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SPIN VALVE READ HEAD WITH LOW MOMENT, HIGH
COERCIVITY PINNING LAYER

. BACKGROUND OF THE INVENTION
1. Field of the Invention

The present invention relates to a spin ‘valve read head that has a high
magnetic moment, high coercivity pinning layer, and more particularly to a pinning
layer that pins a pinned layer with its high coercivity and does not significantly impact
the coercivity of a free layer because of its low magnetic moment.

2. Description of the Related Art

' A read head employing a spin valve ser:sor (hereinafter referred to as a "spin
valve read head") may be combined with an inductive write head to form a combined
magnetic head. In a magnetic disk drive an air bearing surface (ABS) of the
combined magnetic head is supported adjacent a rotating disk to write information on
or read information from a surface of the disk. In a write mode, information is
written to the surface by magnetic fields that fringe across a gap between 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 a sense current is conducted through the spin valve sensor,
resistance changes cause potential changes that are detected and processed as playback
signals.

A spin valve sensor includes a nonmagnetic conductive laver, also called a
spacer layer, sandwiched between first and second ferromagnetiﬁ layers, referred to
as a pinned layer, and a free layer. First and second leads are connected to the spin
valve sensor for conducting the sense current therethrough. The magnetization of the
pinned layer is maintained ("pinned") at 90° to the magnetization of the free laver.
The magnetization of the free layer changes freely in response to magnetic ﬁélds from
the rotating disk. The magnetization of the pinned layer is, typically, pinned by

exchange coupling with an antiferromagnetic layer.
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The present invention relates to a spin valve read head that has a high
nagnet’i c nonent, high coercivity pinning layer, and nore particularly to a
pinning layer that pins a pinned |layer with its high coercivity and does
not significantly inpact the coercivity of a free |ayer because of its |ow
magneti c nonent. 2. Description of the Related Art A read head
enpl oying a spin valve sensor (hereinafter referred to as a "spin valve
read head") may be conmbined with an inductive wite head to forma conbi ned
magnetic head. In a magnetic disk drive an air bearing surface (ABS) of the
conbi ned magnetic head is supported adjacgnt a rotating disk to wite

i nformation on or read information froma surface of the disk. In a wite
node, information is witten to the surface by magnetic fields that fringe

across a gap betwegn first and, seco pol e pieces aof the wite head. In a
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| ayer. of the pinned and free lavers. A spin valve sensor has a magnetoresistive (MR)

coefficient that is preferably substantially higher than the MR coefficient of an
anisotropic magnetoresistive (AMR) sensor. For this reason it is sometimes referred
to as a giant magnetoresistive (GMR) sensor. ™

A spin valve transfer curve that plots the readback signal of the spin valve
head versus the applied signal from the magnetic disk is defined by a substantially
linear portion-of sin 8. With positive and negative magnetic fields from a moving
magnetic disk, which are equal in magnitude, it is important that positive and negative
changes in the GMR of the spin valve read head be equal in order that the positive
and negative readback signals be equal. When, in a quiescent state, 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 léyer is perpendicular to the ABS, the positive and
negative readback signals will be equal when sensing positive and negative fields from
the magnetic disk. When the direction of the magnetic moment of the free layver is
parallel to the ABS, the bias point on the transfer curve will be zero, and the readback
signals will be symmetrical about this bias point.

The antiferromagnetic layer interfacially engages the pinned layer in order to
pin the magnetization of the pinned layer in a predetermined direction by magnetic
exchange coupling. During construction of the magnetic head, the antiferromagnetic
pinning layer is subjected to a temperature above a blocking témperature in presence
of a magnetic field. The blocking temperature is the temperature at which the

antiferromagnetic effect of the material ceases and the magnetic spins are free to align



The magneti zation of the free |ayer changes freely in response to magnetic
fields fromthe rotating disk. The magnetization of the pinned |ayer is,

stypically, pinned by exchange coupling with an antiferromagnetic |ayer.
Preferably, the thickness of the spacer layer is |less than the nmean free
pat h of conduction electrons through the spin valve sensor. Wth this
arrangenment, sone of '

in the direction of the aforementioned magnetic field. When the temperature is
reduced to ambient and the magnetic field is removed, the magnetic spins of the
antiferromagnetic pinniﬁg layer are oriented in a predetermined direction that is,
typically, perpendicular to the ABS. The antiferromagnetic pinning layer has a face

* that directly engages a face of the pinned layer. The orientation of the spins at the
face of the antiferromagnetic layer orient the spins of the face of pinned layer in a like
direction by exchange coupling. Consequently, all of the spins of the pinned layer are
oriented in the predetermined direction. A high level of exchange coupling promotes
high thermal stability of the head.

Since the antiferromagnetic pinning laver is not magnetized, it exerts no
magnetic influence on the free layer. This is ddvantageous since the magnetization
of the free layer should be free to rotate about a bias point in response to magnetic
fields from the rotiating disk. Advantageously, the magnetization of the pinned laver
can be strongly pinned by the antiferromagnetic pinning layer so that its orientation
cannot be easily changed by stray magnetic fields.

Unfortunately, a serious disadvantage of the antiferromagnetic pinning layer
is that it loses its orientation when its blocking temperature is exceeded. As a
consequence, the magnetic moment of the pinned layer is no longer pinned in the
desired direction. This can be caused during construction of the head by electrostatic
discharge (ESD) from an object carrying a static charge. More often, however, the
blocking temperature is exceeded during use when the head frictionally engéges an
asperity on the magnetic disk. Accordingly, there is a strong-felt need 10 improve the
thermal stability of a spin valve read head by improving the performance of the

pinning layer.



the conduction electrons are scattered by the interfaces of the spacer
l.ayer 'with the pinned and free |ayers. Wen the directions of magnetization
of the pinned and free |ayers are parallel, scattering is mninmal, and when
the directions are antiparallel, scattering is maximzed. Changes in the
scattering change the resistance of the spin valve sensor in proportion to
sin [err], where [err] is the angle between the magnetizations of the
pi nned and free | ayers. A spin valve sensor has a magnetoresistive (M)
coefficient that is preferably substanti-ally higher than the MR coefficient
of an ani sotropi c magnetoresi stive (AMR) sensor. For this reason it is
sonetines referred to as a giant magnetoresistive (GW) sensor. A
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return the magnetization of the free layer to zéro after an applied field of opposite

polarity is removed. Coercivity is also referred to as the switching field. In this

regard, after a positive applied field is removed, a negative applied field reduces the

magnetization of the free layer to zero. In this case, the second field is referred to as

a negative switching field. As the negative field still further increases in a negative

direction, it saturates the free layer in the negative direction. An applied positive field

then increases the magnetization of the free layer to zero. In this case, the second

field is referred to as a po__§itive switching field. As the positive field still further

increases in a positive direction it saturates the free layer in the positive direction.

The magnitudes of the positive and negative switching fields required to reduce the

magnetization of the free iayer to zero are a measure of the coercivity of the free

layer. It can readily be appreciated that the coercivity of the free layer should be as

low as possible in order that the switching field be as low as possible. The lower the

switching field, the more readily the free layer responds to positive and negative fields

- from the-rotating disk. |
The hard mégnetic materials that I investigated had a high magnetic moment
(greater than 300 emuw/cc). My further investigation showed that, when the magnetic
moment was less than 300 emu/cc, high coercivity, hard magnetic material did not

substantially increase the coercivity of the free layer. It is believed that, because of



The antiferromagnetic |ayer interfacially engages the pinned |ayer in order
to pi¥i the magneti zation of the pinned layer in a predetermned direction
Hy magnetic exchange coupling. During construction of the magnetic head.
the antiferromagnetic pinning |ayer is subjected to a tenperature above a
bl ocki ng tenperature in presence of a magnetic field. The bl ocking
tenperature is the tenperature at which the antiferronagnetic effect of the

mat eri al ceases and the nagnetic spins are free to align
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magnetostatic coupling between the hard magnetic materials investigated and the free
layer, their high magnetic moment caused the high coercivity of these hard magnetic
materials to increase the coercivity of the free layer. Accordingly, I concluded thart
high moment, hard magnetic materials are not a good substitute for the

" antiferromagnetic material.

Upon further investigation I discovered several materials for pinning the pinned
layer that do not impact the magnetization of the free layer, and that have high
thermal stability. These materials have high coercivity and a low, or no, magnetic
moment. Therefore, instead of employing a magnetic moment, I employ the high
coercivity of these unique materials to pin the magnetic moment of the pinned layer.
Since these materials have low, or zero, moment, there is no, or substantially no.
increase in the coercivity of the free layer. The materials that I have discovered are
CoSm, TEFeCo, which are amorphous, and CoPtCr, which is not amorphous. The'
amorphous materials are particularly desirable because they exhibit no granular fields
that would magnetostatically couple to the free layér. While the CoPtCr is not'
amorphous, I employ sufficient Cr in the mixture to reduce the magnetic moment to
zero, or to near zero. This can be accomplished with about 15% Cr by atomic weight.
It is interesting to note that the magnetization of the high coercivity material can be
set to be perpendicular to the ABS by simply subjecting the material to a magnetic
field directed perpendicularly to the ABS. It can now be appreciated that, should the
high coercivity pinning layer lose its orientation, it can simply be reset by exposure
to a magnetic field that is directed parallel to the ABS. In contfast, an
antiferromagnetic pinning layer can only be reset by raising its temperature above the
blocking temperature and subjecting it to a magnetic field along the ABS.

