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FOR PI NNI NG ANTI PARALLEL COUPLED TABS BACKGROUND OF THE | NVENTI ON ;ZF%b%hﬁ
of thé Invention This invention relates in general to spin valve

magnet oresi stive sensors for reading information signals froma nmagnetic
medium in particular, to a lead overlgy spin valve sensor with a thin
antiferromagnetic layer for pinning an antiparallel coupled |ead/sensor
overlap (tabMAGHEFORESITELG: SENSOR WWITHA REIN ANTAFE GNETIE en

i nclude auxiliary nenory storage devices having nedia on which data can be
witten and from VhAYERIEOR PEHXNENGr ANTIPARAIZEE COUPLEDTABRS access
storage device (disk drive) incorporating rotating magnetic disks is
commonly used for storing data in magnetic formon the di sk surfaces. Data
is recorded on concentric, radially spaced tracks on the disk surfaces.
Magneti ¢ heads i ncl udi ng rﬁiﬁgﬁ%@%ﬁwwgszggﬁo read data fromthe
tracks on the di sk surfaces: rves, magnetoresistive
(MR) read sensors, comonly referred to as MR sensors, are the prevailing
read sensors because of their capability to read data froma surface of a
disk at greater track and linear densities than thin film inductive heads.
An MR sensor deldfield of thenlgiention fiel d through the change in the - 2 FEB
2006 2

This invention relates in general to spin valve magnetoresistive sensors for
reading information signals from a magnetic medium, in particular, to a lead overlay spin
valve sensor with a thin antiferromagnetic layer for pinning an antiparallel coupled

lead/sensor overlap (tab) region.

2. Description of the Related Art

Computers often include auxiliary memory storage devices having media on
which data can be written and from which data can be read for later use. A direct access
storage device (disk drive) incorporating rotating magnetic disks is commonly used for
storing data in magnetic form on the disk surfaces. Data is recorded on concentric,
radially spaced tracks on the disk surfaces. Magnetic heads including read sensors are
then used to read data from the tracks on the disk surfaces.

In high capacity disk drives, magnetoresistive (MR) read sensors, commonly
referred to as MR sensors, are the prevailing read sensors because of their capability to
read data from a surface of a disk at greater track and linear densities than thinlﬁlm

inductive heads. An MR sensor detects a magnetic field through the change in the
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resistance of its MR sensing |ayer (also referred to as an "MR el enent") as
a function of the strength and direction of the nmagnetic flux bei ngfﬁpg;cmﬁ
by -thé MR | ayer. The conventional MR sensor operates on the basis of e

ani sotropic nmagnetoresistive (AVR) effect in which an MR el enent

resistance varies as the square of the cosine of the angle between the

magneti zatiqn in the el enent d the djrecti of . sense current flow ng
Chrough- ¢ HESRRBAEASME srascri iy ise beteasd 9 b aMIf Fomest haibRFeothedi um
because the external magnetic field fromthe recorded magnetic mnedium (the
si gnal fi dhelstrangthsans diregtiemefethe magheticlpeaingsensdd bingiaddRateron in the MR
el ement, which in turn causes a change in resistance in the MR el enent and

a correspondi rithechanggionil MReessnspetates on et basis of thhd ag@tropivot her type of
MR sensor is the giant magnetoresi stance (GWR) sensor nanifesting the GWR

effect. | nRIENGE SAMR“)%ffeeﬁwrﬁa%pré1e@eﬁﬁe§@taﬁém@rilegxﬁhe sY@drk 86 as a
function of the spin-dependent transm ssion of the conduction el ectrons

bet ween i - th . t he
nccompanyi Hecepfe CHHETRIERRREAL BF B ARBTRIBENR B P RERRebGHYY - 02
of the magnetic and nonmagnetic_ |l ayers and within the magnefic |ayers. GWR
sensors usFRY GHIept %ngéVgP%}‘%‘FMlgFf%bﬂwp@e @rciaﬁlbe(%ﬁgérqmﬁli - Fe)
separated by a | ayer of nonmagnetic material (e.g., copper) are generally
referred troagustic msdivnybeoause(tBupxtemabonagnaigiicibEemibe raserdsymagnetis . Fig. 1
shows a prior art SV sensor 100 conprising end regions 104 and 106

separ at ed thydiamqéetsignal field) cansdsQ2chadgd inrthe direntionvdgraghetizatiay ér theMRerred to
as a pinned layer 120, has its nmagnetization typically fixed (pinned) by
exchange cQhbrtn@hith idtuacadsy 4 (RLEOTAGHSh inAM/R a¥ekntlatd.a The

magneti zati on of a second ferromagnetic |ayer, - 2 FEB 2006 3
corresponding change in the sensed current or voltage.

Another type of MR sensor is the giant magnetoresistance (GMR) sensor
manifesting the GMR effect. In GMR sensors, the resistance of the MR sensing layer
varies as a function of the spin-dependent transmission of the conduction electrons
between magnetic layers separated by a nonmagnetic layer (spacer) and the
accompanying spin-dependent scattering which takes place at the interface of the
magnetic and nonmagnetic layers and within the magnetic layers.

GMR sensors using only two layers of ferromagnetic material (e.g., Ni-Fe)
separated by a layer of nonmagnetic material (e.g., copper) are generally referred to as
spin valve (SV) sensors manifesting the SV effect.

Fig. 1 shows a prior art SV sensor 100 comprising end regions 104 and 106
separated by a central region 102. A first ferromagnetic layer, referred to as a pinned

layer 120, has its magnetization typically fixed (pinned) by exchange coupling with an

antiferromagnetic (AFM) layer 125. The magnetization of a second ferromagnetic layer,



referred to as a free layer 110, is not fixed and is free to rotate in
response to the magnetic field fromthe recorded nmagnetic nedi um (th(? FEB-2006
signal field). The free layer 110 is separated fromthe pinned | ayer 15480
by a non- magnetic, electrically conducting spacer |ayer 115. Hard bias

| ayers 130 and 135 fornmed in the end regions 104 and 106, respectively,
provi de Io&gi tudi nal bias for the free |layer 110. Leads 140 and 145 forned
on hard biefsrreipeass figolayerd 1936 not egdeandiis g to rotabs/ingesponse torthe gragnetic
connections for sensing the resistance of SV sensor 100. IBMs U S. Patent
No. 5, 206 fieRDfrgmahé sdorided Biagnsticatiedia.(theisignat fiedpt Bk frex laiyer 13§ is ef er ence,

di scl oses a GWR sensor operating on the basis of the SV effect. Another
type of SRighritad HBmSBBPRned fayd M Ay @ﬁ’érﬁ'n!l@net(ié@qcﬁﬂbﬂ?/ ¥ahdRiALHSREr The

AP- pi nned val ve sensor differs fromthe sinple spin valve sensor in that an
AP- pi nned,_s tyr ' i ' st single

pi nned | ax‘/aé're? iﬁeﬁﬁ"g—bgi%ﬁlﬁgéjg i%@%‘ﬁdc{#rfénﬁ%dsméhgéﬁ{ %5g);ﬁgllpggm£(i)%%l i ng (APC)

| ayer sandw ched_ between first d secon err net.i in ayers. The
first pi nfeHePtiFbh PFRYACs nglﬁtﬁg"ﬁiglaﬁz‘?rﬂgﬁ%ﬁ’ Iaé(ﬁ‘i hrpags 144 %{]ﬁ& éogﬁﬁ on by
exchange coupling to the antiferromagnetic pinning | ayer. The second

pi nned | apehardbiasiwyers 488 ayd 335, aespactively, pravide dectiiea) spunpgtionssfonsansivgr al | el
exchange coupled to the first pinned | ayer because of the m ninmal thickness
(i n the otleresiofand &)SVOEensbnEIIAEBM 'ayES. RetdnidNen 51206,5P0 gsintaintd Riecpetd pi nned
| ayers. Accordingly, the magnetization of the second pinned |ayer is
oriented iaD McHPeRN iKbréif bY r&Brehbel discPsePNEMIRESHsbLdpekRinghm tle batd bon of
the magneti zation of the first pinned |ayer. The AP-pinned structure is
preferred RV &Y/ eglkggt single pinned | ayer because the nmagnetizations of the
first and Ssecond pinned | ayers of the AP-pinned structure subtractively

conbi ne to provjde a net netization that. is |le t han t he magneti zation
V k P Ano?her type of spr va}ve sensor is an antiparallel (%i’) spin vaive Sensor. "ﬂle

AP-pinned valve sensor differs from the simple spin valve sensor in that an AP-pinned
structure has multiple thin film layers instead of a single pinned layer. The AP-pinned
structure has an antiparallel coupling (APC) layer sandwiched between first and second
ferromagnetic pinned layers. The first pinned layer has its magnetization oriented in a
first direction by exchange coupling to the antiferromagnetic pinning layer. The second
pinned layer is immediately adjacent to the free layer and is antiparallel exchange
coupled to the first pinned layer because of the minimal thickness (in the order of 8 (E) of
the APC layer between the first and second pinned layers. Accordingly, the
magnetization of the second pinned layer is oriented in a second direction that is
antiparallel to the direction of the magnetization of the first pinned layer.

