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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, -



making the maQnétic re_sponse of the MTJ a function of the relative orientations and
spin polarizations of the two ferromagnetic layers.

MTJ devices have been preposed primarily as memory.oells for solid state
memory. The state of the MTJ memory cell is determined by measuring the
resistanoe of the MTJ when a sense current is passed perpendicularly through the
MTJ from one ferromagnetlc layer to the other. The probablllty of tunneling-of
charge carriers across the msulatmg tunnel barrier layer depends on the relative

alignment of the magnetlc moments (magnetuzatlon dlrecttons) of the two

- ferromagnetlc layers. The tunnelmg current is spin polarized, which means that the :

electrical current passing fnor__n one of the ferromagnetic layers, for example, a layer
whose magnetic moment is ﬁxed or prevented from rotation, is predomlnantly
composed of electrons of one spm type (spin up or spm down, dependmg on the
onentatlon of the magnetlc moment of the ferromagnetic layer). - The degree of spin
| polarization of the tunneli'ng 'eurrent is determined by the electronic band structure
of me magnetic material comprising the ferromagnetic layer at the interface of the
ferremagnetie la;'er with the tunnel barrier layer. The ﬁlst ferromagnetic layer thus
actsasa spin filter. The probability of tunneling of the charge carriers depends on
the avallablhty of electromc states of the same spm polanzatlon as the spin

. - polarization of the electncal current in the second ferromagnetic layer. . Usually,
when the magnetic 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



tunneling probablllty of the charge camers' is highest when the magrietic moments
of both Iayers are parallel and is lowest when the magnetlc moments are
antlparallel When the moments are arranged nelther parallel nor antxparallel the
tunneling probability takes an mtermedlate value. Thus, the electrical resistance of
_the MTJ memory cell depends on both the spin polarizaﬁon of the electrical current
and the eleotronic states’ in tmth'of the ferromagnetic layers. As a resuilt, the two
possﬂ:le magnetlzatron dlrectlons of the ferromagnetlc layer whose magnetizatlon

: dlrectlon is not fixed unrquely deﬁne two possubte bit states (1) or 1 Yof the memory

" cell. -

A magnetoresistive (MR) sensof_ detects m__a'gnetic field signals throngh'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 aMR read heads for
reading data in magnetic recording disk drives, operate on the basis of the
anisofropic magnetoresisti\re (AMR) effect of the bulk magnettc material, which is
typically permalloy (Nig;Fe,g). A component of the read element resistance varies
as the square of the cosine of the angle between the magnetization direct_ion in the
read element and the dlirection of sense current through the read element. |
Recorded data'can be read from a magnetic medium, such as the disk in a disk
drive, because the external magnetic field from the recorded magnetic medium (the
signal field) causes a change in the direction of magnetization in the read element, |
which in tumn causes a change in resistance of the read element and a

corresponding change in the sensed current or voltage. In conventional MR read
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heads, in contrast-to MTJ de\_r_ices, the sense curmrent is in a direction parallel to the
ferromaQnetic layer of the read element. |

The use of an MTJ device as a magnetoresistive read 'head for méghe@ic
recording has also been proposed, as described in U.S. Patent 5,390,061. ln‘this'
MTJ read head, the free ferromagnetic layer, the tunnel barrier layer and the fixed
fe_rromaghetic layer all have their edges expésed at the sensing surface b'f- the
head, i.e., the air-bearing surface (ABS) of the éir—beaﬁiig slider if the MTJ head is o
used in a magnetic recording disk drive. it hés been diécoveréd 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 uéed fo fix 't_hej magnetic moment of the
fixed ferromagnetic layer oontgin manganese (Mn) wﬁich can corrode during the
ABS lapping process. 'The tunnel barrier layer is typiwily 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 Syétem
that does not suffer from the problems associated with having the edges of the MTJ