An object of the present invention is to provide a pinning layer for a spin valve
sensor that has improved thermal stability and that does not affect the coercivity of
the free laver.

Another object is to provide a hard magnetic pinning layer for a spin valve
sensor that has high coercivity for pinning a pinned layer, but substantially no

magnetic moment to affect the coercivity of the free layver.



in the direction of the aforenentioned magnetic field. Wien the tenperature
i s reduced to ambient and the magnetic field is renoved, the magnetic spins
ot the antiferromagnetic pinning layer are oriented in a predeterm ned
direction that is typically, perpendicular to the ABS. The
antiferromagnetic pinning |layer has a face that directly engages a face of
tthe pinned |ayer. The orientation of the spins at the face of the
antiferromagnetic | ayer orient the spins of the face of pinned layer in a
|'i ke direction by exchange coupling. Congequently, all of the spins of the
pinned | ayer are oriented in the predeterm ned direction. A high |evel of
exchange coupling pronotes high thermal stability of the head. Si nce
the antiferrormgne n e o]
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t he magnetic nmonent of the pinned |ayer is no longer pinned in the desired

direction. This can be caused during construction of the head by
el ectrostatic discharge (ESD) from an object carrying a static charge. Mre °

of ten, however, the 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 II-II;

Fig. 3 is an elevation view of the magnetic disk drive wherein multiple disks
and magnetic heads are employed; .

Fig. 4 is an isomeuic illustration of an exemplary suspension system for
supporting the slider and magnetic head;

Fig. 5 is an ABS view-of the slider and magnetic heéd taken along plane V-V
of Fig. 2; :

Fig. 6 is a partial view of the slider and magnetic head as seen in plane VI-VI
of Fig. 2;

Fig. 7 is a partial ABS view of the slider taken along plane VII-VII with the
overcoat layer removed to show the read and write elements of the magnetic head;

Fig. 8 is a view taken along plane VIII-VIII of Fig. 6 with all material above
the second pole piece removed and with a portion of the head back of the back gap

.-shown to illustrate the complete coil; -

Fig. 9 is an ABS view of a prior art sensor employing an antiferromagnetic
pinning layer;

Fig. 10 is a graph illustrating M/H loops for the free and pinned layers of the

sensor shown in Fig. 9;



bl ocking tenperature is exceeded during use when the head frictionally
engagés an asperity on the magnetic disk. Accordingly, there is a
strong-felt need to inprove the thermal stability of a spin valve read head
by i nproving the performance of the pinning | ayer..
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I nvesti gated several hard magnetic materials in order to identify o
substitutes for the antiferromagnetic nmaterial typically used as a pinning
| ayer in a -7-

Fig. 11 is a graph showing M/H loops for the free and pinned layers of the
sensor in Fig. 9 after a pinning layer has been subjected to a temperature above its
blocking temperature;

Fig. 12 is an ABS view of a spin valve sensor employing a hard magnet for

‘pinning the pinned layer;

Fig. 13 is a graph illustrating M/H loops for the free and pinned layers of the
sensor shown in Fig. 12;

Fig. 14 is an ABS view of the present invention employing the coercivity of
a low moment pinning layer for pinning a pinned layer;

Fig. 15 is an isometric illustration of the spin valve sensor shown in F ig. 14;

Fig. 16 is a graph showing M/H loops fer the free and pinned layers when the
pinned layer is pinned in a positive applied field direction;

Fig. 17 is a graph showing M/H loops for the free and pinned layers of a spin
valve sensor with the pinned layer being pinned in a negative applied field direction;
and

Fig. 18 is a chart showing a series of steps in making the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENT

- Referring now to the drawings wherein like reference numerals designate like

or similar parts throughout the several views there is illustrated in Figs. 1-3 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 motor 36 that is controlled by a

motor controller 38. A combined magnetic head 40 is mounted on a slider 42 that is

supported by a suspension 44 and actuator arm 46. 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 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, .05 pm) cushion of air (air bearing) betwéen the surface of' the

disk 34 and the air bearing surface (ABS) 48. The magnetic head 40 may then be



spin valve read head. I n each case, the magnetization of the hard magnetic
mat erital was oriented perpendicularly to the ABS. In each case, the
magneti zati on of the pinned | ayer was pinned perpendicularly to the ABS by
magneti ¢ exchange coupling with the hard nagnetic material. These hard
magnetic materials do not | ose magnetic orientation because of high heat.
Unfortunately, however, hard magnetic material has a magnetic coercivity
(H err]) that influences the coercivity of the free layer. Free |ayer
coercivitv is the magni tude of a nmagneti-& field of one polarity that is
required to return the magneti zation of the free layer to zero after an
applied field of opposite polarity is renoved. Coercivity is also referred
to as the swidnpidyra fér varitthg ihforrhdtion 16 mghipk ciralaratracks qothé furfaee afahd disid fi el d
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nore readily t ayer responds to positive and negative fie
magnetic disk 34, the cross rail 62 is at a leading 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 the magnetic head 40 which
has a write head portion 70 and a read head portion 72, the read head portion
employing a spin valve sensor 74 of the present invention. Fig. 7 is an ABS view of
Fig. 6. The MR sensor 74 is sandwiched between first and second gap layers 76 and
78 and the gap layers are sandwiched between first and second shield layers 80 and
82. In response to external magnetic fields, the resis.tance of the MR sensor 74
changes. A sense current I conducted 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 of the prior art head includes a coil 1;1yer 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

'.laycrs are referred to in the art as an “insulation stack”. The coil layer 84 and the
first, second and third insulation layers 86, 88 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. As shown in Figs.



fromthe rotating disk. The hard nmagnetic materials that |

I nvestigated had a high nagnetic nonent (greater than 300 emu/cc). MWy
further investigation showed that, when the nagnetic nonent was | ess than
300 enmu/cc, high coercivity, hard nagnetic material did not substantially

I ncrease the coercivity of the free layer. It is believed that, because of
magnet ostati ¢ coupling between the hard magnetic materials investigated and

the free layer, their high magnetic nonment caused the high coercivity of
t hese hard magnetic -9-

2 and 4, first and second solder connections 104 and 106 connect leads 108 and 110
(see Figs. 9, 12 and 14) from the MR 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. 8) to leads 124 and 126 on the suspension. A wear

“layer 128 may be employed for protecting the sensitive elements of the magnetic head,
as shown in Figs. 2, 4, 6 and 7. '

A prior art spin valve sensor 200, which is shown in an ABS view in Fig. 9,
has a ferromagnetic free layer 202, a nonmagnetic electrically conductive spacer layer
204 and a pinned ferromagnetic layer 206. The spacer layer ‘204 is sandwiched
between the free layer 202 and the pinned layer 206. The pinned layer 206 has a
surface which interfaces with a surface of an antiferromagnetic layer 208 so that the
antiferromagnetic layer pins the magnetic moment of the pinned layer 206 in a
direction perpendicular to the ABS., The moment of the pinned layer 206 is pinned
in this direction by exchange coupling with the antiferromagnetic layer 208. An
active portidn of the sensor may be capped with a tantalum layer 210.

The sensor 200 rests on a first gap layer 212 which is the same as the gap
layer 76 in Fig. 6. First and second chromium layers 214 and 216 may make
contiguous junctions with side walls of the pinning layer 208. Hard bias layers 218
and 2':20 may make contiguous junctions with the side walls of the layers 202, 204,
206 and 210 for longitudinally biasing the free layer 202 parallel to the ABS. This
biasing stabilizes the free layer and minimizes Barkhausen noise. Immediately
adjacent the hard bias layers 218 and 220 may be the first and second lead layers 108
and 110, which are connected to the leads 112 and 114, which are also shown in Fig.
4. The leads 112 and 114 are connected to a sensing circuit 230 and a current source
232 which are a part of the processing circuitry shown in Fig. 3. The active region
“of the sensor is the width of the layers 202, 204, 206 and 210, as shown in Fig. 9, and

is the distance between the contiguous junctions. This also defines the track width of
the read head.



materials to increase the coercivity of the free |ayer. Accordingly, |
concl uded that high noment, hard magnetic materials are not a good
substitute for the antlferronagnetlc mat eri al . Upon further

i nvestigation | discovered several materials for pinning the pinned | ayer
that do not inpact the magnetization of the free layer, and that have high
thermal stability. These materials have high coercivity and a | ow, or no,
magneti c nonent. Therefore, instead of enploying a nmagnetic nonent, |

enpl oy the high coercivity of these uniqué-materials to pin the magnetic
nmonment of the pinned | ayer. Since these materials have |ow, or zero,
nonment, there is no, or substantially no. increase in the coercivity of the
free |ayer. The maibe frat tayer(i2 has hanagnelicgnament wiich iefr@osmptaiF6Goandivhi ch
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tenperature agge\fa?nc;[nhoef a spin valve sensor is that the spacer layer 204 have a thickness which

is less than the mean free path of conduction electrons flowing between the first and
second leads 108 and 110. The degree of electron scattering, which depends upon the
relative angle between the magnetization of the free layer 202 and the magnetization
of the pinned layer 206, determines the resistance of the sensor to the sense current
Is. The greatest scattering and the correspondingly greatest increase in resistance
occurs when the magnetization of the free layer 202 and the magnetization of the
pinned layer 206 are antiparallel and the least scattering and the correspondingly least
resistance change occurs when the magnetization of the free layer 202 and the
magnetization of the pinned layer 206 are parallel with respect to one another.

