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Relsted Applcation (it
5 This application is related to copending application Serial

No. 08/090,714, filed July 13, 1993.

Technical Field
This invention relates to a magnetoresistive (MR) sensor based on the
spin valve effect for sensing magnetic fields, to a process for making the

10 sensor, and to a magnetic recording system which incorporates such a sensor.

Backaround of the invention

An MR sensor detects magﬁetic field signals through the resistance
changes of a read element, fabricated of a .magnetic material, as a function of
the strength and direction of magnetic flux being sensed by the read element.

15 The conventional MR sensor operates on the basis of the anisotropic
magnetoresistive (AMR) effect ih which a component of the read element
resistance varies as the square of the cosine of the angle between the
magnetization in the read element and the direction of sense current flow
through the read element. Recorded data can be read from a magnetic'.

20 medium because the external magnetic field from the recorded magnetic
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element and a corresponding change in the sensed current or voltage.

A different and fnore pronounced magnetoresistance, called giant
5 magnetoresistance (GMR), has been observed in a variety of magnetic
multilayered structures, the essential feature being at least two ferromagnetic
metal layers separated by a nonferromagnetic metal layer. This GMR effect
has been found in a variety of systems, such as Fe/Cr or Co/Cu multilayers
exhibiting strong antifemoﬁagnetic coupling of the ferromagnetic layers, as
10 well as in esséntially uncoupled layered structures in which the magnetization
orientation in one of the two ferromagnetic layers is fixed or pinned. The
physical origin is the same in all types of structures: -the.application of an
‘external magnetic field causes a variation in the relative orientation (;f the
magnetizations of neighboring ferromagnetic layers. This in turn causes a
15 change in thé spin-dependent scattering of conduction electrons and thus the
electrical resistance of the structure. The resistance of the structure thus
changes as the relative alignment of the magnetizations of the ferromagnetic
-layers changes.
A particularly useful application of GMR is a sandwich structure
20 comprising two essentially uncoupled ferromagnetic layers separaled by a
nonmagnetic metallic spacer layer in which the magnetization of one of the

ferromagnetic layers is "pinned”. The pinning may be achieved.by depositing
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the ferromagnetic layer to be pinned onto an antiferromagnetic

iron-manganese (Fe-Mn) layer so that these two adjacent layers are exchange

coupled. The unpinned or "free” ferromagnetic layer may also have the |

magnetization of its extensions (those portions of the free layer on either side
of the central active sensing region) also fixed, but in a.direction perpendicﬁlar
to the magnetization of the pinned layer so that only the fnagnetization of the
free-layer central active region is free to rotate in the preserice of an external
ﬁeld. The magnetization in the free-layer extensions may also be ﬁxed_by
éxchange coupling to an antiferromagnetic layer. However, the
antiferromagnetic material used for this must be different from the Fe-Mn
antiferromagnetic material used to pin the pinned layer. The resulting
structure is a spin_valve (SV) magnetoresistive sensor in which only the free
ferromagnetic layer is free to rotate in the presence of an external magnetic
field. U.S. Patent 5,159,513, assigned to IBM, discloses a SV sensor in which
at least one of the ferromagnetic layers is of cobalt or a cobalt alloy, and in
which the magnetizations of the two ferromagnetic layers are maintained
substantially perpendicular to each other at zero exﬁernally applied magnetic
field by exchange coupling of the pinned ferromagnetic layer to an
antiferromagnetic layer. U.S. Patent 5,206,590, also assigned to IBM,
discloses a basic SV sensor wherein the free layer is a continuous {ilm having
a central active region and end regions. “T'he end regions of the free layer are

exchange biased by exchange coupling to one type of antiferromagnetic
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processing techniques are used, it is difficult to precisely remove the top layers
of the sensor down to the free léyer without damaging or thinning the free
layer. Also, the free layer may be a combination of several layers, including
very thin layers only several angstroms in thickness, and the top layers of the
free-layer structure may be damaged during the removal process. If additive
processing is used, it is no longer possible to deposit the entire spin valve
layers in one vacuum cycle so that the integrity of the interface between the
free layer and the spacer layer becomes compromised.

Thé copexiding 714 application describes an AMR sensor wherein the
MR element has discontinuous end regions abutting the central sensing region
with the end regions being longitudinally biased by antiferromagnetic layers.

What is needed is a SV sensor having a free ferromagnetic layer with

<

improved end regions for coupling to the antiferromagnetic layer.

Summary of the invention

The invention is an improved SV sensor, a process for making the
sensor, and a magnetic recording system incorporating the sensor. The [ree
ferromagnetic layer in the SV sensor is présent only in the central active

sensing region of the sensor. It has defined edges that abut the end regions.
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the electrical resistance of the struct
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thus changes as the relative alignnent of the magnetizations of the
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sandw ch structure conprising two essentially uncoupled ferromagnetic
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magneti zati on of one of the :
layer in the central active region of the sensor. These ferromagnetic layers
need not be identical in composition, thickness, or magnetic moment. The
5 la'yer of antiferromagnetic material, preferably a nickel-manganese (Ni-Mn)
alloy, is formed on and in contact with the ferromagnetic material in the end
regions for exchange coupling with the end regions to provide them with a
longitudinal bias of their magnetizations. The pinned ferromagnetic layer in
the SV sensor is pinned by exchange coupling with a different layer of
10 antiferromagnetic material, preferably an iron-manganese (Fe-Mn) alloy. This
material has a substantially different Neel temperature from that of the
antiferromagnetic material on the end regions.
In the process for making the sensor, the layers making up the ceritral
sensing region are pattern etched to define the central sensing region with the
15 defined track width. Additional ferromagnetic material is then deposited on
the substrate to the sides of the free layer central region in a manner to abut
the edges of the free layer central region. A layer of Ni-Mn is deposited on the
- ferromagnetic material in the end regions. The sensor is then heated in an
annealing oven in the presence of an applied magnetic field to a temperature
20 that allows the Ni-Mn magnetization to be fixed and aligned with the

 magnetizations of the ferromagnetic end Tegions. After cooling, the sensor is

rotated 90 degrees in the oven and heated above the Neel temperature of the

~
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3 the ferromagnetic | ayer to be pinne erromagy .
i ron- manganese (Fe-M1) |layer so that trrtEHHﬂlm EM ent | ayers are exchange .
coupl ed. The unpinned or "free" ferro may al so have the

magneti zation of its extensions (those portions of the free |layer on either
si de Fe-Mn to fix the magnetization of the Fe-Mn o be aligned with the

magnetization of the pinned ferromagnetic layer.
For a fuller understanding of the nature and advantages of the present
invention, reference should be made to the following detailed description taken

5 together with the accompanying figures.

Brief Description of the Drawing

Fig. 1 is a simplified block diagram of a magnetic recording disk dx_'ive
for use with the SV sensor according to the present invention.
Fig. 2 is a top view of the disk drive of Fig. 1 with the cover. removed.
10 Fig. 3 is an exploded perspective view of a prior art SV sens_ér showing
the cqntinuous free layer with its end regions exchange coupled to an
antiferromagnetic layer.
Fig. 4 is a view of the prior art SV sensor of Fig. 3 as seen from the disk
and also showing the capping layer and electrical leads.
15 Fig. 51s a _yiew of the SV sensor according to the present invention as
seen from the disk. .
Figs. 6A-6D are illustrations of the steps involved in the fabrication of

the SV sensor shown in Fig. 5.
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different fromthe Fe-M antiferronagnetic nmaterial used to pin the pinned

| ayer. The resulting structure is a $phﬂ-xa!ve (SV) nmagnetoresistive sensor

in which only the free ferromagnetic Tayer I1s free to rotate in the

. presence of -i'anAl%ﬁgL%lQ"ﬂle wgg}léocr of the present invention will be described as

embodied in a magnetic recording disk drive, as shown in Fig. 1, the invention
5 is also applicable to other magnetic recording systems, such as a magnetic
tape recording syetem, and to magnetic random access memory systems
wherein a magnetoresistive element serves as a bit cell.
Referring to Fig. 1, there is illustrated in sectional view a schematic of a

prior art disk drive of the type using an MR sensor. The disk drive comprises

10 a base 10 to which are secured a disk drive motor 12 and an actuator 14, and
a cover 11. The base 10 and covex.' 11 provide a substantially sealed housing
for the disk drive. Typically, there is a gasket 13 located between base 10 and
cover 11 and a small breather port (not- shown) for equalizing pressure
between the interior of the disk drive and the outside environment. A

fs . magnetic recording disk 16 is connected to drive motor 12 by means of hub 18
to which it is attached for rotatioh by the drive motor 12. A thin lubricant
film 50 is maintained on the surface of disk 16.- A read/write head or
transducer 25 is formed on the trailing end of a carrier, such as An air-bearing
slider 20. Transducer 25 may be an inductive read and wﬁte transducer or an

20 “inductive write element with a SV read element of the type to be described.
The slider 20 is connected to the actuator 14 by means of a rigid arm 22 and a

suspension 24. The suspension 24 provides a biasing force which urges the
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whi ch at | east one of the ferromgnet °?9obalt or_a REMAGED
all oy, and in which the magneti zations | rorragnet C Tayers are

mai nt ai ned substantially perpendicul ar at zero externally
applied magnetic field by exchange coupling of the pinned ferromagnetic
| ayer to shidenR0forito aagnatace dfagher recbrdingReilsknt6.5 I R06neWperalisn dabiegned
to IBM discloses a basic SV sensor wherein the free layer is a continuous

L0 o BRISOREDL o 45 8o B0 09U b yigal g e the
ant | fer. r O:g&%%%x 34, which is typically a lmear or rotary voice coil motor (VCM), moves
the slider 20 generally radially across the surface of the disk 16 so that the
5 read/-write head may access different data tracks on disk 16. -
Fig. 2 is a top view of the iﬁteﬁor of the disk drive with the cover 11
removed, and illustrates in better detail the suspension 24 which provides a
force to the slide.r 20 to urge it toward the d.isk 16. The suspension may be a
conventional type of suspension such as the wéll-known Watrous suspension,
10 as described in IBM's U.S. Patent 4,167,765. This type of suspension also
provides a gimbaled attachment of the slider which allows the slider i;o pitch
and roll as it rides on the air bearing. The data detected from disk 16 by the
trar;sducer 25 is processed into a data readback signal by signal amplification
and processing circuitry in the integrated'circuit chip 15 located on arm 22.
15 ‘The signals from transducer 25 travel vié .ﬂex cable 17 to chip 15, which sends
its output signals via cable 19.
Th.e above description of a typical magnetic recording disk drive, ahd
the accompanying IFigs. 1 and 2, are for representation purposes only. [t
should be apparent that disk drives may contain a large number of disks and
20 actuators, and each actuator may support a number of sliders. In addition,

instead of an air-bearing slider, the head carrier may be one which maintains
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and other contact recording disk drives.’

A prior art SV sensor 30 is shown in Fig. 3. The films f‘orxﬁing the
completed Sensor' are supported on a suitable substrate 31. The SV sensor 30
may form part of transducer 25 in the disk drive system of Figs. 1 and 2, and
the substrate 31 may be the trailing end.of the head carrief or shder 20.

An underlayer or buffer layer 33 is deposited on substrate 31,- followéd
by a first thin layer 35 of soft ferromagnetic material. A thin
nonferromagnetic metallic spacer layerl 37, a second thin layer 39 of
ferromagnetic material, and a thin layer 41 of an exchange biasing material
having relatively high electrical resistance and being 'in direct contact with the
ferromagnetic layer 39 are depos_ited over ferromagnetic layer 35. Layers 37,

39, 41 are then etched away at their end regions to have a predetermined

width generally corresponding to the width of the data track on the magnetic

medium, such as disk 16. Antiferromagnetic layers 42, 43 are then formed
directly on the extensions 52, 53 on the sides of central active sensing

region 36 of ferromagnetic layer 35. Not shown in Fig. 3 are the capping layer

~ for corrosion protection and the electrical leads that are patterned on

layers 42, 43.
In the absence of an externally applied magnetic field from the recorded
magnetic disk 16, the magnetizations of the two layers 35, 39 of ferromagnetic

material are oriented at an angle, preferably of about 90 degrees, with respect

SA9-93-086 -g-
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sensing region with the end regions being Iongltudlnally bi ased by
antiferr %@H@hhﬁubﬂﬁﬁrlﬁs central region 36 is free Lo rotate its direction in response
-to an externally applied magnetic field (such as magnetic field h as shown in
5 . _llFig. 3), as shown by the dashed arrows on léyer 35. The ferromagnetic
\layer 39 is called the "pinned” fer.ro'mag'netic layer because its magnetization
direction is fixed or pinned in a preferred orientation, as shown by the
érrow 38. Layer 41 provides a biasing field by exchange coupling and thus
pins the magnetization of the ferromagnetic layer 39 in a preferred direction
10 (a.rrow 38) so that it cannot rotate its direction in the presence of an applied
extérnal magnetic field having a strength in the range of the signal field from
disk 16. Similarly, the layers 42, 43 provide longitudinal biasing by exchange
coupling to the extensions 52, 53 of_ the free ferromagnetic layer 35. This
assures that the magnetization of the central sensing region 36 of the free
15 ferromagnetic layer 35 is maintained generally perpendicular to the
magnetization of pinned ferromagnetic layer 39 in the absence of an externally
applied magnetic field.
Fig. 4 is a view of the structure of Fig. 3 as it would appear looking up
from the surface of disk 16 and s.hows the capping layer 44 and patterned
20 electrical leads 45, 46 for making electrical connection to i;he sensor 30. Fig. 4

also shows the free layer 35 as one continuous film having a central active

sensing region 36, represented as that portion between the dashed lines, and
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of the Invention The invention is an inpr HIB MM a pr ocess flor
maki ng the sensor, and a magnetic recordi porating the
sensor. The free ferromagnetic layer in the SV sensor is present only in
t he centreahdaetiors seasiongimeghdrbdiodibed sendersides ofhasndef ireghredgesihat
abut the end regions. _
extensions 52, 53 of free layer 35 on either side of region 36 are longitudinally
biased by antiferroma;gnetic exchange layers 42, 43, respectively. The use of
antiferromagnetic exchange coupling layers 41 and 42, 43 is the preferred
. 5 method of pinning the magnetizations of the ferromagne.tic layer 39 and the
extensions of free layer 35, respectively. The exchange bias layers 41 and
42, 43 are typically made of a suitable antiferromagnetic material, such as
iron-manganese (Fe-Mn) or nickel-manganese (Ni-Mn). However, the layer 41
mu,st. be made of a different antiferfomagnetic material from that used for the
10 layers 42, 43. This is because the magnetization of layer 41 must be made
perpendicular to the magnetizations of layers 42, 43. During processing, the
antiferromagnefic material is subjected to an applied magnetic field while
heated tq a specific critical temperature to orient its magnétization. Different
antiferromagnetié materials must be selected so that whgn one material is
15 raised to its tempefature to orient its magnetization, this temperature will be
below the critical temperature of the other material and its magnetization will
be unaffected.
The use of a continuous film free ferromagnetic layer, where the central
sensing region and the extensions or énd regions are part of the continuous.
20 film, presents several disadvantages in fabricating a SV sensor. The principal

