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Technical Fi el d This invention relates in general to r;ggﬁé?&
junction (MrJ) devices, and nore particularly to an MIJ device for use
a* magnet oresi sti ve (IVR) head for reading magneticall y- recorded data.

Background of the Invention: “A-magnetic tunnel™junction (MIJ) device
is conprised of two ferromagnetic : :

MAGNETIC TUNNEL JUNCTION' MAGNETORESISTIVE READ HEAD WITH
SENSING LAYER AS FLUX GUIDE

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

reading magnetically-recorded data.

Background of the invention
A magnetic tunnel junction (MTJ) d;avioe is comprised of two feg’roma'gnetic_
layers separated by a thin insulating tunne! barrier layer and is based on the
ﬁhenomenbn of spin-polarized electron tunneling. One of the ferromagnetic layers
'h;s a higher saturatioﬁ ﬂéld in one direction of an app.lied magnetic field, typically
due to its higher cdéfcivity than the other'ferromaignétic layer. The insulating tunnel
barrier layer is thin enough that quantum mechanical tunneling occurs between the

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



rated by a thin insulating tunnel barrier |layer and is based on
t he enonenofl of spin-polarized el ectron tunneling. One of the
ferromagnetic/l ayers has a higher saturation field in.one direction of an
appl i ed nagnefic field,  typically due to its higher coercivity than the
ot her ferromagnetic layer. The*asul ating tunnel Dbarrier layer is thin
enough that - quantum mechani cal tufifel i ng_gccurs between the ferromagnetic
| ayers. Theé tunneling phenonenon is el ectron-spin dependent,

| ayers sg

- 2- rraki..--"'ng the magnetic response of the MIJ a functi:on of the relative
oriehtations and .spin polarizations of the twp ferro neti¢c |ayers.
VTS devi coo WabBo taa maghetisesaonss sl ML fungien §f the Faidie priagiations &ings o

cell . is determ ned by neasuring the
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barrier |ayer depends on the relative al i gnnent of the magnetic noments

(magnet i zat | BEMPTY-cEhe siatg oldhe (k) mgmory °?"e'g PAsteamined by m Bg the,e

HUNel N O tance of #e M1 when 4 serise curent & passed perpendicularly through the
'MTJ from one ferroméghetic layéf to the other.” The probability of tunneling of
charge éaniers across the ingulaﬁng tu'nne_l barrier layer_dependé on the relative
alignment of the mag__netic_ mdmé_nts (maQnet'iz,atiph dimcﬁoﬁs) of the two P

o ferromagqeti_c Iayers.l- The-tdn'neling current is spin polaﬁzed, which lﬁeans that tﬁe :
electriéa! currenf péssing fnom one of the ferromagnetic layers, for é_Xample, a layer
whose magnetic moment is ﬁxed or prevented from rotation, is pre_dominanﬂy
composed of electroné of one _.§pin type (spin up or spin down, depénding on the
orien'_tation of the rﬁagneﬁé momént of the ferromagnetic layer). - The degree of épin
| polarization 6f the tunneli'ng 'ourrenf is determined by the electronic band structure
of mé magnetic matérial comprising the ferromagnetic layer at the interface of the
ferrdmagnetid la;'er with the tunnel barrier layer. The ﬁlst ferromagnetic layer thus
actsasa spin filter. The probability of tunneling éf the charge carriers depends on
the availability of el'ectroﬁié states of the same sb‘m polarization as the spin

o polaffzation of the elébtﬁcal current in the second ferromagnetic layer. . Usually,
wﬁén the mégnetic moment of the second ferromagnetic layer is parallel to the
magnetic moment of the ﬂrst.f_erromagnetic layer, there are more available |

electronic states than when the magnetic moment of the second ferromagnetic

layer is aligned antiparallel to that of the first ferromagnetic tayer. Thus, the
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el ectrical current passing fromone of the ferromagnetic |ayers, for
exanpl e, a layer whose magnetic nonment is fixed or prevented from
rotation, is predomnantly conposed of el ectrons of one spin type (spin up
or spin domn depending on the orientation of the nmagnetic nonment of the
'ferronagnetlc | ayer). The degree of spin polarization of the tunneling
cufrent is determned by the el ectronig-band structiire of the magnetit
_material conprising the ferromagnetic layer at the interface of the

- ferromagnetic layer with the tunnel barder layer. The first ferronagnetic

| ayer t-hus S as filter. )robability of tunneling of the.
charge car H"@P@" Qa'a@@&? the. ﬁ'&a'H?&? isihighest WB?‘&%’B?HQF“&’%&'E%M& t he
_sane spin | ar i zation as olarization of the electrical current
in the sec ﬁ?&% @yﬁﬁﬁ'&rﬁrﬁi‘* %Fg'ﬁ '0‘!&3&‘!'199 the magnetiaeomapisa®c nonment of
t he second ferro netic.layer i arallel to the --magnetic nonent of the :
first ferr® m{g% qmn,is apeam@dMP%nﬁ@"e' Boeantingraliel, $hait es t han
when the nagneti c npnen of the second ferronagnetic | ayer is aligned
anti par al | tinneling waba'a#ltwtﬂlseq qn intermadialenglie: Thus, heelectripalgesistapce of
- 3- tunnel i ng probability of the charge carriers is highest when the
‘magnetic r '? mquMGﬁlthmlhb@thM spin pplarization; of the)electricalingwrenhe
rragnet ic nonents are
and the electronic states in both of the ferromagnetlc layers. As a resuit, the two
possﬂ:le magnetlzahon dlrectlons of the ferromagnetlc layer whose magnetizatlon
: dlrectlon is not fixed umquely deﬁne two possuble bit states (1) or 1 Yof the memory
- cell. -
A megnetofesistive (MR) sensof_ detects lﬁagnetic field signals through the
resistance changes of a sensing element, fabricated of a magnetic material, as a
functioh of the strength and direction of magnetic flux being sensed by the sensing
- element. Conventional MR sensors, such as those used as a MR read heads for
reading data in magnetic recording disk drives, operate on the basis of the
anisotropic magnetoresistive (AMR) effect of the bulk magnetic material, which is
typically permalloy (Nig,Fe,s). A component of the read element resistance varies
as the square of the cosine of the angle between the hagneﬁzation difect_ioh 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 rﬁagnetic medium (the
signal field) causes a change in the direction of magnetization in the read element, |

which in turn causes a change in resistance of the read element and a

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



antiparallel. Wien the nonments are arranged neither parallel nor
antiparallel, the tunneling probability takes an internedi ate val ue. Thus,
the electrical resistance of the MIJ nenory cell depends on both the spin
pol ari zation of the electrical current  and the electronic states in both
of the ferromagnetic |layers. As a result, the two possible. magnetization
directions of the ferromagnetic l.ayerwiose magneti-zation direction is not
fixed uniquely define two possible bit states (O or 1) of the nenory cell.
A nagnetoresistive (MR) sensor detects magnetic field signals through the

resi stance_chan f a rrent fabricated of c material,

as a func'?‘?aéﬁ ig ﬁé%‘?f’@ﬂzﬁﬂ% Qﬁ?%l%ﬁeﬁt'sﬁﬁﬂﬁﬁ@“fﬁﬁ%&% 8§ sensed
by the segfs nvearﬁlonal MR sensors, such as those used as a -
MR read he§® Pet“? Xﬁ" gﬁﬁé? ei8MeBbneti c recording di sk drives, operate
on the basis of_the n| so ropi ¢ magnet oresi stjive (AVR) effect: of the bul k
magnetic mat er i 4€ USKA i' dﬁy'ﬁ?@ﬁ Tamfﬁﬁ'%‘ﬂ?r@ Sepd @)magﬂec‘ﬁrrponent of
t he read el enent resi stance vari es e_of the cosine of the
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direction of sense current through the read el enent. Recorded data can be
read fromM ﬁﬁﬁﬁﬁbﬁ‘ elfmfegemagagﬂqlﬁwdﬂewnw Haﬂﬂe!;l@YeEﬁ'M/@e fixedause the
external magnetic fi eI d fromthe recorded nmagnetic nedium (the signal
field) caseomagpetinigyer ail have telredoes axpsedatheisepsing shrace etfber ead
element, which in turn causes a change in resistance of the read elenent
and a corh%a.ﬂbbﬁdthﬁ;alc-hsamg surfacedA @ét!re@!rrbemngehder@t the HETJ head is -

conventional M read
used in a magnetic recording disk drive. It has been discoveréd that when the MTJ

' head is lapped to form the ABS, it is possible that material from the free and fixed
ferromagnetic layers will .smear at the Aés and short out across the tunnel bamier
layer. In addition, many antiferromagnets ueed fo fix 't_hej magnetic moment of the
fixed ferromagnetic layer oontein manganese (l\tln) which can corrode during the
ABS lapping process. 'The tunnel barrier layer is typiwtly formed of aluminum
oxide, which.can also 'oorrode during the ABS lapping process.
What is needed is an MTJ MR read head for a rhagnetic recording Syetem
that does not suffer from the problems assoclated with having the edges of the MTJ

layers exposed at the sensing surface.

Summary of the invention
The invention is an MTJ MR read head for a magnetic recording systerh
' wherein-the free ferromagnetic layer also acts as a flux guide to direct magnetic flux
from the niagnetic recording medium to the tunhel junction. in a magnetic

recording disk drive embodiment, the fixed ferromagnetic layer has its front edge



-4- heads, in contrast to MIJ devices, the sense current is in a
direction parallel to the ferromagnetic |ayer of the read el enent.

The use of an MIJ device as a magnetoresistive read head for magnetic
-recording has al so been proposed, as described in U S. Patent 5,390,061. In
this * MIJ read head, the free ferromagnetic layer, the tunnel barrier |ayer
and the fixed ferromagnetic |ayer allshave their €dges exposed at the '
sensing surface of the head, i.é., the air-bearing surface (ABS) of the
~air-bearing slider if the MIJ head is - wused in a magnetic recording di sk
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magneti c rgx‘%grrucg ge%o?\%sfﬁee rt’?_ack edge of either the'tunnel barrier layer or the fixed
ferromagnetic _layer.' whichever back edge is closer to the sensing surface. This
assures that the_ magnetic flux is non-zero in the tunnel junction region. " The. _
~ magnetization dirqctidn of tﬁe fixed ferromagnetic !éyer is fixed in-a difectio'n .
- generally p'erpendiculaf fo the ABS and thus to the disk éurfaoe. pfeferab’ly by
( interfacial exchange coupling witﬁ-an ah';iferromagnetib layer; The magneﬁzaﬁon .
direction of the free ferrbmagnetic layer is aligned in a directior_n generally paréllel’ to
the surface of thé ABS in the absence of an applied magnetic field and is freei to
rotate in the presence of applied magnetic fields from the magnetic recording disk.
A layer of high coercivity hard magnetic material adjacenf the sides of the free |
ferromagnetic layer longitudinally_biases the magnetization of thg free
ferromagnetic layer in the preferred direction. | -.
The MTJ MR read head may be formed as part of an integrated read/write
r;ead structure in which there :are électﬁcally oonducting magnetic shields located
on both sides of the MTJ MR read head. The electrical leads for sensing circuitry

are formed on the two sﬁields so that an electrical path is provided from the shields

through the leads to the fixed and free ferromagnetic layers of the tunnel junction.



t hat - does not suffer fromthe problens associated with having the edges of
the MIJ |ayers exposed at the sensing surface.

