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MULTILAYERED PINNED LAYER STRUCTURE FOR IMPROVED
COUPLING FIELD AND GMR FOR SPIN VALVE SENSORS

BACKGROUND OF THE INVENTION
1. Field of the Invention |
The present inventioﬁ relates to a multilayered ﬁinned layer structure for
improved coupling field and giant inagnetoresistance (GMR) for spin valve sensors and

more particularly to a nickel iron (NiFe) based film between first and second cobalt (Co)

‘based films pinned layer structure in one or both antiparallel (AP) pinned layers of an

AP pinned layer structure or in a single pinned layer structure for improved coupling
field and/or GMR of a spin valve sensor. |

2. Description of the Related Art

A spin valve sensor is employed by a read head for sensing magnetic fields on
a moving magretic medium, such as a rotating magneﬁé disk or a linearly moving
magnetic tape. The sensor includes a nonmagnetic electrically conductive first spacer
layer sandwiched between a ferromagnetic pinned layer and a ferromagnetic free layer.
An antiferromagnetic pinning layer interfaces the pinned layer for pinning the magnetic
moment of the pinned layer 90° to an air bearing surface (ABS) which is an exposed
surface of the sensor that faces the magnetic .medium. First and second leads are
connected to the spin valve sensor for conducting a sense current therethrough. The
magnetic moment of the free layer is free to rotate in positive and negatiVe- directions
from a quiescent or bias point position in response to positive and negative magnetic
field signals from a rotating magnetic disk. ‘The quiescent position is the position of the
magnetic moment of the free layef with the sense current conducted through the sensor

in the absence of signal fields. The quiescent position of the magnetic moment of the

free layer is typically parallel to the ABS. If the quiescent position of the magnetic
" moment is not parallel to the ABS in the absence of a signal field the positive and

negative responses of the free layer to positive and negative signal fields will not be
equal which results in read signal asymmetry which is discussed in more detail
hereinbelow.

The thickness of the spacer layer is chosen so that shunting of the sense current
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and a magnetic coupling between the free and pinned layers are minimized. This
thickness is typically less than the mean free path of electrons conducted through the
sensor. With this arrangement, a portion of the conduction electrons are scattered at the
interfaces of the spacer layer with the pinned and free layers. When the magnetic
rﬂoments of the pinned and free layers are parall€l with respect to one another scattering
is minimal and when their magnetic moments are antiparallel scattering is maximized.
Changes in scattering in response to field signals from a rotating disk changes the
resistance of the spin valve sensor as a function of cos 0, where 0 is the angle between
the magnetic moments of the pinned and free layers. The sensitivity of the sensor is
quantiﬁed'és magrletoreéisﬁve coefficient di/R where dr is the change in resistance of
the sensor between paraliel and antiparallél orientations of the pinned and free layeré and
R is the resistance of the sensor when the nioments are parallel.

The transfer curve (readback signal of the spin valve head versus applied signal
from the magnetic disk) of a spin valve sensor is a substantially linear portion of the
aforementioned function of cos 0. The greater this angle, the greater the resistance of

the spin valve to the sense current and the greater the readback signal (voltage sensed

by processing circuitry). With positive and negative signal fields from a rotating

magnetic disk (assumed to be equal in magnitude), it is important that positive and
negative changes of the resistance of the spin valve sensor be equal in order that the
positive and negative magnitudes of the readback signals are equal. When this occurs
abias point on the transfer curve is considered to be zero and is located midway between

the maximum positive and negative readback signals. When the direction of the

.magnetic moment of the free layer is parallel to the ABS, and the direction of the

magnetic moment of the pinned layer is perpendicular to the ABS in a quiescent state
(absence of signal fields) the bias point is located at zero and the positive and negative
readback signals will be equal when sensing positive and negative signal fields from the
magnetic disk. The readback signals are then referred to in the art as having symmetry
about the zero bias point. When the readback signals are not equal the readback signals

are asymmetric.

The location of the bias point on the transfer curve is influenced by three major
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- forces on the free layer, namely a demagnetization field (Hyr,g) from the pinned layer,

a ferromagnetic coupling field (Hy) between the pinned layer and the free layer, and
sense current fields (H,) from all conductive layers of the spin valve except the free
layer. When the sense current is conducted through the spin valve sensor, the pinning
layc;,r (if conductive), the pinned layer and the ﬁfst spacer la.yer, which are all on one side
of the free layer, impose sense current fields on the free layer that rotate the magnetic
moment of the free layer in a first direction. The ferromégnetic coupling field from the
pinned layer further rotates the magnetic moment of the free layer in the first direction.
The demagnetization field from the pinne(i layer on the free layer rotates the magnetic
moment of the free.layer in an opposite second direction. Accordingly, the
demagnetization field is counterbalanced by the sense current and ferromagnetic |
coupling fields.
Over the years a significant amount of research has been conducted to improve
the GMR or magnetoresistive coefficient di/R of spin valve sensors. These efforts have

increased the storage capacity of computers from kilobytes to megabytes to gigabytes.

