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JUNGF I O\I MAG\IETO?HM‘J’IMIHWI‘MWE HEAD W TH SENSI NG LAYER AS REAR FLUX GUI DE
*This invention re ral to magnetic tunnel junction (MIJ)
devi ces, and nore partiesoal arly to an MrJ device for use as 02
magnet oresi stive (MR) head for reading nmagnetically-recor dilladA% ZO
magneti c tunnel J"MMWIIMMIIIMHNJ) device is conprised of two ferromagnetic
| ayers separate nsul ati ng.jtunnel barrier |layer and is based on
t he phenomenon of spg&ewpol ari zed el ectron tunneling. One of the
ferromagnetic | ayers has a higher saturation field in one direction of an
applied magnetic field, IEEI cally due to its higher coercivity than the
ot her f err oMANETIC TAINNELTHINCHION MAGHETORESISTIVE REARHEADWI TN
enough that quantum nechSENSING IWAYER AS REARELUXiIGHEDEthe f~ 2 3 AP R
2002 2 ferromagnetic |ayers. The tunneling phenonenon is el ectron-spin
dependent, nmaking the nmagnetic response of the MIJ a function of the
relative orientations and spin polarizations of the two ferromagnetic
| ayers. MIJ devi ces have been proposed primarily as nmenory cells for solid
state nenory. The state of the MIJ nmenory cell is determ ned by neasuring
the resistance of the MIJ when a sense current is passed perpendicularly
t hrough the MIJ fromone ferronmagnetic |layer to the other. The probability
of tunneling of charge carriers across the insulating tunnel barrier |ayer
depends on the relative alignnment of the magnetic nonents (nmagnetization
directions) of the two

Technical Field
This invention relates in general to magnetic tunnel junction (MTJ) devices,
and more particularly to an MTJ device for use as a magnetoresistive (MR) head for

reading magnetically-recorded data.

Background of the Invention
A magnetic tunnel junction (MTJ) device is comprised of two ferromagnetic
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 current is spin polarized, which nmeans
that the electrical current passing fromone of the ferromagnetic |ayers,
‘for exanple, a |layer whose magnetic noment is fixed or prevented from
rotation, is predom nantly conposed of el ectrons of one spin type (spin up
or spin down, depending on the orientation of the magnetic ment _of the
ferromagnetic |ayer). The degree of spin polarization of tI2e tArPRIZﬁ@Q
current is determ ned by the el ectron_i%c_ band structure of the nagnetic
material conprising the ferromagnetic |ayer at the interface of the
ferromagnetic layer with the tunnel barrier layer. The first ferronmagnetic
| ayer thus acts as a spin filter. The probability of tunneling of the

char ge cderrooragrésipdanirsol heltanaeling piedomenan issélectronspin deperdendf t he
sanme spin polarization as the spin polarization of the electrical current

in the sanakidgfthe negstietresporyeof thesMT layfunvtiemof the rekgivetorertatiens and t he
second ferromagnetic layer 1s parallel to the nagnetic nonent of the first

ferromag 'ﬁﬁda?*&‘éﬁoné BFf%W&féﬁUn%@@#cllﬁ%Qr@ 2 3 APR 2002 -3 electronic

states than when the magnetic nonent” of t second ferromagnetic |layer is
aligned antip Il gl .t t f . r | t he
tunnel i ng pr OQQ§H|‘%%t|"§?e§fﬁa{]‘%ebeg{hbg’i’°§§§?’T"E{"?HY §%§b&%ﬁé‘§{. Pﬂlﬁ%&%et I C
nonents of both yers are rallel, and i s | owest en the magpetic
Torent s dMEMAN FRtatelOf toR BT 4 HEeriRmeel & dPraiien Bemeas g NGar al | e
nor antiparallel, the tunneling probability takes an internedi ate val ue.
Thus) t heesistanas efdtheMEd whence sense pwrentis passey peapendieiany tronghiee spi n

pol ari zation of the electrical current and the electronic states in both of

t he ferr ddlidiedm onkdgromaghetia layestid the dihert Whepwobability ofttgneélirpof on
directions of the ferromagnetic |ayer whose magnetization direction is not

fixed unigHig¥ cafidrs ackads theSAslbeng tinriel BhAfer(dyet'debehdsfor! he reritRiey cel | .

A magnetoresistive (MR) sensor detects magnetic field signals through the
alignment of the magnetic moments (magnetization directions) of the two
ferromagnetic layers. The tunneling current is spin polarized, which means that the
electrical current passing from one of the ferromagnetic layers, for example, a layer
whose magnetic moment is fixed or prevented from rotation, is predominantly
composed of electrons of one spin type (spin up or spin down, depending on the
orientation of the magnetic moment of the ferromagnetic layer). The degree of spin
polarization of the tunneling current is determined by the electronic band structure
of the magnetic material comprising the ferromagnetic layer at the interface of the
ferromagnetic layer with the tunnel barrier layer. The first feromagnetic layer thus
acts as a spin filter. The probability of tunneling of the charge carriers depends on
the availability of electronic states of the same spin polarization as the spin
polarization of the electrical current in the second ferromagnetic layer. Usually,

when the magnetic moment of the second ferromagnetic layer is parallel to the

magnetic moment of the first ferromagnetic layer, there are more available



resi stance changes of a sensing elenent, fabricated of a magnetic material)
as a function of the strength and di rectl on of magnetic flux being sensed
by t he sensing el enent. Conventional MR sensors) such as those used as MR
read heads for reading data in nagnetic recording disk drives, operate on
t he basis of the anisotropic nagnetoresistive (AVR) effect of the bulk
magnetic material) which is , typically permalloy (Nie,Fe, Qi. A conponent
of the read el ement resistance varies fs t he square of the & nE[]ﬂEe
angl e between the magnetization direction in the read el enent and t he
direction of sense current through the read el enent. Recorded data can be
read froma nagnetic nedium such as the disk in a disk drive, because the
ext er nal ehagtrenicstdtes thiard whentthe magretidedomegh ef the sectindfie¢toneagnetit- 2 3
APR 2002 signal field) causes a change in the direction of magnetization in

the read jglengrdligneliahtiparalleltothatofthe f#spﬁwmﬁeadgﬁetrcelayéﬁ ankgs,dhet he read
el ement and a correspondi ng change in the sensed current or voltage I n

t t
ComT ! et RSB O the a%ﬁ@%?‘?%fﬁ%ﬁﬂ@“%@“ﬁﬁf@?ﬁ%ﬁg@%@é e ent
The use of C et or.esi st j.ve d f nagneti c
recolrJdl ng htgcré}h!rr %%g%\éézﬁ%ﬁ%hoaé@g %\ge%tevgiéen tna% 8“%?‘?‘53?@{%3@9390' 061. In
this MIJ read hea the free and fixed ferronmm netl ers have | ateral
peri net er3ntgara 'dEWh@? @mﬁlaerﬁemarr@naed@ﬁﬂgﬁepa@'ef or prbinataliely ther ¢ ne
insulating tunnel barrier. In a magnetic recordi ng device the read head

senses f | wanelingrpeohabilityrtajest ar intenmegiatesvabue.ndbue: the eectsicat tesistancenod a
thin filmnmagnetic nedi um above which the head is suspended. Increased

capaci ty thesTdmheraonecel deprerrisash the spin polarizatioh@f theeletiical leurrent and
densities. Thus the area of each magnetic region or bit nust be decreased

but this ﬂw'éeélé&)‘or%\é?a‘%eé JﬁSOﬂPOﬁﬁQ‘féﬁ&ﬂ??ﬁ@ﬁé Idfyets.UAs dVRGDRL tHe fwrpOr di ng

heads whi ch can sense re magneti c ux w th greater ouf put signal are

e e e S P

coet 1 of RfectondsavL ke iniakabEusT el“ﬁ»«iqﬂvaé‘ésinﬁ\érta’é&%?qﬁ ey Qﬁﬁﬁs METRRYsi o

el ectroni ge'ﬁnd magneti c properti es

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 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 (Ni,,Fe,;). 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



of the materials conprising the MJ. _ 5 2 3 APR 2002 What is needed is
.an MIJ MR read head for a magnetic recording systemwhich gives greater

out put signal for the sanme input magnetic flux for otherw se the sane set
of magnetic and electrical materials fromwhich the MIJ is constructed.
Summary of the Invention The invention provides a nmagnetic tunnel junction
magnet oresi stive read head for sensing data magnetically recorded on a

medi um when connected to sense circuiyry, the head having § Quﬁﬂﬁrﬁﬂ[ﬂl y
pl anar sensing surface that is aligned generally parallel to the surface of
t he nedi um when the magnetically recorded data is being sensed, the head

conpri si ng: suhstrate hgaving an, edge fornin art of t sensi ng surface;
STt st SHandt fRlioey o8 AdhAntRIn e ipsional BRoPRizataivtedsad Semant.
ferromagnetic |ayer formed on the first |ead and having a front edge

subst ant Vel it BN oegsesia ehange indasistancenftae eeathalemetandage | ocat ed
farther than the front edge fromthe sensing surface, the magnetization

di r ect i orconfespbadingcithrigerindhageased cuagat obwitagel | Inexbnebntional MRakadr ed
direction so as to be substantially prevented fromrotation in the presence

of an apdm, REsHFast tb M S dbviess the sepde ¢itredt BIAH SisedtRIn Paradaabithe! ayer
havi ng a sensing edge substantially coplanar with the sensing surface and a

back edggerrbﬂ,%qrﬁ%ggﬂd\}&%ltﬂg rgé'd gm‘ﬁlyof t he sensing ferronmagnetic |ayer

bei ng orién I'Tection genera per pendi cul ar to the magneti zati on
direction of the fixe? f%?fgnagnetic | ayer .in IBe aQiche ?f an agflied
magnetic fiel d %¥h4S®El AY deyige as amagnetqrgsisyye fedd head formagpetic.q
magnetic field fromthe medium an insulating tunnel barrier |ayer |ocated
‘bet ween Jd8E0TdING BAs Also bpem proposedy as deserikadhin WP . iRateBhadRe0aT. | Iyibiss f or
permtting tunneling current in a direction generally perpendicular to the
fi xed and$4nead hetd; therfeem and dixedyfersmaghetic layees hbwe Iateral peyimretérsvi ng a
front edge substantially coplanar with the sensing surface and a back edge,

the back vgitigr deaidtext@sdbegdoh@tiatalf thé Ritedah pefimetdr ¢fdBe insutatind &irmensi ng
surface; a second electrically conductive | ead fornmed on the sensing

ferromagnetdige | l‘?lyf’hia erlc‘t’iﬁ%ﬂirﬁghggggﬁ%rﬂﬂﬁe séﬁ?esggtllnfi‘)rﬁﬂw §pgliomagnetic

| ayer is Tocated tart an t edge of the tunn arrirer |ayer
fromthe sensin urface if the.back edge .of n rier.| [ IS

cl oser 't reReUREiaIE ot mebPEHGRS WERBR iRlodh i I Mot b T ¥R i
| ayer, and farther fromthe sensjng surface than the back edge of, the fixed
f of r oagridicR the feadiis syuse 90 GARECHY AIRK ArBvER R AR IRATt | &
closer to the sensing surface than the_back edge of the tunnel barrier

| ayer. byhigher magprticbitareabdensities.i bhus the: awa gfreaghdwagpetieitggion or bitnnel
junction magnetoresistive read head for sensing data magnetically recorded
on a nedimostibedecaasedtbed this therehy givesrsd toreduiced maagnétinflung Elagnetic
substantially planar sensing surface that is aligned generally parallel to

the surf aegorfing Reads WHich VAR 3eh88 ré@etert inagheétic ex Withastebirdutputhyma
'sensed, the head conprising: a substrate having an edge form ng part of the

sensi ng f ; i el | Hﬁﬁn i fﬁgh 4 he

substr at Zé;%gﬁéf\e?gehg!r%ngémﬁé{ﬁayer %ﬁgglrég‘y Héﬁh% he Jlér&g?ﬁ%%'g%'éand havi ng
a front edge substantially,coplanar wth the sensing,surface,and a.back
cdge | oo JEGEY Rlekedris” MRBrvBE nadiens fetfritn Eodd nary 265 R hBing
antiferromagnetic layer in contact with the fixed ferrgmagnetic | ayer for
fixing tHY indjngML4Biruatuges with higher mageetoresistanee cogtiicignts ¢ Howaverghe
interfacial exchange coupling along a preferred direction so it is

subst ant iMR gogfficionist are daterminedahy the inttinsiccelgetsenio @ndonagnetip propaities
magnetic field fromthe nedium the antiferromagnetic |ayer having a front
edge subsdéfehéimateyialsogdmpasingithé MT\k sensing surface; a sensing
ferromagnetic | ayer having a sensing edge substantially coplanar with the
sensing surface and a back edge, the magnetization direction of the sensing
ferromagnetic | ayer being oriented in a direction generally perpendicul ar
to the nmagnetization direction of the fixed ferromagnetic |ayer and
generally parallel to the sensing surface in the absence of an applied
magnetic field and being free to rotate in the presence of an applied
magnetic field fromthe nedium an insulating tunnel barrier |ayer |ocated
between and in contact with the fixed and sensing ferromagnetic |ayers for
permtting tunneling current in a direction generally perpendicular to the
fi xed and sensing ferronmagnetic |ayers, the tunnel barrier |ayer having a
front edge substantially coplanar with the sensing surface and a back edge
| ocated farther than the tunnel barrier |ayer front edge fromthe sensing
surface; a second electrically conductive | ead fornmed on the sensing

r o e - Y o - o .