Summar’y of the Invention " The invention is an MIJ MR read head for a
magnetic recording system wherein the free ferromagnetic |ayer also acts
as a flux guide to direct magnetic flux fromthe nmagnetic recording nmedium
to the tunnel junction. In a magnetic _grecording di sk drive enbodi nent, the
fixed ferromagnetic layer has its front edge recessed from the
ABS while the sensing end of the free ferronagnetic | ayer is exposed at

| ??ﬁﬂf\? e ABS fé%?vpa?ﬂ%‘@f&stﬁ% 4 Pfibe ABk s Rig sl ae ?%%f:éé Brednt," Cont act
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barrier Iay }}ﬁ fixed ferror%anetlc | ayer, whichever back edge is
closer to tR 8h‘§ H'WHP@ Vi ssures” that the magnetic flux is

non-zero in the tunnel junction region. The magnetization direction of the
fixed ferromagnetic layer is fixed in-a direction

Brief D it f the Drawi
Fig. 1 is a simplified block diagram of a'oonventionallmaghetic recording disk
drive for use with the recessed MTJ MR read head according to the present ._ :_-
invention. _ | _ L
Fig. 2isa top wew of the disk drive of Flg 1 WIth the cover removed
Flg 3 is a vertical cross-section of a conventlonal lntegrated mduct:ve write
head/MR read head with the MR read head located between shields.and adjacent
to the inddctive write head for the purpose of illuetrating; where the MTJ MR read
“head of the present invention would be located. '. |
Fig. 4 is e cross_-sectioh view tak'en._thno.ugh the tunnel junction of the MTJ
MR read head of the present invention and illustrates the .perpendicula'r direction of
current flow through the tunnel junction. | _
Fig. ‘5 is a sectional view of the_ recessed MTJ MR read head illustrafing the
location of the various layers relative to the sensing end of the head
Figs. 6A-6N illustrate steps in the fabrication of the recessed MTJ MR read
head of the present lnventlon
Fig. 7 is a view of the sensing surface illustreting the sensing ferromagnetic

layer front edge and the edges of the longitudinal biasing ferromagnetic Iayers§



general ly perpendicular to the ABS and thus to the disk surface, preferably
by interfacial exchange coupling with an antiferromagnetic |ayer. The
rmagnetization direction of the free ferromagnetic.layer is aligned in a .
direction generally parallel to the surface of the ABS in the absence of
~an applied magnetic field and is free to rotate in the presence of applied
magnetic fields fromthe magnetic recgrding disk. A layer of high
coercivity hard magnetic material adjacent the sides of the free.
ferromagnetic | ayer Iongltudlnally bi ases the magnetization of the free
ferromagnetic layer in the or-f- red dLrec : . The MIJ MR read
head may be forned as par t263RHGHVEREHRHAN ALINELANUE {e head structure in
which there are electrically conductlng nagnetlc shi el ds | ocat ed on both
sides of tREOMME NR tead head. The electrlcal | eads for sensing circuitry
are fornmed on the two shiel ds sglthat an ectrlcal rvi ded from

the shields tiRefeaing firstdo Fig, 4 these jsjllustrated jn sagtiqnal e\"@r% GO 8 | ayers

of the tunnel junctian. - 6~

For a ful | prorgrtdisk deyriefihe dypra yinga MR §e'§?& E%Qﬁké’&&% °B'F'pf'?f’es Br esent

invention, reference should be made to the follo det ai | ed
t aken base 10 to which are secured a disk drive motor 12 and an ctua%or|14 angle_sc_r 'ption

cover 11. The base 10 and cover 11. provide a substant|ally~ sealed housmg for the
disk drive. Typtcally, there i ls a gasket 13 Iooated between base 10 and oover 11 |
" and a-small breather port (not shown) for equallzmg pressure between the interior
of t_he disk drive and the outside environment. A magnetlc recording disk 16 is
connected to drive motor _12 by tnesns of hub 18:.t'o Whicl'_i 'if-is:stteched for rotation -
by the drive motor 12. A thin Iubncant film 50 is maintained on the surface of |
disk 16. A read/write head or trainsducer 25 is formed on the trailing end of a
carrier, such as an -air-bearinp slider 20. Transducer 25 is a read/write head .
comprising an inductive write head po__rtion and a MR read head portion, as will be
described with respect to Fig. 3. The slider 20 is connected to the actuator 14 by -
means of arigdarm22 and a suspension 24. The suspension 24 provides a
biasing force which uroes the slider 20 onto the surface of the recording disk 16.
During operation of the disk drive, the drive moter 12 rotates the disk 16 at a
constant speed, and the actuator 14, which is typically a linear or rotary voice coil
tnotor (VCM), moves the 'slider 20 generally radially across the surface of the
disk 16 so that the read/write head 25 may access different data tracks on disk 16.
Flg 2 is a top view of the mtenor of the disk drive with the cover 11 removed,

and |llustrates in better detail the suspension 24 whlch provides a force to the



together with the acconpanyi ng figures. Bri ef

.Descr[pti'on of the Drawing Fig. | is a sinplified block di agram of
a conventional magnetic recording disk drive for use with the recessed MIJ
MR read head according to the present . invention. Fig. 2is atop
view'of the disk drive of Fig. I with the cover renoved. Fig. 3is

a vertical cross-section of a conventignal integrated inductive wite
head/ MR read head with the MR read head | ocated between shiel ds-and :
adjacent to the inductive wite head for the purpose of illustrating where
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data readback signal by sign'al ampllﬁeatuon and processmg circuitry in the

mtegrated clrcult chlp 15 Iocated on arm 22 The sngnals from transducer 25 travel

~via fex cable 17 to chip 15 whlch sends |ts output slgnals to the disk drive
electromcs (not shown) via cable 19."
Flg 3isa cross-secttonal schematic view of the integrated read/write

head 25 whlch includes a MR read head portion and an mductlve write head

portion. The-head 25 is lapped to form an air-bearing surface (ABS), the ABS

being spaced from the surface of the mtaﬁng disk 16 (Fig. 1) by the eir bearing as

discussed above. The read head includes a MR sensof 40 sandwiched between

first and second gap layers G1 and G2 which are, in tum, sandvﬁiched between first

and second magnetic shield layersfs1 ahd $2. in a conventional disk drive, the MR -

sensor 40 is an AMR sensor. The Write head includes a coil layer C and insulation

layer 12 which are sandchhed between insulation Ieyers 11 and I3 which are, in

turn, sandwiched between ﬁret and second pole pieces P1 and P2. A gap layer G3

ie .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 ihto the first and second pole

layers P1, P2 causing flux to fringe across the pole tips at the ABS. This flux



Det ai | ed Description of the Invention 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 conprises a base
10 to which are secured a disk drive nptor 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 _gs a gasket 13 | ocated between base
10 and cover 11 and a small breather port (not shown) for equalizing
pressure between the interior of the di'sk drive and the outside
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~  drive electronics and converted into user data; The combined head 25 shown in
_ Flg 3 is a’ merged" head in which the second shield layer S2 of the read head is
employed as a first pole ‘piece P1 for the write head.- Ina plggyback head (not
. shown), the second shield layer 82 and the first .pole piece P1 are eeparate layers.
', The above descrip’tion ofa typic'ai magnetic recording disk'drive with an
AMR read head, and the accompanying Figs. 1-3, are for representation purposes
only. Disk drives may contain a large numher of disks and actuators, and each
actuator may sdpporta number of sliders. In addition, instead of an 'a.ir-'hearing .
slider. .the head carrier may be one which maintainé the head in contact or near
contact with the disk, such as in liquid bearing and other contact and near-contact

recording disk d'rives_.

. .
The present invention is a MR read head with an MTJ sensor for use in place
ot the MR sensor 40 in the read/write head 25 of Fig. 3.
Fig. 4 is a section view of the MTJ MR read head of the present invention as
it would appear if taken throogh a plane whose edge is shown as line 42 in Fig. 3

and viewed from the disk surface. Thus the paper of Fig. 4 is a plane parallel to the



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 linear or
rotary voice coil nmotor (VCM, noves the slider 20 generally radially
across the surface of the disk 16 so that the read/wite head 25 may
access different data tracks on disk 16. ' Fig. 2 is a top view of
the interior of -the disk drive with thg%COVer 11 renoved, and il]ustrates

in better detail the suspension 24 whi ¢ _provi des a force to the:

~slider 20 to urge it toward the disk 16. The suspension may be a :
suspensi on ABS AL tprasERRATNY the iie S3sing rotiom 6. FELURRR IGhGiAR. oby
he sl der HMIIRER rasshhead fo Eyepiing et Bat wake Up e Bl ng. The data
et e o kg R ot ELURC oo Read BB e e .
25 ¢ ravel | o SheAp lavar ST SUBHERS. 0 ogiien eed e baw gap e SEnal < o
the -di sk rair'l\cll(%he ﬂT?!C‘lt Oroofrc])imcugd (ag %tséé‘koé“ﬁ _ye\éis getgﬂaete)ln eelelc%rical leads 102, 104.
x 'The. MTJ 100 includes a first electrode multilayer stack 110, an insulating
tunnel barﬁér layer 120, and a top electrode stack 130. Each of tﬁe electfodgs :
includes a fer'ror.hagneti.c 'la_yler in direct contact with tunnel barrier I'ajéf 120, ie.,
ferromagnetic-layers 118 and 132.- | _ |
' T_he_-béée electrode layer stack 110 formed on efectrical- lead 102 inclﬁdes a
seed or “template” layer 112 on the lead 102, a layer of antiferromagnetic |
material 116 on the template layer 112, and a “fixed" férromégnetic layer 118
formed on and el);ohange coupled with the undérlying antiferromagnetic layer 116.
~ The ferromagnetic layer 118 is callgd the fixed layer because its magneti¢ moment
or magnetization direction is pre\)ented from rotation in the presence of applied
magnetic fields in the desired range of interest. The top electrode stack 1.30
includes a “free” or “sensing” ferromagnetic layer 132 and a prdtective or ca'p_ping
layer 134 formed on the éensing layer 132. The sensing ferromagnetic layer 132is
not exchange coupled fo an antiferromagnetic layer, and its magnetization direction
ié -thus free to rotate in the presence of applied magnetic fields in thé range of
interesf. The sensing fenomagnetic layer 132 ié fabricated so as to have its -

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

generslly parallel to the ABS (the ABS isa plane paralle! to the paper in Fig. 4) and



