
1                           MAGNETORESISTIVE READ TRANSDUCER            The
present invention relates generally to thin film magnetic     transducers
and, more particularly, to magnetic transducers having a
magnetoresistive read transducer arranged such that a longitudinal bias 5
field is produced in end regions of the transducer.            The use of
magnetoresistive (MR) sensors to sense magnetically     recorded data is
well-known in the art. It is also well-known that both     longitudinal and
transverse bias fields must be provided in the MR 



sensing element to eliminate Barkhausen noise and to maintain the sensor 10
in its most linear operating range. Commonly assigned U.S. Patents Nos.
4,024,489; 3,840,898 and 4,103,415 discuss and disclose MR sensors in
which various biasing schemes utilizing both hard or soft magnetic
materials and/or exchange coupling provide the transverse and
longitudinal magnetic bias fields required in the MR element.   15      It
has become increasingly difficult to fabricate MR read     transducers in
the small physical size required to read data recorded on     ever
decreasing track widths at ever increasing linear recording density.
One solution proposed to meet these requirements is described in commonly
assigned U.S. Patent No. 4,663,685 in which a transverse bias field is 20
produced in only a central active region of the MR sensor element and a
longitudinal bias field is produced in the inactive end regions by means
of exchange coupling between the portions of the ferromagnetic MR element
which extends into the end regions and layers of antiferromagnetic
material which extend only over the end regions of the MR element. U.S. 25
Patent No. 4,639,806.discloses an MR sensor which provides a longitudinal
bias field produced by ferromagnetic exchange coupling between. the MR
layer and hard magnetic layers in the sensor end regions only. Commonly
assigned U.S. Patent No. 5,079,035 discloses an MR sensor in which the
ferromagnetic MR element extends over only the central active region of 30
the sensor.  A layer of hard magnetic material is provided in each of the
sensor end regions which form an abutting junction with the ends of the 



MR element to provide a longitudinal magnetic bias field in the sensor.
The central active region includes the MR element, a non-magnetic spacer
layer and an adjacent soft magnetic layer which provides a transverse 35
magnetic bias field for the sensor.
2       The MR sensor design described in patent no. 5,079,035 has been
shown to meet  present requirements and provides numerous advantages,
including data  track definition  by a single photolithography process
step, controllable and reproducible etch stop of the  sensor active region
trilayer etch process, easily adjustable longitudinal bias field, and
substantially no side reading. However, the contiguous or abutting junction
hard bias  design suffers from a substantial disadvantage which, while at
large data track widths 



where the length of the sensor active region is large compared to the
length of the  junction region may not be discernible, at relatively small
data track widths where the  length of the active region can become
comparable or even small compared to-the length  of the junction region,
can cause the magnetic properties in the junction region to no  longer be
predictable or well-defined. As a result, under transverse field
excitation,  hysteresis can be introduced into the sensor's response. In
addition, the magnetization of  a cobalt (Ci) alloy hard ferromagnetic
material, when grown on different substrates such  as the trilayer active
region of the sensor at the overlapping junction region, causes a  majority
of the Co c-axes to be oriented perpendicular to the film plane. Thus after
initialization with a longitudinal magnetic field, such a hard
ferromagnetic layer will  have substantially no remnant magnetization, and
the magnitude of the longitudinal bias  field thus produced can be
insufficient to ensure a single domain state in the sensor.  



3                             SUMMARY OF THE INVENTION        It is an
object of the present invention to ameliorate one or more disadvantages of
the prior art.        According to one aspect of the present invention
there is provided a method for  manufacturing a magnetoresistive read
transducer having end regions separated by a  central active region
comprising the steps of: depositing a first layer of ferromagnetic  



material on a substrate; forming a stencil which covers at least a portion
of said first  layer of ferromagnetic material which defines a central
active region of said transducer;  etching away portions of said first
layer of magnetoresistive material not covered by said  stencil to form a
magnetoresistive element extending over said central active region of  said
transducer; depositing a second layer of ferromagnetic material over end
regions of  said transducer not covered by said stencil; and depositing a
layer of antiferromagnetic  material over said end regions of said
transducer not covered by said stencil, said layer  of antiferromagnetic
material overlaying and in contact with said second layer of  ferromagnetic
material, said layers of antiferromagnetic and ferromagnetic material
forming an exchange-coupled bias layer extending over said end regions of
said  transducer, said exchange-coupled bias layer in each of said end
regions forming an  abutting junction with one end of said magnetoresistive
element, said exchange-coupled  bias layers producing a longitudinal
magnetic bias field in said transducer. 