The AP-pinned structure is preferred over the single pinned layer because the
magnetizations of the first and second pinned layers of the AP-pinned structure

subtractively combine to provide a net magnetization that is less than the magnetization



- 2 FEB 2006 14 of the single pinned | ayer. The direction of the net
magneti zation is determned by the thicker of the first and second gi nned
| ayers. A reduced net nmgnetization equates to a reduced demagnetiz {£B8r2006
field fromthe AP-pinned structure. Si{g(‘:e the antiferromagnetic exchange
coupling is inversely proportional to'!t'he net pinning magnetization, this

i ncreases efthemingie pioned layer. BRitewkirectiorhef the nettmagnetivatioh isyduterametdibyethant i
ferromagnetic pinning |ayer. The AP-pinned spin val ve sensor is described

in cormonl yhielsslof feckirst Sd sebaidgiiineiQaycps. 48 PedhB8d e nidgh&iAREn Balakdso yhi ch i's

i ncorporated by reference herein. A typical spin valve sensor has top and

bot £ om Sur ¢ a6ead A i %(ioﬂ'}fél éﬁfﬁﬂggep\%gqﬁme%%rt&ﬁ%s SEﬁUeCtHe %xﬁ&%@ gt g% an

air bearing surface {ABS) where I'S an expose surface o

sensor tha the magnetic disk..Prjor. art read heads. enpl first and
second har %X{)hﬁgggf%ufilpg ! aﬂﬁerﬁﬁy §f°p8HW”@L@&%“?@H@W%@W“@%%’ g%%t t he
first and second side surfaces for |ongitudinally biasing and stabilizing
the free | HFEFSFTEXCheNgsCALBnhetvecadhel fiest pingedlayerpnd thepntdpromagnetiver sel v
t hrough the sensor. The track width of the head is neasured between the

centers of pinmingslayer. Jibe fAdepianed spimealire emsbray described mrcoafri@my adstgned Xsice t he
track width to submcron levels it has been found that the hard bias |ayers

nmake the f Pe@eni Ny es,465085etoiHeitnland Pafliid whthtiRlcolpbutdMB9NRtdrénd@PERM. does not
freely respond to field signals froma rotating nmagnétic di sk.

pccordingly, tNAr@picl irPidIQEnkiths iR oBof@IhAS 1l AL GhERecbh Gl W dth

spin val ve sensor$ which are sti ensitive to the 'signals
{ransver sery s FRA R ath beuISA o BB 08 ASHbB e R
state. - 2_FEB 2006 % -5 Thus, need clearly . exists for a spin valve
sensor wi t PHIERCH iog eﬁeg@af}ﬁt ?afgﬂ&l\re%nptévg?k. gnor art read heads employ first and
second hard bias layers and first and second lead layers that abut the first and second side
surfaces for longitudinally biasing and stabilizing the free layer in the sensor and
conducting a sense current transversely through the sensor. The track width of the head
is measured between the centers of the side surfaces of the free layer. In an effort to
reduce the track width to submicron levels it has been found that the hard bias layers
make the free layer magnetically stiff so that its magnetic moment does not freely
respond to field signals from a rotating magnetic disk. Accordingly, there is a strong-felt
need to provide submicron track width spin valve sensors which are still sensitive to the
signals from the rotating mdgnetic disk along with longitudinal biasing of the free layer

transversely so that the free layer is kept in a single magnetic domain state.



which is highly responsive to signals froma rotating nagnetic disk.
SUMWARY OF 'QI]'HE I NVENTION 5 I'n accordance with the principles of the %f@&éﬁﬂﬁ
invention, there is disclosed a spin valbe (SV) sensor having first and
Second passive regions and a central track width region transversely

[ t I d firnst. and second passive regionps,,.said SV sensor
comor i ng: 2 BV ettty B d TR reaes resser g?fhaag;gﬁf;y G likolres by

dwi chedideit b¢hsPien 8inhid Yi¥n 2Pslathl flafcBi6 disyer; a ferromagnetic
;?23 Iayerli n 2???%@?55 gnd fségcond pass?l\ii‘gg rgégrlf ons; an anti parallel

coupling | ayer sandw ched between said free |layer and said ferromagnetic

bi as | ayer for providing st rwﬁﬁﬁgﬁaﬁ@@gtg@% bet ween sai d bi as

| ayer and is said free |ayer : passive regions; and
an antiferromagnetic (AFM | ayer adjacent to said ferromagnetic bias |ayer,

id AFM | ayer exchange cqupled.to the.ferromagnetic bias |ayer to provide
ZaIp?nni ng fi g| EP P%Cof%é‘g‘%iwdg‘ HﬁeaRfB}“}P%%? I%FrPrQ%ﬁng peRHPhgheiees dliscdosad r  opi
in a canvside qBVeathR Havingl fiR€iaal ScOHIVBRGVE red@nslah@Gt EikaP¥agk ekt Regtdh
air bearing surface and a direction perpendicular to the air bearing '
sur f ace. TARYEFSEiYfisRosedbriYReY said fiest andhgecomdpassive eegionspsaid SVosensdrepmptising:
provi ded a di sgpgﬁ,&?pdlyelsyst em conprising: a nmagnetic recording disk; 25 a

0

magneti c read head densing magnetically recorded recorded data on the

magnétic recot &irrmaghetic fremlagenagnet i ¢ read head conprising: a spin valve
(SV) sensor, tpgpag\e/r ﬁ?&ssgﬂd\gi%ilgcpbfi%ggn\,\ga? gigngf lta\)llveerearxlldfslalrdsftreealg)ger;
a ferromagnetic bias layer in said first and second passive regions;
an antiparallel coupling layer sandwiched between said free layer and said
ferromagnetic bias layer for providing strong antiparallel coupling between said bias layer and
15 said free layer in the first and second passive regions; and
an antiferromagnetic (AFM) layer adjacent to said ferromagnetic bias layer, said AFM
layer ‘exchange coupled to the ferromagnetic bias layer to provide a pinning field to the bias
layer;
wherein said pinning field is directed in a canted direction intermediate between a
20  direction parallel to an air bearing surface and a direction perpendicular to the air bearing
surface.
According to another aspect of the present invention there is provided a disk drive
system comprising:
a magnetic recording disk;
25 a magnetic read head for sensing magnetically recorded recorded data on the magnetic
recording disk, said magnetic read head comprising:

a spin valve (SV) sensor, the SV sensor being sandwiched between first and
second read gap layers, the SV sensor having first and second passive regions and a central track
width region transversely disposed between said first and second passive regions, said SV sensor

30 comprising:
a pinned layer;
a ferromagnetic free layer;
a spacer layer sandwiched between said pinned layer and said free layer;

a ferromagnetic bias layer in said first and second passive regions;

[RALIBM]66155.doc:gmm



second read gap | ayers, the SV sensor having first and second passive
regions and a central track wdth region transversely disposed betgeFeEE
said first and second passive regions, s&i-d SV sensor 30 conprisin 2006
pi nned | ayer; a ferromagnetic free |layer; a spacer |ayer sandw ched between

Frrst "and: secofapeasboqualadaer Srtvich by L85 or et ot said feroppgndiins
an anti pgfagidyet f&%&Wld’d’Qg |sﬁf&h?g’ at A PORALRE b¥RRBn Sal @Jsrl?}% rlafY 92{1 #0132t th

ferromagneti ¢ bias layér for providing strong anti paral coup i ng
bet ween 8giftstyindsecanderassivairegiong, free layer in the first and second

assi ve region | aye ad' ace t t.o said .
Perronagnesi o i Ao ABbERUCOABNECRYE 4ot o MRL RShRERTIc. 8% B9 snic APM
f err osraghgti exdhange taupded toother forbaagretioi bins el tchfbvﬁdb & fibﬂarbnhgﬂﬁeld' RY®E bias

wherein said pinning field is directed in a canted direction 1 nternediate
bet ween E’ Yedi recti on parallel to an air bearing surface and a direction

per pendi cul ar {fiefelte s@li piRQAg MG iS dibaEE in aangarﬁ&i ﬁﬁe ?ﬁ e[l% ggmay

sai d magneti c read head acroSs the magnetic disk so t at e rea

access dflfrgcsioarparplislitoran eir helaenmgrfem end ecdiraditing mpdodicatnd ta the cair dempg
channel h electrically to the SV sensor of the read head for .
detecting changes in resistance of the SV sensor in response to magnetic
fields from than asgatet ﬁocaiolvmg sa&t:maglﬁ:dcdaid&ead%rﬁ‘évethalﬁmgﬁet&ﬁdm\l@bd thasthe read

dd bj ect advant ages of the present invention wll
become. apPdER; eris Bt Faina gl W meBR GEce il and

a recording channel coupled electrically to the SV sensor of the read head for detecting
changes in resistance of the SV sensor in response to magnetic fields from the magnetically
recorded data.