layers exposed at thé 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



.recessed from the ABS while the sensing end of the fiee ferromagneﬂc layeris

exposed at the ABS. The front edge of the tunnel barrier layer may also be
recessed from the ABS. Both the fixed and free ferromagnetic |ayers are iﬁ contact
with opposite_ surfaces of the tunnel barrier layer but the free ferromagné_tic layer
extends beyond the back 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 lntegrated readlwnte
r;ead structure in which there :are electncally oonductlng magnetic shields located
on both sides of the MTJ MR read head. The electrical leads for sensing circuitry
a.r-e' 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.
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For a fuller understanding of the nature and"advantages of the' present
invention, reference should be made to the following detailed description taken

together with the accompanying figures.

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 vrew of the disk drive of Flg 1 wrth the cover removed

Flg 3 is a vertical cross-section of a conventlonal lntegrated mductrve write
head/MR read head with the MR read head located between shlelds and adjacent
to the inductive write head for the purpose of lllustratmg where the MTJ MR read
“head of the present invention would be located. '.

Fig. 4 is a cross_-sectioh view tak'en._thno.ugh the tunnel junction of the MTJ
MR read head of the present invention and illustrates the .perpendicular 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 illustrating the sensing ferromagnetic

layer front edge and the edges of the longitudinal biasing ferromagnetic Iayers.'



Referring first to Fig. 1, there is illustllated' in sectibnal view a schematic of a
prior art disk drive of the type using a MR sensor; The disk drive oompri_ses 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. previde a substantiélly seeled 'housing for the
disk drive. Typrcally, there i ls a gasket 13 Ioeated 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 rneens of hub 18:.t'o Whicl'_i 'if-is:ettéched for rotation
by the drive motor 12. A thin Iubricant 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 bf arigdarm22 and a suspension 24. The suspension 24 provides a
biasing force which urpes 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
rnbter (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



'. slider 20 to urge it toward the disk 16. The suspension may. be a conventional fype
of suspension, such as the well-known Watrous eUspension, as described in IBM's
U.S. Patent 4,167,765. Th|s type of suspension also provrdes a grmbaled
aftachment of the slider which allows the slider to pitch and roll as it rides on the air
bearing. The data detected from dlsk 16 by the transducer 25 is prooessed into-a
data readback signal by signal amplrﬁeatron and processmg circuitry in the
mtegrated clrcult chlp 15 Iocated on arm 22 The srgnals 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-sectronal schematic view of the integrated read/write

head 25 whrch includes a MR read head portion and an mductrve write head
portion. The-head 25 is lapped to form an air-bearing surface (ABS), the ABS

being spaced from the surface of the rotating disk 16 (Fig. 1) by the air 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, sandvriched between first
and second magnetic shield layersfs1 and $2. in a conventional disk drive, the MR -
sensor 40 is an AMR sensor. The \rvrite head includes a coil layer C and insulation
layer 12 which are sandchhed between insulation Iayers 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 into the first and second pole

layers P1, P2 causing flux to fringe across the pole tips at the ABS. This flux
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‘magnetizes circular tracks on the rotating disk 16 during a write operation. During a
read operation, magnetized reQions on the rotating disk 16 inject flux into the MR
sehsor 40 of the read head, causing resistance changes in the MR sensor 40.
These resistance changes are detected by detecting voltage changes aehoss the

MR sensor 40.. The voltage changes are prooessed by the chip 156 (F|g 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
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 magnetio recording disk'drive thh 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 sdpport a number of sliders. [n addition, instead of an a‘ir-'h'earing_
siider. .the head carrier may be one which maintaine the head in contact or near
contact with the disk, such as in liquid bearing and other contaot 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
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ABS and through substantially the active eenslng region, i.e.,' the turlnel juhction. 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 gah layer G1 substrate, an electrlcal lead 104 below ‘gap layer G2,
and the MTJ 100 formed as a stack of layers between electrical leads 102, 104.

x 'The MTJ 100 includes a first electrode multilayer stack 110, an insulating
tunnel bamer layer 120 and atop elechmde stack 130. Each of the electrodes :
includes a ferromagnetlc layer in dlrect contact wnth wnnel bamer Iayer 120 i.e.,

-ferromagnetlc layers 118 and 132.

