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Commonly assigned U.S. Patent 5,159,513 discloses a magnetoresistive
(MR) sensor that utilizes the spin valve effect. The sensor comprises a
rectangular multi-layered structure deposited on a glass or other suitable
substrafe. The multi-layered structure includes a "free" layer of soft
magnetic material and a "pinned" layer in which the magnetization is fixed
in a direction parallel to the width of the sensor by use of a hard magnetic
material as the first layer or, if preferred, by use of an antiferromagnetic
layer to pin the first layer by exchange coupling. The free and pinnea
layers are separated by a ;hin nonmagnetic metallic spacer layer, such as
of copper. The magnetization of the free layer is normally in a direction
along the length of the sensor, but is free to rotate therefrom in a
positive or negative transition direction through an angle determined by the

magnitude of the magnetic.field being sensed.

In a spin valve structure, the change in resistance is proportional
to the change in the angle between the directions of the magnetization in
the two magnetic layers (i.e., the free layer 'and the pinned layer). The
change in resistance of this multilayered structure relative to a constant

background value is then proportional to sin 0 averaged over the height of

the sensor, where as heretofore 1nd1cated 8 is the angle of the

magnetization in the free layer with respect to the longitidinal axis of the -

sensor. Because the resistance change is proportional to sin 8, -the signal
produced by the sensor will be linear throughout the applied field for small
field values. However, the sensor output becomes nonlinear when the free
layer is magnetically saturated during a positive or negative excursion of
the applied field and thus limits the peak- to-peak signal that can be

produced by the sensor.

The ideal quiescent magnetic state for the sensor is achieved when 6
=0 over the entire height of the free layer. This ideal quiescent state
is that which is furthest from magnetic saturation under both positive and
negative field excitations. It generates an ideal bias profile that
maximizes the linear dynamic range to provide a larger signal output and/or
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of the spin valve structure in the gap resulted in a very nonuniform bias

profile.

Accordingly, the invention provides a magnetoresistive (MR) sensor
comprising: .

a layered spin valve structure including first and second layers of
ferromagnetic material separated by a layer of nonmagnetic metallic
material, the magnetization direction of said first layer at a zero applied
magnetic field being substantially parallel to the longitudinal axis of the
sensor and substantially perpendicular to a fixed magnetization direction
of said second layer;

and characterised by:

a spacer layer of nonmagnetic material; and

uced

on

a keeper layer of ferromagnetic material separated by the spacer layer '

from the layered spin valve structure and having a fixed magnetization
direction substantially opposite that of said secohd layer and a moment-
thickness product substantially equal to that' of said second layer for
cancelling a magnetostatic field from the second layer.

Such an MR sensor element permits a spin valve structure in which the

ferromagnetic exchange coupling and the field produced by the currént are
constant across the entire MR element so that their effects can be

appropriately cancelled.

A magnetoresistive (MR) sensing system can therefore be derived
comprising an MR sensor with a layered spin valve structure including thin
first and second layers of ferromagnetic material separated by a thin layer
of nonmagnetic metallic material. The magnetizétion direction of the first
layer at a zero applied magnetic field is substantially parallel to the
longitudinal dimension of the MR sensor and substantially perpendicular to
the fixed or "pinned" magnetization direction of the second layer. A . thin

" keeper layer of ferromagnetic material is separated by a thin spacer layer

from the layered spin valve structure. This keeper layer has a fixed
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difference in rotation of the magnetizations in the first and second layers

are sensed as a function of the magnetic field being sensed.

~Ina first preferfed embodiment, the sensor includes a substrate, and
the keeper layer has a coercivity substantially eqﬁal to that of said second
layer and substantially higher than that of said first layer and is disposed
between the substrate and first layer. In another embodiment, the sensor
also includes a substrate, and the keeper layer has a coercivity
substantially equal to that of said first layer and substantially less than
that of said second layer and is disposed between the substrate and first
layer. In yet another embodimgnt, the second layer is between the first
layer and keeper layer, and the keeper layer is of a magnetic material
having a coercivity substantially equal to that of the second layer.

If the first layer is between the keeper layer and the second layer,
then the keeper layer may be of either a hard or soft ferromagnetic
material. If the second layer is between the keeper layer and the first
layer, then the keeper layer must be of a hard: ferromagnetic material.

An embodiment of the invention will now be described in detail by way
of example; with reference to the following drawings:

Fig. 1 depicts curves showing magnetization profil¥s of a prior art
spin valve structure under a quidscent bias state and how this state changes
as a result of positive and negative excitations from transitions on a
magnetic storage disk.

Fig. 2 depicts a transfer curve for the spin valve sensor of Fig. 1.

Fig. 3 is a schematic diagram of a random access magnetic disk storage
device.

