©.;e3eDX4*6" TS -1 10 AP R 2002 SHI ELDED MAGNETI C TUNNEL JUNCTI ON
MAGNETORESI STI VE READ HEAD This invention relates in general to nmagnetic
tunnel junction (MIJ) devices, and nore particularly to an MIJ device for
use as a nmagnetoresistive (AEQ head for reading magnetically-recorded data.
Background of the Invention A magnetig_tunnel junction (NF@)AdéRrZ@UQs
conprised of two ferromagnetic |ayers separated by a thin insulating tunnel
barrier layer and is based on the phenonmenon of spin-polarized el ectron
tunneling. One of the ferromagnetic |ayers has a higher saturation field in
one direction of an applied magnetic field, typically due to its higher
coercivity than the other fen-onmagnetic |ayer. The insulating tunnel
barrier layer is thin enough that quantum nechanical tunneling occurs

bet ween the fen-onmagnetic | ayers. The tunnelin henonmenon i s el ectron-spin
dependent | 1 GHIPFDBDOMAGHETE TMNNHe S HHGTION MAGHESORE SIS TMRRERD o
function of the relative orientations &fARpin polarizations of the two
ferromagnetic | ayers. MIJ devi ces have been proposed prinmarily as nmenory
cells for solid state nenory. The state of the MIJ nenory cell is

determ ned by neasuring the resistance of the MIJ when a sense current is
passed perpendicularly through the MIJ fromone ferromagnetic |ayer to the
ot her. The probability of tunneling of charge carriers across the

i nsul ating tunnel barrier |ayer depends on the relative alignnment of the
nmagnetic nonents (magnetization directions) of the two ferromagnetic

| ayers. The tunneling current is spin polarized) which rremmmwmmmmmm
electrlcal curr g fromone of the ferronagnetic ’
exanpl e, MM gnetic nmoment is fixed or prevented figenga r ot ati on,
i's predonlnan osed of electrons of one spin type (spin up or spin
down, dependi ng oﬁ3 e orientation of the magneti ¢ nonment of the
ferronagnetlc | ayer). The degree of spin polarization of the tunneling
current is determned by the electronic band structure of the magnetic
material conprising the ferromagnetic |ayer at the interface of the
ferromagnetic |layer with the tunnel barrier layer. The first ferromagnetic
| ayer thus acts as a spin filter. The probability of tunneling of the
charge carriers depends on the availability of electronic states of the
sanme spin polarization as the spin [JTechnicabEietth of the el ectrical current
in the second ferromagnetic |ayer. Usually, when the magnetic nonent of the
second f erronmagneThis invayidn ietatesinaldnetal toombeeticegmes! junctiomanTJ)afevices, first
fen-omagnetic layer, there are nore avail able el ectronic states than when
the magneti can® i paitictlafy §e80 M Jideivice idrasetdsta mayedtotesistive (WRYhead for
antiparallel to that of the first ferromagnetic |ayer. Thus, the 10 AP R
200 -3 tunnetédithgonagedtichily-secofdddiata:harge carriers is highest when the
‘megneti ¢ nonents of both layers are parallel) and is | owest when the
fragnetic nonents are antiparallel. When the nonents are arranged neither
paral l el nor antiparallel, the tunnelrng probabrlrty takes an internedi ate
val ue. Thus, the el ectrical r e Badka jac fenory cell depends on
both the spin polarization of the electrrcal current and the electronic

states in both of Alnigyriefit iunmeOfAttich (MIVEESViceS caniprised b twoterrbiMBgnetic

layers separated by a thin insulating tunnel barrier layer and is based on the
phenomenon of spin-polarized electron tunneling. One of the ferromagnetic layers
has a higher saturation field in one direction of an applied magnetic field, typically
due to its higher coercivity than the other ferromagnetic layer. The insulating tunnel
barrier layer is thin enough that quantum mechanical tunneling occurs between the

ferromagnetic layers. The tunneling phenomenon is electron-spin dependent,



. possi bl e magneti zation directions of the fen-onmagnetic | ayer whose
‘magnetization direction is not fixed uniquely define two possible bit
states (0 or 1 ) of the nenory cell. A magnetoresistive (MR) sensor detects
magnetic field signals through the resistance changes of a sensing el enent,
fabricated of a magnetic material) as a function of the s :gn

direction of magnetic flux being sensed by the sensing elz rﬁmmz
Conventional MR sensors) such as those used as a MR read heads for reading
data in magnetic recording disk drives, operate on the basis of the

ani sotropi ¢ magnetoresi stive (AMR) effect of the bulk nmagnetic material,
which is typically permalloy (N 81Fel9). A conponent of the read el enent
resi stance varies as the square of the cosine of the angle between the
magneti zation direction in the read el ement and the direction of sense
current thr owagingtthe magmetie respense oRbeddTlealfuniatien ofethe Ibelativesaotidntationg amagnet i ¢
medi um such as the disk in a disk drive, because the external nagnetic
field from gpie polrizatist oftbe evo ferropstignetic kaberssi gnal fiel d) causes a change
in the direction of magnetization in the read el enent, which in turn causes
a change in resimTadecices hatee be€@npropbssEprimariylagnemidr spiEfdr Bdidcétaege i n
the sensed current or voltage. In conventional M read 10 APR 20Gv -4

heads, in cewrimcrgt The sidld ofithe MES meiniiy 66Is demninedtbyi rAeasuringdheé ect i on
parallel to the ferromagnetic |ayer of the read el enent. The use of an MIJ

devi ce as arasgaedensfafie MTIehéreadenselirfent islprgsed pérpeadieildiy throggtiecr i bed
in US. Patent 5,390,061. In this MIJ read head, the electrical sense

cdrrent to MY A ofle YérfemagnetieRaye? to thé ot The fprédedlity bCtahnél ctors in
the formof thin netal |ayers |ocated above and bel ow t he MIJ devi ce. These

conductors gagé@atiers a¥Rsh m&#&gﬁléﬁ@tuﬂﬁelf’t{%ﬁﬁr@éyeh dBpsRS dihelreRbe

Typically the nagnetoresistive (MR) read el enents are placed between thick

hi ghly per nafidtirentai i iaghaticemdmahtsyHaghstzatio® Birddtions) éfitRe aaduct or s must
be electrically insul ated by neans of non-electrically conducting |ayers of

suf fici ent tdidratitic ldVers MPHE tinRefidgPeurrsht Rfspinolaked, Wﬁ]{cﬁﬁﬁear’r&%ahheh

areal density nmagnetic recording applications the size of the MR read head

and rel at ed ofRRANEIHet PAYEING ﬁo%ﬁ@@tﬁ@%‘én@%néﬁ@laﬁ%?f&Exénii\ﬁleﬁﬁﬂé}%ﬁ-i ¢

bits in which information is stored i s decreased. |Inh particular the

thi ckness ofyHoBE neRMEte thdMfrneeikdd st prRBRRKI ffont RItBHH is HRLBRRRNPI ch the MR

read head is typically | ocated, nust be reduced in thickness to enable the

MR read hea@oirﬁo%‘d‘éﬁelm&%n@srpﬁm Whé (spitesd 82t dBivh, Aémglreﬁgo e

t hi ckness of e MIJ device and conducting |leads and I nsul a ayers

cannot be nRgeniaRgsbt fhe Wrﬁ!la?né’tf&ﬁﬁérﬁéntfﬂ&%é@%mﬁgtﬁﬁI%)éér. fl@d?@%gﬁﬂgﬁn&ari Al

i event ual be reac s app

possi bl e areal density ( ,
o R SESRUS R ol 08 i i

1 ongi t udi nal Eal asl ng #\/Yvﬁer eint _ _ _ _
connect 1o ghthd\RaaRetRamaleraHbdriptisint the féiftaghbtic [heF Athe Hteithddbiisul ati ng

gap materi al e gap matertal is 1n contact w e magneti c shields
2002 s What T ENg R R Wl Rkl BRHEARE, ThaTHGIS IR AR i g s
densi ty by s A8 iRefTEe phiabfit il & hechaBeiticl: SBalifiln, o
THE LNVENT! Ghe Ziichiiest diattrdr, SBolbl e Rl BotlnEMlondeRERGH ©, T ecor ding

syst em wherei n OoCca ween aced-apart magnetic

shi el ds. Thj)r?sﬁ’gl?ﬁgﬁ&i. 8? e %cﬂ@carl]égﬂrr]%ﬁl irﬂﬂe%‘@c&ﬁ?fe%ﬁ%gﬁgtriﬁg@}?ﬁE)lﬂ%d%\%,vi dual

magnetic tr rons from i'C recordi ng ne

| cas for ootaneATRTE nisHialis Y LBRd erBrBnbliyRhels cAfBl B
conductive spacelcla¥ehs &iffe habRieHhahedd 1By oMeR reiRblcWaffis e M and

connect the e[ti8 "

electronic states than when the magnetic moment of the second ferromagnetic

layer is aligned antiparallel to that of the first ferromagnetic layer. Thus, the



. shields. The thickness of the spacer layers is selected to optim ze the
‘spaci ng between the shields, which is a paraneter that controls the |inear
resolution of the data that can be read fromthe magnetic recordin di um
To reduce the |ikelihood of electrical shorting between th&e&mgmgﬂ t he
shield-to-shield spacing is too snmall,_each of the shields can have a
pedestal region with the MIJ | ocated bEt ween the two pedestal s, so that the
shield to-shield spacing outside the pedestal regions is greater than in
t he pedestal regions. According to a first aspect of the invention there is
provi ded a magnetic tunnel junction magnetoresistive read head for sensing
data magnetically recorded on a nedi um when connected to sense circuitry,
the head conprising: a first magnetic shield forned of electrically
conducting and magnetically permeable material; a first electricall
conduct i ve §pHelng pmb@blll%@fégeﬁh@rﬁem@eﬁ lsdtighast whan the maghetia r@om@ﬁéa
junction located on the first spacer |ayer and conpri sing: -sa- 10 APR
2002 a fi xe@f bethdayaigae parallelyand isdowes) whes the mraenptiamosients aect i on fi xed
along a preferred direction so as to be substantially prevented from
rotation i nantiparpielsdhen G nemapsare araragdanaitber P@B@ﬁ\%ﬁﬂﬁﬁﬂi’aﬂﬂdf‘am a
sensing ferromagnetic | ayer having its magnetization direction oriented
general | y péurmehing prababiliotakes aminjermedadiate valded Thes.tithe glestricaheesistanse of
ferromagnetic layer in the absence of an applied magnetic field and being
free to rot ¢heMid mérmonyraelslepends omhothihe spin petagizatiorcofithe letbctricaheurnant
medi um
J and the electronic states in both of the ferromagnetic layers. As a result, the two

possible magnetization directions of the ferromagnetic layer whose magnetization
direction is not fixed uniquely define two possible bit states (0 or 1) of the memory
cell.

A magnetoresistive (MR) sensor detects magnetic field signals through the
resistance changes of a sensing element, fabricated of a magnetic material, as a
function of the strength and direction of magnetic flux being sensed by the sensing
element. Conventional MR sensors, such as those used as a MR read heads for
reading data in magnetic recording disk drives, operate on the basis of the
anisotropic magnetoresistive (AMR) effect of the bulk magnetic material, which is
typically permalloy (Nig,Fe,s). A component of the read element resistance varies
as the square of the cosine of the angle between the magnetization direction in the
read element and the direction of sense current through the read element.
Recorded data can be read from a magnetic medium, such as the disk in a disk
drive, because the external magnetic field from the recorded magnetic medium (the
signal field) causes a change in the direction of magnetization in the read element,
which in turn causes a change in resistance of the read element and a

corresponding change in the sensed current or voltage. In conventional MR read



“an insulating tunnel barrier layer |ocated between and in contact with the
fi xed and sensing ferronmagnetic |ayers for permtting tunneling current in

a direction generally perpendicular to the fixed and sensi Hgﬂw& romagnetic
| ayers; a second electrically conductive spacer |ayer, whe h@ﬁd@pet i C

tunnel junction is |ocated between and in contact with the first and second
spacer |ayers; and a second nagnetic shield formed of electrically
conducting and magnetically pernmeable naterial and | ocated on the second
spacer |ayer; whereby an electrically conductive path is provided fromthe
first shield to the first spacer |layer and through the magnetic tunnel
junction to the second spacer |ayer and the second shield. According to a
second aspect of the invention there is provided a nagnetoresistive read
head assenbly having a magnetic tunnel junction sensor. for sensing magnetic

transi ti ons [fe2genin cRaAte MTLdeyicasntpediesre Fyrent igigrfedirectipr paraiehiy the sk
drive when the read head is connected to sense circuitry, the assenbly
conpri si ng: faremagnetielayernof tas read elersemntsi ng surface for facing the surface
of the disk and a trailing end surface generally perpendicular to the
sensi ng surf ace; The ¢3¢ et amiJd«tevicefisiamagaenioneristive egadihegddaumaandticce of t he
head carrier, the first shield being electrically conducting for providing
an el ect ri cgcordinglisfdgscobeirctiSo Ratant 61390,061. b ihprMTdoeaddheachithe circuitry
and magnetically perneable for shielding the sensor fromtransitions
nei ghbor i ngeleptrical sensetcumenbisl thg Mldayice isappliedibyaneans of@kedticat onduct i ve
spacer |layer on the first shield; a magnetic 'tunnel junction sensor on the
fi'rst spacercondugctors dotherfoan ofithin metal layers located above and below the MTJ device.

