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MANUFACTURING METHOD FOR
MAGNETORESISTIVE HEAD HAVING AN
ANTIFERROMAGNETIC LAYER OF PI'MN

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

This application 1s a division of application Ser. No.
08/718,152, filed Sep. 18, 1996, now U.S. Pat. No. 5,768,

067.

BACKGROUND OF THE INVENTION

1. Field of the Invention

In general, the present invention relates to a magnetic read
head utilizing a magnetoresistive effect such as an AMR
head or a spin-valve head. In particular, the present inven-
fion relates to a magnetoresistive head which sustains the
linear response characteristic of the magnetoremsﬂve clfect,
reduces the amount of Barkhausen noise, lessens the effect
of problems encountered 1n the conventional antiferromag-
netic film and effectively applies a bias generated by an
exchange coupling magnetic field.

2. Description of the Related Art

Magnetic read heads utilizing a magnetoresistive effect of
the conventional technology include an AMR (Anisotropic
Magnetoresistance) head based on anisotropic magnetore-
sistive phenomena and a GMR (Giant Magnetoresistance)
head based on spin scattering phenomena of conduction
clectrons. An example of the GMR head disclosed 1n U.S.
Pat. No. 5,159,513 1s a spin-valve head exhibiting a high

magnetoresistive effect caused by a weak external magnetic
field.

FIGS. 9 through 11 are diagrams showing a skeleton
confliguration of elements composing the AMR head accord-
ing to the conventional technology. Reference numeral 1
shown 1n the figures 1s a soft magnetic film and reference
numeral 2 1s a nonmagnetic film. Reference numerals 3 and
4 are a magnetoresistive film and an antiferromagnetic film
made of an FeMn alloy respectively. Reference numeral 5 1s
a ferromagnetic film whereas reference numeral 7 denotes a
permanent magnetic film (a hard film). Reference numeral 8
1s an antiferromagnetic film.

In order to operate a magnetoresistive head, two bias
magnetic fields are required for the magnetoresistive film 3
which exhibits a magnetoresistive effect. One of the bias
magnetic fields 1s used to make changes in resistance in the
magnetoresistive film respond linearly to a magnetic flux
from a magnetic recording medium. This bias magnetic field
1s applied 1n a Z direction perpendicular to the surface of the
magnetic recording medium as shown 1n the figures and 1s
called a lateral bias.

Normally called a longitudinal bias, the other bias mag-
netic field 1s applied 1n an X direction parallel to the surface
of the magnetic recording medium and the magnetoresistive
film 3. The longitudinal bias magnetic field 1s used for
reducing the amount of Barkhausen noise which 1s generated
by formation of a plurality of magnetic domains by the
magnetoresistive film 3. In other word, the longitudinal bias
magnetic field makes the change in resistance with the
magnetic flux from the magnetic recording medium smooth.
It 1s necessary to put the magnetoresistive film 3 1n a
single-domain state 1 order to reduce the amount of
Barkhausen noise. There are two methods for applying the
longitudinal bias for that purpose. According to one of the
methods, the permanent magnetic films 7 are located at both
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2

the sides of the magnetoresistive film 3 and a leaking
magnetic flux from the permanent magnetic films 7 1is
utilized as 1s shown 1n a structure of FIG. 10. According to
the other method, on the other hand, an exchange coupling
magnetic field developed on each of the contact boundary
surfaces of the magnetoresistive film 3 and the antiferro-
magnetic films 8 1s utilized as 1s shown 1n a structure of FIG.

11.

It 1s obvious from the structure shown 1n FIG. 11 wherein
a bias magnetic field 1s generated from an exchange cou-
pling magnetic field that this method 1s characterized in that
the magnetoresistive film 3 1s also created and extended at
both ends beyond the region of the read track of the
magnetic recording medium. The antiferromagnetic films 8
are created, coming i1n direct contact with the extended
portions of the magnetoresistive film 3 to generate an
exchange coupling magnetic field on each of the contact
boundary surfaces between the magnetoresistive film 3 and
the antiferromagnetic films 8. By pinning the direction of
magnetization 1n the regions at both the ends of the mag-
netoresistive film 3 in the read-track direction (that is, the X
direction shown in the figure), a bias for putting the mag-
netization of the read-track region of the magnetoresistive
f1lm 3 1nto a single-domain state in the X direction can be
obtained.

The structure shown 1n FIG. 11 has the following prob-
lems. One of the problems 1s that, 1n spite of the fact that the
magnetization in the magnetoresistive film 3 1n each of the
regions outside the read track is pinned in the X direction by
the exchange coupling with the antiferromagnetic film 8, the
direction of the magnetization in the magnetoresistive film 3
in the region outside the read track 1s changed by a magnetic
flux from the magnetic recording medium 1n the Z direction
shown 1n the figure because, normally, the intensity of the
exchange coupling magnetic field 1s of the order in a range
of several tens to 200 Oe. As a result, a magnetoresistive
clfect 1s observed also 1n each of the regions at both the ends
in which region a magnetoresistive effect should never be
observed. This problem gives rise to an inconvenience that
the read track width can not be determined.

The other problem 1s that, since portions the magnetore-
sistive film 1n the regions at both the ends outside the read
track are contiguous with the portions of the magnetoresis-
tive film 1nside the read track, noise and irreversibility of the
Change In magnetization in the magnetoresistive film 1n the
regions at both the ends outside the read track directly atfect
the change 1n magnetization of the magnetoresistive film
inside the read track, giving rise to generation of Barkhausen
noise and irreversibility of the change 1n magnetization in
the magnetoresistive film inside the read track.

It 1s obvious from the structure shown 1n FIG. 10 wherein
a bias magnetic field 1s generated by the permanent magnetic
f1lm that the permanent magnetic films 7 are located at both
ends of the read-track region and that the direction of
magnetization of each of the permanent magnetic films 7 1s
pinned in the read-track direction (that is, the X direction
shown 1n the figure) by magnetic polarization. By applying
a magnetic flux leaking from the permanent magnetic film 7
in the X direction into the magnetoresistive film 3, a bias for
putting the magnetization of the magnetoresistive film 3 1n
a single-domain state 1n the read-track direction can be
obtained.

The portions of the soft magnetic film 1, the nonmagnetic
f1lm 2 and the magnetoresistive film 3 at both the ends of the
read track, which portions are 1n contact with the permanent
magnetic films 7, must each be formed into a taper shape in
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order to stabilize the contact resistance against a current for
detecting a magnetic resistance flowing from the permanent
magnetic film 7 at one end to the soft magnetic film 1, then
to the nonmagnetic {ilm 2, then to the magnetoresistive film
3 and finally to the permanent magnetic film 7 at the other
end. However, the taper shape gives rise to the following
problems 1n the magnetic characteristics of the permanent
magnetic film 7.

One of the problems is that the soft magnetic film 1, the
nonmagnetic film 2 and the magnetoresistive film 3 each
become an underlayer 1n the process of manufacturing the
permanent magnetic film 7 at the tapered sections. In
ogeneral, the magnetic characteristics of a permanent mag-
netic layer are aifected very easily by the underlayer thereof.
In the case of the structure shown in FIG. 10, the magnetic
characteristics of the permanent magnetic film 7 1n close
proximity to the boundary surface facing the soft magnetic
film 1, the nonmagnetic film 2 and the magnetoresistive film
3 are alfected by the three underlayers of different types. As
a result, 1t 1s extremely difficult to obtain stable magnetic
characteristics.

The other problem 1s that, in order to put the magnetiza-
tion of the magnetoresistive film 3 1n a single-domain state
in the read-track direction (that is, in the X direction shown
in the figure), the permanent magnetic film 7 is polarized so
as to orientate a number of magnetic components thereof 1n
the read-track direction. None the less, since the coercive
force of the permanent magnetic film 7 1s of the order of
several hundreds of Oe¢ at the most, the direction of mag-
netization 1n the magnetoresistive film 3 can not be pre-
vented from swinging subtly from the read-track direction
due to the magnetic flux from the magnetic recording
medium. That 1s to say, when the permanent magnetic film
7 1s brought 1nto direct contact with the magnetoresistive
film 3, ferromagnetic coupling i1s developed between the
permanent magnetic film 7 and the magnetoresistive film 3.
As a result, fluctuations 1n magnetization occurring in the
permanent magnetic film 7 directly affect the direction of
magnetization 1n the magnetoresistive film 3.

If the fluctuation 1n magnetization occurring in the per-
manent magnetic film 1s smooth, the effect of the fluctuation
on the magnetoresistive film 1s also smooth as well, giving
rise to no problems. If the fluctuation 1s not smooth but
irreversible instead or if Barkhausen noise 1s generated, on
the other hand, there will be an 1rreversible effect on the
change 1n response of the magnetoresistive film to the
magnetic flux from the magnetic recording medium or there
will be noise 1n the change 1n response, giving rise to
generation of Barkhausen noise 1in the magnetoresistive film
itself.

The structure shown in FIG. 9 i1s the structure of a
conventional magnetoresistive head disclosed in Japanese
Published Unexamined Patent Application No. He1 7-57223
(1995). In this structure, a bias applied to the magnetore-
sistive film 3 for putting the magnetization of the magne-
toresistive film 3 1n a single-domain state in the X direction
1s obtained by applying a magnetic flux of the ferromagnetic
layer 5 magnetized 1n the X direction by exchange coupling
with the antiferromagnetic film 4 into the magnetoresistive
film 3 and, at the same time, ferromagnetic coupling is
developed on the contact boundary surface between the
ferromagnetic film § and the magnetoresistive film 3.

The following problems are encountered 1n the structure
shown in FIG. 9. The intensity of an exchange coupling
magnetic field of the ferromagnetic film 5 experiencing
exchange coupling with the antiferromagnetic film 4 1s of
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the order of 50 Oe 1n the case of an N1FE ferromagnetic film
5 exchange-coupled with an FeMn antiferromagnetic film 4
with the film thickness of the former set at 300 A. In spite
of the magnetization 1n the X direction by the exchange
coupling, the direction of magnetization can not be pre-
vented from fluctuating subtly due to the magnetic flux from
the magnetic recording medium.

In the case of the exchange-coupled ferromagnetic film 5
brought mto direct contact with the magnetoresistive film 3,
ferromagnetic coupling 1s developed between the ferromag-
netic {1lm 5 and the magnetoresistive film 3. Thus, variations
In magnetization occurring in the ferromagnetic film §
directly affect variations 1n magnetization occurring in the
magnetoresistive film 3. There 1s no guarantee at all that
fluctuations 1n magnetization occurring in the exchange-
coupled ferromagnetic film 5 which fluctuations are caused
by the magnetic flux from the magnetic recording medium
are smooth as 1s the case with the permanent magnetic film
7 shown 1n FIG. 10. As a result, noise 1s generated 1n
variations 1n response of the magnetoresistive film 3 to the
magnetic flux from the magnetic recording medium, giving
rise to generation of Barkhausen noise.

In a sandwich structure of a free magnetic layer 9, a
nonmagnetic mtermediate layer 10 and a pinned magnetic
layer 11 shown 1n FIGS. 12 and 13 for obtaming an optimum
operation of a spin-valve head, on the other hand, it is
necessary to apply a bias in the read-track direction (that is,
in the X direction shown in the figures) to the free magnetic
layer 9 1n order to put the free magnetic layer 9 1n a
single-domain state and to magnetize the free magnetic layer
9 1n the read-track direction as well as to apply a bias to the
pinned magnetic layer 11 1n the Z direction which 1s per-
pendicular to the direction of magnetization of the free
magnetic layer 9 1 order to put the pinned magnetic layer
11 in a smngle-domain state and to magnetize the pinned
magnetic layer 11 1n the Z direction. In this structure, a
magnetic flux generated by the magnetic recording medium
in the Z direction shown 1n the figures does not change the
direction of magnetization 1n the pinned magnetic layer 11,
but changes the direction of magnetization 1n the free
magnetic layer 9 in the range of 90°x0 relative to the
direction of magnetization 1n the pinned magnetic layer 11,
allowing a linear response characteristic of the magnetore-
sistive effect to be obtained.

