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MAGNETORESISTANCE EFFECT ELEMENT

BACKGRQUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a. magnetoresistance
effect element.

2. Description of the Related Art

In general, information recorded on a magnetic recording
mediuﬁ has been read out by a method of detecting a voltage
induced in a coil by electromagnetic induction caused by "
moving a reproducing maénetic head having the coil relatively-
to the recording medium. On the other hand, it has been known
elso to use a magnetoresistance effect element (hereinafter
referred to as an MR element) in case of reading out '
information (refer to IEEE MAG-7,150 (1971) and the like). A
magnetic head using an MR element (hereinaftef referred to as
an MR head) utilizee a phenomenon that electric resistance of
a ferromagnetic material of some kind varies according to
intensity of an external magnetic field.

In recent years, since making a magnetic recording medium
smaller in size and greater in capacity has been promoted and
a relative velocity between a reproducing magnetic head and a
magnetic recording medium when reading out information has

been smaller, people’s expectation on an MR head which can

- take out a great output also in a small relative velocity has

been increased.
As described above, a magnetoresistance effect is a

phenomenon that electric resistance of a ferromagnetic



material is changed by an exté}nal magnetic field, and its
application has been studied as a high-sensitivity magnetic
sensor (for example a head for magnetically recording and
reproducing).

As a magnetoresistance effect, although an anisotropic
magnetoresistance effect (AMR) which a ferromagnetic material
itself has is known, it shows a resistance change ratio of at
most only a few percentages. ' On the other hand, since a giant
magneﬁoresistance effect (GMR) which depends on the directions
of magnetization of ferromagnetic conductive layers superposed
with a non-magnetic conductbr.layer iﬁterposed between them
can give a resistance change ratio exceeding 10 %, it ié
expected to be promising as a high-sensitivity magnetic
sensor, particularly a read head_for magnetic recording.

As such a magnetoresistance effect element of a GMR type,

there are an element having a magnetic exchange coupling

between ferromagnetic layers (for example a metallic magnetic
artificial lattice element) and an element having
substantially no exchange interaction (for example a spin

valve element).

In order to detect a weak magnetic field in a read head
or the like, it is necessary to obtain a great resistance
éhange with a weak magnetic field and therefore, both a great
resistance change ratio and a little saturation magnetic field
(2 magnetic field where resistance change caused by an applied
magnetic field is saturated) are required. Accordingly, in a
magnetoresistance effect element of.a GMR type, it is required

for a ferromagnetic layer forming a laminated film to have a



soft magnetic pfoperty. 3

In order to attain such a soft magnetic property, it will
do to use a soft magnetic material, but some materials may be
low in resistance change ratio itself or cannot bear various
conditions in manufacturing the element or may have a problem
in durability at the time of operation of the element.

For example, an NiFe alloy (Permallqy or the like), which
has a little coercive force, is a typical soft magnetic
material, but it is low in Curie temperature and poor in
thermal resistance in comparisén with a Co.alloy. On £he
other hand, a Co‘alloy has a great coercive force and has a
pfoblem in a soft magnetic property, aﬁd its saturation
magnetic field is great. Thus( it has been difficult to
satisfy the properties contrary to each other only by
selecting materials for the ferromagnetic conductor layers.

Next, although an NiFe alloy (a Permalloy alloy) has been
used in a part varying in resistance by sensing an external
magnetic field outside an MR head (which part is hereinafter
referred to as an MR element), however, even a Permalloy alloy
having a good soft magnetic property is at most 3 % in
magnetoresistance change ratio, and is insufficient in
magnetoresistance chanée ratio as an MR element to be used for
a magnetic recording medium which has been made small in size
and great in capacity. Therefore, an MR element material
showing a more high—sensitivity magnetoresistance effect has
been desired.