Fig. 4 is an exploded perspective view of one configuration of an MR
sensor embodying the invention. .

Fig. 5 is a schematic diagram of an MR sensory system including the
MR sensor of Fig. 4.

Fig. 6 is an exploded perspec|1ve view of an alternatlve configuration

of an MR sensor embodying the invention.




structuré including first and second |ayers of ferromagnetic materi al
separated by a layer of nonmagnetic netallic conductive material, the
magneti zation direction of said first laygr at a zero ‘applied magnetic
field being substantially parallel to the |ongitudinal axis of the MR
sensor and substantially perpendicular to a fixed nmagneti zation direction
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for each polarity of excitation; i.e., where sin 8 = + 1.

Fig. 2 is a transfer curve for the spin valve sensor of Fig. 1, in
which changes in <sin 0>, the average of sin 0, are plotted against the
magnetic field being sensed. This configuration provides a maximum peak-to-
peak change in <sin 0> before onset of saturation of 0.77. Note that the
curve becomes abruptly nonlinear at the onset of saturation, undesirably

limiting the peak-to-peak signal available.

As illustrated in Fig. 3,_a magnetic disk storage system 10 comprises
a rotatable magnetic disk 11 supported on a spindle 12 and rotated by a disk
drive motor 13. A composite magnetic inductive write/magnetoresistive read
head 14 is movable relative to the disk by an actuator means for writing and
reading magnetic data on tracks (not shown) on the disk. As illustrated,
the actuator means comprises a voice coil motor 15 that acts through an
actuator arm 16, a suspension 17, and a slider 18 to move the head 14
radially of the disk.

As illustrated in Fig. 4, composite head 14 comprises a rectangular
magnetoresistive (MR) sensor element 20. MR sensor element 20 comprises a -
suitable substrate 22, such as glass, ceramic or a semiconductor material,
upon which are deposited a flux keeper layer 24 of a hard (such as CoCr) or
soft (such as NiFe) ferromagnetic material, a spacer layer 26 of a
nonmagnetic material (such as Ta), and a "free" layer 28 of soft
ferromagnetic material (such as NiFe). The easy axis of magnetization of
layer 28 is along the length of the sensor element} i.e., in the direction
of arrow 30. However, the direction of magnetization of layer 28 can rotate
from its easy axis in a positive or a negative transition direction through
an angle dependent upon the magnitude of the magnetic field being sensed.



3 of f.errommgnetic material separated by a |ayer of nomagnetic netallic
conductive material, the nmagnetization direction of said first |layer at a
zéro applied rragnetl c field being substantially parallel to the _

| ongi tudi nal axis of the MR sensor and substantially perpendicular to a.
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associ ated 34 a5 well as substantially higher than that of free layer 28. However,
if preferred, layer 38 may be eliminated provided layer 34 is of a
sufficiently hard magnetic material or has sufficiently high anisotropy to
retain_its magnetization during state switching operations. In this case,
the coercivity of the keeper layer 24 should substantially equal that of the
free layer 28 and be substantially less than that of pinned layer 34.

The sensor element 20, as thus far described, is . substantially
identical with that described in the above-cited patent except for the
addition to the spin valve structure of the keeper layer 24 and spacer layer
26, keeper layer 24 has a direction of magnetization which is opposite to
that of the pinned layer'34 and its moment-thickness product "is chosen to
be substantially equal to that of the pinned layer. Layer 24 acts as a
magnetic keeper for the saturated pinned layer 34 and cancels the

magnetoétatic field from the pinned layer.

The ferromagnetic exchange coupling between™ free layer 28 and pinned
layer 34 acts on the free layer as an effective ‘field in the same direction

as the magnetization in the pinned layer.

The sign of the current from a current source 48 (Fig. 5) is chosen
to produce a field in the free layer 28 which cancels thi¥ exchange field.
Thus, as illustrated, the current must be in the direction of arrow 40 so
that its field acting on free layer 28 is opposite to the direction of the
effective ferromagnetic exchange field. The magnitude of the field from the-
current depends upon the magnitude of the current and the placement of the
sensor element 20 in the gap between conventional mégnetic shields (not
shown) that minimize the effects of stray maénetic flux that would decrease
.the resolution of the read back signal. The current magnitude and position
of the sensor element can be adjusted in comblnatlon to produce the de51red

degree of cancellation of the effective exchange field.

With the magnetostatic field from the pinned layer 34 cancelled by
keeper layer 24, and the ferromagnetic exchange and sense current fields
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the keeper ayer
earlier noted, be of either a soft or a hard ferromagnetic material. The
field from a current in the direction of arrow 40 will cause a keeper layer
of soft magnetic material to be saturated in a flux closed configuration
with pinned layer 34; whereas if the keeper layer is of a hard magnetic
material, it must have a direction of magnetization opposite to that of the

pinned layer, as shown by arrow 41 in Fig. 4.