Fig. 3 is a cross-sectional schematic view of the integrated read/wite
head 25 which includes a MR read head portion and an inductive wite head
portion. The head 25 is | apped to forman air-bearing surface (ABS), the
ABS being spaced fromthe surface of .the rotating disk 16 (Fig. 1) by the
air bearing as discussed above. The read head includes a MR sensor 40
_sandwi ched between first and second gap layers GL and & which are, in -
turn, sandwi ched between first and second magnetic shield |ayers Sl and
S2. In a conventional disk drive the MR -sensor 40 is an AMR sensor. The
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Jtac(im 10. uﬁ\el rrr]aa(g)nettzat(on dlrectlon of the fixed ferromagnetic layer 118 is
. oriented generally perpendicular-to the ABS, i.e., otit of or into the paper in Flg. 4
(as shown by arrow 1':ail 119). - . | |
o --AljsoshewnvinFig; 4is a.biaSihg--ferromagnétic-l'ayer.150. for longitudinally
biasiﬁg the magnetization of thee-'senéing- ferro_magneti_c layer 132, andan insulating
layer 160 separating and isolating the biasing layer 150 from the sensing
ferromagnetié layer 132 and the other Iay_eré of ihe MTJ 100. The biasing
ferromagnetic layer 150 is a hard magnetic mate.rial. such és a CoPt_Cr alloy, that :
has its magnetic moment (shown by arrow 151.) aligned in the same diréction as the
| magnetic moment 133 6f the sensing ferromagnetic Iéyer 132 in the absence of an
. applied magnetic field. The insulating Iayef 160, which is preferably alumina (Al'203)
or silica (SiO,), has a thiclgness sufficient to electrically isolate the biasing
ferromagnetic Iayer\1 50 from the MTJ 100 and the electrical leads 102, 104, but is
still thin enough to permit m_'agnetbstatic coupling (shown by dashed arrow 153)
With the sensiﬁé ferromagnetic layer 132. The product M*t (where M is the
magnetié moment per uhit area of the material in the ferromagnetic layer and t is
the th.ickness 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



sensor 40'of'.the read head, causi ng, resi stance changes in the MR sensor

40. These resi stance changes are detected by detecting voltage changes
across the MR sensor 40. The vol tage changes are processed by the chip
15 (Fig. 2) and drive el ectronics and converted into user data. The

conbi hed head 25 shown in Fig. 3 is a "nerged" head in which the second
shi-eld layer S2 of the read head is epployed as a first pole piece Pl for

the wite head. In a piggyback head (not shown), the second shield

| ayer S2 and the first pole piece Pl are separ ate layers. The above
description of a typical manet.lc recording di sk dri.v AMR read
head, and a3sérestabledangiudin P§§'“91 Sincefpg ﬁ%%&?@ﬁ?ﬁ@k@m p‘ﬁ’f’poses

di sks . and act
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MIJ MR read head of the present invention as it woul d appear if taken

t hrough a @f thesensing fererprgneli céavem?%s line 42 in Fig. 3 and vi ewed

fromthe disk surface. Thus the-paper of Fi 4 is aglane B,arallel to the
) A sense current | is dir from first electrical lea d 102 perpendicularly

through the ahtiferiomagneﬁc |ayér 116, fhe ﬁxed fenomagneuc layer 118, the -
tunnel! barrier Iayef- 120, and the'sensing' ferromagnetic layer 1 32 and then out
through the seeond electrical lead 104. As described previously, the amount of
tunneling current through the tunnel ba.rrier layer 120 is a function of the relative
onentatlons of the magne’uzatlons of the ﬁxed and sensing ferromagnetlc
- layers 118, 132 that are adjacent to and in contact with the tunnel barrier layer 120.
The magnetlc field from the recorded data causes th_e,magnetnzatton direction of
sensin_g ferromagnetic'layer- 132 to rotate away from the direction 133. i.e., either
| into or out of the paeer of Fig. 4. This changes the relative orientation of the
magnetie moments of the ferromagnetic layers 118, 132 and thus the amount of
tunneling current, which is reflected as a change i_ri electrical resistance of the
MTJ 100. This change in resistance is defected by the disk drive electronics and
_ péet':essed into data read back from the disk. The sense current is prevented from
rreaching the biasing ferromagnetic Iayer' 150 by the eleetrical insulating layer.160,
which also insulates the biasing ferromagﬁeti'c layer 150 from the electrical

leads 102, 104.



-10- ABS and through substantially the active sensing region, i.e., the
yunneL junction, of the MIJ MR read head to reveal the |ayers that make up
t'he head. Referring to Fig. 4, the MIJ MR read head includes an
electrical lead 102 fornmed on the gap.|ayer Gl substrate, an electrical

| ead 104 below gap |ayer &2, and the MIJ 100 forned as a stack of |ayers
bet ween el ectrical |eads 102, 104..  _13- The MIJ 100 includes a first

el ectrode nultilayer stack 110, an insulating tunnel barrier |ayer 120,
and a top eleetrode stack 130. Each of the electrodes includes a -

| ?110 ﬁrgmdi ? :”?%Zeé’tr%sef *vlrs?f%‘ of Btéifis *32 Wﬁégﬁfg-ﬁgﬁfﬁé o fdyﬂ’fgy te E'l;
on i TSR R 10 PO T s R B vt
Fg;glr egl\ém' ?ZP ﬂ?ﬁﬂ&gﬁ%ﬁﬁg?ﬁ? Z?g‘?r%ﬁﬁﬁét i 9 I}'gax%'re {Iﬁ@ s %_e,riéigr Fomagnet i c.
e 110 Ry Sl B o SRR RIS 4 PR B,
appl i ed is first formed on a 10-50 nm Au layer that serves as the 'electr'i_cal lead 102. The

seed Iéyer is comptised of a material which encouréges the (111) growth of the

face-centered cubic (_f_oé) Nig,Fe,, template layer 112. The terﬁplate_ferromagneti_e .

layer 112 encourages the glowth of the antiferromagnetic layer 116. Suitable seed
- -fayer-materials include fcc metals, such as Cu, aswellas Taora combiﬁatioh of

: Iayers', such as 3-5-nm Ta/3-5 nm Cu. . The MTJ -base'elégtrode stack 110

qomprises a stack of 4 nm Ni;,Fe/10 nm Fengnsols nm NigFe, (Iayefs 112,

116, 118, resbectively) grown on the Ta seed layer on the 10-20 nm Au Iaygr 102.

The Au lead layer 102 is formed on the alumina gaé material G1 that serves as the

substrate. Next, the tunnel barrfer layer 120 is formed by depoSitihg and then

plaéma oxidizing a 0.5-2 nm Al layer. This créates the AL O, insulating tunnel

barrier layer 120. The top electrode stack 130 isa5nm Ni-Fe/10 nm Ta stack '

(ilayers 132, 134, fespectively). The Ta layer 134 serves as a protectiVe ¢apping

layer. The top electrode stack 130 is 66nwcted by 220 nm Au' layer that serves as

the electrical lead 104.

.. 'Note that since the current passes perpendicular to the layers in MTJ 100,
the resistance of the MTJ device will be largely dominated by that of the tunnel

barriér 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



magnetic fields in the desired range of interest. The-top el ectrode stack
130 includes a "free" or "sensing ferromagnetic |ayer 132 and a protective
or capping |ayer 134 fornmed on the sensing |ayer 132. The sensing
ferromagnetic |layer 132 is not exchange coupled to an antiferromagnetic

| ayer, and its magnhetization direction is thus free to rotate in the
presence of applied magnetic fields injghe range of interest. The sensing
ferromagnetic |ayer 132 is fabricated so as to have its magnetic nonment or
magneti zation direction (shown by arrow 133) oriented generally parallel

to the ABS e Egnﬁﬁ }N% Hhrdl éﬁ%ﬁh@%ﬁé&e&h Qtﬁé‘ feall8HE2, 104 nthe ﬁ%%:dé‘”d
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stack 110 gnetization direction of the fixed ferromagnetic | ayer 118
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and that the ALLO, tunne! barrier layer 120 be free of plnholes whlch would
| electrically short the junction. For example, growth by _sp_uttenng techn_lques knbw"n
to produce good giant magnétoresist'é_noé effects in metallié.m_ultilayer stacks ié .
- sufficient. - | |
- An altemative sensing- ferromagnetlc layer 132 may be oompnsed ofa thin
Coor Co(mMFe(x, or Ntmo,,‘,Fe (xis. approxmately 60) layer at the mterface
between the sensing ferromagnetic layer 132 and the tunnel bamer layer 120, \‘Nith
the bulk of layer 132 being a low mé;gnetos_iriétiqn_ material, such as NigqqyFe, (X IS
apbroximately 19). The net magnetostriction of th_is type of sensing layer with a thin |
~ Co or Coygonfey dr Nigoo9F ey (X is appfoximately 60) interface layer is arranged to
have a value close to zero_by slight va_n'ations of the composition of the bulk of
layer 132. An altemnative fixed ferromagnetic -layer 1;8 may be oomp_n‘sed largely of
a bulk Nige0.yFey iayer with a thin layer of a Co or Coygg.4F€, or NiggogFe, (X is
approximately 60) layer at the interface with the tunnel barrier layer 120. The |
Iérgest signal is obtained with Co or with the highest polarization Ni(,oo,x,Fex‘ (x is
approximately 60.) or COyg0.qF €4 alloy (x is approximately 70). The intelffa_ce 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'. If the bulk of



Al so shown in Fig. 4 is a biasing ferromagnetic |ayer 150 for -

| ongi tudinally biasing the nmagnetization of the sensing ferromagnetic
I'ayer 132, and an insulating |ayer 160 separating and isolating the

bi asi ng Iayer 150 fromthe sensing ferromagnetic |ayer 132 and the other
| ayers of the MIJ 100. The biasing ferromagnetic |ayer 150 is a hard
magnetic material, such as a CoPtCr allgy, that has its nmagnetic nonent
(shown by arrow 151) aligned in the sane direction as the nagnetic nonent
133 of the Sensing ferronagnetic Iayer 132 in the absence of an applied

tic f I [ I s preferably.alun na
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el ectri calhh)é: isolate the %}g;lsl ng ferromagnetic layer 150 fromthe MIJ 100
and the elNidi&Hasgerd magne 984, but is still thin enough to pernmit
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than that of the Al O, barrier layer 120 in addiﬁon . while in the preferre'd
embodlment the fixed fenomagnetlc Iayer hasits magnetlc moment ﬁxed by
interfacial exchange coupling with an antlfelmmagnetlc Iayer, the ﬁxed
- -ferromagnetic: layer may be formed of a: magneﬁcally “hard" ‘high coencwlty matenal .
- thereby avoiding the need for an: antlfemomagnetlc Iayer The hard ﬁxed
ferromagnetic layer may thus be formed from a variety of ferromagnetlc matedals. '
such as alleys ef Co and one or rhdre other elements, incliljding Co-Pt-Cr-alloys, -'
Coer;Ta alioys, Co-Cr alloye; Co-Sm alloys; Co-Re alloys, Co-Ru alloys, and-
Co-Ni-X alloys (X = Pt, Pd, or Cr), as well as a variety of quaternary alloys, such as
Co-Ni-Cr-Ptand Co-Pt-Cr-8. | -

While the MTJ de\l(ice_ described and shown in Fig. 4 has the fixed
ferromagnetic layer on the bottom of MTJ 100, the device can also be formed by
depositing the sensing ferromagnetic layer first, followed by the tunnel barrier layer,
the ﬁxed'ferromagnetic layer, and the antiferromagnetic layer. Such an MTJ device
wduld then have the layefs essentially inverted from the MTJ 100 shown in Fig. 4.