problem is the ability to reproducibly etchaway the end regions of the spacer

layer 37, the pinned ferromagnetic layer 39, and the exchange biasing layer 41

. SA9-93-086 . -11-
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or magnetic nonent. The |layer of antiferronagnetic material, pref.eratlly a
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ferromagnetic material in the end regions for exchange coupling with the
end regi ofd afdher ee derohegnatidlayer. Most etching techniques like ion milling or

sputter etching have uniformity removal characteristics of 10 percent. The
three layers that must be removed have typical approximate thicknesses of
5 25A for the spacer, 60A for the pinned ferromagnetic layér, and 150A for the
exchange layer, or a total of about 250A. With an uncertainty of 10 percent in
material removal, the free layer, with a typical thickness of SOA, could be
reduced in thickness by almost 50 percent to 25A. This would diminish the
.longitudinal biasing of the end regions 52, 53 since the net magnetic moment
10 contained in the end regions should be comparable to the net magnetic
moment in the central active region 36 of the sensor to produce a stable bias
“condition. Alternatively, one could approach the fabrication of the prior art
spin valve by using additive processing. In this case, after depositing the free .
ferromagnetic layer, photoresist with openings for the active region of the
15 sensor could be overléyed onto the lfree layer. Then the spacer layer, the
pinned ferromagnetic layer, and the exchange layer could be deposited onto
the photoresist and the open areas of the free layer and then the material
lifted off of the free layer by dissolving the photoresist. This additive process
requires two separate depositions to form the active region of the sensor. In
20 particular, the interface between the free ferromagnetic layer and the spacer
layer would be formed in two separate de‘positibn steps, and the quality of this

interface is reduced from the more ideal interface which is formed in a single
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to the sides of the free ayer central region in a manner fo abut

active region of the sensor also precludes the use of separate and distinct
ferromagnetic materials for these regions. - In some cases, it may be more
5 advantagéous to use different compositions of Ni-Fe in the end regions than in
the central region to maximize the exchange amplitude. In some cases, it may
also be advantageous to have different thicknesses of ferromagnetic material
(or different net moments) in the end regions and in the central region.
The above-described embodiment is for a SV sensor used in a magnetic
10 - recording system, such as a disk.drive. However, the SV element of the
present invention is also applicable for use in magnetic random access memory
systems. In such an embodiment, the SV element serves as a bit cell and the
magﬁetizations of the free and.pinn_ed layers would be oriented antiparallel,

rather than perpendicular.

15 : - Preferred Embodiments
| The preferred em.bodiment of the spin valve structure according to the
present invention is shown schematically in Fig. 5. Like the prior art
| sensor 30 of Fig. 4, the SV sensor 60 is shown as it would appear looking up
from the magnetic medium, such as disk 16. A layer of tan£alum (Ta)as a
20 buffer layer 62 is for;ned onto a substrate 61. Next, a Ni-Fe free

ferromagnetic layer 63 is formed over the buffer layer 62, followed by a
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in an anneal ing oven in the presence gnetlc
tenperature that allows the N -M ma e fixed and allgned ;
wi th the magnetizations of the ferromagnetic end reg| ons. After cooling,
tile sensoopper tObaspacdOagegGéesThe Niklée dvérecaldchésdt edivahove at he Neel
tenperature of the -
composition in the range of NiglFe,, Lo Ni;.Fe,.. The pinned ferromagnetic
layer 70 is formed over the spacer layer 65, followed by an Fe-Mn
antiferromagnetig layer 66 to exchange couple with the Ni-Fe pinned layer 70.
5 A capping layer 67 is formed over the Fe-Mn layer 66. The free layer 63 has
| its magnetization oriented in the direction of arrow 64 in the absence of an
external magﬁetic field. The pinned layer 70 has its magnetization pinned in
the direction of arrow 71 (into the paper in Iig. 5) by means of its exchange
coupling with antiferromagnetic layer 66. The layers 62, 63, 65, 70, 66, and 67
10 have a width defined by edges 93, 94. This width is selected to be essentially
the desired track width for the magnetic medium. Since this width is in the
micron (10,0004) range and thé thickness of the layers is in the 10-100A
range, the drawi‘ng of Fig. 5 1s not made to scale so that the sensor films can
be properly shown.
15 A layer 90 of Ni-Fe is formed on both sides of free layer 63 and abuts
the edges 93, 94. A.layer 91 of Ni-Mn is .formed on and in contact with
layer 90 and exchange couples with layer ‘SI\)O so that the magnetizatioﬁ of the
Ni-Fe in the tail or end regions is maintained generally in the direction
parallel to arrow 64. Thus, the free layer 63 and its lateral tails or
20 extensions in layer 90 form the first ferromagnetic layer of the SV sensor 60.

In the presence of an applied magnetic field from the magnetic medium, the

magnetization of layer 63.is free to rotate, while the magnetization in the end
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formed on layer 91 to serve as the electrical leads 92 for the SV sensor 60.

While the embodimentl.shown in Fig. 5 has the f(ree layet; 63 located
closer than the pinned layer 70 to the substrate 61, it is also possible to form
the SV sen.soz.' 60 in an inverted manner, i.e., with the pinned layer closer to
the substrate. In that structure, the antifé_rromagnetic layer 66 for pinning
the pinned layer 70 would be located between the substrate 61 and the pinned
layer 70. The Ni-Mn layer 91 and the Ni-Fe end regions 90 could also be
reversed so that the antiferromagnetic material 91 is deposited first, followed
by the ferromagnetic layer 90.

Fig.. 5 also illustrates échematically the meaﬁs for connecting the Sv
sensor 60 to sensing circuitry in the magnetic recording system. The electrical
leads 92 are provided to form a circuit path between the SV sensor 60 and a
current source 82 and a sensing means 84. A magnetic signal in the medium
1s sensed by the sensing means 84 detecting the change in resistance as the
magnetization of the free ferromagnetic layer 63 rotates in response to the
applied magnetic signal from the recorded medium.

The fabrication steps for the SV sensor 60 will be explainea with
reference to Figs. 6A-6D. As shown in Fig. 64, a series of layers are first
sputter deposited onto a substrate 61 during a singlé pumpdown. The
substrate 61 may be gla;ss, semiconductor material, or a 'ceramic'material,

such as an alumina (Al,O,)titanium-carbide (TiC) ceramic material used for

SA9-93-086 -15-



{
Fi.g. 2 is a top view of the disk drive ofhif$hget His Béek Replabd COVETHISEBREDHAS BEE

N )
Fig. 3 is an expl oded perspective view of 1 sens‘or sh&s-ngcEbe _]
continuous free layer with its end region Eledtu an '
antiferromagnetic layer. Fig. 4 is a view i rt SV sensor of

Fig. 3 as _seen.fromthe disk apnd al.so showi ng the capping | ayer and

el gct ri ca‘Fm’i‘}é’é‘dk".”‘\?iSEf%ch'i zji’a ‘\L;]i”éﬁvﬁa’f“‘?qilé“§98§8H§‘6P” EBPITALE B hrkde a

present invention as seen fromthe disk. Figs. 6A-6D,are illustrations of

t he st epsS@mventalan tTahendabayeaordulbdr layer 62, a 60A permalloy Ni-Fe fiee

ferromagnetic layer 63, a 254 copper (Cu) spacer layer 65, an 80A permalloy
pinned ferromagnetic layer 70, a 150A Fe-Mn exchange bias layer 66 for
5 pinning the pinned layer 70, and a 100A Ta capping layer 67.

Next, as shown in Fig. 6B, photoresist 74 is patterned over these layers
to form a rectangularly-shaped region. The layers are ion milled and the
photoresist is remov.ed.

- Next, as shown in Fig. 6C, photoresist 75 is patterned over these layers
10 to a width corresponding to the desired track width for the SV sensor 60. The
photoresist layer 75 is bilayer in nature with an undercut. The undercut
allows for subsequent liftoff of the end region metal layers and allows the end
region metéls to slightly overlap the capping layer 67.
As shown in Fig. 6D the remaining portions of the layers that are not
15 protected by the photoresist 75 are etched or removed by ion milling. Since
ion milling uniformity is typically 10 percent, the ion milling time 1s selected
to be greater than 10 percent of the total time to remove the layers. The
stopping point of the ion milling etching is in the substrate 61, and therefore
all the material in the end regions is removed. As can be seen in Fig. 6D, the
20 removal of all the material in the end regions is assured by ion milling slightly |

into_the substrate 61.

SA9-93-086 -16-



the SV se
Prior Art
as enbodi
i nvention

10

nsor shown in Fig. 5. 7 Detys s 108 RedniRabhRE Of Hhﬁﬁlsm
Al though the SV sensor of the ion wiljl be Riaa_qm
ed in a magnetic recording di skﬂmﬂmnmruﬁl wn i n Frg—F=

Next. as shown in Fig. 6, a layer 90 of ferromagnetic material. usually -

Ni-Fe, but not necessarily the same Ni-Fe compos'ition as the Ni-Fe in the
active region of the SV sensor, is deposited. This is followed by 300A of Ni-Mn
as e#change bias layer 91. A sequence of layers is then deposited to serve as
electrical leéd layer 92. Layer 92 is preferably formed -o'[‘a sequence of
sputter-deposited layers of Ta, gold (Au), and Ta. Layers 90, 91, 92 also
overlay resist layer 75. The ferromagnetic free layer 63 is the central active
sensing region with edges 93, 94 that are spaced apart to form the desired
track width of the SV sensor 60. Layer 90 is deposited to a thickness so that
the net magnetic moment of layer 90 is approximately 10-30 percent greater

than the net'magnetic moment of the free layer 63. Thus, if layer 90 1s the

-same mateﬁal composition as layer 63 then layer 90 would be formed 10-30

15

20

percent thicker than the thickness of free layer 63. The antiferromagnetic
layer 91 is then sequentially deposited o.ver layer 90, preferably during the
same vacuum pumpdown sequence. |

The resist layer 75 is then dissolved, removing the overlaying layers and
leaving the sensor structure shown'in Fig. 6F.

Layer 90 may also be formed of a ferromagnetic material different from
free layer 63 or from a Ni-Fe composition different from free layer 63. In some
applications, the free layer Ni-Fe composition is optimi.zed. for magnetostriction
issues and this composition need not be useful for optimized Ni-Mn exchange

strength. In some applications, the free layer in the active region may not be

SA9-93-086 -17-

=



is al so applicable to other nagnetic recmlgighggHgy@grggsl’%uch am;ggmme{Ag:BEEN

tape recording system and to magnetic ra yst engemirEED N
a magnetoresistive el ement serves as a bi "ﬂ ,'t
is illustrated in sectional view a schena art disk drive of

ng to~Fr—t—there—
the type using an MR sensor. The disk drive conprises a base 10 to which

are secur @di-Hedbak rdthetea Mt Be/Ch2l aggdedigtiaciuss. ofn s enst, deowedgidctic The
base 10 and cover 11 provide a substantially sealed hou5|ng for the disk

drive. Typhgéd b.nddaeast be aaNsme@& 1é§e.lea%freeln%tavmenb%e alRigndifeyer 11
and a smal |l breather port (not shown)” for equalizing pressure
could be used. The criteria for end region stabilization is that the net
xnaglletic moment of the end regidn ferromag*nétic layer be equivalent to 10-30
5 percent or greater than the net magnetic moment of the free layer
ferromagnetic layer in the central active region.
The advantages of the abutted approach for longitudinally biasing the
SV sensor are in implementation and material flexibility. The abutted
approach allows the complete removal of all layers in the end regions of the

10 sensor, and then the deposition bf the ferromagnetic layer and the exchange
layer in one sequential vacuum cycle. The abutted apprdach allows for
tailoring the thickness of the féerromagnetic layer and the material of the
ferromagnetic layér to optimize the exchange strength of the end region
ferromagnetic/antiferromagnetic layers.

15 Fig. 6G is a top view in the direction of view G-G of Fig. 6F for
illustrating the manner in which the completed SV sensor 60 is formed on
substfate 61. Photoresist layer 74 (Fig. 6B) defines edges 100 and 101 of
sensor 60. Photoresist layer 75 (Fig. 6E) defines edges 93 and 94 of the
sensor 60. The top layer in the tail or end region is layer 92, the lead material

.20 layer, and the top layer in the sensor region is layer 67, the capping layer.

After resist layer 75 is removed, the sensor 60 is encapsulated by sputter

depositing approximately 0.5 microns of alumina onto the substrate 61.

SA9-93-086 18-



bet ween the interior of the disk drive ' vi r gnirEie SHIEET HAS BEEN
magnetic recording disk 16 is connect edq?gSﬁegt?{aQHLeﬁkgﬁw% by 'LreansHSPLﬁGED __l
18 to which it is attached for rotation ﬁlmglmﬂzuﬂwtor 1Z77AThin

lubricant film50 is maintained on the s 16. Aread/wite
head or transducer 25 is formed on the trailing end of a carrier, such as
an air-bearing Theddungoa-chcapsdiaded sebspnPOls thanimaeed iy RACHYT BFERe
transducer or an inductive wite elenent. with a SV read el enent of the
type to beagedeatébdo alfeensdriadere d0apprexinnselyed40C ihahagirestnce d4aby
nmeans of a rigid arm22 and a suspension 24. The suspension 24 provides a
bi asi ng f ogea; Wi elb¥tAEHeld®The sensor is oriented in the oven such that the

-applied magnetic field is in the direction indicated by arrow 64 (Fig. 5). The
5 Ni-Mn layer 91 is not antiferromagnetic at room temperature, but when |
‘heated becomes antiferromagnetic. Its magnetization becomes aligned along
the magnetization direction of Ni-Fe layer 90, which is aligned with the
applied field. This direction is essentially parallel to the magnetization
" direction 64 of the central region of free layer 63. After cooling, the .