The base electrode layer stack 110 formed on electncal lead 102 mcludes a
seed or “template” layer 112 on the lead 102, a layer of antiferromagnetic
material 116 on the template layer 112, and a “fixed" ferromagnetic layer 118
formed on and elcohange couple(l with the underlying antiferromagnetic layer 116.

~ The ferromagnetic layer 118 is ealled 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 pretective or ca'p_ping
layer 134 formed on the eensing layer 132. The sensing ferromagnetic layer 132is
not exchange coupled fo an antiferromagnetic layer, and its magnetization direction
ie -thus free to rotate in the presence of applied magnetic fields in the range of
interesl. The sensing fenomagnetic layer 132 ie 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
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generally perpé‘ndicular to thé magnetization directibn of the fixed ferromagnetic
layer 118 in the absence of an applled magnetic field. The fixed ferromagnetlc
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
underlying antifenjomag‘netic layer 11 6, which also fofms part of bottom'electrodé
stack 110. The magnetization direction of the fixed ferromagnetic layer 118 is
oriented generally berpendicular-to the ABS, i.e., otit of or into the papér in Fig. 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
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assure stable longitudinal biasihg. Since the magnetic moment of Nijgo.-Fe
(x being approximately 19) that is typically ueed in the sensing ferromagnetic
layer 132 is about twice that of the magnetic moment of a typical hard magnetic
material suitable fer the biasing ferromagnetic layer 150, such as Co,sPt',,.Cr,z. the
.'thickness ef the biasing fermmaghetic layer 150 is at least approximately twice that
of the sensing férro,magnetic layer 132; ' L |
A sense current | ie direé;ed from ﬁist electtieel lead 102 perpendibulady
through the ahtiferiomagneﬁc |ayér 116, fhe ﬁxed férmmaQnetic 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
orientations of the magnetizaﬁohs, of the ﬁxed and sensing ferromagnetic
: leyers 118, 132 that are adjacent to and in contact with the tunnel barrier layer 120.
The magneﬁc field from the recorded data causes th_e,magneﬁzation direction of
sensin_g 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
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.
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~ Arepresentative set of materials for MTJ 100 (Fig. 4) will now be described.
Al of the layers of the MTJ 100 are grown in the presence of a magnetic field
applied parallel to the surface of the substrafe. The magnetic field serves to orient
the easy axis of all of the ferromagnetic layers. A5 nm Ta seed layer (r;o.t shown)
|s 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_c .
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 126. ‘Thus, the resistance per unit area of the conducting

leads 102, 104 can be much higher than in conventional MR read heads in which
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the current flows parallel to the layeré.' Thus, the leads 102, 104 can.be made

thinnef and/or narrower than in 6onventional MR head structures, and/or can be

made from intrinsically more resistive materials, such as alloys or combinatiorjs of

elements. | a _

It is important that the layers in the bottom electrode stack 110 be smooth,

and that the ALO, tunnel 'ﬁarﬁer layer 120 be free'_'bf pirihcles which wduld_
| electrically short the junction. For examble, growth by fépdttering techﬁ_iques knbw"n
to produce good giant magnétoresist'é_noé effects in metallié.m_ultilayer stacks ié -
. sufficient. - | |

- An altemative sensing ferromagnetic layer 1-32 may be mmpﬁsé;j of é thin

Co olr C0yy00.xF € OF Nigyoo.gFey (X is.appro;cimately 60) layer at the inte_rface
between the sensing ferromagnetic layer 132 and the tunnel -banier. layér 12'0-, \‘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

-
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layer 118 is Ni-Fe, then the composition is Ni;,Fe,,, the composition for which bulk
Ni-Fe has zero magnetostriction.

