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MAGNETIZATIONS OF PINNED AND FREE LAYERS
OF A SPIN VALVE SENSOR SET BY SENSE CURRENT FIELDS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a self-biasing magnetoresistive spin valve
sensor that does not require an antiferromagnetic layer for pinning the magnetization
of a pinned layer, but, in contrast, employs fields from the sense current to pin the
magnetization of the pinned layer and unbias the magnetizatibn of the free layer.

2. Deséription of the Related Art

A spin valve sensor is a type of magnetoresistive (MR) sensor that is employed
by a read head for sensing magnetic fields on a moving magnetic medium, such as a

magnetic disk or a magnetic tape. A spin valve sensor includes a non-magnetic

‘conductive layer, hereinafter referred to as a spacer layer, that is sandwiched between

first and second ferromagnetic layers. The first ferromagnetic layer is also re_ferred
to as a "pinned layer" and the secon‘d ferromagnetic layer is also called a "free layer".

First and second leads are connected to the spin valve sensor for conducting a sense
current therethrough. The magnetization of the first ferromagnetic layer is pinned 90°
to the magnetization of the second ferromagnetic layer, and the magnetization of the
second ferromagnetic layer is free to respond to external magnetic fields. 'fhe,
thickness of the spacer layer is chosen to be less than the mean fre_e path of
conduction of electrons through the sensor. With this arrangement, some of the
conduction electrons are scattered by the interfaces that the spacer layer shares with
the pinned and free layers. When the magnetizations of the pinned and free layers are
parallel with respect to one another, scattering is minimal. Scattering is highest when
the magnetizations of the pinned and free layers are antiparallel. The amount of
scattering changes the resistance of the spin valve sensor proportional to cos 6, where
0 is the angle between the magnetizations of the pinned and free layers. A spin valve

sensor has a significantly higher magnetoresistive (MR) coefficient than an anisotropic
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magnetoresistive (AMR) sensor. For this reason it is sometimes referred to as a giant
magnetoresistive (GMR) sensor.

A spin valve read head is typically combined with an inductive write head to
form a combined head. The combined head may have the structure of either a merged
head, or a piggyback head. In a merged head the second shield serves as a shield for
the read head and as a first pole piece for the write head. A piggyback head has a
separate layer which serves as the first pole piece for the write head. In a magnetic
disk drive an air bearing surface (ABS) of the combined head is supported adjacent
a rotating disk to write information on or reéd information from the disk. Information
is written to the rotating disk by magnetic fields which fringe across a gap between
the first and second pole pieces of the write head. In a read mode, the resistance of
the spin valve sensor changes proportionally to the magnitudes of the magnetic fields

- . from the rotating disk. When the sense current is conducted through the spin valve -

sensor the resistance changes cause botential changes that are detected and processed
as playback signals. s ' i

The magnetization of the first ferromagnetic layer is typically pinned by
exchange coupling with an antiferromagnetic layer. The antiferromagnetic layer may
be constructed from a group of materials which include FeMn, NiMn and NiO. The
blocking temperatures of these materials falls in a range from 160° to 200°. Blocking
temperature is the temperature at which the magnetic spins within a material lose their
orientation. When the blocking temperature of the antiferromagnetic materiél is
exceeded the spins of the antiferromagnetic layer lose their orientation causing the first

ferromagnetic layer to no longer be pinned. Unfortunately, the aforementioned

-blocking temperatures can be easily exceeded by electrostatic discharge (ESD) or

electrostatic overstress (EOS) during fabrication, testing or operation in a disk drive.
ESD can ruin the spin valve sensor, while EOS can reduce its efficiency. Another
problem with the prior art antiferromagnetic layer is that it shunts a portion of the

sense current thereby reducing the efficiency of the sensor.
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SUMMARY OF THE INVENTION
This invention provides a magnetoresistive (MR) spin valve sensor which does
not have an antiferromagnetic layer. The spin valve sensor relies upon fields from the
sense current to pin the first ferromagnetic layer and to unbias the magnetization of
the second ferromagnetic layer. The fields come from the sense current conducted
through the pinned and free layers. The portion of the sense current conducted
through the pinned layer and spacer layer induces a sense current field on the free