As shown in Fig. 5, a capping layer 42 of a high resistivity material,
such as Ta, is deposited over antiferromagnetic layer 38 of MR sensor
element 20. Then electrical heads 44, 46 are provided on layer 42 to form
a circuit path between the MR sensor element 20, current source 48 and

sensing means 50.

Source 48 produces a current flow through tHe*MR sensor element 20 to
generate a magnetic field of a size and lﬁégnitude which cancels the
ferromagnetic exchange coupling between the free layer 28 and pinned layer

 34. Sensing means 50 senses variations in resistivity of the MR sensor
element 20 due to differences in rotation of the magnetizations in the free
and pinned layers 28, 34, fespectively, as a function of the magnetic field

being sensed.

‘According to an alternative embodiment and as illustrated in Fig 6,
in sensor element 20', keeper layer 24 and spacer layer 26 are positioned
remote from (instead of adjacent) the substrate 22. ‘In such event, since
a current in the direction of arrow 40 will produce a field in keeper layer
24 vhose direction is the same as the direction of magnetization of pinned
layer 34, keeper layer 24 must be of a magnetically hard material, such as
CoCr, having a coercivity substantially equal to that of pinned layer 34 or
of a material with high anisotropy or otherwise suitably pinned in order to
retain its magnetization in the opposite direction to oppose this field.
With this embodiment, capping layer 42 will be interposed between keeper -



3a MR.sensor due to the difference in rotation of the magnetizations in
said first and second | ayers as a function of the nmagnetic field being
sensed. DESCRI PTI ON OF PREFERRED EMBODI MENTS An enbodi ment of the invention
will now be described in detail by way of exanple, with reference to the
following drawi ngs: Fig. 1 depi-cts curves showi ng magnetization profiles of
a prior art spin valve structure under a quiescent bias state and how this

st age changiggelag,;aa,{degg@as @4, @esi tive and negative .excitations from _
transitions On a nagnetic storage disk. Fig. 2 depicts a transfer curve for

the spin valve sensor of Fig. 1. Fig. 3 is a schematic diagram of a random
access magneti cFigsk depicigea dingngfer Ehgve £of samMfRespisotdeellepents pdeving avi ew
of one conffguyaijeostRtdt MRoraDiPko RTERNYbPANE RBovMEMIH88d embodiments.
This curve plots <sin 0> (the average of sin 8) against the magnetic field
being sensed and shows that the maximum peak-to-peak signal change in <sin
0> has improved. to 1.02 from the 0.77 which is shown in Fig. 2 and
represents that of the prior art. It has been established that an average
sin @ = 1 is substantially the best achievable at the air bearing surface
(ABS') of the disk with a shielded spin valve sensor.
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a layered spin valve structure including first (28) and second layers
(34, 38) of ferromagnetic material separated by a layer (32) of nonmagnetic
metallic material, the magnetization direction of said first layer at a zero
applied magnetic field being substantially parallel to the longitudinal axis
of the sensor and substantially perpendicular to a fixed magnetization
direction of said second layer;

" and characterised by:

a spacer layer {(26) of nonmagnetic material; and

a keeper layer (24) of ferromagnetic material separated by the spacer
layer from the layered spin valve structure and having a fixed magnetization
direction substantially opposite that of said second layer and a moment-
thickness product substantially equal to that of said second layer for

cancelling a magnetostatic field from the second layer.

2. Tﬁé sensor of claim 1, including a substrate (22), and wherein the
keeper layer has a coercivity substantially equal to that of said second
layer and substantially higher than that of said first layer and is disposed
between the substrate and first layer.

3. The sensor of claim 1, including a substrate: (22), and wherein the
keeper layer has a coercivity substantially equal to that of said first
layer and substantially'less than that of said second layer and is disposed

between the substrate and first layer.

4. The sensor of claim 1, wherein the second layer is between the first
layer and keeper layer, and the keeper layer is of a magnetic material
having a coercivity substantially equal to that of the second layer.