In order to meet such a demand, it has been confirmed

that a multi-layered film where ferromagnetic metallic films



and non—magnetic metallic filmé'are alternately laminated
under a certain condition and where the ferromagnetic metallic
films near each other are coupled by antiferromagnetic
coupling, what is called an artificial lattice film shows a
huge magnetoresistance effect. It has been reported that an
artificial lattice film shows a great magnetoresistancé change
ratio of more than 100 % at the maximum (see "Phys. Rev.
Lett., Vol.61,2474 (1988), "Phys. Rev. Lett., Vol.64,2304
(19905, and the like). However, since an artificial lattice
film has.a high saturation magnetic field, generally it is
unsuitable for an MR element. | |

On the other hand, an-example has been reported that a
multilayered film of a sandwich structure of a ferromagnetic
film/a non—magnétic film/a ferromagnetic film in which the
ferromagnetic filmé are not Eoupledlby antiferromagnetic
coupling also has attained a great magnetoreéistance effect.
Namely, one of the two ferromagnetic films having a
non-magnetic film interposed between them is fixedly
magnetized by applying an exchange bias to it and the other
ferromagnetic film is reversed in magnetization by an external
magnetic field (a signal magnetic field or the like). In this
way, a great magnetoresistance effect can be obtained by
changing a relative angle made bétween the directions of"
magnetization of the two ferromagnetic films disposed so as to
have a non-magnetic film interposed between them. A
multilayered film of such a type is called a spin valve film
(see "Phys. Rev. B., Vol.45,806 (1992), "J. Appl. Phys.,

Vol.69,4774 (1991), and the like). Although a spin valve film
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has a smaller magnetoresistance change ratio in comparison

with an artificial lattice film, it is suitable for an MR

element thanks to that it can saturate magnetization in a low

magnetic field. A great expectation in practical use is
placed on an MR head using such a spin valve film.

By the way, in an MR element usihg a spin valve film
where the ferromagnetic films are not coupled by
antiferromagnetic coupling, it is a necessary condition for

improving an element sensitivity, particularly, to improve a

soft magnetic property of the ferromagnetic film to be

reversed in magnetization by an external magnetic field.
However, since a material bringing a great MR change quantity
does not always show a good soft magnetic property, it has ‘
been an important problem to reconcile these'two properties
with each other.

For example, it is known that although a spin valvé film
using a Co film or a Co based magnetic alloy film as a
ferromagnetic film, or particularly a spin valve film using a
crysfalline Co film or a crystalline Co based magnetic alloy
film shows a good MR change quantity, it is difficult to give
a soft magnetic property to it. 1In general, in Co or a Co
based magnetic alloy, dispersion of magnetic anisotropy.is
generated and a great coercive force H, is generated also in
magnetic hysteresis in a direction of hard axis of

magnetization. Therefore, in case of using as a sensor device

-an MR element having a spin valve film using Co or a Co based

magnetic alloy, there is a problem that it is impossible to

put the sensor device to practical use due to deterioration of
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its S/N ratio caused by Barkhausék noises.

Particularly, in a spin valve film, it is desirable to
make the directions of magnetization of the two ferromagnetic
films having a non-magnetic film interposed between them
nearly perpendicular to each other in the zero magnetic field,
and an annealing process to do so is necessary. However, when
pefforming such an annealing prdcess, a problem happens that
dispersion of magnetic anisotropy becomes greater and its S/N
ratio is deteriorated by Barkhausen noises caused by it and as
a result it cannot be put to practical use.

Thus, in an MR element using é spin valve film, it has
been a problem'to realize a good soft magnetic property in
good repeatability in a spin valve film showing a great MR
change quantity and reduce.a coercive force H, in a direction .
of hard axis of magnetization by suppressing dispersion of |
magnetic anisotropy. And it has been greatly desired to
suppress Barkhausen noises in case of using an MR element
using a spin valve film as a sensor device by reducing a

coercive force H, in direction of hard axis of magnetization.

SUMMARY OF THE INVENTION

A first object of the invention is to provide a
magnetoresistance effect element'whiéh can reduce its
saturation magnetic field also in case of using a material
having a great coercive force as a ferromagnetic conductive
layer.

A second object of the invention is to provide a

magnetoresistance effect element using a spin valve film
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7great MR change quantity and a

making it possible to attain a
good soft magnetic property in'good repeatability.