These conductors typically have thicknesses of several hundred Angstroms.

Typically the magnetoresistive (MR) read elements are placed between thick highly

permeable magnetic layers or shields from which the conductors must be electrically

insul'ated by means of non-electrically conducting layers of sufficient thickness, as

shown in Fig. 10 of the ‘061 patent. For high areal density magnetic recording

applications the size of the MR read head and related components have to be

decreased as the size of the magnetic bits in which information is stored is

decreased. In particular the thickness of the spacing between the magnetic shields,

between which the MR read head is typically located, must be reduced in thickness

to enable the MR read head to sense magnetic bits with decreased bit lengths. The

thickness of the MTJ device and conducting leads and insulating layers cannot be

made indefinitely smaller and thus a limit to the maximum possible areal density will

eventually be reached. IBM's application Serial No. 08/757,422 filed November 27,

1996 describes an MTJ MR read head with longitudinal biasing wherein the MTJ

device has electrical leads that connect to the MR sense circuitry. The leads are in

contact with insulating gap material and the gap material is in contact with the

magnetic shields so that the leads are electrically insulated from the shields.



a fixed ferromagnetic |layer on the first spacer layer and having its
magneti zation direction fixed along a preferred directionqsg APR (1032
substantially prevented fromrotation insthe presence of an applie

magnetic field fromthe disk; an insulating tunnel barrier |ayer |ocated on

and in contact w the fixed ferro netic |a ;,a.sensing ferro netic
| ayer on and in (:Vgﬂqté%flee\%f%ff %W}\thrﬁfﬁg?a%b‘g@ f‘%wya%}cedﬂ uﬂlggilﬁdel?stgggad%
magneti zati on direction oriented generally perpendicular to the ,
nmagnet i zat ite# c@nbednadsnsusficiently thin kaghegviedrelyawel densiy dy leAueing theppapise of
an applied magnetic field and being free to rotate in the presence of an

appl i ed magretden thé mlagndticameldse di sk; a second el ectrically conductive
spacer | ayer on the sensing ferromagnetic |ayer; and a second magnetic

shield | ocated on the secondSENeVARY @FETHE NeVERIQMN shi el d bei ng
electrically conducting for providing an electrical |ead for connection to

the sense circui tl‘lﬁé.iﬁﬂ%grﬁﬁggﬁwfg?'t@a( ggﬁ ahes &%@néﬁiégﬂha}% es&gt WS

fromtransitions neig I on bel ng~sense y an
el ectricall M@ductive ath i rovided fromthe first Ei eld to the .first
spacer | aydhe SRE I biEh Bt ehyR PR R Pl e P8 fr St ond
spacer |ayer and the second shield, the path includi n‘% a path for tunneling
current gerfegh | ajlope threhgad (e adatset tiRdlyidyal raenelin deanstigns i fsem | thy emagiedic a
full er understandi ng of the nature and advantages of the present invention,
ref erence shouliggbmedmuole withotthimtdr ferénoai fihgn det glibbadg demsitiops,i dsp flakcénn as
together with the acconpanying figures. 10 APR 2002 '
electrical leads for connection of the head to sense circuitry. Electrically conductive
spacer layers are located at the top and bottom of the MTJ and connect the MTJ to the
shields. The thickness of the spacer layers is selected to optimize the spacing between the
shields, which is a parameter that controls the linear resolution of the data that can be read
from the magnetic recording medium. To reduce the likelihood of electrical shorting
between the shields if the shield-to-shield spacing is too small, each of the shields can
have a pedestal region with the MTJ located between the two pedestals, so that the shield-
to-shield spacing outside the pedestal regions is greater than in the pedestal regions.

According to a first aspect of the invention there is provided a magnetic tunnel
junction magnetoresistive read head for sensing data magnetically recorded on a medium
when connected to sense circuitry, the head comprising:

a first magnetic shield formed of electrically conducting and magnetically
permeable material;

a first electrically conductive spacer layer located on the first shield;

a magnetic tunnel junction located on the first spacer layer and comprising:



-6 Fig. 1 is a sinplified block diagramof a conventional nagnetic
recording disk drive for use with the recessed MIiJ MR read ,hgead accordi ng
to the present invention. Fig. 2 is a topyview of the di sk1dﬁiAcPBf20ﬂ2;. 1
with the cover renobved. j Fig. 3 is a vertical cross-section of a

conventional i ntegpal ed. ) nductlve, Wit e nead/ M3 Leag feat Wi s lhe, M3 read
and o] I"'ndu t ac for

head. | ocat ed between shie ] acen ctive wite he

t he purpose of illustrating where the MIJ MR read head.of. the present

i nventi on VRSEICHCHEIFGIOR QS tRribg subsiantia X PLRYERieH Az 9 AT ik R PFSFRAGEH ahe
MIJ of the MIJ MR read head of the present invention and illustrates the
di recti on ofpp¥ehsegesiicritald fomole medvwgh t he magnetic shields that serve as
el ectrical |eads and perpendicularly through the MIJ. Fig. 4B is a
sectional view ofa tshesind fefvBnagmtichiager dfavinge itpr magmdtizatiore ndifedtion oriented
illustrating the | ocation of the MIJ and other layers relative to the

sensi ng endge%farall?%@#@ﬂ@icul%fﬂ) the mhalndtiZeeh ldRB&lonvd faMe kikbd sdrfaddoReti@Myer in
enbodi ment of the J MR read head of the present invention wherein the MIJ

' Loeat e BELHED: GRS Blod ARRAR Al RGN B.AME I Pl S,
' nvention. applied magnetic field from the medium;

an insulating tunnel barrier layer located between and in contact with the fixed
and sensing ferromagnetic layers for permitting tunneling current in a direction generally
perpendicular to the fixed and sensing ferromagnetic layers;

a second electrically conductive spacer layer, wherein the magnetic tunnel
junction is located between and in contact with the first and second spacer layers; and

a second magnetic shield formed of electrically conducting and magnetically
permeable material and located on the second spacer layer; whereby an electrically
conductive path is provided from the first shield to the first spacer layer and through the
magnetic tunnel junction to the second spacer layer and the second shield.

According to a second aspect of the invention there is provided a
magnetoresistive read head assembly having a magnetic tunnel junction sensor for
sensing magnetic transitions from a magnetic recording disk in a magnetic recording disk
drive when the read head is connected to sense circuitry, the assembly comprising:

a head carrier having a sensing surface for facing the surface of the disk and a
trailing end surface generally perpendicular to the sensing surface;

a first magnetic shield on the trailing end surface of the head carrier, the first

shield being electrically conducting for providing an electrical lead for connection to the



10 APR 2002 Referring first to Fig. 1, there is illustrated in sectional
view a schematic of a prior art disk drive of the type usiE@ zNNR Zgggor.
The disk drive conprises a base 10 to wypch are secured a disk*drh frot or
12 and an actuator 14) and a i cover 11. The base 10 and cover 11 provide a

subst anti al S | - t I I Y i re. i.s

gasket 13- FEP5t SHVESt AL Th el BihBE B plfusly BhEThath oI Fubfiche,
(not shown) f equal i zi n essure between the interior of the disk drive
and the ouﬁgﬁﬁéo%ﬂ&§¢éﬁﬂﬁﬁ?£ %P%ﬁﬁﬁ@gic recording disk 16 is connected to
drive notor 12 by neans of hub 18 to which it is attached for rotation by
the drive notor 2adirstglectielly ¢gondustine spackiasa angherfirsasliclded on the surface
of disk 16. Aread/wite head or transducer 25 is fornmed on the trailing
end of a head camm&netistimhelgsnaionaensobenrtiensisdpackerayd corhpasiagucer 25 is a
read/ wite head conprising an inductive wite head portion and a MR read

head portion, as avideh Beoif@aflit REEr ¥ i M8SHacd: mwﬁh&ha@néﬁb%@ha%ﬁpao i's

connected to the actuator 14 by neans of a rigid arm22 and a suspensi on

24. The su o) Vi i asl f.orce LC, t I D
onto the 53@§§§§12?g¢ﬁg&ﬁ%%§$§?ﬁ§9d?§fﬂ%%ng%rFﬁgbégggg |JW gﬁwﬁﬁggﬁﬁgﬁ
drive) the dri,ve.nptor 12 raqtates.the disk t constant speed) and the
act uat or 11?”%/%‘? ¢ Fgrets%eggppﬁp@qdm%a%ﬁgﬁﬁ%&g}ﬁfﬂke coil motor (VCM,
noves the slider 20 generally radially across the surface of the disk 16 so
that the read/ w isheinfdaidng sunpgl bartce Jayddi oratpémn ded 4ntqoatdes voih dissiKixed.
Fig. 2 is atop viewof the interior of the disk drive with the cover 11
renoved, arfdrombhgreticdtyes in better detail the suspension 24 which provides
a force to the 1 0 APR 2002 8 slider 20 to urge it toward the disk 16.

The suspensi on Mayschsing f@venbiioRgér diyaRl afcoBtaSPRNB itNtunfiel Warnde 161 and
wel | - known WAtrous suspension, as described in IBMs U S Patent 4,167, 765.

This type q{avﬁl%gggﬂﬁén%zai&lodi%cayﬁ @ﬁér#tgﬁl ghﬁ%ifﬁ’erﬁ&ﬁcﬁ&hmtthefmérgnaiz%hbger

whi ch all ows t Ider to pitch and as I't rides on the air bearing.

The data defected omp.dibsk 16 by.the trapsducer 25 is processed jnto

data readbale tfRbte T Firavaiit PortiniRE RoERte oot BeBedGRERRts o,
the integrated circuit chip 15 | ocated o rm 22, The_signals from
transducer PR e @rowedn theroens Wpﬂ)@e@magneﬁ)ﬁ frem 1eds i ts out put
signals to the disk drive electronics (not shown) via cable 19. Fig. 3 is a
cross-sectional scigeenst ¢lectueally eondediveispacsy laeeen Headnsing fardnesgmeGlaghi; ch

i ncludes a MR read head portion and an inductive wite head portion. The
head 25 i s dndpped to forma sensing surface of the head carrier, such as
the air-bearing surface (ABS) of an aimbearing slider type of head

carrier. The sensi §gosdifaghdichidBRdatedsiame eddnamphbe 184 aeesetdnd difeld
rotating disk 16 (Fig. 1 ) by the air 1 bearing as discussed above. The

read head i&g&gégleﬁtﬂ%wmaaaﬁf# ftagpgc@g}gggﬂ%cagtam%@ £ écgnlhe&{!ﬁ tégﬁ@eéhseap

| ayers Gl an are, | wi ched between rst and second
magneti c shi.e S2. Th ctri

|d layers S1 an el | conduct ors ,(not. shqwn
That | ead Qe ren g Qo ermttpls” (5 i ne AR SRLEC LB RS chi
15 (Fig. 2) are in contact, wwth the MR sensor 40 and are | ocated between M
sensor 40 arffighbaripgghe dlassidionbeing senspd Yhgrepyyay slegitically qomductieepathiigal |y
insulate the electrical | eads fromthe shields S1;~S2. In a conventi onal
di sk dri ve,provided/Roge theofirsuchield tarth@\list spasolayeThad whiotigh ieeavhagmaticudesel a
coil layer C and insulation |ayer 12 which are sandw ched between
i nsul ati on juAgtemssedsbr to tH3 seddhdAPie2 (2r amtithd Seasnt chiel, e path indtuding a path
sandw ched between first and second pole pieces Pl and P2. A gap |ayer G3

i's sandwi Cht%?ttfﬁﬁ&l‘fﬁ‘geéhﬁeﬂ?%éﬂefa‘-’rl RANERERNY 1R6L S, MeeGER1 BicFayal their pole

tips adjacent to the ABS Tor providing a hmagnetic gap. During witing,

signal current is.co ted thrquah the coil layer C and flux is.induced
Thto the T st arabmdsts i heaitis R Gt e R R 0 BT iyBET o
the pole tips at the ABS. This fl ux nagneéizes circular tracks on the
rotating diSkratseshpplddeamars tethspotlayingndetailsd; drgcrptioasigkep iggthep yith the
magneti zed regions on the rotating disk 16 inject flux into the MR sensor
40 of the raadmhema)g Ggwss.ng resi stance changes in the MR sensor 40. These
resi stance changes are detected by detecting voltage changes across the MR
sensor 40. The voltage changes are ' processed by the chip 15 (Fig. 2) and
drive el ectronics and converted into user data. The conbi ned head 25 shown
in Fig. 3 is a "nerged" head in which the second shield |layer S2 of the
read head is enployed as a first pole piece P1 for the wite head. In a

pi ggyback head (not shown)) the second shield |ayer S2 and the first pole
pi ece Pl are separate |ayers.