| Referring now to Fig. 5, the recessed MTJ MR head of the present invention
is illustrated in a section view perpendicular to the view of Fig. 4 and with the

sensing surface 200 or ABS to the right. For ease of explanation, the biasing



assure stabl e | ongitudinal biasing. Since the magnetic nonent of
Ni[err]Fe[err] (x being approximately 19) that is typically used in the
sensing ferromagnetic |layer 132 is about tw ce that of the magnetic nonent
of a typical hard magnetic material suitable for the biasing ferronmagnetic
| ayer 150, such as Co[err]Pt[err]Cr[err], the thickness of the biasing
ferromagnetic layer 150 is at |east apjpgoximately twi ce that of the
sensing ferromagnetic | ayer 132. A sense current | is directed from
first electrical lead 102 perpendicularly through the antiferromagnetic
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_is essentially coplanar with front edge .206 of the ﬁxed ferromagneﬁci Iaye;r 118, "a.nd
a'back edge 212. The lead 102is formed on the_'G1 gap layer and the G2 gap |
. layer separates the lead 104 from rﬁagnéﬁc shield $2. The material 6f G1and G2
and in the region between édges 262. 2@6 and sensing surface 200 is an ‘
eléctn'cally insulating material, preferably alumina. The seﬁsing surfacé 200 or ABS
may ha\}e a protective 6vercoat formed on it, such as a thin léyer of amorphous
diamond-like carbon, as is known in the art to protect the head during contact with
the disk.. | _
A recessed MR sehsor. such as the MTJ MR read head shown in Fig. 5,
that uses a flux guide to direct the magnetic signal to the active sensing region will
have a reduced sensitivity because the incident flux leaks to the magnetic shields
pﬁof to ;eaching the active sensing region. This leakage -is determined by thé
shield gap width g, and the permeability é_nd thickness t of the free fer_rdmagnetic

layer that also serves as a flux guide in the present invention. The magnetic flux



whi ch al so insul ates the biasing ferromagnetic |ayer 150 from'the

el ectrical |eads 102, 104. i A representative set of
rmaterials for MIJ 100 (Fig. 4) will now be described. Al of the layers of
the MIJ 100 are grown in the presence of a magnetic field applied parallel
to the surface of the substrate. The magnetic field serves to orient the
easy axis of all of the ferronmagnetic_{ayers. A5 nm Ta seed |ayer (not
shown) is first forned on a 10-50 nm Au | ayer that serves as .the

el ectrical lead 102. The seed layer is conprised of a material which

encour ages, t he 11), growth _of the caentered cubic (fcc s
N Lor | e fiebmpe wilya pafiaciaatis length ot (S BIE: Ty Bloat earhmwiagh N 45 ol 112
encourages the growh of the antiferromagnetic |ayer 116. Suitable seed
| ayer nat 8ensarare ge20Qam.de5mmand p<i009. dhisoesulisinadecaydengthef a
conbi nation of |layers, such as 3-5 nm Ta/3-5 nm Cu. The MIJ base el ectrode
st ack 110 0.Zwvigron.sEer aisensot wheie thenactive [sensihd-edgior is/rétessed BGSmidrdh| err] /'8
nmNi[err]Fe[err] (layers 112, 116, 118, respectively) grown on the Ta
seed | ayeffroontheABS, Gppooximately 60%af thdincidetfiuxids availabld atthe atthe i s f or med
on the alum na gap material Gl that serves as the substrate. Next,-the
tunnel barsensing regian. Tags the typicalvaiues of ARR iof 20% fand MTilesensor would be

reduced to approximately 12% in the recessed MTJ MR read head of the present

invention. _ |

In the preferred embodiment as shown in Fig. 5, only the frée ferromagnetic

layer 132 and lead 104 aré'éipo_sed'.ét' the ABS 200.' The location of the front

edge 206 of the fixed ferromagnetic layer 1 18 so as to be recessed from the

ABS 200 prevents any shorting of the MTJ sensor that may occur when the head is

lapped at the ABS 200. In addition, because the tunnel barrier oxide layer 120 and

the antifenomagnétic layer 116 that may be used to pin the magnetic moment of

thé fixed ferromagnétic layer 118 are also recessed from the ABS 200, these layers |

are not exposed and thus are less likely to experience corrosion.

Another advantage of the recessed MTJ MR head with the free

ferromagnetic layer 132 as a flux guide is that the tunnel junction, which is the

active sensing region of the MTJ .MR head, can be larger than it otherwise would be

if it were located at the ABS. This is because the free ferromagnetic layer 132 flux

guide can be tapered in width towards the ABS so that its width at the ABS is less

than its width at the region where it is in contact with the tunnel barrier layer 210.

Thus the tunnel junction (the width of tunnel barrier layer 210) can be wider than



plasma oxiding a 0.5-2 nmAl layer. This creates the Al[err]O[err]
insulating tunnel barrier layer 120. The top electrode stack 130 is a 5 nm
Ni -Fe/10 nm Ta stack (layers 132, 134, respectively). The Ta |l ayer 134
serves as a protective capping layer. The top electrode stack 130 is
contacted by a 20 nm Au | ayer that serves as the electrical |ead 104.

Not e that since the current passes perpendicular to the layers in MIJ 100,
the resistance of the MIJ device will ’E%‘ | argely dom nated by that of the

t unnel barrier layer 120. Thus, the resistance per unit area of the
conduct i I ' i - i
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In the preferred en'_lbodiment. as shown in Fig. 5, the free ferromagnetic layer
flux Quide 132 has its back edge 203 located beyond the back edge of the tunnel
junction, i.e., the back edges-208 and 212 of the fixed ferromagnetic layer 118-and
-tunnel barrier fayer 120, respeetively.- itis advantageous to have the flux guide- |
extend bast the fixed femmagneﬁc Iayer'back edge 208 and 'tl..mnel- barriel; layer
back edge 212 because the magnetic flux propagating in a shielded flux guide
decays to zero at the back edge ef the guide. Thua in the recessed MTJ MR read
head of the present invention where the back edge 203 of the free fenomagnetic
layer 132 extenda beyond the back edges 208, 212 of the fixed ferromagnetic
layer 118 and the tunnel barrier layer 120, respectively, the flux at the back edge of
the tunnel barrier layer 120 and the fixed ferromagnetic layer 118 will have a ﬁnite
value. The average flux in the free ferromagnetic layer in the active sensing region,
i.e. the tunnel junction area, will therefore be greater than if the back edge of the
free ferromagnetic layer was coincident with the back edgee of the fixed
| feﬁomagnetie layer and fhe tunnel banier layer. This allows for a greater signal in
the active sensing region because the fiux decays'to zero at a point beyond the
active sensing region. Beeause current ﬂowe perpendieular to the tunnel junction

and thus to the portion of the flux guide that forms part of the tunnel junction, no



electrically short the junction. For exanple, growh by sputtering

t echni ques known to produce ‘good gi ant magnetoresistance effects in _
netallic nultilayer stacks is sufficient. An alternative sensing
ferromagnetic layer 132 may be conprised of a thin Co or Co[err]Fe[err] or
Ni ([err])Fe[err] (x. is approximately 60) layer at the interface between
the sensing ferromagnetic layer 132 andgthe tunnel barrier layer 120, with
the bul k of layer 132 being a | ow nagnetostriction material, such as
Ni[err]Fe[err] (x is approximately 19). The net magnetostriction of this
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| ayer is arranged to be close-to zero b& smal |, variations of the
conposi t i Oﬁgrque%qqethgg whichever of back edges 212, 208 is closerto the sensing

surfédé_ _206. This is because the -current flow perpendicular through the tunnel |

- barrier layer 210 is defined 'I;y-whichéver back edge 212, 208 is closer to the
sensing surface 200. Thus the béck édge 203 of the s'ehsindferromagnetic- '
Iayer 132is ldcated fafther than the back edge 212 of the tunnel barrier layer 210 if
the back edge 212 ié closer to the -senéing surface 200 than the back edge 208 of

. the fixed ferromagnetic layer 118. Similarly, the back edge 203 of the sensiﬁg
ferromagnétic layer 132 is logated farther than thé back edge 208 of the fixed
ferromagnetic layer 118 if the back edge 208 is c!ose!' to the sensing surface 200
than the back edge 212 of the tunnel barrier layer 210.

While in the preferred ..emb"ocﬁmer-nt shown and described with respect to

Fig. 5, the tunnel bam’ey Iayel_' 120 has its front edge recessed and preferably
coplanar with the front edge of the fixed ferromagnetic layer 132, it is possible in the
ﬁresent invéntion to have the front edge of the tunnel barrier layer exposed at the
AéS and essentially ooplénar with the front edge of thé free ferromagnetic layer.
Also, while the first lead 102 is showﬁ as having its back edge extending beyond

the back edges of the anfiferromagnetic layer 116 and fixed ferromagnetic



| ayer 118 is Ni-Fe, then the conposition is Ni[err]Fe[err], the conposition
for which bulk N -Fe has zero nagnetostriction. The Fe- M
antiferromagnetic |ayer 116-may be replaced with a Ni-M1 | ayer or other
suitable antiferromagnetic | ayer which exchange biases the ferromagnetic
material in the fixed |ayer 118 and which has a resistance which is
substantially less than that of the AlJerr]Jerr] barrier layer 120. In
addition, while in the preferred enboefhent. the fixed ferronmagnetic |ayer
has its magnetic nonent fixed by interfacial exchange coupling with an

antiferr OflagéreitﬂaCtHeﬁ\‘)f@tr lehd tdy R itsliRick iyRe BEbstantiafty eoplarar with thesered of a
magnet.ical [y - "hard" high coefcivity material, thereby avoiding the need

for an ant{ggromagnetic |ayer. The hard fi xed ferromagnetic | ayer may
thus be formmed froma variety of ferromagrietic materials, such as alloys

of Co and one ¢ aﬁ‘éiténﬁftﬁébnﬁioarméﬁﬁhe *sﬁlfdtfath Bito Whidki thEiratlléary 02 isCo- O - Ta
all oys, Co-Cr alloys, Co-Sm alloys, Co-R |.oys, Co-Ru alloys, "and

Co-Ni - X al ioﬂ%éd (s>ihe ﬁ%‘t méDg#reue ﬁhﬁa $1 aﬁdm& Jseo%’ﬁd ihég’ifewhuieldfsmls&bﬁﬁ@d y

al I oys, suc Wil e the MIJ device

descri bed ?}Hmes%%&ﬁdhedﬁidl ﬁ&aﬁelhlélsﬂémafe%ﬁﬁé%mﬁwau@%wmn the

bott om of device can also be formed by depositing the sensing

_ferromgne{:w raﬁa &g elet anwm& elnttfﬁ%f‘ﬂbohﬁﬁédt% dlétfigally the fixed

ferromagnet | rromagnetic | ayer. Such an MIJ device

o e henoé}ﬂm‘émwath WS pFoVias] rtbigh heGRicidS1 i At ioad 1bB) 100 shown in
perpendicularly through the tunnel junctlon to the s_eoond\_lead_ 10-:1 and the second.
shield éz.’ This e.mbodimer-it' eliminates the need .for insulative gap layers G1, G2,
although insulative material is stilll required at the front and back of thé .tuhnel

junction, as shown in Fig. 5.