10 magnetization of the Ni-Mn layer'91 becomes permanently set and provides
antiferromagnetic exchange coupling for layer 90 in the end regions. These
end regions will then be permanently magnetized in the direction indicated by
arrow 64. |

After cooling, the sensor is then rotated 90 degrees in the same
15 annealing oven. Unlike Ni-Mn, the Fe-Mn layer 66 is antiferromagnetic as
deposited. However, its magnetization must be realigned so that it can
exchange couple the pinned layer 70 in thé proper orientation. The
temperature is raised in the oven to approximately 180°C, which 1s greater
than the Neel temperature of Fe-Mn. At this temperature, Ie-Mn ié no longer

20 -antiferromagnetic and has no mag.netizlation history so that upon subsequent

cooling, its magnetization will grow in thie proper direction. Since the applied

" magnetic field is oriented parallel to the magnetization direction 71 of the

SA9-93-086 ' -19-



8 slider 20 onto the surface of the reqg{sdhdOHdd Bsds Réglacedur i rrng@gﬁ@éﬁHA@?EEN

and the act uator 14, which 15 typically ﬁ!l mﬂmm L tary voroo—eoraeee:
(VCM, noves the slider 20 generally rad he surface of the
g: :t ig S;C))intnhe%t l:—lt)hc?' %ﬁﬂfevﬁgéﬁcﬂfﬁ%ﬁ¥ l%?a\c'ﬁ{slsayc(i:irf(;(ie(\-'eilr}tulggtbae :Elri;?r?ck on
along that direction. The applied magnetic field from the annealing oven thus
prepares the pinned layer 70 to have the appropriaté dircc_,ti;m 71 (Fig. 5) and
upbn subsequent c.ooling below the Neel temperature of Fe-Mn, the Fe-Mn will
5 have its magnetization aligned with that of the pinned layer 70. The result is
that the Fe-Mn layer 66 now forms an antiferromagnetic exchaﬁge-coupled
layer to pin the direction of magnetization of piﬁned layer 70. Thus, in the
presence of an épplied sensing field, the magnetization of the pinned layer 70
will not rotate. Because the Neel temperéture of Ni-Mn is approximately
10 450°C, which is considerably higher than the 160°C Neel temperature of Fe-
Mn, the magnetization direction of the Ni-Mn layer 91 will be unaffected and
will remain oriented generally parallel to that of Ni-Fe layers 90 and 63. |
While the present invention has been particularly shown and described
with reference to the preferred embodiments, it will be understooci by t‘hose
15 skilled in the art that various changes in form and detail may be made
without departing from the spirit and scope of the invention. Accordingly, the

disclosed invention is to be considered merely as illustrative and limited in

scope only as specified in the appended claims.
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Fig. 2is atop viewof the interior of the disk drlvé“vmthltlv‘:rals:smgsrﬂqASBEEN

renoved, and illustrates in better deTfmShedtHa on 24 I Ch REPRRCEBS
a force to the slider 20 to urge it to 16. The -SHSPeRSFoF—REyY——o
be a conventional type of suspension s | - known WAt r ous

suspension, as described in IBMs U S. Paten , 765. This type of
suspensi orvvak;s@sml@wmag:ssa gi nbal ed attachnent of the slid

the slider to pitch and roll as it rides on the air beari n ﬂmﬂummu“ﬂm“l
detected fromdisk 16 by the transducer 25 is processed into a‘data "

readback signal by S|gnal npllflcatlon and processing circuitry in the

I nt egrated ci .ar ..
7 ! rciu t C/Q sp in val\%: %Eéa,cgqle%gre%rlsrﬁvzezelement comprising:

2 . first and second layers of ferromagnetic material separated by a spacer

3 layer of metallic nonmagnetic material, the magnetization direction of said

4 sécond layer being pinned and the magnetization direction of said first layer

5 being oriented at an angle relative to the magnetization direction of said

6 second layer at zero applied magnetic field, the first layer comprising a centfal _

7 active region and end regions contiguous with and abutting the edges of the

8 central actjve region; and

9 . a layer of antiferromagnetic material overlying and in ‘contact with the

10 end regions of the ﬁ1;st ferromagnetic layer for biasing the magnetization in
11 the end regions.

1 . 2. A spin valve magnetoresistive eler,;{lent as in claim 1 further

2 comprising. a second layer of antiferromagnetic material in contact with the

3 second ferromagnetic layer for pinning the magnetization of the second layer

4 of ferromagnetic material, the second layer of antiferromagnetic material being

5 formed of a material having a substantially different Neel temperature from

6 that of the antiferromagnetic material overlying the end regions of the first

7 ferromagnetic layer. o
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The signals fromtransducer 25 travel vi 74 0 chii PHIBSSHERT] AS BEEN
sends its output signals via cable 19, TBM@MH]BHW !ﬂi onllof a PREBHAEED.
magneti c recording disk drive, and the a 1 and 2, are ftor
representation purposes only. It should be apparent that disk drives may
contain a large nunber of disks and actuators, and each actuator may

support a nunmb&r of sskpdersivel magddidresstiverdemadt ofs anclaim-Dedidnegy shieder,
the head carrier may be one which naintains

2 lay_er of antiferromagnetic material overlying the end regions of the first

3 ferromagnetic layer is formed of an alloy comprising nickel and manganese.

1 4. A spin valve magneto'resistiv.e element as in claim 3 wherein the

2 layer of an‘tife-rromagnetic material in contact with the second ferromagnetic

3 layer is formed of an alloy comprising iron and manganese.

1 5. A spin valve magnetoresistive element as in claim 1 wherein the

2 layer of antiferromagnetic méterial overlying the end regions of the first

3 ferromagnetic layer is contiguous with and abuts the edges of the central

4 active region of the first ferromagnetic layer.

1 6. A spin valve magnetoresistive element as in claim 1 wherein the

2 ferromagnei';ic material in the central active region of the first ferromagnetic

3 layer is different from the ferromagnetic material in the contiguous and

4 abutting end regions of the first fer_romagﬁetic layer. —
| | This Sheet Has Been Replaced
| - LT
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9 the. head in contact or near contact wi ITHFS dERET HAS BEEN
béaring and ot her contact recording dis mﬂlaﬂﬁjtﬂjj m art GACED '
is shown in Fig. 3. The filnms form ng t r are support'eci o

a suitable substrate 31. The SV sensor 30 may form part of transducer 25 in
the disk drive systemof Figs. 1 and 2, and the substrate 31 may be the
traisl i ng end of7.t he shegpih calr\fel:erwoet(ﬁbsndaxe&Qns&ncmn@er:hager or buffer

| ayer 33 is .deposited on substrate 31, followed

2 ~ a substrate:

3 a layered structure formed on the substrate, the layered structure

4 comprising:

- 5 a free fel'foxilagnetic layer with a central_ active region having a

6 o magnetization orientation in the absence of an applied magnetic field, a
7 metallic nonmag_i:_ietic spacer layer acijacent to and in contact with the

8 central active re:éion of the free ferromagnetic layer, a pinned

9. ferromagnetic layer adjacent to and in contact with the spacer layer and
10 having a magnetization oriented at an angle to the magnetization of the
11 central active region of the free ferromagnetic layer, and a layer of an
12 antiferromagnetic material having a predetermined Neel temperature

13 and formed adjacent to and in contact with the pinned ferromagnetic

14 layer for pinning the magnetization of the pinned ferromagnetic layer;
15 a layer of ferromagnetic material formed as end regions to the central

16 active region of the free ferromagnetic layer; the end regions abutting and

17 being contiguous with the edges of the central .active region of the free

18 ferromagnetic layer; and

19 a layer of antiferromagnetic material adjacent to and in contact with the
20 end regions and having a Neel 'terhberature substantially different from the
21 © Neel temperature of the antiferromagnetic material adjacent to the pinned
22 ferromagnetic layer for exchange biasing the magnetization in the end regions.

I —
S5A9-93-086 -23- |
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by a first thin layer 35 of soft ferromagnetic material. A t|fin, ==
nonferromagnetic netallic spacer |ayer Mu | a aTnH@SHCET HAS BEEN
ferromagnetic material, and a thin | aye H“ﬂuﬂml‘r ge dm_mgﬁ%

having relatively high electrical resistance and "ei*ng”in direct contact
with the ferromagnetic |ayer 39 are deposited over ferromagnetic |ayer 35.
Layers 37, 39, 41 are then etched away at their end regions to have a
predeterm ned width generally corresponding to the width of the data track
on the magneti g medi Ay § Wall@fabintkokBist A d ok EBONEki S T aViedeiddhe43
are then forned directly on the extensions 52, 53 on the sides of central

actiye Squﬂ'&gof antiferromagnetic material adjacent to the end regions is formed of an

3 alloy comprising nickel and manganese.

1 | 9. A spin valve magnetoresistive sensor as in claim 8 wherein the

2 layer of antiferromagnetic material adjacent to the pinned ferromagnetic layer
3 is formed of an alloy comprising iron and manganese.

1 10. A spin valve magnetoresistive sensor as in claim 7 wherein the

2 . layer of antiferromagnetic material adjacent to the end regions is contiguous
3 with and abuts the edges of the central active region of the free ferromagnetic
4 layer.

1 11. A spin valve magnetoresistive sensor as in claim 7 wherein the

2 ferromagnetic material in the central active region of the free ferromagnetic

3 layer is different from the ferromagnetic material in the contiguous and

4 abutting end regions. :
: This Sheet Has Been Replaced
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region 36 of ferromagnetic |layer 35. Not s ' | e fhTHISsHEETgHAS BEEN
| ayer for corrosion protection and the el eFﬂMN“lmEumllmt re paREELAGED

on layers 42, 43. In the absence of an externatl yt appl Sed* maghetrirc=rrerd '
fromthe recorded nmagnetic disk 16, the magnetizations of the two |ayers

35, 39 of ferromagnetic material are oriented at an angle, preferably of
about 90 degreeBl. wiAmagspecsiorage system comprising:

2 a magnetic storage medium having a plurality of tracks for the

3 recording of daf;a;

4 a magnetic transducer maintained close to the magnetic storage medium
5 during relative motion between the magnetic transducer and the magnetic

6 storage medium, the magnetic transducer including a spin valve

7 magnetoresistive sensor comprising (a) a. substrate; (b) a ﬁ;st free

8 ferromagnetic layer on the sqbstfate with a central active region having a

9 magnetization orientation in the absence of an applied magnetic field; (c) a

10 metallic nonmagnetic spacer layer adjacent to and in contact with the central
11 active region of the first free ferromagnetic layer; (d). a second ferromagnetic
12 layer adjacent to and in contact with the spacer layer ahd having its

13 = magnetization pinned in a direction at an angle to the magnetiza.tion of the

14 central active region of the first free ferromagnetic layer in the absence of an
15 applied magnetic-ﬁeld; (e) a third ferromagnetic layer formed on the substrate
16 as end regions to the cen'ttl'al active region of the first free ferromagnetic layer,
17 the end regions abutting and being contiguous with the edges of the central

18 active region of the first free ferromagnetic layer; and () a layer of -
19 antiferromagnetic material adjacent to and in contact with the third

20 ferromagnetic layer end regions for exchange biasing the magnetization in the
21 end regions; and B This Sheet Has Been Replaced
A
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10 to.each other, as indicated by ar Lo spectiveH
ferromagnetic layer 35 is calledthem EIJI li’ﬁ tic |
magnetization in its central reglon telt' '

response to an externally applied magnetic flel d (such as magnetic

as shown in Fig. 3), as shown by the dashed arrows on |l ayer 35. The
fergpomagnetic | ayghs %é?uft;ﬁzdcw {tRAmbBacldeRede deisbpiagtetdctidayssisiecause

its magnetlzatlon direc

codl

24

25

ion is fixed or pinned in a preferred orientation,

IO\rI]\g glangﬁs dn Ry x%ggnwgmsmre RERYSAFS Rkl RSId hfrRhit Ryiggxchange

representative of data bits recorded in the magnetic storage medium

intercepted by the magnetoresistive sensor.

13. A system as in claim 12 wherein the layer of antiferromagnetic
material adjacent to the third ferromagnetic layer end regions is formed of an

alloy comprising nickel and manganese.

14. A system.as in claim 12 wherein the layer of antiferromagnetic

material adjacent to the third ferromagnetic layer end regions is contiguous

. with and abuts the edges of the central active region of the first free

ferromagnetic layer.

15. A system as in claim 12 wherein the ferromagnetic material in
the central active region of the first free ferromagnetic layer is different from

the ferromagnetic material in the third ferromagnetic layer.

This Sheet Has Been Reﬁlaced

AN
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1T

pi ns the magneti zati on of the ferromagn r ¢f EHIBESHEET HAS BEEN |
di'rection (arrow 38) so that it cannot ﬂ"lmlmﬂ"" IHE' n_theRPPARERE |

of an applied external magnetic field hawi ng atsteeng
signal field fromdisk 16. Simlarly, the layers 42, 43 prOV|de

| ongi t udi nal bi asi ng by exchange coupling to the ext ensi ons 52, 53 of the
free ferromagneti c Pauﬁﬁwﬁ5mthhﬂh&g&hsbshthauthehnagnet|zatlon of the
central sensing region 36 of the free ferromagnetic layer 35 is nai nt ai ned

gengral Iy per pgngdigHhat rbeordfiSe MRgNet i zati on of pinned ferromagnetic |ayer
39 in the absence df an externally applied magnetic field.

3 a motor connected to the disk for rotating the disk:

4 ' a spin valve magnetoresistive sensor for sensing magnetically recqrded
5 data on the disk, the sensor comprising (a) a free ferromagnetic layer Wi_th a

6 ~ central active region having a magnetization orientation in the absence of an
7 applied magnetic ﬁeld;, (b) a metallic nonmagnetic spacer layer adjacent to and
8 in contact with the central active region of the free ferromagnetic layer; (c) a

9  pinned ferromagnetic layer adjacent to and in contact with the spacer layer
10 and haviné a magnetization oriented at an angle to the magnetization of the
17 central active region of the free ferromagnetic layer; (d) an antiferromagnetic
12 material having a predetermined Neel temperature formed as a layer adjacent
13 to and in contact with the pinned ferromagnetic layer for pinning-the
14  magnetization of the pinned ferromagnetic layer; (e) a layer of ferromagnetic
15 material formed as end regions to the central active region of the free
16 ferromagnetic layer, the end regions abutting and being contiguous with the

17 edges of the central active region of the free ferromagnetic layer; and (f') a

18 layer of antiferromagnetic material adjacent to and in contact with the end

19 : reg‘iéns and having a Neel temperature substantially different from the Neel
20 temperature of the aﬁtiferromagnetic material adjacent to the pinned
21 ferromagnetic layer for exchange biasing the magnetization in the end regions;

' T —-—
This Sheet Has Been R
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Fig. 4 is a view of the structure of Fi appe rnl_'%o;ﬁ_’ U '
frromthe surface of disk 16 and shows tF‘ ﬁﬂ"(!! wgnl44 and patl_ gé&'s BEEN
kIl Ca enshb ol

el ectrical |eads 45, 46 for making el ec

to t

Fig. 4 also shows the free |layer 35 as one continuous film having a central
active sensing region 36, represented as that portion between the dashed

i nes,

23

24
25
| 26
27
28
29
30
31

32

and dlcarrer supporting the spin valve magnetoresistive sensor and having

a substrate onto which the sensor is attached;

an actuator for moving the carrier generally radially across the disk so

" the sensor may access different regions of magnetically recorded data on the

disk;

means connecting the carrier to the actuator for maintaining the carrer
near the disk;

means electrically coupled to the sensor for detecting changes in
resistaﬁce of the sensor in response to magnetic fields sensed by the sensor
from the magnetically recorded disk; and

means for supporting the motor and actuator.

17. A disk drive as in claim 16 wherein the layer of antiferromagnetic
material adjacent to the end regions is formed of an alloy comprising nickel

and manganese.

18. . A disk drive as in claim 17 wherein the layer of antiferromagnetic

material adjacent to the pinned ferromagnetic layer is formed of an alloy

comprising iron and manganese.

This Sheet Has Been Replaced
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end regi ons or extensions 52. 53 | s of cent rayg gﬁg-ppm" -
The extensions 52, 53 of free |ayer M"ﬂﬂ! ﬂ e of reg on 36["@%-%05%%5[:
:lj 43 -

']

| ongi tudi nal |y bi ased by antiferro | ayers

respectively. The use of antiferromagnetic. exchange coupling Iayers 41 and
42, 43 is the preferred nethod of pinning the magnetizations of the
ferrenagnetic | ager 39diardd tibe aexhedalmns ahekeieetlakarerdd, anidepeahhyedyic
The exchange bias layers 41 and 42, 43 are typically nmade of a suitable
antijerro AStibhORs FRNGEANESE Wi e aMd) aits the edges of
nlckél nagg%hgggFfﬁﬁh%ﬁ;QBﬁ8§q§£$ lRI ayer %@ nugt be made Sf a ditferent

anti f err anl%ngé:{t%a aE:tf?{\rre %g‘xfoElorP the E: eg%.e romagneuc layer.