5. A magnetoresistivé (MR) sensing system comprising:
an MR sensor (20) as claimed in any preceding claim; means (48) for
producing a current flow through the MR sensor to produce a magnetic field
of a sign and magnitude which cancéls the ferromagnetic exchange coupling
between said first and second layers; and L
means (50} for sensing variations in resistivity of the MR sensor due
" to difference in rotation of the magnetizations in said first and second

layers as a function of the magnetic field being sensed.
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means (48) for producing a current flow'through a selected MR sensor
to produce a magnetic field of a sign and magnitude which cancels the
ferromagnetic exchange coupling between the first and second layers of that
seleeted sensor; and

means (50) for sensing from data read from an associated disk
variations in resistivity of the selected MR sensor due to difference in
rotation of the magnetizations in said first and second layers as a function

of the magnetic field being sensed.



radi al Iy of the dISk As |IIustrated |n Fig. 4, conp05|te head 14 conprlses
a_rectangul ar magnet or esi stive (MR) 'sensor’ elenent 20. MR sensor elenent 20
conprises a suitable substrate 22, such as glass, ceranic or a

sem conduct or material, upon whi ch arel®eposited a flux keeper |ayer 24 of
a hard (such as CoC) or soft (such as N Fe) ferromagnetic material, a
spacer | ayer 26 of a nonmagnetic material (such as Ta), and a "free" |ayer

28 of soft ferronmagnetic mat qmcgk-ﬂ{@ggﬁ-m diNser. The easy axis of _
magneti zation of layer 28 is along-the length of the sensor elenent; i.e.,

in the direction of arrow 30. However, the direction of nagnetlzatlon of
| ayer 28 can rotate fromits easy a&&ﬂﬁﬂﬁ!a positive or a negative
transition direction through an angl e dependent upon the magnitude of the

magnetic field being sensed. 5
A magnetore51st1ve (MR) sensing system comprises an MR sensor 20 with

a layered spin valve structure including thin first 28 and second 34, 38
layers of ferromagnetic material separated by a thin layer 32 of nonmagnetic
metallic material. The magnetization direction of the first layer at a zero
applied magnetic field is substantially parallel to the longitudinal
dimension of the MR sensor and substantially perpendicular-to the fixed or
'"pinned" magnetization direction of the second layer. A thin keeper layer
24 of ferromagnetic méterial is separated by a thin spacer layer 26 from the
layered spin valve structure. This keeper layer has a fixed magnetization
direction substantially opposite that of the second léyer and a moment-
thickness product substantially equal to that of the second layer for
. cancelling the magnetostatic field from the second layer. A current flow
is produced through the MR sensor to produce a magnetic field of a sign and
magni tude hhich cancels ‘the ferromagnetic exchange coupling between the
first and second layers. Variations in resistivity of the MR sensor due to
difference in rotation of the magnetizations in the first and second layers

are sensed as a function of the magnetic field being sensed.

- This Sheet Has Been Rei aced

AN




ﬁﬂhcer

rates f
nagnetlzatlon of
hei ght (i.e

| ayer

coercivity of keeper
pi nned | ayer 34, as well
28. However, if prefeiry

of a sufficiently. hard na
anisotropy to retain ity ng

In this case, the coep®

er 32 of a nonnagnetlc nmetallic material,
28 from a."pinned"
| ayer 34 is fixed (see arrow 36) to be parallel
short) dimension of the sensor el enent 20,
exchange coupling with an antiferromagnetic |ayer 38.
| ayer 24 should be sypgsggantially equal

such as copper,

The direction of

to the
such as by

In such case, the

to that of the
as substantlally hi gher than that of free layer
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swi t ching operations;
Roul d substantially
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“that of the pinned |layer 34 and its nonent-thickness product is chosen to
be substantially equal to that of the pinned layer. Layer 24 acts as a
magneti c keeper for the saturated pinned | ayer 34 and cancels the
magnetostatic field fromthe pinned |layer. The ferromagneti c exchange
coupling between free layer 28 and pinned | ayer 34 acts on the free |ayer
as an effective field in the same direction asy3he magnetization in the

pi nned | ayer. The sign of the current froma current source 48 (Fig. 5) is
chosen to produce a field in Ee free layer 28 which cancels;4 his exchange
field. Thus, as illustrated, % e cg%re % ﬂgst be in th Irection of arrow
40 so that its field actipg o fre Ia2 r28 25 opposi1e to the direction
of the effective ferromagheliG € & The magnitude of the field
fromthe current depends Jp% t e magni of tlheycurrent and the

pl acenent of the sensor erement 20 it t
shields (not shown) that mnimze the effects of
woul d decrease the resolution of the read back si
magni t ude and position