layer and the portion of the sense current conducted through the free layer and spacer

layer induces a sense current field on the pinned. layer. Accordingly, the present '

invention provides a self-biasing MR si)in valve sensor. This scheme will not work,
however, without first taking care of a strong demagnetization field induced on the
free layer by the pinned layer. The demagnetization field on the free layer from the
pinned layer is on the order of 51 Oe when:the sensor is centered between first and
second shield layers. A typical sense current for a spin valve sensor is 6 mA which
can produce a sense current field of 10-12 Oe. Accordingly, the sense current field
is not strong enough to balance the demagnetization field induced on the free layer.
The present invention employs first and second flux guides adjacent first and
second edges of the spin valve layers, these edges being parallel to the ABS.
Accordingly, the first flux guide will form a portion of the ABS, the spin valve sensor
is on top of the first flux guide and the second flux guide is on top of the spin valve
sensor. The flux guides reduce the magnetic pole strength at the bottom (ABS) and
top edges of the pinned layer, thereby reducing the demagnetizing field produced by
it to near zero. The only other fields that have to be dealt with are ferromagnetic
coupling fields between the pinned and free layers. This field is on the order of 10-12
Oe which is conveniently comparable to the field from the sense current.
Accordingly, by selectihg the direction of the sense current, the sense current field
from the free layer will add to the ferromagnetic coupling field of the pinned layer
to pin the pinned layer; and the sense current field from the pinned layer will

counterbalance the ferromagnetic field on the free layer so that it is free to rotate
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under the influence of field signals from a rotating disk. The present invention
employs various schemes for obtaining the desired result, such as varying the thick-
nesses of the pinned, spacer and free layers and selecting the amount of sense current.

An object of the present invention is to provide a self-biasing spin valve sensor
which obviates the need for an antiferromagnetic layer for pinning the magnetic
moment of the pinned layer

Another object is to provide a self-biasing spin valve sensor which employs
the fields from the sense current to establish the orientation of the magnetizations of
the pinned layer and the free layer.

A further object is to provide a self-biasing spin valve sensor which has
increased sensitivity because of minimal shunting of the sense current.

Other objects and attendant advantages of the present invention will become
apparent upon reading the following description taken together with the accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a planar illustration of a magnetic disk drive;

Fig. 2 is a view taken along plane II-II of Fig. 1;

Fig. 3 is an elevation view of the magnetic disk drive of Fig. 1;

Fig. 4 is a view taken along plane IV-IV of Fig. 2;

Fig. 5 is an isometric illustration of a priot art spin valve sensor;

Fig. 6 is a view taken along plane VI-VI of Fig. 5;

Fig. 7 is an isometric illustration of one embodiment of the present spin valve
sensor;

Fig. 8 is a view taken along plane VIII-VIII of Fig. 7;

Fig. 9 is an exploded isometric illustration of the pinned layer, free layer and
spacer layer of the spin valve sensor shown in Fig. 8 without the leads and flux
guides;

Fig. 10 is an isometric illustration of another embodiment of the present spin

valve sensor;
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Fig. 11 is a view taken along plane XI-XI of Fig. 10;

Fig.-12 is an isometric exploded illustration of the layers of the spin valve
sensor shown in Fig. 11 without the leads and flux guides;

Fig. 13 is an exploded isometric illustration of the pinned and free layers of
a spin valve sensor showing directions for the easy axes;

Fig. 14 is an exploded isometric illustration of the pinned and free layers of
the spin'valve sensor showing directions for the easy axes;

Fig. 15 is a lateral cross-section through the MR sensor of Figs. 10 and 11
Jooking toward the ABS with a different arrangement for the connection of the leads;

Fig. 16 is a schematic top view of either embodiment of the present invention;

Fig. 17 is a view taken along plane XVII-XVII of Fig. 16;