edge of the tunnel barrier layer fromthe sensing surface if the back edge
of the tunnel barrier layer is closer to the sensing surface than the back
edge of the fixed ferronagnetic |ayer, and farther fromthe sensing surface

than the back edge of the fixed ferromagnetic layer if the Qﬁgk ?ﬂgmt he
fixed ferromagnetic layer is closer to-the sensing surface rA

. edge of the tunnel barrier |ayer. -sb- 2 3 AP R 2002 An_enbodi nent of

‘i nvent V8hatiisnepded/mRaNETY MR repddead fr aangemghie racerding sistinh iy higicsiven grpaderei n

rmgnet Rt HERRRE st BEREp e e AR RS Rulifhe altf s U BRaPUTMET o0n 11

a magneldericabe@fediaRdrdih Shidirthy RIENboskswasded. t he fixed ferromagnetic |ayer,
the tunnel barrier |ayer and free ferronmagnetic |ayer all have their edges
exposed at the airbearing surface (ABS). Both the fixed and free

ferromagnetic layers are in co i RR2 kite surfaces of the tunnel
barrier layer but the free ferghﬂﬁiRar othh ﬁltlBﬁtends beyond t he back edge
of eit ITde invemtibn proiddsamiaghetic ayael jonctionendgnewdesistive aeaddreed fer seagieg data

whi chever back edge is closer to the sensing surface. This assures that the
magnet iRagnpiisally seqradrdQny dmpedivpnwhen sanapcted fctenssiruyne the hesd hawgsaet i zat i on

directi : ' : TWe? ' j i ' i :

genr al'T ety Binat FAen SR UNT Sigrll Boncetly pkESef G 1R BHBECH MOmetium |

by i nt evifeacheainagneticaligeecoed datags béihdsasedy thid liead compgeiagi ¢ | ayer. The

magneti zation direction of tge%tjre.eferr ghetic layer is aligned in a

direction ge »in the absence of an
r?e%”i?ﬁqf%}e aylap prpog OFH’élngogg% BRSIPE EWTARSS;

appl i ed magn el fifgy £ibakgsIA hnbiferlvedad Brnhl % fhelslbdifif; pr esence of appl i ed

magnetic fields fromt magnetic recor [ A’l ayer of high
coercivity har fixedefgrremagnatimtiayer fdrmzdjoadknfirst lkead sndibaviog a fitvat édgesubstagially 3

APR 2002 ferra netic |ayer |opgjtudi.nall iases . .th netj zatiop of the
free. 1 &PPiBrgAd e Shisjas SHes pal ' biskRs lpobied SEFF dhanhg BRedeionthen e ac
nmay be sé&ﬁrr%%sﬁxﬁﬁjc,nﬁé fa@het2BtidrdiR@rioh 6fithe FRea \WrkdrBadh el laybf bsihgl FiRed MoMblh Ch
there are electrically conducting magnetic shields |ocated on both sides of

t he MrPrafRreddisechiondo astecdequbsipntially preveatpd fram refatien mghe presence of amppplicdr med

on the } that. an electrical path is provided fromthe shields
t hr ougﬁﬁ%@ee& {eigggisotn’gﬁ}e%%}@éd and free ferromagnetic |ayers of the tunnel

junction. Fora snéidp f@forhaphetis lagorchavingod sehbifig Rdgeisubsantlaihdsopidmgedthake t he
present inventjon) reference should pe nmade to the followi.ng detail ed
descri FERsHE Pafeeh anby bagkesdes the mageetizationdiaspiion g1 thegsnying farfamagnetilayer
simpl i f] L C L . . Ve
For usEeE hefRg if s AT Sy TR A oTRORREhEisARERRRLAI I, Fidd

i nvent ifemomégngtic Rayesinghe olpsenceef anfapphed siaghetidrfickbant bding)fred toniotdte tnithe cover

removed. Fig. is a vertical ss-section of a conventional integrated
i nduct ip\r,eée%% ‘{fénﬁBBﬁ?q\}ﬂa g‘a_ﬁl‘?&; Ot %“’F?I‘BWR read head | ocated between
shields and ag)ia&RMng tAnhd) Bairide Ukt MBatdll bétvebR @tk nfontRewRHROSLeddnd
illustrating where the MIJ MR read head of the present invention would be
| ocat edensing ferromagnetic layers for permitting tunneling current in a direction generally
perpendicular to the fixed and sensing ferromagnetic layers, the tunnel barrier layer having a front
edge substantially coplanar with the sensing surface and a back edge, the back edge being located
farther than the front edge from the sensing surface;
a second electrically conductive lead formed on the sensing ferromagnetic layer; and
wherein the back edge of the sensing ferromagnetic layer is located farther than the back
edge of the tunnel barrier layer from the sensing surface if the back edge of the tunnel barrier layer
is closer to the sensing surface than the back edge of the fixed ferromagnetic layer, and farther
from the sensing surface than the back edge of the fixed ferromagnetic layer if the back edge of the

fixed ferromagnetic layer is closer to the sensing surface than the back edge of the tunnel barrier

layer.



-'- 2 3 APR 2002 Fig. 4 is a cross-section view taken through the tunnel
Junctlon of the MIJ MR read head of the present invention and illustrates
‘t he perpendi cul ar direction of current flow through the tunnel junction.
Fig. 5is a sectional view of the rear flux guided MIJ MR read head
illustrating the | ocation of the variowg-layers relative to% n APR mof
the head (the air-bearing surface). Figs. 6A-6N illustrate steps in
fabrication of the rear flux guided MIJ MR read head of t he present

I nvent s a view of the surface, illustrati he front
edge ot PEveniam futier Brolidi  eeehiife OB R InRFigkrei S EA R ot Sensid

f er r omagnehigelie B récorfed 61 & hi2@iuim Whkn Ehnkt@d tdsenb Cit€uitry, the hetRitHavin@th i n
sectional view a schematic of a prior art disk drive of the type using a MR
sensor sypséandgialk planprasngipgpuifaceshat ipaligned genagalinparpllel te thesurfregiofdheimelivgg i ve
not or n V. 0 and cover 11

provi dé’%g%rsaﬁ %let?ggl {?géré%#hggh%%eg}?ggengor’ %%e-gg %%g’gm e. Typically) there

s a gasket Ja?sulb@teaaéﬁdvmgm@gt foasmgPartafthecRusing ddrfesegd a snal | breat her
port (not shown) for equalizing pressure between the interior of the disk

drive and th@@ﬁt@?‘ﬂ@c W%Wﬁtleadﬁfoﬁﬂ%@ﬂbé sHbe¥di ng disk 16 is

otation by chieedfTefBdiee 190 FRARE o' pe itk M by Wifiga Hont S0E BRI
t he sukbplagarofith the&ens'ihg3su@ﬁ5h D2 babksddgd focatdd rfaxichr whiant the freatiedye fionatieducer

25 is fornped on the trailing end of a carrier, such as an air-bearing
sl i der SOBIEUEREHucer 25 is a read/wite head conprising an inductive wite

head porti on anfiferlhdged: NEadnRBALNi fie ek redindlaRae E@@Wﬁﬁgtﬁépect

to Fig. 3. The onnect ed to the actuator means
ri gi d amagn@ization daectiosypdilss Hredfrrofmiagnedicd meem bymuteﬂ"dclpirmhdgs caupling along a

preferred direction so it is substantially prevented from rotation in the presence of an applied

magnetic field from the medium, the antiferromagnetic layer having a front edge substantially
coplanar with the sensing surface;

a sensing ferromagnetic layer having a sensing edge substantially coplanar with the
sensing surface and a back edge, the magnetization direction of the sensing ferromagnetic layer
being oriented in a direction generally perpendicular to the magnetization direction of the fixed
ferromagnetic layer and generally parallel to the sensing surface 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, the tunnel barrier layer having a front
edge substantially coplanar with the sensing surface and a back edge located farther than the
tunnel barrier layer front edge from the sensing surface;

a second electrically conductive lead formed on the sensing ferromagnetic layer; and

wherein the back edge of the sensing ferromagnetic layer is located farther than the back
edge of the tunnel barrier layer from the sensing surface if the back edge of the tunnel barrier layer
is closer to the sensing surface than the back edge of the fixed ferromagnetic layer, and farther
from the sensing surface than the back edge of the fixed ferromagnetic layer if the back edge of the
fixed ferromagnetic layer is closer to the sensing surface than the back edge of the tunnel barrier

layer.



bi asing force which urges the slider 20 onto the surface of the recording
di sk 16. During operation of the disk drive, the drive notor 12 rotates the
‘disk 16 at a constant speed) and the actuator 14) which is typically a

| inear or rotary voice coil motor (VCM, noves the slider 20 generally

radi ally across the surface of the diskstl6 so that the rea%\f{/ingﬁﬁﬁ 25
may access different data tracks on disk 16. Fig. 2 is at I Ze
interior of the disk drive with the cover 11 renoved, and illustrates in
better detail,ih | C Q¥ f to
arge it ¢ onardh PSRN SHRVerfion U AE DK EEPna 16 £ Bl Sedpnf e,
Suspensitersin SlecieeafBrrbinagigicllayen aled abiélas 0 vsar Sus PaRTRIt0 dircamaleRc Flne dronithe
IBMs U S. Patent _4,167,765. This type of suspension also provides a

gi nbal depEACtQISRMing Bediimdo dhe WaRelRIHAN AT &2SnGiS 16EqrdEie cf igk ¢itech and rol |
as it r r

tr ansageipuslhe AR hERlehitc 118, B8 wihuE EhERb fyer il fle Srdtaghtt Mer
anpl i f ihaed iheti eagd; dxposeass tivthibeariny surface (ABSE Bothelgy fikeitandli freatfetrombgrtit S

| ocated on arm 22. The signals fromtransducer 25 travel via flex cable 17
to chi pAYES) argit eantact wath qppesitpupfasesal ghrauanel Haries layes Rudhe fige Srennaspfic s

(not s al
schema’? @g?é%(téevc?s @%‘gth%%tagé?da%% OJ%}%%@ Wr | tea% %13‘% v\fut }%hﬁ%egé?ﬁ%ggédﬁ I%R
read héacr,paliithever bavlt edpe isrudaset tovthe mnshg snefack. phiis assnres The theomdgiiRicifbix is

| apped to form nalr bearln .sur BS e ABS acedfromthe
sulrof ac @oBreiHE the,gpel dbmdﬁ%ﬁ Jﬁﬁ éﬂ 12%39“{ ‘ﬂéeCHPP °g§’§r}gﬁ‘r‘a oS sed
above. lé%?lsf Bad ik ateb it %@1&#? gVBeﬁ@i@ﬁﬁf to'tHe 2T Hﬁéjto?ﬁé WRRRufridest and

second dap |l ayers GlL and are, In turn san WI ch between first and
second pnesfgnabba hy ipterfabid] éxohenge ®upkngiwih an antiferroongeetici layal The shagdetizagipnt he