1 20. A disk drive as claim 16 wherein the ferromagnetic material in

2 the central active region of the free ferromagnetic layer is different from the

- 3 ferromaghetic material in the contiguous and abutting end regions.
T
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| ayers 42, 43. This is because the magnetj ' 4 =
perpendi cul ar to the nmagnetizations of | auﬂl Im“‘"ﬂ‘!ﬂml ng PriGcs=iTdAS BEEN
the antiferronagnetic material is subjected t an appi i Hgnet i BEPLaLED
while heated to a specific critical tenperature to orient it3s
magnetization. Different antiferromagnetic materials nust be selected so

t hats when one &t eriAlprbSesgsafosatdaking hsplie vpdy @nurgctorasidtent clichisent
magneti zation, this tenperature will be below the critical tenperature of
the pther R} fGdiak @Rdslehs oragneti zation still be unaffected. The use of a
continuous filmfree ferromagnetic |ayer, where the central

L)

3 | " providing a substrate;

4 depositing a first {erromagnetic layer on the substrate;

5 depositing a metallic. nonmagnetic spacer layer directly on and in

6 contact with the first ferromagnetic layer;

7 depositing a second ferromagnetic layer directly on and in contact with

8 the spacer layer;

9 depositing directly on and in contact with the second ferromagnetic

10 layer an antiferromagnetic layer of a material having a first predetermined

11 .Neel température;

12 providing a mask over the central region of said previously deposited

13 layers; |

14 etching said previously deposited léyers in the regions outside the mask

15 down to the substrate;

l16 depositing a third ferromagnetic layer on the substrate, the third

17 ferromagnetic layer defining end regi_onS'that abut and are contiguous with

18 the edges of the central region of the first ferrom.agnetic lgyer;

19 | depositing directly on and in contact with the third ferromagnetic layer

20 a layer ofé material that exhibits antiferromagnetism w_hen heated and _that

21 has a second predetermined Neel temperé_liure;

22 removing the mask; " This Sheet Has Been Replaced
WA




sensing region and the extensions or en i nuous-
film presents several disadvantages in oﬂﬂm@ﬁjl@ @l !Z i:ﬁ T HAS BEEN
princi pal problemis the ability to reproduci 6Rs

of the spacer |ayer 37, the'pinned ferromagnetic |ayer 39 and t he exchange
bi asi ng [ayer 11 12 without attacking or artificially reducing the
t hi @8ness of then ehel preggroesofh? first external magnetic field applied in a first

24 | direction, heating the substrate and the previously deposited layers to a first
25 temperature to render antiferror_nagnetic the:layer formed on the Lh_ifd
2% ferromagnetic layer;
27 cooling the substrate and the previously deposited layers below said first
28 temperature to permanently align with said first applied magnetic field the
29 magnetizations of the third ferromagnetic layer and the antiferromagnetic
.30 layer ﬁl)rmed on it;
31 in the presence of a second.external magnetic ﬁeld applied in a second
32 diréction, heating the substrate and the previously. deposited layer; to a
33 second temperature between said ﬁfst and second Neel tempgratures; and
34 | cooling the substrate a__nd the breviously depoéited layers below said first
35 Neel temperature to pérmanently ali.gn with said second applied magnetic
36 field f,he magnetizations of said second ferromagnetic layer and the
37 antiferromagnetic layer formed on 1t
1 _ 22.  The process according to claim 21 wherein the step of depositing
2 lon the third ferromagnetic layer a layer of a material that exhibits
3 antiferromagnetism comprises depositing a layer of an alloy comprising nickel
4 and manganese.
- Sheet Has Been Replaced
TR
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53 of the free ferromagnetic |ayer. ni ques I Hﬂq,sl
mlling or sputter etching have uni fmﬂmmmmm ﬂar acterifstics %Ems BEEN

percent. The three layers that nust be renove ypi cal appro:

t hi cknesses of 25A for the spacer, 60A for the pinned ferrorragnetlc Iayer,
and 150A for the exchange |ayer, or a total of about 250A. Wth an
uncertai nty of 28. peﬂﬁmprdcﬂsmt@mﬂaig Leniial 21 twieefeieahkastep of wdpasAing
typi cal thickness of 50A, could be reduced in thickness by al nost 50
percent tooR%he sEebfid IBH &b ELY FlYel- hﬁnw.wman%u@ 1@§bpgr%f mtafe&nsrld

regions 52, 53 since the net magnefic nonent contained in the end regions

shoukd be ﬁgm%r Qtﬁr%trp?-eh@@ernﬁhemqtt'eﬁxperature comprises depositing a layer of

4 an alloy comprising iron and manganese.

1 24.  The process according to claim 21 wherein the step of depositing
2 on the third ferromagnetic layer a layer of a material that exhibits

3 antiferromagnetism comprises depositing said layer to abut and be contiguous
4 with the edges of the central region of the first ferromagnetic layer.

i
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moment-in the central active region 36 of the sensor to prodd LS ,_tﬂ?[p]L
bi as condition. Alternatively, one could approach the fabrication LR ggBEEN

prior art spin valve by using additive processing. In this c

depositing the free ferromagnetic |ayer, photoresist w th openings for the
active region of the sensor could be overlayed onto the free layer. Then

t he spacer |ayer, the pinned fabstracinet ilte Digelosuegd t he exchange | ayer
coul d be deposited onto the photoresist and the open areas of the free

ayer and then ARGnIBIRENApih Vel &8l SV] nflyrlcbGrdsiRR d ARIedPhAL sROLUL NG the

photoresist. This additive process reqU| two separate ep05| tions to
formthe af%Ho\fSaég ; ?a_s(fjgr llnhﬁues rl]rsnogfa central active region with defined edges

and end regions that are contiguous with and abut the edges of the central

5 active regibn. A lalyer of antiferromagnetic material, preferably a
nickel-manganese (Ni-Mn) alloy, is formed on and in contact with the
ferr’oﬁxagne_tic material in the end regions for exchange coupling with the end
regions to provide them with a longitudinal bias of their magnetizations. The
pinned ferromagnetic layer in the SV element is pinned by ei:change codpling

10 with a different layer of antiferromagnetic material, preferably an
irén-manganese (Fe-Mn) alloy. This material has a substantially different
Neel temperature from that of the antiferromagnetic material on the end
regions. The process for making the SV element includes heating to different

_ predetermined temperatures in the presence of an applied magnetic field to
15 orient the magnetizations of the free and pinned layers in the proper direction.

The SV element may be used as a sensor for reading data in magnetic

recording systems.

This Sheet Has Been RTilaced
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spacer |ayer would be forned in two separate deposition stepbk, an® CED
quality of this interface.is reduced fromthe nore ideal int =S
formed in a single 13 vacuum step. A poor interface will result in | ower
resi stance change in the sensor. The use of a confinuous free layer for

both the end regions and the .
- _ This Sheet Has Been Replaced

- : . = = _
particular, the interface between the free ferromagnetic |ayerm-®eHER® HAS BEEN
p}E BALA
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active region of the sensor also precludes the use of separ atHe ﬂpﬁsgbﬁm@%m‘
ferromagnetic materials for these regions. In sonme cases, it ‘ay bgeaBiaRED
advant ageous to use different conpositions of Ni-Fe in the eng=teg

In the central region to maxi m ze the exchange anplitude. | ases, it

may al so be advant ageous to have different thicknesses of ferromagnetic

material (or different net nonents) in the end regions and i fpi

regi on. The above-described enbodinent is for a SV sensor use P B Replace
magneti c recordi ng system such as a disk drive. However, thJM&ﬂwHwﬂ "
the present invention is also applicable for use in magnetic r

menor y '
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systems. In such an enbodiment, the SV el ement serves as a b{'ﬂﬂgéHéEFhAQEEEN

magneti zati ons of the free and pinned | ayers would be orient¢d REPLACED
antiparallel, rather than perpendicular. Preferred Enbodi nent . _

preferred enbodi ment of the spin val ve structure according to the present
i nvention is shown schematically in Fig. 5. Like the prior art sensor—30—of-
Fig. 4, the SV sensor 60 is shown as it would appear | ookin fronlthe
magneti c nmedi um such as disk 16. A layer of tantalum (Ta) nRelmmd
| ayer 62 is formed onto a substrate 61. Next, a N -Fe free " n
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ferronagnetic layer 63 is forned over the buffer |ayer 62, J JW&JISFWEEHAS BEEN
14’ copper (Cu) spacer layer 65. The Ni-Fe in free |ayer 63 ma have REPLAGED
conposition in the range of [err] to [err]. The pi nned ferronagnettc Tayer—

70 is fornmed over the spacer |ayer 65, followed by an Fe-M

-antlferrorragnetlc | ayer 66 to exchange—eeuple ‘ALt/haprhe Ni - Fe pinned | ayer
70. SENSING
MEANS
CURRENT |-~ 52
SOURCE
60\\ .
93 94

__,//////t:::—gz

Y —:

" This Sheet Has Been Re;

e ol




A capping layer 67 is formed over the Fe-M | ayer 66. The fJe@Hl X
its magnetization oriented in the direction of arrow 64 in the abSEREACED
magnetic field. The pinned layer 70 has its nagneti zation

an ext ernal

pinned in the direction of arrow 71 (into the paper in Fig.

H ETB8AS BEEN “

_J

by neans of

Its exchange coupling with antiferromagnetic |ayer 66. The rs 62, 63,
65, 70, 66, and 67 have_a w dth defjne edges 9 94 ¥S dth is
selected to be essenti¥§ _the desired ack width fo e méfnet i ¢ medi um
Since this chniBf S i nf-he—fi-e+ehr—{-1+0—800A ange—and—the/ thgskness of the
| ayers is in the;10- 10pA—Tange—tte—drawmng—o o S B3le to scal e
" so that the sensppr fil g Ccan 62
r‘_74
67
] —/ 66
¢ ' 4P//;b
Y Y 65
61 <
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be preperly shown. A | ayer 90 of Ni-Fe is forned on both sidé¢
1 of N-M is

Iayer 63 and abuts the edges 93, 9

in contact with layer 90 and excharlge coupl e

generally in the direction parall el

9 _
magneti zation of the Ni-Fe in the tlail or en reg*pns I s mai ntal ned
[ [ [ to arrowW 64 , the free L ayer 63
1s Sheet Has Been Replaced

tails or extensiong
ferromagnetic |ayer of the SV sensdr_60 ln t Bﬁesence of " an

and its | ateral

in laver 190

magnetic field fromthe magnetic

free to rotate, while the magneti zg
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15 regions in fayer 90 remains essentially fixed. A. ayer OH %‘Or{‘é\uc‘t"‘if ve

material 1S ¥S8rnmed on layer 91 to serve as the electrical | 'a,d__ngZ'lfﬁ)rUEﬁ]_e_HSﬁ_'
SV sensor 60. Wile the enbodi nrent shown_in Fig. 5 has the gr‘(’a‘*é"l"ﬁf\jih"r'"lﬁli

| ocat ed cl oser than the pinned | ayer 70-Lo the substrate 61, it is al so

possi bl e t r.f,\gg Wie MAGRETOREETS TV 2R ENUEH FTIPPARE Lhver eXdaNKE

pinned |a ASING, PROCESS FOR MAKING THE SENSOR, AND MAGNETIC
RECORDING SYSTEM USING THE SENSOR

- Related Application

This applfcar.ion is related to copending application Serial

" No. 08/090,714, filed July 13, 1993.

Technical Field
This invention relates to a magnetoresistive (MR) sensor based on the
spin valve effect for sensing magnetic fields, to a process for making the

sensor, and to a magnetic recording system which incorporates such a sensor.

Back'ground of the Invention

An MR sensor detects magﬁetic field signals through the resistance
changes pf a read element, fabricated of a magnetic material, as a fuﬁction of
the strength and direction of magnetic flux being sénsed by the read element.
The conventional. MR sensor operates on the basis of the anisotropic
magnetoresistive (AMR) effect in which a component of the read clement
resistance varies as the square of the cosine of the angle between the
magnetization in the read element and the direction of sense current flow
through the read element.. Recorded data can be read from a magnetic

medium because the external magnetic field from the recorded magnetic



the substrate, In that structure the antiferromagnetic Ia} F!;.BBA@E{“:;.N‘T.:HLET
pi nning the pinned [ayer 70 would be | ocated between the s ]bstrate' Bl EE
the pinned layer 70. The N -W layer 91 and the Ni-Fe end dpga@ns 0 Q 11995

al so be reversed so that the antlferrorragnetlc material 91

first, netic I ver |l ustrates.

schemat i cdl‘%@et'ﬂg)('ﬁ%al%”ﬁ cqggﬂ‘ﬁ%ﬁ”l hgh %;H "é\} %‘éncgfi?c'ﬁd’ f’g "éégfé‘ftl‘(g““’" tn

circuitry in the magnetic recording system The electrical |eads 92 are

provi ded ttherisamh elemansuihighin tyen wepes Rechongedistnsi Bansadna heureadnt

source 82 and a sensing neans 84. A magnetlc signal in the medium
element and a corr esponding change in the sen:ed current or voltage.

A different and more pronounced magnetoresistance, called giant
magnetoresistance (GMR), has been observed in a variety of magnetic
multilayered structures, the essenti.al feature being at least two ferromagnetic
metal layers separated by a nonfer‘romagnetic metal layer. This GMR effect

" has been found in a variety of systems, such as Fe/Cr or Co/Cu multilayers
ekhi'biting strong antiferromagnetic coupling of the ferromagnetic layers, as
\Qell as in esséntially uncoupled layered structures in which the magnetization |
orientation in one of the two ferromagnetic layers is fixed or pinned. The
physical origiﬁ is the same in all types of stﬁxctures: the applicai;ion of an
external magn-etic field causes a variation in the relative orientation of the
magnetizations of neighboring ferromagnetic layers. This in turn causes a
chaﬁge in the spin-dependent scattering of conduction electrons and thus the
electrical resistance of the structure. The resistance of the structure thus
changes as the relative alignment of the magnetizations of the ferromagnetic
layers changes.

