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[err]  Abstract: A magnetic sensor includes a magnetoresistive sensor
element (160) and electrical contacts coupled to the magne- toresistive
element (160) configured to sense a response of the magnetoresistive
element to a magnetic field. A magnetic shield (150) O is positioned
adjacent the magnetoresisitive element (160) and configured to shield the
magnetoresisitive element (160) from stray  magnetic fields. The shield
(150) has a substantially stable magnetic domain pattern. A shield flux
thief (180) is positioned generally  in a plane of the shield (150) and
spaced apart from the shield (150) by a gap (182).          



1 8 NOV 2004 WO 01/91116 PCT/USO1/16951 SHIELD DESIGN FOR MAGNETORESISTIVE
SENSOR FIELD OF THE INVENTION The present invention relates generally to
magnetoresistive sensors.  5 More specifically, the present invention
relates to magnetic shields used in  magnetoresistive sensors. BACKGROUND
OF THE INVENTION The present invention relates to magnetoresistive (MR)
sensors. More  specifically, the present invention relates to a
magnetoresistive sensor having  10 improved stability during operation.
Magnetic storage systems are used to store information in a magnetic
format for subsequent retrieval. Various technologies are available for
reading  back the stored information. One newer technology is the use of a
magnetoresistive sensor for such read back. 15 Magnetoresistive sensors
are responsive to a change in resistivity caused  by the presence of
magnetic fields and are increasingly being employed as read  back elements
in the heads of magnetic disc drives. They are particularly  advantageous
because the change in resistivity is independent of disc speed and
depends only on the magnetic flux. Further, the sensor output is easily
scaled by 20 adjusting the sense current. Various types of
magnetoresistive sensors include  AMR, GMR and tunnel junction sensors.
The sensor is mounted in the head  parallel to the plane of the disc and
to the direction of disc rotation. Magnetic  flux from the disc surface
causes a change in electrical resistivity. A sense  current is passed
through the sensor active layer and the magnetic flux can be 25 detected
by measuring the change in voltage across the element as a result of the
changing resistivity. One problem encountered with magnetoresistive
sensors is Barkhausen  noise which is caused by an irreversible motion of
magnetic domains in the  



presence of an applied field, i.e., coherent rotation of the magnetization
vector is 30 non uniform and suppressed, and depends upon domain wall
behavior. 1 0 NOV 2004 WO 01/91116 PCT/US01/16951 -2 Barkhausen noise
generated in the magnetoresistive element may be eliminated by  creating a
single magnetic domain in the active region of the magnetoresistive
sensor. The present invention provides a solution to these and other
problems and  5 offers other advantages over the prior art. SUMMARY OF THE
INVENTION The present invention relates to magnetoresistive sensors that
have a  magnetic shield which addresses the above mentioned problems. In
accordance with one embodiment of the invention, a magnetoresistive  1o
sensor includes a magnetic shield and a shield "flux thief." The sensor
can be  used in a magnetic storage device and includes a magnetoresistive
sensor  element, electrical contacts coupled to the magnetoresistive
element and a  transducer in a magnetic storage device, comprising a
magnetoresistive sensor  element and electrical contacts coupled to the
magnetoresistive element 15 configured to sense a response of the
magnetoresistive element to a magnetic  field. A magnetic shield adjacent
the magnetoresistive element is configured to  shield the magnetoresistive
element from stray magnetic fields. The shield has a  substantially stable
magnetic domain pattern. A shield flux thief is spaced apart  from the
shield and reduces a demagnetization field in the shield during 20
fabrication of the magnetoresistive sensor element. BRIEF DESCRIPTION OF
THE DRAWINGS  FIG. 1 is a simplified diagram of a disc storage system.
FIG. 2 is a cross-sectional view of a magnetic read/write head and
magnetic disc taken along the plane normal to the air bearing surface of
the  