The magnetization of the free layer 202 is typically oriented parallel to the
ABS so that upon receiving positive and negative field signals from a rotating disk the
magnetization rotates upwardly or downwardly to decrease or increase the resistance
of the sensor. This would be an opposite situation if the magnetization of the pinned
layer 206 is oriented toward the ABS instead away therefrom. When the

--magnetization of the free layer 202 is oriented parallel to the ABS the transfer curve

of the spin valve is symmetrical about a zero point.

Fig. 10 shows an M/H loop 234 for the free layer 202 and an M/H loop 236
for the pinned layer 206 of the prior art sensor 200 shown in Fig. 9. The free laver

202 operates in response to positive and negative applied fields which are slightly



bl ocki ng tenperature and subjecting it to a magnetic field along the ABS.
An obfect of the present invention is to provide a pinning |layer for a spin
val ve sensor that has inmproved thernal stability and that does not affect
the coercivity of the free |ayer. : Anot her object is to provide a
hard magnetic pinning |ayer for a spin valve sensor that has high
coercivity for pinning a pinned | ayer, but substantially no magnetic nonent
to affect the coercivity of the free | ayer.

- 6- -11-

above and below zero. Positive and negative rotations of the magnetization of the free
layer 202 relative to the magnetization of the pinned layer 236 changes the resistance
of the sensor to enable detection of the applied signals from the rotating disk. It is
important that the pinned layer 206 remain pinned in its location by exchange
*coupling field, which is represented by Heyeyange Shown in Fig. 10. Since the M/H
loop of the pinned layer 206 has a degree of coercivity H, the pinning moment of the
pinned layer 206 is equal t0 Hgyeyange Plus the coercivity He.

A problem with the antiferromagnetic pinning layer 208, shown in Fig. 9, is
that it can lose its orientation or partially lose its orientation, as shown in Fig. 11.
This occurs when the antiferromagnetic pinning layer is subjected to a temperature
above its blocking temperature. For instance, if the pinning layer 208 is iron
manganese (FeMn), its blocking temperature is 230° C. Elevated temperature
typically is encountered during operation of the magnetic head when it frictionally'
contacts an asperity on the rotating disk. Friction between the head and the asperity;
may raise the temperature of the pinning layer above its blocking temperature. When
this occurs, the pinned layer 206 in Fig. 9 may lose its magnetic orientation, which
can degrade the response of the sensor. Since the pinning layer 208 can only be reset
by high temperature in the presence of a magnetic field, the disk drive assembly is
rendered inoperative. Accordingly, it would be desirable to provide a device for
pinning the pinned layer 206, even though the pinning layer 208 is subjected to high
temperature conditions.

[ have investigated a sensor 300, shown in Fig. 12, to determine whether the
use of certain materials in its structuré might overcome the problem of loss of
magnetic orientation of the pinning layer upon exposure to a temperature above its
‘blocking temperature. The sensor 300 in Fig. 12 is the same as the sensor in Fig. 9
except a hard magnetic material is employed for a pinning layer 302, soft mzgnetic
layers 304 and 306 form contiguous junction with the layers 202, 204, 206 ard 210,
and antiferromagnetic la_vefs 308 and 310 are immediately adjacent the layers 304 and

306 respectively. A typical hard magnetic material (H.M.) for the pinning layer 302



A further object is to provide a pinning layer that can have its magnetic

nmonent reset by a magnet at room tenperature. A further object is to
énpl oy a high coercivity pinning layer for pinning a pinned |ayer of a spin
val ve sensor without affecting the sensitivity of the sensor. Q her

obj ects and attendant advantages of the invention will be appreci ated upon
reading the foll ow ng description taken together with the draw ngs.

‘BRI EF DESCRI PTI ON OF THE DRAW NGS . Fig. 1 is a planar view of an
exenpl ary magnetic disk drive; Ftl|g: 2 is an end view of a slider
with a magnetic head of the disk drive as seen in plane I1-11; Fig

3 is an elevation view of the magnetic disk drive wherein nultiple disks
and magneti c ih€Cadtls oaCGPteﬂpII'biﬁemb,Terial is crystaHing andlhds bothra liliglomz:taﬁricy dndlaustrati on

head o b SSERERS HReS IR il PRBRE] bhdR A eshril: rRRRALE t aken
al ong pl ane \enmplefedHbPpinding the pinned layer 206. Unfortunately, the multiple crystals of
the hard magnetic material 302 propagate randomly-oriented demagnetizing fields into
“the free layer 202 through the pinned layer 206 and the spacer layer 204. These
randomly-oriented demagnetizing fields increase the coercivity Hc of the free laver
-202, which makes the free layer 202 stiffer in its response to applied fields from the
rotating disk. This is undesirable because the free layer 202 should have low
coercivity in order to respond to small magnitude fields from the rotating disk. The
M/H loops for the free layer 204 and the pinned layer 206 are shown in Fig. 13. It
can be seen that the coercivity H. of the free laver 202, shown in Figs. 12 and 13, is
significantly larger than the coercivity H; of the free layer 202 shown in Figs. 9-11.
Accordingly, the sensor shown in Fig. 12 is not as sensitive to applied signals as the
sensor shown in Fig. 9.

The M/H loop for the pinned layer 206 is shown at 312 in Fig. 13. The
pinning is in a negative direction, and is set in that direction by the direction of the
field of the hard magnetic material employed for the pinning layer 302. If desired,
the pinned direction could be in the positive direction by simply reversing the
direction of the field of the hard magnetic material employed for the pinning layer
302. It should be noted that the coercivity H. of the free laver is slightly
asymmetrical in the negatii'e direction since the free laver is somewhat affected by an
orange peel effect between the surfaces of the pinned laver 206, the spacer layer 204
and the free layer 202. This effect is about 15 Qe in the negative direction since the
pinning layer 302 is oriented in the negative direction, as shown in Fig. 13.

In the sensor 300, shown in Fig. 12, an antiferromagnetic material, such as
nickel manganese (NiMn) was employed for the lavers 308 and 310 for pinning the
magnetic moments of the layers 304 and 306. The layers 304 and 306 may be nickel
iron (NiFe) as shown. The fields from the magnetizations of the layers 304 and 306

are then employed for stabilizing the free layer 202, as discussed hereinabove. By



Fig. 6 is a partial
VI-VI "of Fig. 2
dlong plane VII-VII

view of the slider and magnetic head as seen in plane
Fig. 7 is a partial ABS view of the slider taken
with the overcoat |ayer renoved to show the read and

wite elenents of the magnetic head; Fig. 8 is a view taken al ong
plane VII1I1-VIIl of Fig. 6 wwth all material above the second pole piece
renoved and with a portion of the head back of the back gap shown to
illustrate the conplete coil; Fig. 9 is an ABS view of a prior art
sensor enploying an antiferromagnetic piigni ng | ayer; Fig. 10 is a
graph illustrating MH |loops for the free and pinned | ayers of the sensor

shown in Fig. 9;

emploving an antiferromagnetic material for the layers 308 and 310 their -
magnetizations can be set separately by heat and a magnetic field as compared to
setting the pinning layer 302 by a magnetic field at room temperature. My
investigation of the sensor 300, shown in Fig. 12, indicated a strong-felt need for a
“hard magnetic material for the pinning layer 302 which would pin the pinned layer
206 by high coercivity, without affecting the coercivity of the free layer 202.
The present sensor 400, shown at Figs. 14 and 15, is the same as the sensor
300 shown in Fig. 12, except that it employs a pinning layer 402 constructed of a hard
magnetic material that has high coercivity and low, or substantially no, magnetic
moment. This material has substantially no impact on the coercivity H. of the free
layer 202. I have found that preferred materialy for the pinning layer 402 are terbium
iron cobalt (TbFeCo) and cobalt samarium (CoSm), which are amorphous. I have also
discovered that cobalt platinum chrome (CoPtCr) may be employed providing the
chrome is of a sufficient percentage by atomic weight to substantially overcome the
magnetic moment of the material. CoPtCr is not an amorphous material. If the
chrome is 15%, or more, by atomic weight, the magnetic moment of the CoPtCr
material is below 300 emw/cc, which is an acceptable level. The coercivity He of the
materials is greater than 500 Oe, which I have found to be acceptable for pinning the
magnetic moment of the pinned layer 206. Accordingly, in the practice of the
invention, the magnetic moment of the pinning layer 402 should be below 300
emu/cc, and the coercivit_\; should be above 500 Oe. With this arrangement, the
coercivity of the material of the pinning layer 402 pins the magnetic moment of the
pinned layer 206, and renders the magnetic moment of the pinning laver 402 at zero,
or near zero, thereby producing substantially no increase in the coercivity of the free
~layer 202. As discussed hereinabove, the layers 308 and 310 pin the magnetic
moments of the soft magnetic layers 304 and 306 which, in turn, stabilize the free
layer 202. As stated hereinabove, the reason for this arrangement is to establish the
magnetic orientations of the layers 302 separately from the layers 308 and 310. As

shown in Fig. 15, the magnetic moment 404. of free layer 206 is directed parallel to