A particularly useful application of GMR is a sar_ldwich_.structure
comprising two essentially uncoupled ferromagnetic layers separated by a
nonmagnetic metallic spacer layer in whith the magnetization of one of the

ferromagnetic layers is “pinned”. The pinning may be achieved by depositing




REPLACEMENT SHEET ||
si stance as the

i s sensed by the sensing nmeans 84 detecting the change in r
magneti zation of the free ferromagnetic |layer 63 rotates ini
appl ied magnetic signal fromthe recorded nmedium The fabr 1 :
the SV sensor 60 will be explained with reference to Figs. 6A-6D. As shown
in Fig. 6 series of |ayers ar leposi ted .onto a substrate
61 during tge?eﬁ'@%q"'u%ﬁm l’f’h@L ?Ub‘%‘f‘f&l‘é‘ BY ¢ Hﬁ'y& HE Y sgmsem conduct o
material, or a ceramic nmaterial, such as an alumna [err]/titani um carbide
(Ti O cer dRR-MARgaANEse (FeeMrpdayer so that these two adjacent layers are e\chancre

coupled. The unpinned or "free” ferromagnetic layer may also have the
magnetization of its extensions (those portions of the free layer on either side
of the central active sensing region) also fixed, but in a direction perpendicular
to the magnetization of the pinhed layer so that only the magnet.izatioﬁ of the
free-layer central activ.e region is free to rotate in the presence of an external
field. The rﬁagnetization in the free-layer extensions may also be fixed by
exchange coupling to an antiferromagnetic layer. However, the
antiferromagnetic meterial used for this must be different from the Fe-Mn
antiferromagnetic material used to pin the pinned layer. The resulting
structure is a spin valve (SV) magnetoresistive sensor in which only the free
ferromagnetic’layer is free to rotate in the presence of an external magnetic
field. U.S. Patent 5; 159,513, assigned to IBM,.discloses'a Sv eensor in which
at least one of the ferromagnetic layers is of cobalt or a cobalt alloy, and in
which the megnetizations of the two ferromagnetic layers afe maintained
substantially perpendicular to each other at zero externally applied magnetic
field by exchange coupling of the pinne'd ferromagnetic layer to an
antiferromagnetic layer. U.S. Patent 5,206,590, also assigr_led to IBM,
discloses a basic. SV sensor wherein the free layer is a continuous film having
a central active region and end regions. “The end regions of the free layer are

exchange biased by exchange coupling to one type of antiferromagnetic



16 conventional sliders. The films formed in sequence onto S MESLAGERENG BHEET
include a 50Atantalum (Ta) underlayer or buffer |ayer 62, ja 60A pe nﬁgt
-Ni-Fe fiee ferromagnetic |ayer 63, a 25A copper (Cu) spacer Da_!'}ﬁer...ﬁé,... ci§95

80A pernal |l oy pinned ferromagnetic |ayerg70, a 150A Fe- Mh exchange bras———— |

as &

I 66 f I Ani he_.pi d | .7 d _a, 100A T ' | 67.
Next, as rtshamend ghOGuRnER T S iR BE e 0eRealhiBR P RE M ey <

type of antiférroma}gnetic material. The SV sensor described in the 590
patent has the disadvantage that it is difficult to fabricate. If subtractive
processing techﬁiques are used, it is difficult to precisely remove the top layers
of the sensor down to the free layer without damaging or thinning the free
layer. Also, the free layer .may.be a combination of several layers, including
very thin layers only several angstroms in thickness, and the top layers of the
free-layer structure may be damaged during the removal process. If additive
pfocessing is used, it is no longer possible to deposit the entire spin'valve
layers in one vacuum cycle so that the 'integrity of the interface between the
free layer and the spacer layer becomes compromised.

The copending ‘714 application describes an AMR sensor wherein the
MR element h;s discontinuous end regions abutting the central sensing region
with the end regions being longitudinally biased by antiferromagnetic layers.

What is needed is a SV sensor having a free ferromagnetic layer with

improved end regions for coupling to the antiferromagnetic layer.

Summary of the Invention

The invention is an improved SV sensor, a process {or making the
sensor, and a magnetic recording system incorporating the sensor. The free
ferromagnetic layer in the SV sensor is present only in the central active

sensing region of the sensor. It has defined edges that abut the end regions.



AENT SHEET
to form g rectangul arl y-shaped region. The | ayers are ion I'?%Pd“Aacr?yt y ‘
photoresist is renoved. Next, as shown in Fig. 6C, photoresls atZS i§ ______________ \
patterned over ‘these layers to a width corresponding to theildesrigsd
width for the SV sensor 60. The photorespst |layer 75 is bilayer in nature
with an ungercut, The .gnd.e‘r(cut al l.ows for gulgﬁﬁgpept_ | i,ft of f qf Lhe end.
regi on met ACISLFEEIRRY AF (BUmed R AT RgRBRU RS S 2P AT NPT sURT e
t he capping |ayer 67. As shown in Fig. 6D the remaining portions of the
| ayers tha?aY&rre ‘Rae ferremagnedicopyerreiphiae endsicgionsarg didtudclyony the seed
by ion mlling. Since

layer in the central active region of the sensor. These ferromagnetic layers

need not be identical in composition, thickness, or magnetic moment. The
layer of antiferromagn'etic material, preferably a-nickel-manganese (Ni-Mn)
alloy, is formed on and in contact with the ferromagnetic material in the end
regions for exchange coupling with the end regions to provide them with a
lqngitﬁdinal bias of their magnetizations. The pinned ferromagnetic layer in
the SV sensor is pinned by exchange cpupling with a differeht'layer of
antiferromagnetic material, preferably an iron-manganese (Fe-Mn) alloy. This
material has a substantially different Neel temperature from that of the
antiferromagnetic material on the end regions.

In the I;rbcess for making the sensor, .the layers making up the ceritral
sensing region are pattern etched to define the central sensing region with the
defined track width. Additional ferromagnetic material is then deposited on
the substrate to the sides of the free layer centra_l region in a manner to abut
the edges of the free layer central region. A layer of Ni-Mn is deposited on the
ferromagnetic material in the end regions. The sensor is then heated in an
annealing oven in the presence of an applied magnetic field to a temperature
timt allows the Ni-Mn magnetization to be fixed and aligned with the
magnetizations of the ferromagnetic end Tegions. After cooling, the sensor is

rotated 90 degrees in the oven and heated above the Neel temperature of the

—



ion mlliz;ng ugiformity is typically 10 percent, the ion nill n@“f‘r%""w {T SHEET
selected to be greater than 10 percent of the total tine to JB
| ayers. The stopping point of the ion mlling etching is in t Qﬂ;%

6] ., and therefore aII the material in tme end regions is renoved.” AS can
be seen i

t
assured by < gﬂ R PI\ ng’ g’lr‘ﬂﬁ%@ﬁp?g)“f‘ﬂt‘gj '{‘ﬁe u ttsg{“e“'éﬁ'wé N&RNReregions is

magnetization of the pinned ferromagnetic layer.
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.

Brief Description of the Drawing
Fig. lisa simplified block diagram of a magnetic recording disk drive
for use with the SV sensor according to the present invention.
| Fig. 2 is a top view of the disk drive of Fig. 1 with the cover removed.
Fig. 3 is an exploded perspective view of a prior art SV sensor showing
the continuous free layer with its end regions exchange coupled to an
antiferromagn_etic layer.
Fig. 4 is a view of the prior art SV éensor of Fig. 3 as seen from the disk
and also showing the capping layer and electrical leads.
Fig. 5 is a view of the SV sensor.-éccording to the present invention as
seen from the disk. .

Figs. 6A-6D are illustrations of the steps involved in the fabrication of

the SV sensor shown in Fig. 5.



REPLACEMGNT SHEET 17 Next. as shown in Fig. 6E, a layer 90||di-T&IToNaynetTe
mat eri al , usual | y N -Fe, but not neccessarily the sane Ni - F3 J ogmog pgquﬁs
the Ni-Fe in the active regi on of the SV sensor, is deposi (8 PeY i

foll owed by 300A of N -M as. exchange bi @s Iayer 91. A sequence of layers
is then deposited to serve as electri ca1_T'ead Iayer 92. Layer 92 is
preferably forned of a seqtiébaié : égnligPers of Ta, gold
(Au), and Ta. Layers 90, 91, 92 also overlay reS|st | ayer 75. The
ferromagnetic free layer 63 is the cerfrigd Aatti ve

Although the SV sensor of the present invention will be described as
embodied in a magnetic recording disk drive, as shown in Fig. 1, the invention
is also applicable to other magnetic recording systems, such as a magnetic

.tape recording_ system, aed to magnetic random access memory systems
wherein a magnetoresisﬁve element serves as a bit cell.

Referring to.Fig. 1, there is illlustrated in sectional view a schematic of a
prior art disk drive of the type using an MR sensor. The disk drive comprises
a base 10 to which are secured a disk drive motor i2 and an actuator 14, and
a cover 11. The base 10 and cover 11 pro_vide a substantially sealed housing
for the disk drive. Typically, there is a gasket 13 located between base 10 and
cover 11 and ;; small breather port (not shown) for equalizing ﬁres_sure
between the interior of the disk drive and the outside environment. -A
magnetic recording disk 16 is connected to drive motor 12 by means of hub 18
to which it is attached for rotation by the drive motor 12. A thin lubricant
film 50 is maintained on the surface of disk 16. A .read/write.head or.
transducer 25 is formed on the trailing end of a carrier, such as an air-bearing
slider 20. Transducer 25 may be an inductive read and write transducer or an
inductive write element. with a SV read element of the type Lo be described.
The slider 20 is connected to the actuator 14 by means of a rigid érm 22 a.nd a

suspension 24. The suspension 24 provides a biasing force which urges the



sensing region with edges 93, 94 that are spaced apart to {/oRFRARFYENT PEG™
track width 015 the SV sensor 60. Layer 90 is deposited to thic nﬁnggqggs
that the net magnetic nonent of |ayer 90_is approximately 10°%8 geY ceRt-

greater than the net magneti c nonent  of Bhe free | ayer 63. Thus, 1t layer
Formed 10- SOBPB SR LHP REFCEH R EHBCOFI BRI (USK LT XuENE APEF 63 ofHBe
antiferromagnetic layer 91 is then sequentially deposited over |ayer 90,
pr ef er abl ydighrdriget the dave matmuruld petapeotine desjudhice. a Thestaedisreedayped the i s
t hen di ssol ved, renoving the overlaying | ayers and
actuator 14, which is typically a linear or rotary voice coil motor (VCM), moves
the slider 20 generally radially across the surface of the disk 16 .so that the
read/write head may access different déta tracks oﬁ disk 16.
Fig. 2 is a top view of the iﬁterior of the disk drive with the cover 11
remo{/ed, and illustrates in better detail the suspension 24 which provides a
fbrce to the slider 20 to urge it toward the disk 16. The suspension may be a
conveni;ional type of suspension such as the w_ell-known Watrous suspension,
as described in IBM's U.S. Patent 4,167,765. This type of suspension also
provides a gimbaled attachment of the slider which allows the slider to pitch
and rpll as it rides on the air bearing. The data detected from disk 16 by the
transducer 25_ is processed into a data readback signal by signal amplification
and processing circuitfy in the integrated circuit chip 15 l.ocat‘ed on arm 22.
The signals from transducer 25 travel via flex cable 17 to chip 15, which sends
its output signals via cable 19.
The above description of a typical magnetic recording disk drive, and |
the accompanyihg Figs. 1 and' 2, aré for representation purposes only. It
should be apparent that disk drives may contaix_l a _large number of disks and

actuators, and each actuator may support a number of sliders. In addition,

instead of an air-bearing slider, the head carrier may be one which maintains



a3
| eavi ng the sensor structure shown in Fig. 6F. Layer 90 ma ssd %"'éi\‘ “é!arrr!ez
of a ferromagnetic material different fromfree |ayer 63 ot I]romﬁs!\lfuﬂaeiggs"
conposition different fromfree layer 63. In sone applicat liohs ree
| ayer Ni -Fe conposition is optimzed for9rragnet ost r| ction issues and this
corrpositionlén?ed not be useful for opti méd? ; change strength In
some appl i £3¢ PERE 1 e Lpglepr F‘aybﬁoﬁ‘h‘cﬁh‘e“ ’|° g‘i‘ h g Hb‘f'cb@‘ g

and other contact recording disk drives.

A prior art SV sensor 30 is shown in Fig. 3. The films forming the
.completed_ sensor are supported on a suitable substrate 31. The SV sensor 30
may form part of transducer 25 in the disk drive system of Figs. 1 and 2, and
the substrate 31 may be the trailing end of the head carrier or slider 20.

An underlayer or buffer layer 33 is deposited on substrate 31, followed
by a first thin layer 35 of soft ferromagnetic material. A thin
nonferromagnetic metallic spacer layer 37, a second thin layer 39 of
ferromagnetic material, and a thin layer 41 of an exchange biasing material
having relatively high electrical resistance and being in direct contact with the
ferromagnetic layer 39 .are deposited erf ferromagnetic layer 35. Layers 37,
39, 41 are the;n etched away at their end regions to have a predetermined

+ width generally corresponding to the width of the data track on the magnetic
medium, .such as disk 16. Antiferromagnetic layers 42, 43 are then formed
directly on the extensions 52, 53 on the sides of cgntral active sensing
region 36 of ferromagnetic layer 35. Not shown in Fig. 3 are the capping layer
for corrosion protection aﬁd the electrical leads that are patterned on
layers 42, 43.

In the absence of an externally applied magnetic field from the recorded

magnetic disk 16, the magnetizations of the two layers 35, 39 of ferromagnetic

material are oriented at an angle, preferably of about 90 degx"ees, with respect



18 Ni - Fe; but ;rather a.Ni-Fe/Co |ayered structure. Il this C%%PéACth;N? SHEE]

ferromagnetic | ayer 90 need not be a N -Fe/ Co | ayered structusg, a*F EWEDEDB%'
ste £ UCk. e |

Zzati on
ZH-1

but a Ni-Fe layer could be used. The criteria for end regi of—stab

is that the net magnetic moment of the e region ferromagnetic |ayer be

equi val ent to 10-30 percent or greater thed the net magnetic.monent of the

free | ayerld encloabigrerisdnpigpéed I%F\ ‘f'H@“ééégﬁQFi 'i}ﬂﬁ?@%@bﬁqén, "Ree “advant ages

of the abutted approach for longitudinally biasing the SV sensor are in

i npl ement afdremmagdetiatiayéads fis eailed the y frethdéermagetic layer in that the
magn‘etization in iLs central region 36 is free to rotate its direction in response
to an exte‘rnall._\-' applied magnetic field (such as magnetic field h as shown in
Fig. 3), as shown by the dashed arrows on layer 35. ’1‘5e ferromagnetic
layer 39 is called the "pinned” fer-romagnetic layer because its magnetization
direction is fixed or pinned in a preferred orientation, as shown by the
arrow 38. Layer 41 provides a biasing field by exchange coupling and thus
pins the magnetizatioﬁ of the ferromagnetic layer 39 in a preferred direction
(arrow 38) so that it cannot rotate its direction in the presence of an applied
external magnetic field having a strength in the range of the signal field from -
disk 16. Similarly, the layers 42, 43 provide longitudinal biasing by exchange
cbupling to th’e extensions 52, 53 of the free ferromagnetic layer 35. This
assures that the magneﬁzation of the central sensing region 36 of the free
ferromagnetic layer 35 is maintained genefally pérpendicular to the
magnetization of pinned ferromagnetic léyer 39 iﬁ the absenée of an externally
applied .mag'nétic field.