25 read/write head. FIG. 3 is a layered diagram of the magnetic read/write
head as viewed  from the air bearing surface. FIG. 4 is a plan view of a
small bottom shield having a substantially  stable magnetic domain
pattern. 18 Nov 2004 -3 FIG. 5 is a plan view of a magnetic shield and a
shield flux thief in accordance  5 with one example embodiment of the
present invention. FIG. 6 is a plan view of another example embodiment of
a shield flux thief.  FIG, 7 is a plan view of another example embodiment
of a shield flux thief.  FIG. 8 is graph of applied magnetic field versus
magnetic field in a sensor for a number of different flux thief
configurations. 10 FIG. 9 is a graph of actual demagnetization field
versus modeled  demagnetization field. DETAILED DESCRIPTION OF
ILLUSTRATIVE EMBODIMENTS    In magnetoresistive transducers, it is
desirable to have a shield design which  constrains the magnetic domain
walls in the shield to reduce interaction between the 15 shield and the
sensor. If the domains are unstable in the shield, changes in the  domain
patterns can cause noise in the magnetoresistive sensor. However, if the
shield is relatively small, the shield generates a demagnetization field
during  deposition and process of the magnetoresistive sensor element. The
demagnetization  from the shield is significant and is localized in the
region of the sensor during 20 deposition and magnetic anneal procedures
used in fabricating the sensor. In one  aspect, the present invention
provides a technique to retain the desired shield  dimensions and
configuration while reducing the demagnetization field from the  



shield during sensor deposition. This is achieved by forming a "flux
thief" which  surrounds the shield and acts to spread the demagnetization
field and thereby 25 reduce the local strength of the demagnetization
field without causing instability in  the domains of the shield, The flux
thief forms complementary magnetic poles which  couple to magnetic poles
of the shield thereby providing localized end points for the  magnetic
flux due to the demagnetization field on the shield. FIG. I is a top view
of a disc drive 10 including a magnetoresistive  30 sensor in accordance
with the present invention. Disc drive 10 includes a  magnetic disc 12
mounted for rotational movement about an axis defined by  spindle 14
within housing 16. Disc drive 10 also includes an actuator 18  mounted to
a base plate 20 of housing 16 and pivotally moveable relative to
SUBSTITUTE PAGE (ARTICLE 34) 18 Nov 2004 disc 12 about axis 22. A cover 24
covers a portion of actuator 18. Drive  controller 26 is coupled to
actuator 18. In the preferred embodiment, drive 5 controller 26 is either
mountable within disc drive 10, or is located outside of  disc drive 10
with suitable connection to actuator 18. Actuator 18, includes an
actuator arm assembly 28, a rigid support member 30, and a head gimbal
assembly 32. Head gimbal assembly 32 includes a load beam or flexure arm
34  coupled to rigid member 30, and a hydrodynamic air beating (a slider)
36 to coupled by a gimbal (not shown) to load beam 34., Slider 36 supports
a  magnetoresistive transducer for reading information from disc 12 and
encoding information on disc 12. During operation, drive controller 26
receives position information indicating a portion of disc 12 to be
accessed. Drive controller 26 receives the position  15 information from
an operator, from a host computer, or from another suitable  controller.
Based on the position information, drive controller 26 provides a position
signal to actuator 18. The position signal causes actuator 18 to pivot
about axis 22.  This, in turn, causes actuator 18 to pivot about axis 22.
This, in turn, causes slider 36  



(and consequently the transducer mounted on slider 36) to move radially
over the 20 surface of disc 12 in a generally axcuaic path indicated by
arrow 38. Drive controller  26 and actuator 18 operate in a known closed
loop, negative feedback miner so that  the transducer carried by slider 36
is positioned over the desired portion of disc 12.  Once the transducer is
appropriately positioned, drive controller 26 then executes a  desired
read or write operation. 25 FIG. 2 is a cross-sectional view of magnetic
read/write head 50 and magnetic  disc 12 taken along a plane normal to air
bearing surface 54 of read/write head 50.  Head 50 is carried on or part
of slider 36 shown in FIG. 1. FIG. illustrates magnetic  read/write head
50 and its placement relative to magnetic disc 12. Air bearing  surface 54
of magnetic read/write head 50 faces disc surface 56 of magnetic disc 12.
30 Magnetic disc 12 travels or rotates in a direction relative to
SUBSTlUTE PAGE (ARTICLE 34) WO 01/91116 PCT/US01/16951 -5 magnetic
read/write head 10 as indicated by arrow A. The spacing between air
bearing surface 54 and disc surface 56 is preferably minimize while
avoiding  contact between magnetic read head 50 and magnetic disc 12. A
reader portion of read/write head 50 includes bottom gap layer 58, top  5
gap layer 60, metal contact layer 62, bottom shield 64, top shield 66, and
read  element 68. Read gap 70 is defined on air bearing surface 54 between
bottom  gap layer 58 and metal contact layer 62. Metal contact layer 62 is
positioned  between bottom gap layer 58 and top gap layer 60. Read element
68 is  positioned between terminating ends of bottom gap layer 58 and
metal contact  10 layer 62. A writer portion of magnetic read/write head
50 includes top shield 66,  write gap layer 72, top pole 74, conductive
coil 76, and polymer layer 78. Write  gap 80 is defined on air bearing
surface 54 by write gap layer 72 between terminating ends of top pole 74
and top shield 66. In addition to acting as a 