« The above description of a typical magnetic recording disk drive with an
"AMR read head) and the acconpanying Figs. 1-3, are for representation
pur poses only. Disk drives nmay contain a |arge nunber of disks and
actuators, and each actuator may support a nunber of sli der ﬁ AP(R‘CQUGZ)n
i nst ead of an air-bearing slider, the head carrier nmay be one which

mai ntains the head in contact or near®ontact with the disk, such as in

| i qui d bearing and ot her contact and near-contact recording disk drives.

10 APR 20G -10 Preferred Enbodi nents The present invention is a MR read
head with an MIJ sensor for use in place of the MR sensor 40 in the

read/ wite head 25 of Fig. 3. Fig. 4Ais a section view of an MIJ MR read
head according to one embodi ment of the present invention as it would
appear if taken through a plane mhose edge |s shown as |line 42 in Fig. 3
and viewed from the disk surPggtLeserip hedavwdnd Fi g. 4A is a pl ane
parallel to the ABS and throu substantl ally the active sensing region,

i .e., the tunnefig an%msanyhf@ﬂ%lmmamfmva@mal@agwcwm@%rs
that nmake up the head. Fig. 4B is a section view perpendicular to the view
of Fig. 4Adiivgfetuse W'H‘eth§éﬁ§¢$$§d§4|ﬂ MBaeadhead agruding to the presgnt. Referri ng
to Figs. 4A-4B, the MIJ MR read head includes an electrically conductive
spacer IayemveI\@lanorned directly on the first magnetic shield S1, an

el ectrically conductive spacer layer 104 below and in direct contact with
second magnet i c Fighi2d$ @ tep viewnef the diskmiriva 00Figot with thescoves reravest. | ayer s
‘between electrical | °~ ' spacer |ayers 102, 104. The magnetic shields Sl)
S2 now serve bofig. 3ds mvpntinal crossrisection tﬁracbcmlyemﬂwabihtegratedmmyﬁvmwdlecti ng

| eads for connection of the MIJ 100 to sense circuitry. This is shown in
Fig. 4A by helad/MRR readhedrbwith the MK read dead tocated betweemshiélds and ladjacght tbhe
first shield Sl1, perpendicularly through spacer |ayer 102, MIJ 100, spacer
| ayer 104 ahelinductivehwritedieadfor thequmpbseiif dludtraihg wWiere Itiied MTIUMRmedad blead a
first electrode multilayer stack 110, an insulating tunnel barrier |ayer
120) and a dftipe ptesentindentionawduld B lodaterhh of t he el ectrodes includes a
ferromagnetic layer in direct contact with tunnel barrier |ayer 120, i.e.,
ferromagneti c | &eMd i& Bisaxtidnd Yiaw taked throdgh thAERT.D6MAhd IMT JdBRaead @ead ode

| ayer stack 110 formed on spacer |ayer 102 includes a seed or "tenpl ate"

| ayer 112 wf théprespatiaventioneandiillistrated thy directionaf sehss cuorend flewitlirongh er i al
116 on the tenplate layer 112, and a "fixed" ferromagnetic |ayer 118 forned
on and exchhegemgnetipkkididsithat demee asdiecirgalngadsrdndf parpardigutatyi thrdugiahe 116.
The ferromagnetic layer 118 is called the fixed | ayer because its nmagnetic
nonent or nM@aeti zation direction is prevented fromrotation in the
presence of applied magnetic fields in the desired range of interest. The
top el ectrode stRigkiBlidG sentibnaladevaof theddTJ MR réae head of the gresent fnvehtion | ayer
‘132 and a protective or capping |layer 134 formed on the sensing |ayer 132.
The sensi nglldistratingtgnietation afithe MiPardsothert lagars relatiye to thpbatsinigemof the
antiferromagnetic layer, and its magnetization direction is thus free to
rotate in tiheadgor esence of applied magnetic fields in the range of interest.
The sensing ferromagnetic layer 132 is fabricated so as to have its

magneti c nonent [, SWeGSEdtioA4lvisw usteating@in drstuaimenttyof atid IWJ MR Yeay | ent ed
generally parallel to the ABS (the ABS is a plane parallel to the paper in
Fig. 4A andhéd GftReprexentibentioniigerethBhe MTJ ig RR&teAl Heywdst pedisbial végidng 0 t he
magneti zation direction of the fixed ferronmagnetic |ayer 118 in the absence
of an appligdn loti€ shieRisd. The fixed ferromagnetic layer 118 in

el ectrode stack O just beneath the tunnel barrier layer 120 has its
magneti zation di Ff@&tappee fliuseteBtepthené RMbrdatioP ot i IIT) MR Pbdd Realf dfithé he

i medi ately underTying antiferromagnetic |ayer 116, which also fornms part
of bottom e#%@%ﬁﬂﬁ@erﬁbﬁpk 110. The magnetization direction of the fixed

- ferromagnet ayer 118 is oriented generally perpendicular to the ABS,
i.e., out of or into the paper in Fig. 4A (as shown by arrow tail 119).




-12 1 0 AP R 2002 Also shown in Fig. 4Ais a biasing ferromagnetic |ayer
150 for longitudinally biasing the magneti zati on of the sensing
ferromagnetic layer 132, and an insulating |ayer 160 separating and

isolating the biasing |layer 150 fromthe sensing ferromagneti
and the other |ayers of the MIJ 100. ﬁpr ease of explanation,flkzmgkaéﬁéz
ferromagnetic |ayer 150 is not shown i'n Fig. 4B. The biasing ferronagnetic
| ayer 150 is a hard nagnetic material) such as a CoPtCr alloy, that has its
magneti c nonment (shown by arrow 151 ) aligned in the sanme direction as the
magneti c nonent 133 of the sensing ferromagnetic |layer 132 in the absence
of an applied magnetic field. The insulating |layer 160, which is preferably
al um na (A1203) or silica (Si02), has a thickness sufficient to
electrically isolate the bigsj ferr nett.c e 150 fromthe MIJ 100
and the spacer l|ayers 102) ) gh to permt

magnet ostat ¢ _cpupling (shown by dashed arrow 153) with the sensing
ferronagnettemygyer 132. The product Mt (where Mis the nagnetic nonent
per unit area of_the. er,i al.

in the. ferromagnetic |layer and t is the

Phi ckness of -t neRABINGAEE BT T 1A% 1 Do Bier B saetons” M S TRISMAE S Payer
150 nmust be greater, than ual .to Mt of the sensing ferromagnetic
Fayer 132« BIGE ARk dtipEihe S it A M aorn ghe dKEENS FEMRHERRA T ¢ morent
of Ni ~~~X~-Fe~x~ (X bej ng appr oxi ely 19) that (s typically used in the
sensi ng ferpﬁﬁ%&wg'cbég%?gggéd Pﬁ%ﬂ{f&? "chXPrcﬂza?’HL?" B%Pf?é%‘e@'r‘i?i c roment
of, a typical hard magnetic material suitaple for the biasi f en- omagneti c
| dyer 150, SQMeR1ds T@%, ﬂ@cﬁwv@ﬁéfi’m"&r&%@s&“@ﬁbs?ﬁ%ﬁgFg‘gs'?%fqrmﬁagneti c
| ayer 150 is, at |east .approxinately twice that of the sensing ferronmagnetic
| ayer 132, diskgevaoTypcalvotsraisgadsiet 17 fosaiedibafuoan pase Hiand eaer 3
electrically conductive material nmaking up the first shield S1 to first
spacer | aye?"(.iéf,maﬁé?fﬁ%thﬁfEQﬂtﬁ}qtﬁh?ﬂﬂ)(fgb?ﬂ‘@‘ié‘“aﬁf?sﬁéﬁW@ﬁ%fh%‘“?%‘?é?f 116,
the fixed ferromagnetic |ayer 118, the tunnpel barrier |ayer 120, and the
sensi ng f entherdighddvecanditiieroutside gRviranmeant.t & maansticiragerdiag disky8is 104 and out
t hrough second shield S2. As described previously, the anmount of tunneling
cun:ent t hr 6egpectadetordrivadnotenil 2 by maags of hubp §8 f‘%wé'chlﬁriéﬁftéﬁéhqgffot fetatio| at i ve
orientations of the magnetizations of the fixed and sensing ferronmagnetic
| ayers 118, by 81 driver maios 13djAetbisniubricans Al PGiscpaintainedgn heisidfageiphel barri er
| ayer 120. The magnetic field fromthe recorded data causes the
magnet i zat i GiskdBr Setaagfviie head or frgnsducebiigrfarmed onihertrailing end ofs bgad away
fromthe direction 133, i.e., either into or out of the paper of Fig. 4A
Thi s changesatrigs sueh gsiapaiobearingalideniGf TrepeduegyAeis areadiutedead t he
fen-omagnetic |ayers 118, 132 and thus the anmount of tunneling current,
whi ch is retpegriging as industive yaite head eertien ard a Mizreaddinad pertierh@smiliba 00.
This change in resistance is detected by the disk drive electronics and
processed i descripgdavitherggpectda Fg- 3mTheslidersdl, is vRanestette thaactwtortidriyugh
shields S1 and S2 is prevented fromreaching the biasing ferromagnetic
| ayer 150 byneane of agigid aral2iand @ suspegsiomyer Thesuspension 24i providesal at es t he
bi asing ferromagnetic |ayer 150 fromthe MIJ 100 and t he spacer |ayers 102,
104. A repr biasingdorogewhich ucdesithe slidex|2d anty themurfaceof{thegecording 4k 16.11 now
be described. Al of the |ayers of the MIJ 100 are grown in the presence of
a magnet i ¢ Dusing oppratioo®f the disk diive, the drvesmetonda retatesitee diskdbrad|e. The
magnetic field serves to orient the easy axis of all of the ferromagnetic
| ayers. A 5 const@nt speed, ang the dcteatos awrhich is typically aflipeakor rotana vaioe 66l nm
Cul ayer that serves as the spacer |ayer 102.

motor (VCM), moves the slider 20 generally radially across the surface of the

disk 16 so that the read/write head 25 may access different data tracks on disk 16.
Fig. 2 is a top view of the interior of the disk drive with the cover 11 removed,

and illustrates in better detail the suspension 24 which provides a force to the



+-14- 1 0 AP R 2002 Suitable spacer layer materials are those which are
electrically conducting but since the spacer layers are very thin there is
no stringent requirenent on the value of the conductivity. Thus netals much
| ess conducting than Cu can be used provided that they forEOS(IAPRbggpzayers
with the appropriate degree of snoothngess on which to subs tly ow t he
various thin [ayers which conprise the"MIJ device 100. An additional

requi renent for the enmbodi nent shown in Fig. 4A and B is that when in
operation the spacer |layer nmaterial not readily snear across the air
bearing surtace as a result of occasional contact at the ABS to the
magnetic disk. This is not a requirenent if the MIJ device and the spacer

| ayers are recessed fromthe ABS such that the spacer |ayers woul d never
come in direct contact with the magnetic di sk which the MIJ MR head w ||
read. The s@@dﬁrl?&}emrsi;@itmﬂitb«edisgﬂﬁaTﬁﬁ@éﬁwwsimehbemnwag@a! type( 111 )
grom h of the face-centered cubic (fcc) NIB,Fe,9 tenplate |ayer 112. The

t enpl at e f eof suspgnaioncsuchyas thewelldmenndstrouscssugpengion,@fs deaseribed in IBM's
antiferromagnetic |ayer 116. Suitable seed |ayer materials include fcc

met al s, sucll.SsPaent 4460Z66. dbisTtypeof suspendivmalsd provides| agimtaledsuch as 3-5
nm Ta/ 3-5 nm Cu. The MIJ base el ectrode stack 110 conprises a stack of 4 nm
Ni e, Fe, ~/ 10 attactiteentofitise slideiwbjdhcgliows|tihae slider tolgitchlahd, roll 28 jt rides padhe ail v)
grown on the Ta seed | ayer on the 10-20 nm Cu | ayer 102. The Cu spacer

| ayer 102 i betongretheldatacddtgcted fromadiskal @by thle tfamsducar 25i is proceissed ihtdca t hat
serves as the substrate. Next, the tunnel barrier [ayer 120 is formed by
deposi ting alath tdadbagk signal bysighat amplificaliorbaid procassihggiecuitryfimithecr eat es t he
Al 203 insulating tunnel barrier |ayer 120. The top el ectrode stack 130 is a
5 nm Ni - Fe/ Iftegratddciriuitchip( 1 Silpeated bhZarmIZR! , Thecsigreats froml tygnsdiiber Z&otraveyer 134
serves as a capping |ayer for -15 1 0 APR corrosion protection of the MIJ
100 during Mafiescdbhg17 Ihehip AB, which sendieitsoutplit sigriats tocthe aiskadlivey a 20 rim
Au | ayer that serves as the spacer layer 104. It is inportant that the

| ayers in tefed@hnicsithst shownydia cibkc19.110 be snooth) and that the Al 203
tunnel barrier layer 120 be free of pinholes which would electrically short
the junction. FoFig8dsnlctossesartibhallsghematid wew ofithedntegiatedeeddnone | t o
produce good gi ant magnet oresi stance effects in nmetallic multilayer stacks

i s sufficierHeadAs vihitie inthideg @ MRTaad bedportiomane hh induetivs wilit?haalypdition.
conprised of a thin Co or CO~~~..x~Fe~x~ (x is approximately 70) or