MR sen or 40 Al sensor., The w.ite.he i.ncl udes,.a co | ayer an
oo admsefonfane Re lopraarts lelotde s 188 Afsulth SroERUT peReL N Eburfac R
13 whi ghe ABS.in ke dbeérite of an dppliddenadnetidvaeld anti i Sfrefdthofts RNEe pRIsencRioEepSliddl
and P2. A gap_layer G3 is sandw ched between the first and second pole

pi eces nEEnetpfiglds frhmthemgéettqrpgorémgab%t to the ABS for providing a

TBGNEt | €1, 8P WY LOeiVL bl ha BEAURtoF {5 ond the SRIUFRG LN Ough the coi |

Iayer rsin and second pole




| ayers P1, P2 causing flux to fringe across the pole tips at the ABS. This
flux magneti zes circular tracks on the rotating disk 16 during a wite
‘operation. During a read operation, nmagnetized regions on the rotating disk
16 inject flux into the MR sensor 40 of the read head, causing resistance
changes in the MR sensor 40. These resistance 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 %Svgﬁﬁmo
user data. The conbi ned head 25 showng-n Fig. 3 is a nerged” aoM h
the second shield layer S2 of the read head is -lo- 2 3 APR 2002 enpl oyed

as a first pole pjece Pl for th rite head. In a.pi back head (not
shown) , ?%8@598%0@6@#%9%&}6?'&%% “E'%énﬁg'}eé'FaB%P gpﬁ]eeﬁge Pl are separate
| ayers. The above description of a typical nmagnetic recording disk drive
with an fgmromagnetielayerimthe preferredbaitestiionng Figs. 1-3, are for
representation purposes only. Disk drives nmay contain a | arge nunber of

di sks and act UdteoMIJ MRdread Heaaianapnberfommed as ppdrdf am integratedofeaslVwriter s. | n
addition, instead of an air-bearing slider, the head carrier may be one

whi ch naingagi stfudtive iReAsich thererird @leddically Vondadkims nagnklic ishrsidE Ricated!ch as
in liquid bearing and other contact and hear-contact recording disk drives.

o SRS Sy M8 Y i M s r ki S P! oo

of the sensor 4 e read/wite h

section view of the MR read head of the present invention as it uld
appear | A8 Spdned ARG e SpieifE s iR R eib e i i it 8T, BB sricfS 5
and viewed fromthe di sk surface. Thus the paper of Fig,-4 is a plane

par al | el thpughdhadendstp thefedrand free éﬁﬂqraamryetmﬂal@tqfaeestwl AeNGHAs: on,
i.e., the tunnel junction, of the MIJ MR read head to reveal the |ayers
that make up tHor snbdlér urdérstanding obthei nature anchadwamtages of thie present ncl udes
an electrical lead 102 fornmed on the gap | ayer Gl substrate, an el ectrical
| ead 104 jiadritiang d¢ferentd sialild be made to the following detailed description taken

together with the accompanying figures.

Bricf D it f the Drawi

Fig. 1 is a simplified block diagram of a conventional magnetic recording disk
drive for use with the recessed MTJ MR read head according to the present
invention.

Fig. 2 is a top view of the disk drive of Fig. 1 with the cover removed.

Fig. 3 is a vertical cross-section of a conventional integrated inductive write
head/MR read head with the MR read head located between shields and adjacent
to the inductive write head for the purpose of illustrating where the MTJ MR read

head of the present invention would be located.



and the MIJ 100 forned as'a stack of |ayers between electrical |eads 102,
104. -m 2 3 APR 2002 The MIJ 100 includes a first electrode nultilayer
stack 110, an insulating tunnel barrier layer 120, and a top el ectrode
stack 130. Each of the electrodes includes a ferromagnetic |ayer in direct
contact with tunnel barrier |layer 120, i.e., ferromagnetic |ayers 118 and
132. The base el ectrode | ayer stack 110 fornmed on electrical |ead 102
includes a seed or "tenplate" layer 1I2 on the |ead 102) a #EW?DR?pggg
antiferromagnetic material 116 on the tenplate |ayer 112, '
ferromagnetic |layer 118 forned on and exchange coupled with the underlying
antiferronagng;lc | a er 116. The ferroma netlc | ayer 118 is called_the
fixed | ayer bé&d@ufs W'@Pd"%ﬁ@?ﬂ“ Lfﬁig’iﬁ’@ttpﬁaﬂlﬂﬁcm'? @&heoMTsz
prevent ed fron1rotat|on in the presence of applied nagnetic fields in the
desired MR gead headiaf the presend inventioh endritusiratesithe paependigularadirestionrafe” or
"sensing ferromagnetic |ayer 132 and a protective or capping |ayer 134
formed owrutreat flewsthraughethertumdél juddétionsensi ng ferromagnetic |layer 132 is not
exchange coupled to an antiferronmagnetic |ayer, and its nagnetization
direction is tﬁ?g'ssfsré*%e&ﬁbﬁé?t\ﬁév?ofﬂ\etr‘éﬂrﬂﬁﬁ§@m Mﬁ'JW'rbS@h%E”e“ c fields

in the range of interest. The sensing ferromagnetic |ayer 132 is fabricated

SO as to

v ow 13dRYBHbGY %"f%%ﬁeba f{*ﬁgﬁéﬁgﬁ /R R B G B HERGHT (Y

par al | el to t he g@% n Fig. 4) and generally perpendicular to the

magnet i 2 &rhea ?Qﬁ) of the fixed ferromagnetic |layer 118 in the absence
of an applied magnetlc field. The fixed ferromagnetic layer 118 in

el ectrode st adigs. fA-phsillusteate-ateps incthe fabricatioarafitee reanfiux guided MTJ MR
magneti zation direction fixed by interfacial exchange coupling with the

i mredi at eégd head f the preédemt ad@htionder | yi ng antiferronagnetic | ayer 116,

whi ch also fornms part of bottom el ectrode stack 110. The nmgneti zation

direction of tHhg. 7iigedvibRIdfaRBSBASING suf4ee illbEating Mé ABhEEdGE BEtRE MTJ

perpendicular to the ABS, i.e., out of or into the paper in Fig. 4 (as
fg;‘g’p byéﬁ/ "‘%ngc%‘géet %é?%% Pf\{h%oloﬁBMnél'blgélﬁg férrorhagnbli@Riyees.f er romagneti c
D I -I ID 03 li tll I I'-
Prior Art

Referring first to Fig. 1, there is illustrated in sectional view a schematic of a
prior art disk drive of the type using a MR sensor. The disk drive comprises a
base 10 to which are secured a disk drive motor 12 and an actuator 14, and a
cover 11. The base 10 and cover 11 provide a substantially sealed housing for the
disk drive. Typically, there is a gasket 13 located between base 10 and cover 11
and a small breather port (not shown) for equalizing pressure between the interior
of the disk drive and the outside environment. A magnetic recording disk 16 is
connected to drive motor 12 by means of hub 18 to which it is attached for rotation

by the drive motor 12. A thin lubricant film 50 is maintained on the surface of



bi asi ng the nmagnetization of the sensing ferromagnetic |ayer 132, and an

I nsul ating | ayer 160 separating and isolating the biasing |ayer 150 from
‘the sensing ferromagnetic |layer 132 and the other |ayers of the MIJ 100.
The biasing ferromagnetic |layer 150 is a hard nmagnetic material, such as a
CoPtCr alloy, that has its magnetic noment (shown by arrow 151 ) aligned in
the sanme direction as the nagnetic nonent 133 of the sensi ngrét%gmi C
| ayer 132 in the absence of an appliedgtmgnetic field. The ¢ t yer
160, which is preferably alum na (A1203) or silica (Si02), has a thickness
sufficient to electrically isolate the biasing ferromagnetic |ayer 150 from
the MIJ 1 d,the electrical leads 102, _.104 byt is still thin enough to
permt né’gﬁ%%sfa’i‘%aé’?"&%'ﬁdﬁ%@f(tgmﬁaédéE@B‘@?BJ&‘%@@)"“M’K’ ‘?fl"% sensi ng
ferromagnetic | ayer 132. The product Mt (where Mis the magnetic nonent
per unit GRNGeN, SUCh AS anadiEbearing sliderc20. Transdyeer 28 is ayead/siite hepd t he

t hi ckness of the fen-omagnetic |ayer) of the biasing fen-omagnetic | ayer
150 nust domprisitag an industiverwritgluedad: portibe altita MR téad bead podioneasowitidpect i c

| ayer 132 to assure stable |ongitudinal biasing. Since the nagnetic nonent

of N ( 10Wdeskrised Wthrespéctre Fig. 3P Theslids 20¥s édnnddiad to the sctuatdd 4 bged in
the sensing ferromagnetic |ayer 132 is about tw ce that of the nmagnetic

et ofmeaby B & oid gk 27SRES fspendin 243 TR 8GRI EHraliagyiat abl e for

t he biasing ferronmagnetic | ayer suc I ckness of

t he bi asi fer i er .l IhS | v tw,ce.that of
the sensiJe nETOZEIANED ool sitish 2o%rth hERiiraPERE ¥ RRLFa Fo. oy
first electrical |ead 102 perpendicul arly thrOﬁgh the antiferromgnetic

| ayer 116)uringoperabigniok the diskirivies thexgayve moler 12 potatgsioe digh 1Pat a ayer 120,
and the sensing ferromagnetic |ayer 132 and then out through the second

el ect ri catoristant speed, asd thss actuatar 1%, svhichuig typically adineanor ostanuveice icod
current through the tunnel barrier layer 120 is a function of the relative

or i ent at i rpotor QY CMIe mnesehé sl é026 geheidlly radiaity asrobsthesurfacé of tikeragnet i ¢
| ayers 118) 132 that are adjacent to and in contact with the tunnel barrier

layer 12Q4isdhe s@i&ﬁﬂ?fﬂecrefa;bﬁhﬂefﬂéﬁa 28 ehdyPEUed8 Giffistet 88145PScKs éh disk 16.

magneti zation direction o
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
slider 20 to urge it toward the disk 16. The suspension may be a conventional type
of suspension, such as the well-known Watrous suspension, as described in IBM's
U.S. Patent 4,167,765. This type of suspension also provides a gimbaled
attachment of the slider which allows the slider to pitch and roll as it rides on the air
bearing. The data detected from disk 16 by the transducer 25 is processed into a
data readback signal by signal amplification and processing circuitry in the
integrated circuit chip 15 located on arm 22. The signals from transducer 25 travel
via flex cable 17 to chip 15, which sends its output signals to the disk drive

electronics (not shown) via cable 19.



sensjng ferromagnetic |layer 132 to rotate away fromthe direction 133,
i.e., either into or out of the paper of Fig. 4. This changes the relative
orientation of the magnetic nonents of the ferromagnetic |ayers 118, 132
and thus the anount of tunneling current) which is reflected as a change in
el ectrical resistance of the MIJ 100. This change in resistance is detected
by the disk drive electronics and processed into data read back fromthe
di sk. The sense current is prevented fg.omreachi ng the biggsiyn
ferromagnetic | ayer 150 by the electrical insulating | ayeraZSIBG&PRhZ@@ZaI SO
I nsul ates the biasing ferromagnetic |ayer 150 fromthe electrical |eads
102, 104. A representative set of materials for MIJ 100 (Fig. 4) will now
be described. M- 3d8 a&¢fes$-spetienalischamatis yievoof thesintgasaled readhuriier esence of
a magnetic field -14 2 3 AP R 2002 applied parallel to the surface of the
subst r at ehegth@5whjakinaudesa MB ¢ead bead poriemand las indystivewetediead | of the
ferromagnetic layers. A5 nmTa seed | ayer (not shown) is first fornmed on a
10- 50 nm portioay fhe head 281y kspped tblfermlaficdir-beating eadaddtABIhehe #BES | ayer is
conprised of a material which encourages the (111 ) growth of the
f ace- cent gg; | ' HeSoRs i NEal A L

Séuﬁg spiebd ffd({\g?ﬁe ShiRa&é oft tﬁ'@ﬁ‘}'ﬁﬁ‘g? (ﬂ%%gﬁyiﬁﬁe a'ﬁrg as

ferromagnet1 € layer 1 encour ages the gr erromagn

| ayer 116,. Suj ee | ' I ch as _Cu, as
wol | as 1aisppbsstbafiniaine FHEH ndBb Tidfuech R SiRsbP o SEhAvkned i RRe,  1he
MIJ base el ectrode stack 110 conprise .stack of 4 nm N B, Fe, ~ 10 nm

Fe SOVh~| sﬁfﬁﬁﬁﬂﬂ [SeEeNd gapJ3yers (31 ?Pdﬁé,w arpare, 4 BBt ?%’é‘%\lwhaﬁ? braveen fird Ta
seed |l ayer on the 10-20 nm Au |l ayer 102. The Au lead |ayer 102 is forned on
t he al uni aad gegondimagngticehield dayars Slcand§2; Ha ascanventional digk drive HbetMRnel

barrier layer 120 is formed by depositing and then plasma oxidizing a

0. 5.. 2 nnsénsdragleis.anfAMR sersoresTHewritel Résd inctudesta ogil tayen€ amd insutationay er
120. The top electrode stack 130 is a 5 nm N -Fell0 nm Ta stack (| ayers