It is known that when the thickness of the spacér layer is decreased the magnetoresistive

coefficient of the sensor is increased so as to increase storage capacity. Unfortunately,
when the thickness of the spacer layer is decreased the aforementioned ferromagnetic
coupling H; between the pinned and free layer is increased. This affects the
aforementioned bias point and requires that the sense current and/or the thickness of the
pinned layer be changed to adjust the sense current fields and the demagnetization fields
acting on the free layer. There is a strong felt need to increase the magnetoresistive

coefficient of the spin valve sensor without increasing the ferromagnetic coupling
field. |
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SUMMARY OF THE INVENTION
The present invention provides a novel mﬁltilayered pinned layer structure which
reduces a ferromagnetic coupling field between the pinned and free layers. This then
enables the thickness of the spacer layer between the pinned and free layers to be
reduced so as to increase the magnetoresistive coefficient (dr/R) while maintaining the

férromagnetic coupling field at an original amount. With this arrangement the sense

- current fields and the demagnetization field acting on the free layer do not have to be

adjusted to maintain a zero bias point orientation of the magnetic moment of the free
layer during the quiescent condition of the sensor (absence of signal ﬁeld). The.novel
multilayered pinned layer structure includes a middle nickel iron (NiFe) based film
located between first and second cobalt (Co) based films. The novel multilayered
pinned layer structure may be employed for a single pinned layer structure or one or both
of antiparallel (AP) pinned layers of an antiparallel pinned layer structure. With this
arrangement I have been able to increase the magnetoresistive coefficient (dr/R) froﬁl
3.95% to 4.2% by replacing é cobalt (Co) pinﬁed layer with a cobalt, nickel iron and
co_balt (Co/NiFe/Co) tri]ayer v'viih_ an equivalent magnetic thickness. .The
magnetoresistive coefficient was increased by reducing the thickness of the spacer layer
until the ferromagnetic coupling field was at its original value. By reducing the
thickness of the spacer layer, however, the aforementioned improvement in the
magnetoresistive coefficient (di/R) is obtained.

‘An object of the present invention is to pfovide a spin valve sensor with an’
improyed magnetoresistive coefficient dr/R and/or magnetic coupling field H between
the pinned and free layers

Other objects and attendant advantages of the invention will be appreciated upon

reading the following description taken together with the accompanying drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a planar view of an exemplary magnetic disk drive;
. Fig. 2 is an end view of a slider with a magnetic head of the disk drive as seen
in plane 2-2; |
Fig. 3 is an elevation view of the magnetic disk drive wherein multiple disks and
magnetic heads are employed;
Fig. 4 is an isometric illustration of an exemplary suspension system for
supporting the slider and magnetic head; |
Fig. 5is an ABS view of the slider taken along plane 5-5 of Fig. 2;
.Fig. 6 i-s a partial view of the slider and a piggyback magnetic head as seen in
plane 6-6 of Fig. 2;
Fig. 7 is a partial view of the slider and a merged magnetic head as seen in plane
7-7 of Fig. 2; .
Fig. 8 is a partial ABS view of the slider taken along plane 8-8 of Fig. 6 to show
the read and write elements of the piggyback magnetic head;
Fig. 9 is a partial ABS view of the slider taken along plane 9-9 of Fig. 7 to show
the read and write elements of the merged magnetic head;
Fig. 10 is a view taken along plane 10-10 of Figs. 6 or 7 with all material above '
the coil layer and leads removed; '
Fig. 11 is an isometric ABS illustration of a prior art read head which employs
a spin valve sensor longifudinally biased by hard biasing léyers;
_Fig. 12 isan ABS iéometrié illustration of a first example of an antiparallel (AP)
pinned read sénsor investigated;
"Fig. 13is a second example which is the same as Fig. 12 excépgthe thickness of
the. spacer layer has been reduced,
Fig. 14 is a third example and first embodiment of the invention, which is the
same as Fig. 13, except the ﬁovel trilayer pinned layer structure has been substituted for

a secorid AP pinned layer of an AP pinned layer structure;

Fig. 15 is a fourth example and second embodiment of the invention wherein the
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novel trila‘lyer pinned layer structure is substituted for both of the AP pinned layers of the
AP pinned layer structure; and '

Fig. 16 is an ABS isometric illustration of a fifth example and third embodiment
of the present invention wherein a novel trila&er pinned layer structure is substituted for

a single pinned layer structure.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
Magnetic Disk Drive

Referring now to the drawings wherein like reference numeréls designate like or
similar parts throﬁghoﬁt the several views, Figs. 1-3 illustrate a magnetic disk drive 30.
The drive 30 includes a spindle 32 that supports and rotates a magnetic disk 34. The
spindle 32 is rotated by a spindle motor 36 that is controlled by a motor controller 38.
A slider 42 supports a combined read and write magnetic head 40 and is supported by
a suspension 44 and actuator arm 46 which is rotatably positioned by an actl_l.ator 47. 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 44 and actuator arm
- 46 position the slider 42 so that the magnetic head 40 is 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, .05 pm) cushion of air (air.bearing) between the
surface of the disk 34 and the air bearing surface (ABS) 48. The magnetic head 40 may
then be employed for writing information to multiple circular tracks on the surface of
the disk 34, as well as for reading informatibr; therefrom. Processing circuitry 50
exchanges signals, representing such information, with the head 40, prdvidés motor drive
signals for rotaﬁng the magnetic disk 34‘, and provides control signals to the actuator 47
for moving the slider to various tracks on the disk. In Fig. 4 the slider 42 is shown
mounted to a suspension 44. The components described hereinabove may be rﬁounted

on a frame 54 of a housing 55, as shown in Fig. 3.