In order to pin the direction of magnetization 1n the pinned
magnetic layer 11 in the Z direction shown 1n the figures, a
relatively strong bias magnetic field 1s required. The stronger
the bias magnetic field, the better the pinning of the direction
of magnetization. A bias magnetic field of at least 100 Oe 1s
required 1n order to prevent the direction of magnetization
from fluctuating due to the magnetic flux from the magnetic
recording medium, thus, overcoming an antimagnetic field
in the Z direction shown 1n the figures.

As a method of producing such a bias magnetic field, an
exchange anisotropic magnetic field which 1s developed by
bringing an antimagnetic layer 12 into contact with the
pinned magnetic layer 11 1s normally adopted.

The bias applied to the free magnetic layer 9 1s used for
assuring the linear response characteristic and for reducing
the amount of Barkhausen noise generated by creation of a
number of domains. Normally, the same methods as those
for generating the longitudinal bias 1n an AMR head 1is
adopted for generating the bias applied to the free magnetic
layer 9. According to this method, permanent magnetic
layers 13 are located at both ends of the free magnetic layer
Y and a leaking magnetic flux from each of the permanent
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magnetic layers 13 1s utilized. As an alternative method, an
exchange anisotropic magnetic field developed on the con-
tact boundary surface with an antiferromagnetic layer 135 1s
utilized.

As described above, by utilizing an exchange anisotropic
magnetic field developed on a contact boundary surface with
the anfiferromagnetic layer for generating the longitudinal
bias of an AMR head, and the bias of the pinned magnetic
layer and the bias of the free magnetic layer of a spin-valve

head, a magnetoresistive head can be implemented in which
the linear response characteristic can be improved and the
amount of Barkhausen noise can be reduced.

The exchange anisotropic magnetic field 1s a phenomenon
caused by an exchange 1nteraction among magnetic momen-
tums on the contact boundary surface between the ferro-
magnetic film and the antiferromagnetic film. In the case of
a ferromagnetic film made of an NiFe alloy, the anfiferro-
magnetic film that generates an exchange anisotropic mag-
netic field 1n conjunction with the NiFe film 1s typically
made of an FeMn alloy. However, the corrosion resistance of
an FeMn film 1s very poor, giving rise to a problem that the
exchange anisotropic magnetic field degrades substantially
because development of corrosion has been under way
during the manufacturing process and the operation of the
magnetic head 1n addition to a problem that the magnetic
recording medium 1s damaged. In addition, the temperature
of regions 1n close proximity to the FeMn layer rises to about
120° C. due to heat generated by a detection current during
the operation of the magnetic head and the exchange aniso-
tropic magnetic field generated by the FeMn {ilm 1s sensitive
to changes 1n temperature as 1s widely known. The 1ntensity
of the exchange anisotropic magnetic field are but linearly
decreases with the increase in temperature to about 150° C.
known as a blocking temperature Tb at which the exchange
anisotropic magnetic field disappears. As a result, a stable
exchange anisotropic magnetic field can not be obtained.

An NiMn alloy or an NiMnCr alloy which has a face-
centered tetragonal structure disclosed in U.S. Pat. No.
5,315,468 1s known as an invention for improving the
corrosion resistance and the blocking temperature of the
FeMn {ilm. Even though the corrosion resistance of the
NiMn film 1s better than that of the FeMn film, 1t 1s still not
sufficient for practical use. The NiMnCr film 1s made of
NiMn doped with Cr m order to improve the corrosion
resistance of the NiMn film. However, the improvement of
the corrosion resistance by the Cr doping gives rise to a
problem that the 1ntensity of the exchange anisotropic mag-
netic field and the blocking temperature decrease.

In addition, in order to obtain an exchange anisotropic
magnetic field from the NiMn or NiMnCr alloy, 1t 1is
necessary to create an ordered-structure crystal of the
CuAg—I type having a face-centered tetragonal structure on
a portion of the antiferromagnetic film and, on the top of
that, control of ordered-to-random transition and control of
the volume density of ordered and random phases are
required as a matter of course. As a result, 1n order to obtain
stable characteristics, the process control and monitoring
during the process of manufacturing the magnetic head can
not help becoming very complex. There are also
manufacturing-process problems in order to obtain the
required exchange anisotropic magnetic field that magnetic-
field heat treatment must be repeated a plurality of times and
that the rate of decrease 1n temperature 1s low, taking a long
fime to decrease the temperature from a high value to a low
one. For example, 1t takes 17 hours to have the temperature
decrease from 255 ° to 45° C. For more information, refer

to Appl. Phys. Lett. 65(9), 29 Aug. 1994.
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A method for creating a layer made of an Ni—Fe—Mn
three-element alloy on an NiFe/FeMn boundary surface
through diffusion by heat treatment carried out on an NiFe/
FeMn stacked film at the temperature range 260° to 350° C.
for 20 to 50 hours 1s disclosed 1n U.S. Pat. No. 5,809,109 as
an 1nvention for improving the blocking temperature of a
f1lm made of an FeMn alloy. The fact that this method 1s not
ciiective for the improvement of the corrosion resistance, a
big problem encountered in the film made of an FeMn alloy,
can be understood with ease. On the top of that, the fact that
the heat treatment requires a long time ranging from 20 to 50
hours gives rise to a problem 1n the manufacturing process.

According to publications such as “Magnetic Material
Handbook™ published by Asakura Shoten, a publisher.
Mn-family alloys such as NiMn, PdMn, AuMn, PtMn and
RhMn can be used as a ferromagnetic material. None the
less, there 1s no comment with respect to the exchange
anisotropic magnetic field on the contact boundary surface
with the ferromagnetic film. On the top of that, there is no
clear description at all regarding the characteristics of the
ferromagnetic film 1tself and the exchange anisotropic mag-
netic field 1n the case of a super-thin film with a thickness of
several hundreds of A.

SUMMARY OF THE INVENTION

It 1s a first object of the present invention to provide a
structure of a magnetoresistive head which structure allows
a stable bias magnetic field to be generated in a magnetore-
sistive film thereof in order to solve the aforementioned
problems of the exchange coupling bias 1n the conventional
structure shown 1n FIG. 11, overcome the aforementioned
problems of the permanent magnetic bias in the conven-
tional structure shown 1n FIG. 10, and eliminate the afore-
mentioned problems of the bias in the structure of FIG. 9
disclosed to the public.

It 1s a second object of the present invention to provide a
magnetoresistive (MR) head having an excellent linear
response characteristic and a reduced amount of Barkhausen
noise by providing an antiferromagnetic film which has
excellent corrosion resistance and can apply a sufficient
required exchange anisotropic magnetic field 1n the case of
a super-thin film.

It 1s a third object of the present invention to provide an
MR head having an excellent linear response characteristic
and a reduced amount of Barkhausen noise by providing an
antiferromagnetic {ilm which has moderate dependence of
an exchange anisotropic magnetic field on the temperature
and a high blocking temperature.

It 1s a fourth object of the present invention to provide an
MR head having an excellent linear response characteristic
and a reduced amount of Barkhausen noise by providing an
antiferromagnetic film which allows a heat treatment step
for obtaining the characteristics described above to be
implemented at a temperature and a rate of decrease 1n
temperature and 1n a time which temperature, rate of
decrease 1 temperature and time are applicable to a process
of manufacturing an ordinary MR head.

The present invention provides a magnetoresistive head 1n
which: ferromagnetic films exhibiting a magnetoresistive
cifect are used; 1n a read-track region at the center of the
magnetoresistive head, a magnetoresistive film 1s created; at
cach of both ends of the magnetoresistive film outside the
read-track region, an antiferromagnetic film and the ferro-
magnetic film experiencing an exchange coupling magnetic
field due to direct contact with the antiferromagnetic film are
created 1n such a way that the ferromagnetic film 1s not
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brought 1nto direct contact with the magnetoresistive film so
as to prevent ferromagnetic coupling from being developed
by a contact boundary surface between the magnetoresistive
film and the ferromagnetic film; and bias magnetization 1s
applied to the magnetoresistive film by exchange coupling

between the ferromagnetic film and the antiferromagnetic
f1lm.

In order to prevent the ferromagnetic film from being
brought 1nto direct contact with the magnetoresistive film, a
film made of Ta 1s 1mntroduced between the ferromagnetic
film and the magnetoresistive film as an mtermediate layer
or the ferromagnetic and antiferromagnetic films are created
into a structure wherein the anfiferromagnetic film 1is
brought 1nto direct contact with the magnetoresistive film.

In the magnetoresistive head provided by the present
invention, a suflicient required bias magnetic field 1s applied
by the anfiferromagnetic film 1n direct contact with the
ferromagnetic film exhibiting a magnetoresistive effect in
order to make the response of the magnetoresistive effect to
a magnetic flux from a magnetic recording medium linear
and to reduce the amount of Barkhausen noise. The antifer-
romagnetic film 1s made of a PtMn alloy, heat treatment 1s
carried out at temperatures in the range 200° to 350° C. after
the ferromagnetic film 1n direct contact with the PtMn
antiferromagnetic film 1s created; and a predetermined inter-
diffusion layer 1s created on the boundary surface between
the PtMn antiferromagnetic film and the ferromagnetic film
in direct contact with the PtMn antiferromagnetic film in
order to generate an exchange anisotropic magnetic field.

The above heat treatment can be 1implemented at a tem-
perature and a rate of decrease 1n temperature and 1n a time
which temperature, rate of decrease in temperature and time
are equivalent to those used 1n the process of manufacturing
an ordinary magnetoresistive head, thus being a very prac-
tical heat-treatment method.

In addition, the corrosion resistance of the PtMn alloy 1s
extremely excellent 1n comparison with those of the FeMn,
NiMn and NiMnCr alloys. On the top of that, no corrosion
1s observed at all 1n a variety of solvents and cleaners during
the process of manufacturing the magnetoresistive head. By
the same token, the operation of the magnetoresistive head
in a harsh environment 1s chemically stable.

In addition, the characterizing features of the antiferro-
magnetic {ilm made of a PtMn alloy are that the exchange
anisotropic magnetic field obtained by creating a predeter-
mined interdiffusion layer on the boundary surface between
the ferromagnetic film and the antiferromagnetic film made
of an PtMn alloy in direct contact with the ferromagnetic
f1lm 1s very stable thermally 1n comparison with an exchange
anisotropic magnetic field created by an FeMn antiferro-
magnetic {ilm, and that the bias magnetic field 1s very stable
in the range of the head operating temperature because it 1s
possible to generate an exchange anisotropic magnetic field
having a constant intensity in the range from the ambient
temperature to 120° C., the operating temperatures of the
magnetoresistive head. By the same token, the blocking
temperature of the PtMn alloy at which the exchange
anisotropic magnetic field disappears 1s 380° C. which 1is
much higher than 150° C., the blocking temperature of the
FeMn alloy. As a result, the exchange anisotropic magnetic
field 1s extremely stable during the process of manufacturing
the magnetoresistive head and during the operation of the

head.

On the top of that, in the case of the PtMn alloy, since 1t
1s possible to generate an exchange anisotropic magnetic
field on a boundary surface either above or beneath of the
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ferromagnetic film in direct contact with the antiferromag-
netic film made of an PtMn alloy, the exchange anisotropic
magnetic field can be obtained without an underlayer film
such as a film made of Ta for making the crystal orientations
uniform as 1s required in order to obtain an exchange
anisotropic magnetic field by using a film made of an FeMn
alloy. As a result, 1t 1s now possible to build a device
structure which can not be constructed so far due to restric-
tions 1mposed by the method of using the conventional
antiferromagnetic film.