132) 134) 1ay8F RewhichCans) sanbiicHed batirienlidduraBiby $2yets | £ aRE IS QHiH 8r&aRPi Ng
| ayer. The top el ectrode stack 130 is contacted by a 20 nm Au | ayer t hat

e e S ATRSES B a7l pe ot ol ks 16nd 2 R it
is sandwiched between the first and second pole pieces P1, P2 at their pole tips
adjacent to the ABS for providing a magnetic gap. During writing, signal current is
conducted through the coil layer C and flux is induced into the first and second pole
layers P1, P2 causing flux to fringe across the pole tips at the ABS. This flux
magnetizes circular tracks on the rotating disk 16 during a write operation. During a
read operation, magnetized regions on the rotating disk 16 inject flux into the MR
sensor 40 of the read head, causing resistance changes in the MR sensor 40.
These resistance 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 electronics and converted into user data. The combined head 25 shown in

Fig. 3 is a “merged” head in which the second shield layer S2 of the read head is



the resistance of the MIJ device will be largely dom nated by that of the
tunnel barrier layer 120. Thus, the resistance per unit area of the
‘conducting | eads 102, 104 can be much higher than in conventional M read
heads in which the current flows parallel to the layers. Thus, the |eads
102, 104 can be nmade -15- 2 3 APR 2002 thi nner and/or narromer than in
conventional MR head structures, and/or can be nade fron1|n re
resistive materials) such as alloys angconbi nati ons of eIe lﬁﬁ béﬂﬂn
inmportant that the layers in the bottom el ectrode stack 110 be snooth, and
that the A/ 203 tunnel barrier Iayer 120 be free of pinholes whi ch woul d

el ectrical |l rt t t|on r exa erln

t echni qu&m'ﬁ'% Eﬁ%ha '886&) 1 %E?%‘? lp F#‘@ s(n

metallic nultil ayer stacks is suffl CI ent An al ternati ve sensi ng

f er r omagribomwn) thigsecond shisiddayercsd and ¢he fist polepigced loareckgparatadarers:) or
Ni (100-x) (x is approximately 60) |layer at the interface between the

sensi ng f err ongnabove degaiptibdofantypidat nagmetic récordingrdisledeve With ami t h t he
bul k of layer 132 being a | ow nagnetostriction material, such as

Ni ( 100- x)amRAre4d(Hedds anBRh&HceBhplanyikd)Figdhe3nake fReBsIeRBhTAtION MitpBSes hi S
type of sensi ng Iayer vmth a thfnr? Coih(g)]r %o 100- X) or Fe(x) (x Ip;frp

appr oxi r I to zero
By 511 gniTy Do SVEsThbFRantd el @w“%?pﬁﬁd'%ﬁ?ﬁﬁ*‘%f%?t#%§z&iﬁn
alternatiy flxedfer netlcl 11 be couD sed r of

bul k Ni ( % m-?(xﬁ RWNE %ﬁ?"?{sr 3955%8'(0" 'Q% Eﬁ Og%'ﬁa X) or

Ni (100- x) Fe( x?\ &%ls appr oxi rrately 60) |l ayer at the |nterface with the
tunnel b&liAeethe Apad castier may hea@@%mhm @ﬁmtaln§ the haad dy cantast eNBAT wi t h
t-he hi ghest polarization N (100-x)Fe(x) (x is approxi mately 60) or

Co( 100- x )demtadt with the disk, suchpas idiquid begrirg and Ditker candadtzand hegrecontact
optimal ly about 1-2 nmthick. The net nagnetostriction of the conbined

| ayer is ratodivitpdisk@rivescl ose to zero by small variations of the
conposition. If the bul k of -16- 2 3 APR 2002 layer 118 is N -Fe, then
the conposition is N B~Fe, 9, the conposition for which bulk N -Fe has zero
magnet ostriction. The Fe-Mh antiferromagnetic |ayer 116 may be repl aced
with a Ng . suitable antiferromagnetic | ayer whi ch exchange
bi ases t aterial in the fixed layer 118 and which has a

resi stance whi hi su stanlall an .t hat of e Al 2Q3 barcier |ayer
150 1 " adai t 1O Preseit mvetion s S \Rarad Hearudl adm T Rerdlondst in Blace™ ©

ferromagnetic | ayer has its magnetic noment fixed by interfacial exchange
coupl i ng %thﬁmsgnsowé@ﬂmMW\umedwad 2% pEFig.Bed ferromagnetic | ayer may
be formed of a magnetically "hard" high coercivity material, thereby

avoi di ng t he rieigd4fi®a sectiomvigveof theeliTdtMR rbadélead'ﬂféhdmresdritxmbntion as
ferromagnetic |ayer may thus be formed froma variety of ferromagnetic

material st wéuﬁbﬁéeéﬂnf&kén(tﬁrcﬁghaé\go Kose'Bdge ¥ SdwieaeNRBL4R in Figl 8di ng
Co-Pt-Cr aIons Co-Cr-Ta al |l oys Cr alloys, Co-Sm alloys) Co-Re alloys,

Co- Ru al | gyf %ﬁ fisinthe ﬁﬁﬁ sutsed Thudthe Eéﬁer‘ﬂf Fig.4 is38 plftle pdrai18 thahbet Y

of quater nar y al l'oys, suc
ABS and through substantially the active sensing region, i.e., the tunnel junction, of

the MTJ MR read head to reveal the layers that make up the head.
Referring to Fig. 4, the MTJ MR read head includes an electrical lead 102
formed on the gap layer G1 substrate, an electrical lead 104 below gap layer G2,

and the MTJ 100 formed as a stack of layers between electrical leads 102, 104.



Co-N -Cr-Pt and Co-Pt-Cr B. Wiile the MIJ device described and shown in
Fig.-4 has the fixed ferromagnetic | ayer on the bottom of MIJ 100, the
"device can al so be formed by depositing the sensing ferromagnetic |ayer
first, followed by the tunnel barrier layer, the fixed ferromagnetic |ayer)
and the antiferromagnetic |layer. Such an MIJ device would then have the

| ayers essentially inverted fromthe MIJ 100 shown in Fig. 4. Referring now
to Fig. 5, the rear flux guided MIJ MRihead of the present )ryeqpi 1
illustrated in a section view perpendicular to the view of glrggﬂgfgm th
-17 Z ~ Al ~K 2002 the sensing surface 200 or ABS to the right. For ease of
expl anation, t i-askhg.ferromagnetic | ayer Q is,.not own. and..in the
VD 200 onty ¢ 8 Rbr BRI R B etbouchE Tt SR A P3P Ena e
tunnel barrier |ayer are shown. The sensj ngl ferrorral_ganeti C Iar%gr 132 has a
sensi ng d4§aebbarmienlayer 420, 98d atopplestrade stask 1 30 ikpch @ thesiesttpdas f ace
200 or ABS and a back edge 203. The fixed ferromagnetic |ayer 118 has a
front edgeckoestehterransagnedictiayer inldisect opntaatiwithitunnel ihardemiayeni 2rifeace 200
or ABS and a back edge 208. The antiferromagnetic |ayer 116 has edges

cont i guoufgrrdimayrictie ievgres! 1®& and¢32j xed ferromagnetic |ayer 118. The tunnel
barrier layer 120 has a front edge 210 that is also substantially copl anar

wth the sensi Te kb tre 18leBtEcRA40 thinfid bi cfactAcal | 8ol Y 029ALIAABS A L N

front edge 206 o efromagneti c layer 118, and a back edge

back cage e of RPACVER 1¢ SrRBIEAT b o RS of PRyRHFRINAEL orgnet ¢
| oxd 102 talais da aneerIateayet by and 2 Thee" BTGRAONaYE ey eE A Pai os | ho

| ead 104 from magnetic shield S2. The material of G 1 and G and in the
regi on beformedincand eyekangessounied avith the anderyingaartiferrpmaanegtic layer 4t1ing
material, preferably alum na. The sensing surface 200 or ABS nay have a

pr ot ect i VEheferramagnétic layer an8iis caltadcthedfixed layemrbécause itd magnetid moment
di anond-1i ke carbon, as is known in the art to protect the head during

contact Wi fhaghetizhtioh difSctioRQ¥préverted froth fotMidbd ﬁﬂﬁ@spregséﬁ&*e apapsisP’ 40,
is placed between perneabl e magnetic shields S1 and S2. When the MIJ read

head is | i . i i i i 5, the
magneti c %@bgﬁ%hggsdétt @%@gﬁﬁ%%?%%e %ﬁg@éﬁtﬂgg@%@g@g@e ts %e&f?‘seoe
ferromagnetjc, | ayer 132.at the, air-beari.ng surface 200 and .decays towards
the read DEbEEsE Ttae' th Eondge, Rromtnens fndr 5 Snd AR AReI VB ST FRPERE { he
rear edge 203 of this |ayer. Sone of the incident, gnet ic flux leaks to
t he magnel@yer 43¢ dprmedson he sepsingdayern 132« athe sengiag dempmagnstic layer 132 is
shiel d-shield gap width g, and the perneability N and thickness t of the
free fer rwb@r&MQelcwpledltbzan Fhtifemomagneticllayer, and dtsdpagnetizatiomditestionont
edge of the free ferromagnetic |ayer

is thus free to rotate in the presence of applied magnetic fields in the range of

interest. The sensing ferromagnetic layer 132 is fabricated so as to have its

magnetic moment or magnetization direction (shown by arrow 133) oriented

generally parallel to the ABS (the ABS is a plane parallel to the paper in Fig. 4) and

generally perpendicular to the magnetization direction of the fixed ferromagnetic

layer 118 in the absence of an applied magnetic field. The fixed ferromagnetic

layer 118 in electrode stack 110 just beneath the tunnel barrier layer 120 has its

magnetization direction fixed by interfacial exchange coupling with the immediately



with a characteristic length A of (Ntgl2)'S. Typical paraneters for a 5
. Goit/in2 sensor are g=200 nm t=5 nm and N=1000. This results in a decay
length ~ of 0.7 mcron. In the earlier U S. Patent 5,390,061 describing the
use of an MIJ device for a nmagnetic recording read head the rear edge of
the free ferromagnetic | ayer was contiguous with that of the fixed
ferromagnetic | ayer or closer to the ABS than the rear edge of the fixed

ferromagnetic layer. Thus for high dengity recording appl Pcgt APR 2002wi ch
t he hei ght of the sensor is conparable to or less than |~ (for exanple, for
a5 Ghitrn2 sensor the sensor height is 400 nm the magnetic flux is

constr ai tQ. I . i V. eqi. gn_.of e SQh iqn
betneen Lot afihaiiditicier . SRictiash b AR bokbHEplR p8R 120
or the rear e 8 of the fjxed ferromagnetic _|ayer 118, whicheyver edge
is c|oses§ta%q?§e agagtiza(p f%qﬁlamvgﬂ%mﬁxﬁ&%r TBRGRRHEAYET 1§é§/er 132
beyond the active region of the sensor by the addition of a flux guide at
t he rear @ijdedeneealiyrparpeadiculandmthe ABS, iL9, opt of oPRiC tEpap§in Eqigeﬁ t he
flux is constrained to be zero only at the rear edge of the rear flux

gui de. TRas shosvrebpanowotailme@)etic flux in the active region of the sensor
is increased beyond that in the absence of such a rear flux guide.