The Fe-Mn antiferron'lagnetic layer 116 may be replaced with a Ni-Mn layer
or other sultable antiferomagnetic layer which exohange bi_ases the fehomagneﬁc
material in the fixed layer 118 and which has a resistarice which is substantially less
than that of the Al O, barrier layer 120 in addiﬁon . while in the preferred o
embodlment the fixed fenomagnetlc Iayer hasits magnetlc moment ﬁxed by
interfacial exchange coupling with an antlfenomagnetlc layer, 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
ferromagnetlc layer may thus be formed froma vanety of ferromagnetlc matenals
_such as alloys of Co and one or more other elements, mcludmg Co-Pt-Cr-alloys,
Co-Cr-Ta alioys, Co-Cr alloys, Co-Sm alloys, Co-Re alloys, Co-Ru alloys, and-
Co-Ni-X alloys (X = Pt, Pd, or Cr), as well as a variety of quaternary alloys, such as
Co-Ni-Cr-Ptand Co-Pt-Cr-8. | -

While the MTJ deyice_ 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 MT.l device
would then have the layels 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
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ferromagnetic layer 150 is not shcwn .and in the MTJ 100 only the ferromaghetic
layers, the antiferromagnetic layer and the tunnel barrier layer are shown. The
sensing ferromagnetic layer 132 has a sensmg edge 202 that is substantlally
coplanar wrth the sensing surface 200 or ABS and a back edge 203. The fixed
ferromagnetic layer 118 has a fnont edge 206 that is recessed from the sensing _.
surface 200 and a'back edge 208. The antlferromagnetlc layer 116 has edges -
contrguous wrth the edges of the ﬁxed fenomagnetlc layer 118. The tunnel bamer .
layer 120 has a front edge 210 that is also recessed from : senslng surface 200 and
. essentrally coplanar with front edge 206 of the ﬁxed ferromagnetrc Iayer 118, and
a back edge 212. The lead 102is fcrmed on the G1 gap layer and the G2 gap |
. layer separates the lead 104 from magnetlc shleld $2. The material of G1and G2
and in the region between edges 202 206 and sensing surface 200 is an
electncally insulating material, preferably alumina. The sensing surface 200 or ABS
may ha\re a protective cvercoat 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.. | _

A recessed MR serlsor. 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
crior to reaching the active sensihg region. This leakage -is determined by the
shield gap width g, and the permeability and thickness t of the free fer_rcmagnetic

layer that also serves as a flux guide in the present invention. The magnetic flux
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decays with.a characteristic length of (1tg/2)*S. Typical parametets.for ab Gbitﬁn2
sensor are g=200 nm, t=5 nm and #=1000. This results in a decay length of
0.7 micron. .For a sensor where the active sensing regbn is recessed 0.35 micron
from the ABS, approximately 60% of the incide:nt flux is available at the a_ctive
sensing regioh. Thu§ the typical values of AR/R of 20% for a MTJ_ sensor would b(;,
reduced to approximately 12% in the reoesséd.Mf J MR read head of the present
invention. _ | |

In the preferred embodiment as shown in Fig. 5, only the frée ferromagnetic
layer 132 éna lead 104 aré'éipo_sed'.ét' the ‘ABS 200.' The location of the front
edge 206 of the fixed ferrdniagheti& Iaﬁef 118 so asto be recessed from the
ABS 200 'prever_1ts any shorting of the IMTJ éensbr that may occur when the héad fs
lapped at'the A!IBS 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
the fixed ferrorﬁagnetic 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
\fermmagnetic 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 lt were located at the ABS. This is because the free ferromagnetic layer 1 32. 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
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the width of the free ferromagnetic layer at the. ABS, wﬁich aliows the tunnel
junction to achieve a lower electrical resistance since its area is larger. For MTJ
devices the reistance varies as the I.nverse of the tunnel 'junction area because the
_current pasee's perpendiedlartd the junction. For improved sign_al to no'is-e, a Iower. |
resisance is better. |
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
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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 21 2, 208 of the tunnel barrier layer 210 and the fixed ferromagnetlc