Fig. 18 is a view taken along either plane XVIII-XVIII of Fig. 16; and

Fig. 19 is a view taken along plane XIX-XIX of Fig. 16.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring now to the drawings wherein like reference numerals designate like
or similar parts throughout the several views there is illustrated in Figs. 1,2 and 3 a
magnetic disk drive 30. The drive 30 includes a spindle 32 which supports and rotates
a magnetic disk 34. The spindle 32 is rotated by a motor 36 which in turn is
controlled by motor controller 38. A magnetic head 40, which may be a merged MR
head for recording and reading, is mounted on a slider 42 which, in turn, is supported
by a suspension 43 and actuator arm 44. A plurality of disks, sliders and suspensions
may be employed in a large capacity direct access storage device (DASD) as shown
in Fig. 3. The suspension 43 and actuator arm 44 position the slider 42 to place the
magnetic head 40 in a transducing relationship with a surface of the magnetic disk 34.
When the disk 34 is rotated by the motor 36 the slider is supported on a thin
(typically, .075 um) cushion of air (air bearing) by the air bearing surface (ABS) 46.
The magnetic head 40 is then employed for writing information to multiple circular

tracks on the surface of the disk as well as for reading information therefrom.
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Processing circuitry 48 exchanges signals rep?esenting said information with the head
40, providing motor drive signals, and providing control signals for moving the slider
to various tracks. |

Fig. 4 is a side cross-sectional elevation view of a merged MR head 50 which
has a write head portion and a read head portion, the read head portion employing a
spin valve MR sensor 52 of the present invention. The MR sensor 52 is sandwiched
between the first and second gap layers 54 and 56, the first and second gap layers, in
turn, being sandwiched between first and second shield layers 58 and 60. In response
to external magnetic fields, the resistance of the MR sensor 52 changes. A sensé
current conducted through the sensor causes these changes to be manifested as
potential changes. These potential changes are processed by the processing circuitry
48 shown in Fig. 3.

The write head portion of the head includes a coil layer 64 which is
sandwiched between first and second insulation layers 66 and 68. A third insulation
layer 70 may be employed for planarizing the head to eliminate ripples in the second
insulation layer caused by the coil layer 64. The coil layer 64, and the first, second
and third insulation layers 66, 68 and 70 are sandwiched between first and second pole
piece layers 72 and 74. The first and second pole piece layers 72 and 74 are
separated by a write gap layer 76 at the ABS and are magnetically coupled at a back
gap (not shown) which is spaced from the ABS. As shown in Fig. 2 first and second
solder connections 80 and 82 connect leads (not shown) from the MR.Sensor 52 to
leads (not shown) on the suspension 43 and third and fourth solder connections 84 and
86 connect leads (not shown) from the coil 64 to leads (not shown) on the suspension.

Fig. 5 is a prior art embodiment 100 of a magnetoresistive (MR) spin valve
sensor which has first and second ferromagnetic léyers which are a free layer 102 and
a pinned layer 104. A non-magnetic electrically-conducting spacer layer 106 is
sandwiched between the free layer 102 and the pinned layer 104. An anti-
ferromagnetic (AFM) layer 108 has a film surface which interfaces a film surface of

the pinned layer 104 so that the magnetization 110 of the pinned layer 104 is pinned
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in a predetermined direction, such as perpendicular to the ABS, by exchange coupling
with the antiferromagnetic layer 108. The free layer 102 has a magnetization 111
which is free to rotate under the influence of field signals from the rotating disk. The
free and pinned layers 102 and 104 are typically made of Permalloy (NiFe) and the
spacer layer 106 is typically made of copper. The anti-ferromagnetic layer 108 may
be made of a material selected from the group of NiMn and FeMn. First and second
leads 112 and 114 are electrically connected to the sensor 100 with a space 116
therebetween which defines the active region of the MR sensor as well as the track
width of the read head employing the spin valve sensor. A sense current source 118
is electrically connected to the first and second leads 112 and 114 for providing a
sense current (I,) which is conducted through the spin valve sensor. In parallel with
the sense current source 118 is a sensing circuit 120 for sensing potential changes
across the spin valve sensor 100 when field signals are induced into the spin valve
sensor by the rotating disk 34 shown in. Fig. 1. The'sense current source 118 and the
sensing circuit 120 are part of the processing circujtry 48 in Fig. 3.