BRIEF DESCRIPITION OF THE DRAWINGS

FIG. 1 1s a diagram showing a first embodiment of the
present invention which embodiment implements a structure
wherein Ta film 18 created as an mtermediate film;

FIG. 2 1s a diagram showing a second embodiment of the
present invention which embodiment implements a structure
wherein Ta film 1s created as an mtermediate film;

FIG. 3 1s a diagram showing a third embodiment of the
present invention which embodiment implements a structure
wherein Ta film 1s created as an mtermediate film;

FIG. 4 1s a diagram showing a fourth embodiment of the
present invention which embodiment implements a structure
wherein Ta film 1s created as an itermediate film;

FIG. 5 1s a typical proven data obtained by experiments
which data represents the intensities of bias magnetic fields
for a variety of structures using a film made of Ta 1n
accordance with the present invention;

FIG. 6 1s a diagram showing a fifth embodiment of the
present invention wherein ferromagnetic coupling devel-
oped by a magnetoresistive film 1 conjunction with a
ferromagnetic film 1s cut off;

FIG. 7 1s a diagram showing a sixth embodiment of the
present 1nvention wherein ferromagnetic coupling devel-
oped by a magnetoresistive film 1 conjunction with a
ferromagnetic film 1s cut off;

FIG. 8 1s typical proven data obtained by experiments
which data represents the intensities of bias magnetic fields
for a variety of structures wherein ferromagnetic coupling is
cut off 1n accordance with the present invention;

FIG. 9 1s a diagram showing a conventional structure for
generating an exchange coupling magnetic field;

FIG. 10 1s a diagram showing a conventional structure for

generating a bias magnetic field by using a permanent
magnetic film;

FIG. 11 1s a diagram showing a conventional structure for
generating an exchange coupling magnetic field;

FIG. 12 1s a diagram used for explaining a bias magnetic
field generated 1n a spin-valve head;

FIG. 13 1s a diagram used for explaining a bias magnetic
field generated 1n a spin-valve head;

FIG. 14 1s a diagram showing a relation between the

composition and the intensity of the exchange anisotropic
magnetic field of a PtMn film;

FIG. 15 1s a diagram showing a relation between the
composition, the heat-treatment temperature and the inten-
sity of the exchange anisotropic magnetic field of a PtMn

film;

FIG. 16 1s a diagram showing a relation between the
heat-treatment temperature, the hold time and the intensity
of the exchange anisotropic magnetic field of a PtMn film;

FIG. 17 1s a diagram showing a relation between the
heat-treatment temperature, the hold time and the coercive

force of a PtMn film;



US RE37,819 E

9

FIG. 18 1s a diagram showing a relation between the film
thickness, the heat-treatment temperature and the intensity
of the exchange anisotropic magnetic field of a PtMn film;

FIG. 19 1s a diagram showing a relation between the film
thickness, the heat-treatment temperature, the hold time and

the intensity of the exchange anisotropic magnetic field of an
NiFe film;

FIG. 20 1s a diagram showing a relation between the film

thickness, the heat-treatment temperature, the hold time and
the intensity of the exchange anisotropic magnetic field of an

NiFe film;

FIG. 21 1s a diagram showing a relation between the
thickness of a PtMn film, the thickness of an NiMn film, the

heat-treatment temperature, the hold time and the intensity
of the exchange anisotropic magnetic field;

FIG. 22 1s a diagram showing comparison of the intensity

of the anisotropic magnetic field of an NiFe film with that of
a Co film;

FIG. 23 1s a diagram showing a relation between the
intensity of the anisotropic magnetic field and the measure-
ment temperature,

FIG. 24 1s a diagram showing comparison of the inten-
sities of exchange anisotropic magnetic fields generated by
a PtMn film 1n structures with different layer stackings and

structures with and without an underlayer Ta film;

FIG. 25 if a diagram showing comparison of the intensi-
fies of anisotropic magnetic fields generated by an NiMn
film 1n structures with different layer stackings and struc-
tures with and without an underlayer Ta film;

FIG. 26 1s a diagram showing diffusion on a boundary
surface 1 an ‘as depo.’ state by using a depth profile of an
Auger electron spectroscopy;

FIG. 27 1s a diagram showing diffusion on a boundary
surface after heat treatment by using a depth profile of an
Auger electron spectroscopy;

FIG. 28 1s a diagram showing results of an analysis of a
film structure based on an X-ray diffraction profiile;

FIG. 29 1s a diagram showing comparison of the inten-
sities of anisotropic magnetic fields generated by films made

of PtMn, NiMn and NiMnCer;

FIG. 30 1s a diagram showing comparison of areas of the
corrosion resistance of films made of PtMn, NiMn and

NiMnCr, and

FIG. 31 1s a diagram showing a relation between the film
composition and the corrosion resistance of a PtMn film.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 1 1s a diagram showing a magnetoresistive head
provided by a first embodiment of the present invention. As
shown 1n the figure, the magnetoresistive head comprises a
magnetoresistive film 3, a nonmagnetic film 2, a soft mag-
netic film 1, antiferromagnetic films 4, ferromagnetic films
5 and mtermediate films 6. The magnetoresistive film 3, the
nonmagnetic film 2 and the soft magnetic film 1 have taper
shapes 1n contact with the intermediate film 6 on both sides
thereof. An exchange coupling magnetic field 1s used instead
of a magnetic field generated by a permanent magnet bias as
a longitudinal bias magnetic field of the magnetoresistive
film 3. The longitudinal bias magnetic field 1s applied in
parallel to the surface of a magnetic recording medium and
the magnetoresistive film 3 in the X direction shown 1n the
figure, putting the magnetization of the read-track region of
the magnetoresistive film 3 in a single-domain state 1n the X
direction.
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Ta, a nonmagnetic substance, 1s used as a material for
making the intermediate film 6. In addition to Ta, Ti
(titanium, Zr (zirconium), Hf (hafnium) and Cr (chromium)
are materials which are expected to have the same functions
and effects when used for making the mntermediate film 6.

FIG. 1 shows a structure wherein an exchange coupling
magnetic field generated by exchange coupling of the anti-
ferromagnetic ferromagnetic film 4 and the ferromagnetic
f1lm 5 1s flown into the magnetoresistive {ilm 3. The present
invention 1s characterized 1n that Ta, a nonmagnetic material,
1s used for making the intermediate film 6 between the
ferromagnetic film 5 and the three films, that 1s, the mag-
netoresistive film 3, the nonmagnetic film 2 and the soft
magnetic film 1.

In the conventional structure shown 1 FIG. 9, the mag-
netoresistive film 3 1s brought into direct contact with the
ferromagnetic film 5 experiencing exchange coupling. At the
contact location, ferromagnetic coupling is resulted in, serv-
ing as a cause of the Barkhausen noise.

By mtroducing the Ta film 6 as an intermediate film 1n
accordance with the present invention, it 1s possible to
introduce a function for preventing ferromagnetic coupling
from being generated between the magnetoresistive film 3
and the ferromagnetic film 5. In addition, by using the Ta
film 6 as an underlayer film of the ferromagnetic film §
experiencing exchange coupling 1n the process of stacking a
variety of films, an effect of making crystal orientations
uniform can be utilized 1in the creation of the structure so that
the lattice constant of the Ta crystal matches the lattice
constant of the ferromagnetic film 5. In this way, the
intensity of the exchange coupling magnetic field can be
further increased. Since the stronger the intensity of the
exchange coupling magnetic field of the ferromagnetic film,
the more stable the bias applied to the magnetoresistive film,
an exchange coupling magnetic field with a strong intensity
1s desirable as far as the function of the magnetoresistive
head 1s concerned.

In addition, since a permanent magnetic bias 1s not used
in the structure shown 1n FIG. 1, the problem encountered 1n
the conventional structure shown 1n FIG. 10, that 1s, that the
magnetic characteristic of the permanent magnetic films 1s
unstable at a location 1 close proximity to the contact
boundary surface between the permanent magnetic film and
the three films 1s solved. By the same token, since the
magnetization of the ferromagnetic film experiencing
exchange coupling is oriented 1n the read-track direction, the
magnetic flux of the ferromagnetic film flows into the
magnetoresistive 11lm, making the bias for putting the mag-
netization of the magnetoresistive {ilm 1nto a single-domain
state 1n the read-track direction stable and easy to apply.

A structure shown 1n FIG. 2 1s a second embodiment of
the present invention. As shown 1n the figure, the stacking
order of the antiferromagnetic film 4 and the ferromagnetic
film 5§ on the Ta underlayer film 6 1n the structure 1s opposite
to that shown 1n FIG. 1. Also 1n this case, the ferromagnetic
coupling of the magnetoresistive film 3 and the ferromag-
netic film 5 experiencing exchange coupling with the anti-
ferromagnetic film 4 1s cut off. The structure 1s created by
taking advantage of an effect of making the crystal orien-
tations uniform so that the lattice constant of the Ta crystal
matches the lattice constant of the antiferromagnetic film 4.
On the top of that, the exchange coupling becomes stronger,
further increasing the intensity of the exchange coupling
magnetic field.

A structure shown 1 FIG. 3 1s a third embodiment of the
present invention. As shown 1n the figure, the ferromagnetic
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film § 1s created on the Ta underlayer film 6 and the
antiferromagnetic film 4 1s further stacked on the ferromag-
netic film 5. In this way, an exchange coupling magnetic
field of the ferromagnetic field 5§ 1s developed by the
antiferromagnetic film 4. At the same time, the ferromag-
netic film 5 and the antiferromagnetic film 4 are stacked on
cach other alternately to form a multilayer stack. In such a
multilayer stack, the intensity of the bias magnetic field
ogenerated by all the ferromagnetic films which experience
exchange coupling increases, making the bias applied to the
magnetoresistive film 3 more stable.

In addition, the intensity of the exchange coupling mag-
netic field 1s dependent upon the type of the antiferromag-
netic {1lm and mversely proportional to the thickness of the
ferromagnetic film without regard to the type of the antifer-
romagnetic {ilm as 1s obvious from results of experiments to
be described later. For more information, refer to FIG. 5. It
1s therefore desirable to use a film made of a PtMn alloy, an
antiferromagnetic film which can increase the intensity of
the exchange coupling magnetic field. In addition, besides

PtMn, an alloy film made of IrMn, PdMn, RhMn or RuMn
can also be used as well.

By the same token, with the antiferromagnetic films made
of the same material, if the ferromagnetic {ilm 1s split into six
layers each having a film thickness of 50 A to oive a total
f1lm thickness of 6 layersx50 ﬁx/layer=300 A for pinning, the
pinning of the magnetization of the ferromagnetic films in
the X direction will result in an exchange coupling magnetic
field with an 1ntensity six times the intensity of an exchange
coupling magnetic field obtained by pinning the magnetiza-
fion of a single-layer ferromagnetic film having a thickness
of 300 A. The multilayer structure 1s thus a desirable
structure for providing a bias magnetic field to the magne-
toresistive film.

A structure shown in FIG. 4 1s a fourth embodiment of the
present invention. As shown 1n the figure, the antiferromag-
netic films 4 and the ferromagnetic films 5 are stacked
alternately above the Ta underlayer film 6 1n a stacking order
different from that used in the structure shown in FIG. 3.
Much like the third embodiment shown 1n FIG. 3, 1n the
structure shown 1n FIG. 4, the bias magnetic field applied to
the magnetoresistive film 3 has a strong intensity and 1is
stable.

In addition, in another embodiment of the present inven-
fion which embodiment 1s not shown 1n a figure, antiferro-
magnetic films are brought into direct contact with the upper
and lower surfaces of a single-layer ferromagnetic film. In
such a structure, the intensity of the exchange coupling
magnetic field 1s twice that obtained by an antiferromagnetic
film created only on one side of the ferromagnetic film.

The results of experiments shown 1n FIG. § are intensities
of exchange coupling magnetic fields (Hex) for structures
cach comprising a ferromagnetic film made of an NiFe alloy
and an antiferromagnetic film made of either an FeMn or
PtMn alloy with or without an underlayer film made of Ta.