layer 118, respectively, are coplanar, they need not l_)e so, provided the hack

edge 203 of the free ferromagnetic layer 132is tarther from the sensing

Surface 200 than whichever of back edges 212, 208 is closer fo the sensing

surface _206. This is because the -current flow perpendicular through the tunnel |
- barrier layer 210 is defined 'hy-whlchever back edge 212, 208 is closer to the

sensmg surface 200. Thus the back edge 203 of the sensmg ferromagnetic

layer 132 i is located farther than the back edge 212 of the tunnel barrier layer 210 if

the back edge 212 is closer to the -sensmg 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 bamer layer 210.

While in the preferred embodrment shown and described with respect to

Fig. 5, the tunnel barn'er Iayer 120 has its front edge recessed and preferably
coplanar with the front edge of the ﬁxed ferromagnetic layer 132, it is possmle in the
present rnventlon to have the front edge of the tunnel barrier layer exposed at the
ABS and essentially coplanar with the front edge of the free ferromagnetic layer.
Also, while the first lead 102 is shown as having its back edge extending beyond

the back edges of the antlferromagnetic layer 116 and fixed ferromagnetic
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layer 118, the first lead may have its back layer substantially coplanar with these'
Iayeré. | '

In an alternétive embodiment the substrate onto which the first lead 102 is
fbrmed is the first magnetic shield S1 and the-secbnd mégnetic shield S2 is fom.1ed
on the second lead 104. The shields 81 and S2 are formed of Ni-Fe alloys or Ni-
Fe-Co alloys and are electrically -oon'ducting. In this embodiment an electrically

. condtictive path is thus provided through the shield S1 to first lead 102,
perpendicularly through the tunnel juﬁction to fhe "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
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- as Ta,_Al, Cu, A_u, W and Pt with a typical thickness in the range of 100 to 500 A.
The antiferromagnetic layer 116 can be selected from a \_lariety of well-known
materials, such as Fe—Mn. Ni-M'.n, Pt-Mn, Ir-Mn and Pd-Mn. The typical thickness
for the antiferromagnétic |ayér 116isin ﬁg range of 70 to 300 A. The ﬁkéd
ferromagnetic layer 118 is preferably a Ni-Fe alloy 6r 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
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edge 206 is used to ultimately set the recess distance from ihe ABS when the
dévice is lapped to from the ABS.

After pattéming to form tﬁe structure of Figs. 6E-6F, the aluminum in what -
wil_l becoine the tunnel barrier layer 120 is plasma oxidized at an oxygen. rjressure
of 100 mTorr and a power densnty of 256 W/cm? for 30-240 seoonds This forms the
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 2 to 20 A for the Co. The lead 104 is formed of
similar matenals 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 sputtenng, 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



-23-

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

edge 212. As described pre\./iously, this assists in propagating flux efficiently
across the entire active tunnel junction area defined by the back and front edges of
.the tunnel barrier Iayér 120 and fixed ferromagneﬁc layer 118.

The above process can also be adapted to provide Iongitudinal 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 ferrom_agnetiC 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
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surface of the hard biasing ferromagnetic material. After the liftoff, a final patterning
step is used to remove unwani_ed regions of hard biasing ferromagnetic maten'aL
The total thickness of the leads, free and fixed ferromagnetic Iayer, tunnel
oxide layer, and antlfemomagnetlc layer are Itmlted by the total separatlon between
the shields S1 and S2. For a 5 Gbit/in? sensor this number ranges from 1000 to-
2000 A. ltis advahtageous to have the free ferromagnetfc’ layer 132:_o¢__antered iri s '
this gap between the two shields; This céh be _aoedmplished by adjustirig the ratio
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
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causes the momén’t of the fixed ferromagnetic layer 118 to be fixed along fhe
required directiori pérpendicular to the ABS.I as shown by the arrow 119 in Fig. 4.
This is-a result of cooling the Fe-Mn layer in the presencé of the ferromagnetic
. layer 11'8, magnetized by the applied magnetic field, in the required dirécﬁon.
Thus, a't. temperatures below the blocking temperature of Fe-Mn.. in the presence of
an applied magnetic field from the recorded mediuﬁ. the magneﬁzat'ion’ of the fixed
ferromagnetié layer 118 will not éﬁbsmnﬁally_@fate. | |

