net magnetic moment of the AP pinned layer having a direction which is
antiparallel to a direction of the magnetic moment of the pinned layer; and

a sum of the magnetic moments of the pinned layer and the first AP pinned

layer being greater than the magnetic moment of the second AP pinned layer;

a housing;

a magnetic disk rotatably supported in the housing;

a support mounted in the housing for supporting the magnetic head assembly
with said ABS facing the magnetic disk so that the magnetic head assembly is in a
transducing relationship with the magnetic disk;

a spindle motor for rotating the magnetic disk;

an actuator positioning means connected to the support for moving the

magnetic head assembly to multiple positions with respect to said magnetic disk; and



21 a processor connected to the magnetic head assenbly, to the spindle notor
and to the actuator for exchanging signals with the nagnetic he @&1&%3%5
for controlling novement of the magnetic dgisk and for controlling the
position of the nmagnetic head assenbly. 20. A nagnetic disk drive as
claimed in claim19 wherein the free layer structure is closer to the first
read gap | ayer than the second.re e disk drive as
claimed in clai malrgo?/ﬁ%%orré’??lnef%gt? f}ge agltlecﬁ%%s%srsuc?lal’ﬁgqﬁg%c dé‘ger to the
second r eafbtaand| ey adnmasr fohexdhangihg signaals gath thaymgnetRZhead asenibld faf naki ng
a magnetic read head which has an air heari surface (ABS). copprising the
steps of RANTOMNgGmMoyeBen Aning Hagelic S?A g%nﬁ?q%?ﬁlﬁ’(f f‘%g?ep%%%"b‘s og?he f or m ng
a ferrona%g{,ét{éh@jidlmgnm@yer that has a magnetic nonent; formng a
ferromagnetic antiparallel (AP) pinned | ayer structure that has a net
magnetic nonment; formng an antiferromagnetic pinning | ayer between and

exchange COuD! 96, A haghaltiarkidGs BRI bR Ahchihe Ak Bheped | ayer

structure for pirnnin Irections o magneti ¢ nonent of the pinned |ayer
and t he netruawegiedloser tothe fitst ofad ghyelaper thanthe secondiread gan lapert ure; fornming only
one free layer structure; and form ng only one nonmagneti c conductive spacer
| ayer with the spacer |ayer |ocated between the free |ayer structure and
the pinned | ayen. A ZRgndicaikdriveas clainddirdlaim 18 Makreithe ifree laydi ng t he steps
of : form ng_ﬁqnonr_ra‘gneti c_nonconductive first and segond read gap |ayers with
the spi nstegtye isdpwssio the secopdiread gaplaver than the fiest read gaRB¥HNd read gap | ayers:
and formng ferromagnetic first and second shield |ayers with the first and
second read gap |ayers | ocated between the first and second shield |ayers.
24. A net hod ag2ch aethad of makingiamagetionead i¢adgvhietehastan pir bsaring or ni ng

ferromagneti.c fi . tparallel (AP) pinned layers with the
first AP %\Hrgar? cﬁ@i]é’?‘%ﬂ@gﬁggf"ﬁg%he pi nning |l ayer: and 8 Septenber 2005 22

an antiparall el (M&Ringonlylonegpih ayle¢ sdnoerabmgrikieg theatepani i nterfaci ng the
first forming a ferromagnetic pinned layer that has a magnetic moment;
forming a ferromagnetic antiparallel (AP) pinned layer structure that has a net
magnetic moment;
forming an antiferromagnetic pinning layer between and exchange coupled to
each of the pinned layer and the AP pinned layer structure for pinning directions of the
magnetic moment of the pinned layer and the net magnetic moment of the AP pinned
layer structure;
forming only one free layer structure; and
forming only one nonmagnetic conductive spacer layer with the spacer layer

located between the free layer structure and the pinned layer.

23. A method as claimed in claim 22 including the steps of:
forming nonmagnetic nonconductive first and second read gap layers with the
spin valve sensor located between the first and second read gap layers; and
forming ferromagnetic first and second shield layers with the first and second

read gap layers located between the first and second shield layers.