Consequent |y, Al38 sHéwiin Figgad a%aéiwf%ana%ﬁ 150 b Ibﬁ@l}tudihﬂﬁ’y gui de

i s enhanced by the ampbunt of extra flux in active region of the 'sensor.
Because I | . ' hon t; .0 the
or 1 on cebE thp BB o8 BhndifiaFetforhuigtc eRE 12T o itiiatia
current is sh ed a by the portjon. of the fr ferromagnetic | ayer that
oxtends HaYERIEY AepatNgIANd HolEBR thewiasing BYen 15§ o e seuna i mont - of
Fig. 5 the back edges 212, 208 of the tunnel barrier layer 210 and the
fixed fer e J ko a ! o] n&neé need not be
fegemagngtic laygrel32 and theether tavess of ther MTdcl10inbie biasing
so, provided the back edge 203 of the free ferromagnetic |layer 132 is

farther ffeomomdgnetierayergl 5lisfabardt@agnetio maténdiesuch as alaoRtGraajley, #Hst, 208
is closer to the sensing surface 200. This is because the current flow

per pendi qwagits hidighiedib ridmeht MWPBY BivéW 150)@lligRéd in thelsameatirdttionttischgy er
back edge 212, 208 is closer to the sensing surface 200. Thus the back edge

203 of t i ﬁggagpm i sﬂ?gef | rSati r back
edge 212“@1@@??@6 ﬁgﬁr’\%’ﬁ{ arri e:el #éé{ye f@ﬁﬁd@ﬁl&?ﬁ%ﬁf&%@éﬁ%ﬁb%@%l&of%z)r to
t he sensing.,.surface 200 th the ck ed 08,0f the fix f.erro tJy c
| ayer 11 cPRIAH mapnote el sthe AeuBERS e 6D i ki tigiarabD A PAS e
132 is located farther than the back edge 208 of the fixed ferronmagnetic
| ayer 1180F §ili¢3SiPhhas a thickness sufficientto electrically isolate the biasing

ferromagnetic layer 150 from the MTJ 100 and the electrical leads 102, 104, but is

still thin enough to permit magnetostatic coupling (shown by dashed arrow 153)

with the sensing ferromagnetic layer 132. The product M*t (where M is the

magnetic moment per unit area of the material in the ferromagnetic layer and t is

the thickness of the ferromagnetic layer) of the biasing ferromagnetic layer 150

must be greater than or equal to the M*t of the sensing ferromagnetic layer 132 to

assure stable longitudinal biasing. Since the magnetic moment of Nijq,.,-Fe€,

(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



edge 208 is closer to the sensing surface 200 than the back edge 212 of the
tunnel barrier |ayer 210. Zo- ~ 3 APR Z002 Wiile in the preferred

‘enbodi ment shown and described with respect to Fig. 5 the first lead 102 is
shown as having its back edge extendi ng beyond the back edges of the
antiferromagnetic |ayer 116 and fixed ferromagnetic |ayer 118, the first

| ead 102 nay have its back edge substantially coplanar with the back edges

of the antiferromagnetic |ayer 116 andsfixed ferromagnetic | a?egrémw
| :

while the second | ead 104 is shown as having its back edge co
t he back edge 203 of the free ferromagnetic |ayer 132, the second | ead 104

may have its b? qge ext endi ng beyond t he back edge 203 of the free

f er r omagn@aterial gyitable for the; biapiap forromageetie layer 438, s¥eh ag - hevsGhis thack
edge closer to the ABS 200 than the back edge 203 of the free ferromagnetic
| ayer 132thjnkoess ofithe biasing fememagnetigdayer 1a0x isiatledst @pproximassly 1oice that t he
rear edge of the active region of the sensor. In an alternative enbodi nent

t he substefthe gen’smgvfen@madmt‘buagaér 132ad 102 is forned is the first magnetic
shield S1 and the second nagnetic shield S2 is formed on the second | ead

104. The shi e'ﬂ%eﬁée%ﬂﬁeﬁ?l%r&ré&émﬁﬁ chﬁ1cfé'| |e266102 pbk, é:rﬁﬁ&ﬂaﬁ{/'oys

and are electricall conductin odlnent an e ectrlca

per pond Xﬁr@ﬁmf{%f&tﬂéﬁo{*{?@ﬁeﬁﬁﬂ@f&“ﬂﬁgfh TR S ﬁ*%ﬁainéofhe

ayer's GtunoS) BaTieh Rk 12As ANALNe SSREDG PEP TRGNENT [4yer dgai FELtNER efe back
of the utrr]\rr]oetlxgrjx ’:Jhrécéelc%r;\d g}gct?‘lggmahqoil gAs gescnb-e%ilprewously, the amount of
tunneling current through the tunnel barrier layer 120 is a function of the relative
orientations of the magnetizations of the fixed and sensing ferromagnetic
layers 118, 132 that are adjacent to and in contact with the tunnel barrier layer 120.
The magnetic field from the recorded data causes the magnetization direction of
sensing ferromagnetic layer 132 to rotate away from the direction 133, i.e., either
into or out of the paper of Fig. 4. This changes the relative orientation of the
magnetic moments of the ferromagnetic layers 118, 132 and thus the amount of
tunneling current, which is reflected as a change in electrical resistance of the
MTJ 100. This change in resistance is detected by the disk drive electronics and
processed into data read back from the disk. The sense current 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 electrical
leads 102, 104.

A representative set of materials for MTJ 100 (Fig. 4) will now be described.

All of the layers of the MTJ 100 are grown in the presence of a magnetic field



A P R 2002 For AMR or spin valve sensors where the sense current flows
parallel to the layers of the sensor, adjoining the flux guide to the
sensor is difficult since the flux guide and the sensor nust be
electrically isolated so as not to shunt the current fromthe sensor. Yet
the flux guide and the sensor nust be magnetically coupled. This can be
acconplished by insulating the sensor with a dielectric |ayer d then
aligning a flux guide shape to the sengar. Efficient nagneticzzgdeﬁhQUUﬁ
the sensor requires alignments of 0.1 Nmaccuracy and dielectric

t hi cknesses of 5 nmto 10 nm both of which are difficult to acconplish

W th present. day t nQl ogi es us for MR head fabrication. However, |if
nmagneti c Q@ﬁglgﬁrﬁﬁé[{? S'Pne g%ﬁ@%‘? OF&'eLﬂ-@é,traWI ef@e QuRgnatic ﬁeﬁg\ﬁgwes to orient
perpendicularly to the |ayers of the sensor, then the flux guide need not
be el ect thegasy axisetalbef %ﬁcfﬁﬂ@ﬁ@gﬁ\éﬁ@ iaygrs.adh nmrha seegdrayernfpofghawntan be
a continuous extension of the free fen-omagnetic layer, as illustrated in

t he pr ef ds fiest forrbed iomean 4 0450 mincAu ByeRiHat serveg asothie glediricallieagn02edhef or
formng the rear flux guided MIJ MR read head will be described. Two

l'i t hogr apfuedl IBgéF B dUMSrisddedBa Aterifl WHicleEncéiragesthé €411 ) grobas bof gige of

the fixed ferromagnetic |ayer 118 and one defines the back edge of the free

ferromag i ; i I of

| nsul at onacpsnisrB o (SN o Wi 12 Thdofpldd hofabelt 3
be fabricated directly on.the hott magpetic shield | a SL .. T rocess
begi ne.  daveibi ehidyhgsS he Spmhettihs B otAchstisakBY o SuabR ARe 165
an antiferromagnetic_ |layer 116, the fixed ferronggnetic |ayer 118, and a
-22- 2 3 |ayet patgrialginglydg fecdnetalsa sush griGinms wak@slia or aicomkination ek

oxi dized to formthe tunnel barrier |ayer 120. The lead material can be a
vari ety dayersnpduch as@-bmneiiaid-§ nnsCoh Hewe VHJ bise éactrode stckntii®Pt with a
typi cal thickness in the range of 100 to 500 A The antiferronmagnetic |ayer

116 can hsoragfisss & dtdokooh Lnieii 0 neFe; kimye nmNg, Fal Slaysish1as Fe- Mh,
Ni - M, Pt-Nh:phIr Mh, Pd- Mh andage-{%\l. The typical thi%kn%agss for the

antif err ojEgnplg, ?eé;?éﬁi&e%@r&ﬁ? gﬁ éﬁ?garﬁﬁaﬂag r (?'IQ th& 183 fim A_ﬁ?a)fér]{‘l .

ferromagnetic |ayer pre a oy or a ayer’ o i - Fe
all oy an hi [ f : j cal, t hick s for. I F I ayer
2 e 20"t ol R0 ABat iy Ho2® ol B tnd dl RE TR gl X5 e SBrl S™ e
t hi ckness of .t he um pum for the tunne] barrier oxide |layer 120 is

typi cal | ysq0q§tqqt,% ﬂ%’fbénﬁﬁu@ql@aﬂﬁﬁrA‘?‘Y%{@ '%@B’B%@&ydgﬁﬁﬂs' Ng&3rd (GRer s,
which is usually either by ion beamdeposition or rf or do magnetron

sput t er i ripjasmacoXidigisngsa 8r%2 yun A layed IEBISrrgea@ssitbe A0, insuldingriunneke desi r ed
shape shown in Fig. 6B) which is a top view of Fig. 6A. lon mlling then

renoves nparder lyend20priectopaeiettyodeestask 1380s ass nahNivfre/ 10 fimgTa 8tackThe | ead
| ayer 102) antiferromagnetic |ayer 116, fixed ferromagnetic |ayer 118 and

tunnel baQITé)Iéié 132y 484 FedpBetivdly). TRib V4 layaire134Eervbs Astdpraidetive Gappig | N
(Fi.g. 6D. The resist layer 230 1's typically a bilayer resist with an

under cut . i hhld i I i I 2)
ypi cal | e8Pk e ¥6n bgeyBhbitatt FAGR Gintatita Lfq 20Ky Bhol Bl st &
seal the gd of 1he tern, after which the resist layer 230 is lifted
of t) resuﬁ?ﬁé‘:ﬁ"ﬁai'ﬁgdgﬁﬁcture shown in Figs. 6E-fiF. In this first

| it hographic patterning step the rear edge 208, oI t he fixed teM_IpJna(%leti c
layer 118 is sbipteithal sincedhe cugepbpagses perpendicular to the layers in 100,

the resistance of the MTJ device will be largely dominated by that of the tunnel
barrier layer 120. Thus, the resistance per unit area of the conducting
leads 102, 104 can be much higher than in conventional MR read heads in which

the current flows parallel to the layers. Thus, the leads 102, 104 can be made



-23 2 3 APR 2002 After patterning to formthe structure of Figs. 6E-6F) the
alum numin what will becone the tunnel barrier layer 120 is plasna

"oxi di zed at an oxygen pressure of 100 mTorr and a power density of 25 WcnR
for 30-240 seconds. This forns the insulating tunnel barrier |layer 120 of
alum na. Next, as shown in Figs. 6G6H the free ferromagnetic |ayer 132
and the |l ead | ayer 104 are deposited. The free ferronagneti éa r 132 is
typically a Ni-Fe alloy or a bilayer ofs_.Co and a N - Fe alloﬁ, \d{ﬁﬂ 2002
thickness from10 to 200 ~ for the Ni-Fe alloy and a thickness of 2 to 20
~1 for the Co. The lead 104 is forned of simlar materials and thicknesses
as described for the |lead 102. After deposjtjon of |ayers 13 104) which
are done THNNSTANG/ON RATTQE] BBbBQPFY%ﬁ'OBPFkH B?a(gstma ﬁ%ﬁ:ra&ﬂﬁ A Bfi ng,
the free ferromagnetic |ayer 132 and |ead |layer f 04 are patterned using
resi st 240ade fepsiintansigallymore eesistivegpatesialss sueh asalipygor combdnationseofr esi st
| ayer 240 is typically a bilayer resist with an undercut. lon mlling then
renoves nelemarend$. not protected by resist 240) as shown in Figs. 6K-6L.
After the ion mlling step of Fig. 6K a layer of insulator 242, typically

al um na or Si Ofjs inspéleaftIhatfie Pryersin BrAbotRIM Blediiide LK 910 Dessaboth)e
edges of the pattern, after which the resist layer 240 is lifted off,

Lti . ' . . o : y :
Gor i med g L g AL e tin iRt el 18 e e oA b e

f tic. | i dt that. will b d at, the ABS.
Thi o st epBFEsaRLADARINS jocBign Fer saepip. SsbWRLeY Sh R BR R R e,

| ayer 132 extends fromthe ABS and over the front edge 210 and back edge
212 of t HO RIGHHE® g9adgiant magaetoresistance etests inmatalieyotlaypesiagkris - 24- 2
3 APR 2002 edge 212. As described previously) this assists in propagating

flux effisuflicient, across the entire active tunnel junction area defined by
t he back edges of the tunnel barrier layer 120 and fixed ferromagnetic

| ayer 118 and AhealtdRfati@OsenBiry RPRntaghetic ¢afrcid2 mb?(bélforﬁﬁﬂ@cﬁdfémiﬁf ovi de

| ongi tudi nal biasing or stabilization for the free terromagnetic |ayer 132

that als asgt heyfpgux i de; } i 1 respect to
the bi asi g SRR e PEl5 ARreRRENIVE0 Ry e Ilhs  C he