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 thesensing = .
- 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. |
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What is claimed is: | B

1. A magnetlc tunnel junction magnetoresistive read head for senslng
data magnetically recorded on a medtum when connected to sense clrcwtry, the
head having a subsiantlally planar sensmg surface that is aligned generally parallel
to the surface of the medlum when the magneﬂcally recorded data is bemg sensed,
the head compnsmg ' ' ' |

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

ca ﬁrst electncally conducttve lead fonned 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, 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
aoplied magnetic tield 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
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generally perpendicular to the fixed and sensing ferromagheﬁc layers, the tunnel
barrier layer having a front edgé and a back edge, the back edge béing located . -
fa;rther than the front edge from the sensing sdrface; ‘
a second electrically conductive ie'ad formed on the sensing ferro.rr_;agne'tic |
layer; and
o wherein the back.edg.e of the sensing ferromagnetic layer ifs located far_ther_
than the béi_:k edge of th_el tunnj__el barrier léyer fron_'l the Sensing surface if the back
~ edge of the u_jnnél bérrier layer is .clioser'to the sensing surface than the back-edge
--of the ﬁxéd ferromagnetfic layéﬁ and far;her- from the. sehsihg surface than.the back
. edge of the fixed férromagnetic layer if the back edgé 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 ferromagnetic layer are substantially -

coplanar.
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5. The head according to claim-1 wherein the back edge of the funnel
barrier iayer and the back edge of the fixed ferromagnetic layer are stibstantially
coplanar and wherein the back edge of the sensing ferromagnetic layer is located'
farther than the coplanar back e_dges of the tunnel barrier l'ayer and 'ﬂxed -

ferromagnétic layer from the sensing surface.

6; _' | -The head._aooord'ing. to claim 1 furthef corhprisiﬁg an
antifenbmagnetic layer in contact wrth the fixed .fem)mag netic Iayer'fof fixing the |
e magnetizat'ion- direcﬁon of the fixed _ferrofnagnetic. layer by. in'terfa'cial- exchange
coupling, the antiferromaénetic -Iayer- 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.
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9. The héad acoordfng to claim 6 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, whéreby the magnetizaﬁon directipn of the fixed
- ferromagnetic layer is fixed by interfacial exchange ooupiing with the

antif_erroma_gnetic layer.

_40. The head according to claim 1 wherein the magnetizatién direction of.
the sensing ferromagnetic layer-is generally parallel to the sensing surface inthe

absence of an applied magnetic field.
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- 11.  The head according to claim 1 further comprising:

a biasing fexromagnéﬁc layer for longitudinally biasing the magnetization
direction of the Sensing=fen'omagnetic layer in a direction generally perpendicular to
the magnetization direction of the fixed femmaénetic layer in the abseﬁée of an |
applied magnetic field; and |

an electrigally insﬁlating layer located beméén the biasirig and sensing
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 fhe tunnel barrier layer without passing into the bias'ing

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.
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14.  The head according to claim 1 further comprising a second substrate,
wherei_n the first lead, the sensing ferromagnetic layer, ihe tunnel barrief layer, and
the second lead fonﬁ a stack of layers located between the'ﬁrst and second -‘
substrates, and further comprising insulative material located between séid stack
an& the first and second substrates and in the region between the sensing surface

~ of the head and the recessed front edge of the fixed ferromagnetic_léyer.

15. The head according 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 the 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 oonducting 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 ﬂrsf lead. o
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18. The head according to claim 17 further comprising a second
electrically conducting magnetic shield formed on the séoond 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 .shie_ld..