15 shield, top shield 66 also function as a shared pole for use in
conjunction with  top pole 74. Electrically conductive coils 76 are
provided to generate magnetic  fields across write gap 80 and are
positioned in polymer layer 78 between top  pole 74 and write gap layer
72. While FIG. 2 shows a single layer of conductive  coils 76, it is
understood in the art that several layers of conductive coils may be 20
used separated by several polymer layers. Although a read/write head is
shown,  the invention is applicable to magnetoresistive sensors that do
not include write  elements. FIG. 3 is a layered diagram of magnetic
read/write head 50. FIG. 3  illustrates the location of a plurality of
magnetically significant elements of  25 magnetic read/write head 50 as
they appear along air bearing surface 54 of magnetic read/write head 50
shown in FIG. 2. In FIG. 3, all spacing and  insulating layers are omitted
for clarity. Bottom shield 64 and top shield 66 are  spaced to provide for
a location of read element 68. Read element 68 has two  passive regions
defined as the portions of read element 68 positioned adjacent to 18 NOV
2004 WO 01/91116 PCT/US01/16951 -6 metal contacts 62A and 62B. An active
region of read element 68 is defined as  the portion of read element 68
located between the two passive regions of read  element 68. The active
region of read element 68 defines a read sensor width. Read element 68 is
preferably a magnetoresistive element or a giant  5 magnetoresistive
stack. A magnetoresistive. element is generally formed of a  ferromagnetic
material whose resistance fluctuates in response to an external  magnetic
field, preferably from a magnetic medium or disc. By providing a  sense
current through the magnetoresistive element, a change in resistance of
the  magnetoresistive element can be measured and used by external
circuitry to 10 decipher the information stored on the magnetic medium or
disc. A giant  magnetoresistive stack operates similarly, but allows for a
more pronounced  



magnetoresistive effect. A giant magnetoresistive stack is generally
formed of  three layers: a ferromagnetic free layer, a ferromagnetic pin
layer, and a non- magnetic spacer layer positioned between the free layer
and the pin layer. A 15 pinned magnetization of the pin layer is held
constant while a free magnetization  of the free layer is free to rotate
in response to an external magnetic field, i.e. a  transition from a
magnetic disc. A resistivity of the giant magnetoresistive stack  varies
as a function of an angle between the direction of the free magnetization
and the pin magnetization. 20 FIG. 4 is a plan view of a shield 150 under
no external magnetic fields.  In one embodiment, shield 150 is the bottom
shield 64 shown in FIGS. 2 and 3.  Shield 150 includes triangular shaped
closure magnetic domains 152A, 152B,  152C, and 152D, magnetic domains
154A, 15413, 154C, and magnetic domain  walls 156A and 156B.
Magnetizations 158A-158G represent the magnetization 25 on each magnetic
domain. Shield 150 has been designed such that the width W  to height H
ratio provides an ideal magnetic domain structure. The width to  height
ratio is dependent upon various material characteristics including
anisotropy, magnetic moment, and film thickness. For any material the
ideal  height should equal the height of one or two domain periods for any
feature _7 width. This can be determined by calculation or by empirical
study of domains on  5 rectangular features of varying width and height.
This width to height ratio permits exactly two triangular shaped closure
magnetic domains to be positioned on each  side of shield 150. Thus
triangular shaped dosure magnetic domains 152A-152D each  equal an
equilibrium domain, the equilibrium domain being an average width of a
magnetic domain in a demagnetized sample shield that has a total magnetic
moment  10 equal to zero. With no magnetic field being exerted on shield
150, triangular shaped closure  magnetic domains 152A- 152D each have a
base height h equal to one-half of shield  height K In addition, magnetic
domain 154A has a height equal to that of :magnetic  