Refemng to F|g 6, the process for forming the reoessed MTJ MR read head .
will be described. Two Ilthographlc patteming steps are required. One defines the
recessed fixed ferromagnetic layer 118 and one defines the free ferromagnetic
layer 132. The MTJ MR rgad head is fabricated on a layer of insulator, typically the
alumina_G1 layer, as shown in Fig. 5, but can also be fabricate& directly 6n 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 fe.rromagnetic\layer 118,and a
| material, sqch as aluminum, that will ultjmate_ly be oxidized to form the tunnel |

barrier layer 120. The lead material can be,'_a variety of conducting materials, such



Referring nowto Fig. 5 the recessed MIJ MR head of the present invention

is .illustrated in a section view perpendicular to the view of Fig. 4 and
wth the sensing surface 200 or ABS to the right. For ease of explanation,
t he bi-asing ferromagnetic layer 150 is not shown and in the MIJ

100 only the ferromagnetic |ayers, the antiferromagnetic |ayer and the
tunnel barrier layer are shown. The sgnsing ferromagnetic |ayer 132 has a
sensing edge 202 that is substantially coplanar with the sensing surface
200 or ABS and a back edge 203. The fixed ferromagnetic |layer 118 has a

front edge,2pb Al{‘(lét?, A, WSt 4 f/PidalhickRBSY iRdhe Ritigbt 208 @s001A, a back .

edge 208. The an erromagnet.ic | ayer 116 has edges “contiguous wth the

edges of tfig %@&%@%ﬁéﬁ&ﬁ%ﬁh% Gt selediod R o V4RBR) of Wdlikridlun | ayer 120

has a front e hat 1's al so reces rom sensing surface 200 and is
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surface z%n{zﬁiaaﬂetic layer 118 is preferably a Ni-Fe alloy or a bilayer of Ni-Fe alloy and a
thin ﬁll;n of Co. Typical thicknesses for the Ni-Fe alloy Iayer' are 20 to 100 A and
typical thicknesses for the Co I'aYer are2to 26 A. The thickness of the alumi_r’wm
for the turinel barrier oxide Iayér 120 is typicaliy in th_e_ rangé of 5t0 20 A.
After deposition of these layérs, %ich |s ﬁsually either by ion beam
- deposition or RF or DC magnetron Sputtéﬁng. the layers are patterned _usiﬁg
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 118, fixed fe.rromagneti'c
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.
| After the ion milling step of Fig. 6C a layer of insulator 232, -typicall)} alumina or
Si0,, is deposited by ion beam or RF sputtering to seal the edges of the pattem,
after which thé resist layér 230 is lifted off, reéulti_ng in the structure sho.wn. in
- Figs. 6E-6F. There are two important features defined in this first lithographic
péttéming step. First, the “héight" of the fixed ferromagnetic IaYer 118, li.e.. the
distance between front edge 206 and back edge 208, is formed. Sec'c')nd_, the f_ront
. edge 206 of the fixed ferromagnetic layer 118, i.e., the edge clo's;ast to the ABS, is

set as a reference point. In the subsequent fabrication process, this reference



electrically insulating material, preferably alum na. The sensing surface
200 or ABS may have a protective overcoat forned on it, such as a thin
I'ayer of anorphous dianond-like carbon, as is known in the art- to protect

the head during contact with the disk. A recessed MR sensor, such
as the MIJ MR read head shown in Fig. 5, .that uses.a flux guide to direct
the magnetic signal to the active sensppg region will have a reduced -

sensitivity because the incident flux |leaks to the nmagnetic shields prior
to reaching the active 'sensing region. This | eakage is determ ned by the.

shi el d gaRdye®oB iPusedd ditidafly S613Ré rddes Rtdrce #oth theiAHS@Aen thef the free

ferromagnetic |ayer that also serves as a flux guide in the present

i nventi on.4glie ig&g?g@ ks frbinthe ABS. decays with a characteristic
length of ([err]tg/2)[err]. Typical parameters for a 5 Goit/in[err] sensor

are g=200 nm iafter paRtinglts forhTiHeQftrucilite of FigS. BE-6F ) the alutin@m inwmath of 0.7
m cron. For -a sensor where the active sensing region is recessed 0.35

mcron fraiibbbsméte tuﬁﬁarﬁﬁfﬁ&ﬂ%gérﬁﬁ}%ﬂsnﬁ&idii&d &%toprei\w tessaneai | abl e

at the active sensing region. us the typical values o R of 20%for a

MIJ sensororipginirdifand SW dbRSBPGIZBVWEbY30-840 bécdnds. TRRIBRRSIHT) MR

read head of the presen
insulating tunnel barrier layer 120 of alumina.

Next, as shown in Figé. 6G-6H, the free ferromagnetic layer 132 and 'fhe
_ lead layer 104 ére deposited. Thé free ferromagnetic téyer 132 is typically a Ni-Fe
alloy or a bilayer of Co and a Ni-Fe alloy, with a thicknesé from 10 t0 200 A forthe -
Ni-Fe alloy and a thickhess of 210 20 A for the Co. The lead 104 is formed of
similar materials and thicknesses as described for the I.ead 102. |
After deposition of layers 132, 104, which are done by either ion beam:
deposition or RF or DC rﬁagnetron spﬁttering, the free ferromagnetic layer 132 a_nd'
.Iead layer 104 are patterned using resist 240 to define the desired shape, as shown
in Figs. 61-6J. The resist layer 24_0 is typically a bilayer resist with an undercut. lon
milling then removes material not protected by resfst_ 240;as shown in Figs. 6K-6L.
After the ion milling step of Flg 6K a layer of insulator 242, typically alumina or
SiO,, is deposited by ion béam- or RF sputtering to seal the edges of the pattern,
after which the. resist layer 240 is Ilfted off, resulting in the structure shown in
Flgs 6M-6N. An important feature defined in this second lithographic patteming 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

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



I nventi on. In the preferred enbodi ment -as shown in Fig. 5, only the
free ferromagnetic |layer 132 and |ead 104 are exposed at the ABS 200. The
| bcation of the front edge 206 of the fixed ferromagnetic |ayer 118 so as
to be recessed fromthe ABS 200 prevents any shorting of the MIJ sensor
that may occur when the head is |apped at the ABS 200. In addition,
because the tunnel barrier oxide |layer,420 and the antiferromagnetic |ayer
116 that may be used to pin the magnetic nonment of the fixed ferromagnetic
| ayer 118 are al so recessed fromthe ABS 200, these |layers are not exposed

and thus afbﬁckéaﬁ_ﬁﬂi(@{‘thettﬂnﬁeimfﬁ&ﬂ&%rqﬂohﬁéitérﬁlinates beyonditRé Back advant age
of the recessed J MR head wwth the free ferromagnetic |layer 132 as a

f1ux gui de edge ARt AlshfostHbeEprevivtsly this asdbtsin prépddifting AGX eHRichfySi Ng regi on
of the MIJ head, can be | arger fhan it otherwise would be if it were

locat ed at dchsAhSentliaisttive tUtmePjunbtidnSreh defind By 1R Bhd floAt&dgesdF f 1 uX
gui de can be tapered in wdth towards the ABS so that its width at the ABS

e oy PSS r BTN s 0200 0L 1 (1
barrier layer 2‘?’!’9& abéle Bﬁ:c\éégéén hi8'be adapted to provide longitudinal biasing or
| -stébilizatidn for the free ferromagnetic layer 132 that also serves as the ﬂq_x gﬂ_i_de,
as describéd previously with respect to the biasing femmagnetié layer 150 shown
in Fig. 4. Specifically, the sfe’ps shown. in Figs. 6K-N are mod_iﬂeldi ‘sq tﬁét instead _c;f '
depositing the alumina layer 242 and then lifting off the resist 240, a séduér;tial -
deposition of alumina, hard biasing ferromagnetic material, and additional 'alumi.n__a o
is perfbimed and then liftoff is done. The resulting structure |s shown in Fig. 7, | --:
which is a view of sehsing s_urface 200 Fi_g; 7 shows the sensing ferromagnétic i
layer 132 and second lead 104 with their front edges exposed at the sensing_ ' _
surface 200. Alsd shown are the exposed 'edges_ of the biasing ferromagnetic
layers 160.. The regions between the hard biasing ferromagnetic layers 150 and
| the sensing ferromagnetic layer 132, the first lead 102 (shown in dashed lines
because it is recessed fmm the sensing surface 200) and second fead 104 are
~ formed of insulative material, such as alumina. The tybical alumina thicknesses.
are in the 100 to 500 A range and the hard bias'ing ferromagnetic iné’gerial 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 alurﬁina insulation covers the edges of the

sensing ferrbmagnetic shape and the second alumina insulation covers the top



the width of the free ferromagnetic |ayer at the ABS, which allows the
tunnel junction to achieve a |lower electrical resistance since its area is
Iarger For MIJ devices the reistance varies as the inverse of the tunnel
junction area because the current passes perpendicular to the junction.

For inproved signal to noise, a |lower resisance is better. ' In the
preferred enbodi nent as shown in Fig. §4_the free ferromagnetic layer flux
guide 132 has its back edge 203 | ocated beyond the back edge of the tunnel
junction, i.e., the back edges 208 and 212 of the fixed ferromagnetic |ayer

El ﬁ%ni rﬂﬁagﬂf}%‘* of e bgﬁ%‘&f frfoPnadrtR Rl tsrthe ) @@@%;?%99@%3%;?:?3
n'ashiel E}s@;w%ﬁgmeve&ﬁw%ﬁ%@ﬁ%gyiﬁtmﬁ%f@%ﬁs@aée SR T

R S Al s bRl
:gyg; 138 %15‘%{8? a\9§ %‘Wé"?q eflﬁ? 3%%?&%%%&#%‘%%% rier
Thg averag hﬁﬁl&%* 84%‘(9%"&%82%’?&62 gal 118 Vgeﬁr?';&\é 5@8@&6& xgl e
the back Q%‘S@%Pﬁt Vetabeqiis b img e Wﬁ‘-'g{? jatnBEe BYsr LI ERESRAM (o back

d f the f f . '
o o or this @éﬁg@pegft@é’”& Spijeld. Lr%Y nBe acobmplished by adilisting the 76~ ' °

of thlcknesses of the leads 104, 102. _
After the lead 104 and free ferromagnetic Iayer 132 have been. pattemed and
the MTJ MR head structure lsessenttally complete but for thg lapping step to form k
the ABS 200, it is still nécessary to align the magnetization di-rection (magnetic
moment) of the fixed ferromagnetic layer 118 in the proper diire'ction. If Fe-Mn is
used as the antiferrorﬁagnetic layer 1 16 for exchange coupling with the fixed
ferromagnetfic layer 118 it is antiferromagnetic as deposited. However, its |
magnetization fnixst be realigned so that it can exchange couple thé fixed
ferromagnetic layer 1 18 ln the proper orientation. fhe strdcture is placed in an
annealing oven and the temperature is raised to approximately 180°C, which is .-
greater than the blocking temperature of Fe-Mn At this temperature, the Fe-Mn
layer no longer gives rise to an 'éxchangé anisotropy with the fixed ferromagnetic
Iéyer 118. An exchange'anisotropy of the ferromagnetic layer 118 is developed by
| cooling the pair of layers 116, 118 in a magnetic field. The orientation of the |
magnetization of the .ﬁxed ferromagnetic layer 1‘i8 will be éiong the direction of the

“applied magnetic field. The applied magnetic field in the annealing oven thus



the active sensing region because the flux decays to zero at-a point beyond
‘the active sensing region. Because current flows- perpendicular to the

t unnel junction and thus to the portion of the flux guide that forms part
of the tunnel junction, no . .current is shunted away by the
portion of the free ferromagnetic |ayer that extends beyond the tunnel
junction. Wiile in the preferred enbodpgent of Fig. 5 the back edges 212,
208 of the tunnel barrier layer 210 and the fixed ferromagnetic |ayer 118,
respectively, are coplanar, they need not be so, provided the back edge

ggff g]::et gg(gﬁﬁﬁé thé Hdgﬂ%r&% bac%koﬁnégcll%% tofbr Isjre%rﬁm?’gﬂé Ihggsenm ng
Cunnel - bard "T"é“?’é"séﬁ'&ﬁé%’ﬂﬁﬁd'h“ 2‘5‘*%% bac%“*’ﬂr‘“%‘i?@a*‘ghe
Ferr omgnet e @ BTGB SRG % ‘?‘WJ' %Qéﬁn‘&@?%%%@{mﬁaﬁﬁ?&%@e"‘eﬁﬁf of the
Sirtace 2008118 faotel by she Splifkfmadidiciba, Ik affed drectin S0 1
ocat o fyar‘?"ﬂ o 2t 6iETef DAoL s Mo e pFfberdtle  FAARR!h fnd BréSnci'ér ' ©

an applied magnetlc field from the recorded medlum. the magneﬁzatton of the fixed

ferromagnetic layer 118 will not sub.stantlal_ly_tptate. '

There are several possible altgmaﬁ\;eé to thepreferled _e‘?nbodiment shown

in Fig. 5 First, the front edge 21_0. .of..tt'ie..tunhe'l'_. barrier tayer 1 20 ﬁeed .not be B

recessed but can also be loc_ated at the. ABS. and ooincidnet wnth the sensing -

- edge 202 of the free ferromagnetic Iayér 132. Second, t_he lead 104 and the free
ferrbmaénetic layer ‘i32 'can- be formed 'ﬁrst on the G1 substrate, With the fixed
ferromagnetic layer 118, antiferromagnetic layer 116 and lead 102 being 6n the
“top” of the MTJ during the fabrication process. |

While the presént invention has been particularly shown and described with
reference to the preferred embodii*nents. 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 scépe of the invention. Accordingly, the disclosed invention is to be
considered merely as iilustratiVe and limited in scope only as speciﬂe'd‘in the

appended claims. |



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.