Fig. 5 is an ABS view of the slider 42 and the magnetic head 40. The slider has
a center rail 56, which supports the magnetic head 40, and side rails 58 and 60. The rails
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' 56, 58 and 60 extend from a cross rail 62. With respect to rotation of the magnetic disk -
34, the crosé rail62isata leéding edge 64 of the slider and the magnetic head 40 is at
a trailing edge 66 of the slider. _

Fig. 6 is-a side cross-sectional elevation view of a piggyback magnetic head 40,
which includes a write head portion 70 and aread head portion 72, the read head portion
employing a spin valve sensor 74 of the present invention. Fig. 8 isan ABS view of Fig,
6. The spin valve sensor 74 is sandwiched between nonmagnetic electrically insulative
first and second read gap layers 76 and 78, and the read gap layers are sand\;viched
between ferromagnetic first and second shield layers 80 and 82. In response to external
magnetic fields, the resistance of the spin valve sensor 74 changes. A sense current I
conducied through the sensor causes these resistance changes to be manifested as
potential changes. These potential changes are then processed as readback signals by
the processing circuitry 50 shown in Fig. 3.

The write head portion 70 of the magnetic head 40 includes a coil layer 84
sandwiched between first and second insulation layers 86 and 88. A third insulation
layer 90 may be employed for planarizing the head to eliminate ripples in the second
insulation layer caused by the coil layer 84. The first, second and third insulation layers
are referred to in the art as an "insulation stack”. The coil layer 84 and the first, second
and third insulation layers 86, 83 and 90 are sandwiched between first and second pole
piece layers 92 and 94. The first and second pole piece layers 92 and 94 are
magnetically coupled at a back gap 96 and have first and second pole tips 98 and 100
which -are separated by a write gap layer 102 at the ABS. An insulation layer 103 is
located between the second shield layer 82 and the first pole piece layer 92. Since the
second shield layer 82 and the first pole piece layer 92 are separate layers this head is
known as a piggyback head. As shown in Figs. 2 and 4; first and second solder
connections 104 and 106 connect leads from the spin valve sensor 74 to leads 112 and
114 on the suspension 44, and third and fourth solder connections 116 and 118 .connect
‘leads 120 and 122 from the coil 84 (see Fig.. 10) to leads 124 and 126 on the

suspension.

Figs. 7 and 9 are the same as Figs. 6 and 8 except the second shield layer 82 and

the first pole piece layer 92 are a common layer. This type ofhead is known as a merged
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magnetic head. The insulati_on layef 103 of the piggyback head in Figs. 6 and 8 is
omitted. |

Fig. 11 is an isometric ABS illustration of a prior art read head 72 which has a
spin valve sensor 130. .First and second hard bias and lead layers 134 and 136 are
connected to ﬁrst.and second side edges i38_ and 140 of the spin valve sensor. . This
connection is known in the art as a contiguous junction and is fully described in
commonly assigned U. S. Patent 5,018,037. The first hard bias and lead layers include
a first hard bias layer 140 and a first lead layer 142 and the second hard bias and lead
layers 136 include a second hard bias léyer 144 and a second lead layer 146.- The ﬁard _
bias layers 140 and 144 cause magnetic flux to extend longitudinally through the spin
valve sensor 130 for stabilizing magnetic domains of the free layer. The spin valve
sensor 130 and the first and second hard bias and lead layers 134 and 136 are located
between nonmagnetic electrically insulative first and second read gap layers 148 and
150. The first and second read gap layers 148 and 150 are, inturn, 1ocated between first
and second shield layefs 152 and 154.

Exaﬁple 1

Fig. 12 illustrates a first example of a spin valve sensor 200 investigated by me.
.The spin valve sensor 200 includes a nohmaghetic conductive spacer layer 202 which
is located between an antiparallel (AP) pinned layer structure 204 and a free layer 206.
The AP pinned layer structure 204 includes an AP coupling layer 208 which is located
between first and second AP pinned layers (AP1) 210 and (AP2) 212. The AP structure
204 further includes a seed layer 214 which is located between an antiferromagnetic
pinnihg iayer 216 and the first AP pinned layer 210. A cap layer 224 may be loéated on
the free layer 206 to protect it from subsequent processing steps.

By exchange coupling between the pinning layer 216 and the seed layer 214 the
pinning layer 216 pins magnetic moments 218 and 220 of the seed layer and the first AP
pinned layer perpendicular to the ABS, either toward the ABS or away from the ABS,
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as shown in Fig. 12. By antiparallel exchange coupiing between the first and second AP
pinned layers 210 and 212 a. magnetic moment 222 of the second AP pinned layer is
pinned antiparallel to the magnetic moments 218 and 220.