Ni ~, ~. x~Fex Kne headagipis ¥t tolfymba sehsivg@ suriicetofithd Ry dafiér, Betvasthet he
sensing ferromagnetic |ayer 132 and the tunnel barrie~ layer 120, with the

bul k of | ayedir-Beating&iuf@ce (ABS) o 4it-Bearmgtstioer tipd 6f hetld, captied) T sensing
Ni ~, ~. . X~Fex (x is approximately 19). The net magnetostriction of this type

f)f sensi ng surface or ABS is spaced from the surface of the rotating disk 16 (Fig. 1) by the air

! bearing as discussed above. The read head includes a MR sensor 40 sandwiched
between first and second gap layers G1 and G2 which are, in turn, sandwiched
between first and second magnetic shield layers S1 and S2. The electrical
conductors (not shown) that lead out from the MR sensor 40 to connect with sense
circuitry in chip 15 (Fig. 2) are in contact with the MR sensor 40 and are located
between MR sensor 40 and the gap layers G1, G2. The gap layers G1, G2 thus
electrically insulate the electrical leads from the shields S1,82. In a conventional

disk drive, the MR sensor 40 is an AMR sensor. The write head includes a coil

layer C and insulation layer 12 which are sandwiched between insulation layers (1




*layer with a thin Co or CO-, ~x~Fe~x~ (x is approximately 70) or N ~, ~x~Fex
(x is approximately 60) interface |ayer is arranged to have a val ue cl ose
to zero by slight variations of the conmposition of the bulk of |ayer 132.
An alternative fixed ; ferromagnetic |layer 118 may be corrp{]iuiedgbzléﬂgéy of
a bulk N ~, ~X~Fe~x~ (x is approxi matel% 19) layer with a thi A a Co
or Co~, ~. X~Fe~x) (x is approximately 70) or Ni ~, ~. x~FeX (x is approxi mately
60) layer at the interface with the tunnel barri Ir layer 120. The | argest

signal is obtained wwith Co or with the highest polarization N ~~~x~Fex (x
is approxi mately 60) or Co~, ~.x~Fe~x~ alloy (x is approximately 70). The
interface layer i~ optimally about 1-2 rimthick. The net nmagnetostriction

of the conmbined layer is arranged to be close to zero by snmall variations
of the -16é~A_PR2,002 co sition. If the bulk of layer 118 is N -Fe,
then the co@Pddvhigh gre. Nith'Fé‘gB‘?W'PIP%j efrypeR fitst Bﬂéjfs%‘?or\ﬂfﬁ% P’EEKPN - Fe has
zero magnetostriction. The Fe-Mi antiferromagnetic |ayer 116 nay be

repl aced wi 39 A gAPIlaKeE Chis sgndwiched betyispa thaiinst and sppeR @Ol | ayer whi ch
exchange biases the ferromagnetic material in the fixed [ayer 118 and which
has a resi stPigres RiniP2ptitkeis dpleting apiaceqt to thesABR 49T Rravidingfa MAGNEAIC@B: barri er
| ayer 120. In addition) while in the preferred enbodi ment the fixed

f er r omagnet iRuringwaitinggsignalcumeghisicondusterttiroyghdbe cail layae eranddiuslis exchange
coupling with an antiferromagnetic |layer, the fixed ferronmagnetic |ayer may
be forned ofinduceddntethe first and gacand nale)laversd s iRe capsingtfivixita fringe iasrasp fhe

avoi ding the need for an antifecromagnetic |ayer. The hard fixed

f &r r omagnet inol9 tRscat tha \BS; uEhis Bux megaetizes sirewlantacks op the ratatingdisigtet i ¢
materiats, such as alloys of Co and one or nore other elements, including
Co- Pt - Cr al |dyyiBg agwriteropgeationl Busing@dead openatign, magnetirediraginns ondbeRe al | oys,
Co-Ru alloys, and Co-N-X alloys (X = Pt, Pd, or Cr), as well as a variety
of quat er narrgtating disk, 16Jnjent fiux into'the MR sensoCcA0 pf therreadbead,-aausiBg Wi | e t he
MIJ devi ce described and shown in Figs. 4A-4B has the fixed ferromagnetic

| ayer on t haesistanoerchangdsin tIEOMR: sensdedl.cBhaserresistance ehdngesede Ugtedtedosi ti ng
the sensing ferromagnetic |ayer first, followed by the tunnel barrier

| ayer, the fhyxeledtingrvoitagmebangesacess theR sansand0.f €he voltapeathiaogésarer .’ Such
an MIJ device would then have the | ayers essentially inverted fromthe MIJ
100 shown i rpre¢essed by tiadchipr SqFige 2) and diivei alectraniograndreonvertieshipia uses datahe
quantity of data that is stored per unit area of disk surface) the MIJ 100
and its assodiestambisgdhbead Rapgbown i0Big. 3 B4 ‘“merged” head in which the second

shield layer S2 of the read head is employed as a first pole piece P1 for the write
head. In a piggyback head (not shown), the second shield layer S2 and the first
pole piece P1 are separate layers.

The above description of a typical magnetic recording disk drive with an AMR
read head, and the accompanying Figs. 1-3, are for representation purposes only.
Disk drives may contain a large number of disks and actuators, and each actuator
may support a number of sliders. In addition, instead of an air-bearing slider, the
head carrier may be one which maintains the head in contact or near contact with
the disk, such as in liquid bearing and other contact and near-contact recording disk

drives.



« -m 1 0 APR 2002 pl aced directly between the magnetic shields Sl1, S2) as
‘shown in Figs. 4A-4B, without the need for separate electrical |ead |ayers

and insulating gap material to separate the | eads fromthe shields. The
magneti c shields, which are conprised of relatively thick hi galeélpa.sréaa bl e
magnetic | ayers, allow the MR sensor Hﬁ det ect i ndividual n&g [ i
transitions without interterence frommei ghboring transitions. Thus the MR
sensor can detect nmagnetic bits with snmaller bit | engths than otherw se
woul d possible. The resolution of the MR sensor is determ ned by the
separation s between the magnetic shield |ayers S1 and S2 (see Fig. 4B) and
t he di stance between the sensing surface 200 and the nagnetic filmon the
di sk. For exanple, in order to detect nagnetic bits spaced at a |inear
magne(ic tiit density of 125,000 bits per inch (equivalent to 5 transitions
per m cron) Wi th sensor to magnetic filmspacing of 0.02

m crons, a separation between the shield |layers of s ~0.2 m crons would be
required. In thelp? BEaSEPt MRt is g MR&eadhegdiwithan Mid sspser fer ugssin place

el ectrically conducting and of suitably hi%h magnetic perneability. The

shi el ds may obtherMRseaser4hintheireagiwrjererd 258 §id. Bwhere X is Ta) Rh, Pt) or
Nb) or with CoZrNo alloys or with sendust (FeAlSi) alloys. As shown in Fig.
4B, the present Fiavépis aseglionyiswiaiandbMBireashhead acdeedingtuersl i n

t hi ckness by the conbi ned thicknesses of the insulating gap |layers G 1 and
& (Fig. 3) embodimentof thespresent inventionias i wauld apnegr i takes tgmt@érasldane The
.spacing s may of course be reduced further in thickness by reducing the

t hi cknesses wibse ledge jmshawn ag line42 drFigndiandviewed from the diski suefape.c Thuy
resistance in series with the MIJ device will reduce the magni tude of the
si gnal of t lthe papereé Fig 4A is aigland parajighto the0iBS aed thegught substantislly the spacer

| ayers 102 and 104 in the MIJ MR read head of the present invention is

negl i gi bl e. activa $ensing regioy; i.es theviunnel junagon,f thendild MR readdhqadtoirevealt y of

el ectrical shorting of the | eads of the MR sensor 40 to the shields S1 and
S2 if the gdpe laygrsitbatGbaken tp Ge head. nfEige4d isa sastion view pempendiculaMortikend head
of the present invention this problem has been elimnated because the

shi el ds nowviewnet Fignd/Aand wdthethe sensiog surfasad®d0top ABStodbe rightz. MTJ 100 to
sense circuitry. In the device of the present invention the reduction in

t he separation b&eferdng tdEigshdA48s tHeIMTERR read head ineiudes masbectidtatly | ncr ease
in the linear resolution of the MIJ MR head. This can be understood by the
fol | owi ng exanplietive Epaceétaypdmsiooheddireatly oaltheMirst magnetie shifdd 54, ait6nm
(conprised of |ayers of 5nm Ta+15 nm Pt+4 nm N B, Fe, 9+10 nm Fe~Mh~+6 nm

Ni B, Fe, 9+1 reteckiclld ¢bnduntiMe BpEReerdaygl 10mbémv. anbyip idorattl cpntadee with seoand

t hi cknesses of the insulating gap |layers Gl, & may be ~20nm each. Thus if
t he MIJ devimagnElio shizldiS2dandhthe MTJ4 100 formed 85 agtddk®f tryprd beteesn €lectriéal t hen
the separation between S1 and S2 is 106 nm This leads to a |inear

T eésol uti on cpacerdpyerdi10g, 104.2T0e GRgnetiastdelds 8hsSPHrow isawk botis asimaggetidie bi t
length is only slightly smaller than the gap separation). \Wen the spacer

| ayers 102, shiddsamd astheceibelricallyraontiligtingdeddsdor aspectidnvaf tisd MIJAD0Sd, S2 t he
gap layers GL and & are renoved and the separation between the shields
will be redusnde chcuih.nThis T1ehdwm wafFigr 45 by thiei avrowafshoving\Re l@raction off  t hus be
i ncreased to 400,000 transitions per inch. If in addition the thicknesses

of the spacejurienyfisv throdgtatid fir8tstisle Sr1¢perpenticutany thrdugh spaeetiayérii@r, an even
hi gher resolution of 500,000 transitions per inch is nade possible with

ot herw se thaT$aoe, d}ﬂ&emydﬁmﬁendlﬁﬁ-thﬂihgﬁtHEYSeéSthGhiéIHGSZ. -19- 10 APR 2002
spacer |l ayers 102) 104 and selecting their thicknesses, the spacing

di stance s can berhamiTsmee shduadesirselbiRdbultier etk iaadan msaREAGt € at
the desired linear resolution. The MIJ MR read head of the present

i nvention i syfnéitrdiRat 1A 120t ARd 865 8lebRRRIthdk 130C Fadh 08 tHPEIbEFRGRISONS .
Using a structure conprised of 2nmthick Cu spacer |ayers 102 and 104, a

5nm t hi ck | rifRu8&s B MHESmAYfsticl 1AV in ditddk contdetvitArtlhdY! SKrrieP 1dyeX 880, ie.,
ferromagnetic layer 118) a 1 nmthick A'ZGs tunneling barrier 120 and a 3

nmthick fr | ; feekdpmgnetic layer a MIJ device and spacer

| ayers V\,ithe%rr%ﬁgﬁﬁtggla %‘lggllgr?géér{ of only 13.5 nmthick can be fornmed. Thus

| i near densiti-es exceeding 1,500,000 transitions per inch are mde'
possible. In the present invention the free ferromagnetic |ayer 132 can not
be in direct contact with the magnetic shield S2 since the magnetic nonent
of this layer will then be fixed by exchange coupling to the nmagnetic
nonent of the shield and thus will not be able to respond optimally to the
flux fromthe magnetic transitions in the . !