15 The above as well as additional objects, features, and advantages of the present

invention will become apparent in the following written description.
BRIEF DESCRIPTION OF THE DRAWINGS

20 For a fuller understanding of the nature and advantages of the present invention, as well
as of the preferred mode of use, reference should be made to the following detailed description
read in conjunction with the accompanying drawings. In the following drawings, like reference
numerals designate like or similar parts throughout the drawings.

Fig. 1 is an air bearing surface view, not to scale, of a prior art SV sensor;

25 Fig. 2 is a simplified diagram of a magnetic recording disk drive system using the SV
sensor of the present invention;

Fig. 3 is a vertical cross-section view, not to scale, of a “piggyback” read/write
magnetic head;
Fig. 4 is a vertical cross-section view, not to scale, of a “merged” read/write magnetic

30  head;

[RALIBM]66155.doc:gmm



BRI EF DESCRI PTI ON OF THE DRAW NGS 20 For a fuller understanding of the
nature and advantages of the present invention, as well as of the -2 FEB 2006
preferred node of use, reference should be nmade to the followi ng detailed
description read in conjunction with the acconpanying drawi ngs. In the
followi ng drawings, |ike reference n rals designate like or simlar

parts througho the drawings. Fi.g. 1 1s an air beari surfacge view, not

to scale, of alf’tp&-i 5 a aif begriag R visy, PO SQalFs§fén§Fﬁ9%ﬂ}fF?‘E8 aldgr am of a
magneti c recording disk drive systemusing the SV sensor of the present

i nvent i onovetlay S sersonof/dheipresant invendionsect i on view, not to scale, of a

"pi ggyback" read/wite nmagnetic head; Fig. 4 is a vertical cross-section

view, not to sEige6abd ae diiBEGRE suFfadeiviens it bRaR] b£thd @ Vhesagsr of Fig. 5
[ R'\LIBM 66155. doc:gmm - 2 FEB 2006 7 Fig. 5 is an air bearing surface

view, not ifh‘i’stx%ﬁg%_@qu.@ﬁtiaﬂ@tg??@?ﬂhﬁ'ﬁ@tthe@egéor'b%ﬁ’e &%@oh%tﬁ%é&ﬂ?&%ﬂio& he

present i nvent| 1 gsS. bd are air earing surface views, not to scal e,

of the SV sensq. . Fig, 5 .illustratin equent ial st eps .of . maki t he
sensor by the mubtio b Rers Bkt Y Bl IS oS e R o, g
surface view, not to sc&] g of a ,second enbodi ment of a |ead overlay
sensor of ladePVSFlaY gsnsor hthepresent InYegliony j s a graphi cal representation of
the strength of the AFM pinning field as a function of AFM I ayer
t hi ckness; and Hig.@ is@ graphpdahrepésentatiomof the sengtleof e ALM pinningficld asensor
indicating the orientation directions of |ongitudinal, transverse and
cant ed bi dandtioalod$\FM l#ylet tickiness; bed ai r beari ng
(.

Fig. 9 is plan view, not to scale, of a spin valve sensor indicating the orientation

directions of longitudinal, transverse and canted bias fields relative to the air bearing

surface.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

The following description is the best embodiment presently contemplated for
carrying out the present invention. This description is made for the purpose of
illustrating the general principles of the present invention and is not meant to limit the
inventive concepts claimed herein.

Referring now to Fig. 2, there is shown a disk drive 200 embodying the present
invention. As shown in Fig. 2, at least one rotatable magnetic disk 212 is supported on a
spindle 214 and rotated by a disk drive motor 218. The magnetic recording media on
each disk is in the form of an annular pattern of concentric data tracks (not shown) on the

disk 212.



surface. DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENT The fol |l owin
description is the best enbodiment presently contenplated for carry%@Egdﬂﬂﬁ
the present invention. This description is made for the purpose of

'l lustrating the general principles of the present invention and is not
meant to limt the inventive concept cl ai med here| n Referring now to

neshown 1 1 g 1SRYARe ikt 213 ol cﬁm@bﬁa%r@?, LR e o ¢ oa

on a spindle 214 and rotated by a dISk drive notor 218 The magnetic
recor di ng OBE@F BOHMAGARLIE raadgwnteshqaﬁs A Hewhese ﬁh%heaém&mmmratpath@%r\h of
concentric data tracks (not shown) on the disk 212. - 2 FEB 2006 8 At
| east one sshdodef thapdesest inoaitiono Asdhodiskdwtale, ske id2r 2 Ehismeteddadiallyl
supporting one or nore negnetic read/wite heads 221 where the head 221

i ncor por ataag oli§vepthe cﬁﬁf‘&ﬁfac@hl bBethaf @ 28Adsi 221 9y RiessAITérRA fHrks Jrot at e,
the slider 213 is noved radially in and out over the disk surface 222 so

t hat the de5| red
data i o r oS bR AP ARTR ShdEL B ARSs %‘fﬁ“g%? ?%?c%?@fa
means of pensi on 215. The en5|on 21 rOVI r|ng
force i ah 5EeRs O Sienden 2533 x?@ﬁwfl?fégar%va sl Sk
actuator arm 219 is attached to an actuator 227. The actuator as shown in
Fig. 2 mayvhjeh biagesitheslidsr R13ragatnst thevdisly surfppe 22NEachmstiatas o 2d8il  novabl e
within a fixed magnetic field, the direction and speed of the coil
yovenent s dttecheg to antactohtioe 22 by Thdwetuabddrars sbowm enFigsi §madysbesappte eall mbyora
control |l er 229. During operation of the disk storage system the rotation
of the di YyCMR DRITECM ESmprises a coil movable within a fixed magnetic field, the direction

and speed of the coil movements being controlled by the motor current signals supplied

by a controller 229.

During operation of the disk storage system, the rotation of the disk 212 generates

an air bearing between the slider 213 (the surface of the slider 213 which includes the

head 321 and faces the surface of the disk 212 is referred to as an air bearing surface

(ABS)) and the disk surface 222 which exerts an upward force or lift on the slider. The

air bearing thus counter- balances the slight spring force of the suspension 215 and

supports the slider 213 off and slightly above the disk surface by a small, substantially

constant spacing during normal operation.

The various components of the disk storage system are controlled in operation by
control signals generated by the control unit 229, such as access control signals and
internal clock signals. Typically, the control unit 229 comprises logic control circuits,

storage chips and a microprocessor. The control unit 229 generates control signals to

control various system operations such as drive motor control signals on line 223 and



an air bearing between the slider 213 (the surface of the slider 213 which
i ncludes the head 321 and faces the surface of the disk 212 is referyed to
as an air bearing surface (ABS)) and the di sk surface 222 which exe'ri EE%QUUG
upward force or |ift on the slider. The air bearing thus counter- bal ances
the slight spring force of the suspensgy on 215 and supports the slider 213

of f and slightly.above the disk. surface a,small, .substanti al const ant
opacing adertpesifhaT sshk Portrdishdls o 2AaS TEO Fonsinl SEB PR 24 sk ot or age
systemare caontrolled in operation by, 6 control signals generated by the
control urevigethe desired areatproditesdo aptimplly mgkeprd pesition 1%@ shidrn 213 rt%éne
signals. Typically, the control unit 229 conprises logic control circuits,

st or age chiepisedaduta track ar thp k420 Read ied woitdt sigrialsare to@Rfingpatedrtatand froont r ol
signals to control various system operations such as drive notor control

si gnal s onhé tea8/wiR8 hadtld 221 3 ymiand 8Pthe Fecordiasl cRaSBikE 225) RdtdrELekhamaat sl
signals on line 228. The control signals on |ine 228 provide the desired

current profj . bi i

Gosi rod aafa) bEEplRaRhdiR b NS 1RACRATHIRE) chilfiePbl Eftacthibcl Gube, o o
to and fr he read/wite head 1.b ans t he.recordi channel

295 Recor Bes @R A anbsmettalias Ob ol chattelare Wel Senet it Aty RERPHood
(PMRL) channel or a peak detect channel. The design and inplenentation of
bot h chanrfkilledan thegst. | Inthepysiarrediembodiment rgcardingshamet 22516 IMRL n the art.
In the preferred enbodi nent, recording channel 225 is a PMRL channel. The

above desahamidl.on of a typical magnetic di sk storage system and the
acconpanying illustration of Fig. 2 are for representati on purposes only.

It should be arHRabeNé désoaptich Stka ShRAPHARYIS URNEtdTEYe Setehiiand thel ar ge nunber
of disks and actuator arns, and each actuator arm may support a nunber of

sliders. accompanying illustration of Fig. 2 are for representation purposes only. It should be

apparent that disk storage systems may contain a large number of disks and actuator
arms, and each actuator arm may support a number of sliders.