An exemplary direction of the sense current I is from left to right and an
exemplary direction of the rhagnetic moment 226 of the free layer is from left to right,
as shown in Fig. 12. The sense current I causes the conductive layers 214, 210, 208,
212 and 202 to exert sense current fields on the free layer 206 which are toward the
ABS. The second AP pinned layer212 exérts a ferromagnetié coupling field on the free
layer which is also toward the ABS because of the thinness of the spacer layer 202. The
magnetic moment 222 of the second AP pinned layer also exerts a demagnetizatioﬂ field
on the free layer 206 which is perpendicular to and away from the ABS. Accordingly,
the demagnetizatioh field is counterbalanced by the sense current and ferromagnetic
coupling fields. It is desirable to maintain a proper balance of thése fields so that the
magnetic moment 226 of the free layer is oriented parallel to the ABS which is the
proper orientation when the bias point is at a zero position on the transfer curve of the
Sensor. Exemplary materials and thicknesses for the various layers are 425 A of
nickel oxide (NiO) for the pinning layer 216, 10 A of nickel iron (NiFe) for the seed
layer 214, 24 A of cobalt (Co) for the first AP pinned layer 210, 8 A of ruthenium (Ru)
for the AP coupling layer 208, 24 A of cobalt (Co) for the second AP pinned layer 212,
24 Aof coppei' (Cu) for the spacer layer 202, 70 A of nickel iron (NiFe) for the free layer
206 and 50 A of tantalum (Ta) for the cap layer 224, )

The magnetoresistive coefficient (di/R) of the sensor 200 in Fig. 12 was 3.95%

- and the ferromagnetic coupling field (H;) was 8-9 oersteds. Itis a purpose of the present
invention to increase the magnetoresistive coefficient (di/R) of this type of spin valve
sensor without substantially changing the ferrdmagnetic coupling field (Hg). .

Example 2
Example 2 of a spin valve sensor 300 is shown in Fig. 13. The spin valve sensor

300 in Fig. 13 is the same as the spin valve sensor 200 in Fig. 12 except for a spacer

layer 302 which is 22.5 A of copper (Cu) instead of 24 A of copper (Cu). A reduction
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in the thickness of the spacer layer increases the magnetoresistive coefficient (dr/R) and
increases the ferromagnetic coupling field (Hg) between the second AP pinned layef 212
and the free layer 206. |
The maéﬁetoresistive coefficient (dr/R) of the spin valve sensor 300 is 4.2%
which is an increase greater tﬁan' 6% over the magnetoresistive coefficient (dr/R) of the
spin valve sensor shown in Fig. 12. While this is a desirable increase in the
‘magnetoresistive coefficient (dr/R) the ferromagnetic coupling field (Hg) has been
increased from 8-9 Oe for the spin valve sensor 200 in Fig 12 to 20 Oe.
The present invention, which is des.cribedlbelow, increases the magnetoresistive
- coefficient (dr/R) without increasing the ferromagnetic coupling field (H) or maintains
the magnetoresistive coefficient (dr/R) while decreasing the ferromagnetic coupling field
(Hp). Further, the present iﬁvention may increase the magnetoresistive coefficient (dr/R)
by a reduced amount while decreasing the ferromagnetic coupling field (H;) by a

reduced amount, as desired.

Example 3
" First Embodiment of the Invention

Fig. 14 shows a third example 400 which is a first embodiment of the present
spin valve sensor. The spin valve sensor 400 in Fig. 14 is_ the same as the spin valve
sensor 300 in Fig. 13 excépt the second AP pinned layer 402 of the AP pinned structure
404 incorporates a novel multifilm structure instead of the single cobalt (Co). layer 212
shown in Fig. 12. The second AP pinned layer 402 includes a nickel iron (NiFe) middle
film 406 which is located between cobalt (Co) first and second films 408 and 410. In
a preferred embodiment the second cobalt (Co) film 410 is thicker than the first cobalt
(Co) film 408 and interfaces the spacer layer 302. The thinner cobalt (Co) first layer 408
interfaces the AP coupling layer 208. The first AP pinned layer 408 is 5 A of cobalt
(Co), the middle layer 406 was 7 A of nickel iron (NiFe) and thé second layeris 15 A of
cobalt (Co). The thicknesses of the other layers of the spin vaive sensor 400 in Fig. 14

are the same as the thicknesses of the spin valve sensor 300 in Fig. 13 including the
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reduced thickness of the spacer layer 302. The magnetic thickness of a multifilm second
AP pinned layer 402 of the épin valve sensor 400 is. substantially equivalent to the
magnetic thickness of the single film of cobalt (Co) 212 of the spin valve sensor 300.
The multifilm structure of the second AP pinned layer 402 decreased the
ferrdmagnétic coupling ﬁel-d (H;) from 20 Oe of the spin valve sensor 300 in Fig. 13 to
7.8 Oe. Accordingly, the maghetic coupling field (Hy) of the sensor 400 in Fig. 14 is
equivalent to the ferromagnetic coupling ﬁéld (H;) of the spin valve sensor 200 in Fig.
12, but has an increased magnetoresistive coefficient (di/R) from 3.95% to 4.2%. Since
the layers 408, 406 and 410 are séquentially formed the cobalt (Co) layer 408 can be
¢onsidered as a seed layer for the nickel iron (NiFe) layer 406 which, in tumn, is a seed
layer for the second cobalt (Co) layer 410. It is believed that the multifilm structure of
the second AP pinned layer 402 increases the smoothness of the surfaces of these layers
and thereby decreases the ferromagnetic coupling field (Hg). Anincrease in smoothness
of the surfaces of these layers decreases the ferromagnetic coupling field between the
second AP pinned layer 402 and the free layer 206. The thicknesses of the films of this
example were 5 A of cobalt (Co) for the first layer 408, 7 A of nickel iron (NiFe) for the
middle layer 406 and 15 A of cobalt (Co) for the second layer 410. In the preferred _.
embodiment the thicker second layer 410 interfaces the spacer layer 302 and the thinner

first layer 408 interfaces the AP coupling layer 208.
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. Example 4
Second Embodiment of the Present Invention