19. The head. écoording to claim 1 wherein the head is the type for

~ sensing data from a magnetic recording disk and furtherléompﬁsi_ng an air-bearing :
slider having an air-bearing surface (ABS) facing the surfaéqof the disk Whén_ dét__a o

“from tﬁ_e disl_<. is being read by the head and a trailing end surface g_eh_e_ral_ly___-. : |
perpendicular to-the ABS, and whereir! .the s|ider'trailiﬁg end éurface is ,th"ell.-.-_
substrate on which the first electrical lead is formed and the slider ABS is the

- sensing surface of the head.



RO

-33-

20. A magn'ettc tunnel junction magnetoresistive read head for sensing
data magnetically reeorded on a medium when c_onnected to sense circuitry, the
head having a substantially planar sensing surface that is aligned generally pa_rallet
to the surface of the medium when the magnetically reooi'ded datais beidg sensed,
the head comprising: - |

| a substrate having an edge foriing part of the sensing surface; .'

a ﬂrst electncally oonductlve lead formed on the substrate, A

a fixed ferromagnet:c 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 ttle magnetization direction of the fixed ferrom_agnetie Ieiyer by interfacial
. exchange coupling along a preferred direction so it ts substantially pretren_ted, 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 |
ttte 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 ferromagnetic layers for permitting tunneling current in a direction
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generally perpendicular to the fixed and sensing ferromagnetic layers, the tunnel
barrier layer having a front edge recessed from the sensing surface and a back
edge located farther than the tunn_el .barrier layer front edge from the sensjng _
eurface; | -

a second electrically conductii_ie lead formed on the sensing ferromégnetic
layer; and | _

wherein the back edge of the sensmg ferromagnetlc Iayer is located farther

. than the back edge of the tunnel bamer layer from the sensing surfaoe if the back

- edge of the tunnel barrier layer.is close;e:to--th'e :jse__nsmgf surface than the back edge
of the fixed ferromagnetic 'leyer,- and farther ffbrﬁ-fhe-sensing surface than the ;)ack '
edge of the fixed ferromagnetic layer lfthe back edge of the ﬂxed_ 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 ferromagnetie 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.
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24. The head aoeordlng to claim 20 wherein the back edge of the tunnel
barrier layer and the back edge of the ﬁxed ferromagnetlc Iayer are substantlally
coplanar and wherein the back edge of the sensing: ferromagnet;c layer is located
farther than the coplanar back edges of the tunnel bamer layer and ﬁxed |

ferromagnetic Iayer from the. sensmg surface

25 The ll1e'ad' accordlng tocla|m20wheremthe first eiectricaj lead is
_formed. directly .'on..the.'.sebstrate.and':wheteih the antiferromagnetic layer s located
between the first electrical lead and the fixed ferromagnetic fayer, the fixed
ferromegnetic fayer Ieeing formed.directly on'and in contact with the .

antifeﬁomagnetic la'yer.
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26.  The head according to claim 20 further comprising: -
a biasing ferromagnetic layer for longitudinally biasing the magnetization
_ direction of the sensirig ferremegnetic layer in a direction generally perpehdic_ular to
the magneﬁzation &irection of the ﬁxed ferromagnetic layer in the absence of en
applied magnetlc ﬁeld and | '

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 B

by the msulatlng iayer. whereby when asense current is passed between the fixed
ferromagnetlc [ayer- and the__sensmg ferromagnetlc _.layer it passes generally
perpendiculaﬁy through the_ tunnel barrier laYer without passing into ihe biasing

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.
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29. The head according to claim 20 further comprising sense circuitry

connected to the first and second leads.

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 |
for@ned_ on the second lead, whereby an e'lectn'cally. oondﬁcﬁve pathis provided
~ from ih_e first shield to the first lead and through the tunnel barrier la_’yerhto iﬁg B

second lead and the second shield. -

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.