Each of the layers 102, 104, 106 and 108 conduct a portion of the sense
current between the first and second leads 112 and 114. A key parameter in the
operation of a spin valve sensor is thaf the spacer layer 106 have a thickness which
is less than the mean free path of conduction electrons flowing between the first and
second leads 112 and 114. The degree of electron scattering, which depends upon the
relative angle between the magnetization 111 of the free layer 102 and the
magnetization 110 of the pinned layer 104, determines the resistance of the MR sensor
to the sense current I,. The greatest scattering and the corresponding greatest increase
in resistance occurs when the magnetizations 110 and 111 are antiparallel and the least
scattering and the corresponding least resistance change occux;s when the
magnetizations 110 and 111 are parallel with respect to one another. The
magnetization 111 of the free layer.102 is typically oriented parallel to the ABS so
that upon receiving positive and negative field signals from a rotating disk the

magnetization 111 rotates upwardly or downwardly to decrease or increase the
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resistance of the sensor. This would be an opposite situation if the magnetization 110
of the pinned layer 104 was oriented downwardly instead of upwardly.

Because of the thinness of the spacer layer 106 and roughness at the interfaces,
there is a ferromagnetic coupling Hyc which is induced on the free layer 102 by the
pinned layer 104 as shown at 124 in Fig. 6. Another field acting on the free layer

102 is a demagnetization field from the pinned layer 104 which causes an induced

demagnetization field Hppy, g, Shown at 126, on the free layer. This is typically on
the order of 51 Oe when the spin valve sensor is centered between the first and second
shield layers 58 and 60 as shown in Fig. 4. By appropriately controlling the
thicknesses of the layers 102, 104 and 106 and the amount of sense current I, the
fields 124 and 126 can be made to substantially counterbalance one another so that
the magneﬁc moment 111 of the free layer can be parallel to the ABS as shown in
Fig. S. _

One of the problems with the prior art spin valve sensor 100 shown in Figs;
5 and 6 is that the antiferromagnetjc layer 108 has a blocking temperature between
160°C to 200°C. During fabrication, testing and operation of the spin valve sensor
in a magnetic disk drive, thé blocking temperature of the antiferromagnetic layer 108
can be exceeded causing total destruction of the spin valve sensor by electrostatié
discharge (ESD) or reduced efficiency by electrostatic overstress (EOS). Another
problem with the antiferromagnetic layer 108 is that it shunts a portion of the sense
current I, which reduces the efﬁcieﬁcy of the spin valve sensor.

A first embodiment of the present spin valve sensor 140 is shown in Fig. 7.
This spin valve sensor, which is self biasing, does not employ an antiferromagnetic
layer 108, as shown in Fig. 5. As will be explained more fully hereinafter, the
magnetizations of the free and pinned layers are established by sensé current fields
from these layers due to the sense current I,. The sensor 140 includes first and second
ferromagnetic layers which are a free layer 142 and a pinned layer 144 respectively.
A non-magnetic electrically-conducting spacer layer 146 is sandwiched between the

free and pinned layers 142 and 144. The pinned layer 144 has a magnetization 147
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which is pinned perpendicular to the ABS and the free layer 142 has a magnetization
148 which is directed parailel_to the ABS and is free to rotate in either direction
therefrom. The leads 112 and 114 are electrically connected to the sensor in the
spaced relationship so as to provide the space 116 which defines the active region of
the sensor and the track width of the read head employing the sensor.