-7- Fig. 11 is a graph showing MH Ioops for the free and pinned
Iayeré of the sensor in Fig. 9 after a pinning layer has been subjected to

a tenperature above its blocking tenperature; "Fig. 12 is an ABS view
of a spin valve sensor enploying a.hard magnet for pinning the pinned

| ayer; Fig. 13 is a graph illustrating MH |oops for the free and

pi nned | ayers of the sensor shown in Fig. 12; Fig. 14 is an ABS view
of the present invention enploying the coercivity of a | ow nonment pinning

| ayer for pinning a pinned |ayer; -l4Fig. 15 is an isonetric

il lustration of the spin valve sensor shown in Fig. 14 Fig. 16 is a

graph showing M H loops for the free and pinned | ayers when the pinned
| ayer is pinnted ABSaandothet indgnetip Fhorieht fdoeld d:ierlﬁﬁﬁddohyer 202 is diteged 17 is a

9L aph sho 16, ML RGPS Lohs 5Lt BNGR ARGH NEE s Wy PR
di rection: anék away from Fdequ&S s a char t shovm ng a series of steps | n
meking the pr esent | n\{g é %1 show M/H loops for the pinned layer 206 and the free layer
* 202 of the sensor 400 in Fig. 14. It can be seen that the free layer 202 responds to
applied fields that are slightly positive and negative with respect to a zero point. In
Fig. 16 the pinned layer 206 is pinned ina positive direction by subjecting the pinning
layer 402 to a magnetic field in a positive direction at room temperature. If the
pinning laver 402 is subjected to a negative field at room temperature it will be pinned
ina negative direction, as shown in Fig. 17. The M/H loop for the free layer 202 is
asymmetrical in both Figs. 16 and 17. In Fig."16 the M/H loop is biased toward the
positive side because the pinned layer 206 is-pinned in a positive direction, while the
M/H loop for the free layer 202 in Fig. 17 is biased in a negative direction because
the pinned layer is pinned in a negative direction. As discussed hereinabove, this is
due to the orange peel cffect between the surface of the pinned layer 206, the spacer
layer 204 and the free layer 202. It can readily be seen that the pinning layer 402 is
not affected by high temperatures. More importantly, however, the pinning layer 402
has no, or substantially no, magnetic moment to cause a change in the coercivity Hc
of the freé layer 202. Should a magnetic field disorient the pinning layer 402, it can
be simply reset by applying another magnetic field at room temperature while the head
is mounted on the suspensidn. Accordingly, the present invention allows the direction
of the magnetic moment of the pinning layer to be reset after the head is mounted on
the suspension and employed in its operational environment.
Fig. 18 is an exemplary method for making tﬁe present invention. First a
“number of magnetic heads may be coﬁstructed in rows and columns on a substrate at
the wafer level. The substrate may be titanium carbide (TiC) which can be employed
for making the slider in a magnetic disk drive. Next, heat is applied to the pinning
layer at or above its blocking temperature of each of the magnetic heads in the

presence of a magnetic field while the magnetic heads are still at the wafer level.



- DESCRI PTI ON OF THE PREFERRED EMBODI MENT Referring now to the

dr awi*ngs wherein like reference nunerals designate like or similar parts

t hroughout the several views there is illustrated in Figs. 1-3 a magnetic
di sk drive 30. The drive 30 includes a spindle 32 that supports and rotates
a magnetic disk 34. The spindle 32 is rotated by a notor 36 that is
controlled by a notor controller 38. A-conbined magnetic head 40 i s nounted
on a slider 42 that is supported by a suspension 44 and actuator arm 46. A
plurality of disks, sliders and suspensions nmay be enployed in a |arge
capacity direct access storage device (PASD) as shown in Fig. 3. The
suspension 44 and actuator arm 46 position the slider 42 to place the
magnetic head 40 in a transducing relationship with a surface of the
magnetic di ket we%%etﬁéqﬁe F%{‘e aéed fud A Smblnelib BelRLAH %&»&%{S' ider is
supported on a t plca pm cushion of alir (alr bearin

bet ween t he mgrﬁe@zeéxe@ﬁs amélcen BIRO @acran dnagnesic diepdsp Each ng“sqymfha@CbIS(thBS) 48.

The magnet | CrrBﬁRtgd %9 argﬁypeﬁgf&p vJHft‘:h can then be mounted on a magnetic disk drive. A

magnetic field is then applied to the magnetic head in the magnetic disk drive to set
“the magnetic field of the pinning 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 claims, which include all such
embodiments and modifications when viewed in conjunction with the above

specification and accompanying drawings.



-8-. _enmployed for witing information to multiple circular tracks on the
surfate of the disk 34, as well as for reading information therefrom
Processing circuitry 50 exchanges signals, representing such information,

with the head—46—provi-des—otor drive signals. and al so provides control

signals for noving the slider to various tracks. | 4_the—schiger=42 s
shown nount e:ﬂ“mﬁlm E"mmp assenbly (HG) 52 qiys BAEEPHAS BEENTYunt ed
to the suspe & onents descri bed her el naboygpoRcEDe nouijt ed
on a frane 54. %lg 5 is an ABS view of the & 42 f

magneti c head 40. The slider has a centefg.rail 56 that supports the
magneti c head 40, and side rails 58 and 60. The rails 56, 58 and 60 extend
froma cross rail 62. Wth respect to rotation of the nmagnetic disk 34, the
cross rail 62 is at a |eading edge 64cpiyime slider and the nmagnetic head
40 is at a trailing edge 66 of the slider. Fig. 6 is a side
cross-secti onafLA&lMyat i on view of the magnetic head 40 which has a wite
head portion 70 and a read head portion 72, the read head portion

1. A magnetoresistive (MR) spin valve read sensor that senses positive and
“negative magnetic fields from a magnetic medium, comprising;:

a ferromagnetic free layer having a magnetic moment for rotating in first and
second directions in response to said positive and negative magnetic fields,
respectively;

a ferromagnetic pinned layer;

a ferromagnetic pinning layer immediately adjacent the pinned layer for
pinning a magnetic moment of the pinned layer in a predetermined direction;

said pinning layer having a coercivity greater than 500 Oe and a magnetic
moment less than 300 emw/cc; and

a nonmagnetic spacer layer between the free layer and the pinned layer.

2. The spin valve read sensor of claim 1, further including:

means for conducting a sense current through the sensor.

3. A spin valve read sensor of claim 1 wherein the magnetic moment is

substantially zero.

4. A spin valve read sensor of claim 1 wherein the pinning layer is formed

with amorphous material.

5. A spin valve read sensor of claim 4 wherein the magnetic moment is

substantially zero.

6. A spin valve read sensor of claim 4 wherein the amorphous material

is selected from the group containing CoSm and TbFeCo.

o
heet Has Been Reﬁaced .
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enpl oyi.ng a spin valve sensor 74 of the present invention. Fig. 7 is an ABS
view 6f Fig. 6. The MR sensor 74 is sandw ched between first and second gap
| ayers 76 and 78 and the gap | ayers are sandwi ched between first and second
shield layers 80 and 8Z. Tn response to external nmagnetic fields, the

resi stance of 4 changes. A sense current |s conducted

t hrough the I’"m"w mﬂ se resistance changes to ¥

potenti al chanrges 96 € POk entlal changes are then pripdHESSHERSHAS BEENC
signals by the processing circuitry 50 shown in Fig. 3 REPLAGEDwr i t e
head portion of the prior art head includes a coil |ayer 84 sandw cned .
between first and second insulation | ayers 86 and 88. A third insulation

| ayer 90 nmay be enpl oyed for planarizing the head to elimnate ripples in

t he second insul ation |ayer caused by the coil |ayer 84. The first, second
and third insul gti onal Qevavedesd sabRrofeRirh @ witerdif €heathignaic MOmentrisul at i on
stack". The coil |ayer 84 and the first, second and third insulation |ayers

86, 88 and sobstantialls #iBiwi ched between first and second pol e piece |ayers 92
and 94. The first and second pole piece |layers 92 and 94 are magnetically

coupl ed at a back gap 96 and have fir Efand sec @. oJeltl s .98 and 100
whi ch are separ &t ed ByPH \Rivered @%fﬁ°ﬁ%€? m | yvheryn the, pinpiag laygids & in Figs.
“with CoPtCr, and the Cr is 15% or more by atomic weight.
9. A spin valve read sensor of claim 8 wherein the magnetic moment is

substantially zero.