« _ . mgneisi . ' ar ~ that-the-arrtiferromagn etic--exchange--_
"bias layer 116 not be in direct contact with the shield S1 since the
magneti c properties of the shield will be altered. In particular the
magnetic perneability of the shield will be reduced in the region of the
antiferromagnetic layer. Thus the spacer |ayers 102) 104 p1 @/ﬁﬁ?@ﬁiﬁrl cal
connection with layers 116, 132, resﬁé@ﬁi vely, while isolalin ayers
fromthe shields S1,S2. However, it is possible in the present invention
that the tenplate layer 112 in contact with the antiferromagnetic |ayer 116
and the capping layer 134 in contact with the free ferromagnetic |ayer 132
may serve as spacer layers if nade of appropriate materials and fornmed to
sui tabl e -Z0O 10 APR 2002 thicknesses. For exanple both the spacer |ayer
102 and the tenplate 112 may be fornmed of Ta with a conbi ned thi ckness of
5-10nm Si mi | ar The bastelestredelaygustagd 100lprmed om epdcer fayer fl03includegia h a
conbi ned thickness of 5-10nm in the device of the present invention the
conbi ned t lseed ne$empfate”Hayeavnd 2dumthe epad@0 layed 162 @ layerai mptifegomaignetie spacer
| ayers 102, 104 determ nes the separation distance s. Wile the device of

t he pr esenimatenalritlBan tbé templatedayerid 2pard a Hixedt fermomaghetic layeal 18&toomed
between the el ectrical conducting | eads and the shields as the separation
of the shi ehdmdiexchenyaenlpledwitiptrebuisierlying aofifeaomegreticrlayarl 116hdite direct |y
bet ween the shields increases. This can be alleviated by increasing the
separ at i on féresmagretichayes Hil8lislsalied thdé fixaddgyerbeaaise ifsrmagnédtic vithentsnri ce 100,
-as shown in Fig. 5. In Fig. 5 each shield S 1, S2 has a respective

pedest al 1Gdagnk6iZation diteetiore i praverted frormiretal@lint6e presehoe ptappliedt hat t he
spacing s in this region can be nmade snmaller than the spacing s' between

t he shi el dsmagrietic delds etheadssired wireecoftiterebfl JTHEOOp ietectrodesthck|130t hi s manner
the larger distance s' decreases the likelihood of an electrical short - _
~' _ _ ___ -ifctudes 4 ffeeer op tsensingt femdnfagheticiayer 132 and a protective oAoappiey

advant age of the MIJ MR read head of the present invention is that the

el ectrical 14r#134 do@teddn thessepbing lisier wB2.cThasensiigierdaiagnstid lageret 3isr i cal

| eads to the MIJ device is small becausb the shields are very thick. Wen

i ndependentnot egsHangeaouptedds ahantiferoMbdnetiziays, anditagestiZatbnarectione
shields and the MIJ -- these | eads nust be formed fromthin conducting

| ayers and i§gperfirdeas rbtatanintthe prdvents of dpplied eaghetitefieldsintha@rarmye dfayers. For
hi gh density recording applications the shield to shield separation s nust
be kept snghteradhi The kbhding féritenddetil §6iS13Y is FdlricaledGordstalhaveads in the
vicinity of the MIJ device. Thus there may be a significant -21- 10 APR

ZOOL vol t agRaghetip racmhessorimhafRtightmldire6iin (sREWS by irowe1 I3hbRemelit age drop is
in series with the desired signal, i.e. the voltage drop across the MIJ

device, t hQ;éPl'éPé?thpﬁéI@DﬁJ th:b&ABB??hQABSds b @lanetpaedill ®ethe fp@ﬁéaiﬁfﬁg.emgmd
‘cqnditions. In the MIJ device of the present invention the voltage drop

“across_t he iggheAlas WoDGRFRR I\%ﬁ@h&@ﬁm drpéndriuparts teamabrastibs smal | .

Process for Fabricating the Read Head of the Present I|nvention

Referring t&r&iimofﬁéfﬁé? férﬁn?ﬁéﬁ@@ef 18 Qh&absericB®f Wi hphfitd fagnéwad of

the present invention will be described. A process will be described for

formng an fdld. the igaferofidgnetid I@K;éhﬁite if BRod & stEEI 118 jusvberdath iR

separation between the nagnetic shields is greater in the region away from
the MIJ devi,fRel Hapierddye? 120 Haklitd phdcietifition Attection! fikea by Abriadia dxehangw Of

t he | ongi tudi nal bias Tregions 150 shown in Fig. 4A w ?’I not be descri bed.
coupling with the immediately underlying antiferromagnetic layer 116, which also
forms part of bottom electrode stack 110. The magnetization direction of the fixed
ferromagnetic layer 118 is oriented generally perpendicular to the ABS, i.e., out of or

into the paper in Fig. 4A (as shown by arrow tail 119).



- The process begins, as shown in Fig. 6A) by depositing the material for
---- spacer |layer laye~'1~02,-the MIJ devicelOOartrtthe-top-spacer

| ayer-9-0~4 on-top-of the shield S1. The spacer |ayer material 102 can be
of a variety of conducting materials, such as Ta, A, Cu, Au, ﬁ Pt with
a typical thickness in the range of 0 to 20nm The antlferro i‘] RQ&Q&
116 can be selected froma variety of” Y481 1 - known materi al s) such as Fe-

Ni -Mh) Pt-M1) Ir-M and Pd-Mh. The typical thickness for the
antiferromagnetic layer 116 is in the range of 7 to 30nm The fixed
ferromagnetic layer 118 is preferably a NN-Fe alloy or a bilayer of N -Fe
alloy and a thin filmof Co. Typical thicknesses for the Ni-Fe alloy |ayer
are 2 to 10nm and typical thi cknesses for the Co layer are 0.2 to 2nm The
t hi ckness of the alum num_ -22- 10 APR 2002 for the tunne] barrier oxide
ayer 120 15 tyBHeanan A ﬁ'%e"‘“fﬁr?g@aﬂf'g fsromagneticaer 10O loagtdRalagnet | c
| ayer 132 is typically a N -Fe a bilayer of Co and a N -Fe all oy,
with a thi &@%’ﬁ hﬁr'ﬂﬁg QE“ZPBO'?G@PF'S sm%éerche Wt lpyer tidean 3 ERIIRSUAIDY of 0.2
to 2nmfor the Co. The spacer layer 104 is formed of simlar materials and
t hi cknessedaye 188sepamting@md 'M@t"@dBE@laSWQJ@fefléQ fropythesepgipgsi ti on of
these |l ayers, which is usually either i on beam deposition or RF or DC
magnet ron §9€E@W‘égn¢f§= '3Y¢fe1QW@Gﬁ*@fI‘QM@Fﬁ)@fﬁ%MTéé‘IOPy Reaeaes Akd using the
resi st 230 shown in Fi lon milling then renpbves naterial_ not

prot ect ed tgxpiametl@rwhggla@smfeagmaom lpyerrisg is set showa in big. ABI Theg procedure
i§ designed such that by choosi 8'SUItab| e conditions such as the tine of
the ion ni |hiasieg fesroneagnetialayer 180 s bard magnetia owteried suoa as areaRigr el ywher e
there is no resist 230 but in addition nmaterial is renmoved fromthe the top
surface of thakhasdts magneticanament (shown b prrawd S1ralignedin the sameedirertion ias
typically a bilayer resist with an undercut. After the ion mlling step of
Fi g. 6C a |th¢amagnetic otomentuli3atdf the sensingiferomagnetic layer 132 in the absencemii ch i s
greater than at least the sumof d and the thicknesses of the spacer |ayer
102 and t hearvappliedmagnetioGickda dThenipsidatingdaydr 496, whioh js prefesatdwaluming=i g.  6D.
After the deposition of the insulating |layer 250 the resist layer 230 is
lifted of f)(Al@zper silipa (Si0j)nkas athickpesnsufficient teslectrically iselatedbp bisingd on t op

of the spacer |ayer 104. _- ~inally the
t op- shi el d-feapaiagseticayértSeiiomthe MW 180 -apd the-spaser tayens-192; FO4-tnit isTXTill.
magnetron sputtering, as shown in Fig. 6E -23- 1 0 APR 2002 The

above pr ocethin ermughlte pebeit athgnetodtatio cpuplingdshdvonioy dasthed sirrolsi £63) mdthdhe
stabilization for the free ferromagnetic |ayer 132 by incorporation of the
hard nmagnet sensingt ferroalagnetic lagentB2. TB® praduat Mituwhane M ig thelmaghétic t ot al

t hi ckness of the spacer l|layers, flee and fixed ferromagnetic |ayer, tunnel
oxi de | ayermomedt pert urfieancardd reemiateriabin dre feerpmagnetic layer anditgetiehisbness The
[dawer shield S1 may be overmilled by a thickness d~30nm and the thickness
'of the I nsubfthe fgrdraggnetiddayer) ofdtbe biastngdersereagretic Rygr 185DmusybdgrealétOnm
Thus this exanple using the fabrication sequence described in Figs. 6A-6E
| eads to a tha dviequalatd the M*t of the sensing ferromagnetic layer 132 to assure stable

longitudinal biasing. Since the magnetic moment of Nijq,.,-Fey, (x being
approximately 19) that is typically used in the sensing ferromagnetic layer 132 is
about twice that of the magnetic moment of a typical hard magnetic material suitable
for the biasing ferromagnetic layer 150, such as Co,sPt,;Cr,,, the thickness of the
biasing ferromagnetic layer 150 is at least approximately twice that of the sensing

ferromagnetic layer 132.



head with a resolution gap s of ~50-80nm but a shield to shield s’
separation away fromthe MIJ sensor of ~120nmrather than 50-80nm Since it
i s advant ageous to have the free ferronmagnetic |ayer 132 centered in this
gap between the two shields (i.e., locating |layer 132 at a di %é
this is acconplished by adjusting the thicknesses of the spac rﬁ ;&ﬁﬁ

and 104, the thickness of overm |l of” 131 and the thi ckness of the
insulating | ayer 250 deposited in the step of Fig. 6D. 'e After the def

nW on a3fabnca~i on ~oFt ~MrJ-sensor i is~fs iil- necessary fo - - -y align
the magneti zation direction (magnetic nmonment) of the fixed ferromagnetic

| ayer 118 in the proper direction. If Fe-M is used as the
antiferromagnetic layer 116 for exchange coupling with the fixed
ferromagnetic layer 118 it is antiferromagnetic as deposited. However, its
magnet i zati on nudh senseraureng hisdligsted fgg@m,e electrically conductive material making
oapl e~h~xeri ~ferromagneti c-layer-9-8-inprapei ~ ori entation. The structure
is placed i nupthedis le'@@1d@é¥$téﬁéc@ﬂ4§)’qfe‘@3eP%fPQF@CH"éﬂSfféi\l’%{&ﬂl the
approximately 180 C, which is greater than the bl ocking tenperature of

Fe- Mh. At tharstrf@mmégmt@rleyerﬂﬁ tt@fmdlfqy@nawtlp(ba@éﬁ1§|tbe§mnebéam@r an
exchange -24 10 AP R 2002 anisotropy with the fixed ferromagnetic |ayer
118. An exchiayerel Zhiandthepgnsing femontagnetierieyaictIZandipen ta secand spevet oped by
cooling the pair of layers 116) 118 in a magnetic field. The orientation of
t he magnet i zlayentl4odnd owt thiough seeond ahigldcda. o‘\$ degsoribed praviduslybthezaroountt he
direction of the applied nagnetic field. The applied magnetic field in the
anneal i ng oveftunhelingcareat throughthedune batriee layek 20 Ber fuodtiopfthe rélativer 118
to be fixed along the required direction perpendicular to the ABS, as shown
by the arr oworigrationsfef ghe hagnétizations ofthedixed and sensing fempmdgaetice- Mh | ayer in
the presence of the ferromagnetic |ayer 118, magneti zed by the applied
magneti c fi elagersi 118; 182 theafaire edjadentdotandiin cdritact withtthe &unmel barieelayére1 20y t he
bl ocki ng tenperature of Fe-M, in the presence of an applied magnetic field
from the rectheleshgnetic field flonetheargoerded alateocausbs theembgnatidatian dicsatignef i ¢

| ayer 118 will not substantially rotate. While the enbodi nent of the
present i nvesénshny eoaiagnetic layef i 82 tdrotats apey éotreihs dirBdtionl 33, bé., elikersane
area as the area of the MIJ device 100 and aligned a ~_ ~~ ~~ . an a naW

ve enbodi neninté beoatraf thepapdref iyl @gt. aftds cleanges thmnbtativaogentatiraof thee ar ea of
the MIJ device 100 and the MIJ devi ce does~not have to be centered within

t he pedest al maghttiongmednibeofibe fersmagnetic 14yees W8, 132\dandehuaithie dmantiof hi n t he
area of the pedestals. Simlarly only one pedestal on either side of the

MIJ devi ce i unheling c@eeritowhich @\rdfletted as a change in electrical resistance of the
--1~r~ased-sepaf ati on~f -t #e- sMel ds- S- 1~2away~f ~r ~- t he- - M J- devi ee~ue~h~~-

b _ i’:ll t (MTIat00v ETHsTblNshgeEintresistance 18 detédied by tier digledidat eléctromjcsiend or ned
by; a simlar

processed into data read back from the disk. The sense current through shields S+

and S2 is prevented from reaching the biasing ferromagnetic layer 150 by the
electrical insulating layer 160, which also insulates the biasing ferromagnetic
layer 150 from the MTJ 100 and the spacer layers 102, 104.