As shown in Fig. 8 there are ferromagnetic coupling fields H 148 and 150

induced upon the free and pinned layers 142 and 144 by a mutual ferromagnetic

- coupling because of the thinness of the spacer layer 146 and roughnesses at the
interfaces of the layers. The ferromagnetic coupling fields H. are shown in an
upward direction for each of the free and pinned layers 142 and 144.- It should be
understood that these ferromagnetic coupling fields would be in an opposite direction
if the magnetic moment 147 of the pinned layer is in an opposite direction. The sense

~current I, can nbw be conducted in a selected direction through the sensor 140 which

is shown into the paper by the back end of an arrow 152. A portion of the sense

current is conducted into the paper through the pinned layer 144 which causes a sense '

current field 154 on the free layer 142 and a portion of the sense current is conducted
into the paper through the free layer 142 which causes a sense current field 156 to be
induced into the pinned layer 144. It should be noted that the sense current fields 154
and 156 are directed in opposite directions. The sense current field 156 will add to
the ferromagnetic coupling field 150 so as to pin the magnetization 147 of the pinned
layer 144 in an upwardly direction perpendicular to the ABS. The sense current 154
induced into the free layer 142 is opposite to the ferromagnetic coupling field 148.
The amount of sense current employed may substantially counterbalance the
. ferromagnetic coupling field 148 so that the magnetization 149 of the free layer is free
to rotate upwardly and downwardly, as shown in Fig. 9, as influenced b'y field signals

from the rotating disk.
The ferromagnetic coupling fields 148 and 150 are small fields on the order

of 10 to 12 Oe. Likewise, the sense current fields 154 and 156 from the free and

pinned layers 142 and 144 are small fields on. the order of 10 to 12 Oe. It would be -
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impractical to increase the sense current I a sufficient amount to produce a sense
current field for overcoming the demagnetization field Hppyag 126 as shown in Fig.
6. The present invention substantially zeroes out the influence of the demagnetization
field Hpgyae On the free layer 142 from the pinned layer 144 by providing first and
second flux guides 158 and 160 which are connected to bottom and top edges of the
layers 142, 146 and 144 aiong planes which are parallel to the ABS. The flux guides
extinguish magnetic poles at the lower (ABS) and upper edges, thereby practically
eliminating the pinned film demagnetizing field. Without the flux guides 158 and
160, the pinned layer 144 induces a demagnetization field Hpgysg on the order of 51
Oe in the free layer 142 in the same manner as shown in Fig. 6. The present
invention will not 6pérate without the flux guides 158 and 160 since a sense current
field cannot be generated in'a spin valve sensor of sufficient amount to overcome the
demagnetization field Hppy,g. In order to prevent shunting of the sense current, first
and second insulatio;l iayers 162 and 164 are sandwiched between the flux guide 158
and the bottom edges of the layers -and between the flux guide 164 and the top edges
of the layers, as shown in Fig. 9. If the flux guides are constructed of a very high
resistivity material, such as cobalt based materials, the insulation layers 162 and 164
can be omitted.

Fig. 10 shows another embodiment of the present spin valve sensor 170. The
spin valve sensor 170 differs from the spin valve sensor 140 shown in Fig. 7, in that
the spin valve sensor 170 has first and second cobalt layers 172 and 174. The cobalt
layer 172 is sandwiched between the free layer 142 and the spacer layer 146, and the
cobalt layer 174 is sandwiched between the pinned layer 144 and the spacer layer 146.
The cobalt layers 172 and 174 are 5 A to 10 A thick and result in as much as a 50%
increase in the MR coefficient of the spin valve sensor. In the same manner as the
Fig. 8 embodiment, the sense current field 154 from the pinned layer 144 counter-
balances the ferromagnetic coupling field 148 so that the magnetization 149 of the free
layer is free to rotate upwardly and downwardly, as shown in Fig. 12, as influenced