Fig. 15 illustrates a spin valve sensor 500 (secoﬁd example of the invention)
which is the same as the spin valve sensor 400 in Fig. 14 except the first AP pinned layer
502 of the AP pinned layer structure 504 also incorporates the novel multifilm structure
of the present invention. The single cobalt (Co) layer 2 10 of the embodiment 400 inFig. .
14 has been replaced in the first AP pinned lﬁyer 502 in Fig. 15 by a nickel iron (NiFe)
middle layer 506 which is located between a cobalt (Co) first film 508 and a cobalt (Cb)
second film 510. The first film 508 was 15 A of cobalt (Co), the middle film 506 was
7 A of nickel iron (NiFe) and the second film 510 was 5 A of cobalt (Co). Accordingly,
the thinner cobalt (Co) film interfaces the AP coupling layer 208 and the first cobalt
(Co) film 508 interfaces ﬁe nickel iron (NiFe) seed layer 214.

Example 5 _
Third Embodiment of the Invention

Fig. 16 shows a fifth example 600 of a spin valve sensor which is a third
embodiment of the present invention. The spin valve sensor 600 in Fig. 16 is the same
as the spin valve sensor 400 in Fig. 14 except the AP pinned layer structure 404 has been
replaced by a single pinned layer structure 602. The pinned valve structure 602 includes
a nickel iron (NiFe) middle film 604 which is located between a cobalt (Co) first film
606 and a cobalt (Co) second film 608. The. first film 606 is 10 A of cobalt (Co), the
middle film 604 is 7 A of nickel iron (NiFe) and the second film 608 is 15 A of cobalt.
The pinned structure 602 further includes a 10 A nickel iron (NiFe) seed layer 610
betweén the pinning layer 216 and the first cobalt (Co) layer 606. Accordingly, the
thicker cobalt (Co) film 608 interfaces the spacer layer 302 aﬁd the thinner cobalt (Co).
layer 606 interfaces the seed layer 610. Witha reduéed thickness of the spacer layer 302
from 24 A to 22.5 A the magnetoresistive coefficient (dr/R) increased while the
ferromagnetic coupling field (Hg) maintained substantially constant.
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It should be understood that the cobalt (Co) and nickel iré'n (NiFe) layers can be
alloys with a cobalt (Co) base or nickel (Ni) base, if desired. For instance, the cobalt
(Co) layers may be replaced with cobalt iron (CoFe). The nickel based materials may
be nickel iron chromium (NiFeCr), nickel iron hafnium (NiFeHf), nickel cobalt (NiCo)
or nickel chromium (NiCr). Further, the thicknesses of the various layers may be altered
as desired. A change in the thickness of the spacer layer will result in a change in the
magnetoresistive coefficient (dr/R) of the sensor while a change in the thicknesses .of the
films of the pinned layer structure will result in a change in the ferromagnetic coupling
field (H;). In preferred embodiments the thicker of the two cobalt films of the second
AP pinned layer interfaces the spacer layer. ‘ ' |

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 claiins, Which include all such embodiments and
modifications when viewed in conjunction with the above specification and

accompanying drawings.
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CLAIMS

1. A magnetic read head comprising:
a spin valve sensor that includes: _

a ferromagnetic pinned layer structure that has a magnetic moment;

an antiferromagnetic pinning layer exchange coupled to the pinned layer
structure for pinning the magnetic moment of the pinned layer structure; -

a ferromagnetib free layer ha{ring amagnetic moment that is free to rotate
in response to signal fields; .

'a nonmagnetic conductive spacer layer located between the pinned layer
structure and the free layer;
the pinned layer structure including:

cobalt (Co) based fifst and second films and a nickel (Ni) based middle
film; and ) |

the middle film being located between the first and second films.

2. A magnetic read head as claimed in claim 1 including:
the spin valve sensor having first and second side edges;

first and second hard bias and lead layers connected to the first and second side

edges of the spin valve sensor;

‘nonmagnetic nonconductive first and second read gap layers;

the spin valve sensor and the first and second hard bias and lead layers being

located between the first and second read gap layers;

ferromagnetic first and second shield layers; and

" the first and second read gap layers being located between the first and second

shield layers.

3. A magnetic read head as claimed in claim 2 wherein the pinned layer

_—

T
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structure includes: _ _

ferromagnetic first and second antiparallel (AP) pinned layers;

an antiparallel (AP) coupling layer located between the first and second AP
pinned layers; and _

one of the first and second AP pinned layers including said first, second and

middle films.

4. A magnetic read head as claimed in ¢laim 3 including:
the second AP pinned layer being located between the first AP pinned layer and
the spacer layer and including said first, second and middle films; and -

the first AP pinned layer being exchange coupled to said pinning layer.