domain 1540. Likewise, due to the specific design, the height of magnetic
domain 15 154B is equal to twice that of the height of either magnetic
domain 154A or magnetic  domain 154C. As shown in FIG. 4, shield 150 is
sized with a width larger than the  width of read element 160. This design
feature insures that no domain walls pass  through read element 160. The
present invention is applicable to other shield designs  and domain
configurations and is not limited to those shown specifically herein. 20
If the configuration of the shield 150 shown in FIG. 4 is employed, the
shield  must be patterned prior to deposition of sensor 160. The
demagnetization field from  the shield is significant and, due to its
small size, localized in the region of the sensor  during deposition of
the sensor and magnetic anneal procedures which are used  when fabricating
the sensor 160. The demagnetization shield will oppose the applied  25
field which is used to align various layers in sensor 160. In order to
retain the desired shield dimensions while reducing the  demagnetization
field during sensor deposition, a flux thief 180 as shown in FIG. 5  can
be formed. The flux thief 180 surrounds shield 150 and is separated from
shield  by a gap 182 The gap 182 can be any appropriate dimension based
upon materials, 30 dimensions and field strengths. In one example, gap 182
is between about Sand  about 40m. In another example, gap 182 is less than
about Sum. In various aspects,  the gap may be a variable distance and/or
there may be regions where shield 150  contacts thief 180. The shape of
shield 150 can be any desired shape and is not SUBSTITUTE PAGE (ARTICLE
34) 1 8 NOV 2004 -7 limited to the shapes illustrated herein Similarly,
the flux thief can be any desired  shape and material and is not limited
to those specifically illustrated herein. 5 In one example embodiment, the
flux thief 180 is fabricated from the same  material as shield 150. In
such an embodiment, shield 150 and thief 180 can be  electroplated through
a photoresist mask or can be patterned after deposition.  However, any
deposition and/or fabrication technique can be used. The material of  



the shield which lies outside of the active region of the sensor (not
shown in FIG, 5) 10 can be patterned to dimensions to allow saturation of
the composition shield. During  fabrication, a lapping process is used to
remove material 186 until to air bearing  surface (ABS) line 184 is
reached. FIG. 6 shows another example embodiment of flux thief 180 in
which the gap  182 does not extend completely around shield 150. In the
embodiment of FIG. 6, the  15 shield 150 is attached to the flux thief 180
along a region which is removed during the lapping process used to form
air bearing surface line 184. This configuration  further reduces the
demagnetization field for those layers deposited or annealed in a  field
which is perpendicular to the air bearing surface. Shield 150 can be
overcoated  and planarized using a material which is effective as a
thermal expansion joint. The 20 overcoat can fill the gap 182 and buffer
any thermal expansion of the shield 150 at  operating temperature. The
overcoat can have a thermal expansion coefficient which  is in the
opposite direction of the shield to thereby compensate for shield and flux
thief expansion. The overcoat can also be used in other embodiments. FIG.
7 shows another example embodiment in which the flux thief 180 is  25
recessed from the air bearing surface line 184. In this embodiment, the
flux thief 180  is not exposed to the machining process, This can be
beneficial as it reduces SUBS1TI WE PAGE (ARTICLE 34) 1 8 NOV 2004 WO
01/91116 PCT/US01/16951 -9 the likelihood that components are shorted
together at the air bearing surface and  allows the stripe width of the
sensor to be more accurately measured during the  lapping process. FIG. 8
is a graph of the magnetic field and the sensor versus the applied  5
magnetic field for a number of different flux thief configurations. The
effectiveness of the flux thief is dependent upon the distance from the
shield and  the length of the flux thief in the direction of the applied
field. As illustrated in  



FIG. 8, where processing parameters allow, it is preferable to have a
distance  between the thief 180 and the shield 150 be less than 5 m and to
have the thief 10 at least 200 m long in the direction of the applied
field. FIG. 9 is a graph of the actual transfer curve demagnetization
versus  modeled demagnetization in oersteds. FIG. 9 illustrates the
modeled  demagnetization field versus the measured demagnetization field
of one  embodiment of the invention compared to stand alone single
shields. FIG. 9 15 illustrates the influence of the shield flux thief in
modifying the demagnetization  field. In one test, a hard access
measurement shows a 10% reduction in the  demagnetization field present at
the sensor. The present invention provides the benefits of a small shield
overlying or  adjacent to a magnetoresistive sensor, while also providing
the benefits of 20 reduction of the demagnetization field associated with
a large shield. The small  shield preferably has a configuration to
provide stable magnetic domains. The  large shield or "thief' 180 spreads
the demagnetization field over a larger area  and reduces the
demagnetization field seen by the magnetoresistive sensor. It is to be
understood that even though numerous characteristics and  25 advantages of
various embodiments of the invention have been set forth in the  foregoing
description, together with details of the structure and function of
various embodiments of the invention, this disclosure is illustrative
only, and  changes may be made in detail, especially in matters of
structure and  arrangement of parts within the principles of the present
invention to the full 18 NOV 2004 WO 01/91116 PCT/USO1/16951 -10 extent
indicated by the broad general meaning of the terms in which the  appended
claims are expressed. For example, the particular elements may vary
depending on the particular application for the magnetoresistive sensor
while  maintaining substantially the same functionality without departing
from the 