4                DESCRIPTION OF THE PREFERRED EMBODIMENT(S)        The
present invention will be described further, by way of example only, with
reference to a preferred embodiment thereof as illustrated in the
accompanying drawings,  in which;         Figure 1 is a simplified, block
diagram of a magnetic disk storage system according  



to an embodiment of the present invention;         Figure 2 is a
cross-sectional view of a prior art magnetoresistive read transducer in
which longitudinal bias is provided by bias layers formed in the transducer
and regions  only;                 SA9-93-018                          5
Figure 3 is a conceptual cross sectional view of an MR read 



transducer according to the principles of the present invention
Figures 4a-4d is a diagram illustrating a specific embodiment of a
process for fabricating a contiguous junction MR transducer according to  5
the principles of the present invention;             Figure 5 is an
exploded diagram illustrating in greater detail the     formation of the
contiguous junction according to a preferred embodiment     of the present
invention;             Figure 6 is a cross-sectional view of a preferred
embodiment of an 10 MR read transducer produced in accordance with the
process illustrated in     Figures 4 and 5; and             Figure 7 is a
cross-sectional view of a second preferred embodiment     of an MR read
transducer produced in accordance with the process     illustrated in
Figures 4 and 5.   15        Referring now to Fig. 1, although the
invention is described as     embodied in a magnetic disk storage system as
shown in Fig. 1, it will be 



apparent that the invention is also applicable to other magnetic
recording systems such as a magnetic tape recording system, for example.
At least one rotatable magnetic disk 12 is supported on a spindle 14 and 20
rotated by a disk drive motor 18. The magnetic recording media on each
disk is in the form of an annular pattern of concentric data tracks (not
shown) on disk 12.             At least one slider 13 is positioned on the
disk 12, each slider 13     supporting one or more magnetic read/write
transducers 21, typically 25 referred to as read/write heads. As the disks
rotate, the sliders 13 are     moved radially in and out over the disk
surface 22 so that the heads 21     may access different portions of the
disk where desired data is recorded.     Each slider 13 is attached to an
actuator arm 19 by means of a suspension     15. The suspension 15 provides
a slight spring force which biases the 30 slider 13 against the disk
surface 22. Each actuator arm 19 is attached     to an actuator means 27.
The actuator means as shown in Fig.1 may be a     voice coil motor (VCM),
for example. The VCM comprises a coil moveable     within a fixed magnetic
field, the direction and velocity of the coil       



SA9-93-018                          6         movements being controlled by
the motor current signals supplied by a      controller.             During
operation of the disk storage system, the rotation of the     disk 12
generates an air bearing between the slider 13 and the disk  5 surface 22
which exerts an upward force or lift on the slider. The air     bearing
thus counterbalances the slight spring force of the suspension 15     and
supports the slider 13 off and slightly above the disk surface by a
small, substantially constant spacing during operation.             The
various components of the disk storage system are controlled in 10
operation by control signals generated by control unit 29, such as access
control signals and internal clock signals. Typically, the control unit
29 comprises logic control circuits, storage means and a microprocessor, 



for example. The control unit 29 generates control signals to control
various system operations such as drive motor control signals on line 23 15
and head position and seek control signals on line 28. The control
signals on line 28 provide the desired current profiles to optimally move
and position a selected slider 13 to the desired data track on the
associated disk 12. Read and write signals are communicated to and from
read/write heads 21 by means of recording channel 25.   20        The above
description of a typical magnetic disk storage system,     and the
accompanying illustration of Fig. 1 are for representation     purposes
only. It should be apparent that disk storage systems may     contain a
large number of disks and actuators, and each actuator may     support a
number of sliders.   25        Referring now to Fig. 2, a prior art MR read
transducer of the type     described in commonly assigned U.S. Patent No.
4,663,685 comprises an MR     layer 32 which extends over the entire
transducer 30'. A longitudinal     bias layer 43 extends over the
transducer end regions 36 only to produce     a longitudinal bias field in
the transducer. A layer 38 of soft magnetic 30 material, separated from the
MR layer  32 by a thin non-magnetic spacer     layer 42, produces a
transverse magnetic bias field in at least a portion     of a central
active region 44 of the transducer 30'. The read signal is     sensed over
the central active region 44 which is defined in transducer 



30' by the spacing between lead conductors 46 deposited over the 35
longitudinal bias layer 43.                SA9-93-018
7               Referring now to Fig. 3, a conceptual view of a
magnetoresistive      (MR) read transducer according to the present
invention is shown  - The MR      read transducer 30 comprises a layer of
ferromagnetic material forming an      MR element 31 which extends over
substantially only a central active  5  region 33 of the transducer and a
magnetic bias layer 35 formed in each     end region 37 which forms an
abutting junction 39 with the MR element 31     to produce a longitudinal
magnetic bias field in the MR read transducer     30.  Since the MR element
31 extends only over the central active region     33 of the transducer 30,
additional side-reading suppression components 