Wiile int

5, the tunnel barrier layer 120 has its front edge re referably
coplanar with the front edge of the fixed ferronmagnet QY F[i ﬁ I S _
possi bl e .i '

UL

he -preferred enbodi mrent shown and describe

n the present invention to ve the froni e

Fig.

barrier |ayer exposed at the ABS and ‘éssent i al | y coplanar with tge Yront
edge of ‘the free ferromagnetic layer. Also, while the first lead 102 is

shown as hWﬁa\}q ciaslml%%CiE edge extending beyond the back edges of the _
antiferromagnetTcC

ayer 116 and fixed ferromagnetic

-20- layer 118, the first |l ead nay have its back | ayer substantially
coplanar with these |ayers. - In an al ternative enbodi nent the

ana”t o e nsht (o8t padoph@6iifs s elt Shell0”| oo

substrate
shield S1
104. The s
and are el

el VR AR oAt & R o v b e rxérc‘) iovs

conductive head rt‘ra{n'?lg tahsu %s&n%al'ly ﬁgnarhsre?\gﬂg surface &aﬂsdaligrlled aenerraﬁy ﬁq 102,

to the surface of the medlum when the magnetrcally recorded data is bemg sensed,
the head compnsmg - ' ' |

a substrate havmg an edge formmg part of the sensmg surface,

ca ﬁrst electncally conducuve lead formed on: the substrate

- afi xed ferromagnetlc layer: formed on the ﬁrsflead and havmg a front edge
recessed from the sensmg surface and a back edge Iowted farther than the front
edge from the sensmg 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, rhe magnetization.direction of the
sensing ferromagnetic layer being oriented in a direction generally perpendicular to
the magnetization directicn of the fixed ferromagnetic layer in the absence of an
acplied magnetic ﬁeld and being free to rotate in the presence of an applied
magnetic field frorn 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



per pendi cul arly through thetunnel junction to the second l ead 104 and the
second shield S2. This enbodi ment elim nates I ve gap

Iayers Gl, &, although insulative material is t the front
and back of the tunnel junction, as shown in Fm'I!M"I"m E for

Fabricating the Recessed MIJ MR Read Head - . 6, the
process-for formng the recessed MIJ Mgread head w il be descrl bed Two

| i t hographic patterning steps are required. One defines the recessed fixed
ferromagnetic | ayer 118 and one defines the free ferromagnetic |ayer 132.

h
a 3F1:Ei Z%q: 85y beRendiiet hﬁeﬁ%‘*%‘b%ﬂsﬂ% brdad Rk AeiS e WAL Y 11
on e om, g
shown i n R AL SE?"F% : %ﬁ@“ 50 90ge thg paP R840 BERRToc gy 1<, S
antiferro f i )
naterl al , %&E thg géﬁ?w&@eﬁ?ﬁt“ﬂl%(q%%mgteﬁw@%?;e;eco;%?;eél'?o ?(r)urjmat he
t l_mnel _ barri er | aég ! gq‘lfgq%a“; ggnduc%ve i’re%d%ﬁ'r?éd &ﬁﬂe%@n&n@' ?érro%é(grfgtrc '

conducti ng mat &
-21-

Iayer' and
- wherein the back edge of the sensing ferromagnetic layer i is located farther
than the back edge of the tunnel barrier layer from the sensing surface if the back
_ edge of the mnnel bamer Iayer is closer to the sensing surface than the back. edge.
--of the ﬁxed ferromagnetfic laye_r, and farrher- from the. sensmg surface than.the back
. edge or the fixed ferromagnetic layer if the back edge of the fixed ferroma_gneﬁc

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

2. The head according fo claim 1 wherein the front edge of the tunnel

barrier layer is recessed from the sensing surface. -

3. - The head according to claim 2 wherein the front edge of the tunnel

barrier layer is wider than the front edge of the sensing ferromagnetic layer.

4, The head according to claim 1 wherein the front edge of the tunnel
barrier layer and the front'edge of the fixed ferrdmagnetic layer are substantially

coplanar.



as Ta, Al, Cu, Au, Wand Pt with a typical thickness in the range of 100 to
500 A., The antiferromagnetic |layer 116 can be sel ect‘edW)lihOf
wel | -known materials, such as Fe-Mi, Ni-M, Pt-M, | and Pd- Mn. e
typical thickness for the antiferromagnetic |ayer 1’.@’[@‘” rmmm e of
70 to 300 A. The fixed ferromagnetic |ayer 118 is pr : m al | oy
or a bilayer of Ni-Fe alloy and a thiupgtil mof Co. Typical thicRnesses for
the Ni-Fe alloy |ayer are 20 to 100 A and typical thicknesses for the Co

| ayer are 2 to 20 A. The thickness of the alum num for the tunnel barrier

oxi de | ayer 1zogi S 1YY (84d Xﬁ%ihﬁffo CRIMS erézlnttt?]éel?&bk'aedge of the tunfibfl €'

- deposition of these |ayers, is usually eit y Ion beam deposition

230 (o dei Lon R o and MReback sl of il el BrdnRgfoRta) et subtalitny 2 o

230 to defin own 1 n ch' s atop Vview of

Fig. 6A | hbd BAR i Be6h ' 230,
slhgwn in %nghé%é@wggﬁhag‘%l aye'r%dgg??mzﬁeln%glprfo mgﬁ@%éﬁ% "@%5’3 16, fi xegS
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bi | j t t [ il t f Fig. 6C
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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 i.n Figs.

6E-6F. There arg two.i [t r ' i ] is. first lithographic
patterning st ep.g‘ Fi rgbgm%ﬁg%%@ﬁﬁcgﬁqdﬁwgg%dﬁ% %gneti c layer 118,
i.e., the antiferromagnetic layer in contact with the fixed ferromagnetic layer for fixing the
... magnetization direction of the fixed ferromagnetic layer by_in'terfa'cial- exchange
coupling, the antiferromagnetic layer having a front edgé recessed from the sensing

surface.

7.  The head according to claim 6 wherein the front edges of the
antifenomagnetic layer, the fixed ferromagnetic layer and the tunnel barrier layer

are substantially coplanar.

8. The head according to claim 7 wherein the back edges of the
antiferromagnetic Iayer. the fixed ferromaghetic layer and the tunnel barrier layer

are substantially oop_lanar.



di stance between front edge 206 and back edge 208, is formed. Second, the

front edge 206 of the fixed ferromagnetic |ayer—418—i-e, the edge

closest to the ABS, is set as a reference poi nt.ﬂjﬂllt kie s.ubseiuent
J)

fabrication process, this reference Qlww["
S

-22- edge 206 is used to ultimately set the re '!umthe ABS
when the device is |apped to fromthe,4BS. ~After patterning to form~
the structure of Figs. 6E-6F, the alumnumin what wll becone the tunnel
barrier layer 120 is plasma oxidized at an oxygen pressure of 100 mTorr

and 2 poser dengity ol Soedl SHLSGOL ! ARyl b tig® 1o
0 00 o b b SRR ol P s kg Mg o7
2,2 TS oo et e and B RGP T IR0k 200, LT )
O O ety S e R b RS Binig o oo o e

e 1 omagnot SateEBRoeRs laye. whetsoy Hhe meghetsaion et o e By  "° ' e

- ferromagnetic layer is fixed by interfacial exchange ooupfing wnth the

antif_erroma_gnetic layer.

. 10.j The headiacoordihg.»to claim 1 wherein the magnetizgtion direction of.
thé sensing ferromagnetic layer is generally parallel to the sensing surface inthe

absence of an applied magnetic field.



| ead | ayer 104 are patterned using resist 240 to define the desired shape,
as shown in Figs. 61-6J. The resist |layer 240 is WWC
resist with an undercut. lon mlling then renoves mrlal not pr ted

by resist 240,-as shown in Figs. 6K-6L. After the ZB ’,"m of Fig.
6K a layer of insulator 242, typicall y alumna or - lm 5| ted
' edges of ‘the patterﬁ’ safteer whi ch

by 'ion beamor RF sputtering to seal g
the resist layer 240 is lifted off, res (I)tlnglnthe structure shown in
Figs. 6M6N. An inportant feature defined in this second |'i t hographic

Wt h w that i bé“ﬂxs[?b S poigrdib gl GEl PTHRFRARNANE, G2F' st he' back
edge 203 80 ¢ Mt L8 oGRS oH oniten) s FThadretilidte ABS and

over the front’ e%l

the ba?i‘?keﬁﬁgﬁyﬁ%%“%s%r%%ﬁ@ﬁﬁ%% e 2§ L%Cég'igéﬁ%?@ﬁ%’p%ﬁ@%@agf g
1 L i R

provi de | onBP’?I[? 'H%F"%\czg?’q@"gr stabilization for the free ferromagnetic

layer 132 that al 8o Sl yR aslahrr\]ge lafylekJ féz&g%d%eetwéén the biasirig and sensing

an electrically insu
ferromagnetic layers for electrically isolating the'biasing layer from the sensing
layer; and whereih the electrical leads are elé&ﬁcally isolated from the biasing I'ay.er
- by the insulating layer, -Wheneby when a sense current is passed between thé fixed
ferrbmaéneti& Iayer'and_ the sensfng--femomagnetic-layer_-it--passes genei'ally

perpendiculérly through the tunnel barrier layer without passing into the biasing

layer.