S T I R
al um na | Qe o TP 478 Haia aow FBsgnatas o MARTalc st o s s (18 1 5
shown 1n gégr'oxzhately 19). The net magnetostriction of this type of sensing layer with a thin
Co or Coyygg.Fe€yy OF NiyeeFe, (X is approximately 60) interface layer is arranged to
have a value close to zero by slight variations of the composition of the bulk of
layer 132. An alternative fixed ferromagnetic layer 118 may be comprised largely of
a bulk Ni(0,.Fe,, layer with a thin layer of a Co or Coy;q,.,\Fey, Or NijoeFe, (X is
approximately 60) layer at the interface with the tunnel barrier layer 120. The
largest signal is obtained with Co or with the highest polarization Niq,.,Fe, (x is
approximately 60) or Con.,F€,, 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 small variations of the composition. |f the bulk of



which is a view of sensing surface 200. Fig. 7 shows the sensing
ferromagnetic |ayer 132 and second |ead 104" with their front edges exposed
"at the sensing surface 200. Al so shown are the exposed edges of the biasing
ferromagnetic | ayers 150. The regions between the hard biasing
ferromagnetic layers 150 and the sensing ferromagnetic |ayer 132, the first
| ead 102 and second | ead 104 are fornmed of insulative material, such as
alum na. The typical alumna thicknesygs are in the 100 toé(q) &azﬁﬂgand
the hard biasing ferromagnetic material is usually a Co-Pt al éf i

t hi ckness adjusted to provide 1 to 3 tines the noment of the free
ferromagnetic h. 13 The first alum Lnsulation cavers the s of
the senai yer b€ Eerernen die sambiaionds Mtre. e mRSTHE fonWiSaf 220t <
the top surface of the hard biasing ferromagnetic material. After the
liftof f, Mi-Fehas zes Mmadneteptaetion.i s used to rempve unwanted regi ons of hard
bi asi ng ferromagnetic material . -25- 2 3 AP R 2002 The total thickness of
t he | eads, freEhahd-Nnaatifdreomagreticdayer 146/may bareplacezkwille a Mighin, layerd
antiferromagnetic layer are limted by the total separation between the

shi el ds r ther Siditabt® anﬂfeﬁoﬁsé%ddtieaa%@wm eRCRanyaTBRIseb mmémgggéﬁwo to
e

2000 A It is advantageous to have t free ferromagnetic | ayer 1

centered | j t Sy Nt il by
i ust | ng"PISTRl By RALRR e 1 nd WNGTHES Hieqlirbe Rhich®s SI0QBRILY Es
104 and fgee ferr ic layer 1 hav n ter e MIJ MR
head stru@?ﬂrtba{%ﬂggggﬁﬁ %?rwy@%ﬁépe?%gggﬁgp 'B’ﬂi‘}el 'Qgﬁgﬁg‘g@#gg to formthe
ABS 200, it is still necessary to align the magnetization direction

(magnet i cembadimentdhe fixed feramagretclaienias its ngaaﬂetlmomﬁnt ﬂéecﬁ P¥per
direction. If Fe-Mh is used as the antiferromagnetic |ayer 116 for exchange
coupl i ng interfadialextharge teuplingyite ana@ntifgreomagaetic layer,dhe ifikedr omagneti ¢ as
deposited. However, its magnetization nust be realigned so that it can
exchange fepdphagridtie layerariay berformed of 4 tagnetically &hard” high ¢oerprity material,
orientation. The structure is placed in an annealing oven and the

{ enper at uhgrdtly SAiAR the rRRRIBK bR RIsoMATetiager. [ ThERER! fited han the

IbI ocking tenperature”o e-M. At this tenperature, the Fe-M |ayer no
5232{” ﬁgféﬁ%ﬁ‘%q?ﬁ%%ﬂs@}arﬁ?i @ﬂ#p@o?@?f It o %@a&??ﬁbﬁﬁége&%@f g Ff’t | h

i [ 116, 118, 1] . ] [ T
or 1 ent at | BHETLFS ARV RAIE AREANECHF TBPIE FIbe SIESEeRS; OB -y aoYYs v |
be along the direction of the applied magnetic field. The applied nagnetic

field i n €pCrhaalrynfatsalioys Ce-HmaloysCarResilioyss CotRu gllQys and
ferromagnetic |ayer 118 to be fixed al ong the -26 2 3 APR 2002 required
di r ect i onCpeNlip¥ @atloysiaF Rip Pdhor GBS asaeeldimavanigtyt ofquatetary aloys, stich.ass.
This is a result of cooling the Fe-Mh layer in the presence of the

f er r omagnebiNi-CaPeand Co-Pi@yBt i zed by the applied magnetic field, in the
‘requi red direction. Thus) at tenperatures bel ow the bl ocking tenperature of

Fe-Mh, in the WifiBIA6MP] dBicBRRkLAtdBAdRhbAn/Inig4 nagiéfxeecor ded

medi um the magnetization the 11 xed rromagnet ayer 118 will not

embod; mentortaaelicTayérork i hof R Wy 700, dRbiteficeledd BIsPURR B by oy e

ﬂﬁiefaglgﬁe?&%ﬁ{ﬁ&r{%ﬁgﬁ f@f@?@r}etﬁgiérgﬁtsﬁ ’foIYngd w?htfa .id(nendel fb%;'rrié)rqgggr?t e
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 Fig. 4.

Referring now to Fig. 5, the rear flux guided MTJ MR head of the present

invention is illustrated in a section view perpendicular to the view of Fig. 4 and with



| ead 102 being on the "top of the MIJ during the fabrication process. Wile
the present invention has been particularly shown and described with
"reference to the preferred enbodinments, it will be understood by those
skilled in the art that various changes in formand detail may be nade

w t hout departing fromthe spirit and scope of the invention. Accordingly)
the disclosed invention is to be considered nerely as illustrdiyve and
limted in scope only as specified inj¥he appended cl ai is. §;9 ang 2@02
clainmed is: ~3 APR2U~'1 1. A mmgnetic tunnel junction magnetoresistive read
head for sensing data nmagnetically recorded on a nmedi um when connected to

That is et AErdF Gopar At o M R eabe NuARPlarefEl: Hh HeET

magnet i cal recorded da a is being sensed head co rrsrn

subst r at ef q%ww%tw layeke %rsmgsh@gm ang in fhe Miﬂsﬁ(ﬁ)go farrorjagnetis
electrically conductive |lead forned on the substrate; a frxed ferromagnetic
| ayer forlayersdhe aatifarrannagnatic layer ano/ thegtuanet bameeta;@rmehawm alhey
coplanar with the sensing surface and a back edge | ocated farther than the
front edgsefsingfémemagnsiicayennBadas 4 sensing edye202 that i substantiallgf t he
fixed ferromagnetic |ayer being fixed along a preferred direction so as to

be subst a?brblﬁhbb’wﬂﬁ%@@éﬁﬁnb@?ﬂab@t?.%' GTABS drita PR ©AGE 2013, AThéRkbd ed
nmagneti c eld fromthe nedium a sensing ferromagnetiC |ayer having a

Sersi N0, oI A et dra 28LA0a A4 R R SlBSkaRE aﬁ&f‘plaﬁz?r Fif gk

edge, the fragne € sensi ng err ayer erng

i rect | onSBRSIpASHTake G00d Ana At Babesaus RS, ritie: e delRranetC i up

nﬁgnetrc field and belng free to rotate in the presence of an applied

magnet i ¢ haeledges eontigeoumwiththe edges of the fixed ferromagnetlc layer 118. The
tunnel barrier layer 120 has a front edge 210 that is also substantially coplanar with
the sensing surface 200 or ABS and which is essentially coplanar with front
edge 206 of the fixed ferromagnetic layer 118, and a back edge 212. The back
edge of the sensing ferromagnetic layer 203 extends beyond the back edge of
either the tunnel barrier layer 212 or the fixed ferromagnetic layer 208, whichever
back edge is closer to the sensing surface 200. The lead 102 is formed on the G1
gap layer and the G2 gap layer separates the lead 104 from magnetic shield S2.
The material of G1 and G2 and in the region behind back edges 203, 208 and 212
is an electrically insulating material, preferably alumina. The sensing surface 200
or ABS may have a protective overcoat formed on it, such as a thin layer of
amorphous diamond-like carbon, as is known in the art to protect the head during
contact with the disk.

As shown in Fig. 3 a MR sensor, such as sensor 40, is placed between

permeable magnetic shields S1 and S2. When the MTJ read head is located in



-28 2 3 APR 2002 an insulating tunnel barrier |layer |ocated between and in
contact with the fixed and sensing ferromagnetic |ayers for pernmitting
"tunneling current in a direction generally perpendicular to the fixed and
sensing ferromagnetic | ayers) the tunnel barrier |ayer having a front edge
substantially coplanar with the sensing surface and a back edge, the back
edge being |located farther than the front edge fromthe ébﬁsﬁ&@ks@@ﬂzce; a
second el ectrically conductive |ead fﬁénEd on the sensing ferromagnetic

| ayer; and wherein the back edge of the sensing ferromagnetic |layer is

| ocated farther than the back edge of the tunnel barrier layer fromthe

sensi ng f 1 f .t k—.edge,of the tunnel barr] ' gser to
t he sensistﬁg %@F‘?“a@é‘ {Fﬁgﬁ? ﬁh@%bgtﬁpeergagn%qc %gart?%a{%%i‘?‘i gﬁgé’dﬁﬁ? ﬁrlopgyer,
and fartheyr f e sensing surface thapn_ the back edge of, the fixe
For r omorRA9E2PAPbING FoF IR Umaanelg Ber | BRel M sk oPaNAG G200 A i s
closer to the sensing surface than the back edge of the tunnel barrier

| ayer. 2.denayshewardsctherréadgedae 203hpfihis laer. eThe filx is comstraingd te betaeso

tunnel barrier |layer and the front edge of the fixed ferromagnetic |ayer

ar e substatithe abhyedgp R0 df this layt: SodeAITRhe iHtldéht magndteafiualeaksdotige t 0
claim1 wherein the back edge of the tunnel barrier |ayer and the back edge

of the fiﬁﬁﬁﬁnéﬁdéﬂ@ﬁ&?@’i lafd! Sy eITHS téa%ugéti@aéﬂje%meocwh?él@ﬁiemhwésbn the
back edge of the sensing ferromagnetic Tayer 1s |ocated farther thanh the

copl anar back ed of the nel barrier | and fixed ferro net,l.C
Cayer fr MG 2B nh petnpralE i andihichess bl ng e ed o maoBRliy Een erer
conprising an antiferronmagnetic |ayer in contact with the fixed

f er r omagnkhe mdgnetic filuxithés dengys frermthgrfeant edgeof thie freetfeoromegnetie layered

f erromagnetic |ayer by interfacial exchange coupling, the antiferromagnetic
l'ayer hawyittg azcHaradteriSiORNGUPR R (litdIR)Y. CRpicH] pharavhbters ker £6rGhith?sur f ace.

sensor are g=200 nm, t=5 nm and y=1000. This results in a decay length A of
0.7 micron.
In the earlier U.S. Patent 5,390,061 describing the use of an MTJ device for

a magnetic recording read head the rear edge of the free ferromagnetic layer was
contiguous with that of the fixed ferromagnetic layer or closer to the ABS than the
rear edge of the fixed ferromagnetic layer. Thus for high density recording

/ applications in which the height of the sensor is comparable to or less than A (for
example, for a 5 Gbit/in? sensor the sensor height is 400 ﬁm) the magnetic flux is
constrained to be zero in the active region of the sensor (the region between the
ABS 200 and the rear edge 212 of the tunnel barrier layer 120 or the rear edge 208
of the fixed ferromagnetic layer 118, whichever edge is closest to the ABS 200).
By extending the free ferromagnetic layer 132 beyond the active region of the

sensor by the addition of a flux guide at the rear edge of the free ferromagnetic



5. The head according to claim1 wherein the back edges of the
_antiferromagnetic layer, the fixed ferromagnetic |layer and the tunnel
barrier layer are substantially copl anar. -30 2 3 AP R 2002 6. The head
according to claim1 wherein the first electrical lead is fornmed directly
on the substrate and wherein the antiferromagnetic layer is |ocated between
the first lead and the fixed ferromagnetic |ayer, the fixed ferromagnetic

| ayer being fornmed directly on and ingcontact with the anti r tic
| ayer, whereby the nmagnetization direction of the fixed fer2W§?§§02ayer