24. A method as claimed in claim 23 including the steps of:
forming ferromagnetic first and second antiparallel (AP) pinned layers with

the first AP pinned layer interfacing the pinning layer: and



and second AP pinned | ayers. 25. A nethod as clainmed in claim24 wherein_the
AP pinned | ayer structure is forned with its net nagnetic nome St Segiembst HY>S
antiparallel to the magnetic nmonent of thg pinned |ayer. 26. A nethod of
maki ng a nmagnetic read head which has an air bearing surface (ABS),
conprising the steps of form ng nonmagneti c nonconductive first and second

read gap |ayers w.th. I oV WReR ¢ st and
second read gap ngfgtrléralgeﬁw)o%wn@?@?%ﬁ%g%g{ﬁgn?‘?&rlst aﬁ@ggle{:%ljrélttsj shield

| ayers wi ad debendf AP pinnedhidyeecond read gap | ayers | ocated between the first
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a making of the spin valve sensor comprising the steps of:

forming a ferromagnetic pinned layer that has a magnetic moment;

forming a ferromagnetic antiparallel (AP) pinned layer structure that has a net
magnetic moment;

forming an antiferromagnetic pinning layer between and exchange coupled to
each of the pinned layer and the AP pinned layer structure for pinning directions of the
magnetic moment of the pinned layer and the net magnetic moment of the AP pinned
layer structure;

forming a free layer structure; and

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

the forming of the AP pinned layer structure including the steps of:

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

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

forming each of the pinned layer and the first and second AP pinned layers
with a magnetic moment where a sum of the magnetic moments of the pinned layer and
the first AP pinned layer is greater than the magnetic moment of the second AP pinned

layer; and



directed antiparallel to the magnetic nonent of the pinned |layer. 27. A
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forming a nonmagnetic nonconductive write gap layer between the first and
second pole piece layers in the pole tip region;

forming an insulation stack with at least one coil layer embedded therein
between the first and second pole piece layers in the yoke region; and

connecting the first and pole piece layers at said back gap region; and

making a read head including the steps of:

forming nonmagnetic nonconductive first and second read gap layers;

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

forming the first and second read gap layers between the first shield layer and
the first pole piece layer; and

making only one spin valve sensor comprising the steps of:

forming a ferromagnetic pinned layer that has a magnetic moment;

forming a ferromagnetic antiparallel (AP) pinned layer structure that has a net
magnetic moment;

forming an antiferromagnetic pinning layer between and exchange coupled to
each of the pinned layer and the AP pinned layer structure for pinning directions of the
magnetic moment of the pinned layer and the net magnetic moment of the AP pinned
layer structure;

forming only one free layer structure; and



| ayer | ocated between the free | ayer structure and the pinned layer. 30. A
met hod as claimed in claim29 including the steps of. forming & September 2005
ferromagnetic second shield | ayer; and fo%pi ng a nonmagnetic isolation |ayer
bet ween the second shield | ayer and the Irst pole piece |layer. 31. A

method as clained in claim?29 including the steps of: formng ferromagnetic
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structure is forned with its net nagnetic nonent directed antiparallel to
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form ng afirdpolegpiet layenonconductive wite gap | ayer between the first and
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32. A method as claimed in claim 31 wherein the AP pinned layer structure is
formed with its net magnetic moment directed antiparallel to the magnetic moment of the

pinned layer.

33. A method of making magnetic head assembly that has an air bearing surface

(ABS), comprising the steps of:

making a write head including the steps of:

forming ferromagnetic first and second pole piece layers in pole tip, yoke and
back gap regions wherein the yoke region is located between the pole tip and back gap
regions;

forming a nonmagnetic nonconductive write gap layer between the first and
second pole piece layers in the pole tip region;

forming an insulation stack with at least one coil layer embedded therein
between the first and second pole piece layers in the yoke region; and

connecting the first and pole piece layers at said back gap region; and

making a read head including the steps of:

forming nonmagnetic nonconductive first and second read gap layers;

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

forming the first and second read gap layers between the first shield layer and
the first pole piece layer; and



formng a ferromagnetic antiparallel (AP) pinned | ayer structure that has a
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structure for pinning directions of the magnetic nonent of the pinned | ayer
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the forming of the AP pinned layer structure including the steps of:

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

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

forming each of the pinned layer and the first and second AP pinned layers
with a magnetic moment where a sum of the magnetic moments of the pinned layer and
the first AP pinned layer is greater than the magnetic moment of the second ALP pinned
layer; and

the ALP pinned layer structure being formed with a net magnetic moment

directed antiparallel to the magnetic moment of the pinned layer.

34. A method as claimed in claim 33 wherein the free layer structure is formed

closer to the first read gap layer than the second read gap layer.

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

closer to the second read gap layer than the first read gap layer.