A representative set of materials for MTJ 100 (Figs. 4A-4B) will now be
described. All of the layers of the MTJ 100 are grown in the presence of a magnetic
field applied parallel to the surface of the substrate. The magnetic field serves to
orient the easy axis of all of the ferromagnetic layers. A 6 nm Ta seed layer (not

shown) is first formed on a 10-50 nm Culayer that serves as the spacer layer 102.



* process of fabrication as described in Figs. 6A-6E. However the MIJ device
100 and spacer |ayers 102 and 104 are not overnilled as shown in Fig. 6C
but are mlled -25- 10 APR 2002 through only as far as the surface of the
shield S1. Thus no | ower pedestal is formed. The rest of the process is
otherwi se identical. An enbodinent in ich only the | ower e '
formed is fabricated by a simlar set -1 f fabrication steps iﬁg&%ﬁﬂ@z
Fi gs. 6A-6E except that except that after renoving the photoresist 230
after step Fig. 6D the resulting surface of the device is planarized by a
process of chem cal nechanical polishing. The shield S2 is then directly
deposited on the planarized surface and no upper pedestal is forned. Wile
the present invention has been particularly shown and described with
reference to the preferred enbodinents, it will be understood by those
skilled i n Pyiable §pqqeaiay@ama§%r@l%a@rfa@%e which graelatdicaliv candughng DK singge
W t hout departing fromthe spirit and scope of the invention. Accordingly,
t he di scl ost\@ spageayers are vewy thie thereds ﬂ@ﬁ@l‘jgﬁ@ﬂ@ﬂvf%@nﬂqﬂdb@ valup\péthend
limted in scope only as specified in the appended cl ai ns. - 26 - 1 UAPR
2UU~ W C aferdutivity. nihysdvetalsimueteless aenducting thap fat earcke ysed provided thatad f or
sensing data nmagnetically recorded on a nedi um when connected to sense
circuitry, they ferensuitablelayeisiwjth thefappmpriateegreaofssmeatangssranewhiof to
el ectrically conducting and magnetically perneable material; a first
el ectri cal | guhsenuentiy grewdhe yarioussihier layers mhioh aomprise tiie M3/ deivicel 190. #n
ma)gnetic tunnel junction |ocated on the first spacer |ayer and conpri sing:
a fixed feradditanatrequirement fardhve embodimentighown indtig.ctA and Bds thabwheréd al ong
a

operation the spacer layer material not readily smear across the air bearing surface

as a result of occasional contact at the ABS to the magnetic disk. This is not a
requirement if the MTJ device and the spacer layers are recessed from the ABS
such that the spacer layers would never come in direct contact with the magnetic
disk which the MTJ MR head will read. The seed layer is comprised of a material
which encourages the (111) growth of the face-centered cubic (fcc)

Nig;Fe,, template layer 112. The template ferromagnetic layer 112 enhances the
growth of the antiferromagnetic layer 116. Suitable seed layer materials include fcc
metals, such as Cu, as well as Ta or a combination of layers, such as

3-5 nm Ta/3-5 nm Cu. The MTJ base electrode stack 110 comprises a stack of

4 nm Nig,Fe,/10 nm FegMn,/8 nm Nig,Fe,, (layers 112, 116, 118, respectively)
grown on the Ta seed layer on the 10-20 nm Cu layer 102. The Cu spacer

layer 102 is formed directly on the material forming first shield S1 that serves as the
substrate. Next, the tunnel barrier layer 120 is formed by depositing and then
plasma oxidizing a 0.5-2 nm Al layer. This creates the Al,O, insulating tunnel barrier
layer 120. The top electrode stack 130 is a 5 nm Ni-Fe/10 nm Ta stack

(layers 132, 134, respectively). The Ta layer 134 serves as a capping layer for



[

- preferred direction so as to be substantially prevented fromrotatio% I n
‘the presence of an applied nagnetic field fromthe nedium a sensing
ferromagnetic layer having its magneti zation direction oriented generally
perpendi cul ar to the magnetization direction of the fixed ferromagnetic
| ayer in the absence of an applied naggetic field and bei ngnlf Uez\pg
in the presence of an applied nagnetic field fromthe nediu I s
tunnel barrier |ayer |ocated between and in contact with the fixed and
sensing ferromagnetic layers for permtting tunneling current in a
direction generally perpendicular to the fixed and sensing ferromagnetic
| ayers; a second electrically conductive spacer |ayer, wherein the gnetic
tunnel junction is |ocated between and in contact with the first and| second
spacer |ayers; and 10, APR 2002 -27 a second magnetic shield fornmed| of
el ectricall §°E%%8eq%'°§rﬂﬁ“’l‘\%@ﬁétm@Qq"ﬂ?g PEIGRESIRG.- eTh%lf%’rfPlﬁ‘l’tmé‘ﬁthﬁ% ed on
the second spacer |ayer; whereby an electrically conductive path is
provi ded frénSancted pya 20na Ay |?bertthét5’rqr\‘%3tasstb8@6?°qré§b@!1%d t hr ough: t he
magneti c tunnel junction to the second spacer |ayer and the second shiel d.
2. The head accoftéf imporigntinat thelayers imthe hofapyslestipgdestackdiorhe sragath, f or
providing corrosion protection for the magnetic tunnel Lynctlon t he
cappi ng | ay@ndiratiee AbOatunmebbamieelayent2thbgjfies pipinhaleewhichimouidon and t he
second spacer layer. 3. The head according to claim1l wherein the second
spacer | ayeeldcyically.aqst g jvagtion. fRar eyempledgriowti by smﬁtaﬂngpecbmwasbnowm t he
Trqgnet ic tunnel junction. :

to produce good giant magnetoresistance effects in metallic muitilayer stacks is

te
I ng

sufficient.

An alternative sensing ferromagnetic layer 132 may be comprised of a thin
Co or Coyp.qF € (X is approximately 70) or NijeFe, (X is applroximately 60) layer
at the interface between the sensing ferromagnetic layer 132 and the tunnel barriet
layer 120, with the bulk of layer 132 being a low magnetostriction material, such as
Nii00.F€x (X is approximately 19). The net magnetostriction of this type of sensing
layer with a thin Co or CogFey (X is approximately 70) or Nijq.Fe, (xis
approximately 60) interface layer is arranged to have a value close to zero by ing%t
variations of the composition of the bulk of layer 132. An alternative fixed |
ferromagnetic layer 118 may be comprised largely of a bulk Ni . Fey, (x is
approximately 19) layer with a thin Iéyer of a Co or Coygy.yFey (X is approximately
70) or Nieexfe, (X is approximately 60) layer at the interface with the tunnel barrigr
layer 120. The largest signal is obtained with Co or with the highest polarization
NiooxFex (X is approximately 60) or Coq,F8y, alloy (x is approximately 70). The
interface layer is optimally about 1-2 nm thick. The net magnetostriction of the

combined layer is arranged to be close to zero by smail variations of the




- 4. The head according to claim1 further conprising an antiferromagnetic
lTayer in contact wwth the fixed ferromagnetic |ayer for fixing the
magneti zation direction of the fixed ferromagnetic |ayer by interfacial
exchange coupling. 5. The head according to claim4 wherein the first
spacer layer is forned directly on the first shield, wherein e
antiferromagnetic layer is |ocated bé?@\'/een the first spacer ItaDeAEaRdZBBZ
fixed ferromagnetic |ayer, and wherein the fixed ferronmagnetic |ayer is
formed directly on and in contact with the antiferromagnetic |ayer. 10
APR 2002 -28 6. The head according to claim5 further conprising a tenplate
| ayer | ocated on the first spacer |ayer for enhancing the formation of the
antiferromagnetic layer, and wherein the antiferromagnetic |layer is forned
directly on and in contact with the tenplate layer. 7. The-head according
to clai m5 eepasition: Hethe; hulk oklpyerel!8iadleFe| then theceaimpastiondy Misf @ tedhanci ng
the formation of the antifen-omagnetic |ayer, and wherein the
ant i f er r onegpTeResitianafpewhich tiud Ntsfgje bas ee|magnetestiction. contact with the
tenpl ate |l ayer. 8. The head accordin? to claim1 further conprising: a
bi asi ng f en- omaghte Fe-Mnegntiferemagnsatigilayedil hémay i replaged with andigMedayeaer on
direction of the sensing ferromagnetic layer in a direction generally
per pendi cul ethet suitable antiermomnagneticraysr méah axehange biases thederemagmatignet i ¢
| ayer in the absence of an pplied-magnetic-ftetd~d-- _ an el ectricalNy
i nsul at i ng matarial indbefized yentt® anthwhishdeis agesistince whiahgs substantially less

) than that of the Al,O, barrier layer 120. In addition, while in the preferred
embodiment the fixed ferromagnetic layer has its magnetic moment fixed by
interfacial exchange coupling with an antiferromagnetic layer, the fixed
ferromagnetic layer may be formed of a magnetically “hard” high coercivity material,
thereby avoiding the need for an antiferromagnetic layer. The hard fixed
ferromagnetic layer may thus be formed from a variety of ferromagnetic materials,
such as alloys of Co and one or more other elements, including Co-Pt-Cr alloys,
Co-Cr-Ta alloys, Co-Cr alloys, Co-Sm alloys, Co-Re alloys, Co-Ru alloys, and
Co-Ni-X alloys (X = Pt, Pd, or Cr), as well as a variety of quaternary alloys, such as
Co-Ni-Cr-Pt and Co-Pt-Cr-B.

While the MTJ device described and shown in Figs. 4A-4B has the fixed
ferromagnetic layer on the boftom of MTJ 100, the device can also be formed by
depositing the sensing ferromagnetic layer first, followed by the tunnel barrier layer,
the fixed ferromagnetic layer, and the antiferromagnetic layer. Such an MTJ device
would then have the layers essentially inverted from the MTJ 100 shown in
Figs. 4A-4B.

In order to achieve high areal densities (the quantity of data that is stored per

unit area of disk surface) the MTJ 100 and its associated spacer layers 102, 104 are



- ferromagnetic |layers for electrically isolating the biasing |ayer fromthe
sensing layer, and wherein the spacer |ayers are electrically isolated from
the biasing layer by the insulating | ayer, whereby when a sense current is
passed between the first and second shields it passes generally

per pendi cul arly through the magnetic tunnel junction w thou agp i O
t he bi asing |ayer. 1 U APR 202 29 9”7 The head accordi ng t@ ‘QPR%M

wherein the read head is part of an integrated read/ wite head. 10. The
head according to claim 1l further conprising sense circuitry connected to
the first and second shields. 11. The head according to claim 1l wherein
each of the first and second shields includes a pedestal region, and
wherein the first spacer layer is forned on the pedestal region of the
first shield and the second spacer |ayer is formed on the pedestal region

of the secoRlpceddipetly hatweemihe magrgligshislisnet. i2e As shewniin Elgsaft4Becond

shields is greater outside the pedestal regions than at the pedestal
regi ons. 12 Withad the aged farsegrraie eleciicalileadiiayems andiinsulating-gapamateriabieh of t he
pedestal regions is substantially the same as the area of each of the first
and 13. The speaatedbedeatisiprn theshiglds.1 Thieagnetic shields, whichhate easaprised ohi el ds
are formed of a material selected fromthe group consisting of N FeX alloys
(where X i s retativehnthigrthighly paimeabigomegnetisi layers, allawdheMR sensortegstect 10 AP R
2002 -30 14. The head according to claim1 wherein the head is the type for
sensi ng dat éndividual magngtie tragsitiensowittiout)intkriekencedronu neigbboringipansitiong. an
aHr-bearing slider having an air-bearing surface (ABS) facing the surface
of’ the di sk ThethedMResensoncarhdetditsragnetid bitsyith senallénbit leagthe dbaraothieavise
trailing end surface generally perpendicular to the ABS, and wherein the
sl i der trai Wouly possibieir The eesolution ofithet MR sensor iswiéterminkd by the separation s

between the magnetic shield layers S1 and S2 (see Fig. 4B) and the distance

between the sensing surface 200 and the magnetic film on the disk. For example, in

order to detect magnetic bits spaced at a linear magnetic bit density of 125,000 bits

per inch (equivalent to 5 transitions per micron) in a disk drive with sensor to

magnetic film spacing of 0.02 microns, a separation between the shield layers of s

~0.2 microns would be required.