In the experiments, the films are created by using the RF
(Radio Frequency) conventional sputtering equipment. A
silicon wafer including Al,O; 1s used as a substrate with
indirect water cooling adopted during the process of creating
the films. However, no deliberate heating 1s carried out.
Used targets are a mix of Fe and Mn with an atom ratio of
50% to 50%, a mix of N1 and Fe with an atom ratio of 80%
to 20%, Mn and Ta having a diameter of 8 inches. The
composition of a film made of a PtMn alloy 1s created by
adjusting Pt pellets having a 100 mm angle placed on the Mn
target. The film composition 1s created by means of an XMA
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(X-ray microanalyzer) to give a thickness of about 2 um. The
sputter input power 1s 100 W and the sputter gas pressure 1s
1 mTorr. During the process of creating films, a pair of
permanent magnets are provided on both the sides of the
substrate to apply a magnetic field with an 1ntensity of about
50 Oe to the substrate.

The thickness of the films made of FeMn and PtMn alloys
is 300 A while the thickness of the film made of Ta is 100
A which are uniform values for all the structures. After the
creation of the films, heat treatment at temperatures in the
range 250° to 270° C. is carried out while applying a
one-directional magnetic field with an intensity of about
1,000 Oe in a vacuum with a degree of vacuum 5x10~° Torr
or below. The 1ntensity of the exchange coupling magnetic
fields (Hex) is the intensity obtained after the heat treatment.
The film made of a PtMn alloy has a composition ratio of Pt
to Mn set at 46/54 1n terms of at %. Ta of the uppermost layer
1s provided for preventing surface oxidation from occurring
during the heat treatment.

In the case of an embodiment I shown 1n FIG. §, 1n order
to effectively obtain an exchange coupling magnetic field of
the NiFe ferromagnetic film exchange-coupled with the
FeMn antiferromagnetic film, the Ta underlayer film 1is
created 1n order to avoid ferromagnetic coupling caused by
the NiFe ferromagnetic film. As a result, a magnetic field
(Hex) with a strong intensity in comparison with a compari-
son example 1s obtained. The structure of the embodiment I
proves the effectiveness of the underlayer film made of Ta.

In the case of an embodiment II, the PtMn anftiferromag-
netic film 1s used 1n place of the film made of an FeMn alloy.
It 1s a matter of course that the intensity of the exchange
coupling magnetic field (Hex) is stronger than that of the
comparison example. The intensity of the exchange cou-
pling magnetic field (Hex) of the embodiment II is even
stronger than that of the embodiment I, proving the effec-
fiveness of the film made of a PtMn alloy when used as an
antiferromagnetic film.

In the case of an embodiment III, the stacking order of the
ferromagnetic film and the antiferromagnetic film on the
underlayer film made of Ta i1s opposite to that of the
embodiment II, proving that an equivalent exchange cou-
pling magnetic field (Hex) can be obtained even if the
stacking order 1s reversed.

In the case of an embodiment IV, the NiFe ferromagnetic
f1lm 1s sandwiched by the PtMn antiferromagnetic films,
resulting 1n exchange coupling at two surfaces. As a resullt,
the intensity of the exchange coupling magnetic field (Hex)

of the embodiment IV 1s twice those of the embodiments 11
and III.

In the case of an embodiment V, the thickness of the NiFe
ferromagnetic film 1s reduced to 50 A. The structure of the
embodiment V proves that a stronger intensity of the
exchange coupling magnetic field (Hex) can be obtained.

In the case of an embodiment VI, the structure of the
embodiment V 1s adopted except that the NiFe ferromag-
netic film 1s sandwiched by the PtMn antiferromagnetic
films. The structure of the embodiment VI also proves that
a stronger 1ntensity of the exchange coupling magnetic field
(Hex) can be obtained.

A structure shown 1n FIG. 6 1s a fifth embodiment of the
present mvention. In the structure shown 1n the figure, the
ferromagnetic film 5 experiencing exchange coupling is not
brought mto direct contact with the magnetoresistive film 3.
In the structure of the conventional magnetoresistive head
shown 1 FIG. 9, on the other hand, since the ferromagnetic
film experiencing exchange coupling is brought 1nto direct
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contact with the magnetoresistive film, ferromagnetic cou-
pling 1s resulted 1n between the ferromagnetic film and the
magnetoresistive film, causing a change 1n magnetization in
the ferromagnetic film to directly affect the change in
magnetization 1n the magnetoresistive film. Since there 1s no
guarantee at all that fluctuations 1n magnetization occurring
in the ferromagnetic film caused by a magnetic flux from the
magnetic recording medium are smooth, the ferromagnetic
coupling causes noise to be generated in the response
variation of the magnetoresistive film in response to the
magnetic flux from the magnetic recording medium, giving

rise to generation of Barkhausen noise.

In the structure shown 1n FIG. 6, one surface of the
antiferromagnetic film 4, that 1s, the lower surface of the
created film, 1s brought 1nto direct contact with the magne-
toresistive film 3. As a result, an exchange coupling mag-
netic field 1s generated 1 both the magnetoresistive film 3
and the ferromagnetic film 5. By adopting such a structure,
it 1s possible to obtain the following effects.

Since the magnetic moment of the antiferromagnetic film
itself very hardly moves due to a magnetization ratio of the
order of 107, the direction of magnetization in the antifer-
romagnetic film 1s virtually not affected at all by the flux
ogenerated by the magnetic recording medium. In other
words, the direction of magnetization 1n the antiferromag-
netic film can be considered to change only at a rate of
change of 0.01 or below. As a result, even if the magne-
tforesistive film 1s brought into direct contact with the
antiferromagnetic film, the direction of magnetization in the
magnetoresistive film can be changed by controlling varia-
fions to magnetization direction in the magnetoresistive film
only. On the top of that, since an exchange coupling mag-
netic field for orientating the magnetization 1n the read-track
direction 1s generated by the antiferromagnetic field at each
read-track edge of the magnetoresistive film, a bias for
putting the magnetization 1n the magnetoresistive film into a
single-domain state 1n the read-track direction 1s easy to
apply. In addition, since the magnetization of the ferromag-
netic film experiencing exchange coupling 1s oriented 1n the
read-track direction, the magnetic flux of the ferromagnetic
f1lm flows into the magnetoresistive film. As a result, the bias
for putting the magnetization of the magnetoresistive film
into a single-domain state 1n the read-track direction 1s easy
to apply.

In a structure shown 1n FIG. 7, the antiferromagnetic film
4, the ferromagnetic film 5 and the anfiferromagnetic film 4
are further stacked on the antiferromagnetic film 4 and the
ferromagnetic film 5 of the structure shown 1n FIG. 6. The
intensity of an exchange coupling magnetic field 1s depen-
dent upon the type of the anftiferromagnetic film and
inversely proportional to the thickness of the ferromagnetic
f1lm without regard to the type of the antiferromagnetic film
as 1s obvious from results of experiments to be described
later. For more information, refer to FIG. 8. It 1s therefore
desirable to use a film made of a PtMn alloy, an antiferro-
magnetic film which can increase the intensity of the
exchange coupling magnetic field.

By the same token, with the antiferromagnetic films made
of the same material, if the ferromagnetic film 1s split into six
layers each having a film thickness of 50 A to give a total
f1lm thickness of 6 layersx50 A/layer=300 A for pinning, the
pinning of the magnetization of the ferromagnetic films in
the X direction will result in an exchange coupling magnetic
field with an intensity six times the intensity of an exchange
coupling magnetic field obtained by pinning the magnetiza-
tion of a single-layer ferromagnetic film having a thickness
of 300 A. The multilayer structure 1s thus a desirable
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structure for providing a bias magnetic field to the magne-
toresistive film.

The results of experiments shown 1n FIG. 8 are intensities
of exchange coupling magnetic fields (Hex) for structures
cach comprising a ferromagnetic film made of an NiFe alloy
and an antiferromagnetic film made of either an FeMn or
PtMn alloy. The methods of creating films, the substrate, the
film thickness, the heat treatment and the like are the same
as those of the results of experiments shown 1n FIG. 5.

The comparison example 1s the same as that of the
conventional magnetoresistive head wherein the antiferro-
magnetic film 1s made of an FeMn alloy. In the case of an
embodiment VII shown m FIG. 8, however, the antiferro-
magnetic film 1s made of a PtMn alloy instead of FeMn. In
the structure of the embodiment VII, the NiFe ferromagnetic
f1lm 1s sandwiched by the PtMn films. The structure of the
embodiment VII proves that a strong intensity of the
exchange coupling magnetic field (Hex) can be obtained.

In the case of an embodiment VIII, the thickness of the
NiFe ferromagnetic film 1s reduced to 50 A when compared
with that of the embodiment VII. The structure of the
embodiment VIII proves that a stronger intensity of the
exchange coupling magnetic field (Hex) can be obtained.

Data of more embodiments of the present mvention each
used for generating an exchange anisotropic magnetic field
1s shown 1 FIG. 14 and the subsequent figures. An exchange
anisotropic magnetic field obtained by creating a predeter-
mined interdiffusion layer on the boundary surface between
a PtMn antiferromagnetic film and a ferromagnetic film 1n
direct contact with the antiferromagnetic film can be used in
all of the longitudinal biases of the AMR heads shown 1n
FIGS. 1, 2, 3, 4, 6 and 7, the bias of the pinned magnetic
layer 11 of the spin-valve head shown in FIG. 12, the bias
of the free magnetic layer 9 and the bias of the pinned
magnetic layer 11 shown in FIG. 13.

Films are created by using the RF (Radio Frequency)
conventional sputtering equipment. For the substrate, 1ndi-
rect water cooling 1s adopted. However, no deliberate heat-
ing 1s carried out. Used targets are a mix of N1 and Fe with
an atom ratio of 80% to 20%. Co, Ta, Mn and a mix of Ni
and Mn with an atom ratio of 47% to 53% having a diameter
of 8 inches. The composition of a film made of a PtMn alloy
1s created by properly adjusting Pt pellets having a 10 mm
angle placed on the Mn target. In addition, the composition
of an NiMnCr film 1s created by properly adjusting Cr and
Mn pellets having a 10 mm angle placed on the mix of Ni
and Mn with an atom ratio of 47% to 53%. The film
compositions are created by means of an XMA (X-ray
microanalyzer) to give a thickness of about 2 um on an Si
substrate. A glass substrate 1s used as a substrate during the
measurement of magnetic characteristics and during
corrosion-resistance tests. The sputter input power 1s 100 W
and the sputter gas pressure 1s 1 mTorr 1n all cases m order
to stack films made of the targets sequentially one layer after
another on the glass substrate. During the process of creating,
f1lms, a pair of permanent magnets are provided on both the
sides of the glass substrate to apply a one-directional mag-
netic field with an intensity of about 50 Oe¢ to the glass
substrate.

Heat treatment 1s carried out while applying a one-
directional magnetic field with an intensity of about 1,000
Oe in a vacuum with a degree of vacuum of 5x107° Torr or
below. During the heat treatment, the temperature 1s
increased 1n a predetermined period of time of 3 hours to a
predetermined value from which the temperature 1is
decreased to the room temperature 1n a predetermined period
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of time of 3 hours. The temperature of the heat treatment 1s
varied over the range 200° to 350° C. The holding time at a
predetermined temperature 1s 1n the range 4 to 20 hours.

An analysis of the interdiffusion at the boundary surface
between the PtMn antiferromagnetic film and the NiFe
ferromagnetic film brought into direct contact with the PtMn
antiferromagnetic film 1s carried out using a depth profile of
an Auger electron spectroscopy. In addition, an analysis of
the film structure 1s carried out by using X-ray diffraction by
means of a Co target. The exchange anisotropic magnetic
field 1s measured from a shift quantity of an M—H loop
which 1s normally carried out.

FIG. 14 1s a diagram showing a relation between the
composition of the PtMn film and the exchange anisotropic
magnetic field of the film obtained 1n an ‘as depo’.state after
film creation and after 9-hour heat treatment at 270° C. with
the amount of Pt Changed from 0 to 60 at %. The film
composition comprises glass/Ta with a thickness ot 100
A/NlFe with a thickness of 50 A/PtMn with a thickness of
200 A/Ta with a thickness of 100 A.