: qgl magneti c
sfray magnetic flux that
12The current
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“of the sgnsor el enent can be adjusted in combination to produce the desired

degree of{ cancellation of the effective exchange field. Wth the
magnet ostatic field fromthe pinned | ayer 34 cancell ed by keeper |ayer 24,

and the ferromagneti c exchange and sense current fields 6 al so
cancel led, free layer 28 will have no effective gtas field acting on it.
Free layer 28 will therefore achieve a uniform nbi ased (i.e.,

substantially zero angle bias) state. As a result, the sensor el enent 20
can be driven with |argghexcitations fryg ggneti c di sk 11 before magnetic
saturation, and thereby dyide a larger peak-to-peak signal than is -
- possible with prior kno Rsensors. Wth [axS or elenent, 20 of the type
illustrated in Fig. 4, fli ™\t he keeper Ilaysr 24 i§¢aﬂréégnt to substrate
| N [ N\
22, the keeper |layer ma - - Z
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earlier noted, be of either a soft or a hard ferrohegmeti ¢ Watarial Sthe: e %7
field froma current in the direction of arrow 40 w# T cause aziks,(_-:‘e:p@r.- fayer:.l
of soft magnetic material to be saturated in a fl u§< icl.osed tonfizgat aliio
with pinned |ayer 34; whereas if the keepgr | ayer ;&ﬁ/(}ti;::azaﬁﬂard;;m@ghemimA sed .
material, it nmust have a direction of nagfieti zati on opposite to that of the
pi nned | ayer, as shown by arrow 41 in Fig. 4. As sho.m.+n»~F| QICS,Tjiaqunggcﬁj?
llayer 42 ofimfprovegilineasits.t Hovevef[BthiR ided] bisUsbfiRScahfot beSadi i8S T
antiferromagnetic |ayer 38 of MR sensor elenent 20. Then el ectrical heads
44, 46 ar e sprugtniresedisclosddaipethisicteticpatent or any btheti ptiop att lknbeive expplitemtdyRThis
sensor el enent 20, current source 48 and sensing neans 50. Source 48
‘produces a igthilighto ebiain theridealtbiaprofife isedusomaislie tethe fIGx roupjingebetweemthe
magnetic field of a size and magnitude which cancels the ferronmagnetic
exchange cdipngdlpysenanddhe iisee layer andyhy; thegfield prodwged by é@@aﬁllln'ﬂm Ségglqg@
means 50 senses.variations (n resistivity of the MR sensor el enent ue
Lo di 1 er orEuEh, 200 soEmaliY the vasieus Tays of e Pl Kalya Strcie, dhftempis to balance

out these undesirable effects by adjusting the current direction and placement of the spin

valve structure in the gap resulted in a very nonuniform bias profile.
SUMMARY OF THE INVENTION

According to one aspect of the invention there is disclosed a magnetoresistive
(MR) sensing system comprising: an MR sensor comprising a layered spin valve
structure including first and second layers of ferromagnetic material separated by a layer
of nonmagnetic metallic conductive material, the magnetization direction of said first

_ layer at a zero applied magnetic field being substantially parallel to the longitudinal axis
of the MR sensor and substantially perpendicular to a fixed magnetization direction of
said second layer, and a keeper layer of ferromagnetic material separated from the
layered spin valve structure by a spacer layer of high resistivity material, said keeper
layer having a fixed magnetization direction substantially opposite that of said second
layer and a magnetic moment thickness product substantially equai to that of said second
layer for cancelling a magnetostatic field from the second layer; means for producing a
current flow through the MR sensor to produce a magnetic field having a direction and
maénitude which cancels a magnetic field generated by ferromagnetic exchange coupling
between said first and second layers; and means for sensing variations in resistivity of
the MR sensor due to the difference in rotation of the magnetizations in said first and
second layers aé a function of the magnetic field being sensed.

According to another aspect of the invention there is disclosed a magnetoresistive

(MR) sensor comprising: a laYered spin valve structure including first and second layers



and pinned | ayers 28, 34, respectively, as a function of the magnetic field
bei ng sensed. According to an alternative enbodinent and as illustrated in
Fig 6, in sensor elenent 20', keeper |ayer 24 and spacer |ayer 26 are
positioned remote from (instead of adjacgnt) the substrate 22. In such
event, since a current in the direction of arrow 40 will produce a field in
keeper | ayer 24 whose direction is the sane as the direction of

magnet i zatof oferromagnétive dndtexialr scpdratédedped lapgereof dénimgietioemeiallc wogdeitiveal | y
hard material, such as CoCr, having a coercivity substantially equal to
that of pinmterial] theemaguetigatiasf dixectioneof said first Hayer gh azaers appligdymagnatichiieldi se
suitably pinned in order to retain its magnetization in the opposite

di r ect i on beiBgopbstaatially pamilel tp theylopgitudinal @xisoef therMR sens suljstantially wj | |

be interposed hetween k 38
P perpendicular to a Ex&l magnetization direction of said second layer a spacer layer of

nonmagnetic high resistivity material; and a keeper layer of ferromagnetic material
separated by the nonmagnetic spacer layer from the layered spin valve structure and
having a fixed magnetization direction substantially opposite that of said second layer
and a magnetic moment thickness product substantially equal to that of said second layer
for cancelling a magnetostatic field from the second layer.