5. A magnetic read head as claimed in claim 4 wherein the first AP pinned
layer includes a cobalt (Co) based film and a nickel (Ni) based film with the nickel (Ni)
based film being exchange coupled to the pinning layer and the cobalt (Co) based film
interfacing the AP coupling layer.

6. A magnetic read head as claimed in claim 5 wherein the pinning layer

is nickel oxide (NiO).
7. - A magnetic read head as claimed in claim 6 wherein:

the second film is thicker than the first film and interfaces the spacer layer;
and _
the cobalt (Co) based layers and films are cobalt (Co) and the nickel (Ni) based

layers and films are nickel iron (NiFe).

* [ L M s *
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8. A magnetic read head as- claimed in claim 4 wherein the first AP pinned
layer includes: _ , |

cobalt based third and fourth films and a nickel based second middle film;

the secorid middle film being located between the third and fourth films; and

a nickel based seed layer exchange coupled to and located between the pinning

layer and the third film.-

9. A magnetic read head as claimed in claim 8 wherein:

the pinning layer is nickel oxide (NiO);

the second film is thicker than the first film and interfaces the spacer layer;
and '

the cobalt (Co) based films are cobalt (Co) and the nickel (Ni) based seed layers

and films are nickel iron (NiFe).

10. A magnetic read head as claimed in cléim 2 including:

the pinned layer structure further including a nickel iron (N iFe) based seed layer
that is exchange coupled to the pinning layer and is located between the pinning layer
and the first film; and

the second film being thicker than the first film and interfacing the spacer

layer.

11. A magnetic read head as claimed in claim 10 wherein:

the pin_ning layer is nickel oxide (NiO).

12. A magnetic head assembly having a read head and a write head
comprising:
the write head including:
ferromagnetic first and second pole piece layers;
each of the first and second pole piece layers having a yoke portion

located between a pole tip portion and a back gap portion;

Oy i

L
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a nonmagnetic write gap layer located between the pole tip portions of
the first and second pole piece layers; |

an insulation stack with at least one coil layer embedded therein located
betweeii the yoke portions of the first and second pole pie_cé layers; and

fhe_ﬁrst and second pole piece layers being connected at their back gap
portions; and '
the read head including:

' a spin valve sensor thét has first and second side edges;

nonmagnetic nonconductive first and second read gap layers;

ﬁrst. and second hard bias and lead layers connected to the first and '
second side edges of the spin valve sensor;

a ferromagnetic first shield layer; and

the first and second read gap layers being located between the first shield
layer and the first pole piece layer; and '
the spin valve sensor including:

a ferromagnetic pinned layer structure that has a magnetic moment;

~an antiferromagnetic pi_nning layer exchange coup!ed to the pinned layer

structure for pinning the magnetic moment of the pinned layer structure; '

a ferromagnetic free layer having a magnetic moment that is free torotate
in response to signal fields; and

anonmagnetic conductive spacer layer located between the pinned layer
structure and the free layer; and
the pinned layer structure including: .. _

cobalt (Co) based first and second films and a nickel iron based middle
film; and

the middle film being located between the first and second films.

13. A magpnetic head assembly as claimed in claim 12 including:

—

A
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the read head further including:

a ferromagnetic second shield layer;
a nonmagnetic separation layer; and _
the separation layer being located between the second shield layer the

first pole piece layer.

14. A magnetic head assembly as claimed in claim 12 wherein the pinned
layer structure includes:
ferromagnetic first and second antiparallel (AP) pinned layers;
| an antiparallel (AP) coupling layer located between the first and second AP
pinned layers; and
one of the first and second AP pinned layers including said first, second and
middle films. '

15. A magnetic head assembly as claimed in claim 14 including:
the second AP pinned layer being located between the first AP pinned layer and
the spacer layer and including said first, second and middle films; and

the first AP pinned layer being exchange coupled to said pinning layer.

16. - A magnetic head assembly as claimed in claim 15 wherein the first AP
pinned layer includes a cobalt (Co) based film and a nickel iron (NiFe) based film with
the nickel iron (NiFe) based film being exchange coupled to the pinning layer and the
cobalt (Co) based film interfacing the AP coupling layer. '

17. A magnetic head assembly as claimed in claim 16 wherein:
the pinning layer is nickel oxide (NiO); and

the second film is thicker than the first film and interfaces the spacer layer.

18. A magnetic head assembly as claimed in claim 15 wherein the first AP
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pinned layer includes: _ .
cobalt based third and fourth films and a nickel iron based second middle
film; |
the second middle film being located between the third and fourth ﬁlms; and
a nickel iron based seed layer exchange coupled to and located between the

pinning layer and the third film.

19. A magnetic head assembly as claimed in claim 12 including:

the pinned 1ayer structure further including a nickel iron (Ni Fe) based seed layer
that is exchange coupled to the pinning layer and is located between the pinning layer
and the first film; and

the second film being thicker than the first film and interfacing the spacer

layer.