The reason why a Ta film 1s created on the glass substrate
1s to prevent the component on the glass substrate and the
NiFe film from mutually diffusing into each other due to heat
treatment. In the ‘as depo.” state, an exchange anisotropic
magnetic field Hex 1s generated at the Pt amount 1n the range
0 to 21 at %. With the Pt amount increased to a value of 21
at % or above, however, an exchange anisotropic magnetic
field Hex that can be substantially measured 1s not gener-
ated. None the less, after the heat treatment, an exchange
anisotropic magnetic field Hex 1s generated over the entire
composition range 0 to 54 at %. In particular, 1n a compo-
sition with the Pt amount in the range 36 to 54 at %, an
exchange anisotropic magnetic field Hex which can not be
measured in the ‘as depo.” state 1s generated by the heat
freatment with a strong intensity greater than 200 Oe. Also
in the case of a composition with the Pt amount 1n the range
0 to 21 at %, the intensity of the exchange anisotropic
magnetic field after the heat treatment 1ncreases when com-
pared with the value of the ‘as depo.” state.

FIG. 15 1s a diagram showing a relation between the
heat-treatment temperature and the exchange anisotropic
magnetic field of a film made of a PtMn alloy having a Pt
amount set 1n the range 44 to 54 at % with the holding time
taken as a parameter. The holding times are 9 hours for the
temperatures 200°, 230° and 270° C., 20 hours for the
temperature 250° C. and 4 hours for the temperatures 290°,
330° and 350° C. The time to raise the temperature to a
heat-treatment temperature and the time to lower the tem-
perature back to the room temperature are each 3 hours. The
film composition comprises glass/la with a thickness ot 100
A/NlFe with a thickness of 75 A/PtMn with a thickness of
200 A/Ta with a thickness of 100 A. With heat treatment
carried out at a temperature below 200° C., a substantial
exchange anisotropic magnetic field 1s not observed. With
heat treatment at a temperature of 200° C., however, an
exchange anisotropic magnetic fleld Hex starts to be
observed, and with heat treatment at a temperature of 230°
C. or above, an exchange anisotropic magnetic field Hex 1s
ogenerated all of a sudden. In particular, 1n a composition
with the Pt amount set in the range 44 to 51 at %, an
exchange anisotropic magnetic field Hex 1s generated by the
heat treatment with a strong intensity of 200 Oe or above.

FIG. 16 1s a digram showing the dependence of the
exchange anisotropic magnetic field Hex on the heat-
treatment temperature and the holding time while FIG. 17 1s
a diagram showing the dependence of the coercive force on
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the heat-treatment temperature and the hold time. The film
composition comprises glass/Ta with a thickness of 100

A/NlFe with a thickness of 50 A/PtMn with a thickness of
200 A/T a with a thickness of 100 A. The PtMn film has a

composition ratio of Pt to Mn set at 47/53 1n terms of at %.
Paying attention to the temperatures 250° and 270° C., it
becomes obvious that, the longer the holding time, the
stronger the mtensity of the exchange anisotropic magnetic

field Hex.

As 15 obvious from comparison of a holding time of 20
hours at the temperature of 250° C. and 9 hours at the
temperature of 270° C. with a holding time of 4 hours at the
temperature of 290° C., in spite of the fact that, the higher
the temperature, the shorter the holding time, the intensity of
the exchange anisotropic magnetic field Hex remains the
same or the intensity of an exchange anisotropic magnetic
field resulting from a high-temperature heat treatment with
a short hold time 1s stronger.

The coercive force He exhibits a trend of dependence on
the temperature about similar to that of the intensity of the
exchange anisotropic magnetic field Hex. The values of the
coercive force He are about the same as those of the intensity
of the exchange anisotropic magnetic field Hex. That is to
say, by shifting the center of the M—H loop 1n the direction
of the H axis, the value of the coercive force can be obtained
as a value about equal to the amount of shift. When thinking
of an exchange anisotropic bias in an AMR of a spin-valve
head, a large coercive force and a strong intensity of the
exchange anisotropic magnetic field Hex result in a stable
bias with a large magnitude proportional to Hc and Hex. It
1s thus desirable to have both a large coercive force and a
strong 1ntensity of the exchange anisotropic magnetic field.

By the way, the exchange anisotropic magnetic field 1s a
phenomenon of physics which 1s caused by exchange inter-
actions among magnetic atoms on the boundary surface
between a ferromagnetic film and an antiferromagnetic film.
The fact that, the longer the holding time and the higher the
holding-time temperature, the stronger the intensity of the
exchange anisotropic magnetic field Hex, causes some
physical changes to be developed to the boundary surface
between the NiFe film and the PtMn film at which surface
the exchange anisotropic magnetic field Hex 1s generated by
heat treatment. The fact that, the longer the holding time and
the higher the holding-time temperature, the greater the
physical changes 1s 1ndicated. The mechanism of the physi-
cal changes will be described 1n detail later.

FIG. 18 1s a diagram showing a relation between the film
thickness, the heat-treatment temperature and the exchange
anisotropic magnetic field of a film made of a PtMn alloy
which relation 1s obtained when the film thickness 1s varied.
The holding times are 9 hours for the temperatures 200°,
230° and 250° C. and 4 hours for the temperatures 270°,
290° and 330° C. The time to raise the temperature to a
heat-treatment temperature and the time to lower the tem-
perature back to the room temperature are each 3 hours. The
film composition comprises glass/la with a thickness ot 100
A/NlFe with a thickness of 75 A/PtMn with a thickness of
X A/Ta with a thickness of 100 A. The PtMn film has a
composition ratio of Pt to Mn set at 49/51 in terms of at %
Observed characterizing features include the fact that the
intensity of the exchange anisotropic magnetic field Hex
becomes stronger as the thickness of the PtMn film 1s
increased from 100 to 300 A through 200 A and a heat-
treatment temperature at which the intensity exchange aniso-
tropic magnetic field starts to be observable shifts to a lower
value. Results of a more detailed examination of the depen-

dence on the film thickness are shown 1in FIGS. 19 to 21.
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The film composition for data shown i FIG. 19 com-
prises glass/Ta with a thickness of 100 A/N iFe with a
thickness of X A/PtMn with a thickness of 300 A/Ta with a
thickness of 100 A. The PtMn film has a composition ratio
of Pt to Mn set at 49/51 1n terms of at %. The heat-treatment
temperature is set at different values: 250°,270°,290° and
330° C.

The film composition for data shown 1n FIG. 20 com-
prises glass/Ta with a thickness of 100 A/N iFe with a
thickness of X A/PtMn with a thickness of 200 A/Ta with a
thickness of 100 A. The PtMn film has a composition ratio
of Pt to Mn set at 49/51 1n terms of at %. The heat treatment

1s carried out 1n the same way as the film composition for
data shown m FIG. 19.

The film composition for data shown in FIG. 21 com-

prises glass/la with a thickness ot 100 521 /NiFe with a
thickness of X A/PtMn with a thickness of X A/Ta with a
thickness of 100 A. Much like the film compositions for data
shown 1n FIGS. 19 and 20, the PtMn film has a composition
ratio of Pt to Mn set at 49/51 1n terms of at %. The heat
treatment is carried out at a temperature of 290° C. for a
holding time of 4 hours. The time to raise the temperature to
a heat-treatment temperature and the time to lower the
temperature back to the room temperature are each 3 hours
for the film compositions for data shown 1n FIGS. 19, 20 and

21.

As 15 obvious from the results shown 1n FIGS. 18 to 21,
the smaller the NiFe film thickness and the greater the PtMn
film thickness, the stronger the intensity of the exchange
anisotropic magnetic fleld Hex. The dependence of the
intensity of the exchange anisotropic magnetic field Hex on
the PtMn film thickness is particularly striking in the film-
thickness range 100 to 300 A. In the film-thickness range
300 to 500 A, on the other hand, the dependence of the
intensity of the exchange anisotropic magnetic field Hex on
the PtMn film thickness can be hardly observed from EIG.
21. 1t is thus obvious that a PtMn film thickness of 300 A is

suthcient.

On the other hand, 1t 1s obvious that the intensity of the
exchange anisotropic magnetic field Hex, 1s all but inversely
proportional to the NiFe film thickness. This relation indi-
cates that the amount of exchange coupling energy gener-
ated by interactions among magnetic atoms on the boundary
surface between the PtMn film and the NiFe film is not
dependent on the NiFe film thickness. This relation is the
same as the dependence on the NiFe film thickness in the
conventional structure comprising a {ilm made of an FeMn
alloy and a film made of an NiFe alloy.

Next, results obtained from examination of changes in
Hex which occur when the ferromagnetic film 1s changed
from an NiFe alloy to Co are shown. The fact that the
magnetoresistive ratio can be increased when Co 1s used
rather than an NiFe alloy as a material for making the pinned
magnetic layer of a spin-valve head has already been proven
both theoretically and experimentally. Since it 1s quite within
the bounds of possibility that Co 1s used as a material for
making the pinned magnetic layer, a high intensity of the
exchange anisotropic magnetic field with Co 1s desirable.

The film composition for data shown 1 FIG. 22 com-
prises glass/Ta with a thickness ot 100 A/NiFe or Co with a
thickness of X A/PtMn with a thickness of 200 A/Ta with a
thickness of 100 A. The PtMn film has a composition ratio
of Pt to Mn set at 49/51 1n terms of at %. The heat treatment
is carried out at a temperature of 290° C. for a holding time
of 4 hours. The time to raise the temperature to a heat-
treatment temperature and the time to lower the temperature
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back to the room temperature are each 3 hours. Even 1if the
ferromagnetic film 1s changed to Co, about the same 1nten-
sity of the exchange anisotropic magnetic field Hex as the
NiFe film 1s obtained. From these results, the fact that the

same 1ntensity of the exchange anisotropic magnetic field
can be obtained even 1f an NiFeCo layer, a three-element
alloy film, 1s used as the ferromagnetic film can be inferred
with ease.

So far, the dependence of the exchange anisotropic mag-
netic field of the PtMn film and the ferromagnetic film on the
composition of the PtMn film, the heat-treatment
temperature, the heat-treatment holding time, the thickness
of the PtMn film and the thickness of the ferromagnetic film
has been examined 1n detail. The description indicates that,
by carrying out heat treatment at temperatures in the range
200° to 350° C. on a super-thin ferromagnetic film with a
thickness 1n the range 50 to 300 A which film is in direct
contact with a film made of a PtMn alloy, a strong intensity
of the exchange anisotropic magnetic field can be obtained.

Described next are embodiments of the present invention
for solving the other problems such as the thermal stability
of the exchange anisotropic magnetic field and the corrosion
resistance of the antiferromagnetic film made of a PtMn
alloy 1n particular embodiments whose corrosion resistance
1s to be compared with those of films made of NiMn and
NiMnCr alloys. Finally, the description 1s followed by
embodiments used for explaining differences and similari-
fies iIn mechanism between the exchange anisotropic mag-
netic field generated by the antiferromagnetic films made of
NiMn and NiMnCr alloys and the exchange anisotropic

magnetic field generated by the antiferromagnetic film made
of a PtMn alloy.

FIG. 23 shows results of examination of temperature
characteristics of Hex and Hc. The film composition for data
shown 1n FIG. 23 comprises glass/Ta with a thickness of 100
AN iFe with a thickness of 200 A/PtMn with a thickness of
300 A/Ta with a thickness of 100 A. The PtMn film has a
composition ratio of Pt to Mn set at 46/54 1n terms of at %.
The heat treatment is carried out at a temperature of 260° C.
for a holding time of 20 hours. The time to raise the
temperature to a heat-treatment temperature and the time to
lower the temperature back to the room temperature are each
3 hours. The measurement 1s carried out by measuring the
M—H curve by means of a VSM (Vibrating Sample
Magnetometer) while heating the sample gradually from the
room temperature in a vacuum with the degree of vacuum of
5x10~> Torr. The rate of increase in temperature during
measurement is 20° C. in 20 minutes.