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

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

13. The head according to claim 12 further comprising a layer of
electrically insulative gap material formed on the first shield and wherein the first

electrical lead is formed 6n the layer of gap' material.



as described previously with respect to the biasing ferromagnetic |ayer 150
shown, in Fig. 4. Specifically, the steps shown_in Figs.' 6K-N are nodified
so that instead of depositing the alumna |ayer 242 and then |ifting off
the resist 240, a sequential - depositi.on of al urr“ "mumﬂm”m :
ferromagnetic material, and additional alum na LOVIN t hen
liftoff is done. The resulting structuge-is shown in Fig. 7, * which is a

vi ew of sensing surface 200. Fig. 7 shows the sensing ferronagnetic |ayer
132 and second lead 104 with their front edges exposed at the sensing

surface 200. Ahg0 Sfi\esd ﬁcéd‘ﬁngwe&ﬁﬁ 15708RS Ringridinglti sstond slibstranepgnet i ¢

| ayers 150. The regions between the hard biasing ferromagnetic |ayers 150

and the %ﬁ{b?éiﬁ%é fifst REROHR densindBfrorhadneticiydr! theltunrA BadHer layenend i n

dashed |ines ecause It. 1s receSsed fromthe sensing surface 200) and

second | edfle 104 Ba IIE etk o 458AbbUA WBkvEEnthe EYEHI Seccdk na. The

typical alumna thicknesses are in the 100 to 500 [err] range and the hard

bi as N T YbOIAEE Slrd fufRbESdribrisin HSHRliVY maferiaPioBited HeloeH dald dtabki ckness

I
adj usted to provi o 3 tines nonent of the free ferromagnetic

| ayer 132éa[n-mﬁe ?}i\‘it) %ﬁg%%%d;%ﬁgg%h&ﬁﬁﬂﬂtﬁ@@i& Qe BRSsdisingarfaggnNsi ng -

ferromagnetic s unm na I'nsul ation covers the top
- 24 ~ of the head and the recessed front edge of the fixed ferromagnetic_layer_.

15. The head aodording to claim 14 wherein the read head is part of an
integrated read/write head of the type wherein the read head is magnefically
shielded and wherein the second substrate is.a second shield separating th(_a read

head from the write head.

16. The head according to claim 1 further cqmprising sense circuitry

" connected to the first and second leads.

17. The head according to claim 1 wherein the substrate is a first
electrically conducting rhagnetic 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.



surface of the hard biasing ferromagnetic nmaterial. After the liftoff, a
final ,patterning step is used to renove unwanted regi ons of hard biasing

ferromagnetic material. - The total thi cknese of the leads, free and
fixed ferromagnetic |ayer, tunnel oxide |ayer, n |ferroma net| o

are linted by the total separation between the s I Hll"a"l l For a 5
Goit/in[err] sensor-this number rangessfrom 1000 t

advant ageous to have the free ferromagnetic |ayer 132 centered |n this gap
between the two shields. This can be acconplished by adjusting the ratio

of thicknesses 4@l t hfielHealBcdSring'B<laim 17 fuidrRomipiSing@asbedd and free

ferromagnetic |ayer 132 have been patterned and the J MR head structure

|5 essent | abbicAB3hal iy inbhiédehickd Rinid ohae §8bon@Néad, Wherdd§r00, it is

still necessary 't gnthe " magneti zation direction (rragnetl C rmrrent) of

the i xed SBHHESIRALALLENGAR <iBuidaq O 6 ARESHEd B ehd it ol o 1 |

used as the anti ayer 116 for exchange coupling with the

fixed f *" hSTRAAL t@d@p&fne}ﬂwag ef {o thé s@g(?ddflééd SARBEHRSdcend shideiosi t ed.

However, magnet | zat 1 on be realigned so that It can exchange
coupl e the fixed ferromagnetic layer 118 in the proper orientation. The
structure is placed in an . annealing oven and the tenperature is raised to

appr oxi-mat el y 11%0[etrfhleﬁ?rayycsﬁrda@to%a%ﬁ.tﬁnérem%hsaawg fofperature of

Fe-Mn. At this ténpera onger gl rrse to an

i sot £ opy S Hel K 8 ofRfett K 9‘%@39“"“5*4‘%5?%@@%?}53 a‘f‘“?aﬁ“ﬁha“ge

slider having an air-bearing surface (ABS) facing the surface'of the disk when dat__a o
“from tlt_e disl_<. is being read by the head and a trailing end surface geh_e_ral_ly___-. . |
perpendicular to-the ABS, and whereirt the s|ider'tr_ailirtg end eurface is ,th"e
suBstrate on which the first electrical lead is formed and the slider ABS is the

- sensing surface of the head.



cooling the pair of layers 116, 118 in a magnetic field. The orientation of
the nmagnetization of the fixed ferromagnetic |ayer I8 wit bealong the

direction of the applied magnetic field. The appl din the:
anneal i ng -oven thus “mmmmm" m I“gl - 25-

causes the nonent of the fixed ferromagnetlc | ayer 1% sxed al ong
the required direction perpend| cul ar _tg the ABS, as shown by the arrow 119
in Fig. 4. This is a result of cooling.the Fe-Mh layer in the presence of
the ferromagnetic |ayer 118, nagnetized by the applied nagnetic field, in

o L B,
it el T lenir M A
gggfogégegf fﬂ?‘:gl‘]‘igg?‘ﬁl% y P Fb peqsing ﬁ'ﬁ&?eﬁ%ﬁt'%@}g%?gggggtajﬁbafaﬁlggn al so
Fer  omagneripha ay oD 3o medhn' ‘?\%ﬁéhé“gia% e RO e
| ayer 132 can be for med flrst on the GL substrate, with the fixed

fﬁrromagnetthé Pﬁ‘}@?mmﬂ“g-antlferromagnetlc | ayer 116 and | ead 102 bei ng on
t he

a substrate having an edge foriing part of the sensing surface; °

a ﬂrst electncally oonductlve lead formed on the substrate, _

a fixed ferromagnehc Iayer formed on the first lead and havmg a fmnt edge

- recessed from the sensmg surface and-a back edge:located farther: than the front ;
| edge from the sensmg surface; - |
| an antiferromagnetic Iayer in contact with the fixed ferromagnetie layer_for |
fixing tﬁe magnetization direction of the fixed ferrom_agnetie Ieiyer by interfacial
. exchange coupling along a preferred direction so it is substantially preQented, from |
rotation in the presence of an applied magnetic field from the medium, the
_ antiferromagnetic layer having a front edge recessed from the sensing suﬁece;

a sensing ferromagnetic layer having a sensiﬁg edge su'bstantially coplanar
with the sensmg surface and a back edge the magnetlzatlon direction of the
sensing ferromagnetic layer belng oriented ina dtrectton generally perpendlcular to-
the magnetization direction of the ﬁxed ferromagnetic layer and generally parallel to
tﬁe 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 mediurh;

an insulating tunnel barrier layer located between and in contact with the

fixed and sensing feromagnetic layers for permitting tunneling current in a direction



"top" of the MIJ during the fabrication process. ' Wi l e the presént
i nventj on has been particularly shown and descri bed-—w o the
preferred enbodi nents, it will be understood by thg B Mﬂﬂ cart

that various changes in formand detail may be nad ng from
the spirit and scope of the invention. Accordingl

invention is to be considered nerely _gg_illustrative and I|n1ted I n scope
only as specified in the appended clalnB
- 26- What is clained is: : A magnetic tunnel junction

magnet or esi sti ve read (on é
medi um wherP t'Sﬁ’ﬁg@F&D&"p &&%@esﬁégtﬁ%rsfq%aé%%‘%g +9néé£ Zﬁé’é@ﬁ antially
pl anar sensi f surface-
bt “The nea Ve ARk At ol FPHBEed R Y s¥fifd Slridn prid bl °!1 e
2 :ﬁgi ﬁ'o or 'rq% gocated farther Sélrjul%ﬁé Eﬁ%n%l Bg 'eﬁgygrrhenq %ge ﬁ'om e s@ﬁ&hg of the
g su : e . oS
surface;
a second electrically conductii_ie lead formed on the sensing ferromégnetic
layer; and |
~ wherein the back edgé of the sér_ISing :fénpmégne'tic Iaye_:l" is located farther
~ than the back edge of the tunnel bamerlayerfromthe sensing surface if the back
- edge of the tunnel barrier layer.is cldse';e:t'o--the sensing.surface than the back edge
of the fixed férromagnetic layer, and farther ff'om-fhé_-sénsing surface than the back
edge of the fixed ferromagnetic layer ff the back edge of the fixed ferromagnetic

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

21.  The head according to ciaim 20 wherein the front edge of the tunne!

* barrier layer is wider than the front edge of the sensing ferromagnetic layer.

22. The head according to claim 20 wherein the front edges of the
antiferromagnetic layer, the fixed ferromagnetib layer and the tunnel barrier layer

are substantially coplanar.

23.  The head according to claim 20 wherein the back edges of the
-antiferromagnetic layer, the fixed ferromagnetic layer and the tunnel barrier layer

are substantially coplanar.



a first electrically conductive | ead formed on the substrate; a
fi.xed ferromagnetic |ayer formed on the firstlead and having a front edge
recessed fromthe sensing surface and a back edge Tocated farther—than the
front edge fromthe sensing surface, the magneti i ; i of the
fixed ferromagnetic |ayer being fixed along a prml’mm'"imjmmm So as to
be substantially prevented fromrotatiggn in the presence an plied
magnetic field fromthe nmedium ' a sensing ferromagnetic |ayer

havi ng a sensing edge substantially coplanar wth the sensing surface and

a back edge, the magnetization direction of the sensing ferromagnetic_
| ayer being oriented in a direction generally perpendicular to the
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layers, tRauldt¥H the coplanar back edges of the tunnél barrier layer and fixed

ferromagnetic fayer from the. sénsing. surface.:

25 The ll1e'ad' accordlng tocla|m20whéremthe first eiectricaj lead is
_formed.directly .'on..the.'.sﬁbstrate.and':wheteih the antiferromagnetic layer is located
between the ﬁrst electrical lead and the fixed ferromagnetic fayer, the fixed
ferromégnetic fayer Being formed.directly on'and in contact with the .

antiferromagnetic la'yer.



barrier |ayer having a front edge and a back edge, the back edge being

| ocated farther than the front edge fromthe W a

second el ectrically conductive lead formed on t ferromagnetic
| ayer, and wherein the back edge of the gi ﬂ” Wﬂunetlc | ayer
is located farther than the back edge of the tunrn er fromthe

sensing surface if the back edge of 1fge tunnel barrier Iayer i's closer to
the sensing surface than the back edge of the fixed ferromagnetic |ayer,
and farther fromthe sensing surface than the back edge of the fixed

closer o the 22hel TH hbAFabBRnGAOBih 20 Kl KBp G et e
of " the. tunnel SSiEa fehPirtfRlic Bel i R ndly kb BB 0 o000
ar i or | 8¢ @2%“%%9%@%%@@%35@8 é#’%"ﬁé%é%@ﬁﬂé PeriSfathl T,
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an electn&ally msulatmg layer | located between the biasing and ‘sensing

ferromagnetlc Iayers for electneally lsola’ang the blasmg layer from the sensmg

layer; and where I .th S electncal leads are e1ectnca|ly |solated from the brasmg layer '

by the msulatlng iayer. whereby when asense current is passed between the fixed
ferromagnetlc layer- and the  sensing ferromagnetlc .layer it passes generally
perpendrculady through the tunnel barrier layer without passing into the blasmg

layer

27. The head according to claim 20 wherein the read head is part of an
integrated read/write head of the type whereir; the read head is magnetically
shielded and wherein said shbstrate is afirst shield for thé read head.