Iig. 4 is a view of the structure of Fig. 3 as it would appear looking up

from the surface of disk 16 and shows the capping layer 44 and patterned
"-electrical _leads 45, 46 for making'clectrical connection_to the sensor 30. Fig. 4

also shows the free layer 35 as one continuous film having a central active

sensing region 36, represented as that portion between the dashed lines, and
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approach;al l ows the conplete renoval of all layers in the d 5&:%9%%&&&1 o
the sensor, and then the deposition of the ferromagnetic |4 1995
exchange | ayer in one sequential vacuum cycle. The abutted ‘L_ A
for tailoring the thickness of the ferrdlagnetic layer and the material of
the ferromagnetic | ayer to optimze the exch?nge stangth' f the end,region
f er r omagreitd EeERNSTaT ¢ dARINEE| 32,193 lcatedrpy thg@ides ¢ F‘o’b“'i)fé%'i"ﬁ Pe The
direction of view GG of Fig. 6F for illustrati nfg t he manner in which the
conpl et edexB¥nsiomsai2,d8 b fifeerlager 36 wubdheasulsal raioncitesrsiongyedinadly
(Fig. 6B) defines edges 100 and 101 of

biased by antiferromagnetic exchange layers 42, 43, respectively. The use of

ex‘ntiferromagnetic exchange coupling layers 41 and 42, 43 is the preferred
method of pinning tl_le magnetizations of the ferromagnetic layer 39 and the
extensions of free layer 35, respectively. The exchange bias layers 41 and

42, 43 are typically made of a suitable antiferromagnetic material, such as
iron-manganese (Fe-Mn) or nickel-manganese (Ni-Mn). However, the layer 41 .
must be made of a different antiferromagnetic material from that used for the
layers 42, 43. This is because the magnetization of layer 41 must be made
perpendieular to the magnetizations of layers 42, 43. During processing, the
antiferromagnetic material is subjected to an applied magnetic field \vhiie
heated to a sl;eciﬁc critical temperature to orient its magnetization. Different
aﬁtifenomagnetic materials must be selected so tha-t when one material is
raised to its temperature to orient its magnetizaﬁon, this temperature will be

below the critical temperature of the other material and its magnetization will

be unaffected.

The use of a continuous film free ferromagnetic layer, where the central
sensing region and the extensions or end regions are part of the continuous
film, presents several disadvantages in fabricating -(i SV sensor. The principal
problem is the ability to reproducibly etch 'away the end regions of the spacer

layer 37, the pinned ferromagnetic layer 39, and the exchange biasing layer 11



sensor 60, Photoresist layer 75 (Fig. 6E) defines edges 93 aaﬂpﬂﬁcmcﬂthEET
sensor 60. The top layer in the tail or end region is |ayen 9 the |l ead
material |ayer, and the top layer in the sensor region is Ibmetre @.75 H«‘alggs
cappi ng Iayer After resist Iayer 75 S rlezmved t he sensor FS
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onto the Smﬁgfggt le&lun" ml.glu 1C10 v u, ut..lm7 the thic \nc~~. 0 l.hL end regions

53 of the free ferroniagnehc lziyer. Most etching techniques like ion milling or
sputter etching have uniformity removal characteristics of 10 percent. The
three layers that must be removed have typical approximale thicknesses of
25A for the spacer, 60A for the pinned ferromagnetic layer, and 1504 for the
exchangé layer, or a total of about 250A. With ah uncertainty of 10 percent in
material removal, the free layer, with a typical thickness of 504, could be
reduced in thickness by almost 50 percent to 954. This would diminish the
longitudinal biasing of the end regions 52, 53 since the net magnetic moment
contained in the end regions should be comparable to the net magnetic
moment in the cen.tral active region 36 of the sensor to produce a stable bias
condition. Alternatively, one could approach the fabrication of the prior art
spin valve by‘using additive processing. In this case, after depositing the free
ferromagnetic lay.er, photoresist with openings for the active region of the
sensor could be overlayed onto the free layer. Then the spacer layer, the
pinned ferromagnetic layer, and the exchange layer could be deposited onto
the photoresist and the open areas of the {ree layer and then the material
lifted off of the free layer by dissolving the photoresist. This additive process
requires two separate depositions to form the active region of the sensor. In
particular, the interface betweén the free lerromagnetic layer and the spacer

layer would be formed in two separate déposition steps, and the quality of this

interface is reduced from the more ideal inlerface which is formed in a single
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;I]'he al um;na- encapsul ated sensor 60 is then placed in an an g‘l“f“ﬁg‘ f‘j‘\\/éﬁn& ar':gélt !
eated to a tenperature of approximately [err] in the pres . af OE 1395
applied magnetic field. The sensor. is oriented in the oven %}\e f'léaﬁpme -

l

applied magnetic field is in the directipg indicated by arrow 64 (Fig. 5).
The Ni-Mh layer 91 is not antiferromagnétTc. at room t_errperaﬁur‘e, but, when
heat ed bec@esurmustel.ery Barghderiace pMidl maghetn Jaw eoCBISHIFESIANES IS ong
the magnetization direction of N -Fe layer- 90, which is aligned with the
appl i ed fisehdor.THhe e eChicontinuoasSesd latdryfopdrodh Ithke dral rémonmgmet ttrat i on

direction 64 of the central region of free |layer 63. After cooling, the
active region of the sensor also precludes the use of separate and distinct
ferromagnetic materials for these regions. In some cases, it ma'y be more
advantageous to use different compositions of Ni-Fe in the end regions than in
the central region to maximize the exchange amplitude. In some cases, it may
also be advantageous to have different thicknesses of ferromagnetic material
(or different net moments) in the end regions and in the central region.

The above-described embodiment is for a SV sensor used in a magnetic
recording system, such as a disk drive. However, the SV element of the
present invention is also applicable for use in magnetic random access memory
systems. In such an embodiment, the SV element serves as a bit cell ahd the

magnetizations of the free and pinned layers would be oriented antiparallel,

rather than perpendicular.

Preferred Embodiments
The preferred embodiment of the spin valve structure according to the
présent invention is shown schematically in Filg. 5. Like th.e prior art
sensor 30 of Fig. 4, the SV sensor 60 is shown as it would appear looking up
from the magnetic medium, such as disk 16. A layer of tantalum (Ta) as a
buffer layer 62 is formed onto a substrate 61. Next, a Ni-Fe free

ferromagnetic layer 63 is formed over the buffer layer 62, followed by a



magnetization of the Ni-M layer 91 becomes permanently set’ aﬁﬂ‘me&m&@ﬁ%ﬂzq
antlferromagnetlc exchange coupling for layer 90 in the end regi on These
end regions will then be permanently magnetized in the dir Ftﬂat}en . c&eé
by arrow 6|4 After cooling, the sensor ig hen rotated 90 d€%
sanme anneal i ng oven. Unlike Ni - IS atlferroma netic
as deposi tceﬂ!)ct—mm/épf‘cmtb“ﬁh&'?etWQﬁ"oth‘ M]étc g“r‘éam{jhb‘d 45 that |'? can
exchange couple the pinned layer 70 in the proper orientation. The

t errper at urcemipositios éd the targeafeNiflde,qppMNixiFet. elfhe[ mnmedver vdmpgngtieat er

layer 70 is formed over the spacer layer 65, followed by an Fe-Mn
antiferromagnetic layer 66 to exchange couple with the Ni-Fe pinned layer 70.
A capping layer 67 is formed over the Fe-Mn layer 66. The free layer 63 has
its magnetization oriented in the direction of arrow 64 in the absence of an
external magnetic ﬁéld. 'The pinned layer 70 has its magnetization pinned in
the direction of arrow 71 (into the paper in Fig. 5) by means of its exchange
coupling with antiferromagnetic layer 66. The layers 62,'63, 65, 70, 66, and 67
have a width defined by edges 93, 94. This width is selected to be essentially
the desired track width for the magnetic medium. Since this width is in the
micron (10, OOOA) range and the thickness of the layers is in the 10- 100A
range, the drawmg of Fig. 5 is not made to scale so that the sensor films can
be properly shown.
A layer 90 of Ni-Fe is formed on bo-th sides of free layer 63 and abuts

the edges 93, 94. A.layer 91 of Ni-Mn is formed on and in contact'w_.vith
layer 90 and exchange couples with layer 90 so that the magnetization of the
Ni-Fe in the tail or end regions is maintained generally in the direction
parallel to arrow 64. Thus, the free layer 63 and its lateral tails-or

- extensions in layer 90 form the first ferromagnetic layer of the SV sensor 60.
In the presence of an applied magnetic field from the magnetic medium, the

magnetization of layer 63 is free to rotate, while the magnetization in the end
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than the Neel tenperature of Fe-Mi. At this tenperature, Fe- is no longer

antiferromagneti c and has no magnetization history so that gatesubﬁetﬂﬁsn
(@ lar\

cooling, its magnetization will grow in the proper direction=Stpce=td

applied magnetic field is oriented paraljgl to the nagnetization dlrectlon

71 of the . 20. ned yer t he at | n of | ayer
a| SO be amegﬁg'u; P\ .I}CI‘ "B IQn'ldll'h es:ent.nqpy I\CCZ! 'l\(:‘l OfF(,Onl\(/'PUCLI\% I uerla

formed on layer 91 to serve as the electrical leads 92 for the SV sensor 60.

. While the embodiment shown in Fig. 5 has the free laygr 63 located
closer thén the pinned layer 70 to the sgbstrate 61, it is also possible to form
the SV senso.r 60 in an inverted manner, i.e., with the pinned layer closer to
the substrate. Iﬁ that structure, the antiferromagnetic layer 66 for pinning
the pinned layer 70 would be located between the substrate 61 and the pinned
layer 70. The Ni-Mn layer 91 and the Ni-Fe end regions 90 could also be
reversed so that the antiferromagnetic material 91 is deposited first, follc:wed
by the ferromagnetic layer 90. |

Fig. 5 also illustrates schematically the means for connecting the SV
sensor 60 to sensxng circuitry in the magnetic recording system. The electrical
leads 92 are prowded to form a circuit path between the SV sensor 60 and a
current source 82 and a sensing means 84. A magnetic signal in the medium
1s sensed by the sensing means 84 detecting the change in resistance as the
magnetizatioﬁ of the _free ferromagnetic layer 63 rotates in response to the
applied magnetic signal from the recorded medium.

The fabrication steps for the SV sensor 60 will be explained with
reference to Figs. 6A-6D. As shown in Fig. 8A, a series of layers are first
sbutter deposited onto a substrate 61 during a single p-umpdown. The
substrate 61 may be gla.ss, semiconductof material, or a ceramic material,

such as an alumina (Al,O,)titanium-carbide (TiC) ceramic material used for
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t hus prepares the pinned | ayer 70 to have the appropriate diffection 71

(Fig. 5) and upon subsequent cooling bel ow the Neel tenperat mmt..?ﬁ&.—.ﬂﬁc..lggs__
the Fe-Mh will have its magnetization aligped with that of t '

70. The regult j.s that the &Le- | ayer —row forns an antiferr neti c
exchange- C8UPFR Ol’ﬁbébdé'ﬁ' prlfﬁ'“mgmd%r’ Qlﬁa Bh 3614 G n‘é'?ﬁ”z‘?a"ﬂqi"’olh‘]%f8%&‘2‘8@‘ i
|l ayer 70. Thus, in the presence of an applied sensing field, the
magnet i zati0sh tantalum pianeadedguer tmhvmﬁ‘r laper B3t at@0A permadleviMNeedape
tenperature of Ni-M is approxinmately [err], which is considerably higher
t han t he [fermomagetia kayeertd, ar 25afcopper (Cu) spacer layer 65, an 80A permalloy

e bamgs.

pinned ferromagnetic layer 70, a 150A Fe-Mn exchange bias layer 66 for
pinning the pinned layer 70, and a 100A Ta capping layer 67.

Next, as shown in Fig. 6B, photoresist 74 is patterned over these layers
to form a rectangularly-shaped regioﬁ. The layers are ion milled and the
photoresist is removed.

Next, as shown m Fig. 6C, photoresist 75 is patterned over these layers
to a width corresponding to the desired track width for the SV sensor 60. The
photoresist layer 75 is bilayer in nature with an undercut. The undercut |
allows for subsequent liftoff of the end region metal layers and allows the end
region metals ;:o slightly overlap the gapping layer 67.

As shown in Fig. 6D the remaining portions of the layers that are not
protected by the photoresist 75 are etched or removed by ion milling. Since
ion milling uniformity is typi.cally 10 percent, the ion milling time is selected
to be greater than 10 percent of the total time to remove the layers. The
stopping point of the ion milling etching is in the substrate 61, and therefore
all the material in the end regions is removed. As can be seen in Fig. 6D, the
removal of all the méterial in the end regions is assured by ion milling shightly

into the substrate 61.
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63. Wiile the present invention has been particularly shown

with reference to the preferred enmbodinenip, it will be understood by those
skilled in the 1ﬁrt that vari ous, cag %-r-n-“formand det ai | be made
o

wi t hout departiNg§XErisng ﬂ‘l’fé“éﬁl Iy i ep S bl frsompgegt icgh: ‘Y‘A Horgunly,
t he disclosed invention is to be considered nerely as illustrative and
limted i Netepbuoniop razespativf ihedsame thhielFappenmbesitich aisndic Ni-Fe in the
acﬁve region of the SV sensor, is deposited. This is lollowed by 3007 of Ni-Mn
as exchange bias layer 91 A sequence of layers is then deposited Lo serve as
electrical lead layer 92. Layer 92 is preferably formed of a sequence of
sputter-deposited layers of Ta,.gold (Au), and Ta. Layers 90, 91, 92 also
overlay résist layer 75. The ferromagnetic free layer 63 is the central active
sensing region with edges 93, 94 that ére spaced apart to form the desired
track width of the SV sensorlGO. Layer 90 is deposited to a thickness so that
the net magnetic moment of layér 90 is approxirhatfely 10-30 percent greater
than the net magnetic moment of the free layer 63. Thus, if layer 90 is the
same material. composition as layer 63 then layer 90 would be formed 1.0-30
percent thicke;- than the thickness of free layer 63. The antiferromagnetic
layer 91 is then sequentially deposiﬁed over layer 90, preferably during the
same vacuum. pumpdown sequence. |
The resist layer 75 is then dissolved, removing the overlaying layers and"
lea§ing the sensor structure shown in Fig. 6F.
Layer 90 may also be formed of a ferromagnetic material different from
free layer 63 or from a Ni-Fe composition different from free layer 63. In some
~ applications, the free layer Ni-Fe composition is optimized for magnetostriction
1ssues and this composition neéd not be useful for optimized N i-Mn exchange

strength. In some applications, the free layer in the active region may not be
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central active layered structure formed on the substrate and seapy.igiPED 1995

free layer of central active region ferromagnetic naterial [taving-—a

magneti zation orientation in the absence p§ an applied

Ni-Fe, but rather a Ni-Fe/Co layered structure. In this case, ferromagnetic
layer 90 need not be a Ni-Fe/Co layered structure as well, but a Ni-Fe layer
could be used. The criteria for end region stabilization is that the net
magnetié moment of the end region ferromagnetic layer be equivalent to 10-30
percent or greater than the net magnetic moment of the free layer
ferromagnetic layer in the central active region.