At the room temperature, a Hex value of 90 Oe¢ 1s
obtained. This Hex value 1s about 12.5 times the value of
Hex given by the conventional FeMn film. The blocking
temperature Tb, a temperature at which Hex disappears, 1s
380° C. which is much higher than 160° C., the blocking
temperature Tb of the FeMn film. As 1s generally known, the
temperature of the surroundings of the magnetoresistive film
of a magnetic head 1in a operative state 1s 1n a range of the
room temperature to about 120° C. In this temperature
range, the intensity of the exchange anisotropic magnetic
field Hex generated by the PtMn film 1s all but flat, showing
a clear difference from a tread of Hex generated by the FeMn
f1lm at a temperature ranging from the room temperature to
about 120° C., a trend of decreasing proportionally with the
temperature. Large values of Hex and Tb and a flat value of
Hex over the operating-temperature range of the magnetore-
sistive head are very desirable because they give rise to the
thermal stability of the bias magnetic field, well overcoming
the problems with the FeMn film.
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The film structure of all the embodiments explained so far
comprises glass/Ta/an NikFe or Co ferromagnetic film/PtMn/
Ta. Embodiments wherein the order of stacking the ferro-
magnetic film and the PtMn film 1s reversed and the Ta
underlayer film 1s eliminated are explained as follows.

FIG. 24 shows comparison of Hex of four film structures
with each other. The four film structures are glass/TaNike/
PtMn/Ta, glass/NiFe/PtMn/Ta, glass/Ta/PtMn/NikFe/Ta and
olass/PtMn/NiFe/Ta. The uppermost Ta layer which 1s pro-
vided for preventing surface oxidation from occurring dur-
ing heat treatment does not have an effect on the dependence

of Hex on the stacking order. Three values of the thickness
of the NiFe film are 200, 300 and 400 A while the thickness

of the PtMn film is 300A. The PtMn film has a composition
ratio of Pt to Mn set at 49/51 1n terms of at %. The heat
treatment is carried out at a temperature of 270° C. for a
holding time of 9 hours. The time to raise the temperature to
a heat-treatment temperature and the time to lower the
temperature back to the room temperature are each 3 hours.

The value of Hex varies to a certain degree depending,
upon the stacking order but a good large value of Hex 1s
obtained for all the stacking orders. In the conventional
FeMn film, the generation of a y-FeMn phase, a ferromag-
netic p_'lase results in generation of an exchange anisotropic
magnetic field, and the value of Hex changes considerably
depending upon whether or not the Ta underlayer film for
making the crystal orientations and the crystal phase uni-
form 1s present as 1s generally known. That 1s to say, in the
case of the FeMn film, 1f a film for adjusting the lattice
constant 1s not provided as an underlayer, Hex 1s not
obtained. In addition, a structure wherein the FeMn film 1s
created before creation of the NiFe film has a restriction in
that Hex 1s not obtained. This restriction, 1n turn, imposes a
restriction on the structure of elements. In the case of the
PtMn film, however, there 1s no such restriction on the
generation of Hex. Theretfore, the PtMn film 1s very easy to
use. As a result, 1t 1s obvious that the PtMn film makes an
clement structure, which was 1mpossible so fare with the
conventional film, possible.

FIG. 25 shows results of experiments which are carried
out under the same conditions with respect to the film
structure, the thickness of each film and the heat treatment
as the experiments for obtaining the data shown 1n FIG. 24,
except using a film made of an NiMn alloy instead of the
PtMn film. The NiMn film has a composition ratio of N1 to
Mn set at 49/51 1 terms of at %. The NiMn film 1s
characterized 1n that the dependence of Hex on the stacking
order 1s similar to that of the FeMn film rather than the PtMn
film. That 1s to say, the value of Hex greatly varies depend-
ing upon whether or not the Ta underlayer 1s present. These
facts indicate that there 1s a difference 1n mechanism for
generating an exchange anisotropic magnetic field to a
certain degree between the films made of NiMn and PtMn
alloys.

Heat treatment 1s carried out properly for the boundary
surface between the PtMn film and the ferromagnetic film 1n
direct contact with the PtMn film. A consideration as to why
the intensity of the exchange anisotropic magnetic field
oreatly caries depending whether or not the heat treatment 1s
carried out 1s explained along with backing embodiments as
follows. As to reasons why the intensity of the exchange
anisotropic magnetic field greatly varies, there are some
possible factors that can be inferred. One of the possible
factors is creation of a PtMn ordered phase (of the CuAu—I
type) as described in publications such as “Magnetic Mate-
rial Handbook.” Another factor 1s a change in state of the
boundary surface on which the exchange anisotropic mag-
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netic field works, that 1s, creation of an interdiffusion layer
on the boundary surface between the PtMn film and the
ferromagnetic film.

FIGS. 26 and 27 show results of examining the state of
interdiffusion after heat treatment by using a depth proﬁle of
an Auger electron Spectroscopy (AES). The ‘as depo.’ film

composition for data shown in FIGS 26 and 27 comprises
glass/Al,O; (alumina) with a thickness of 100 A/T a with a

thickness of K0 A/ N1Fe with a thickness of 200 A/PtMn with
a thickness of 200 A/T 2 with a thickness of 80 A. The PtMn

f1lm has a composition ratio of Pt to Mn set at 47/53 1n terms
of at %. The heat treatment 1s carried out at a temperature of
290° C. for a holding time of 4 hours. In the case of samples
in an ‘as depo,’ state with data thereof shown in FIG. 26, a
clear mterdiffusion with a resolution higher than the reso-
lution of the AES 1s not observed. In the case of samples
having data thereof shown in FIG. 27, on the other hand, a
clear mterdiffusion on the boundary surface between the
films made of PtMn and NiFe alloys 1s observed. That 1s to
say, Pt and Mn of the PtMn film, 1n particular Mn, diffuses
into the NiFe film while N1 and Fe of the NiFe film diffuse
into the PtMn film. From the fact that the film thickness 1s
200 131, the diffusion distance is inferred to be a little smaller
than 100 A.

Considering the fact that exchange interactions among
magnetic atoms of antiferromagnetic and magnetic films on
the boundary surface between the films are a physics cause
of the exchange anisotropic magnetic field, the interdiffusion
layer formed by the heat treatment 1s no other than a region
in which the exchange interactions among magnetic atoms
of both the films work and, the exchange anisotropic mag-
netic field works between the PtMn antiferromagnetic film
and the NiFe ferromagnetic film through the interdiffusion
layer. By carrying out heat treatment at temperatures in the
range 200° to 350° C. on the NiFe film in direct contact with
the PtMn film, an exchange anisotropic magnetic field is
ogenerated and, 1n particular, the higher the heat-treatment
temperature and the longer the heat-treatment holding time,
the stronger the intensity of the exchange anisotropic mag-
netic field. That 1s attributed to, among other causes, the fact
that, the higher the heat-treatment temperature and the
longer the heat-treatment holding time, the easier the cre-
ation of the interdiffusion layer.

As the mterdiffusion process further develops, however,
the films made of PtMn and NiFe alloys mutually diffuse
into each other completely, resulting in a PtMnNiFe alloy, a
four-element alloy. As 1s obvious from the mechanism of the
exchange interaction, it 1s certainly 1impossible to obtain an
exchange anisotropic magnetic field. It 1s thus necessary to

create a proper interdiffusion layer between the films made
of PtMn and NiFe alloys.

With respect to the development of an exchange aniso-
tropic magnetic field, the crystal structure may possibly
change, that is, an ordered phase (of the CuAu—I type) of
a PtMn alloy may possibly be created as has been described
carlier. For this reason, a change in crystal structure occur-
ring during the heat treatment 1s examined by X-ray diffrac-
tion.

FIG. 28 1s a diagram showing a pattern of X-ray diffrac-
tion. The film composition for data shown in FIG. 28
comprises glass/Ta with a thickness ot 100 A/NlFe with a
thickness of 200 A/PtMn with a thickness of 200 A/Ta with
a thickness of 100 A. The PtMn film has a composition ratio
of Pt to Mn set at 47/53 1n terms of a %. The heat treatment
is carried out at a temperature of 290° C. for a holding time
of 4 hours. The measurement 1s carried out by means of the
0—20 method on a Co target.
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The only differences between the ‘as depo.” state and the
state after the heat treatment are, much like the PtMn {111}

peak of the fcc structure, the intensity of the NiMn {111}

peak of the fce structure and a slight change 1n peak position
accompanying a change in the lattice constant. By examin-
ing these results only, the creation of a PtMn ordered phase
of the CuAu—I type mndicating the fcc structure can not be
recognized.

Described next are results of experiments for enhancing,
the corrosion resistance which 1s another big object of the
present mvention.

FIG. 30 1s a diagram showing comparison of corrosion
arcas on films for samples comprising PtMn. NiMn and
NiMnCr films created on a glass substrate each with a
thickness of 300 A. The samples are soaked 1n a physiology
solution of salt and an emulsifying agent at room tempera-
ture for 24 hours. The PtMn {ilm has a composition ratio of
Pt to Mn set at 47/53 1n terms of at % and the NiMn film has
a composition ratio of N1 to Mn set also at 47/53 1n terms of
at %. The amounts of doped Cr are 5,9, 13 and 17 at %. The
concentration of NaCl i the physiology solution of salt is
0.9%. The emulsifying agent 1s a solvent containing tripoly-
phosphate used in a variety of cleaning processes 1n the
fabrication of a magnetic head. The emulsifying agent
exhibits a weak-alkaline characteristic. The corrosion area
which is expressed in terms of percents (%) is found by
measuring the exposed area of the glass substrate with the
films dissolved 1n the solvent by means of an optical
microscope. The area of each sample is 4 cm?.

The PtMn film does not experience corrosion caused by
the physiology solution of salt and the emulsifying agent at
all. On the other hand, the NiMn film does experience such
corrosion caused by both the solvents for which the glass
substrate 1s exposed 100%. By doping the NiMn film with
Cr, the corrosion of the film in the physiology solution of salt
can be certainly reduced. However, such an effect 1s almost
not observed for the emulsifying agent. It 1s thus obvious
that the PtMn film has a corrosion-resistance characteristic
much superior to those of the films made of NiMn and
NiMnCer alloys. It should be noted that FIG. 16 shows results
of examination of the exchange anisotropic magnetic field
for the film composition used 1n the corrosion-resistance
experiments.

The film composition for data shown in FIG. 29 com-
prises glass/Ta with a thickness of 100 A/NiFe with a
thickness ot 50 or 75 A/PtMn, NiMn or NiMnCr with a
thickness of 200 A/Ta with a thickness of 100 A. The heat
treatment is carried out at a temperature of 270° C. for a
holding time of 9 hours. It 1s obvious from the figure that the
PtMn film, the NiMn film and the NiMnCr film doped with
Cr at a doping ratio of 5 and 9% have good values of Hex.
As the doping ratio 1s increased to 13 and 17%, however, the
value of Hex decreases, giving rise to a problem which 1s
anticipated when the magnetoresistive head 1s put to prac-
fical use. It 1s obvious from the results given above that the
PtMn {ilm 1s excellent as far as the corrosion resistance and
the exchange anisotropic magnetic field are concerned.

Finally, the effect of the amount of Pt 1n the PtMn film on
the enhancement of the corrosion resistance 1s explained.

FIG. 31 1s a diagram showing results of similar corrosion-
resistance experiments on samples with the same film com-

position by using the same solvents as those used for
obtaining data shown 1n FIG. 30. The fact that the element

of the PtMn film which enhances the corrosion resistance 1s
Pt 1s easy to understand. It 1s also obvious that, at a Pt
amount of 44 at % 1n particular, the corrosion resistance 1s
improved extraordinarily.
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In most of the description given above, a PtMn alloy 1s
used as a ferromagnetic substance. It should be noted,
however, that an RhMn alloy, an RuMn alloy, an IrMn alloy
and a PdMn alloy can also be expected to give the same
ciiect as the PtMn alloy.