28. Thehead aceordiné to claim 27 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.



-28- . 5. The head according to claim1l wherein the back edge of
the tunnel barrier |ayer and the back edge of thefixed—ferromagnetic

| ayer are substantially coplanar and wherein the  sensi ng
f.erromagnetic layer is located farther than the mﬁfﬂ Hﬂ@ mes of the
tunnel barrieer fayer and fixed ferromagnetic |ay¢€ -
sur face. 6. The head accoggjing to claim 1l further conprising an
antiferromagnetic layer in contact with the fixed ferromagnetic |ayer for

fixing the magnetization direction of the fixed ferronmagnetic |ayer by.

interfacial exc'zmangerhemuahw@rdwgheowmabefammﬁ@hsiaglséueé cifauityng a front
edge recessed fromthe sensing surface. : The head according

to claim mmunom@ﬁ&fgmsmseﬁs the anti ferrorragnet ic layer, the
fixed ferromagnetic Iayer and the tunnel barrier layer are substantially
copl anar. . : :

30. " . The head according to claim 20 wherein the substrate is a-ﬁ-rst
| .electrica_ll_y ddnducting magnetic shield and wherein the first leaﬁ is formed on the
_ first shiéld. and further compris_ir_lg a second electrically ponductin'g ,ma,gnetic shield |
foﬁned on the second lead, whereby an e'lectn'cally. oondﬁcﬁve pathis pnovided
| _ from the first shleld to the ﬁrst lead and through the tunnel bamer layer to the

seoond lead and the second shteld

31, The head aocord'ing to claim 20 wherein the head is the type for
sensing data from a magnetic recording diék 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 anq a tfailing end suffaoe generally
perpendiCulgr to the ABS, and wherein the slider trailiﬁg end surfade' is the
substrate on which the first electrical lead is formed and the slider ABS is the

sensing surface of the head.



8. The head according to claim7 wherein the back edges of the
antiferromagnetic |layer, the fixed ferromagnetic |ayer and the tunnel
barrier layer are substantially coplanar. 9. The head,
according to claim 6 wherein the first electrical lead is forned directly
on the substrate and wherein the antiferrggagnetic |layer is |ocated

between the first electrical |lead and the fixed ferromagnetic |ayer, the
fixed ferronagnetic Iayer being formed directly on and in contact mﬁth the

?2“2%{:}2??0 ayer |s I Xe Lo]{ | Nt e"F@Pﬁ‘F eﬂange coup#ﬁng ﬁ the N

antiferromagnetic |ayer. ng to claiml
wher ei n t heRSPRARIT zat i on d| rectlon of t he sensing ferronmagnetic: Iayer IS

generally bar ol | Sl nte hiaGer SRR ieloTetsbe rHIRAT or’l rdrRE <5k s
the MTJ densing or free feromagnetic layer (132) functioning as a ﬂux guide to direct
magnetic flux from the magnetic recording medium to the tunnel junction. The MTJ fixed
ferromagnetic lajrer (118) has its front edge (206) recessed from the sensing surface (200) of
the head. Both the fixed (118) and free (132) layers are in contact with opposite surfaces of
the MTJ tunnel'barrier layer (210) but'the free fer'rdmagnetic layer (132) extends beyond the
back edge of either the tunnel bamer layer (210) or. the fixed ferromagnetic layer (118),
whichever back edge is closer to the sensing surface Thus the magnetlc flux is non-zero in
the tunnel junction region. The magnetlzatlon dlrectlon of the fixed ferromagnetic layer (118) . -
is fixed in a direction perpendlcular to the sensing surface and thus to the magnetic recording
medium, preferably by interfacial exchange couplmg w1th an antiferromagnetic layer (116).

F1g 5
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- 30 11. .The head according to claim1 further conpr|5|ng
a b|a8|ng ferromagnetic |layer for longitudinally biasing the nmagnetization
direction of the sensing ferromagnetic layer in a direction generally
perpendi cular to the magnetization direction of the fixed ferromagnetic
| ayer in the absence of an applied magnetic field; and ~an
electrically insulating |ayer |ocated b et qgen t he b|a5|ng and ‘sensi ng
ferromagnetic |ayers for electrically |sélat|ng t he biasing layer fromthe
sensing layer and wherein the electrical |eads are electrically isolated
fromthe biasing |ayer by the insulating |ayer, whereby when a sense
current is passed between the fixed ferronagnetic | ayer and the sensing
ferromagnetic | i49 passe ene endi c rly through the tunne
barrier layer w out2 assi nzzllpnto e |asm) Ia;L/Is})G’1 12. The
head accordi g L& clalﬁ11 wher i n. tﬁg ead h ad is pyt of an integrated
_ €] ded fromthe

read/ wite head

write head and herein/said sybstrat rst shig¢ld ypr 1 t3ad head.
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13. The head according to claim 12 further conprising a |ayer of
electrically insulative gap material fornmed on the first shield and-wherein
the first electrical lead is formed on the |layer of gap material.

- 31- 14. The head according to claim1l further conprising a second
substrate, wherein the first |lead, the sensing ferromagnetic |ayer, the
tunnel barrier layer, and the second | # forma stack of |ayers |ocated
between the first and second substrates, and further conpr.ising insulative
material | ocated between said stack and the first and second substrates
and in the region between the sensing surface of the head and the recessed
front edge of the fixed ferronmagnetic | ayer. 15. The head
according to claim 14 wherein the read head is part of an integrated
read/wite head of the type-wherein the read head is magnetically shielded
and wherein the second substrate is a second shield-separating the read
head fromthe wite head. . 16. The head according to claim1
further conprising sense C|rCU|try25
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cohnected to the first and second | eads. 17. The head according
to clL,aim1 wherein the substrate is a first electrically conducting
‘magnetic shield and wherein the first. lead i's formed on the first shield,
~ whereby an electrically conductive path is provi ded between the first
shield and the first .| ead. ,
-32- 18. The head according to_claim 17 further conprising a
second electrically conducting nagnetié/g%ield formed on the second | ead,
whereby an electrically conductive path is provided fromthe first. shield
to the first lead and through the tunnel barrier layer to the second | ead
and the second shi el d. 19. The head according to claim1l wherein
the head is the type for sensing data froma magnetic recordi ng di sk and
further conprising an air-bearing slider having an air-bearing surface
(ABS) facing the surface.of the disk when data fromthe disk is being read
by the head and a trailing end surface.generally132 L

134

FIG. 4



petr pendi cul ar 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. '

- 33- 20. A magnetic tunnel junction magnetoresistive read head for
sensing data nmagnetically recorded on a medi um when. connected to sense
circuitry, the head having a substantiirhy pl anar .sensing surface that is
al i gned generally parallel to the surfaée of the medi um when the

magnetically recorded data is being sensed, the head conprising: a .
substrate having an edge form ng part -of the sensing surface; a
first electrically conductive |lead forned on the substrate; a fixed"’

ferromagnetic layerformed on the first | ead and having a front edge
recessed fromthe sensing surface and a back edge | ocated farther than the
front edge fromthe sensing surface; an antiferronmagnetic layer in
.contact with the fixed ferromagnetic |layer for fixing the magnetization
direction of the fixed ferromagnetic |ayer by interfacial exchange
coupling along a preferred direction so it12é substantially prevented from

132
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retation in the presence of an applied magnetic field fromthe nedium the

-antiferromagnetic layer having a front edge recessed fromthe sensing

surface; ) . a sensing ferromagnetic |ayer having a sensing edge

.~ substantially copl anar with the sensing surface and a back edge, the

magneti zation direction of the sensing ferromagnetic | ayer being oriented
in a direction generally perpendicular to t he magneti zation direction of
the fixed ferromagnetic | ayer. and geneﬁ%ﬂ?y parallel to the sensing
surface in the absence of an applied magnetic field and being free to
rotate in the presence of an-apphged magnetic field fromthe—aediu

~an insulating tunnel barrierTayer |ocated between angZin contact™pth the

fixed and sensing ferromagwéettic | ayers for permitting - ~pnt 200n
a direction general |y perperpgpcul ar to the fi ] sénsing
ferromagnetic | ayers, the tunnel bﬁrrier | ayer }

recessed fromt

tunnel barrier he g9@si ng
electrically C? i
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layer, and . - wherein the back edge of the sensing ferromagnetic | ayer
-is located .farther than the back 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 feerronmagnetic |ayer,
and farther fromthe sensing surface than the back edge of the fixed
ferromagnetic. layer if the back edge ofg/4he fixed ferromagnetic layer is
closer to the sensing surface than the back edge of the tunnel barrier

| ayer. o 21. The head according to claigpg0 mhereln the front edge
of the tunnel_ barrier layer is wider than the fr t he sensing
ferromagnetic | ayer. 22. The head accorgfng to_clai mp20 wherein
the front edges of th antlferronabnqum)layer ilxed fefre 0c
| ayer and the tunnel bafrier gr lare subst ant.i Al Ny dqopl anaf .
23. The head accordina\ a|n120.mhere|n t he back\edges of |t e
antiferromagneticfl ayef, ‘4ﬁe fi Stro@egnet i and tm
barrier layer arg sub y copl pnar. _
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- 35- 24. The head according to claim20 wherein the back edge of
the tunnel Dbarrier 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 layer and fixed. ferromagnetic layer fromthe. sensing
sur.face. 25. The head accord%qﬂ)to claim 20 wherein the first
electrical lead is forned directly on tﬁe substirate and wherein the
antiferromagnetic layer is |ocated between the first electrical |ead and
the fixed ferromagnetic |layer, the fixed ferromagnetic |ayer being fornmed
directly on and in contact with the antiferromagnetic |ayer. : '
-36- 26. Thg head according to cIaEg120 further conpri sing:

FIG. &J
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a biasing ferromagnetic layer for |longitudinally biasing the magneti zation
direction of the sensing ferromagnetic layer in.a direction generally
perpendi cular to the nmagnetization direction of the fixed ferronmagnetic

| ayer in the absence of an applied nagnetic field; and an '
electrically insulating layer |ocated between the biasing and sensing
ferromagnetic |ayers for electrically ié?#ﬁting the biasing layer fromthe
sensing layer, and wherein the electrical | eads are electri-cally isol ated
fromthe biasing layer by the insulating |ayer, whereby when a sense
current is passed between the fixed ferromagnetic |ayer and the sensing
ferromagnetic | ayer it 'passes generally perpendicularly through the tunnel
barrier layer wi thoy® passing into the biasing I|ayer. 27. The
head according to cl Q:wherein the read@head is part of an integrated
read/ wite head of the wherein the ré¢ad head is magnetically shiel ded-
and wherein said subgt i rst et he read head. '
28. The head accopding to.claim27 furthér conprisi

el ectrically insupativd gap ndterial fornmg

the first elgetrlicalJeadis{fforned.an.

g a layer of
i rst shield and wherein
e | ayer _of] gap materi al.. '

FIG. 6L
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-37- 29. The head according to claim 20 further conprising sense
circuitry connected to the first and second | eads.’ 30. The head
according to claim 20 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 electr.ically conducting
magnetic shield forned on the second | ead, whereby an electrically
conductive path is provided fromthe fP/Eq shield to the first |ead and

t hrough the tunnel barrier layer_to the second |lead and the second shield.
31. The head accordigg to clai @20 whergdn the head is the type for

sensing data froma E@gnetd récordino desk and further conprising an
air-bearing slider hayifig a ir=heafjing surface (ABS) facing the surface
of . the di sk when datg~¥romth&disk/Ts bermg Teat~Qy the head and a

trailing end surfacg geperally
slider trailing enpd surface is

¢rpendi cul ar to thelABS, and wherein the
substrate on whigh the first "electrical .

lead is fornme@ang the glider '_§ the sensing sufface of the head.
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