A first magnetoresistance effect element of the invention
comprises a laminated film comprising a first ferromagnetic
conductive film, a non-magnetic conductive layer superposed on

the first ferromagnetic conductive layer, and a second

ferromagnetic conductive film superposed on the non-magnetic

_conductive layer and a pair of electrodes formed on this

laminated film wherein one of the first ferromagnetic
condugtivé layer and the second ferromagnetic conductive layer
is provided with at least a first fer:omagnetic film and a
second ferromagnetic film having a direction of axis of easy
magnetization different from that of the first ferromagnetic
layer.

In the first magnetoresistance effect element, the
ferromagnetic conductive layer composed of plural
ferromagnetic films whose_directions of axis of easy
magnetization are different from one another has an exchange
coupling generated directly between the'ferromagnetic films,
and therefore the ferromagnetic conductive layer acts in
magnetization as one body on the whole.

Since there are ferromagnetic films having directions of
axis of easy magnetization different from each other in this
element, their anisotropic energies cancel each other and a
low saturation magnetic field can be attained as a whole. The
effect of cancellation appears most effectively in case that
the easy axes of magnetization are nearly perpendicular to

each other. Namely, the first magnetoresistance effect
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element is characterized by that the directions of axis of
easy magnetization of the first ferromagnetic film and the
second ferromagnetic film are neérly perpendicular to each

other.

Furthermore, the first magnetoresistance effect element
is characterized by that the first ferromagnetic film is made
of Co or a Co alloy and said first férromagnetic film is
arranged so és to be in contact with a non-magnetic conductor
layer:

A second magnetoresistance effect element of the
invention is a magnetoresistance effect element of a spin
valve type, which comprises a laminated film in which a free
layer which is composed of a ferromagnetic conductive layer
having an uniaxial magnetic anisotropy given in a direction in
its film plane and whose magnetization direction is rotafed.by
a magnetic field to be measured and a pin layer which is
composed of a ferromagnetic conductive layer having an
uniaxial magnetic anisotropy given in a direction in its film

plane and whose magnetization direction is not rotated by a

- magnetic field to be measured are superposed with a

non-magnetic conductor layer between them, and which detects a
magnetic field to be measured from variation in electric
resistance of said laminated film depending on an angle made
between the magnetization directions of the free layer and the
pin layer, wherein the free layer comprises at least a first
ferromagnetic layer and a second ferromagnetic film having a
direction of axis of easy magnetization different from that of

the first ferromagnetic layer and keeps an uniaxial magnetic



anisotropy in a specifiéd d;rgction as the whole free layer.

The second magnetoresistance effect element is
characterized by that the direction of axis of easy
magnetization of first ferromagnetic film and the second
ferromagnetic film is nearly perpendicular to that of the
second ferromagnetic film.

Further a third magnetoresistance effect element
comprises a laminated film comprising a first ferromagnetic
conduétive layer having an uniaxial magnétic anisotropy given
in a direction in its film plang, a non-magnetic conductor
layer superposed on the fifst méin surfacé of the first
ferromagnetic conductive layer, a second ferromagnetic
conductive layer which is superposed on the non-magnetic
cqndu;;or layer and has an uniaxial magnetic anisotropy given
in a direction in ité film plane, and a magnetically fixing
film which is superposed on the second main surface of said
first ferromagnetic conductive layer and is composed of an
antiferromagnetic material; and a pair of electrodes formed on
the laminated film wherein the second feriomagnetic conductive
layer comprises at least a first anq a second ferromagnetic
film whose directions of an axis of easy magnetization are
different from each other and keeps an uniaxial magnetic
anisotropy in a specified direction as said whole second
ferromagnetic conductive layer.