10. A magnetic head comprising:
a write head including:
an insulation stack;
‘a coil layer embedded in the insulation stack; i
first and second pole pieces connected at a back gap and having pole
tips with edges forming a portion of an air bearing surface (ABS);
the insulation stack being disposed between the first and second pole
pieces;
a write gap layer between the pole tips of the first and second pole
pieces, and forming a portion of the ABS;
a read head including:
a spin valve sensor, first and second gap layers and first and second
shield layers; and
the spin valve sensor being disposed between the first and second gap
layers, and the first and second gap layers being disposed between the first and
second shield layers;
the spin valve sensor including:
a ferromagnetic free layer having a magnetic moment for rotating in
first and second directions in response to_positive and negative magnetic fields,

respectively;

This Sheet Has Been Re’ilaced




-9; 2 and 4, first and second sol der connections 104 and 106 connect
-Ieads 108 and 110 (see Figs. 9, 12 and 14) fromthe MR sensor 74 to |eads
112 and 114 on d third and fourth sol der connections

116 and 118 conn ds 120 and 122 fromthe coil 84 (see Fi g. 8) to

| eads 124 and 12 ,“ Eﬂtmﬂﬂon A wear |ayer 128 pay—=be—enploy :
protecting the se of the magnetic head &ESSHEWI‘IHLABQ_EE%
2, 4, 6 and 7. A prlor aft spin valve sensor 200, V\h|R:EPL|AEEw”|ovm n

an ABS viewin Fig. 9. has a ferromagnetig free |ayer 7, d TOTTHERets
el ectrically conductive spacer |ayer 204 and a pi nned ferronagnetlc Iayer

206. The spacer |ayer 204 is sandw ched between the free | ayer 202 and the
pi nned | ayer 206. The pinne 206 has .a surface which interfaces with

a surface of an antlfePrP(’J‘?P&gﬂ%‘F?/ aying @ magglicHONGy ( he antiferromagnetic
| ayer pins the magneti g giifiBg\layed adji@npbdid pihnkdjager 20 PirnngAthe magnetic

moment of the pinned layer;

said pinning layer having a coercivity greater than 500 Oe and a

magnetic moment less than 300 emw/cc; and

a magnetically insulative spacer layer between the free layer and the

pinned-layer.

11.  The magnetic head of claim 10, wherein the spin valve sensor further

includes:

leads for conducting a sense current through the sensor.

12. A magnetic head of claim 10 wherein the magnetic moment is

substantially zero.

13. A magnetic head of claim 10 wherein the pinning layer is formed with

an amorphous material.

14. A magnetic head of claim I3 wherein the magnetic moment is

substantially zero.

15. A magnetic head of claim 13 wherein the amorphous material is

selected from the groﬁp containing CoSm and TbFeCo.

16. A magnetic head of claim 15 wherein the magnetic moment is

substantially zero.

17. A magnetic head of claim 10 wherein the pinning layer is formed with

Thulsiiie"lilllﬂm i

CoPtCr, and the Cr is 15% or more by atomic weight.




direction perpendicular to the ABS, The noment of the pinned |ayer 206 is
p| nmed in this di rection by exchange coupling with the antiferromagnetic
Iayer 208 of the sensor nay be capped with a tantal um

The sensor 200 rests on a first gap layer 212 which is

| a

the sarre as“l’lﬂ” l,ﬁu ” fin Fig. 6. First and sgeowe=ekeronium|ayers
214 and 216 ous junctions with side V\Hﬂ!ISSHB‘ETtm% BEAY'IN9

| ayer 208. Hard bi as Iayers 218 and 220 may nake co -Fvith
the side walls of the layers 202, 204, 26 and 210

ti gudBBPu.Amgjl ons

bi asing the free | ayer 202 paraIIeI to the ABS. This biasing stabilizes the
free layer and m nim zes Barkhausen noi se. Immedi ately adjacent the hard

bi as | 218 220 t gnd d 08
110 uhi ch are calnec fodnipethers ais i nyBEER e, Elfnaf (ohRed B00n

Fig. 4. The dubgalgiall}Zedd 114 are connected to a sensing circuit 230 and a
current source 232 which are a part of the processing circuitry shown in
Fig. 3. The active region of the sensor is the width of the |ayers 202,

204, 206 and 210,j9as w%néﬂ% did0driv® coﬁﬂﬂsms t he di stance between the

contiguous junctions. This also defines the track width of the read head.
a write head including:

an insulation stack;

a coil layer embedded in the insulation stack;

first and second pole pieces connected at a back gap and having pole
tips with edges forming a portion of an air bearing surface (ABS);

the insulation stack being disposed between the first and second pole
pieces; -
a write gap layer between the pole tips of the first and second pole

pieces, and forming a portion of the ABS;

"a read head including:

a spin valve sensor, first and second gap layers and first and second
shield layers;

the spin valve sensor disposed between the first and second gap layers,

. and the first and second gap layers being. disposed between the first and second
shield layers; -
the spin valve sensor including:

a ferromagnetic free layer having a magnetic moment for rotating in
first and second angular directions in response to positive and negative
magnetic fields, respectively;

a pinned layer having a magnetic moment;

a pinning layer adjacent said pinned layer for pinning the magnetic
moment of the pinned layer;

said pinning layer having a coercivity greater than 500 Oe and a

magnetic moment less than 300 emu/cc;

; This Sheet Has Been R,
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-10- The free |layer 202 has a magnetic nonent which is free to
rotiate in first and second directions under the influence of field signals
¢f1ux incursions) fromthe rotating disk 34, these field signals being

posi tive and negative going signals which are typically of equal nagnitude.

The sense current souree—232 provides a sense curr Ls which is conducted
t hrough the sen e sensing circuit 230 senseg| gy ' llacr oss
t he sensor 200 MMﬂH’“NiM?ﬂMS are induced in the sseaaﬁé%ﬁgégﬁ%gﬁr tating
di sk 34 shown ine L Each of "the |ayer = ; 6._anfil 210
conducts a portion of the stnse current between the first and second | eads
108 and 110. A key paraneter in the opﬁ{ation of a spin valve sensor is

t hat the spacer |ayer 204 have a thicknhess which is | ess than the nean free
pat h of conduction electrons flow ng between the first and second | eads 108

and 110. The degree of o 0t i9 Msuiare Shbdd fayer Bt ln iBP GRS By P20 D

pinned layer; and
leads for conducting a sense current through the sensor;

the write head and the read head being disposed adjacent one another to form
‘a combined magnetic head;

a frame;

a magnetic disk rotatably supported on the frame;

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

means for rotating the magnetic disk;

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

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

. position of the combined magnetic head.

. 20. A magnetic disk drive of claim 19 wherein the magnetic moment is

substantially zero.

21. A magnetic disk drive of claim 19 wherein the pinning layer is formed

with an amorphous material.

22. A magnetic disk drive of claim 21 wherein the magnetic moment is

substantially zero.

23. A magnetic disk drive of claim 21 wherein the amorphous material is

selected from the group containing CoSm and TbFeCo.

—_——
—
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rel ati ve angl e between the magneti zation of the free |ayer 202 and the

magmeti zation of the pinned layer 206, determnes the resistance of the

sensor to the sense current |Is. The greatest scattering and the

cor-respondi ngl y tﬂ elin resistance occurs when the

magneti zati on oﬂm‘m“msm“m *“202 and the magnetization of the pinned

| ayer 206 are ant* paratl el and the | east scatterin qrmg‘shggtqmsmnd'i ngly
| east resi stance change occurs when the nagnetizati|pn of gegmAoeee | aygr 202
and the magneti zation of the pinned | ayer 206 are GRSt EE e t to
one anot her. The magneti zation-3F the free layer 202 is typically
oriented parallel to the ABS so that upon receiving positive and negative
field signals froma rotating disk the nagneti zation rotates upwardly or
downwardly to de.eask nmgnitiocliskadrevet dfeslaim S35 swhensie thef magneticmmment.is Thi s woul d
be an opposj A ron if the magnetization of the pinned |ayer 206 is
ori ented toal/gjstgﬁﬂtl%igazkﬁs I nstead away therefrom \Wen the -nmagnetizati on of
the free layer 202 is oriented parallel to the ABS the transfer curve of
the spin valve is symretri cal.. r i_nt .. Fi.g. 10, shows an
M H | oop 234 forfst'he rggﬁﬁ%gf}grﬁlaggéo%rl\ alg v\%?’ﬁﬂll %%%’Wg%laﬁ%rrlgf%e‘bi nned

| ayer 206 Owith 2Pplr end e (CrsehP6ror 200 hawmiciweightg. 9. The free | ayer 202
operates in response to positive and negative applied fields which are
slightly

26. A magnetic disk drive of claim 25 wherein the magnetic moment is

substantially zero.

27. A magnetoresistive (MR) spin valve read sensor that senses positive and
negative magnetic fields from a magnetic medtum, comprising:

a ferromagnetic free layer having a magnetic moment for rotating in first and.
second directions in response to said positive and negative magnetic fields,
respectively; '

a ferromagnetic pinned layer;

a ferromagnetic pinning layer immediately adjacent the pinned layer for
pinning a magnetic moment of the pinned layer in a predefermined direction;

. said pinning layer being an amorphous material; and

a nonmagnetic spacer layer between the free layer and the pinned layer.

28. A spin valve read sensor of claim 27 wherein the pinning layer has a

coercivity greater than 500 Oe and a magnetic moment less than 300 emu/cc.

29. A spin valve read sensor of claim 28 wherein the magnetic moment is

substantially zero.