200 A magﬁetic disk drive having at least one slider that has an air bearing
surface (ABS), the slider supporting at least one magnetic head assembly that includes
a read head and a write head, the disk drive comprising:

the write head including; | _

ferromagnetic first and second pole piece layers;
each of the first and second pole piece layers having a yoke portion
located between a pole tip portion and a back gap portion;
. a nonmagnetic write gap layer located between the pole_ﬁp portions of
the first and second pole piece layers;
~ aninsulation stack with at least one coil layer embedded therein located
. between the yoke portions of the first and second pole piece layers; and
the first and second pole piece layers being connected at their back gap
portions; and
the read head including:

a spin valve sensor that has first and second side edges;
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first and second hard bias and lead layers connected to the first and
second side edges of the spin valve sensor;

nonmagnetic nonconductive first and second read gap layers;

the spin valve sensor and the first and second hard bias and lead layers
being located between the first and second read gap layers;

a ferromagnetic first shield layer; and

the first and second read gap layers being located between the first shield
layer and the first pole piece layer; and |
the spin valve sensor including:

| a ferromagnetic pinned layer.structure that has a magnetic moment;

an antiferromagnetic pinning layer exchange coupled to the pinned layer
structure for pinning the magnetic moment of the pinned layer structure;

a ferromagnetic free layer having a magnetic moment that is free to rotate
in response to signal fields; and

a nonmagnetic conductive spacer layer located between the pinned layer
structure and the free layer; and - '
the pinned layer structure including:

cobalt (Co) based first and second films and a nickel iron (NiF é) based
middle film; and

the middle film being located between the first and second films; and
a housing; |
a magnetic disk rotatably supported in the housing;
a support mounted in the housing for supporting the magnetlc head assembly

with its ABS facing the magnetlc disk so that the magnetic head assembly is in a

transducing relationship with the magnetic disk;

a spindle motor for rotating the magnetic disk;

an actuator connected to the support for moving the magnetic head assembly to

multiple positions with respect to said magnetic disk; and

a processor connected to the magnetic head assembly, to the spindle motor and
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to the actuator for exchanging signals with the magnetic head assembly, for controlling
rotatibn_ of the magnetic diék and for controlling the position of the magnetic head
assembly relative to the magnetic disk.
21. A magnetic disk drive as claimed in claim 20 including:
the read head further including:
a ferromagnetic second shield layer;
a nonmagnetic separation layer; and
the separation layer bemg located between the second shield layer the

first pole piece layer.

22, A magnetic disk drive as claimed in claim 20 wherein the pinned layer
structure includes:

ferromagnetic first and second antiparallel (AP) pinned layers;

an antiparallel (AP) coupling layer located between the first and second AP
pinned layers; and

one of the first and second AP pinned layers including said fifst, second and
- middle films.

23. A magnetic disk drive as claimed in claim 22 including:
the second AP pinned layer being located between the first AP plnned layer and
the spacer layer and including said first, second and middle films; and

the first AP pinned layer being exchange coupled to said pinning layer.

24.  Amagnetic disk drive as claimed in claim 23 wherein the first AP pinned
layer includes a cobalt (Co) based film and a nickel (Ni) based film with the nickel (Ni)
based film being exchange coupled to the pinning layer and the cobalt (Co) based film
interfacing the AP coupling layer.

25. A magnetic disk drive as claimed in claim 24 wherein:

the pinning layer is nickel oxide (NiO); and
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the second film is thicker than the first film and interfaces the spacer layer.

26. A magnetic disk drive as claimed in claim 23 wherein the first AP pinned
layer includes: -~ _

cobalt based third and fourth films and a nickel iron (NiFe) based second middle
film;

the second middle film being located between the third and fourth films; and

a nickel iron based seed layer exchange coupled to and located between the

_pinning layer and the third film.

27. A magnetic disk drive as claimed in claim 20 including: _
the pinned layer structure further including a nickel iron (Ni Fe) based seed layér
that is exchange coupled to the pinning layer and is located between the pinning layer
and the first film; and
'- the second film being thicker than the first film and interfacing the spacer '

layer.

28. A method of making a read head that includes a spin valve sensor
comprising the steps of:
making the spin valve sensor as follows:
forming a ferromagnetic pinned layer structure that has a magnetic
‘moment; ' ' |
forming an antiferromagnetic’ pinning layer exchange coupled to the
pinned layer structure for pinning the mag_neﬁc moment of the- pinned layer
| structure; - |
forming a ferromagnetic free layer having a magnetic moment that is free
to rotate in response to signal fields; and
forming a nonmagnetic conductive spacer layer between the pinned layer
structure and the free iayer; and |
fonning the pinned lé,yer structure as follows:
. forming cobalt (Co) based first and second films; and
) -
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forming a nickel iron based middle film between the first and second

films.

29.  Amethod as claimed in claim 28 including:

forming the spin valve-sensor with first and second side edges;

forming first and second hard bias and lead layers connected to the first and
second side edges of the spin valve sensor; '

forming nonmagnetic nonconductive first and second read gap layers;

. forming the spin valve sensor and the first and second hard bias and lead layers

between the first and second read gap layers;

forming ferromagnetic first and second shield layers; and

forming the first and second read gap layers between the first and second shield

layers.

30. A method as claimed in claim 29 wherein the pinned layer structure is
further formed as follows:
forming ferromagnetic first and second antiparallel (AP) pinned layers;
- forming an antiparallel (AP) coupling layer between the first and second AP
pinned layers; and '
forming one of the first and second AP pinned layers to include said first, second

and middle films.