The advantages of the abutted approach for longitudinally biasing the
SV sensor afe in implementation and material flexibility. The abutted
approach allows the co_rﬁplete removal of all layers in the end regions of the
sensor, and then the deposition of the férromagnetic layer- and the exchange
layer in one sequential vacuum cycle. The abutted approach allows for
tailoring the thickness of the ferromagnetic layer and the material of the
ferroﬁxagnetic layér to optimize the exchange strength of the end region
ferromagnetic/antiferromagnetic layers. |

Fig. 6G is a top view in the direction of view G-G of Fig. 6F for
illustrating the manner in which the completed SV sensor 60 is formed on
substrate 61. Photoresist layer 74 (Fig. 6B) déﬁnes edges 100 and 101 of
sensor 60. Photoresist layer 75 (Fig. 6E) defines edges 93 and 94 of the
sensor 60. The top layer in the tail or end region is layer 92, the lead mate.rial
layer, and the top layér in the sensor region is layer 67, the capbing layer.
After resist layer 75 is removed, the sensor 60 is_encapsulated' by sputter

depositing approximately 0.5 microns of alumina onto the substrate 61.
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magnetic field, a netallic nonmagnetic spacer |ayer adjacent|| {0 andrn
physical contact with the free ferromagnetic layer central gchiye

108G 1905, |

pi nned ferromagnetic |ayer adjacent to and in physical contact ’r’n
spacer |ayer and having a nagnetization ofgented at an angle to the

Taver of a iror G BLB T EI ShaLerr e wasernat MaRkel So SRS Sk

i n physical contact with the pinned ferromagnetic | ayer for pinning the.

magnet i zat i2® Beatedetarn tawperaturgnefgrproximayely, ‘ZJ(Q%IV fir &lac pagsyhce of an
applied magnetic field. The sensor is oriented in the oven such that the
applied magnetic field is in the direction indicated by arrow 64 (Fig. 5). The
Ni-Mn layer 91 is not antiferrbmagnetic at room temperature, but when
heated becomes antiferromagnetic. Its magnetization becomes aligned along
the magnetization direction of Ni-Fe layer 90, which is aligned with the
applied field. This direction is essentially parallel to the magnetization
direction 64 of the central region of free layer 63._ After cooling, the
magnetization of the Ni-Mn.layer 91 becomes perm#nent)y set and provides
antiferromagnetic exchange coupling for layer 90 in the end regions. These
end regions will then be permanently magnetized in the direction indicated by
arrow 64. o

After cooling, the sensor is then rotated 90 degrees in the same

annealing oven. Unlike Ni-Mn, the Fe-Mn layer 66 is antiferromagnetic as
deposited. However, its magnetization must be realigned so that it can
exchange couple.the pinned layer 70 in the proper'orientation. The
temperature is raised in the oven to approximately 180°C, which is greater-
than the Neel temperature of Fe-Mn. At this temperature, I'e-Mn is no longer
antiferromagnetic and has no magnetization history so that upon subsequent
cooling, its magnetization will grow in the proper direction. Since the applied

magnetic field is oriented parallel to the magnetization direction 71 of the
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common si de edges; and a | ongitudinal biasing end region | aj 7ot St PUET
formed on the substrate abutting and in ghysical contact with the side

edges of t neimed fazx%r 70, the magnetization of Fe-Mn layer 66 will also be aligned
along that direction. The apphed magnetic field from the annealing oven thus
prepares the pinned layer 70 to have the appropriate d'ircctio'n 71 (Fig. 5) and
upon subseq'uent cooling below the Neel temperature of I'e-Mn, the Fe-Mn will
have its magnetization aligned with that of the pinned layer 70. The result is
that the Fe-Mn layer 66 now forms ah Iantife.rromagnetic exchange-coupled .
layer to pin the direction of magnetization of pinned layer 70. Thus, in the
presence of an applied sensing field, the magnetization of the pinned layer 70
will not rotate. Because the Neel temperature of Ni-Mn is approximately
450°C, which is considerably higher than the 160°C Neel temperature of Fe-
Mn, the magnetization direction of the Ni-Mn layer 91 will be unaffected and
‘will remain oriented generally parallel to that of Ni-Fe layers 90 and 63.

While tile present invention has been particularly shown and described

with reference to the preferred embodiments, it will be ﬁnderstood by those
skilled in the art that various éhanges in form and detail may be made
\ﬁthout departing from the spirit and scope of the invention. Accordingly, the
disclosed invention is to be considered merely as illustrative and limited in

scope only as specified in the appended claims.
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antiferromagnetic material having a conposition different fromthe
conposition of said first type of antifergjomagnetic materi al and Dbeing
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1. - A spin valvé magnetoresistive element comprising:

first and second layers of ferromagnetic material separated by a spacer
layer of metallic nonmagnetic material, the magnetization direction of said
second layer being p_innéd and the magnetization direction of said first layer
being.orient,ed at an angle relative to the magnétizatioﬁ direction of said
second layer at zero applied magnetic field, the first layer comprising a central
active region and énd regions contiguous with and abutting the edges of the

= central actjve region; and

a layer of antiferromagnetic material overlying and in contact with the

end regions of the first ferromagnetic layer for biasing the magnetization in

the end regions.

2. A spin valve magnetoresistive element as in claim 1 further
comprising a second layer of antiferromagnetic material in contact with the
second ferromagnetic layer for pinning the magnetization of the second layer
of ferromagnetic material, the second layer of antiferromagnetic material being
formed of a material having a substantially different Neel temperature from
that of the antiferromagnetic material overlying the end regions of the first

ferromagnetic layer.

is Sheet Has Been RTlaced
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and rmanganese. cspt n Walsve*nmagnet or esi STT Ve efren as| ilatel

wherein the flrst antlferrorragnetlc rraterzzal is formed of an &FFoey
conprising iron,and net(ﬁrem tive el emrent

as in claim1 wilereih ?‘% SIéSHHa"WEH"f‘é? EGhﬁ&ﬁ“éPFet Hgt'ﬁr aimghihersiythe i n

physical contact with the side edges of the free layer central active
regi on. layer of antiferromagnetic material overlying the end regions of the first

ferromagnetic layer is formed of an alloy comprising nickel and manganese.

4. A spin valve magnetoresistive element as in claim 3 wherein the
layer of antiferromagnetic material in contact with the second ferromagnetic

layer is formed of an alloy comprising iron and manganese.

5. A spin valve magnetoresistive element as in claim 1 wherein the
layer of antiferromagnetic material overlying the end regions of the first
ferromagnetic layer is contiguous with and abuts the edges of the central_
active region of the first ferromagnetic layer.

6. A spin.valve magnetoresistive element as in claim 1 wherein the
ferromagneiic material in the central active region of the first ferromagnetic
layer is different from the ferromagnetic material in the contiguous and

abutting end regions of the first ferromagnetic layer.

is Sheet Has Been Rerlaced
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7. A spin \'ul\-'e nmgnctoresxsuve SCNSOr comprising:

a substrate;

a layered structure formed on the substrate, the layered structure
comprising:
a free ferromagnetic layer with a central active region haﬁng a
magnetization orientation in the absence of an applied magnetic field, a
metallic nonmagnetic spacer layer adjacent to and in cpnt.act, with the
central active region of the free ferromag‘netic_layer, a pinned
f;erromagnetic layer adjacent to and in contact with the spacer layer and
having a magnetization oriented at an angle to the magnetization of the
central active region of the free ferromagnetic layer, and a layer of an
antiferromagnetic material having a predetermined Neel temperature
and formed adjacent to and in contact with the pinned ferromagnetic
layer for pinning the ma-gnetization-of the pinned ferro;nagnetic layer;
a layer of ferromagnetic material formed as end regions to the central
active region of the free ferromag11e£ic layer, the end regions abutting and
being contiguous with the edges of the central active region of the free
ferromagnetic layer; aﬁd

a layer of antiferromagnetic material adjacent to and in contact with the
end regions and having a Neel tgmperature substantially different {rom the
Neel temperature of the antiferromagnetic material adjacent to the pinned

ferromagnetic layer for exchange biasing the magnetization in the end regions. -

—_—
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a plurality of trqmﬂﬁ( jl,'ﬂfnldl Ag of dafz*“8nmandfi dtransquge .
mai nt ai ned cl ose t s orage nedi um durrng relg iDate wi?gaﬂﬁclags
between the magnetic transducer and the g@gnetic storage nédrunrthe : =
magneti c ‘transducer including a spin val'Vé nmagnet or esi stive sensor
conprising (a) a substrate; (b) a central active |ayered structure formed
on the substrate and conprising a free | ayer of central active region
ferronmagneti c it eri Alspinwialge magnptetdssitvosensor as in claim 7 wherein the

layer of antiferromagnetic material adjacent to the end regions is formed of an

alloy comprising nickel and manganese.

9. A spin valve magnetoresistive sensor as in claim 8 wherein the
layer of antiferromagnetic material adjacent to the pinned ferromagnetic layer

is formed of an alloy comprising iron and manganese.

10. A spin valve magnetoresistive sensor as in claim 7 wherein the
. layer of antiferromagnetic material adjacent to the end regions is contiguous

with and abuts the edges of the central active region of the free ferromagnetic

layer.

11. A spin valve magnetoresistive sensor as in claim 7 wherein the
ferromagnetic material in the central active region of the free ferromagnetic

layer is different from the ferromagnetic material in the contiguous and

—_—

abutting end regions. - -
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nonmagneti c spacerj Gﬂﬂg“‘hﬂw&g o and_in_pWEAEEP cont Bt {with t f
ferromagnetic |ayer’s s region, a pinned re g fhalge 'l";ﬁg 0FC.19%.

adj acent to and in physical contact with_the spacer |ayer and having a
magneti zation oriented at an angle to t hginagnet.i zation of the free
ferromagnetic | Ber QeHRERFUBSHITVECSYFIUN CORMIE Fayer of a first type of
antiferromagnetic material forned adjacent to and in physical contact with
the pinned ferromgneiticsloayge niatiupi having ahdunalghneol patcksrfor the
recording of data; |
a magnetic transducer maintained close to the magne_tic storage medium
. during relative motion between the magnetic transc_lucer and the magnetic
storage medium, the magnetic tfansducer including a spin valve
magnetoresistive sensér comprising (a) a substrate; (b) a first free
ferromagnetic layer on the substrate with a central active region having a
magnetization orientation in the absence of an applied magnetic field; (c) a
metallic nonmagnetic spacer layer adjacent to and in contact with the central
active region of the first free ferromagnetic layer; (d) a second ferromagnetic
layer adjacent to and in contact with the spacer layer and having its
magnetization pinned in a direction at an ahgle to the magnetization of the
central active region of the first free ferromagnetic layer in the absence of an
applied magnetic field; (e).a third ferromagnetic layer formed on the substrate
" as end regions to the central active region of the first free ferromagnétic layer,
the end regions abutting and being contiguous with the edges of the central
active region of the first free ferromagnetic layer; and (f) a layer of

antiferromagnetic material adjacent to and in contact with the third

- ferromagnetic layer end regions for exchange biasing the magnetization in the

end regions; and
This Sheet Has Been Remlaced
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abutting and in physical contact wth tT® side edges of the central active
| ayered st ruct umeamsndowpledriosilegmaghayeesistiventtrseyifendetecting resistance

changes in the magnetoresistive sensor responsive to magnetic ficlds
representative of data bits recorded in the magnetic storage medium

intercepted by the magnetoresistive sensor.

13. A system as in claim 12 wherein the layer of antiferromagnetic
material adjacent to the third ferromagnetic layer end regions is formed of an’

alloy comprising nickel and manganese.

14. A system as in claim 12 wherein the layer of antiferromagnetic
material adjacent to the third ferromagnetic layer end regions is contiguous
with and abuts the edges of the central active region of the first free

ferromagnetic layer.

15. A system as in claim 12 wherein the ferromagnetic material in
the central active region of the first free ferromagnetic layer is different from

the ferromagnetic material in the third ferromagnetic layer.

heet Has Been Reﬂlaced
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conposi tion of said first type of antifepromagnetic material and bermng
formed on and in physical contact wth F@d‘end re ion fe

for |ongitudi ndBty exsmFeiQressrding s hetr E‘é’f Wi n the end region
ferromagnetic | ayer; and neans coupled to the rragnetore5| stTF1 tcHis Been Replaced
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magneti c
a spin valve magnetoresistive sensor for sensing magnetically recorded

a motor connected to the disk for rotating the disk:

data on the disk, the sensor comprising (a) a free ferromagnetic layer with a
cent.rél active region having a magnetization orientation in the absence of an
applied magnetic field; (b) a metallic nonmagnetic spacer layer adjacent to and
in contact with the central active region of the free ferromagnetic layer; (c) a

’ pinned ferromagnetic layer adjacent to and in contact with the spacer layer
and having a magnetization oriented at an angle to the magnetization of the
central active region of the free ferromagnetic layer; (d) an antiferromagnetic’
material having a predetermiﬁed Neel temperature formed as a layer adjacent
to and in cont;tct with the pinned ferromagnetic layer for pinning-the |
magnetization of the pinned ferromagnetic layer; (e) a layer of fe;romagnetic
matérial formed as end régions to the .central active region of the free
ferromagnetic layer, the end regions abutting and being contiguous with the
edgés of the central active region of the free ferromagnetic layer; and (f) a
layer of antife_rromagnetic material adjacent to and in contact with the end
régions and having a Neel temperature substantially difterent from: the Neel
temperature of the antiferromagnetic material adjacent to the pinned |

ferromagnetic layer for exchange biasing The magnetization in the end regions;
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wherein the second &nt¢fekrotagnetic material is

‘?
S
Ly
&5

conprising nickel and manganese. . - 259 28 8. A systemas in claimb®b

wherein the second antiferromagnetic
a carrier supporting the spin valve magnetoresistive sensor and having

a substrate onto which the sensor is attached;

an actuator for moving the carrier generally radially across Lhel disk so
the sensor may access different reg‘iqns of magnetically recorded data on the
disk;

means connecting the carrier to the actuator for maintaining the carrier
near the disk;

means electrically coupled to the sensor for detecting changes in
resistaﬁce of the sensor in response to magnetic fields sensed by the sensor
from the magnetically recorded disk; and

means for supporting the motor and actuator.

17. A disk drive as in claim 16 wherein the layer of antiferromagnetic
material adjacent to the end regions is formed of an alloy comprising nickel

and manganese.

18. A disk drive as in claim 17 wherein the layer of antiferromagnetic

material adjacent to the pinned ferromagnetic layer is formed of an alloy

comprising iron and manganese.
This Sheet Has Been Re,
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mat eri al

| ayer central acti e““ll”il lJH u lla clai
conposition of th I I terial in the central “.tvp rpilgerpEF 1995 il

abuts and is in physical contf “5@'<d4 HEP{J?ﬁgF%\" § SHEET
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J

different fromthe corrp05|t|on of the feggomagnetic rraterlal in the end

region ferromagnetic |ayer.

19. A disk drive as in clalm 16 w heu.m the layer of antiferromagnetic
material adjacent to the end regions is contiguous with and abuts the edges of

the central active region of the free ferromagnetic layer.