30. A spin valve read sensor of claim 27 wherein the amorphous material

is selected from the group containing CoSm and TbFeCo.
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above and bel ow zero. Positive and negative rotations of the magnetization
-of ;the free | ayer—262-relative-to the magnetization of the pinned |ayer 236
changes t he resi stgwﬁu of the. sensor. to enable detection of the appl i ed-

signals fromthe r Hﬂ Hlllls i mportant that_the
change coupl i ng

remain pinned in i Jﬂﬁ$gHEgggégﬁ§EE
[ HHEPL

represented by Herr] shown I n Flg 10. Since the ned
| ayer 206 has a degree of coercivity Hc the pinni ng=—setent—s ned
| ayer 206 is equal to Herr] plus the cpercivity Herr], A probl em

with the antiferromagnetic pinning |ayer 208, shown in Fig. 9, is that it
can lose its orientation or partially lose its ori entatlon as ShOWB I n 4
r oma netl | ayer.is subjecte
Fig. 11. This occyy s ref‘lgor;[etoer'\es?s{};['e (Il\ﬁ{) spmv ve reag segsort at senses positive and J
to a tenperature o
negative magnetic ﬁelds from a magnetic medium, comprising:
a ferromagnetic free layer having a magnetic moment for rotating in first and
second directions in response to said positive and negative magnetic fields,
‘respectively;
a ferromagnetic pinned layer;
a ferromagnetic pinning layer immediately adjacent the pinned layer for
pinning a magnetic moment of the pinned layer in a predetermined direction;
said pinning layer being CoPtCr with a coercivity greater than 500 Oe and a

magnetic moment less than 300 emu/cc; and

a nonmagnetic spacer layer between the-free layer and the pinned layer.

32. A spin valve read sensor of claim 31 wherein the magnetic moment is
substantially zero.
35. A spin valve read sensor of claim 31 wherein the pinning layer is

formed with CoPtCr, and the Cr is 15% or more by atomic weight.

34, A method of making a magnetic head with a spin valve read head, the
spin valve read head having a spin valve sensor with a free layer stabilized by
antiferromagnetic layers and a pinned layer pinned by a pinning layer, the method
comprising: ' '

constructing a plurality of said magnetic heads on a slider substrate;

applying heat and a magnetic field to the magnetic heads for setting magnetic
orientations of the antiferromagnetic layers;

dicing the slider substrate into rows of magnetic heads, and dicing a row of
magnetic heads into discrete magnetic heads;

mounting a discrete magnetic head on a suspension; and

applying a magnetic field to the discrete magnetic head to set a magnetic
orientation of its pinning layer. '

e
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above its blocking tenmperature. For instance, if the pinning |ayer 208 is

i ron 'manganese (FeMh), its bl ocking tenperature is 230[err] C Elevated
terrperature typitalTy is encountered during operation of the magnetic head
when it frlctlonal E\‘ ’t“}ﬂ perlty on the rotating disk. Friction
bet ween t he head rmk“ﬂ““m may raise the perature of the pinning
| ayer above its blo ing ‘temfp efature. Wien this Booprs—t =

206 in Fig. 9 may lose its magnetic orientation, 'ﬁl"ld«swggm t he
response of the sensor. Since the pinning | ayer 208 P(MIGFer reget by

hi gh tenperature in the presence of a rrggneti c field, =il e
assenbly is rendered inoperative. Accordingly, it would be desirable to
provi de a device for pinning the pinned | ayer 206, even though the pinning

| ayer 208 is subjected to high tenperature condjtjons. | have

i nvesti gated a seddor AoWthodisglaimad ipiclyim 39 wherein ke magreticmamentafitha he use
of certain mt&doahdr iseds ttin 36 HELME, Gndihe BoerViRy FUBpiAdif: Ry geaef | oss of
magnetic oriéntation of the pinning |ayer upon exposure to a tenperature
above its bl &akii9§ @enperature. The sensor 300 in Fig. 12 is the same as
the sensor in Fig. 9 except a hard magnetic material is enployed for a

pi nning layer 302, soft magnetic |ayers 304 and 306 form contiguous
junction with t he36. ay ep snethad apglaimed(p clgfy 33 1Wherein theamagrete mameghis i c

| ayers 308 aggbs%galﬁr Jmrediately adjacent the layers 304 and 306
respectively. A typr caf hard magnetic material (H M) for the pinning | ayer
302

37. A method as claimed in claim 34 wherein the pinning layer is formed
with an amorphous material.

38. A method as claimed in claim 3% wherein the magnetic moment of the '
pinning layer is less than 300 emu/cc, and the coercivity of the pinning layer is greater -
than 500 Oe. '

39. A method as claimed in claim 38 wherein the magnetic moment is

substantially zero.

40. A method as claimed in claim 37 wherein the amorphous material is

selected from the group including CoSm and TbFeCo.

41. A method as claimed in claim 40 wherein the magnetic moment of the
pinning layer is less than 300 emw/cc, and the coercivity of the pinning layer is greater
than 500 Oe.

42. A method as claimed in claim 41 wherein the magnetic moment is

substantially zero.

43, A method as claimed in claim 34 wherein the pinning layer is formed

with CoPtCr, and the Cr is 15% or more by atomic weight.
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-12- is CoNi or CoPtCr. This material is crystalline and has both a high
cCogrcrvity and_arhmgm_nagneL+e-nnﬂent The high coercivity of the hard
nhgnetlc material is e oyed for .pinning the pinned | ayer 206.

Unf ortunately, m mmﬂm als of the hard magnetic material 302
propagat e rando netizing fields
t hrough the plnned Iayer 06 and the spacer |aye
random y-ori ent ed demagneti zing fiel ds increase X L f t he
free layer 202, which nakes the free layer 202 st - ' se to
applied fields fromthe rotating disk. This is undesi r abTE-F& he free
| ayer 202 shoul d have | ow coercivity in2érder to respond to snall magni t ude
fields fromthe rotating disk. The

nt o the free | ayer 202

44. A method as claimed in claim 43 wherein the magnetic moment of the
pinning layer is less than 300 emu/cc, and the coercivity of the pinning layer is greater
than 500 Oe.

45. A method as claimed in 44 wherein the magnetic moment is

substantially zero.
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MH | oops for the free layer 204 and the pinned | ayer 206 are shown in Fig.
13.#~lt can be seen that the coercivity Hc of the free Iayer 202.. shown in
Fi gs. 12 and 13, is significantly larger than e Y Henof the free
| ayer 202 shown in Figs. 9-11. Accordingly, thd i
not as sensitive to applied signals as the sensp ' g

The M H loop for the pinned layer 206 Lg shown &3] ' 13. The
pinning is in a negative direction, and is set in that di rection by the

di rect i orSPON YAEVH READHEA® Wnrnimwrmommt HIGH COBRCIVETY PINNING

pi nning layer 302. If desired. the pinned direction could be in the
positive direction by sinply reversi BAYER direction of the field of the
hard magnetic material enployed for the pinning |ayer 302. It should be
noted t h&BYFRACEercivity Hc of the free layer is slightly asymetrical in
t he negative d| rection since the free layer is somewhat affected by an
orange peel ef’f SRif VBB SEBYPr ihRroyided witlsa spacemlayey sapdwiched betweem a frage spacer
| ayer 204 an e free | ayer effect ig bout 15 Ce i.n the
negatlvel"B’iCFg%(i%géﬁdé lﬁléerpﬁ%m Jéhqwmdlsw(? )of pEmed by aPippBgnegat i ve
directio ?? shown.in Fig. 12,

an anti fgq' FBZ%@S&PP%%% Elﬁlclﬁwé&g %ﬁ@bé’ﬁ’err‘f‘:;’n%gr etitss enpl oyed
304 and Joged, 388 *ééi’cé%%xti s PR i g@é‘ﬁﬁ?ﬂ%‘?ﬁ%‘@ﬁﬁ séd"@ﬁl)&%_er%he
1]:1)?' gtsai)lﬁg?l&ng t he %éeﬁaﬁé‘{/kgfﬂé;%szﬁ asthg*‘g%glgée rher |n<'61%0\r?gfe&g§/g el oyed

coercivity of the free layer (202). The magnetic moment is preferably less than 300

emu/cc and the coercivity is preferably greater than 500 Oe. The magnetic orientation of
the pinning layer (402) is set by a magnetic field at room temperature that may be
applied at the suspension level. The materials with'which the pinning layer (402) may

be formed are amorphous materials TbFeCo and C(,)Sﬁl, and a non-amorphous material .
CoPtCr, provided the Cr is of sufficient proportion to lmnnmze the moment of the
CoPtCr material.