Fig. 3 is a side cross-sectional elevation view of a "piggyback" magnetic
read/write head 300, which includes a write head portion 302 and a read head portion
304, the read head portion employing a spin valve sensor 306 according to the present
invention. The sensor 306 is sandwiched between nonmagnetic insulative first and
second read gap layers 308 and 310, and the read gap layers are sandwiched between
ferromagnetic first and second shield layers 312 and 314. In response to external
magnetic fields, the resistance of the sensor 306 changes. A sense current Is conducted
through the sensor causes these resistance changes to be manifested as potential changes.
These potential changes are then processed as readback signals by the processing

circuitry of the data recording channel 246 shown in Fig. 2.



Fig. 3 is a side cross-sectional elevation view of a "piggyback" gnetic
read/wite head 300, which includes a wite head portion 302 and a r-gad §3gm5
head portion 304, the read head portion enploying a spin valve sensor 30
according to the present invention. The sensor 306 is sandw ched between
nonmagneti c insul ative first and secqpd read gap layers 308 and 310, and

the read gap | rs are et ween omagnetjc first and second
shield | ayers %Wtﬂhﬁ po ﬂnﬁggﬁgﬁxgéna[ggegg&eégfwte g??é’g*@[‘%‘“ AW the
resrstance of the sensor 306 changes. A sense current |s conducted through
t he sensor as@aééé§ar1dh*é§@drb@§vwafﬁ§teanérsa¢@ésn&w@@ Ipiers 38sandB28s Aothtingnt i al

changes. These potential changes are then processed as readback signals by
t he pr ocegssubgiondayer 322 maydfe entpdoytdtfar plenariziigihe hbahtoalinddde sipples i the Fi g.
2. - 2 FEB 2006 10 The wite head portion 302 of the magnetic read/wite

head 300 'sB@dﬂdCiﬁﬁllzﬁlcﬁx%ﬂfer|3Q§@Eus%&@ﬁ$l@é‘63ﬂ 1@&?@@1@6%@%&%&@@ ﬁﬂqhﬁécond
i nsul ation |layers 318 and 320 ird insulation |ayer 322 may be

enpl oyed fipn .0l N4 rleqereg@%rbe@%é m%a n@esﬁ%rrgmireﬁre' &m or §Z§§ﬁ<ﬂdan g

|nsulat|on ayer cause he” col he Tirs

third tron I yers .are refer ed t rt as .an . insul atign stack
The coi | Rl Bt 3okorihagd ShiRb et e agaréc}%&mﬁﬁﬁraae ?%QWF%‘FEBH‘W%? ¥ 38,
320 and 322 are sandwi ched between first and second pol e piece |ayers 324
and 326. PRE seqondpolaficcsdayig 33band IR6e clehel firgieand sgeondpele piggedlagere 324 and
magnetical ly coupled at a back gap 328 and have first and second pole tips

330 and 328 amhinegnehicallsepmpiatatd byk gap32& addape fissy end &3dndipolichips 3BE 340.
An i nsul ation | ayer 336 is | ocated between the second shield | ayer 314 and

the first spai3s2 pikedeart a%tﬁratecBefla Wt g% laber 339GoHE ABS shol haygduladibg and the

first pole p| ece layer 324 are separate layers this read/wite head is

Known as gpyd PE%@Yﬂﬂ%e%ﬁﬁﬁgm {ﬁ'egecio%d shield Gyt NTR 288 tfd st po1€3RER1aykNE SECONd

shield Iay 4 an rst
324. Since the second shield layer 314 and the first pole piece layer 324 are separate

layers this read/write head is known as a "piggyback" head.

Fig. 4 is the same as Fig. 3 except the second shield layer 414 and the first pole
piece layer 424 are a common layer. This type of read/write head is known as a
"merged" head 400. The insulation layer 336 of the piggyback head in Fig. 3 is omitted

in the merged head 400 of Fig. 4.

First Example
Fig. § depicts an air bearing surface (ABS) view, not to scale, of a lead overlay
spin valve sensor 500 according to a first embodiment of the present invention. The SV
sensor 500 comprises end regions 502 and 504 separated from each other by a central
region 506. The substrate 508 can be any suitable substance including glass,

semiconductor material, or a ceramic material such as alumina (Al;03). The seed layer



pi ece |ayer 424 are a common |ayer. This type of read/wite head is known
as a "nerged" head 400. The insulation |ayer 336 of the piggyback DQQQEBI ﬂ][]ﬁ
Fig. 3is omtted in the nerged head 400 of Fig. 4. First Exanple Fi"g.-™5
tdepicts an air bearing surface (ABS) view, not to scale, of a |lead overlay
spin valve sensor 500 according to gifirst enbodiment of the present

i nvention._The ?V sensor 500,c(£rrpri ses .end regi ons, 502 and 504 separated
from each WPHER Iaygr or lagsre daposited i madify the crystallogmphicdextursy gsain sige ofny

sui t abl e substance including glass, sem conductor naterial, or a ceramc
materi al dhebpubsequentilayers. AnianiBrronfmetieFMalayer 5100s HERsPod6vathe 569 is a

| ayer or |ayers deposited to nodify the crystallographic texture or grain

size of t hthe seeddsypenn antipaalel (AR)-itined GryepSEY ARbhAuAIAE M aceBdaér UGS
deposited over the over the seed layer. An antiparallel (AP)-pinned |ayer

°12, a CONfiEd lnye SRS RN seaddudlld ovat (L AFM wn%@l%@ﬂﬁﬁagﬂrﬁﬁgss

sequentially over the AFM | ayer '510. The AF aye ave a t

sufficient, t r.ovi de the desired.exchan roperties to act as a pinning

| ayer for l}aﬁgaﬁﬁ%eﬁ%%%ﬁflgg}teﬁo pgqygde ﬁlﬁrafﬁge%pq?‘é% PEYHSHIAS AR At S APLAREY | ayer
510 is thinner than desirable for a pinning |ayer and is used to provide
an addi t i JAvAr fertbe APspiped kayen 2, In thermsesent erpbasimantp theptlylilayer 510 ie
subsequent | ayers of the sensor. The AP- pinned |ayer 512 conprises a first
f er r omagndhinoer thy Ylesirablerfosd pinaing layes esdiscised tor prowslg ne kilditioFiReed myer 519
separated by an antiparallel coupling (APC) |ayer 518 that allows the FML

| ayer 517 tahelptgrembidimpaysed podfiRriies diehesdubssy@biyt 1A re otk eehsag ThagpPcat ed by
tthe anti parallel nagnetizations 542 (represented by the tail of an arrow

poi nti ng igHuRediiReer BAR8EhpASK a3 fFHBRLESRRIEN 1P YaykPs1MGR0: Qo arrow

poi nting out of the paper), respectively. The AP-coupled |ayer 512 is

desi gned tfgrrgrﬁagne?ig l(f? M% mgldSi%EEra?e% biysan antiparallel coupling (APC) layer 518
that allows the FM1 layer 517 and the FM2 layer 519 to be strongly AP-coupled as
indicated by the antiparallel magnetizations 542 (fepresented by the tail of an arrow
pointing into the paper) and 543 (represented by the head of an arrow pointing out of the
paper), respectively. The AP-coupled layer 512 is designed to be a self-pinned layer as is
known to the art. The free layer 516 comprises a ferromagnetic first free sublayer 520 of
Co-Fe and a ferromagnetic second free sublayer 521 of Ni-Fe.

A bias layer 522 separated from the free layer 516 by an APC layer 523

comprises a ferromagnetic first bias sublayer 524 of Co-Fe deposited over the APC layer
523 and a ferromagnetic second bias sublayer 525 of Ni-Fe deposited over the first bias
sublayer 524. An antiferromagnetic layer 560 of Pt-Mn, or alternatively of In-Mn, Ni-
Mn or other conducting antiferromagnetic material, is deposited over the second bias

sublayer 525. The APC layer 523 allows the bias layer 522 to be strongly AP-coupled

to the free layer 516. The AFM layer 560 is exchange coupled to the bias layer 522



known to the art. The free layer 516 conprises a ferromagnetic first free
subl ayer 520 of Co-Fe and a ferronmagnetic second free sublayer 521 Oia