In the present invention the shields S1 and S2 must be electrically conducting

and of suitably high magnetic permeability. The shields may be formed from various

NiFeX alloys (where X is Ta, Rh, Pt, or Nb) or with CoZrNb alloys or with sendust

(FeAlSi) alloys. As shown in Fig. 4B, the present invention allows the separation s

to be reduced in thickness by the combined thicknesses of the insulating gap layers

G1 and G2 (Fig. 3) which were used to electrically isolate the MR sensor. The

spacing s may of course be reduced further in thickness by reducing the

thicknesses of the spacer layers 102 and 104. While in principle any resistance in

series with the MTJ device will reduce the magnitude of the signal of the MTJ device



~first shield is forned. 10 APR 200 -31 15. A magnetoresistive read head
assenbly having a magnetic tunnel junction sensor for sensing nagnetic
transitions froma nagnetic recording disk in a magnetic recordi ng di sk
drive when the read head is connected to sense circuitry, the assenbly

conprising: a head carrier having a sepasi ng surface for faﬁ:i%#&er@bg ace
f

of the disk and a trailing end surface generally perpendic
sensing surface; a first nagnetic shield on the trailing end surface of the
head carrier, the first shield being electrically conducting for providing
an electrical lead for connection to the sense circuitry and magnetically
perneabl e for shielding the sensor fromtransitions nei ghboring the
transition being sensed; a first electrically conductive spacer |ayer on
the first shield; a magnetic tunnel junction sensor on the first spacer
| ayer conpr itkg registancei of dtke spaaes iaygrietGZandall indie Mid MRiread bpad ef theayer and
having its magnetization direction fixed along a preferred direction so as
to be subst pneseat inyeptianiemegligibleom rot ati on in the presence of an applied
magnetic field fromthe disk; an insulating tunnel barrier |ayer |ocated on
and in contact wirnthetpmer aitxsbdwhdn Figneg theere s thapessibilityof elsctrical ehoringughet i ¢
| ayer on and in contact with the tunnel barner |ayer and having its
magnet i zat i dine Biade of therMBrseasoredD tpehe shields Sicanpkd2lifdhe gap tayeth@€1 and G2
magneti zation direction of the fixed ferromagnetic |ayer in the absence of
an appl i ed remgmededod thih.direthd NVEI MR read dead of theqiresant inviestion thiepoblenh  an
applied magnetic field fromthe disk
. has been eliminated because the shields now function as the electrical leads to
connect the MTJ 100 to sense circuitry.
In the device of the present invention the reduction in the separation between

the shields S1, S2 leads to a corresponding increase in the linear resolution of the

MTJ MR head. This can be understood by the following example. The thickness of

a typical MTJ device 100 is ~66nm (comprised of layers of 5nm Ta+15 nm Pt+4 nm

Nig;Fe,g+10 nm Feg,Mng +6 nm Nig,Fe o+1 nm AlL,O,+56 nm NigFe,,+20 nm Ta).

Typically the minimum thicknesses of the insulating gap layers G1, G2 may be

~20nm each. Thus if the MTJ device 100 is used in a structure using the gap layers

G1, G2 then the separation between S1 and S2 is ~106 nm. This leads to a linear

resolution corresponding to ~250,000 transitions per inch (assuming the bit length is

only slightly smaller than the gap sebaration). When the spacer layers 102, 104 are

connected directly to the respective shields S1, S2 the gap layers G1 and G2 are

removed and the separation between the shields will be reduced to ~66nm. The

linear resolution of the MR head will thus be increased to ~400,000 transitions per

inch. If in addition the thicknesses of the spacer layers 102 and 104 are reduced to

~7.5 nm each, then an even higher resolution of ~500,000 transitions per inch is

made possible with otherwise the same MTJ MR device 100. Thus by using the



-a second electrically conductive spacer |ayer on the sensing ferronmagnetic
| ayer; and 10 APR Z002 -32 a second magnetic shield | ocated on the second
spacer |ayer, the second shield being electrically conducting for providing
an electrical lead for connection to the sense circuitry and magnetically
per meabl e fox shielding the sensor fr transitions nei ghboring the
transition being sensed; whereby an el€Gtrically conductivel UhPFbZUD@
provided fromthe first shield to the first spacer |ayer and through the
magneti c tunnel junction sensor to the second spacer |ayer and the second
shield, the path including a path for tunneling current generally
perpendi cul arly through the tunnel barner |ayer. 16. The head assenbly
according to claim 15 further conprising a capping |ayer for providing
corrosion protection for the na%netlc tunnel junction sensor, the capping
| ayer bei ng P6€8% laveslse P4 And Selerinatheir tyskprsapsetesrraipg diiareahearsecond
spacer layer. 17. The head assenbly according to claim 15 wherein the
second spacdie Prtirdized o desigiptherdTy K@F@ﬁaf’ Heagiarnegatadgt the deslieddingaint ect i on
for the magnetic tunnel junction sensor. 18. The head assenbly according to
clai m 15 furfep@ptiebnpri sing an antiferromagnetic layer in contact with the
fixed ferromagnetic layer for fixing the nmagnetization direction of the
fixed ferronmagnetline My MR tgad; hﬂaércffglﬁ present dtvantien is sujtable dor ultneedense
antiferromagnetic |ayer being | ocated between the first spacer |ayer and
the fixed fenpgnatigrecordinggpplications3tlsing a stripiare compisedf@nmetiickd@s enbl y
aCfording to claim18 further conprising a tenplate |ayer |ocated on the
first spacerspaggelayersr102and 104 @ armethickilidn exohange bias layer i116,a :5cqymet i ¢
| ayer, and wherein the antiferromagnetic layer is |ocated directly on and
in contact vihick Ghiixeddepbaagneticiayer 118, a Tha thick Al,Os tinnpling barder tizhand a
claim 18 wherein the first spacer

3 nm thick free Nigy,Fe,q free ferromagnetic layer a MTJ device and spacer layers

with a combined thicknes of only 13.5 nm thick canlbe formed. Thus linear densities
exceeding 1,500,000 transitions per inch are made' possible.

In the present invention the free ferromagnetic layer 132 can not be in direct
contact with the magnetic shield S2 since the magnetic moment of this Iéyer will
then be fixed by exchange coupling to the magnetic moment of the shield and thus

will not be able to respond optimally to the flux from the magnetic transitions in the

magnetic disk mediurm.Simitarly it is preferable that the-antiferromagneticexchange—— ——
bias layer 116 not be in direct contact with the shield S1 since the magnetic

properties of the shield will be altered. In particular the magnetic permeability of the

shield will be reduced in the region of the antiferromagnetic layer. Thus the spacer

layers 102, 104 provide electrical connection with layers 116, 132, respectively,

while isolating these layers from the shields S1,52. However, it is possible in the

present invention that the template layer 112 in contact with the antiferromagnetic

layer 116 and the capping layer 134 in contact with the free ferromagnetic layer 132

may serve as spacer layers if made of appropriate materials and formed to suitable



- layer is a tenplate |ayer for enhancing the formation of the
“anti fenromagnetic | ayer, and wherein the antiferromagnetic |ayer is forned
directly on and in contact with the tenplate |ayer. 21. The head assenbly
according to claim 15 further conprising; a biasing ferromagnetic |ayer for
| ongi tudi nal |y biasing the nmagneti zatign direction of the S}
ferromagnetic layer in a direction ge‘r‘?gral | y perpendi cul ar m A% 2002
magneti zation direction of the fixed ferromagnetic |ayer in the absence of
an applied magnetic field; and an electrically insulating | ayer |ocated
bet ween the biasing and sensing ferromagnetic |ayers for electrically
I sol ating the biasing |layer fromthe sensing | ayer; and wherein the spacer
| ayers are electrically isolated fromthe biasing |ayer by the insulating
| ayer, whereby when a sense current is passed between the first and second
shiel ds it Pueknesseferfearaxamnirbetbibe spacer Iayet 10D apmththeemplaia a1 2 eayditnel
junction sensor wthout passing into the biasing |ayer. -34- 10 APR 2002
22. The heafrransdatiiipywitiva combingditaicknass of 9 0noy: t$iavladobgihilayens) 134 ase
circuitry connected to the first and second shields. 23. The head assenbly
accor di ng t d0émayhelormpadfromTanith agsombtired thicknesaf Sstund insthiesleyiceiofic| udes
a pedestal region, and wherein the first spacer |ayer isé formed on the
pedest al r effiecopreseéntiipeention dhe mbihadﬁﬂwﬂehéoéﬂ?edhﬁyé?)é@%‘r Q aykthei s forned
on the pedestal region of the second shield, whereby the spacing betweer!
the first athicknesseriofthe epdeeriiayays 462 ct04udatermines: the spparatiomistamgesns t han
at, the pedestal regions.

) While the device of the present invention eliminates the possibility of electrical

shorts between the electrical conducting leads and the shields as the separation of
the shields is reduced, the probability of an electrical short directly between the
shields increases. This can be alleviated by increasing the separation between the
shields in the region away from the MTJ device 100, as shown in Fig. 5. In Fig. 5,
each shield 81, S2 has a respective pedestal 161, 163 in the region where the

MTJ 100 is formed so that the spacing s in this region can be made smaller than the
spacing s’ between the shields outside the region where the MTJ 100 is formed. In

this manner the larger distance s’ decreases the likelihood of an electrical short

between the two shields S1, S2:

Another advantage of the MTJ MR read head of the present invention is that
the electrical resistance of the shieldé which now also act as the electrical leads to
the MTJ device is small because the shields are very thick. When independent
electrical leads to the MTJ device are placed between the shields and the MTJ

-- these leads must be formed from thin conducting layers and separated from the
shields by additional insulating layers. For high density recording applications the
shield to shield separation s must be kept small which limits the thickness of the

electrical leads in the vicinity of the MTJ device. Thus there may be a significant
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claim 15 wherein the first and second shields are formed of a material
selected fromthe group consisting of N FeX alloys (where ~Pt,
or Nb), CoZrN S al Igoysp and FeAl Slg aI'Izéys 26. T%e §1ead aslmmgcﬁﬁgdi ng
to claim15 wherein the head carrier is an air-bearing slider and wherein
the sensing surface is the air-bearing surface of the slider.
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@10 materials, such as Ta, Al, Cu, Au, W and Pt with a typical thickness in the range of 0
to 20nm. The antiferromagnetic layer 116 can be selected from a variety of
well-known materials, such as Fe-Mn, Ni-Mn, Pt-Mn, Ir-Mn and Pd-Mn. The typical
thickness for the antiferromagnetic layer 116 is in the range of 7 to 30nm. The fixed
ferromagnetic layer 118 is preferably a Ni-Fe alloy or a bilayer of Ni-Fe alloy and a

thin film of Co. Typical thicknesses for the Ni-Fe alloy layer are 2 to 10nm and

typical thicknesses for the Co layer are 0.2 to 2nm. The thickness of the aluminum
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for the tunnel barrier oxide layer 120 is typically in the range of 0.5 to 1.5nm. The
free ferromagnetic layer 132 is typically a Ni-Fe alloy or a bilayer of Co and a Ni-Fe
alloy, with a thickness from 10 to 20nm for the Ni-Fe alloy and a thickness of 0.2 to
2nm for the Co. The spacer layer 104 is formed of similar materials and thicknesses
as described for the spacer layer 102.

J After deposition of these layers, which is usually either by ion beam
deposition or RF or DC magnetron sputtering, the layers are lithographically
patterned using the resist 230 shown in Fig. 6B. lon milling then removes material
not protected by the resist 230, as shown in Fig. 6C. The ion milling procedure is
designed such that by choosing suitable conditions such as the time of the ion
milling not only are the layers 102, 100 and 104 removed everywhere there is no
resist 230 but in addition material is removed from the the top surface of the bottom
shield S1 to a depth d. The resist layer 230 is typically a bilayer resist with an
undercut. After the ion milling step of Fig. 6C a layer 250 of insulating material,

— —— typically alumina or SiOy, s deposited by jon beamror RF sputtering toathickness————— —
which is greater than at least the sum of d and the thicknesses of the spacer layer
102 and the MTJ device 100 and the spacer layer 104, as shown in Fig. 6D. After
the deposition of the insulating layer 250 the resist layer 230 is lifted off, removing

the insulating material 250 that was deposited on top of the spacer layer 104.