Fig. 14
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Q%é- enpl oying an antiferromagnetic material for the |ayers 308 and 310
ihei - magneti-zati ons can be set separately by heat and a nmagnetic field as
conpared to setting the pinning layer 302 by a magnetic field at room
tenperature. M investigation of the sensor 300, shown in Fig. 12,

I ndi cated a strong-felt need for a hard nmagnetic material for the pinning
| ayer 302 which would pin the pinned | ayer 206 by high coercivity, wthout
affecting the coercivity of the free |ayer 2Q3. The present sensor
400, shown at Figs. 14 and 15, is the sanme as the sensor 300 shown in Fig.
12, except that it enploys a pinning |ayer 402 constructed of a hard

/30
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magnetic material that has high coercivity and | ow, or substantially no,
nagnetic nmonent. This material has substantially no inpact on the

coercivity Hc of the free layer 202. | have found that preferred materials
for the pinning |layer 402 are terbiumiron cobalt (TbhFeCo) and cobalt
samarium (CoSm, which are anorphous. | have al so discovered that cobalt

pl ati num chrone (CoPtCr) nmay be enpl oyed Ehgyiding the chrone is of a
sufficient percentage by atom c weight to“substantially overcone the
magneti c nonment of the material. CoPtCr is not an anorphous material. If
the chrone is 15% or nore, by atom c weight, the nmagnetic nonent of the
CoPtCr material is below 300 emu/cc, which is an acceptable | evel. The
coercivity Hc of the materials is greater than 500 Ce. which | have found
to be acceptable for pinning the magnetic nonment of the pinned | ayer 206.
Accordingly, in the practice of the invention, the magnetic nonent of the
pi nni ng | ayer 402 shoul d be bel ow 300 emu/cc. and the coercivity should be
above 500 Ce. Wth t ggehent, the coercivity of the material of the
pi nning | ayer 402 pi N nmonment of the pinned | ayer 206, and

or

near zero,

NNni ng | gyer 402 at zero,
t her eby prody&gy 5 i
| ayer 202. Ag

FIG. 4
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-14- the ABS and the magnetic nonment 406 of the pinned |ayer 202 is
directed perpendicular to the ABS which may be either toward the ABS, as
‘shown in Fig. 15, or away fremthe ABS. Figs. 16 and 17 show M H

| oops for the pinned | ayer 206 and the free | ayer 202 of the sensor 400 in
Fig. 14. It can be seen that the free layer 202 responds to applied fields
that are slightly positive and negativ&1eith respect to a zero point. In
Fig. 16 the pinned 1ayer 206 is pinned in a Ltiv irection by |

subj ecting the pinning

FIG. 8
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| ayer 402 to a magnetic field in a positive direction at roomtenperature.
If the pinning |ayer 402 is subjected to a negative field at room
tenperature it will be pinned in a negative direction, as shown in Fig. 17.
The M H |loop for the free layer 202 is asymmetrical in both Figs. 16 and
17. In Fig.16 the MH loop is biased toward the positive side because the
pi nned | ayer 206 is pinned in a positive4ﬁh{ection, while the MH I oop for
the free layer 202 in Fig. 17 is biased i'ha negative direction because the
pinned layer is pinned in a negative direction. As discussed hereinabove,
this is due to the orange peel effect between the surface of the pinned

| ayer 206, the spacer |layer 204 and the fr | ayer 202. It can readily be
seen that the pinning |layer 402 is not af?%@ted by high tenperatures. Mre
i mportantly, however, the pinning |layer 402 has na, or substantially no,
magneti c nonment to cause a change in the coENTING ty Hc of the free |ayer
202. Should a magnetic field disorient {heCHRGHITng |l ayer 402} it can be
sinply reset by applying another magnetic field at room tenpgrature whhhg
the head is mounted on the sugpension. Accourkang y,| the presgent invention
allows the direction of the nggnetic nopesOURCEt bg [pi nning Thyer to{zg
reset after the head i s hbdiAtdd on the Suspemshorn—and enpl oype-litt ifs
oper ati onal environnentgs Fig. 18 is an éxenplary nethpd fojfqgaki ng
the present invention. First g nunber of magnétéc heads may pe constructed

i.n rows and columms [0n a substirate at the wafer |eVer. y be
titanium carbide (Ti) which can be enp|oyed for nmgking the slider in
magneti c disk drive./Next, heat is appl|ed to the ginning |ayer at or @Qbove
its blocking tenmperdture of each of the|nagnetic hgads in the
ACTIVE
Ta ~ T REGION ™| Ta
218 220
) /
{ To ~210 N
CoPtCr NiFe 17202 copier
Cu T™~—204
Co ® T1T~—206
/ Cr AFM 1T~—208 Cr \

FIG. 9 212
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presence of a magnetic field while the nmagnetic heads are still at the
wafer |evel. - 15-

Next the nmagnetic heads are diced into rows of magnetic heads and the rows
of magnetic.heads are diced into discrete magnetic heads. Each magnetic
head is then nounted on a suspension which can then be nounted on a
magnetic disk drive. A 5/10
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naghetic field is then applied to the magnetic head in the magnetic disk

drive to set the magnetic field of the pinning |ayer. _ Clearly, other
enbodi ments and nodi fications 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 limted only by the follow ng clains, which include al
such enbodi nents and nodi ficati ons when viewed in conjunction with the
above specification and acconpanyi ng draw ngs/10 16

CLAIMS 1. A magnetoresistive (MR) spin valve read sensor that senses
posi tive and negative

SENSING 300
. CIRCUIT | ya
CURRENT
108 SOURCE Ig _-114.110
5 T )
LY
232
Ta ' To
_ 1™-308 .
. ' Ta T~~—210 N
NiFe NiFe 77202 ire
: Cu 1~—204
Co 1T~—206
Z Ta H.M. T~—302 Ta \
FIG. 12 215
M(emu/cc)
A
FREE
LAYER
l Laam
H(Oe)
PINNED FREE
LAYER LAYER
{ |
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magnetic fields froma magnetic medi um conprising: a ferromagnetic
free | ayer having a nagneti.c nonent for rotating in first and second
irections in response to said positive and negative magnetic fields,

respectively; a ferromagnetic pinned | ayer; a ferromagnetic
pi nning |layer imedi ately adjacent the pinned |ayer for pinning a nagnetic
nonment of the pinned |ayer in a predeterm ned direction; sai d pinning
| ayer bei ng cobalt samarium (CoSm); and a nonnagneti c 'spacer | ayer

between the free layer and the pinned hager. 2. A spin valve read sensor
as clainmed in claim1 wherein the pinning |layer has a coercivity greater
than 500 Ce and a magnetic nonent | ess than 300 emu/cc. 3. A spin valve
read sensor as claimed in claim2 wherein the nagnetic nonent is

2?0
SENSING
CIRCUIT
112 —— _—114
CURRENT
SOURCE Ig 400
108 | { /
\ 232 110
: \ )
. . \
f Ta - Ta
1™~308
304 NiMn(AFM) 310—| NiMn(AFM) o

Cu T—204

Co T~—206

Ta | H.M.(TbFeCo) i~ 402 Ta

& |
Z
. .

| Ta 210 ‘ |
NiFe NiFe 1202 ire

FIG. 14 212



substantially zero. 4. A magnetic head conpri sing: a wite head
i.,ncl udi ng: an i nsul ati.on stack; .a coil |ayer enbedded
in the insulation stack; ™~ first and second pol e pi eces connected
at ‘a back gap and having pole tips wi th edges formng a portion of an
air bearing surface (ABS); the insul ation stack being disposed
between the first and second pol e pieces; a wite gap |ayer between

the pole tips of the first and second pole pieces, and form ng a portion
of the ABS; 8/10




a read head i ncl udi ng:

17 : a spin val ve sensor,

second shield |ayers;
bet ween the first and

| ayers bei ng di sposed between the first and second shield Iayers
val ve sensor i ncl udi ng:
9/10
M(emu/cc)
e
—»| —H¢ PINNED
FREE ). LAYER
LAYER 3
FREE H(0e)
LAYER
FIG. 16
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e
- <——HC
FREE%
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L - -
L
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and

second gap | ayers, and

first and second gap layers and first and
t he spin val ve sensor being di sposed
the first~and second gap

t he spin



first*and second | eads di-sposed between the first and second gap | ayers and
connected to the spin valve sensor for conducting a sense current through
the spin valve sensor; a ferromagnetic free | ayer having a
magneti ¢ nonent for rotating in first and second directions in response to
positive and negative nmagnetic fields, respectively; a pinned

~ layer having a magnetic noment; a pinning | ayer adjacent said

pi nned layer for pinning the nagnetic nonent of the pinned |ayer;

sai d pinning | ayer being cobalt samarijgmg CoSm; and a
magnetically insulative spacer |ayer between the free | ayer and the pi nned
| ayer.

CONSTRUCT MAGNETIC HEADS ON A SLIDER

SUBSTRATE, EACH MAGNETIC HEAD HAVING

ANTIFERROMAGNETIC LAYERS STABILIZING A

FREE LAYER AND A HARD MAGNET PINNING
A PINNED LAYER

|

APPLYING HEAT AND A MAGNETIC FIELD TO

- THE ANTIFERROMAGNETIC LAYERS OF THE

MAGNETIC HEADS ON THE SLIDER SUBSTRATE

FOR PINNING MAGNETIC ORIENTATIONS OF
THE ANTIFERROMAGNETIC LAYERS

|

DICE SLIDER SUBSTRATE INTO ROWS OF
MAGNETIC HEADS AND DICE ROWS OF
MAGNETIC HEADS INTO DISCRETE
MAGNETIC HEADS

|

MOUNT A DISCRETE MAGNETIC HEAD ON
A SUSPENSION

|

APPLY MAGNETIC FIELD TO DISCRETE
MAGNETIC HEAD ON THE SUSPENSION TO
SET MAGNETIC FIELD OF PINNING LAYER

FIG. 18
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5. © A nmagnetic head as clainmed in claim4, ' 2IPRHEETY | ayer has
a coercivity greater than 500 Ge and a magneti am 300
' in clai [

et c_ oMM ST oo == = 0 P e o ok
drive conpristng: * “a'wite head6incl ud) ng: n{i nsul ati on