20. A disk drive as claim 16 wherein the ferromagnetic material in
the central active region of the free ferromagnetic layer is different from the

ferromagnetic material in the contiguous and abutting end regions.
_—
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representative of d in the nagnetrt stor ggesigediium..=..

i ntercepted by the magnetoresi st i ve sensgp. 13 A system as rmcrarnr 12

wherein the layer of .antifer et ic MATer| ace
f erromagneti c I>l'a{/er R e [ms'“ ‘nﬁﬂ“o‘f‘léh “él’JFb‘ﬁ“b‘o’ﬁp‘h%l'ﬁﬂ"hﬁ‘%kel and

manganese. 14. A systemas in clai m 12 vvherel n the | ayer of
antiferr ormg!mmlsm« the steps of:

providing a substrate;.
depositing a first ferromagnetic layer on the substrate;
depositing a melallic nonmagnetic spacer layer directly on and in
contact with the first ferromagnetic layer; |
depositing a second ferromagnetic layer directly on and in contact with
the spacer layer;
depositing directly on and in contact with the second ferromagnetic
layer an antiferromagnetic layer of a material having a first predetermined
Neel temperature;
providing a mask over the central regioﬂ of said previously deposited
‘layers; ‘
-etching said previously depositedl layers in the regions outside the mask
down to the substrate; |
depositing a third ferromagnetic layer on the substrate, the third
férromagnetic layer deﬁning end regions that abut and are contiguous with
the edges of the central region of the first ferromagnetic layer;
dep.ositing directly on and in contact with the third_ferromagnetic layer

a layer of a material that exhibits antiferromagnetism when heated and that

has a second predetermined Neel temperature;
is Sheet Has Been R laced
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mat eri al «adj acent, onagngdis SHERY SfASBEEN dgi
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first free ferromagmetrc ¢ ayer.s . : b{ﬂéret-ﬁ-lt%g 1935

ferromagnetic material in the central acslve regl on of the first Tree

ferromagnetic |l a he Te
third fgr r or‘ragrﬂé%if‘é ;'p%yg:'rng 8{? 1!5];, regx[?:rtna ma"netm %nﬁ} appp%& w f?lhnp the

direction, heating the substrate and the previously deposited layers to a first
temperature to render antiferromagnetic the layer formed on the third
ferromagnetic layer;

cooling the substrate and the previously deposited layers below said first
temperature to permanently align with said first applied magnetic field the
magnetizations of the third ferromagnetic layef and the antiferromagnetic
layer formed on it;

in the presence of a second-externél magnetic field applied in a second
direction, heating the substrate and the previously deposited layers to a
second tgmperature between said first anﬂ second Neel temperatures; and

cooling the substrate an& the previously deposited layers below said first
Neel tempera—ture to permanently align with said second applied magnetic

field the magnetizations of said second ferromagnetic layer and the

antiferromagnetic layer formed on it.

22. The process according to claim 21 wherein the step of depositing
on the third ferromagnetic layer a layer of a material that exhibits

antiferromagnetism comprises depositing a layer of an alloy comprising nickel

and manganese.
eet Has Been Re; laced
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16. A magr;etlc recordl i&l Erl Y Cfalsmfiis#mgAsﬁg'Eﬁ ibh tmsﬁamﬁeen; EET i;

| aced a rragnetlc g r conmreeLagEDO t helfdifsk for rotating
the disk: a spin tlvew e ldaﬁlﬁ ______ 1995
recorded data on th |sk the sensor cogyising (a) a free

E=eq=v=mxaag i

layer with a central active region having—a~nmagnetization orientation in
the absence of &3.applhegroegseccerdingiid;clain 24 whtmlillﬂ1mMWdr¢¢pcmlspacer

| ayer adjacent to and
on the second ferromagnetic layer an antiferromagnetic layer of a material
having a first predetermined Neel temperature comprises depositing a layer of

an alloy comprising iron and manganese.

24.  The process according to claim 21 wherein the step of depositing
~on the third ferromagnetic layer a layer of a material that exhibits
antiferromagnetism comprises depositing said layer to abut and be contiguous

with the edges of the central region of the first ferromagnetic layer.

cet Has Been Re laced
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in contact with the central active region of the free ferr BACE! ‘i~a¢9e—r'f~’=ﬁ--
(c) a pinned ferromagnetic |ayer adjacent to and in contact|f{with Zkﬁ Qﬂ?@% “
| ayer and having a magnetization oriented at an angle to thyg Dugmeét¥-z

of the central active region of the free ferromagnetic |ayer—tdy an
antiferromagnetic material having a predeterm ned Neel tenperature forned

as a |layer adjacent -to and in contact with the pinned ferromagnetic | ayer

for pinning the magnetization of the pira ferromagnetic |ayer; (e) a

| ayer of ferromagnetic material forned as end regions to the central active
region of the free ferromagnetic | ayer, the end regions abutting and being
contiguous with the
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edges of .the central active region of the free ferromagneti %CEMW@TGHEET
a layer of antiferromagnetic material adjacent to and in cofjt vaE g‘tp

end regions and having a Neel tenperature substantially dif ‘é?lt {0 ﬁl&&b’
Neel tenperature of the antiferromagnetic material adjacent to the pi
ferromagnetic | ayer for exchange biasing the nmagnetization in the end
regi ons; 28 2/6
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a carrieg supporting the spin val ve magnetoresistive sensoll BEU-AGEMENT SHEET
substrate onto which the sensor is.attached; an actuator fpr qnvig tUEE 1995
carrier generally radially across the disk so the sensor npP%¥ce -

different regions of magnetically recorded data on the di ski means
connecting the carrier to the actuator for maintaining the carrier near the
di sk; nmeans electrically coupled to the sensor for detecting changes in
resi stance of the sensor in response to B¢énetic fields sensed by the
sensor -
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fromthesmagnetically recorded disk; and neans for supportl&QHEPEAGEmEmTaHQFT

actuator. 17. A disk drive as in claim16 wherein the |aye

antiferromagnetic materi al

adj acent to the end regions is fq_%d -Gf. BaJﬂEC 1995..

e ——

al l oy conprising nickel and manganese. .18: A di sk drive as T crarm—+E
wherein the |layer of antiferromagnetic material adjacent to the pinned
ferromagnetic layer is forned of an, all oy conprising iron and nanganese.
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mat eri al
or the central

drive as claim.16 wherein the ferromagnetic materi al

WA disk drive as in claim16 wherein the | ayer of
adj acent to the énd régions is contiguous with-an

active region of the free ferromagnetic | ay

inth

ﬂ

REPLACBHENTEHEET ||

oty AR

region of the free ferromagnetic layer is different fromthe ferronmagnetic
materi‘al in the contiguous and abutting end regions.
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21. A process for nmaeking a spin valve nmagnetoresistive el engrigsi Qe TS eeT
the steps of: providing a substrate;. depositing a first fergonmagnetic -

| ayer on the substrate; depositing a nmetallic nonnmagnetic Spgqgke qusrUEC%
directly on and in contact with the first ferromagnetic | ayetk:

6/6

1~75
' 67
1 E/ 66
] /0
4 65

31— 63

61
_—62 (

776 67

o
—

Q90
75
67
5 Bl
92 R 92
e 97 ‘ f ¢ . ‘ g’
90~ = 90
93 P
70 4630,
l 93~ 67— 66 94 1
1 \ \
92 ) 92
G 91 — 91 G
| 90
60
92

61




SEFRACWENT SEeT i

i
deposi ting ‘a*gecond ferromagnetic layer directly on and in i
spacer |ayer; depositing ditectly on and in contact with tHe second
ferromagnetic |ayer an antiferromagnetic |layer of a materi ﬂﬁnﬂﬁﬁ.
predeterm ned Neel tenperature; providing a mask over the i
said previously deposited |layers; etching said previously deposited | ayers
in the regions outside the mask down to the substrate;

SPIN VALVE MAGNETORESISTIVE SENSOR WITH FREE LAYER EXCHANGE
BIASING, PROCESS FOR MAKING THE SENSOR, AND MAGNETIC

FOR MAKING THE S R, AND MAGN
RECORDING SYSTEM USING THE SENSOR

Abstract of the Disclosure

Chtavi.

An improved spin valve (SV) magnetloresistive element has its (ree
ferromagnetic layer in the form of a central active region with defined edges
and end regions that are contiguous with and abul the edges of the central
active region. A layer of antiferromagnetic material, preferably a
nickel-manganese (Ni-Mn) alloy, is formed on and in contact with the

| ferromag_'netic material in the end regions for exchange coupling with the end
regions to provide them with a longitudinal bias of their magnetizations. The
pinned ferromagnetic layer in the SV element is pinned by exchange' co;..xpling

y with a different layer of antiferromagnetic material, preferably an

iron-manganese (Fe-Mn) alloy. This material has a s'ubstantially-different
Neel temperature from that of the antiferromagnetic material on the end
regions. The process for making the SV element includes heating to different
bredetermined temperatures in the presence of an applied magnetic field to
orient tl;e magnetizations of the free and pinned layers in the proper direction.
The SV elément may be used as a sensor for reading data in magnetic

recording systems.



~depositing athird ferromagnetic layer on the substrate, tF REIELAGEMENT_SHEET
ferromagnetic |ayer defining end regions that abut and are jfonti gléozs wth
the edges of the central region of the first ferromagnetic Bater:;..4. 4 MAYIQ%
depositing directly on and in contact with the third ferro

| ayer of a material that exhibits. antifgyromagneti smwhen heated and that

has a second predeterm ned Neel tenperattre; renoving the mask:

R AT O

1. A spin valve magnetoresistive element comprising:
a substrate;
a central active layered structure formed on the substrate and
cox;lﬁrisinsi
a free laver of central active region ferromagnetic material
having a magnetization orientation in the absence of an applied
magnetic field, a metal.lic nonmagretic spacer faver adjacent to and
~ in physical contact with the free ferromagnetic layer central active
region, a pinned ferromagnetic layer adjacent to and in physical
contact with the spacer layer and having a megnetization oriented at
an angle to the magnetization of the free ferromagnetic layer
central active region, and a layer of a first type of
antiferronasnetic material formed adjacent to and in physical
contact with the pinned ferromagnetic layer for pinning the
magnetization of the pinned ferromagnetic layer, the free layer
central active region, spacer layer, pinned laver and first
antiferromagnetic material layer having substantially the same width
and common side edges: and
a longitudinal biasing end region layered structure formed on the

substrate abutting and in physical contact with the side edges of the



' REPLACEMENT SHEET
31 in the presence of a first external magnetic field applijed in éi @
direction, heating the substrate and the previously deposi tieaatay. ér }i m
first tenperature to render antiferronmagnetic the |ayer for!

ferromagnetic | ayer; cooling the substrate and the previ ousl—y—de-pespt—ed-————
| ayers below said first tenperature to germanently align with sa Lr

:ﬁgl ![ﬁg gﬁ???telr(r:o];nlaglngtfge magneti zat +es—of the third ferrolmHnllLHI I t|!1||!||

central active layered structure and comprising:

a layer of end region ferromagnetic material abutting and in
physical contact with the side edges of the free layer central
active region and a layer of a second type of antiferromagnetic
material having a composition different from the composition of said
first type of antiferromagnetic material and being formed on and in
physical contact with said end region ferromagnetic laver for
longitudinally exchange biasing tl.1e magnetization in the end region

ferromagnetic layer.

2 A spin valve magnetoresistive element as in claim 1 wherein the
second antiferromagnetic material is formed of an alloy comprising nickel

and manganese.

3. A spin valve magnetoresistive element as in claim 2 wherein the

f irsti antiferromagnetic material is formed of an alloy comprising iron
and manganese.
4. A spin valve magnetoresistive elemenf as in claim 1 wherein the
second antiferromagnetic material abuts and is in physical contact with

the side edges of the fres layer central active region.

5. A spin valve magnetoresistive element as in claim 1 wherein the



| ayer formed on it; in the presence o xt er pnal gREPLACEMENT SHEET I
applied in a second direction, heatin l!ﬂ E'i i Hwnd t te prey
deposited | ayers to a second tenperat . firs @@iéé@gmm

tenperatures; and cooling the substrate and the previously
bel ow said first Neel tenperature to pemanently align with said second
applied magnetic field the magneti zat i of said second ferronmagnetic

| ayer and the antiferromagnetic |layer formed on it. 22. The process

according to claim?21 ereih_the step of deposjti
9 ferr'omasnet\i\fr:1 mat_eri?al in the reg layer oelrl)trai act?\(‘/:]e region has a

composition different from the composition of the ferromagnetic material . |

in the end region ferromagnetic layer.

6. A magnetic storage system.comprisinsl
a magnetic storage mediuﬂi haviﬁs a plurality of tracks for the
recording of datﬁ:
a magnetic transducer maintained close to the magnetic storage
medium during relative motion between the magnetic transducer and the
magnetic storage medium the magnetic transducer including a spin valve
magnetoresistive sensor comprising (a) a substrate; (b) a central active
layered structure formed on the substrate and comprising a free layer of
central active region ferromagnetic material having a magnetization
orientation in the absence of an applied magnetic field, a metallic
nomnasnetic spacer layer adjacent to and in physical contact with the
free ferromagnetic layer central active region, a pinned ferromagnetic
layer adjacent to and in physical contact with the spacer layer and
having a magnetization oriented at an angle to the megnetization of the
free ferromagnetic layer central active region, and a layer of a first
type of antiferromagnetic material formed adjacent o and in physical

contact with the pinned ferromagnetic layer for pinning the magnetization



on the third ferromgnetic |ayer a Iaye, Ihat eﬁﬁ?‘kﬁqFQWENTSH'EET
antiferromagneti sm conpri ses depositing m uam llm oy conpr ;
ni ckel and manganese. 32 23. The precess a IB?t?ng%I"W_Wrm

the step of depositing on the second ferromagnetic Iayer an
antiferromagnetic layer of a material . g4 .

of the pinned ferfonasnetic layer, the free layer central active region,
spacer layer, pinned layer and first antiferromsgnetic material laver
having substantially the same width and common side edges: and (c) a
longitudinal biasing end resion. layered structure formed on the substrate
abutting and in physical contact with the side edges of the central
active layered structure and comprising a layer of end region
ferromagnetic matefial abutting and in physical contact with the side
edges of the free layer central active region and a layer of a second
type of antiferromsgnetic material having a composition different from
the composition of said first .type of antiferromagnetic material and
being formed on and in physical contact with said end region
ferromagnetic layer for longitudinally exchange Ibiasins the
megnetization in the end region ferromagnetic layer; and

means coupled to the magnetoresistive sensor for detecting
resistance changes in the megnetoresistive sensor responsive to magnetic
fields representative of data bits recorded in the magnetic storage

medium intercepted by the magnetoresistive sensor.

T A system as in claim 6 wherein the second antiferromagnetic

material is formed of an alloy comprising nickel and manganese.



having a first predeterm ned Neel dﬁﬁUAﬁzjﬁB‘JNTa@!&EET
of anh alloy conprising iron and nanggﬁmmmummmluuﬂwoce S accczz

claim 21 wherein the step of depositing o the thivd*erro td Lgix

| ayer of a material that exhibits antiferromagneti sm conpr _

said layer to abut and be contiguous wi$f 4 he edges of the central region

of the first ferromagnetic |ayer.

8. A system as in claim 6 wherein the second antiferromagnetic
material abuts and is in physical contact with the side edges of the free

layer central active region.

9. A system as in claim 6 vherein the composition of the
ferromagnetic material in the central active region is different from the
composition of the ferromagnetic material in the end region ferromagnetic

layer.