field signals from a rotating disk. Also, the sense current field 156 induced into the
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pinned layer 144 by the free layer 142 is additive to the ferromagnetic coupling field
150 so as to pin the magnetization 147 of the pinned layer in the-upward direction as
shown in Fig. 12. It should be understood that the direction of the magnetizations
will be reversed in all of these embodiments when the direction of the sense current
is reversed. The invention encompasses the sense current being conducted in either
direction through the spih valve sensor.
A modified embodiment 180 of the embodiment 170, shown in Figs. 15 and
16, is a lateral cross-section through the spin valve sensor in Figs. 10 and 11 looking
toward the ABS. The embodiment 180 has first and second leads 182 and 184 which
are connected to two vertically oriented side edges of the layers 142, 144, 146, 172
and 174. This type of connection is called a contiguous junction.
Example '
An example of the spin valve sensdr 140, shown in Figs. 7 and 8, includes the
" thickness of the free layer 142 being twice as thick as the thickness of the pinned
+ layer 144. The free layer 142 may, be 100 A thick, the pinned layer 146 may be 50
A thick and the spacer layer 146 may be 25 A thick. The sense current I, conducted
through the spin valve sensor 140 may be 6 mA. The height of the layers 142, 144
and 146 between the insulation layers 162 and 164 may be 1 um. With this arrange-
ment, the ferromagnetic coupling fields 148 and 150 may each be on the order of 12
Oe. The sense current fields 154 and 156 will be on the order of 10 to 12 Oe.
Accordingly, the ferromagnetic coupling field 150 and the sense current field 156 will
be additive to orient the magnetization 147 in the pinned layer 144 with a strength of
approximately 24 Oe. Since the ferromagnetic coupling field 148 and the sense
. current field 154 are substantially equal, they will counterbalance one another so that
the magnetization 149 of the free layer is free to rotate upwardly or downwardly, as
shown in Fig. 7. The sense current field H; induced into a layer is according to the
formula H; = 2 = I, + height, where I, is the portion of the sense current conducted
through the inducing layer in milliamps and the height of the inducing layer is in

microns. This formula assumes that the spin valve sensor is centered between the first
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and second shields 58 and 60 shown in Fig. 4. It is important that the bottom flux
guides 158 at the ABS have a short height, in the order of 0.5 um, so that field
signals from the rotating disk do not decay to the first and second shield layers before
they get to the layers 142, 146 and 144.

In some embodiments it may be desirable to orient the easy axes of both of the
free and pinned layers 142 and 144 in a direction which is parallel to the ABS as
shown in Fig. 13. Also, in some embodiments it may be desirable to establish the
easy axes of the free and pinned layers 142 and 144 in a direction which is
perpendicular to the ABS as shown in'Fig. 14. In both of the embodiments in Figs.
13 and 14 the fabrication process would be simpler since the easy axes of both layers
can be established simultaneously. The material for the free and pinned layers 142
and 144 is Permalloy based and the material for the spacer layer 146 may be copper.

Figs. 16-19 show various views fdr explaining the steps in the manufacture of
either embodiment of the present invention. The first step is to depo;it spin valve
material 190 in sheet form on a wafer (not shown) wherein the sheet material may
comprise Ta/NiFe/Co/Cuw/Co/NiFe/Ta. With a photographic lift-off process (not
shown) the areas where the leads 192 and 194 are to be deposited may be ion milled
away so that lead niaterial can be deposited therein. This forms a contiguous junction
with the spin valve 190 as shown in Fig. 17. Again with a photographic lift-off
process the areas where the flux guides 196 and 198 are to be deposited are milled
away, and an insulation layer 200 and the flux guides 196 and 198 are then deposited.
In the area where the leads 192 and 194 are located the insulation layer 200 insulates
the leads 192 and 194 from the flux guide 196.

Clearly, other embodiments and modifications of this invention will occur
readily to those of ordinary skill in the art in view of these teachings. Therefore, this
invention is to be limited only by the following claims, which include all such
embodiments and modifications when viewed in conjunction with the above

specification and accompanying drawings.
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CLAIMS
I CLAIM:
1. A self-biasing magnetoresistive (MR) spin valve sensor for use in a

magnetic head having an air bearing surface (ABS), qomprising:

first and second ferromagnetic layers and a non-magnetic conductive spacer
layer, each of the first and second antiferromﬁgnetic layers and the spacer layer having
first and second edges which are substantially perpendicular to said ABS;

the spacer layer being sandwiched between the first and second ferromagnetic
layers; v

first and second leads electrically connected to the first and second edges
respectively c_)f the first and second ferromagnetic layeré and the spacer layer for
conducting a sense current therethrpugh;

the first and second ferromagnetic layers being magnetically coupled so that
a ferromagnetic coupling field (Hyc) is produced in each of the first and second
ferromagnetic layers; .