Is fixed by interfacial exchange coupling with the antiferromagnetic |ayer.
7. The head accor di to claiml wherein the magneti zation direction of the

sensi ng Wéh%@ﬂ&ﬁ@x IsErnstrainesktadrazerp only 2t the rear adge efdhsiragr 8% f ace in
t he absence of an applied magnetic field. 2 3 APR 2002 8. The head
accor di nguide. cThumthe famaund of magnaticifluy:in she aetivertedien obthaysensar is ayer for

| ongitudinally biasing the nagnetization direction of the sensing

fen-ferr dwergased beydmy thatimtie abserwe sfisushreredrfiuxapiigen dondetjuently, thee
magneti zation direction of the fixed ferromagnetic |ayer in the absence of

an apn! | eRsTRAANI o tHEMT) SHboR Mt 6 rbhe Mol Yuidass lehhanEed By dhe AR

bet ween the bi asing and sensing ferromagnetic | ayers for eleCtrically

0Lt ol e e B e B AR, Lo e B Pt S, e
nsulating | aygl . ush Fufaht Hows parpenticularto e tunnel inction and s to fhe ' &
portion of the flux guide that forms part of the tunnel junction, no current is shunted
away by the portion of the free ferromagnetic layer that extends beyond the tunnel
junction. While in the preferred embodiment of Fig. 5 the back edges 212, 208 of
the tunnel barrier layer 210 and the fixed ferromagnetic layer 118, respectively, are
coplanar, they need not be so, provided the back edge 203 of the free
ferromagnetic layer 132 is farther from the sensing surface 200 than whichever of
back edges 212, 208 is closer to the sensing surface 200. This is because the
current flow perpendicular through the tunnel barrier layer 210 is defined by
whichever back edge 212, 208 is closer to the sensing surface 200. Thus the back
edge 203 of the sensing ferromagnetic layer 132 is located farther than the back
edge 212 of the tunnel barrier layer 210 if the back edge 212 is closer to the
sensing surface 200 than the back edge 208 of the fixed ferromagnetic layer 118.
Similarly, the back edge 203 of the sensing ferromagnetic layer 132 is located
farther than the back edge 208 of the fixed ferromagnetic layer 118 if the back

edge 208 is closer to the sensing surface 200 than the back edge 212 of the tunnel

barrier layer 210.



ferromagnetic | ayer and the sensing ferromagnetic |ayer it passes generally
perpendi cul arly through the tunnel barrier layer without passing into the
“biasing layer. 9. The head according to claim 1l wherein the read head is
part of an integrated read/wite head of the type wherein the read head is
shielded fromthe wite head and wherein said substrate is a first shield
for the read head. 10. The head according to claim9 further conprising a

| ayer of electrically insulative gap jpterial formed on the first shield
and wherein the first electrical lead is fornmed on the | ay r3qf‘\PQaggg2

mat eri al . -32 2 3 APR 2002 11. The head according to claim1 fur

For T omagnet | c WAy 1 Blerhfa MlEldingot Wi 784 csSEied BRpIESPREor or m

stack of layers | ocated hetween the first  and second substrates). and
Further. doysitae APUGALNGE i Sho SeinaVnGinbaek SUTaEKenaMGbeYaRkMitnd « he
first and second substrates. 12. The head according to claim 11l wherein the
read headack gdgas offtharantifiercgmagnetic laxer 16 and fixed fefromagnetipayendrdi, n t he
read head is magnetically shielded and wherein the second substrate is a

second shhelfitstslepd r@2i may haeeritsdshokastifel substdritialivcopranae adth thédbackhe head
according to claim1l further conprising sense circuitry connected to the

first andaonnbeifordiaotbf R5er 196 8he ted bRofaBhBld Ies e A8y

substrate 1I's a first ectric y conducting naegneti d wherein
L1 S SoldIBR b Bl Al 1 oHAR B 4 6 bl
23 APR_ ch?gze 28§ of the free ferromagnetic layer 132, the second lead 104 may have its
back edge extending beyond the back edge 203 of the free ferromagnetic
layer 132. Similarly the second lead 104 may have its back edge closer to the
ABS 200 than the back edge 203 of the free ferromagnetic layer 132 providing that
its back edge is further from the ABS 200 than the rear edge of the active region of
the sensor.
in an alternative embodiment the substrate onto which the first lead 102 is
formed is the first magnetic shield S1 and the second magnetic shield S2 is formed
on the second lead 104. The shields S1 and S2 are formed of Ni-Fe alloys or Ni-
Fe-Co alloys and are electrically conducting. In this embodiment an electrically
conductive path is thus provided through the shield S1 to first lead 102,
perpendicularly through the tunnel junction to the second lead 104 and the second
shield S2. This embodiment eliminates the need for insulative gap layers G1, G2,
although insulative material is still required at the back of the tunnel junction, as

shown in Fig. 5.



15. The head according to claim 14 further conprising a second electrically
conducting magnetic shield forned on the second | ead, whereby an
"electrically conductive path is provided fromthe first shield to the first
| ead and through the tunnel barrier |layer to the second | ead and the second
shield. 16. The head according to claim1l wherein the head is the type for
sensing data froma nmagnetic recording disk and further conprising an
air-bearing slider having an air-beapjng surface (ABS) facin h I

of the disk when data fromthe disk is being read by the heag %d§F§¥2tﬁﬁf
trailing end surface generally perpendicular to the ABS, and wherein the
slider tralllng end surface i s the substrate on which the first electrical

| ead is fSRALIHIQAADRCANNG dag Regessed M MBAseaNeaes ace of the head. -34
2 3 APR 2002 17 A nagnetlc tunnel junction magnetoresistive read head for
sensi ng dat a rfregrfeVRoem $pin vabversensomswherectiielsanseaurent loumsqearatieldertbe
circuitry, the - head having a substantially planar sensing surface that is

al i gned ggyersaflitye pansdn, adeimnghﬁe flux arke tofthé kensedis difficbit siridecthe flux
magnetically recorded data is being sensed, the head conprising: a

substrat L{waﬁa 1Ré seﬁa&l @gg@@%n&:gﬁéau% SRS Ret Mﬁtﬁfﬁ‘ihe %uFHeh%t

electric conducti ve or ne ont e substrate; a fixed ferromagnetic

| ayer for,

copl anar fﬁmﬁ%‘ﬁ%*?{% of et e AR 18 fhe bt SRR bk, ¢ e
front ed fromthe sen urface; an antiferrgmagnetic |l ayer ip contact
wl th ¢ he This Gan beraeseRiIenEe Thapaviatind The Seneprofih ALipleetisaTSAnd HER | on
of the fixed ferromagnetic layer by interfacial exchange coupling along a
pr ef er r edilighingoa flux guide shage taither sensoal IGffigieat/mageatic coupling ta thensensarhe
presence of an applied magnetic field fromthe medium the

ant i f err qaggines aligrithgats dfd.1 ngn actourecy andgtielsotictthitknesses obplnamés with t he
sensing surface; a sensing ferromagnetic layer having a sensing edge

subst ant iq hy, 688 8MRhicH éra d.meu&%labwnﬁwﬁmﬁ pPEsbit d29akchaeIBgidshesed

magneti zation direction of
for MR head fabrication. However, if a magnetic tunnel junction sensor is used,

where current flows perpendicularly to the layers of the sensor, then the flux guide
need not be electrically isolated from the sensing layer. The rear flux guide can be
a continuous extension of the free ferromagnetic layer, as illustrated in the
preferred embodiment in Fig. 5.

Referring to Fig. 6, the process for forming the rear flux guided MTJ MR read
head will be described. Two lithographic patterning steps'are required. One
defines the back edge of the fixed ferromagnetic layer 118 and one defines the
back edge of the free ferromagnetic layer 132. The MTJ MR read head is fabricated
on a layer of insulator, typically the alumina G1 layer, as shown in Fig. 5, but can
also be fabricated directly on the bottom magnetic shield layer S1.

The process begins, as shown in Fig. 6A, by depositing the material for lead

layer 102, an antiferromagnetic layer 116, the fixed ferromagnetic layer 118, and a



sensing ferromagnetic | ayer being oriented in a direction generally
_perpendi cular to the magnetization direction of the fixed ferromagnetic

| ayer and generally parallel to the sensing surface in the absence of an
applied magnetic field and being free to rotate in the presence of an
applied magnetic field fromthe nedi um -35 2 3 AP R 2002 an insulating
tunnel barrier layer |ocated between and in contact with the fixed and

sensing ferromagnetic |ayers for permpbting tunneling curr | Q2
direction barrier |layer having a front edge substanti all yfgn[AgRaZ[]ﬂzt h

t he sensing surface and a back edge |ocated farther than the tunnel barrier
| ayer front,K edge fromthe sensjing surface; a second electrically conductive
| ead f or rBatESiAl FUChasAIUminy gy |hB¥'F@t¢|¥§@r9x'§'ﬁﬁdmg?r§ﬁ‘ ha wenghck edge
of the sensing ferromagnetic layer is located farther than the back edge of
t he tunnddamser layer 128y dihef lead mhateriakaan hg asvarety of conductingsmatesiale safcht he
tunnel barrier layer is closer to the sensing surface than the back edge of

t he fi xedad Ta; A&, WlangdPt withnd tipicallthickhesstirt the raageiofig 09uof500eAt han
t he back edge of the fixed ferromagnetic |ayer if the back edge of the

fixed feryRerBaRRIiOMAGHEC 1averc] 1B584n b sbidRtePRsi @ vaHEtyasTavdIPRmowhe back
edge of the tunnel barrier 1ayer. 18. The head accordifng to claim 17
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Ccopl anar thicknggs %or?’(he an"ﬁfer?gmagnetic layer 116 is in the range of 70 to 300 A. 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 20 to 100 A
and typical thicknesses for the Co layer are 2 to 20 A. The thickness of the
aluminum for the tunnel barrier oxide layer 120 is typically in the range of 5 to 20 A.
After deposition of these layers, which is usually either by ion beam
deposition or rf or dc magnetron sputtering, the layers are patterned using
resist 230 to define the desired shape shown in Fig. 6B, which is a top view of
Fig. 6A. lon milling then removes material not protected by resist 230, as shown in
Fig. 6C. The lead layer 102, antiferromagnetic layer 116, fixed ferromagnetic
layer 118 and tunnel barrier layer are now formed on layer G1 with the shape
shown in Fig. 6D. The resist layer 230 is typically a bilayer resist with an undercut.
Atfter the ion milling step of Fig. 6C a layer of insulator 232, typically alumina or
Si0,, is deposited by ion beam or RF sputtering to seal the edges of the pattern,
after which the resist layer 230 is lifted off, resulting in the structure shown in
Figs. 6E-6F. In this first lithographic pattemning step the rear edge 208 of the fixed

ferromagnetic layer 118 is set as a reference point.



19. The head according to claim 17 wherein the back edge of the tunnel
barrier layer and the back edge of the fixed ferromagnetic |ayer are

" substantially coplanar and wherein the back edge of the sensing
ferromagnetic layer is located farther than the copl anar back edges of the
tunnel barrier |ayer and fixed ferromagnetic |ayer fromthe sensing
surface. 20. The head according to claim 17 wherein the first electrical
lead is forned directly on the substrate and wherein the ant iigrr(ﬁ'ﬁg?ﬁb'zc
| ayer is |ocated between the first elegirical lead and the fi dA
ferromagnetic layer, the fixed ferromagnetic |ayer being formed directly on
and in contact with the antiferromagnetic |ayer. 2 3 AP R 2002 21. The
head accor di n§fies patteining to fasm therstaistuse iof iFids. 6% -BF atheglumibumdagmati ¢

| ayer for longitudinally biasing the nagnetization the nmagnetization

di r ect i owilbbecdroeithea &unriat baomiardayari 120 iaptasma oxitizethat-ar oxygen pregsure ed
magnetic field; and an electrically insulating |ayer |ocated between the

bi asi ng @hd0oenFomantier poweegaensity dfR6Wcrhdfored(e240 iseabhds.i Thisorme thée

bi asing |l ayer fromthe sensing |ayer; and wherein the electrical |eads are

electric édatin@"ﬂuﬁh@ﬂbéﬁi@méﬁ?1?6%‘?%%@9)’” by the insulating |ayer,
en p

wher eby a'sense current 1s passed between the fixed ferromagnetic
por pendi cul ar | NG ABCoHh BTEER-BG o AB e e B GnaARRVELL%2 R e o ¢ ne
part of 16q e ¢ & AERAPIRY. Do ras FeroTRANEYL EYRAse A AN | <
magneti cal ly shielded and wherein said substrate is a first shigld for the
read headllopgr athilayaeatiCa@nshalNirfetalloy withnazhickness fione dRiei2 fer theyer of

electrically insulative gap material fornmed on the first shield and wherein
the firsNidecalloy arad althiskness 6f2 te20 drfot tree Cay efheflearhp 04is éorvedd of

similar materials and thicknesses as described for the lead 102.

After deposition of layers 132, 104, which are done by either ion beam

deposition or RF or dc magnetron sputtering, the free ferromagnetic layer 132 and

lead layer 104 are patterned using resist 240 to define the desired shape, as shown

in Figs. 61-6J. The resist layer 240 is typically a bilayer resist with an undercut. lon

milling then removes material not protected by resist 240, as shown in Figs. 6K-6L.