Ni -Fe. A bias |layer 522 separated fromthe free |layer 516 by an APC1 J/:EB 2006
523 conprises a ferromagnetic first bias sublayer 524 of Co-Fe deposited
over the APC |l ayer 523 and aferronmagngi c second bias sublayer 525 of

e SRR Bl i bRy SR HER o7 m eGP SRR

antiferromagnetic material, is deposited over the second bias sublayer
525. The Aper.| ayer 523 allows the bias |ayer 522 to be strongly AP-coupl ed
to the free layer 516. The AFM | ayer 560 is exchange coupled to the bias

| ayer 522 - 2 HKBAFRMGayeRS6pisdormiédaof alayerdiavimigrathicindss ddsd than needegltd t he
direction of the magneti zation 546 of the bias |ayer. The AFM | ayer 560 is

fornmed of providyemakidMind GsaturitBd )RR fbRS Fik PR anRadech! t¢presefi@MbilBf faeMaxi mum
(saturated) pinning field. Fig. 8 is a graphical representation of the

vari ationof ol niH ag.f | : [ f odibd Hegss for a
typi cal A[s_zﬁﬁatfryg{ue}':p%u% %lg s%%t?ﬁ?%gf@flgnFﬁg%ggg%ﬁﬁs{@§&W§ﬂéyer t hi ckness
as the exchan upl in rength i.ncr s until a saturated or Xi mum
pi nni ng f%?ﬂgﬁ?s‘fﬁ%g@ﬂ@% f?ﬁ ﬁlc{eg%rmt ﬁ? @Eﬁ@%fst,ﬂl%ﬁas rCXGANRR P YRS,
formed of Pt-Mh, a thickness (tSAT) of about 150 Ais needed to provide

t he maxi mstensath Hicregsesrtil a sataratad oryeaximygmyianipg field ivkeacheshat 4 lgyer
approximately 80 A while for an AFM | ayer fornmed of Ni-M, tSAT is

appr oxi mattetknes§ @sarAForan ARM laféd foryed of Pt Miedsckinsssd e eafabdyt 150sA escchange
‘coupl i ng strength decreases due to the decreased grain size of the thinner

| ayer. | nneédidito pfovadetheMRixinien Pasiing dFor\aa 2KEVI 186 fafied of 0Pl Agr Is0 t he

bias |ayer required for pinning the AP-tabs while maintaining high

sensi ti vi by, L Qimdiflg 88 $41S Br an ABMARN: t8da o188-N18, &r IefpRixiBieN50

A. Asthe AFM layer thickness is decreased, its exchange coupling strength decreases
due to the decreased grain size of the thinner layer. In order to achieve the desired
weaker exchange coupling to the bias layer required for pinning the AP-tabs while
maintaining high sensitivity for the SV sensor, the AFM layer 560 is formed of Pt-Mn
having a thickness in the range of 30-100 A. Alternatively, the AFM layer may be
formed of Ir-Mn, Ni-Mn or other electrically conductive antiferromagnetic materials.
The weak pinning field due to the thin AFM layer is particularly effective at the
interfaces of the track width region and the first and second passive regions where the
bias layer ends. At this discontinuity of the bias layers, demagnetization fields can result
in destabilization of the free layer magnetization in the absence of a pinning field. A
weak pinning field removes this instability without significant stiffening of the free layer
magnetization 544 in the track field region. After the thin AFM layer has been deposited,

a first cap layer 526 is formed on the AFM layer 560.




having a thickness in the range of 30-100 A. Alternatively, the AFM | ayer
maybe formed of Ir-M1, N -M1 or other electrically conductive
antiferromagnetic materials. The weak pinning field due to the thin AEM FEB 2006
layer is particularly effective at the interfaces of the track width

region and the first and second passivg regions where the bias |ayer ends.

At this discontinuity of the bias |ayers emagneti zation fields can result

d
in destabi | i zatHitshansk secprd kepdsel 1 838 and ey 530 are fotmesd qvr thecapbasensds v a

pinning field: A weak pinning field removes this instability w thout
si gni f i carthe passiveeegions 532 ant &34 apé oventhe endmegives 502 endS0beveriappinp ¢het r ack
field region. After the thin AFM | ayer has been deposited, a first cap

| ayer 526 defitrfilaegioal 506 of the s&isbt inathe first@Ad sédednd Phdshile ragigns €A @pstelRBtEnL 1 528
and L2 530 are fornmed over the cap layer 526 in the passive regions 532 and

534 and owver sighgdands3egit é‘éent%ggrnegqu %@%é?lYeesreh?&Weﬁﬂesttngtraglﬁmscglg(}:eéﬁcﬁ'gi on

506 of the sensor i1n the firs second passl ve regions. t ween
LI 528 an 2.530.in the centr, regi on,506, of, the sensor defines the track
wi dt h regidsc}h wig d%ﬁ}leéﬂ‘e&é"fcﬂﬁ’@géht‘ﬁzﬁ“t’i"éﬂ a8} BEVIIFD EFAVE SRR and wihi oh
can have subm cron __dimensions. _The first cap |ayer_ 536 in the track width
regi on 536limensignsn The fsieap Jayies 53¢ iwhe Backoyidth eggian 36 hetweendnldandebisi ve i on
etch (RIE) process followed by a sputter etch and oxidation process to

convert thremaFed bras gnittat etob @ndiredctivesion etchdREYEOeass fdlosveddlys spoftetytals | ayer
522 into a nonmagnetic oxide layer 538 in the track width region 536. A

second capnb@yRiatiod Brocessitocometriane AFM tatedlls60-dniB8 fafsindgdefidhhatoialshe end
Tegions 502, 504 and the passive regions 532, 534 and over the nonnagnetic

oxi de 'ay%{fbﬁaéﬁagbe?s&?ﬁ}t%ghgﬁage%faxm%qws%&ethzg.%ﬁléﬁggié?é%%bme,& 512 has

the magnetizations o ayer 517 "and t 19 pinned in
At N T N R L i e
respect | Vegoyfanld rt‘|hc> passive regions 532, 534 and over the nonmagnetic oxide layer 538 in the

track width region 536.

The AP-pinned layer 512 has the magnetizations of the FM1 layer 517 and the

FM2 layer 519 pinned in directions perpendicular to the ABS as indicated by arrow tail

542 and arrow head 543 pointing into and out of the plane of the paper, respectively. In

the track width region 536, the magnetization of the free layer 516 indicated by the arrow

544 is the net magnetization of the ferromagnetically coupled first and second free

sublayers 520 and 521 and is free to rotate in the presence of an external (signal)

magnetic field. The magnetization 544 is preferably oriented parallel to the ABS in the

absence of an external magnetic field. In the first and second passive regions 532 and

534, the free layer 516 is strongly AP-coupled to the bias layer 522.

The magnetization 546 of the bias layer 522 in the first and second passive

regions 532 and 534 is the net magnetization of the ferromagnetically coupled first and



the track width region 536, the magnetization of the free |layer 516
indicated by the arrow 544 is the net nagnetization of the -7 FEB 2006
ferromagnetically coupled first and second free sublayers 520 and 521 and
is free to rotate in the presence of an external (signal) nmagnetic field.
The magneti zation 544 is preferably p4iented parallel to the ABS in the

absence of an .exterpal net | ield In the first sec assive

regi ons 538°%% 1as§§Eﬁy?rggg1t F"é‘ig?ély@l‘e %e P?Sﬁwm&?ﬁglﬁﬁﬂgﬁﬁ&% the bias
| ayer 522. The magneti zation 546 of the bias layer 522 in the first and
second paddipws the et ey 53620 bestrewly AP-aonpieddo theehgasdeyer 522 o thsrpassiee
ferromagnetically coupled first and - 2 FEB 2006 14 second bias subl ayers
524 and 52&giohd)thd MagreaznionSA6QE tif bikdlaydREotiented arfiaraMel phthal | ows the free
| ayer 516 to be strongly AP-coupled to the bias |ayer 522 in the passive

regi ons, thgmeReRRhisd8LE AR mAGart. THE HEADIHAY RP-doh Rﬁ% RAHiA0bA BaR! | el
to the nmagnetization 545 of the free |ayer. The efFec of this AP-coupling
i s stabiligati . ; iy Lye. ' 5 nd 534
Since- ¢ he TRANER 3611 08 pasbRTSLBRESIF AR R FERRRIGATH S Ral™ o
t hus inhibiting undesirabl e side reading, on the, tating,.magnetic disk.
The weak [P gePPBRIHORRIsHANBRIGS ély@rm@gwngﬂlaaﬁ%f@éﬁaﬁ TERAG PN the
stabilization of the free |layer 521 in the first and second passive regions
532 and 53atating prughetic diskat Therweakrpaniing fiold fvem WM laviee Sediproividss eddjtional and
the track field region 536. End region | ayers 548 and 550 abutting the spin
val ve | ayexabilimyiohef fheifreedayet 52 Biretht first ahdl yecond phssivenrggions £32 ald 334ch as
alumna, .or alternatively, may be formed of a suitable hard bias material
in order tRpdiAMiHehcArdrRiidhibetidalthdpasive r@lichstadd tietrddkarld Adgeon 53616 to
ensure a single magnetic domain state in the free |layer. An advantage of
havi ng the har =t { @l 1 : i 550 is
t hat these Iaye]grilsdbrlgg@nr@gﬁsro%é afnfflgr?]ﬂlaﬁgm%l g%e%%\iﬁv} %}qﬂé fr%gaéls%a%; 36f%§§e('? at they

do not rmgerlleecttrli(%?llylirYsu?a:[tljnfgfn?aQeran Such as alumina, or alternatively, may be formed of a

suitable hard bias material in order to provide a longitudinal bias field to the free layer
516 to ensure a single magnetic domain state in the free layer. An advantage of having
the hard bias material forming the end region layers 548 and 550 is that these layers are
remote from the track width region 536 so that they do not magnetically stiffen the

magnetization 544 of the free layer in this region, which stiffening makes the free layer

Lz
.

insensitive to field signals from the rotating magnetic disk.