Ac;:ording to another aspect of the invention there is disclosed a magnetic stofage
device compriéing: at least one rotatable magnetic recording disk onto which data can be
written and from which data can be read; at least one magnetic transducer associated
with each disk, each transducer comprising a :magnétoresistive (MR) sensor, each MR
sensor comprising: a layered spin valve struéture including first and second layers of
ferromagnetic material separated by a layer of nonmagnetic metallic conductive material,
the magnetization direction of said first layer at a zero applied magnetic field being
parallel td the longitudinal' axis of the MR sensor and substantially perpendicular to a
fixed magnetization direction of said second layer, and a keeper layer of ferrgmagnetic
material separated from the layered spin valve structure by a spacer layer of high
resistivity nonmagnetic material, said keeper layer having a fixed magnetization direction
substantially opposite that of said second layer and a magnetic moment thickness product
substantially equal to that of said second layer for cancelling a magnetostatic field from
the .éecond layer; actuator means couplgd to the magnetic transducer(s) for moving the
transducer(s) relative to the disk(s) during rotation of the‘ disk(s); means for producing a
current flow through a selected MR sensor to produce a magnetic field having a direction
and magnitude which cancels a magnetic field generated by ferromagnetic exchange
coupling between the first and second layers of that selected sensor; and means for

sensing from data read from an associated disk variations in resistivity of the selected



CLAIMS 1. A magnetoresistive (MR) sensing system conprising: an MR sensor
conprising a | ayered spin valve structure including first and second | ayers
of ferromagnetic material separated by a | ayer of nonmagnetic netallic
conductive material, the magnetization djirection of said first layer at a
zero applied magnetic field being substantially parallel to the

| ongi tudi nal axis of the MR sensor and substantially perpendicular to a
fixed magMR iszndor doe do thecdifferenoé irs sotatichesfathel maguetizatiomdinasaidefize and second of
ferromagnetic material. separated fromthe |ayered spin valve structure by a
Spacer | ajayersods hfwiction of thei magnetiodicll being sens¢dl keeper | ayer having a fixed
magneti zation direction substantially opposite that of said second |ayer
and a magnetic nonment thickness product substantially equal to that of said

second | ayer for cancgll. I uii d froméhe second | ayer;
means for producing aﬁﬁdﬂﬁﬁlﬁg@%mm NS produce a
magnetic field having a direction and nmagni tude which cancels a nmagnetic
field generated by ferromagnetic exchange coupling between said first and

second | ayer s 20l RRRy [ e Blefifon Wilicho@Be 'dBsdefbRl ot Wbkl 6 Ji® o
example, with reference to the following drawings:

Fig. 1 depicts curves showing .mag.netization profiles of a prior art spin valve
structure under a quiescent bias state and how this stage changes as a result of positive
and negative excitations from transitions on a magnetic storage disk.

Fig. 2 depicts a transfer curve for the spin valve sensor of Fig. 1.

Fig. 3 is a schematic diagram of a random access magnetic disk storage device.

Fig. 4 is an exploded perspective view of one configuration of an MR sensor
embodying the invention.

Fig. 5 is a schematic diagram of an MR sensory system including the MR sensor of
Fig. 4. | |

Fig. 6 is an exploded perspective view of an alternative configuration of an MR

sensor embodying the invention.



rot'ati on of the magnetizations in'said first and second | ayers as a
function of the magnetic field being sensed. 2. Th of
claim1l1, wherein the MR sensor conprises a substrat ﬂmmmll[uﬂltmm"ll ayer
has a coercivity substantially equal to ghat of said*setond I"ayér &nd
substantially higher than that of said frrst |ayer and is di sposed between
the substrate and first layer. 3. The sensing systemof claim1, wherein
the MR sensor conprises a substrate aglAIMS keeper |ayer has a coercivity
substantially equal to that of said first |ayer and substantially | ess than
that of sdi.d <eamgdetorssestive (MR)sensing systain barhprising:t he substrate and first
| ayer. 4. The sensing system of claim1, wherein the second |ayer is
bet ween t he fiansMR sepser eonaprising alayesgdspin yalye shructueeingluding, rst iand second
magnetic material having a coercivity substantially equal to that of the
second | ay@yers of ferromagnetic material separated by a layer of nonmagnetic metallic conductive
material, the magnetization direction of said first layer at a zero applied magnetic field
being substantially parallel to the longitudinal axis of the MR sensor and substantially
perpendicular to a fixed magnetization direction of said second layer, and a keeper layer
of ferromagnetic material separated from the layered spin valve structure by a spacer
layer of high resistivity material, said keeper layer having a fixed magnetization
direction substantially opposite that of said second layer and a magnetic moment
thickness product substantially equal to that of said second layer for cancelling a
magnetostatic field from the second layer;
means for producing a current flow through the MR sensor to produce a magnetic
field having a direction and magnitude which cancels a magnetic field generated by
ferromagnetic exchange coupling between said first and second layersj and
means for sensing variations in resistivity of the MR sensor due to the difference in
rotation of the magnetizationé in said first and second layers as a function of the
magnetic field being sensed.
2. The sensing system of claim 1, wherein the MR sensor comprises a substrate and
the keeper layer has a coercivity substantial_ly equal to that of said second layer and
substantially higher than that of said first layer and is disposed between the substrate and
first layer.
3. The sensing system of claim 1, wherein the MR sensor comprises a substrate and
the keeper layer has a coercivity substantially equal to that of said first layer and
substantially less than that of said second layer and is disposed between the subétrate and