st ack; a coil | ayer enbedded in the ipsul ation stack;
“ CLAIMS

1. A magnetoresistive (MR) spin valve read sensor that senses positive and negative
magnetic fields from a magnetic medium, comprising:
a ferromagnetic free layer having a magnetic moment for rotating in first and
second directions in response to said positive and negative magnetic fields, respectively;
a ferromagnetic pinned layer; |
a ferromagnetic pinning layer immediately adjacent the pinned laj;er for pinning a
magnetic moment of the pinned layef in a predetermined direction; N ﬁ
said pinning layer being cobalt samarium (CoSm); and
a nonmagnetic spacer layer between the free layer and the pinned layer.
2. A spin valve read sensor as claimed in claim 1 wherein the pinning layer has a
coercivity greater than 500 Oe and a magnetic moment less than 300 emu/cc.
3. A spin valve read sensor as claimed in claim 2 wherein the magnetic moment is
substantially zero.
4. A magnetic head comprising:
a write head including:
an insulation stack;
a coil layer embedded in the insulation stack;
first and second pole pieces connected at a back gap and having pole tips
with edges forming a portion of an air bearing surface (ABS);
the insulation stack being disposed between the first and second pole pieces;
a write gap layer between the pole tips of the first and second pole pieces, and
forming a portion of the ABS;

a read head including:
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pi eces;
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d spin
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first ces connecti@f \FN’I‘ ol e
with edgei?ﬁqgmi*ﬂfgl ﬁ’gh@%?ﬁog of an air bC"’r' %u’su ; §\, 5 ABS) ;
sul ati on {st ack R d between the first and ond pol e
allwes Gap 1 ayer between the ppl ﬂ?)MAEffwPﬂe f| rst and

pol e pieces, and formng a portidn of aq i ncl udi ng:
val ve sensor, first and second gap |aygers and first and |second

| ayers; a spin vdlee squsor, st end sevond gop-digese dnd firstemmd—detend shiekd and
gap layers, and

layers; and

the spin valve sensor being disposed between the first and second gap layers,
and the ﬁ?st and second gap layers being disposed between the first and second
shield layers; the spin valve sensor including:
first and second leads disposed betvslleen the ﬁrstl and second gap layers and
connected to the spin valve sensor for conducting a sense current through the spin
valve sensor; g
a ferromagnetic free layer having a magnetic for rotating in first and second
directions in response to positive and negative magnetic fields, respectively; |
a pinned layer having a ma:ignetic moment;
a pinning layer adjacent said pinned layer for pinning the magnetic moment
of the pinned layer;
said pinning layer being cobalt samarium (CoSm); and
a magnetically insulative spacer layer between the free layer and the pinned
layer.
5. A magnetic head as claimed in claim 4, wherein the pinning layer has a coercivity
greater than 500 Oe and a magnetic moment than 300 emu/cc.
6. A magnetic head as claimed in claim 5 wherein the magnetic moment is
substantially zero.
7. A magnetic disk drive comprising:
a write head including:

an insulation stack;

__acoil layer embedded in the insulation stack;

e
LI ﬁll



“the first and second gap |ayers being di sposedgt
shield |ayers; t he spin val ve sensor ind
ferromagnetic free layer having a nmagnetic nond

- fields, respectively; a pinned | ager haw
& pinning | ayer adjacent said pinned | ayer for pi

of -t he pi nned | aydirst and secofdipbleipitesgonmyed ki batkcaipahid 13 t#peSM ;
a,magnetically insul ative spacer [ayer between e free Iayer and the
pi nned with edges forming a portion of an air bearing surface (ABS);

the insulation stack i)eing disposed between the first and second pole pieces;

a write gap layer between the pole tips of the first and second pole pieces,
and forming a portion _of ABS;

a read head including:

a spin valve sensor, first and second gap layers and first and second shield
layers; ;

the spin valve sensor disposed between the first and second gap layers, and
the first and second gap layers being disposed between the first and second shield
layers;

the spin valve sensor including:

a ferromagnetic free layer having a magnetic moment for rotating in first and
second angular diréctions in response to positive and negative magnetic fields,
respectively;

a pinned layer having a magnetic moment;

a pinning layer adjacent said pinned layer for pinning the magnetic moment

of the pinned layer;.

said pinning layer being cobalt samarivm (CoSm);

a magnetically insulative spacer layer between the free layer and the pinned
layer; and

first and second leads disposed between the first and second gap layers and

connected to the spin valve sensor for conducting a sense current through the

TR 0 AR

Sensor;



| ayer; and first and second | eads di sposed ﬁMMﬁMfS}EﬁTfnd

second gap | ayers and the spin val ve Fensor T or cor‘(j cting a

sense current t
19 . t he ead head being}d s&)Zé@‘Yafﬁggce t] one
19

another to form
'- the write head and the read head being disposéd-adjacent-oneamoer 1o form

a combined magnetic head;

a frame;
a magnetic disk rotatably supported on the frame;
a support mounted on the frame .for supporting the head in a transducing
relationship with the magnetic disk; |
means for rotating the magnetic disk;
positioning means connected to the support for moving the ;omb'i-ned
magnetic head to multiple positions respect fo said magnetic disk; and
means connected to the combined- magnetic head, to the means for rotating
the magnetic disk and to the positioning: means for exchanging signals with the
combined magnetic head, for controllingimovement of the magnetic disk and for
controlling the position the combined magnetic head.
8. A magnetic diék drive as claimed in claim 7 wherein the pinning layer has a
coercivity greater than 500 Oe and a magnetic moment less than 300 emu/cc.
9. A magnetic disk drive as claimed in claim 8 wherein the magnetic moment is

substantially zero.

—_—

This Sheet H; /
A i Ll



;conﬁined magneti c head; a franme
rotatably supported on the frane; -
for supporting the head in a transducing

di sk; means for rotating the magnetic disk;

a supE) t nounted on fthe frane

rel ati pnshigp7wishi99e netic

i oni ng

means connected to the support for noving the conbi [ hgad to

rmul ti pl e positions respect to said nagne
. connected to the combi ned nagneti c head,

;

c disk;} and Feahs
o the neans for rotating the

magnet i ¢ dSBIN MALYE RBADIGEATD ST LOSE MOMENEXHIGH(COBRETGIEY PINNING he
conbi ned nmagnetic head, for controlling novenent of the magnetic disk and
for controlling the LAYER

ABSTRACT

A spin valve sensor is provided with a spacer layer sandwiched b_e;tween a free

layer (202) and a pinned layer (206). The pinned layer (206) is pinned by a pinning

layer (402) constructed of a material baving a high coercivity, and a low magnetic

moment. The high coercivity is employed for pinning the pinned layer (206), and the

low moment assures that stray fields from the pinning layer (402) do not affect the

coercivity of the free layer (202). The magnetic moment is preferably less than 300

emu/cc and the coercivity is preferably greater than 500 Oe. The magnetic orientation of

the pinning layer (402) is set by a magnetic field at room temperature that may be

applied at the suspension level. The materials with which the pinning layer (402) may

be formed are amorphous materials TbFeCo and CoSm, and a non-amorphous material

i

CoPtCr, provided the Cr is of sufficient proportion to minimize the moment of the

CoPtCr material.

Fig. 14
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pe®ition of thWhead priumyszie 1
«d?g?veas cl ai ne claim ntheplnnlngIMA' Aifvity
greater than 50 M i c monment | ess thpanj 300 erru/cc
A magnetic disk mmm in claim8 wherejnf tipezypy, rforent
substantially zero.

17
a spin valve §¢§g§or, first and second gap layers and first and second shield ,l-ag};ars;
and TE

the spin valve sensor being disposed between the first and second gap layers, and
the first and second gap layers being disposed between the first and second shield layers;
the spin valve sensor including:
first and second leads disposed between the first and second gap layers and
connected to the spin valve sensor for conducting a sense current through the spin valve
sensor;
a ferromagnetic free layer having .a.magnetic moment for rotating in first and
second directions in respoﬂse to positive and negative magnetic fields, respectively;
a pinned layer having a magnetic moment;
a pinning layer adj acent said pinned layer for pinning the magnetic moment of the
pinned layer;
said pinning layer being cobalt samarium (CoSm); and
a magnetically insulative spacer layer between the free layer and the pinned layer.
.5. A magnetic head as claimed in claim 4, wherein the pinning layer has a
coercivity greater than 500 Oe and a magnetic moment less than 300 emu/cc.
6. A magnétic head as claimed in claim 5 wherein the magnetic moment is
substantially zero.
7. A magnetic disk drive comprising:
a write head including:
an insulation stack;

a coil layer embedded in the insulation stack;
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the write head and the read head being disposed adjacent one another to form a

combined magnetic head;
| a frame;

a magnetic disk rotatably supported on the frame;

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

means for rotating the magnetic disk;

posifioning means connected to the support for moving the combined. magnetic
head to multiple positions respect to said magnetic disk; and

| means connected to the combined magnetic head, to the means for rotating the

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

8. A magnetic disk drive as claimed in claim 7 wherein the pinning layer
has a coercivity greater than 500 Oe and a magnetic moment less than 300 emu/cc.

9. A magnetic disk drive as claimed in claim 8 wherein the magnetic

moment is substantially zero.