Leads L1 528 and L2 530 deposited in the end regions 502 and 504, respectively,
provide electrical connections for the flow of a sensing current I from a current source to
the SV sensor 500. A signal detector which is electrically connected to the leads senses
the change of resistance due to changes induced in the free layer 516 by the external
magnetic field (e.g., field generated by a data bit stored on a rotating magnetic disk). The

external field acts to rotate the direction of the magnetization 544 of the free layer 516



magneti zati on 544 of the free layer in this region, which stiffening nakes

the free layer insensitive to field signals fromthe rotating migne&l?EB 2006

di sk.' Leads L1 528 and L2 530 deposited in the end regi ons 502 and 5
respectively, provide electrical connections for the flow of a sensing
current Is froma current source toi5the SV sensor 500. A signal detector
which is electrically connected to .the |egds senses, th hange, of

st ot ancadies todh fern oF RisduasensAion 3B 0L SRR a¥es M9 R kst er nal
magnetic field fe._g., field generated by a data bit stored on a rotating
magnet i ¢ @refkieblymianedesperpandicularitethg ABS.s to rotate the direction of the
magneti zation 544 of the free layer 516 - 2 FEB 2006 15 relative to the
di rection of tliherfalgivation af $Us004Sdestribddewith refedndeaty digd 5Andisaab Tis
preferably pinned perpendicular to the ABS. The fabrication of SV 500 is

descri bed gv bdhsbS300ri6 BbRichied it HhagretAtGphaerthg o8 ioPYed S5Rferinl Qydtén

fabricated in a magnetron sputtering or an i on beam sputtering system to

ol : 1ol . . . .
Seduent ) ahd bedleRaal arkbe Y AYF - GHEMR BN, el R
magnetic field of abqut 40 Ce. The s«?ed.lg.e 509 is ﬁ rped on the
subst r at e PERRSSHIF Cauirdant fnthe pregenss of eilongity %ﬁ[/‘é‘lag%ﬁ“c f&‘g U 41963) havi ng

a thickness of about 30 A a layer of N -Fe-Cr having a thickness of about
20 A and dhegged lager 5Q9-irformgd ion ghesubpirair ABE by é«fquabt@algv Eppsitimpe lasenef ayer
510 of Pt-M, having a thickness in the range of 4-150 A, is deposited
over the shaninh@xb0;) Ehg dthickAEsspifabaud 30ad,ar laperd fINi-Feo€ neatirgy£thidknessAFM

| ayer by sequentially depositing the FML | ayer 517 of Co-Fe having a

t hi ckness gFhb&ROLA Ak Maybher MiPKe han®s a thickness offalbeNAUMhe RABMNAEr 880 a
t hi ckness of about 8 A and the FM2 | ayer 519 of Co-Fe having a 'thickness

o 2% o AT SRS o SRS 1 B0 o S e of

deposited S(M.erl“hlé Iﬁ-pinned layer 512 is formed over the AFM layer by sequentially depositing
the FM1 layer 517 of Co-Fe having a thickness of about 10 A, the APC layer 518 of
ruthenium (Ru) having a thickness of about 8 A and the FM2 layer 519 of Co-Fe having a
thickness of about 19 A. The spacer layer 514 of copper (Cu) having a thickness of about
20 A is deposited over the FM2 layer 519 and the free layer 516 is deposited over the

. spacer layer 514 by first depositing the first free sublayer 520 of Co-Fe having a

L thickness of about 10 A followed by the second free sublayer 521 of Ni-Fe having a
thickness of about 15 A. The APC layer 523 of Ru having a thickness of about 8 A is
deposited over the second free sublayer 521. The bias layer 522 is deposited over the
APC layer 523 by first depositing the first bias sublayer 524 of Co-Fe having a thickness
of about 10 A followed by the second bias sublayer 525 of Ni-Fe having a thickness of
about 20 A. The AFM layer 560 of Pt-Mn having a thickness in the range of 30-100 A is

deposited over the second bias sublayer 525. A first cap layer 526 deposited over the



spacer |ayer 514 by first depositing the first free sublayer 520 of Co-Fe
having a thickness of about 10 A followed by the second free subl ayer 521
of Ni-Fe having a thickness of about 15 A. The APC | ayer 523 of Ru_rzggfi[??
a thickness of about 8 Ais deposited over the second free subl ayer 2006
The bias layer 522 is deposited over che APC |ayer 523 by first depositing
the first hias sublayer 524 of Co-Fe having a thickness of about 10 A

fol | owed HYaslagersde spmpHsess finshiublaver oftantalum\(Tarhaving p thicknessptabous 20 of
about 20 AL The AFM | ayer 560 of Pt-Mh having a thickness in the range of
30- 100 A iA andlepemind sublayezof ritkerswn ¢Ro) ivarss sthidkayarofaBout 20 Aiovettheap | ayer
526 deposited over the - 2 FEB 2006 16 bias |ayer 522 conprises a first

subl ayer ofirst suBlagtd A K eAdtiveRy kicfist dapilgyen afy vRifoARQIST 2indle Midr ¢ S€CONd

subl ayer of ruthenium (Ru) having a thickneSs of about 20" A over the first

subl ayer. ﬁt&ﬁ“‘f‘ﬁ“ﬁ?}‘%ﬁ{gﬁmaﬂgéﬂﬁp | ayer may be fornmed of a single

| ayer of tanta aving a thi'ckness of 40 A. After the deposition of

the central regjgn 506 is.conpl.eted, phatoresist 6 i s . i and
exposed in a ph’%&?ﬂtﬁ? ﬁ%’é’?‘é‘ﬁﬁ@ ht?oqe“flr%l TREIQR 'Sscé’ﬁbog‘?zte%d’é‘oﬁoﬁgﬁmﬁgﬂ%ésnt ral

regi on 506 and then devel oped in a solvent to exeose end {egli ons 502 and
504. The aralied ang exppsed inarphetedithogrphy depl dnmasioS Vasasos G40 i Biecentsaled by i on
mlling and end region |ayers 548 and 550 of alum na (A1203) are deposited
i n the endegieniS06snd tNeh devedopedah g solventgb texplise &hd begichsii02sand #94r Themy be
formed in the end regions 502 and 504 in order to provide a |ongitudinal

bi as fi el dayeds tthie himBsKea¥Ad répidhst502 ARG S0LaR rémbeEby TAIRRINLarduBi N state
in the free | ayer. Photoresist 604 and photolithography processes are used

020 B A P 000 S B B0 BBl )

having a tm%ﬁ?vsefy, ilor}lggtlr}%nzrlﬂ&gc? blzal(s)szygr%%léA)‘l l%rfeorrgg&) 1%5&1% %gd regions 502 and
504 in order to provide a longitudinal bias field to the free layer 516 to ensure a single
magnetic domain state in the free layer.

Photoresist 604 and photolithography processes are used to define the track width

region 536 in the central region 506 of the SV sensor 500. First and second leads I.1 528
and L2 530 of rhodium (Rh) having a thickness in the range 200-600 A are deposited
over the end regions 502 and 504 and over the unmasked first cap layer 526 and in the
first and second passive regions 532 and 534 which provide the desired lead/sensor
overlap. After removal of the photoresist mask 604 in the track width region 536, the
leads L.1 528 and L2 530 are used as masks for a sputter etch and reactive ion etch (RIE)
process to remove the first cap layer 526 in the track width region 536. Afier removal of
the first cap layer, the exposed portions of the AFM layer 560 and the bias layer 522 in
the track width region 536 are sputter etched with an oxygen containing gas to convert

the AFM layer and ferromagnetic bias layers materials into a nonmagnetic oxide layer




over the end regions 502 and 504 and over the unmasked first cap | ayer 526
and in the first and second passive regions 532 and 534 which prongg BQ@B
desired | ead/ sensor overlap. After renoval of the photoresist mask 5 i
the track width region 536, the |leads L1 528 and L2 530 are used as nmasks
for a sputter etch and reactive ion @fch (RIE) process to renove the first
cap | ayer 6.in the track wdth regio 36. After rempval of  the first
cap | ayer §§€-h3h%%8§%aapg‘awf¥géﬂ§?5h°d?‘ﬁ‘e?%ghvp’f %l%patgrggr g‘ﬁ}fnl%(%‘il)aga“l"é%/er 522
in the track width region 536 are sputter etched with an oxygen contai ning
gas to comickness ﬁ%abﬂm%ﬂ@ zylédemsﬁed ever dirrlgadst [ 528 angl 12§30 mtheerd i al s into
a nonmagnetic oxide |layer - 2 FEB 2006 17 538. The second cap | ayer 540 of
r hodi um ( RPionscB02ainti S04 and thelpassivd fegions 63Z b 534@d ogerahé horokaghetc of about
40 A is deposited over the leads L1 528 and L2 530 in the end regions 502
and 504 andide/Ifyepa3sinife rapl AN roicn 356 Rt ABA.AVRIOrHRRAFRINGL Sy Oxi de

| ayer 538 1n the track f region 536. After fabrication o e structure

b aihfﬁ%éﬂ%?@g‘?‘fsi%?ﬁlﬁkiﬂdﬁ E@ﬁ;@%&#ﬁ@ ifie S%F%§@F?§4‘%}5§%§Z%éss@ﬂ%e%§%n% ayer
560, A .50Q i 6 [ :
maghet i FABIGABA GiFSHen 180 R BhEaT 160, PR3 g O RBFaicala 901 on