5 scope and spirit of the present invention. In addition, although the
preferred  embodiment described herein is directed to a magnetoresistive
sensor for a disc  system, it will be appreciated by those skilled in the
art that the teachings of the  present invention can be applied to other
systems, which sense magnetic fields  without departing from the scope and
spirit of the present invention. The flux 10 thief can be of any
appropriate material such as a soft magnetic material, for  example,
permally. -11 18 NOV 2004 WHAT IS CLAIMED IS: 1. A magnetic sensor to a
magnetic storage device, comprising:  5 a magnetoresistive sensor element;
electrical contacts coupled to the magtetoresistive element configured to
sense a response of the magnetoresistive element to a magnetic field; a
magnetic shield having a major surface defining a major plane facing the
magnetoresistive element, the major surface extending to a shield  to edge
that is generally normal to the major plane, the magnetic shield being
configured to shield the magnetoresaistive element from stray  magnetic
fields, and the shield having a substantially stable magnetic  domain
pattern; and a shield flux thief generally in a the major plane of the
magnetic shield and  15 outside the shield edge, the shield flux thief
having an inner flux thief  edge that faces and is spaced apart from the
shield edge by a gap, the  flux thief and the shield configured to reduce
a demagnetization field  produced in the shield that couples to the
magnetoresistive sensor  element. 20 2. The magnetic sensor of claim 1
wherein the magnetic shield has a geometry to  provide a substantially
stable magnetic domain pattern. 



3. The magnetic sensor of claim 1 including an air bearing surface and
wherein the  25 shield flux thief is recessed from the air bearing
surface. 4. The magnetic sensor of claim I including an an bearing surface
and wherein the  magnetic shield has a least one side which is
substantially flush with the air bearing  surface. 30 5. The magnetic
sensor of claim 4 wherein the shield flux thief has first and second
sides, positioned on opposite sides of the magnetic shield, which are
substantially  flush with the air bearing surface. SUBSTITUTE PAGE
(ARTICLE 34) -12 6. A disc storage system including a magnetic sensor in
accordance with claim 1. 5 7. A method of fabricating a magnetic sensor
for use in a magnetic storage device,  comprising; depositing a layer of
magnetic material on a substrate, the layer of magnetic  material having a
major surface defining a major plane; forming a gap in the magnetic
material to thereby form a magnetic shield  10 having a shield edge that
is generally normal to the major plane and a  shield flux thief having an
inner flux thief edge that is generally  normal to the major plane and
outside the shield edge; and depositing a magnetoresislive sensor facing
the major plane proximate the  magnetic shield. I5 wherein the flux thief
is configured to reduce a demagnetization field  coupled to the
magnetoresistive sensor during deposition of the  magnetoresistive sensor.
8. The method of claim 7 wherein the magnetic shield is configured to have
a  20 substantially stable magnetic domain pattern. 9. The method of Claim
7 including lapping the sensor to form an air bearing surface  



and wherein the magnetic shield and the magnetic flux thief have edges
which are  substantially flush with the air bearing surface. 25 10. A disc
storage system including a magneto sensor made in accordance with the
method of claim 1 or 6. 11. A magnetic sensor in a magnetic storage
system, comprising: 30 a magnetoresistive sensor means for sensing
magnetically encoded  information; magnetic shield means for shielding the
magnetoresistive sensor means from  magnetic fields, the magnetic shield
means having a major surface  facing the magnetoresistive sensor means and
defining a major plane, SU'BST'ITUTE PAGE (ARTICLE 34) -13 1 8 NOV 2004
and the magnetic shield means having shield edges that are generally
normal  to the major surface; and 5 shield flux thief means for reducing a
demagnetization field-coupled from the  magnetic shield means to the
magnetoresistive sensor means, the  shield flux thief means laying in the
major plane and having flux thief  edges outside of and facing the shield
edges of the magnetic shield means. 10 12. The magnetic sensor of claim 11
wherein the shield flux thief means comprises  magnetic material spaced
apart from the magnetic shield means by a gap. 15 SUBSTITUTE PAGE (ARTICLE
34) 