first layer.



5. A magnet oresi stive (MR) sensor conprising: a layered spin valve
structure including first and second |ayers of ferro “m
separated by a layer of nonnagnetic netallic conduct mﬁmmnﬂlltmﬂ
magneti zation direction of said first |lager at a zero apbl ied magnetlc
field being substantially parallel to the |longitudinal axis of the MR
sensor and substantially perpendicular to a fixed magneti zation direction
of sai d seéondThayemsingsysteatef claimdr, wiferein tirnspcend tayer ishbetweensthe\first layer
material; and a keeper |ayer of ferromagnetic material separated by the
nonmagnet i ands peepsr layereand rthenkeeper| layesr isdofspimagnatic enatenial chaying ardereiniiing a
fi xed magneti zation direction_ substant | ally opposite that of said second

| ayer and Sibstagtally equab tethat ohtheiseeand Iay&Sduct substantial |y equal to that

of said se ond Ia er for, ca a nn netostatlc field fromthe second
| ayer . 5. Thé 6‘?‘ %?“V&@%% ?“g‘i’ ¥ a substrate, and wherein the

I‘S?E?raLSVELbSi‘ W%ﬂf?é}nh%é{a L T
di sposed bﬁfaiﬁ’? e??rea f]ﬁaf \?\’n%y"é}d F gﬂX - méllic Iﬁﬁ‘du%ﬁ@é %aféi-xaf“' " 5

i ncluding a erern l'ayer 'has
magnetlzatlon direction of said first layer at a zero applied magnetic field being

substantially parallel to the longitudinal axis of the MR sensor and substantially
perpendicular to a fixed magnetization direction of said second layer;

a spacer layer of nonmagnetic high resistivity. material; and-

a keeper layer of ferromagnetic material separated by the nonmagnetic spacer layer
from the layered spin valve structure and having a fixed magnetization direction
substantially opposite that of said second layer and a mégnetic moment thickness product
substantiélly equal to that of said second layer for canéelling a magnetostatic field from
the second layer.
6. The sensor of claim 5, including a substrate, and wherein the keeper layer has a
coercivity substantially equal to that of said second layer and substantially higher than
that of .said first layer and is disposed between the substrate and first layer.
7.  The sensor of claim 5, including a substrate, and wherein the keeper layer has a
coercivity substantially equal to that of said first layer and substantially less than that of
said second layer and is disposed between the substrate and first layer.
8. The sensor of claim 5, wherein the second layer is betwc;en the first layer and
keeber layer, and the keeper layer is of a magnetic material baving a coercivity
substantially equal to that of the second layer.
9. A magnetic storage device comprising:

at least oné rotatable magnetic recording disk onto which data can be written and

from which data can be read;



coercivity substantially equal to that of said first | ayer and

substantially |less than that of said second Iay r,uﬂuc"m,im”mmmﬁ bet ween
- the substrate and first layer. 8. The sensor t he
second layer is between the first |ayer,and keeper Iay r,"antd t*he keeper

| ayer is of a magnetic material having a coercivity substantlal |y equal to
that of the second |ayer. 9. A magnetic storage device conprising: at

| east one rot & &dse ofiegAREhEo ecMsdlicer dsRiatatwithvieacih disk,aeshn tidsdcet t en
and from whi ch data can be read,; 10 at | east one magnetic transducer
associ at ecomprising aaiagbetoiesistive {(MR)oseastrc eachddRysensor cgmprisimgnet or esi sti ve
(MR) sensor, each MR sensor conprisin a | ayered spin valve structure

i ncl udi ng fi ratlayened spivoyelve at;rmtgrq)mcg@mgoﬁssgraedusecm l@wclalofsmmgemy a

| ayer of nonmagnetic netallic conduyctive material, the
: material separated by a layer of nonmagnetic metailic conductlve material, the