(that is, in the plane of the layers and parallel to the ABS) and held for
about 5 R6TES in thetpresenee crfe@gmmeéc fieldiof abeut| 113 kQarienied infke bagiedinals cool ed
before renoving the magnetic field. An alternative process for defining

t he AP- codpketiibn(that Fairethe plane abtheilayerhandgmsaiel & the daBSHrand ield foeabhmed t o
replace the process of sputter etching with an oxygen containing gas to

oxi di ze t BSu@FWitlﬁﬁﬁrmz?%ﬂétié RE10 QTR APSHddS tHei sedsok ?syc%bldﬁlvdfe%fé édovig ithe track

width region. In the alternative process, the step of using a Sputter etch
and react W%a%tﬁ&ﬁ&ﬁ?h (RIE) process to renove the first cap layer 526 in

the track "V region 536 is continued

An alternative process for defining the AP-coupled antiparallel tabs in the passive
regions may be used to replace the process of sputter etching with an oxygen containing
gas to oxidize the AFM layer and ferromagnetic bias layer materials in the track width
region. In the alternative process, the step of using a sputter etch and reactive ion etch
(RIE) process to remove the first cap layer 526 in the track width region 536 is continued

to also remove the AFM layer 560 and the bias layer 522 in the track width region. To

-_-
FGEREN
P
—_

protect the free layer 516 from the sputter etch and RIE process a secondary ion mass
spectrometer (SIMS) installed in the vacuum chamber of the sputtering system is used to
provide endpoint detection for the ruthenium (Ru) forming the spacer layer 523. The
second cap layer 540 of rhodium (Rh), or alternatively ruthenium (Ru), having a
thickness of about 40 A is deposited over the leads L1 528 and L2 530 in the end regions
502 and 504 and the passive regions 532 and 534 and over the spacer layer 523 in the

track field region 536.



to also renove the AFM | ayer 560 and the bias layer 522 in the track width
region. To protect the free layer 516 fromthe sputter etch and RIE ,
process a secondary ion mass spectronmeter (SIMS) installed in the v;(f@@nm[’
chanber of the sputtering systemis used to provide endpoint detection for
the ruthenium (Ru) form ng the spacer |ayer 523. The second cap |ayer 540
of rhodium (Rh), or alternatively ruthenium (Ru), having a thickness of
about 40 A is deposited over the |leads;d 1 528 and L2 530 in the end regions
502 and 504 and the passive regions 535 and 534 and over the spacer |ayer
523 in the track field regi on 53@econ®EkitipR006 18 Second Exanple Fig. 7
depicts an air bearing surface (ABS) view, not to scale, of a | ead overl ay

SV sensor 700 qiis%of&ipms 4iPaif Beadink RuiTAdd (ABHVRAE indB R scale, sE1ehd 86&THy
i nvention. The sensor 700 differs fromthe SV sensor 500 of thé first

exanpl e i rszy'ge is&%m%cﬁglmrgj t8%fi %ltetﬁgt?veZﬁboﬁﬂn%&%ﬁ'fl%rﬁf%ingﬁwl:ﬂﬁﬁéﬁ%%\} S

pi nned in ransverse ect1 on, ernatively, ca irTection

oriented at an_j medi at le b he | ongi t.udi nal and_transverse
i r ect i ondenspr b0 i o e 87 Serdon SOEF e F SRPteak e i ARMUBHE - ' 700
is the sane as described herein above with respect to the SV sensor 500 of
the first S6Raaifodhatthe bias layer P2de pimed in ssansverge divectinrnel aigaratiely, Md t hat
the bias layer 522 is pinned in a transverse direction or a canted

di r ect i on castedidirt@ionrdriehted at he infrnediatoan glOitwedéngthe Songituginainandi teansvenst t o
scal e, of a spin valve sensor 902 indicating the orientations of

1' ongi t udi RipectidrsaThY $4yee stAifure and Bfé 1hEAGd bf BhldAg fIRI SV kdtRof PR tiad danfeear i ng
surface (ABS) 904. The SV sensor has an approxi mately rectangul ar shape

R L T T S T T P
the plane tﬁe]: p;[orc]gss%ysestﬁggs fhe Aﬁ&y{%)?er 560 so that the bias layer 522 is pinned in a
transverse direction or a canted direction is different for the SV sensor 700.

Fig. 9 is plan view, not to scale, of a spin valve sensor 902 indicating the
orientations of longitudinal, transverse and canted bias fields relative to an air bearing
surface (ABS) 904. The SV sensor has an approximately rectangular shape with front
edge 906, a back edge 908, and two side edges 910. The front edge is defined by the
lapped ABS 904 which forms a plane perpendicular to the plane of the SV sensor layers.
The back edge 908 is spaced away from the front edge 906 by a distance that defines the
stripe height of the SV sensor. A longitudinal bias field has an orientation in the plane of
the SV sensor layers and directed parallel to the ABS 904 and to the front edge 906 as
indicated by the arrow 912 pointing to the right, or alternatively, in an opposite direction
as indicated by the arrow 913 pointing to the left. A transverse bias field has an

orientation in the plane of the SV sensor layers and directed perpendicular to the ABS

904 and to the front edge 906 as indicated by the arrow 914 pointing upward (away from



The back edge 908 is spaced away fromthe front edge 906 by a distance that
defines the stripe height of the SV sensor. A longitudinal bias field has
an orientation in the plane of the SV sensor |ayers and directed par2IFFBI2005
to the ABS 904 and to the front edge 906 as indicated by the arrow 912
pointing to the right, or alternativedy, in an opposite direction as

i ndi cated by the arrow 913 pointing tQ the left., A transverse bhias field

has an oithéABalosalterRalvely, pm amepRosite disection a6 iligatedleths agay WSmainting
perpendicular to the ABS 904 and to the front edge 906 as indicated by the
arr ow 914 dpwnmiaidhgowpddnalABa)ak chntedbias FicldHas 20 0Giedt@tion frethABBNe ob the
alternatively, in an opposite direction as indicated by the arrow 915

poi nting domseiesrdaydroumt dirdchd aABSthe adzl€ R tete Plans of ! ABH 394 ateMiddent at i on
in the plane of the SV sensor layers and directed at sone angle to the

pl ane of

| ongi t udi tr?g §x etgcgger?tslgltésre&se %%o%&ﬁ*c}@@é\é@%n%vﬁ%e%%sgﬁl% ﬂ&Eatg(?rg \'[/\}/16916 or
alternati veI a 0site direct. at e y_ar

Sngte - Egviedseoti RN Bl doBfssithefon Sohd lﬂf‘&eﬂ#}yfagaw S P 0ElE e
structure of the SV sensor 700 is conpleted, the AFM |ayer 560 is set so
that the Bi~a8aykayeangyslup befyeam@oandil 88"t ransverse direction, or
alternatively in a canted direction. To set the AFM | ayer 560, the SV
sensor 700 is Afeatfguicatorndithe st2@Bur€ of thet 3¢ sqsersEicie completatnthecAFM fi el d of
about 13 kCe oriented in the transverse direction (that is, in the plane
of the | aygyes S6mit seescn@ncthe bladlayePS12nie pAfadd in @tran@bts@ﬂ&%&tidﬂ?bt’ in a canted
direction (that is, in the plané of the layers and at an angle 9- with

respect t % ¢h uﬁ@ﬁ}n 28hededisbcfion. ?J?QéftthesAPWa er 560! fhelNEsIRGMRI0i¢ field

still app |e e sensor Is cooled before r nmovi hg t he magnetlc field It
shoul d be rstoo e anti aral | el ta h AF ning in
the | eadreRRElt TgPLRsRT inihf nRSencB LR imyne i 87 abSR T Yol Baichishy iR
resent invention ma
pres ! txmsvelrse dlrece{ ion (that is, in the plane of the layers and perpendicular to the ABS), or
alternatively in a canted direction (that is, in the plane of the layers and at an angle -

with respect to the ABS) and held for about 5 hours. With the magnetic field still

applied, the sensor is cooled before removing the magnetic field.