the second ferromagnetic layer having a stray demagnetization field Hppyag
which is induced into the first ferromagnetic layer;

first and second flux guides; and

the first flux guide being magnetically coupled to the first edges of the layers
and the second flux guide being magnetically coupled to the second edges of the

.layers for reducing the induced stray demagnetization field Hppyag in the first

ferromagnetic layer to such an extent that when the sense current is conﬂucted a sense |
current field from the ﬁfst ferromagnetic layer will supplement the ferromagnetic
coupling field in the second ferromagnetic layer to pin its magnetization and a sense

current field from the second ferromagnetic layer will oppose the ferromagnetic
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coupling in the first ferromagnetic layer to permit a magnetization of the first

ferromagnetic layer to be free to rotate under the influence of an applied field.

2. An MR read head including the MR sensor of claim 1 wherein the read
head comprises:
first and second gap layers:
the MR sensor being sandwiched between the first and second gap layers;-
first and second shield layers; and
the first and second gap layers being sandwiched between the first and second
shield layers.
+®
3. A combined MR read head and inductive write head including the MR ‘
read head of claim 2, the combined head comprising:
~ an inductive coil embedded in an ‘insulation stack;
the insulation stack and the inductive coil being sandwiched between first and
second pole pieces; and |
- the first and second pole pieces being spaced by a third gap layer at an air

bearing surface.
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4. A magnetic disk drive including the combined head as claimed in claim
3, the drive comprising: }

a frame;

a magnetic disk rotatably supported on the frame;

a support mounted on the frame for supporting the combined head in a
transducing relationship with the magnetic disk;

means for rotating the magnetic disk;

positioning means connected to the support for moving the head to multiple
positions with respect to said magnetic disk; and

means connected to the head, to the means for rotating the magnetic disk and
to the positioning means for exchanging signals with the combined head, for )
confrolling movement of the magnetic disk and for controlling the position of the ¥

combined head.

5. A sensor as claimed.in claim 1 including:

sense current means connected to the first and second leads for conducting a
sense current ﬂ1rough the first and second ferromagnetic layers and the spacer layer
in a selected direction; and

said selected direction causing the sense current to induce a sense current field
H; that subtracts from the ferromagnetic coupling field Hec in the first ferromagnetic
layer and to induce a sense current field H; that adds to the ferromagnetic coupling

field Hgc in the second ferromagnetic layer.

6. A sensor as claimed in claim 1 including:

the magnetic coupling of the first and second flux guides to the first and
second edges of the first and second ferromagnetic layers reducing the field induced
into the first ferromagnetic layer from the stray demagnetization field Hpgy, of the

second ferromagnetic layer substantially to zero.
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7. A sensor as claimed in claim 1 including:

first and second cobalt layers;

the first cobalt layer being sandwiched between the first ferromagnetic layer
and the spacer layer and the second cobalt layer being sandwiched between the second .

ferromagnetic layer and the spacer layer.

8. A sensor as claimed in claim 1 including:
each of the first and second ferromagnetic layers having a thickness between
its first and second film surfaces; and
the thickness of the first ferromagnetic layer being thicker than the thickness
of the second ferromagnetic layer. ' .
9. A sensor as claimed in claim 8 including:
the thickness of the first ferromagnetic layer being éubstantially twice the

thickness of the second ferromagnetic layer.

10. A sensor as claimed in claim 1 including: _

each of the first and second ferromagnetic layers having an easy axis; and

the easy axis of the first ferromagnetic layer being directed substantially
' parallel to the ABS and the easy axis of the second ferromagnetic_: layer being directed

substantially perpendicular to the ABS.

11. A sensor as claimed in claim 1 including:

first and second insulation layers;

the first insulation layer being sandwiched between the first flux .guide and the
first edge of the first ferromagnetic layer and the second insulation layer being
sandwiched between the second flux guide and the second edge of the first

ferromagnetic layer.



T

-17-

12. A sensor as claimed in claim—l including:
- first and second cobalt layers;
the first cobalt layer being sandwiched between the first ferromagnetic layer
and the spacer layer and the second cobalt layer being sandwiched between the second

ferromagnetic layer and the spacer layer.