10  are not required in this preferred embodiment.  Thus, the longitudinal
bias layer 35 in each end region 37 need only provide for electrical and
magnetic continuity to the MR element 31. The longitudinal bias layer 35
may be a single layer of magnetically hard material such as cobalt-
chromium (CoCr}, cobalt-platinum (CoPt) or cobalt-chromium-platinum 15
(CoCrPt), for example, although the use of under- and/or overcoats such
as tungsten (W) or gold (Au) may be desirable. Alternatively, the
longitudinal bias field can be provided by
ferromagnetic/antiferromagnetic exchange coupling wherein the
longitudinal bias layer 35 comprises a layer 75 of antiferromagnetic 20
material overlaying and in physical contact with a layer 79 of
ferromagnetic material (as shown in Fig. 7). For example, the
longitudinal bias layer 35 can comprise a bilayer of manganese-
iron/nickel-iron (MnFe/NiFe) or a bilayer of manganese-nickel/nickel-iron
(MnNi/NiFe). As is known in the art, a transverse magnetic bias field is 25
also required in the central active region 33.  The transverse bias field
can be provided by an adjacent soft magnetic layer, shunt bias, or other
compatible transverse bias techniques. For simplicity, the transverse
bias structure has not been shown in the conceptual view of Fig. 3.
Referring now also to Figs. 4a-4d, a preferred embodiment of a 30  process
for fabricating a suitable abutting or contiguous junction     between the
MR element 31 and the longitudinal bias layer 35 is     illustrated. The
process according to the preferred embodiment of the 



present invention comprises the steps of depositing, upon a suitable
substrate 40, an MR layer of ferromagnetic material such as NiFe, for 35
example, over the length of the transducer.  In the embodiment shown, a
transverse bias structure comprising a soft magnetic layer 43 and a non-
magnetic spacer layer 45 are deposited on substrate 40 prior to
depositing of the MR layer 31. The process then continues by depositing
a layer of a suitable material such as a photoresist, and patterning the
SA9-93-018                         8        photoresist material to form a
stencil 41 (Fig. 4a).  Stencil 41 is used     to define each edge of the MR
layer 31 as the layer of MR material  31 as     well as the spacer layer 45
and the soft magnetic layer 43 are subjected 



to a subtractive process such as sputter etching, ion milling or chemical
5 etching to produce an MR trilayer structure 47 (Fig. 4b). The material
for the longitudinal bias layers 35 is then deposited as stencil 41 again
defines the edges of the bias layers 35 (Fig. 4c). Using the same
stencil 41, a layer of conductive material is then deposited to produce
the sensor conductor leads 49. If desired, conductor leads 49 can be 10
deposited in a later step if the conductor leads 49 are not coextensive
with the longitudinal bias layers 35. Note that a quantity of magnetic
material and lead material is also deposited on the top surface of
stencil 41. However, this quality of material is removed, along with
stencil 41 in a lift-off process (Fig. 4d) as is known in the art to 15
produce an MR sensor or transducer having longitudinal bias layers 35 in
the end regions only, each having a contiguous, abutting junction with
the MR trilayer structure  47 which extends over only the central active
region 33.                               i           Although a vertical,
square butted junction between the MR trilayer 20 47 and the longitudinal
bias layer 35 is shown conceptually in Figs. 3     and 4, the preferred
embodiments comprise a junction in which the     topography is
well-controlled so that a desired junction configuration     can be easily
and reliably produced.             Referring now also to Fig. 5, the
formation of the contiguous 



25 junction according to an embodiment of the present invention is
illustrated in greater detail. In the embodiment shown in Fig. 5, the
stencil 41 comprises a bi-layer resist formed by a relatively thin
underlayer 54 and a thick imaging layer 53. One exposure and one develop
step defines the edge profile of the resist. An undercut 51 is created 30
by dissolution of the underlayer 54 in a suitable developer with the
undercut distance determined by the develop time.             The unmasked
areas of the layer 55 of MR material are then removed     by the use of a
unidirectional process such as ion milling, for example.     The angle of
incidence [err] is controlled by suitably tilting the substrate 35 relative
to the incident beam. In addition, circular symmetry is     obtained by
rotating the substrate so that any given point sees the     incident beam
rotate conically about the azimuth angle [err] except near the           