- —Finally the top-shield layer-S2-is formed-by-eitherion-beam-deposition-orRForDC——— — -

magnetron sputtering, as shown in Fig. 6E.
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The above process can also be adapted to provide longitudinal biasing or
stabilization for the free ferromagnetic layer 132 by incorporation of the hard
magnetic material in regions 150, as shown in Fig. 4A.

The total thickness of the spacer layers, free and fixed ferromagnetic layer,
tunnel oxide layer, and antiferromagnetic layer may be in the range 50-80nm. The
lower shield S1 may be overmilled by a thickness d~30nm and the thickness of the
insulating layer deposited in the step of Fig. 6D may be ~120nm. Thus this example
using the fabrication sequence described in Figs. 6A-6E leads to a MTJ MR read
head with a resolution gap s of ~60-80nm but a shield to shield s’ separation away
from the MTJ sensor of ~120nm rather than 50-80nm. Since it is advantageous to
have the free ferromagnetic layer 132 centered in this gap between the two shields
(i.e., locating layer 132 at a distance s/2) this is accomplished by adjusting the
thicknesses of the spacer layers 102 and 104, the thickness of overmill of S1 and

the thickness of the insulating layer 250 deposited in the step of Fig. 6D.

After the definition and fabrication of the MTJ sensor it is still necessaryto =~ =~
align the magnetization direction (magnetic moment) of the fixed ferromagnetic
layer 118 in the proper direction. [If Fe-Mn is used as the antiferromagnetic
layer 116 for exchange coupling with the fixed ferromagnetic layer 118 it is

antiferromagnetic as deposited. However, its magnetization must be realigned so

— ———thatitcanexchrange couple the fixed-ferromagnetic layer-+t8-in-the proper ——— —————

orientation. The structure is placed in an annealing oven and the temperature is
raised to approximately 180 °C, which is greater than the blocking temperature of

Fe-Mn. At this temperature, the Fe-Mn layer no longer gives rise to an exchange
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anisotropy with the fixed ferromagnetic layer 118. An exchange anisotropy of the
ferromagnetic layer 118 is developed by cooling the pair of layers 116, 118 in a
magnetic field. The orientation of the magnetization of the fixed ferromagnetic
layer 118 will be along the direction of the applied magnetic field. The applied
magnetic field in the annealing oven thus causes the moment of the fixed
J ferromagnetic layer 118 to be fixed along the required direction perpendicular to the
ABS, as shown by the arrow 119 in Fig. 4A. This is a result of cooling the Fe-Mn
layer in the presence of the ferromagnetic layer 118, magnetized by the applied
magnetic field, in the required direction. Thus, at temperatures below the blocking
temperature of Fe-Mn, in the presence of an applied magnetic field from the
recorded medium, the magnetization of the fixed ferromagnetic layer 118 will not
substantially rotate.

While the embodiment of the present invention described in Fig. 5 has

pedestals 161, 163 of the same area as the area of the MTJ device 100 and alighed
Ty

— - o withrthie MTJ device this is hiota necessary requirement. Inan afternative -

embodiment the area of the pedestals can be made larger than the area of the MTJ
device 100 and the MTJ device does not have to be centered within the pedestals
although the boundaries of the MTJ device must lie within the area of the pedestals.

Similarly only one pedestal on either side of the MTJ device is required to allow for

—increased-separation-of-the shields-S1;-S2-away-from-the-MTJ-deviee—Suchan — - - - -
alternative embodiment with only the upper pedestal may be formed by a similar
process of fabrication as described in Figs. 6A-6E. However the MTJ device 100

and spacer layers 102 and 104 are not overmilled as shown in Fig. 6C but are milled
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through only as fér as the surface of the shield S1. Thus no lower pedestal is
formed. The rest of the process is otherwise identical. An embodiment in which
only the lower pedestal is formed is fabricated by a similar set of fabrication steps as
shown in Figs. 6A-6E except that except that after removing the photoresist 230
after step Fig. 6D the resulting surface of the device is planarized by a process of

J chemical mechanical polishing. The shield S2 is then directly deposited on the

planarized surface and no upper pedestal is formed.

While the present invention has been particularly shown and described with
reference to the preferred embodiments, it will be understood by those skilled in the
art that various changes in form and detail may be made without departing from the
spirit and scope of the invention. Accordingly, the disclosed invention is to be

considered merely as illustrative and limited in scope only as specified in the

appended claims.
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1. A magnetic tunnel junction magnetoresistive read head for sensing data
magnetically recorded on a medium when connected to sense circuitry, the head
comprising:

a first magnetic shield formed of electrically conducting and magnetically
permeable material;

a first electrically conductive spacer layer located on the first shield,;

a magnetic tunnel junction located on the first spacer layer and comprising:

a fixed ferromagnetic layer having its magnetization direction fixed along a
preferred direction so as to be substantially prevented from rotation in the presence of an
applied magnetic field from the medium;

a sensing ferromagnetic layer having its magnetization direction oriented
generally perpendicular to the magnetization direction of the fixed ferromagnetic layer in
the absence of an applied magnetic field and being free to rotate in the presence of an
applied magnetic field from the medium;

an insulating tunnel barrier layer located between and in contact with the fixed
and sensing ferromagnetic layers for permitting tunneling current in a direction generally
perpendicular to the fixed and sensing ferromagnetic layers;

a second electrically conductive spacer layer, wherein the magnetic tunnel

junction is located between and in contact with the first and second spacer layers; and
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2. The head according to claim 1 further comprising a capping layer for providing
corrosion protection for the magnetic tunnel junction, the capping layer being located

between the magnetic tunnel junction and the second spacer layer.

3. The head according to claim 1 wherein the second spacer layer is a capping layer

for providing corrosion protection for the magnetic tunnel junction.

4. The head according to claim 1 further comprising an antiferromagnetic layer in
contact with the fixed ferromagnetic layer for fixing the magnetization direction of the

fixed ferromagnetic layer by interfacial exchange coupling.

5. The head according to claim 4 wherein the first spacer layer is formed directly on
the first shield, wherein the antiferromagnetic layer is located between the first spacer
layer and the fixed ferromagnetic layer, and wherein the fixed ferromagnetic layer is

formed directly on and in contact with the antiferromagnetic layer.
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located on the first spacer layer for enhancing the formation of the antiferromagnetic

layer, and wherein the antiferromagnetic layer is formed directly on and in contact

with the template layer.

; 7. The head according to claim 5 wherein the first spacer layer is a
template layer for enhancing the formation of the antiferromagnetic layer, and
wherein the antiferromagnetic layer is formed directly on and in contact with the

template layer.

8. The head according to claim 1 further comprising:
a biasing ferromagnetic layer for longitudinally biasing the magnetization
direction of the sensing ferromagnetic layer in a direction generally perpendicular to

the magnetization direction of the fixed ferromagnetic layer in the absence of an

applied-magnstic-field;-and

an electrically insulating layer located between the biasing and sensing
ferromagnetic layers for electrically isolating the biasing layer from the sensing layer;
and wherein the spacer layers are electricaily isolated from the biasing layer by the
insulating layer, whereby when a sense current is passed between the first and
second shields it passes generally perpendicularly through the magnetic tunnel

junction without passing into the biasing layer.
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integrated read/write head.

10. The head according to claim 1 further comprising sense circuitry

connected to the first and second shields.

11.  The head according to claim 1 wherein each of the first and second
shields includes a pedestal region, and wherein the first spacer layer is formed on
the pedestal region of the first shield and the second spacer layer is formed on the
pedestal region of the second 'shield, whereby the spacing between the first and

second shields is greater outside the pedestal regions than at the pedestal regions.

12. The head according to claim 11 wherein the area of each of the

pedestal regions is substantially the same as the area of each of the first and

second-spacertayers:

13.  The head according to claim 1 wherein the first and second shields are
formed of a material selected from the group consisting of NiFeX alloys (where X is

Ta, Rh, Pt, or Nb), CoZrNb alloys, and FeAlSi alloys.
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14.  The head according to claim 1 wherein the head is the type for sensing
data from a magnetic recording disk and further comprising an air-bearing slider
having an air-bearing surface (ABS) facing the surface of the disk when data from
the disk is being read by the head and a trailing end surface generally perpendicular
to the ABS, and wherein the slider trailing end surface is a substrate on which the

first shield is formed.
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disk drive when the read head is connected to sense circuitry, the assembly comprising:

a head carrier having a sensing surface for facing the surface of the disk and a
trailing end surface generally perpendicular to the sensing surface;

a first magnetic shield on the trailing end surface of the head carrier, the first
shield being electrically conducting for providing an electrical lead for connection to the
sense circuitry and magnetically permeable for shielding the sensor from transitions
neighboring the transition being sensed;

a first electrically conductive spacer layer on the first shield;

a magnetic tunnel junction sensor on the first spacer layer comprising:

a fixed ferromagnetic layer on the first spacer layer and having its magnetization
direction fixed along a preferred direction so as to be substantially prevented from
rotation in the presence of an applied magnetic field from the disk;

an insulating tunnel barrier layer located on and in contact with the fixed
ferromagnetic layer;

a sensing ferromagnetic layer on and in contact with the tunnel barrier layer and
having its magnetization direction oriented generally perpendicular to the magnetization
direction of the fixed ferromagnetic layer in the absence of an applied magnetic field and
being free to rotate in the presence of an applied magnetic field from the disk;

a second electrically conductive spacer layer on the sensing ferromagnetic layer;

and
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a second magnetic shield located on the second spacer layer, the second shield
being electrically conducting for providing an electrical lead for connection to the sense
circuitry and magnetically permeable for shielding the sensor from transitions
neighboring the transition being sensed; whereby an electrically conductive path is
provided from the first shield to the first spacer layer and through the magnetic tunnel
junction sensor to the second spacer layer and the second shield, the path including a path

for tunneling current generally perpendicularly through the tunnel barrier layer.

16. The head assembly according to claim 15 further comprising a capping layer for
providing corrosion protection for the magnetic tunnel junction sensor, the capping layer

being located between the sensing ferromagnetic layer and the second spacer layer.

17. The head assembly according to claim 15 wherein the second spacer layer is a

capping layer for providing corrosion protection for the magnetic tunnel junction sensor.

18. The head assembly according to claim 15 further comprising an
antiferromagnetic layer in contact with the fixed ferromagnetic layer for fixing the
magnetization direction of the fixed ferromagnetic layer by interfacial exchange coupling,
the antiferromagnetic layer being located between the first spacer layer and the fixed

ferromagnetic layer.
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19. The head assembly according to claim 18 further comprising a
template layer located on the first spacer layer for enhancing the fofmation of the
antiferromagnetic layer, and wherein the antiferomagnetic layer is located directly

on and in contact with the template layer.

20. The head assembly according to claim 18 wherein the first spacer
layer is a template layer for enhancing the formation of the antiferromagnetic layer,

and wherein the antiferromagnetic layer is formed directly on and in contact with the

template layer.

21. The head assembly according to claim 15 further comprising:

a biasing ferromagnetic layer for longitudinally biasing the magnetization
direction of the sensing ferromagnetic layer in a direction generally perpendicular to
the magnetization direction of the fixed ferromagnetic layer in the absence of an
applied magnetic field; and

an electrically insulating layer located between the biasing and sensing
ferromagnetic layers for electrically isolating the biasing layer from the sensing layer;
and wherein the spacer layers are electrically isolated from the biasing layer by the

insulating layer, whereby when a sense current is passed between the first and

second shields it passes generally perpendicularly through the magnetic tunnel junction
sensor without passing into the biasing layer.

EbC1
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circuitry connected to the first and second shields.

23. The head assembly according to claim 15 wherein each of the first and
second shields includes a pedestal region, and wherein the first spacer layer is
j formed on the pedestal region of the first shield and the second spacer layer is
formed on the pedestal region of the second shield, whereby the spacing between
the first and second shields is greater outside the pedestal regions than at the

pedestal regions.

24. The head assembly according to claim 23 wherein the area of each of
the pedestal regions is substantially the same as the area of each of the first and

second spacer layers.

. .- : 25. The head assembly according to claim 16 wherein the first and second
shields are formed of a material selected from the group consisting of NiFeX alloys

(where X is Ta, Rh, Pt, or Nb), CoZrNbs alloys, and FeAlSi alloys.

26. The head assembly according to claim 15 wherein the head carrier is
an air-bearing slider and wherein the sensing surface is the air-bearing surface of

the slider.