3. . A méthod as claimed in claim 30 including: . _

forming the second AP pinned layer between the first AP pinned layer and the
spécer layer with said first, second and middle films;

forming the thicker of the first and second films of the second AP pinned layer
interfacing the spaéer layer; and

forming the first AP pinned layer exchange coupled to said pinning layer.

32.. A method as claimed in claim 31 wherein the first AP pinned layer is

formed of a cobalt (Co) based film and a nickel iron (NiFe) based film with the nickel
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iron (NiFe) based film being exchange coupled to the pinning layer and the cobalt (Co)
based film interfacing the AP coupling layer.

33. A method as claimed in claim 32 wherein the pinning layer is formed of
nickel oxide (NiO).

34.l A method as claimed in claim 33 wherein:

the second film is formed thicker than the first film and interfaces the spacer
layer; and

the cobalt (Co) based layers and films are cobalt (Co) and the nickel (N i) based

layers and films are nickel iron (NiFe).

35. A method as claimed in claim 31 wherein the first AP pined layer is
formed as fellows:

forming third and fourth cobalt based films and a nickel iron based second
middle film with the second middle film being located between the third and fourth
films; and

forminga mckel iron based seed layer exchange coupled to and located between

the pinning layer and the third film.

36. A method as claimed in claim 35 wherein:

the pinning layer is formed of nickel oxide (NiO);

the second film is fonned thicker than the first film and interfaces the spacer
layer; and _

the cobalt (Co) based layers and films are formed of cobalt (Co) and the nickel
iron (NiFe) based seed layer and films are formed of nickel.iron (NiFe).

37. A method as claimed in claim 29 wherein:

the pinned layer structure is further formed with a nickel (Ni) based seed layer
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that is exchange coupled to and located between the pinning layer and the first film;
and
the second film is formed thicker than the first film and interfacing the spacer

layer. B

38. A method as claimed in claim 37 wherein:

the pinning layer is formed of nickel oxide (NiO).

'39. A method of making a magnetic head assembly having a read head and
. a write head comprising; '
forming the write head as follows:

forming ferromagnetic first and second pole piece layers with a yoke
portion between a pole tip portion and a back gap portion;

forming a nonmagnetic write gap layer between the pole tip portions of
the first and second pole piece layers;

forming an insulation stack with at least one coil layer embedded therein
in the yoke portions of the first and second pole piece layers; and

connecting tiie first and second pole piece layers at their back gaps
portions; and |
forming the read head as follows: .

- forming a spin valve sensor that has first and second side edges; -

forming first and second hard bias and lead layers connected to the first
and second side edges of the spin valve sensor;:

forming nonmagnetic nonconductive first and second read gap layers;

forming the spin valve sensor and the first and second hard bias and lead
layers between the first and second read gap layers;

forming a ferromagnetic first shield layer; and

forming the first and second read gap layers between the first shield layer

and the first pole piece layer; and
I
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forming the spin valve sensor as follows:

forming a feﬁomagnetic pinned layer structure that has a magnetic.
moment;

forming an antiferromagnetic pinning layer exchange coupled to the
pinned layer structure for pinning the magnetic moment of the pinned layer
structure; -

forming a ferromagnetic free layer having a magnetic moment that is free
to rotate in response to signal fields; and

forminga _nonmagnetic conductive spacer layer between the pinned layer
structure and the free layer; and ‘
forming the pinned layer structure as follows:

forming cobalt (Co)'- based first and second ﬁlmé; and

forming a nickel iron based middle film between the first and second

films.

40. A method as claimed in claim 39 including:
forming a ferromagnetic second shield layer; and
forming a nonmagnetic separation layer between the second shield layer the first

- pole piece layer.

41. - A method as claimed in claim 39 wherein the pinned layer structure is
further formed as follows: _

forming ferromagnetic first and second antiparallel (AP) pinned layers;

forming an antiparallél (AP) coupling layer between the fifst and second AP
pinned layers; and |

forming one of the first and second AP pinned layers to include said first, second
and middle filts. | , |

42. A method as claimed in claim 41 including:

forming fhe second AP pinned layer between the first AP pinned layer and the

spacer layer with said first, second and middle films;
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" forming the thicker of the first and second films of the second AP pinned layer
interfacing the spacer layer; and - '
forming the first AP pinned layer exchange coupled to said pinning layer.

43. A method as claimed in claim 42 wﬁerein the first AP pinned layef is
formed of a cobalt (Co) based film and a nickel iron (NiFe) based film with the nickel
iron (NiFe) based film being exchange coupled to the pinning layer and the cobalt (Co)
based film interfacing the.AP coupling iayer.

44. - A method as claimed in claim 43 wherein:
the pinning layer is formed of nickel oxide (NiO); and
the second film is formed thicker than the first film and interfaces the spacer

layer.

45. A method as claimed in claim 42 wherein the first AP pinned layer is
formed as follows: " '
forming third and fourth cobalt based films and a nickel iron based second
middle film with the second middle film being located between the third and fourth
films;and
- forming a nickel iron based seed layer exchange coupled to and located between

the pinning layer and the third film.

46. A method as claimed in claim 39 wherein:

the pinned layer structure is further formed with a nickel iron (Ni Fe) based seed
layer that is exchange coupled to and located between the pinning layer and the first
film; and .

the second film is formed thicker than the first film and interfacing the spacer

layer.
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