SA9-93-018                          9        stencil 41 whose edge shadows
the layer 55 during some segment of      substrate revolution. As shown in
Fig. 5, for an azimuth angle of 0      degrees, there is exposure of the
layer 55 to point c and the exposure      limit point moves progressively
to the left until at an azimuth angle of  5 180 degrees the exposure limit
point is moved to point a. The combined     milling for this embodiment
produces a curved taper 56 as a result of the     removal during the
milling process of the portion 57 of the layer 55     shown in the dashed
lines.             The longitudinal bias layer 58 is then deposited, by
sputter 10 deposition, for example, during a similar orientation and
rotation of the     substrate to produce a deposition profile such as that
shown by dashed     lines 59. The combined junction profile resulting from
the deposition of     bias layer 58 is shown in full line. Still using the
same stencil 41,     conductor leads 73 (as shown in Fig. 7) can also be
deposited in this 15 sequence of steps. Although the longitudinal bias
layer 58 is shown as a     single layer in Fig. 5, it will be recognized
that the longitudinal bias     layer may comprise multilayers, such as a
layer of ferromagnetic material     overlaid by a layer of
antiferromagnetic material to provide a     longitudinal bias field by
ferromagnetic/antiferromagnetic exchange 20  coupling, for example.
Similarly, the MR layer 55 may comprise multiple 



layers, such as the MR trilayer 47 forming a transverse bias structure,
for example.             The junction profile 62 comprises two overlapping
tapers. The     taper profile is determined by the height of the stencil 41
and the 25  selected angle of incidence 0.   For electrical reliability,
the length     of the junction overlap e should be relatively long;
however, for     magnetic reliability the length of the junction overlap
[err] should be     relatively short. Thus, the selected length of the
junction overlap is a     trade off in which typically the magnetic
reliability is more heavily 30 weighted than the electrical reliability. To
produce relatively short     overlap lengths, overmilling at low angles of
incidence [err] prior to     deposition of the bias layer 58 may be
required.             Referring now also to Fig. 6, a cross-sectional view
of a preferred     embodiment of an MR read transducer fabricated by the
above-described 35 method is shown, the surface of which is in close
proximity to a magnetic     recording medium from which previously recorded
magnetic data is to be     read. The transducer 60 comprises an MR element
63 which extends over     



SA9-93-018                          10         the central active region 65
of the transducer, and hard magnetic bias      layers 67 which form
abutting junction 69 with the MR element 63.  The      hard magnetic bias
layers 67 extend over the end regions 61 of the      transducer to produce
a longitudinal magnetic bias field in the MR  5 element 63. In this
preferred embodiment, the MR element 63 can comprise     a trilayer
structure including a layer of ferromagnetic material, such as     NiFe,
for example, a spacer layer of a nonmagnetic material, such as     tantalum
(Ta), for example, and a layer of soft magnetic material, such     as
NiFeRh, for example. The soft magnetic layer is separated from the MR 10
layer by the spacer layer and provides the transverse bias field for the
MR element 63. The hard magnetic bias layers 67 comprise a single layer
of a hard magnetic material, such as CoCrPt, for example. Since in the
junction region 69 where the hard magnetic material overlaps and is grown
on soft ferromagnetic and nonmagnetic materials, regions of varying 15
coercivity and magnetic instability exist, for magnetic reliability, it 



is necessary that the length of the overlap [err] be relatively short. In a
specific embodiment, the stencil 41 height was about 1 [err]m and the angle
of incidence [err] was about 10 degrees with an overmill of 5 percent. This
selected combination produced a junction length [err] of less than 0.1
[err]m. 20  For this particular embodiment, junction lengths within the
range of 0 <     [err] < 0.1 [err]m are suitable for use with transducers
utilizing hard magnetic     bias layers to produce the longitudinal bias
field. To ensure good     electrical reliability between the MR element 63
and the bias layer 67,     the undercut 51 of stencil 41 (as shown in Fig.
5) can be adjusted to 25  provide some overlap 64 of the conductor leads 68
with the MR element 63.             Referring now also to Fig. 7, a
cross-sectional view of a second     embodiment of an MR read transducer 70
fabricated by the method described     with reference to Fig. 5 is shown.
The MR transducer 70 comprises a     multilayer MR element which extends
over the central active region 77 of 30  the transducer, and a bilayer
exchange coupled bias layer 75/79 deposited     in each end region 71 which
form abutting junctions 87 with the MR     element. The bias layers 75/79
extend over the end regions 71 of the     transducer to produce a
longitudinal magnetic bias field in the MR     element. The bias layers
comprise a layer 75 of antiferromagnetic 35  material, such as MnFe or
MnNi, for example, overlaying and in contact     with a layer 79 of a
ferromagnetic material, such as NiFe, for example.     In this preferred
embodiment, the MR element comprises a trilayer     structure including a
layer 81 of ferromagnetic material, such as NiFe, 