It should be understood that the antiparallel coupled tabs with AFM pinning in the

',“-_,g-—-»_‘

lead/sensor overlap regions (passive regions 532 and 534) of the present invention may
be used with any bottom spin valve sensor (SV) (sensor having the pinned layers located
near the bottom of the stacked layers). In the bottom spin valve structure, the free layer
can be easily AP-coupled to a bias layer and oxidation of the ferromagnetic bias layer to
form a nonmagnetic oxide in the track width region can be easily accomplished. In

particular, the antiparallel coupled tabs with AFM pinning bias in the lead/sensor overlap



be used wth any bottom spin val ve sensor (SV) (sensor having the pinned

| ayers |l ocated near the bottomof the stacked |ayers). In the bottom spin
valve structure, the free layer can be easily AP-coupled to a bias_t§¥§r 0
and oxidation of the ferromagnetic bias layer to forma nonnagnetic &@6
in the track width region can be eashhy acconplished. In particular, the
anti paral l el coupled tabs with AFM pinning bias in the | ead/ sensor overlap
- 2 FEB 2oggorsonay kgused svithedFidepinniog simplepinasd pt ARipigned S senspisrand avidy
AP- pi nned SV sensors and with self-pinned SV sensors. Wile the present

i nvent i onsélapinneé8Vphédrs.ul arly shown and described with reference to the
preferred enbodinents, it will be understood by those skilled in the art

that various C'v@m%e'gfbsmrim&aenﬁsé@éeh_paﬁwuﬁﬂy@ﬁ@@n%a BgsetibaeRant i ng from
the spirit, scope and teaching of the invention. Accordingly, the

di scl osed _invent ) iScto b nsi.der I I t | Vi limted
oni'y as. sEUEITre e PRieRa RnaBRRLE 3 Rl SRRl by Rl S ledt Rl ' X
spin valve (SV) sensor haying first and second, passjve regions and a
central t lﬂﬁ’é parious,ghanges r“é&?wnfir‘{ﬁ%%%@ 9138‘? ?ﬁg@é eB@'f‘Rég’i‘?“k dP¥itr st and
second passive regions, said SV sensor conprising: a pinned layer; a

f er r omagnetape and éeachimgef thednygionr Acagrdingdy tlabdistiesediintantion isteibe pi nned

| ayer and said free layer; 10 a ferromagnetic bias layer in said first and
second pagshsiderédMietods as illustrative and limited only as specified in the appended claims.

f

e



an antiparallel coupling |ayer sandw ched between said free layer and said
ferromagnetic bias layer for providing strong antiparallel coupling -bptp\ggezﬁﬂﬁ
said bias |layer and said free |layer i r_lzt‘h_e first and second passive
regions; and an antiferromagnetic (AFM “'ayer adjacent to said
ferromagnetic bias layer, said AFM 15 | ayer exchange coupled to the
ferromagnetic bias layer to provide acpiAsimg'g field to the bias [layer;
wherein said pinning field is directed In a canted direction internediate
between a direction parallel to an air bearing surface and a direction
perpendicular to the air bearing surface. 20 2. The SV sensor as recited
in claiml wherein said AFM | ayer is nmade of Pt-M), said AFMIlayer having
a thicknkess i nAtspin vangeSvf se’iﬁorlﬁ)él/ilfg fidst aﬁ@@e&ﬁdﬁfaﬁg% régﬁi?ﬂseéiidlt £dentthl _Qfat%km
1 wherein, said, AFM | ayer, i.,s chqosen from roup o Jmaterial s _cgnsisting
of Pt MidHl} TOBipTFRRSKEESAIK disposoqhetvesym SRR ad SeeRndiRasiVhregiQmsriaid SHeeasas
sai d AFMdn@fRinghas a thickness greater than zero but |ess than the

thi ckness needed to provide a saturation value of said pinning field to
the bias |ayerapigiedlayerhe SV sensor as recited in claim1 wherein said bias

| ayer has a thj han the thickness of said free |layer. 6. A
di sk drive syrsutfggﬁa%% %C??ér?géy&?ﬁ a magnetic recording disk; [R1LIB M

J66155. doc: gnma spa@er-layér EaridvwA€Hdd between said pinned layer and said free layer;
10 a ferromagnetic bias layer in said first and second passive regions;
an antiparallel coupling layer sandwiched between said free layer and said
ferromagnetic bias layer for providing strong antiparallel coupling between said bias layer and
said free layer in the first and second passive regions; and
an antiferromagnetic (AFM) layer adjacent to said ferromagnetic bias layer, said AFM
ts  layer exchange coupled to the ferromagnetic bias layer to provide a pinning field to the bias
layer;
wherein said pinning field is directed in a canted direction intermediate between a
direction parallel to an air bearing surface and a direction perpendicular to the air bearing
surface.
20
2. The SV sensor as recited in claim 1 wherein said AFM layer is made of Pt-Mn, said
AFM layer having a thickness in the range of 30-100 A.

3. The SV sensor as recited in claim 1 wherein said AFM layer is chosen from a group of

25 materials consisting of Pt-Mn, Ir-Mn and Ni-Mn.

4, The SV sensor as recited in claim 1 wherein said AFM layer has a thickness greater
than zero but less than the thickness needed to provide a saturation value of said pinning field to
the bias layer.

30
5. The SV sensor as recited in claim 1 wherein said bias layer has a thickness greater than
the thickness of said free layer.

6. A disk drive system comprising:

35 a magnetic recording disk;

[RALIBM]66155.doc:gmm



a magnetic read head for sensing magnetically recorded recorded data on the
magnetic recording disk, said magnetic read head conprising: a spin- Y’eflEB?UOG
(SV) ‘'sensor, the SV sensor being sandw-@&2ed between first and second rea
gap layers, the SV sensor having first and second passive regions and a

central track 5 widith region. transversely djsposed, between said first and
second passi ve? F‘éé?%‘r‘fsrf’a‘gg‘?ad fS‘{/S%H%Pa%ﬁﬁﬂysﬁgﬁﬁmed aew\r'&ﬂé%ftq 8?/3?"’ magnetic
ferrona%eéﬂdﬁac%fdiﬁ@,sbiawgmﬁc@e@ﬁserdéoﬁwsir@andw ched between said pinned

| ayer and said free layer; 10 a ferromagnetic bias layer in said first and

second passive regi ohspinzalvar(SVpaerdor.cthe SdUpensdr being rsandwidhéd betwebre fivat amd

said fre r 1.d,. f | ' I r_for providi St

nt i par oot AR HEPlseie S SRR LR o B nehe R i o
firsts angidieeapich passervdy dagoaxdbictvdenanid firer amdnRonel padsiv&rddionsayed SYdeasant
to said ferromagnetic bias layer, said AFM is layer exchange coupled to
the ferrWJh#8 c bias |ayer to provide a pinning field to the bias |ayer;
wherein sai d pjpph@Plalée! d is directed in a canted direction internediate
between a direction parallel to an air bearing surface and a direction
per pendi cul ar & fgromagagtic firedayary surface; and 20 an actuator for noving

oL 3 et S0 A AER I B B Rl e o ™
chanmel coupl edfeedoargnéticaiisylayer ih baid fvkt and sawondbadshe regiatis;head for _
N T E N CTE IR TN TR A
bias layer for providing strong antiparallel coupling between said bias layer and said free layer in
the first and second passive regions; .
an antiferromagnetic (AFM) layer adjacent to said ferromagnetic bias layer, said AFM
15 layer exchange coupled to the ferromagnetic bias layer to provide a pinning field to the bias
layer; '
wherein said pinning field is directed in a canted direction intermediate between a
direction parallel to an air bearing surface and a direction perpendicular to the air bearing
surface; and
20 an actuator for moving said magnetic read head across the magnetic disk so that the read
head may access different regions of the magnetic recording disk; and
a recording channel coupled electrically to the SV sensor of the read head for detecting
changes in resistance of the SV sensor in response to magnetic fields from the magnetically
recorded data.
25
7. The disk drive system as recited in claim 6 wherein said AFM layer is made of Pt-Mn,
said AFM layer having a thickness in the range of 30-100 A.

8. The disk drive system as recited in claim 6 wherein said AFM layer is chosen from a

30 group of materials consisting of Pt-Mn, Ir-Mn and Ni-Mn.

9. The disk drive system as recited in claim 6 wherein said AFM layer has a thickness
greater than zero but less than the thickness needed to provide a saturation value of said pinning
field to the bias layer.

35
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7. The disk drive systemas recited in claim®6 wherein said AFM | ayer-7 $fp ZUUB
made of Pt-M, said AFM | ayer having a thickness in the range of 30-100 A

8. - The disk drive systemas recited in-#%im6 wherein said AFM | ayer is
chosen froma 30 group of nmaterials consisting of Pt- M, Ir-l\/h and Ni - vh

9. The disk driye S recited i,n_cl 6. wher ej has a
Dhi ckneald o XHE ARKCARVE SRt it el o it b S ieRRh Bl B8k datr s 3 ol

a sat ur agrieater yhah e mickaegs(tfmlarﬁeega efield to the bias layer. 35 [R \LBI\/]
66155, doc:gmm - 2 FEB 2006 -23 10. The disk drive systemas recited in

claim6 wherein said bias |layer has a thickness greater than the thickness
of said free |ayer.
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