According to the present invention, by cutting off ferro-
magnetic coupling between a magnetoresistive film and a
ferromagnetic {1lm exchange-coupled with an antiferromag-
netic film by means of a Ta film used as an intermediate layer
or by reversion of the stacking order of the ferromagnetic
and antiferromagnetic films, an exchange coupling magnetic
field having a strong intensity can be generated, allowing a
stable bias magnetic field to be applied to the magnetore-
sistive film.

Further, according to the present invention, a material
having an exchange anisotropic magnetic field with a strong
intensity, a good thermal characteristic and very excellent
corrosion resistance 1s proposed and, by using the exchange
anisotropic magnetic field as a bias magnetic field, 1t 1s
possible to provide a magnetoresistive head having a mag-
netoresistive el

S i

ect with an excellent linear response char-
acteristic and having a much reduced amount of Barkhausen
no1se.
What 1s claimed 1s:
1. A method of manufacturing a magnetoresistive head,
comprising:
forming an antiferromagnetic layer comprising a PtMn
alloy 1in direct contact with a ferromagnetic layer exhib-
iting a magnetoresistive effect;

heating said antiferromagnetic layer and said ferromag-
netic layer to a temperature in the range of 200° to 350°
C.; and

maintaining said temperature of said antiferromagnetic

layer and said ferromagnetic layer within the tempera-

ture range for a period of time in the range 4 to 20

hours;

wherein said steps of heating and maintaining said tem-
perature creates an interdiffusion layer on a boundary
surface between said ferromagnetic layer and said
antiferromagnetic layer.

2. A method of manufacturing a magnetoresistive head as
defined 1n claim 1, wherein said heating and said maintain-
ing steps are carried out 1n vacuum 1n a one-directional
magnetic field.

3. A method of manufacturing a spin-valve type magne-
toresistive head having a free magnetic layer, a non-
magnetic mtermediate layer and a pinned magnetic layer in
a laminated structure, said method comprising the steps of:

placing the surface of the pinned magnetic layer which 1s
opposite to the non-magnetic intermediate layer into

direct contact with an antiferromagnetic layer of a
PtMn alloy; and

applying a heat-treatment process to the entire structure at
a temperature of 200° to 350° C. for 4 to 20 hours;

thereby forming an interdiffusion layer on the boundary
surface between said pinned magnetic layer and said
antiferromagnetic layer in direct contact with each
other.

4. A method of manufacturing a spin-valve type magne-
toresistive head as defined in claim 3, wherein said heat-
freatment process 1s carried out iIn vacuum In a one-
directional magnetic field.

5. A method of manufacturing a spin-valve type magne-
toresistive head having a free magnetic layer, a non-
magnetic mtermediate layer and a pinned magnetic layer in
a laminated structure, said method comprising the steps of:
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placing the surface of said free magnetic layer which 1s ferromagnetic layer such that said ferromagnetic layer
opposite to said non-magnetic intermediate layer into comprises one of an NiFe alloy, an NilF'eCo alloy and Co.
direct contact with an antiferromagnetic layer of a 15. A method according to claim 9, wherein said step of
PtMn alloy; and forming an antiferromagnetic layer comprises forming said
applying a heat-treatment process to the entire structure at 5 antiferromagnetic layer having a film thickness in the range
a temperature of 200° to 350° C. for 4 to 20 hours; of about 100 to 500 A and wherein said step of forming said
thereby forming an interdiffusion layer to the boundary ferr omagf:;eric layer compr 55’:}’5 forming said ferromagnetic
surface between said free magnetic layer and said layer having a film thickness in the range of about 50 to 300
antiferromagnetic layer in direct contact with each A.
other. - 16. A method according to claim 9, wherein said X—Mn
6. A method of manufacturing a spin-valve type magne- alloy comprises about 5 to 20 at % of X and about 95 to 85
toresistive head as defined 1n claim 5, wheremn the heat- at % of Mn.
freatment process 1s carried out Im vacuum In a one- I7. A method according to claim 9, wherein said X—Mn
directional magnetic field. alloy comprises about 36 to 54 at % of X and about 64 to 46
7. A method of manufacturing a spin-valve type magne- at % of Mn. | .
toresistive head having a free magnetic layer, a non- 5 18. A method of manufacturing a magnetoresistive head
magnetic mtermediate layer and a pinned magnetic layer in comprising the steps of:
a laminate structure, said method comprising the steps of: forming a free magnetic layer,
placing the surface of said free magnetic layer which 1s forming a nonmagnetic layer,
opposite to said non-magnetic intermediate layer into forming a pinned magnetic layer such that said nonmag-
direct contact with a first antiferromagnetic layer of a =" netic layer is interposed between said free magnetic
PtMn alloy; layer and said pinned magnetic layer;
placing the surface of said pinned magnetic layer which 1s for m.if:.r,g a longitud{nal bias .layer that or f’i’f’-’fs the mag-
opposite to said non-magnetic mtermediate layer 1n nelizaron direction of sgzd free magnetic layer sub-
direct contact with a second antiferromagnetic layer of stantially along a first direction;
a PtMn alloy; and 25 forming an antiferromagnetic layer comprised of an

X—Mn alloy where X comprises of an element selected
from the group conststing of Pt, Rh, Ru, Ir, and Pd, said
antiferromagnetic layer formed in direct contact with
said pinned magnetic layer;

30 wherein said step of forming said pinned magnetic layer
comprises interposing said pinned magnetic layer
between said anitiferromagnetic layver and said free

applying a heat-treatment process to said free magnetic
layer, said pinned magnetic layer and said first and said
second anfiferromagnetic layers at a temperature of

200° to 350° C. for 4 to 20 hours;

thereby forming an interdiffusion layer on the boundary
surface between said free magnetic layer and the said

first antiferromagnetic layer in direct contact vaith' cach magnetic laver, said antiferromagnetic layer fixing the
other, aI_ld on the bouqdary surface petween sa1d.p1nned magnetization direction of said pinned magnefic layer
magnetic layer and §a1d second antiferromagnetic layer ;5 along a direction crossing the magnetization direction
in direct contact with each other. of said free magnetic layer; and

8. A method of manufacturing a spin-valve type magne-
toresistive head as defined 1in claim 7, wherein the heat-
freatment process 1s carried out In a vacuum 1n a one-

forming an interdiffusion layer between said antiferro-
magnetic layer and said pinned magnetic layer.

Vany _ 19. A method according to claim 18, wherein said step of

directional magnetic field. 40 forming an interdiffusion layer comprises forming an inter-

9. A method of manufacturing a magnetoresistive head diffusion layer having a film thickness in the range of about

comprising the steps of: 20 to 100 A
forming a ferromagnetic layer, 20. A method according to claim 18, wherein said step of
forming an antiferromagnetic layer comprising an X—Mn forming an antiferromagnetic layer comprises forming said

alloy where X comprises an element selected from the as antiferromagnetic layer such that said X—Mn alloy com-
group consisting of Pt, Rh, Ru, Ir, and Pd, said anti-  prises about 5 to 54 at % of X and about 95 to 46 at % of

ferromagnetic layer being formed adjacent said ferro- Mn.
magneltic layer, and 21. A method according to claim 20, wherein said step of
forming an interdiffusion layer between said ferromag- forming said pinned magnetic layer comprises forming said
netic layer and said antiferromagnetic layer. 50 pinned magnetic layer such that said pinned magnetic layer
10. A method according to claim 9, wherein said step of comprises one of an NiFe alloy, an NilFeCo alloy and Co.
forming an interdiffusion layer comprises forming an inter- 22. A method according to claim 20, wherein said step of
diffusion layer that includes an X element. forming an antiferromagnetic layer comprises forming said
11. A method according to claim 9, wherein said step of antiferromagnetic layer having a film thickness in the range
forming an interdiffusion layer comprises forming an mnter- 55 of about 100 to 500 A and wherein said step of forming said
diffusion layer that includes Mn. pinned magnetic layer comprises forming said pinned mag-
12. A method according to claim 9, wherein said step of netic layer having a film thickness in the range of about 50
forming an interdiffusion layer comprises forming an mnter- fo 300 A.
diffusion layer having a film thickness in the range of about 23. A method according to claim 18, wherein said step of
20 to 100 A. 60 forming an interdiffusion layer comprises forming an inter-
13. A method according to claim 9, wherein said step of diffusion layer that includes an X element.
forming an antiferromagnetic layer comprises forming said 24. A method according to claim 18, wherein said step of
antiferromagneftic layer such that said X—Mn alloy com- forming an interdiffusion layer comprises forming an inter-
prises about 5 to 54 at % of X and about 95 to 46 at % of diffusion layer that includes Mhn.
Mn. 65  25. A method according to claim 106, wherein said X—Mn

14. A method according to claim 9, wherein said step of alloy comprises about 5 to 20 at % of X and about 95 to 85
forming said ferromagnetic layer comprises forming said at % of Mn.
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20. A method according to claim 16, wherein said X—Mn
alloy comprises about 36 to 54 at % of X and about 64 to 46
at % of Mn.

27. A method of manufacturing a magnetoresistive head
comprising the steps of:

forming, on a read-track region of said magnetoresistive

head, a magnetoresistive effect structure exhibiting a
magnetoresistive effect, satd magnetoresistive effect
structure having opposing ends;

on each of said opposing ends, forming a plurality of *°

alternately stacked layers of antiferromagnetic films
with at least one ferromagnetic film layer therebetween
and generating exchange coupling on upper and lower
surfaces thereof in conjunction with said anitiferromag-
netic films; and

said alternately stacked layers applying bias magnetiza-

lion to said magnetoresistive effect struciure.

28. A method according to claim 27, wherein said anii-
ferromagnetic film is formed such that it comprises an
X—Mn alloy where X comprises an element selected from
the group consisting of Pt, Rh, Ru, Ir, and Pd.

29. A method according to claim 27, wherein said step of

forming said plurality of alternatively stacked layers com-
prises forming said ferromagnetic film such that said ferro-
magnetic film comprises one of an NiFe alloy, an NiFeCo
alloy and Co.

30. A method according to claim 27, further comprising
forming an nterdiffusion layer between said magnetoresis-
tive effect structure and said bias magnetization structure.

31. A method according to claim 27, further comprising
forming an nterdiffusion layer between said ferromagnetic
film and antiferromagnetic film; wherein said interdiffusion
laver 1s formed such that it includes an element selected
from the group consisting of Pt, Rh, Ru, Ir, and Pd.

32. A method according to claim 27, further comprising
forming an nterdiffusion layer between said ferromagnetic
film and an antiferromagnetic film, wherein said interdifju-
sion layer is formed such that it includes Mn.

33. A method according to claim 27, further comprising
forming an interdiffusion layer between said ferromagnetic
film and an antiferromagnetic film, wherein said interdifju-

sion layer is formed with a film thickness in the range of

about 20 to 100 A.

34. A method according to claim 23, wherein said X—Mn
alloy comprises about 5 to 20 at % of X and about 95 to 85
at % of Mn.

35. A method according to claim 27, wherein said X—Mn
alloy comprises about 36 to 54 at % of X and about 64 to 46
at % of Mn.

36. A method of manufacturing a magnetoresistive head
comprising the steps of:

forming, on a read-track region of said magnetoresistive

head, a magnetoresistive effect structure exhibiting a
magnetoresistive effect, satd magnetoresistive effect
structure having opposing ends;

stacking an antiferromagnetic film and a ferromagnetic
film to form a plurality of layers with at least one
ferromagnetic film interposed between aniiferromag-
netic films, wherein said antiferromagnetic film com-
prises an X—Mn alloy where X comprises an element
selected from the group consisting of Pt, Rh, Ru, Ir, and
Pd;

forming a bias magnetization structure including a first
part disposed on one of said opposing ends of said
magnetoresisitve effect structure and a second part
disposed at the other one of said opposing ends of said
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magnetoresistive effect structure, said first and second
parts including said stacked aniiferromagnetic film and
ferromagnetic film; and

wherein bias magnetizaiion is applied to said magnetore-

sistive effect structure by said magnetization structure.