for example, a spacer layer 83 of a nonmagnetic material, such as
SA9-93-018                           11        tantalum (Ta), for example,
and a layer 85 of soft magnetic material,     such as NiFeRh, for example.
The soft magnetic layer 85 is separated     from the MR layer 81 by the
spacer layer 83 and provides the transverse     bias field for the MR
element. Unlike the magnetization in the hard  5 magnetic material utilized
for the bias layers in the preferred     embodiment described with
reference to Fig. 6, the magnetization in a     ferromagnetic layer
exchange-coupled to an antiferromagnetic layer will     not change
irreversibly, and thus will not cause any hysteric response     with
application of a transverse magnetic bias field. Similarly, the 10
magnetization in a ferromagnetic/antiferromagnetic couple will not vary 



with the substrate on which it is grown, and thus will not diminish when
grown on the overlap region e of the junction 87. Therefore, in a
transducer which employs antiferromagnetic/ferromagnetic exchange
coupling to provide the longitudinal bias field, magnetic instability in 15
the junction region is not a problem and a relatively long overlap length
[err] at the junction 87 can be used to ensure electrical contact and
reliability. In a specific embodiment, the stencil 41 height was about 1
[err]m and the angle of incidence [err] was in the range of about 70 to 80
degrees. This selected combination produced a junction length [err] of
about 20  5 times the thickness of the MR element.  For this particular
embodiment,     junction lengths [err] within the range of 3  to 5 times
the  MR element     thickness are suitable for use with transducers
utilizing     antiferromagnetic/ferromagnetic exchange-coupled bias layers
to produce     the longitudinal bias field. As described above, conductor
leads 71 can 25  be deposited in the same sequence of process steps and the
MR element and     the bias layers, or alternatively, can be deposited in
subsequent steps.          



CLAIMS  1.  A method for manufacturing a magnetoresistive read transducer
having end regions  separated by a central active region comprising the
steps of:       depositing a first layer of ferromagnetic material on a
substrate;       forming a stencil which covers at least a portion of said
first layer of ferromagnetic  material which defines a central active
region of said transducer;       etching away portions of said first layer
of magnetoresistive material not covered  by said stencil to form a
magnetoresistive element extending over said central active  region of said
transducer;       depositing a second layer of ferromagnetic material over
end regions of said  transducer not covered by said stencil; and
depositing a layer of antiferromagnetic material over said end regions of
said  



transducer not covered by said stencil, said layer of antiferromagnetic
material  overlaying and in contact with said second layer of ferromagnetic
material, said layers of  antiferromagnetic and ferromagnetic material
forming an exchange-coupled bias layer  extending over said end regions of
said transducer, said exchange-coupled bias layer in  each of said end
regions forming an abutting junction with one end of said  magnetoresistive
element, said exchange-coupled bias layers producing a longitudinal
magnetic bias field in said transducer.  2.   The method as in claim 1
wherein said abutting junction comprises overlapping  tapered portions of
said magnetoresistive element and said bias layer.  3.   The method as in
claim 2 wherein the length of said overlapping junction is about  five time
the thickness of said magnetoresistive element.  4    The method as in
claim 2 wherein the length of said overlapping junction is within  the
range of about three to five times the thickness of said magnetoresistive
element. 



5.   The method as in claim 1 wherein said etch step comprises the use of a
directional  etching method.           6.  The method as in claim 5 wherein
said directional etching method comprises ion  beam milling.  7.  The
method as in claim 5 wherein said directional etching method is carried out
at  an angle to said transducer.  8.  The method as in claim 7 wherein said
angle is within the range of about seventy  to eighty degrees. 



9.  The method as in claim 7 wherein said transducer is rotated in a plane
normal to  said angle during said etching step.  10. The method as in claim
1 wherein said stencil comprises a photoresist material.  11. The method as
in claim 10 wherein said photoresist material comprises a thin  underlayer
and a thick imaging layer overlaying said thin underlayer.  12. The method
as in claim 11 wherein said underlayer is undercut.  13. The method as in
claim 1 further comprising the step of depositing means for  producing a
transverse magnetic bias field in at least a portion of said central active
region.  14. The method as in claim 13 wherein said means for producing a
transverse magnetic  bias field comprises a layer of soft magnetic material
spaced from said magnetoresistive  element.  



15. A magnetoresistive read transducer manufactured by the method as in any
preceding claim.    