After the ion milling step of Fig. 6K a layer of insulator 242, typically alumina or

SiO,, is deposited by ion beam or RF sputtering to seal the edges of the pattern,

after which the resist layer 240 is lifted off, resulting in the structure shown in

Figs. 6M-6N. An important feature defined in this second lithographic patterning is

the width of the free ferromagnetic layer 132, i.e., the width w that will be exposed

at the ABS. This step also defines the back edge 203 so that the free

ferromagnetic layer 132 extends from the ABS and over the front edge 210 and

back edge 212 of the tunnel barrier layer 120 and terminates beyond the back



-38 .2 3 APR 2~a,~ 24. The head according to claim217 further conprising
.sense circuitry connected to the first and second | eads. 25. The head
according to claim 17 wherein the substrate is a first electrically
conducting magnetic shield and wherein the first lead is fornmed on the
first shield, and further conprising a second electrically conducting
magnetic shield fornmed on the second | ead, whereby an electrically

conductive path is provided fromthe Hirst shield to the firesigl
t hrough the tunnel barrier layer to the second | ead and the chﬁﬁsm&d

26. The head according to claim17 wherein the head is the type for sensing

data f . . i D i1 bear |
S dor | nvate i HsaesBAod pREGL L A andbaf PrsiRing ik AloBhly 0% 2
when data_f the di sk . s bei d by t head traili d

S ace. gRrBRaN SnifecaieS i bt ArkasETiond T BRrapK s 08B i1 ng
end surface is the substrate on which the first electrical lead is forned
and the stungel bamer layer 420 anddfixed temomagnelic layar Hidand the ARS0Q.

.ASI L. Af% AS! . AsY2 . A .As. AF . Al. A A ANY. A A A A(& A . As3. AY,. A
Al A" A53% A. Mae Ab6Ve prock8sAian. dlso e adapted td pravikie loAgitudiaal bigsir@rar G6' z
| wmhc”Y] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]c(a]ca]ca]ca]ca]ca
] ca] ca] cagtabiligatidrt fir théfrealfeffafagnetio layer 132 that also serves as the flux guide,
as described previously with respect to the biasing ferromagnetic layer 150 shown
in Fig. 4. Specifically, the steps shown in Figs. 6K-N are modified so that instead of
depositing the alumina layer 242 and then lifting off the resist 240, a sequential
deposition of alumina, hard biasing ferromagnetic material, and additional alumina
is performed and then liftoff is done. The resulting structure is shown in Fig. 7,
which is a view of sensing surface 200. Fig. 7 shows the sensing ferromagnetic
layer 132 and second lead 104 with their front edges exposed at the sensing
surface 200. Also shown are the exposed edges of the biasing ferromagnetic
layers 150. The regions between the hard biasing ferromagnetic layers 150 and
the sensing ferromagnetic layer 132, the first lead 102 and second lead 104 are
formed of insulative material, such as alumina. The typical alumina thicknesses
are in the 100 to 500 A range and the hard biasing ferromagnetic material is usually
a Co-Pt alloy with a thickness adjusted to provide 1 to 3 times the moment of the
free ferromagnetic layer 132. The first alumina insulation covers the edges of the
sensing ferromagnetic shape and the second alumina insulation covers the top

surface of the hard biasing ferromagnetic material. After the liftoff, a final patterning

step is used to remove unwanted regions of hard biasing ferromagnetic material.
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&10%& ( )cbgllinlgo%ze&pa(iz of gyéIQSO/(%%,Q 1@/ irn 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 ferromagnetic layer 118 to be fixed along the



dYNC 10z 10z 10z,8 10%& ()-6 10%& ()-3!10%& ()-1Y10%& ()-y/"10%& ()-
1 YaBYNCy10% u&' ()- G'10% u& ()-3 10% u& ()- 10% u& ()-!C
10% u-u&' ()-10% u& ()- YUMHEYNCs3"10% u&' ()-Y"10% u& ()-,10% u& ()-nt'10% u&
"()-"10% u& ()-"10% u& ()- MSBAEYNCY+
10% u& ()-,)s!10% u& ()-'"10% u& ()-%$!'10% u& ()-"310% u& ()-
10% u& ()-,~idE:/ 10-u
10-u@"10% u&' ()-6:110% u& ()-310% u&26)-1"10% u& ()-/
"10% u& ()--F" 10% u& ()-$j oxy:/ 2 3 APR 2002
10- uF10%& () - 100/¢g& ()- 1'10%9& ()-z10%& ()- "10%& ()-1410%& ()-Y

10- u9qdE:
10005 () A5 R0 Bekenleden b ARG, 25 shoun by tng ey 118.n Fio. 4

109 iSV%‘iﬁébmé%{%f g@%@%@g&@@%@%ﬁ@% S efp0% -8
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.

As an alternative structure to the preferred embodiment shown in Fig. 5, the
lead 104 and the free ferromagnetic layer 132 can be formed first on the G1
substrate, with the fixed ferromagnetic layer 118, antiferromagnetic layer 116 and
lead 102 being on the “top” of the MTJ during the fabrication process.

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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3 <dERe data magnetically recorded on a medium when connected to sense circuitry, the
head having a substantially planar sensing surface that is aligned generally parallel
to the surface of the medium when the magnetically recorded data is being sensed,
the head comprising:

a substrate having an edge forming part of the sensing surface;

a first electrically conductive lead formed on the substrate;

a fixed ferromagnetic layer formed on the first lead and having a front edge
substantially coplanar with the sensing surface and a back edge located farther
than the front edge from the sensing surface, the magnetization direction of the
fixed ferromagnetic layer being 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 a sensing edge substantially coplanar
with the sensing surface and a back edge, the magnetization direction of the
sensing ferromagnetic layer being oriented in a direction 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;
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sensing surface;

a second electrically conductive lead formed on the sensing ferromagnetic
layer; and

wherein the back edge of the sensing ferromagnetic layer is located farther
than the back edge of the tunnel barrier layer from the sensing surface if the back
edge of the tunnel barrier layer is closer to the sensing surface than the back edge
of the fixed ferromagnetic layer, and farther from the sensing surface than the back

edge of the fixed ferromagnetic layer if the back edge of the fixed ferromagnetic

layer is closer to the sensing surface than the back edge of the tunnel barrier layer.

2. The head according to claim 1 wherein the front edge of the tunnel
barrier layer and the front edge of the fixed ferromagnetic layer are substantially

coplanar.
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coplanar and wherein the back edge of the sensing ferromagnetic layer is located

farther than the coplanar back edges of the tunnel barrier layer and fixed

ferromagnetic layer from the sensing surface.

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, the antiferromagnetic layer having a front edge substantiaily coplanar with

the sensing surface.

5. The head according to claim 1 wherein the back edges of the
antiferromagnetic layer, the fixed ferromagnetic layer and the tunnel barrier layer

are substantially coplanar.
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formed directly on the substrate and wherein the antiferromagnetic layer is located

between the first electrical lead and the fixed ferromagnetic layer, the fixed
ferromagnetic layer being formed directly on and in contact with the
antiferromagnetic layer, whereby the magnetization direction of the fixed
ferromagnetic layer is fixed by interfacial exchange coupling with the

antiferromagnetic layer.

7. The head according to claim 1 wherein the magnetization direction of
the sensing ferromagnetic layer is generally parallel to the sensing surface in the

absence of an applied magnetic field.
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a biasing ferromagnetic layer for longitudinally biasing the magnetization

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
fe_rromagnetic layers for electrically isolating the biasing layer from the sensing
layer; and wherein the electrical leads are electrically isolated from the biasing layer
by the insulating layer, whereby when a sense current is passed between the fixed
ferromagnetic layer and the sensing ferromagnetic layer it passes generally
perpendicularly through the tunnel barrier layer without passing into the biasing

layer.

9. The head according to claim 1 wherein the read head is part of an
integrated read/write head of the type wherein the read head is shielded from the

write head and wherein said substrate is a first shield for the read head.

10. The head according to claim 9 further comprising a layer of electrically
insulative gap material formed on the first shield and wherein the first electrical lead

is formed on the layer of gap material.

____direction of the sensing ferromagnetic layer in a direction generally perpendicularto
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wherein the first lead, the sensing ferromagnetic layer, the tunnel barrier layer, and

the second lead form a stack of layers located between the first and second

substrates, and further comprising insulative material located between said stack

and the first and second substrates.

12. The head according to claim 11 wherein the read head is part of an
integrated read/write head of the type wherein the read head is magnetically
shielded and wherein the second substrate is a second shield separating the read

head from the write head.

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

connected to the first and second leads.

14.  The head according to claim 1 wherein the substrate is a first
electrically conducting magnetic shield and wherein the first lead is formed on the
first shield, whereby an electrically conductive path is provided between the first

shield and the first lead.
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electrically conducting magnetic shield formed on the second lead, whereby an
electrically conductive path is provided from the first shield to the first lead and

through the tunnel barrier layer to the second lead and the second shield.

16.  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 the
substrate on which the first electrical lead is formed and the slider ABS is the

sensing surface of the head.
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data magnetically recorded on a medium when connected to sense circuitry, the

head having-a-substantially planar sensing surface-that is-aligned-generally parallel - - - - -

to the surface of the medium when the magnetically recorded data is being sensed,
the head comprising:

a substrate having an edge forming part of the sensing surface;

a first electrically conductive lead formed on the substrate;

a fixed ferromagnetic layer formed on the first lead and having a front edge
substantially coplanar with the sensing surface and a back edge located farther
than the front edge from the sensing surface;

an antiferromagnetic layer in contact with the fixed ferromagnetic layer for
fixing the magnetization direction of the fixed ferromagnetic layer by interfacial
exchange coupling along a preferred direction so it is substantially prevented from
rotation in the presence of an applied magnetic field from the medium, the
antiferromagnetic layer having a front edge substantially coplanar with the sensing
surface;

a sensing ferromagnetic layer having a sensing edge substantially coplanar
with the sensing surface and a back edge, the magnetization direction of the
sensing ferromagnetic layer being oriented in a direction generally perpendicular to
the magnetization direction of the fixed ferromagnetic layer and generally paraliel to
the sensing surface in the absence of an applied magnetic field and being free to

rotate in the presence of an applied magnetic field from the medium;
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fixed and sensing ferromagnetic layers for permitting tunneling current in a direction

barrier layer having a front edge substantially coplanar with the sensing surface and
a back edge located farther than the tunnel barrier layer front edge from the
sensing surface;
z a second electrically conductive lead formed on the sensing ferromagnetic

layer; and

wherein the back edge of the sensing ferromagnetic layer is located farther
than the back edge of the tunnel barrier layer from the sensing surface if the back
edge of the tunnel barrier layer is closer to the sensing surface than the back edge
of the fixed ferromagnetic layer, and farther from the sensing surface than the back
edge of the fixed ferromagnetic layer if the back edge of the fixed ferromagnetic

layer is closer to the sensing surface than the back edge of the tunnel barrier layer.

18. The head according to claim 17 wherein the back edges of the
antiferromagnetic layer, the fixed feromagnetic layer and the tunnel barrier layer

are substantially coplanar.
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I | wherein the back edae of f i ferro tic laver is located

farther than the coplanar back edges of the tunnel barrier layer and fixed

ferromagnetic layer from the sensing surface.

20.  The head according to claim 17 wherein the first electrical lead is
formed directly on the substrate and wherein the antiferromagnetic layer is located
between the first electrical lead and the fixed ferromagnetic layer, the fixed
ferromagnetic layer being formed directly on and in contact with the

antiferromagnetic layer.
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a biasing ferromagnetic layer for longitudinally biasing the magnetization

y-perpendicutarto

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 electrical leads are electrically isolated from the biasing layer
by the insulating layer, whereby when a sense current is passed between the fixed
ferromagnetic layer and the sensing ferromagnetic layer it passes generally
perpendicularly through the tunnel barrier layer without passing into the biasing

layer.

22. The head according to claim 17 wherein the read head is part of an
integrated read/write head of the type wherein the read head is magnetically

shielded and wherein said substrate is a first shield for the read head.

23. The head according to claim 22 further comprising a layer of
electrically insulative gap material formed on the first shield and wherein the first

electrical lead is formed on the layer of gap material.
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25. The head according to claim 17 wherein the substrate is a first
electrically conducting magnetic shield and wherein the first lead is formed on the
first shield, and further comprising a second electrically conducting magnetic shield
formed on the second lead, whereby an electrically conductive path is provided
from the first shield to the first lead and through the tunnel barrier layer to the

second lead and the second shield.

26. The head according to claim 17 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 the
substrate on which the first electrical lead is formed and the slider ABS is the

sensing surface of the head.