13. A sensor as claimed in claim 12 including:

the thickness of the first ferromagnetic layer being substantially 1004, the
thickness of the second ferromagnetic layer beixig substantially S0A and the thickness
of the spacer layer being substantially 254; and

the sense current being substantially 6mA. “

14. A sensor as claimed in claim 13 including:

the first flux gulde having a height between the ABS and the first edge of t.he
first ferromagnetic layer of substantially 0.5 um.

15. A sensor as claimed in claim 1 including:

sense current means connected to the first and second leads for conducting a
sense current through the first and second ferromagnetic layers and the spacer layer,
the sense current through the first ferromagnetic layer inducing a sense current field
H; on the second ferromagnetic layer in said first direction so that the ferromagnetic
coupling field Hi. and the sense current field H; in the second ferromagnetic layer are
additive and the sense current through the second ferromagnetic layer inducing a sense
current field H, on the first ferromagnetic layer opposite and antiparallel to said first
direction so that the ferromagnetic coupling field Hy. and the sense cﬁrrent field H,

in the first ferromagnetic layer are subtractive.
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16. A sensor as claimed in claim_IS including:

the magnetic coupling of the first and second flux guides to the first and
second edges of the first and second ferromagnetic layers reducing the field induced
into the first ferromagnetic layer from the stray demagnetization field Hpgyag Of the
second ferromagnetic layer substantially to zero. '

17. A sensor as claimed in claim 16 including:

first and second cobalt layers;

the first cobalt layer being sandwiched between the first ferromagnetic layer
and the spacer layer and the second cobalt layer being sandwiched between the second
. ferromagnetic layer and the spacer layer. RN
18. A sensor as claimed in claim 17 including:
each of the first and second ferromagneﬁc- layers having a thickness; and
the thickness of the first ferromagnetic layer being thicker than the thickness -

of the second ferromagnetic layer.

19. A sensor as claimed in claim 18 including:

each of the first and second ferromagnetic layers having an easy axis; and

the easy axis of the first ferromagnetic layer being directed substantially
paraliel to the ABS and the easy axis of the second ferromagnetic layer being directed
substantially perpendicular to the ABS.
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20. A sensor as claimed in claim 19 including:

first and second insulation layers;

the first insulation layer being sandwiched Between the first flux guide and the
first edge of the first ferromagnetic layer and the second insulation layer being
sandwiched between the second flux guide and the second edge of the first

ferromagnetic layer.

21. ° A sensor as claimed in claim 20 including:

the thickness of the fxrsf ferromagnetic layer beixig substantially twice the -
thickness of the second ferromagnetic layer.

PR
22. A sensor as claimed in claim 21 including:
.. each of the first and second ferromagnetic layers including NiFe and the spé.cer

layer including copper; o

the thickness of the first ferromagnetic layer being substantially 1004, the
thickness of the second ferromagnetic layer being substantially 50A and the thickness
of the spacer layer being substantially 254; and

the sense current being substantially 6mA.

23.  An MR read head including the MR sensor of claim 22 wherein the
read head comprises: ' '

first and second gap layers:

the MR sensor being sandwiched between the first and second gap layers;

first and second shield layers; and _

the first and second gap layers being sandwiched between the first and second

shield layers.
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'24. A combined MR read head and inducti\'/e write head including the MR
read head of claim 23, the combined head comprising:

an inductive coil embedded in an insulation stack;

the insulation stack and the inductive coil being sandwiched between first and
second pole pieces; and _

the first and second pole pieces being spaced by a third gap layer at an air

bearing surface.

25. A magnetic disk drive including the combined head as claimed in claim
24, the drive comprising:

a frame; ‘

a magnetic disk rotatably supported on the frame; e

a support mounted on the frame for supporting the combined head ina
transducing relationship with the magnetic disk; '

means for rotating the magnetic disk;

positioning means connected to the support for moving the head to multiple
positions with respect to said magnetic disk; and

means connected to the head, to the means for rotating the magnetic disk and
to the positioning means for exchanging signals with the combined head, for
controlling movement of the magnetic disk and for controlling the position of the
combined head.