magnetization direction of said first layer at a zero applied magnetic field being parallel
to the longitudinal axis of the MR sensor and substantially perpendicular to a fixed
magnetization direction of said second layer, and a keeper layer of ferromagnetic
material separated from the layered spin valve structure by a spacer layer of high
resistivity nonmagnetic material, said keeper layer having a fixed magnetization direction
substantially opposite that of said second layer and a magnetic moment thickness product
substantially equal to that of said second layer for cancelling a magnetostatic field from
the second layer;

actuator means coupled to the magnetic transducel_r(s) for moving the transducer(s)
relative to the disk(s) during rotation of the disk(s);

means for producing a current flow through a selected MR sensor to produce a
magnetic field having a direction and magnitude which caﬁcels a magnetic field
generated by ferromagnetic exchange coupling between the first and second layers of that
selected sensor; and ¢

means for sensing from data read from an associated disk variations in resistivity
of the selected MR sensor due to the difference in rotation of the magnetizations in said

first and second layers as a function of the magnetic field being sensed.



magnetl zation direction-of sai d first Iayer at a zero applied magnetic
field being parallel to the |ongitudinal axis of the MR sensor and
substantially perpendicular to a fixed magneti zation direction of said
second | ayer, and a keeper |ayer of ferrgmagnetic material separated from
the | ayered spin valve structure by a spacer |ayer of high resistivity
nonmagnetic material, said keeper |ayer having a fi xed nagneti zation
direction substantial | y opposi tMAGNEEQRESISTHEEASEEEBNd | ayer and a magnetic
monment thi ckness product substantially equal to that of said second |ayer
for cancelling a nagnetostatic field fromthe second |ayer; actuator neans
coupled to the magnetic transducer(s) BES ving the transducer(s) relative
to the disk(s) during rotation of the disk(s); neans for producing a

current flow tgrng#; %,e%%@gee@"%ﬁﬂ%rsygge,p g%@egtm +% g b¢hden

having a directi cancel s a magne ener at ed
by ferrondghastered é&iﬁaﬁ@b’%é&bﬁ%"bh‘t%ﬁéﬁ‘f‘% kbig § r1§Fta§§da§‘éc§Gﬁﬂn‘?a?§fer§3 of
that sel etapdsSeNgOFromaghle fiRaf et 41 SEPTiatigd bymﬂa{ aayeeaﬂz bf Bhidynetic
associ at ed gll Iécv% a.tlon nle Tl 88 fzta'tv t¥%; 9 cttihe eth%c# st'\ﬁ sensor zglue to
the diffeler clg i &% erf e Hegnet i zations % o
applied magnetxc field is substantlally parallel to the longitudinal
dimension of the MR sensor and substantially perpendicular-to the fixed or
"'pinned“ magnetization direction of the second layer. A thin keeper layer
24 of ferromagnetic material is separated by a thin spacer layer 26 from the
layered spin valve structure. This keeper layer has a fixed magnetization
direction substantially opposite that of the second layer and a moment-
thickness product substahtially equal to that of the second layer for
,'cancelling the magnetostatic field from the second layer. A current flow:
is produced through the MR sensor to produce a magnetic field of a sign and
magnitude 'wh_ich cancels the ferromagnetic exchange coupling between the
first and second layers. Variations in resistivity of the MR sensor due to
difference in rotation of the magnetizations in the first and second layers

are sensed as a function of the magnetic field being sensed.



first and second | ayers as a function of the nagnetic field being sensed.
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MAGNETORESISTIVE SENSOR
ABSTRACT

A magnetoresistive (MR) sensing system comprises an MR sensor 20 with

a layered spin valve 'Structuré including thin first 28 and second 34, 38
layers of ferromagnetic material separated by a thin layer 32 of nonmagnetic’
metallic material. The magnetization direction of the first layer at a zero
applied magnetic field is substantially parallel to the longitudinal
dimension of the MR sensor and substantially perpendicular-to the fixed or
hpinned“ magnetization direction of the second layer. A thin keeper layer
24 of ferromagnetic material is separated by a thin spacer layer 26 from the
layered spin valve structure. This keéper layer has a fixed magnetization
direction substantially opposite that,of the second layer "and a moment-
thickness product substantially equal to that of the second layer .for
. cancellirg the magnetostatic field from the second layer. A current flow
is produced through the MR sensor to produce a magnetic field of a sign and
magnitude hh;ch cancels the ferromagnetic exchang§ couplinglbetween the
first and second layers. Variations in resistivity of the MR sensor due to
difference in rotation of the magnetizations in the first and second layers

are sensed® as a function of the magnetic field being sensed.

Fig. 5
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