37. A method according to claim 36, wherein said ferro-
magneftic film comprises one of an Nile alloy, an NiFeCo
alloy and Co.

38. A method according to claim 360, wherein a film
thickness of said antiferromagnetic film is in the range of
about 100 to 500 A and a film thickness of said ferromag-
netic film is in the range of about 50 to 300 A

39. A method according to claim 30, further comprising
forming an interdiffusion layer between said magnetoresis-
five effect structure and said bias magnetization structure.

40. A method according to claim 36, wherein said step of
forming said bias magnetization structure includes alter-
nately stacking a plurality of ferromagnetic films and anti-
ferrogmagnetic films wherein interdiffusion layers are
formed between the surfaces of said ferromagnetic films and
said antiferromagnetic films.

41. A method according to claim 36, further comprising
forming an nterdiffusion layer between said ferromagnetic
film and antiferromagnetic film wherein said interdiffusion
laver includes an X element.

42. A method according to claim 30, further comprising
forming an nterdiffusion layer between said ferromagnetic
film and antiferromagneiic film, wherein said interdiffusion
laver ts formed such it that includes Mhn.

43. A method according to claim 30, further comprising
forming an nterdiffusion layer between said ferromagnetic
film and antiferromagnetic film, wherein said interdiffusion
laver is formed having a film thickness in the range of about
20 to 100 A.

44. A method according to claim 36, wherein said X—Mn
alloy comprises about 5 to 54 at % of X and about 95 to 46
at % of Mn.

45. A method according to claim 36, wherein said X—Mn
alloy comprises about 5 to 20 at % of X and about 95 to 85
at % of Mn.

46. A method according to claim 36, wherein said X—Mn
alloy comprises about 36 to 54 at % of X and about 64 to 46
at % of Mn.

47. A method of manufacturing a magnetoresistive head
comprising the step of:

forming a free magnetic layer;

forming a nonmagnetic layer;

forming a pinned magnetic layer such that said nonmag-
netic layer is interposed between said free magneric
laver and said pinned magnetic layer;

forming a longitudinal bias layer that orients the mag-
netization direction of said free magnetic layer sub-
stantially along a first direction, said longitudinal bias
laver disposed adjacent said free magnetic layer,
wherein said longitudinal bias layer comprises an
antiferromagnetic X—Mn alloy were X comprises an
element selected from the group consisting of Pi, Rh,

Ru, Ir, and Pd;

forming an aniiferromagnetic layer;

wherein said step of forming said pinned magnetic layer
comprises interposing said pinned magnetic layer
between said antiferromagnetic layver and said free
magnetic layer, said antiferromagnetic layer fixing the
magnetization direction of said pinned magnetic layer
along a direction crossing the magnetization direction
of said free magnetic layer; and
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forming interdiffusion layer between said free magnetic

laver and said longitudinal bias layer.

48. A method according to claim 47, wherein said step of
forming an interdiffusion layer comprises forming an inter-
diffusion layer that includes Mn.

49. A method according to claim 47, wherein said step of
forming an interdiffusion layer comprises forming an inter-
diffusion layer having a film thickness in the range of about
20 to 100 A.

50. A method according to claim 47, wherein said step of
forming an longitudinal bias layer comprises forming said

longitudinal bias layer such that said X—Mn alloy com-
prises about 5 to 54 at % of X and about 95 to 46 at % of
Mn.

51. A method according to claim 50, wherein said step of
forming said free magnetic layer comprises forming said
free magnetic layer such that said free magnetic layer
comprises one of an Nil'e alloy, an NilFeCo alloy and Co.

52. A method according to claim 50, wherein said step of
forming an longitudinal bias layer comprises forming said
longitudinal bias layer having a film thickness in the range
of about 100 to 5 00 A and wherein said step of forming said
free magnetic layer comprises forming said free magnetic
layer having a film thickness in the range of about 50 to 300
A.

53. A method according to claim 47 wherein said step of
forming an interdiffusion layer comprises forming an inter-
diffusion layer that includes an X element.

54. A method according to claim 47, wherein said X—Mn
alloy comprises about 5 to 20 at % of X and about 95 to 85
at % of Mn.

55. A method according to claim 47, wherein said X—Mn
alloy comprises about 36 to 54 at % of X and about 64 to 46
at % of Mn.

56. A method of manufacturing a magnetoresisiive head
comprising the steps of.

forming, on a read-track region of said magnetoresistive

head, a magnetoresistive effect structure exhibiting a
magnetoresistive effect, said magnetoresistive effect
structure having opposing ends;

stacking an antiferromagnetic film and a ferromagnetic
film to form a plurality of layers;

forming an interdiffusion layer between said magnetore-
sistive effect structure and a bias magnetization Striic-
fure;

forming said bras magnetization structure including a first
part disposed on one of said opposing ends of said
magnetoresistive effect structure and a second part
disposed at the other one of said opposing ends of said
magnetoresistive effect structure, said first and second
parts including said stacked antiferromagnetic film an
ferromagnetic film; and

wherein bias magnetization is applied to said magnetore-

sistive effect structure by said magnetization structure.

57. A method according to claim 56, further comprising
forming an interdiffusion layer between said ferromagnetic
film and antiferromagneiic film, wherein said interdiffusion
laver is formed having a film thickness in the range of about
20 to 100 A.

58. A method according to claim 56, wherein said X—Mn
alloy comprises about 5 to 54 at % of X and about 95 to 46
at % of Mn.

59. A method according to claim 56, wherein said ferro-
magneftic film comprises one of an NilFe alloy, an NiFeCo
alloy of Co.

60. A method according to claim 56, wherein a film
thickness of said antiferromagnetic film is in the range of

23

about 100 to 500 A and a film thickness of said ferromag-
netic film is in the range of about 50 to 300 A.
61. A method according to claim 56, wherein said X—Mn
alloy comprises about 5 to 20 at % of X and about 95 to 85
s at % of Mn.
62. A method according to claim 56, wherein said X—Mn
alloy comprises about 36 to 54 at % of X and about 64 to 46
at % of Mn.

03. A method according to claim 56, wherein said step of
forming said bias magnetization structure includes alter-
nately stacking a plurality of ferromagnetic films and anti-
ferromagnetic films wherein interdiffusion layers are formed
between the surfaces of said ferromagnetic films and said
antiferromagnetic films.

64. A method according to claim 56, further comprising
forming an interdiffusion layer between said ferromagnetic
film and antiferromagnetic film wherein said interdiffusion
laver tncludes an X element.

65. A method according to claim 56, further comprising
forming an nterdiffusion layer between said ferromagnetic
film and aniiferromagnetic film wherein said interdiffusion
layer includes Mn.

00. A method of manufacturing a magnetoresistive head
comprising the steps of:

forming, on a read-frack region of said magnetoresistive

head, a magnetoresistive effect structure exhibiting a
magnetoresistive effect, said magnetoresistive effect
structure having opposing ends;

stacking an antiferromagnetic film and a ferromagneiic
film to form a plurality of lavers with at least one
ferromagnetic film interposed between aniiferromag-
netic films wherein said antiferromagnetic film com-
prises an X—Mn alloy where X comprises an element
selected from the group consisting of Pt, Rh, Ru, Ir, and

Pd and wherein said X—Mn alloy comprises about 5 to
54% of X and about 95 to 46% of Mn;

forming a bias magnetization structure mncluding a first
part disposed on one of said opposing ends of said
magnetoresistive effect structure and a second part
disposed at the other one of said opposing ends of said
magnetoresistive effect structure, satd first and second
parts including said stacked antiferromagnetic film and
ferromagnetic film; and

wherein bias magnetizaiion is applied to said magnetore-

sistive effect structure by said magnetization structure.

67. A method according to claim 00, further comprising
forming an nterdiffusion layer between said ferromagnetic
film and antiferromagnetic film wherein said interdiffusion
laver includes Mn.

68. A method according to claim 00, further comprising
forming an nterdiffusion layer between said ferromagnetic
film and antiferromagnetic film, wherein said interdiffusion
laver is formed having a film thickness in the range of about
20 to 100 A.

69. A method according to claim 66, wherein said ferro-
magnetic film comprises one of an NiFe alloy, an NiFeCo
alloy or Co.

70. A method according to clatm 606, wherein a film
thickness of said aniiferromagnetic film is in the range of
about 100 to 500 A and a film thickness of said ferromag-
netic film is in the range of about 50 to 300 A.

71. A method according to claim 66, wherein said X—Mn
alloy comprises about 5 to 20 at % of X and about 95 to 85
at % of Mn.

72. A method according to claim 66, wherein said X—Mn
alloy comprises about 36 to 54 at % of X and about 64 to 46
at % of Mn.
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73. A method according to claim 60, further comprising 78. A method according to claim 76, further comprising
forming an interdiffusion layer between said magneroresis- forming an nterdiffusion layer between said ferromagneftic
tive effect structure and said bias magnetization structure. film and antiferromagnetic film; wherein said interdiffusion

74. A method according to claim 66, wherein said step of laver 1s formed such that it includes an element selected

forming said bias magnetization structure includes alter- 5 from the group comisri;:zg of P1, Rh: Ru, Ir, and Pd. o
nately stacking a plurality of ferromagnetic films and anti- 79. A method according (o claim 76, further comprising

ferromagnetic films wherein interdiffusion layers are formed ~ Jorming an interdiffusion layer between said ferromagnelic

between the surfaces of said ferromagnetic films and said fulm m:zd antiferr Omagner.iq ﬁ_lm: wherein said interdiffusion
antiferromagnetic films layer 1s formed such that it includes Mn.

75. A method according to claim 66, further comprising 10 80: A met{wd aﬁccoridmg fo claim 70, | “r ther compr LS
forming an nterdiffusion layer between said ferromagnetic jorming an interdifjusion layer between said ferromagnetic

film and antiferromagnetic film wherein said interdiffusion film and antiferromagnetic film, wherein said interdiffusion
laver includes an X element layer is formed with a film thickness in the range of about 20

76. A method uri / tive head fo 100 A.
comprisizi; mi. Sf;?i?ifac S @ TASHETOTERIAire e > §81. A method according to claim 76, wherein said X—Mn

I ' bout 5 to 20 at % of X and about 95 to 85
forming on a read-track region of said magnetoresistive 3 / C% Z}mﬁ;se’g about 5 to 20 at % of X and abou o

head, a magnetoresistive e;fjcr Structure exnibining a 82. A method according to claim 76, wherein said X—Mn
magneloresistive effect, said magneforesistive efject alloy comprises about 36 to 54 at % of X and about 64 to 46

structure having opposing ends; at % of Mn
on each of said opposing ends, forming a plur ali{y of - 83. A method according to claim 76, wherein said anii-
alternately Smffkﬁ’d layers C’f ferromagnefic films with at - ferromagnetic film is formed such that it comprises an
least one a””fzr 4 omagnerz? film there bem’ii’ff’f’; and  X—Mn alloy where X comprises an element selected from
generaing excnange coupling on upper ana lower the group consisting of Pt, Rh, Ru, Ir, and Pd.
surfaces thereof in conjunction with said ferromagnefic . 84. A method according to claim 83, wherein said step of
films; and forming said plurality of alternately stacked layers com-
said alternately stacked layers applying bias magnetiza- prises forming said ferromagnetic film such that said ferro-
lion to said magnetoresistive effect structure. magnertic film comprises one of an Nile alloy, an NiFeCo

77. A method according to claim 76, further comprising alloy, and Co.
forming an interdiffusion layer between said magnetoresis-
live effect structure and said bias magnetization structure. S I T
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