The third magnetoresistance effect element is,
furthermore, characterized by that the direction of axis of
easy magnetization of the first ferromagnetic layer is nearly

perpendicular to that of the second ferromagnetic layer and



the direction of axis.of easylgagnetization of one of said
first ferromagnetic film and said secpnd:ferromagnetic film
énd the direction of axis of eésf magnetization of the first
ferromagnetic conductive layer are néarly in parallel with
each other.-

In the third magnetoresistance effect element,
furthermore, it is preferable that the second ferromagnetic
conductive layer is applied a bias magﬁétic field which is so
intenge that its magnetizatidn direction can be rotated by an
" external magneticnfield and which is in a direction |
perpendicular to the magnetization direétion of the first
ferromagnetic conductive layer.

A method for manufacturing one of the first to third
magnetoresistance effect elements, namely, a method for
manufacturing a magnetofesistance effect element céﬁprising a
laminated film member which comprises a first ferromagnetic
conductive layer} a non—magnetic’conductive layer superposgd
on the first ferromagnetic conductive layer, and a second
ferromagnetic conductivé layer superposed on the non-magnetic
conductive layer and which shows a magnetoresisﬁance effect,
wherein at least one of the first and second ferromagnetic
conductive layers comprises at least a first and a second
feFromagnetic films whose directions of axis of easy
magnetization are different from each other, the method for
manufacturing a magnétoresistance.effect comprises a heat
treatment process comprising the steps of heating the
laminated film to alfirSt temperature and keeping it as

applying a magnetic field to it in a first direction for a



specified time, cooling it to al%econd temperature as keeping
' the magnetic field applied to it, turning the magnetic field
to a second direction at a point of time when it has been
cooled fo‘the second temperature and cooling it to the room
temperature as it is, and thus performing a heat treatment so.
as to give different directions of axis of easy magnetization
to the first and second ferromagnetic films.

And in the above-mentioned manufacturing method, an
orthoéonalizing heat treatment is preferable which turns the
second magnetic field direction by about 90 degrees from the
first magnetic field direction. |

Furthermore, in the manufacturing method, it is
preferable to perform a heat treatﬁent so that the total of
the aﬁisotropic hagnetic fields of.the first and second
ferromagnetic films may be 10 Oe or less in intensity.

As described aboﬁe, in said first to third
magnetoresistance effect elements, a ferromagnetic conductive
layer composed of plural ferromagnetic films whose directions
of axis of .easy magnetization are different from each other
has an'exchange céupling gene?éted directly between the
ferromagnetic films, and the ferromagnetic conductive layer
acts in magnetization as one body on the whole. Siﬁce there
are ferromagnetic films whose directions of axis of easy
magnetization are different from each other in this element,
their anisotropic energies cancel each other and a low
saturation magnetic field can be attained as a whole. The
effect of cancellation appears most effectively in case that

the easy axes of magnetization are nearly perpendicular to
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each other. 12

This is described more concretely with reference to the
drawings.

As shown in Figure 1A, a free layer 2, a non-magnetic
conductor layer 3, and a pin layer 4 are formed on a substrate.
1. Magnetization of this pin layer is fixed by an
antiferromagnetic film (not illustrated) such as aﬁ FeMn film
for example. A pair of electrodes are provided on this
laminéted film (not illustrated).

This free layer 2 is composed of a first ferromagnetic'
film 2-1 and a second ferromagnetic film 2-2. For example, a
film which is in contact with the non-magnetic conductor layer
3 is set as the first ferromagnetic film 2-1.

In a magnetoresistance effect element of a sbin valve
type, since its pin layer 4 is fixedly magnetiéed, it is not
required to have a soft magnetic property in particular. It
is only the free layer that needs to have a soft magnetic |
property. Therefore, it will do to realize a multilayered
structure and a state of conflicting magnetization so thét
only tﬁe free layer 2 may.be improved in soft magnetic
property. However, it is a ma£ter of course that the pin
layer may be also made multilayered_aécording to demands.

In case of a GMR type, the interface between a
non-magnetic layer and a magnetic layer has a great influence
upon the magnetoresistance effect. Therefore, in case of
using Co or a Co alloy which has a great resistance change
ratio and an excellent the:mal resistance, it will do to make

a layered structure in the . free layer 2 so that a Co film or a



Co alloy film may be disposedlgt the side in contact with the
non-magnetic conductbr layer 3 (at the first ferromagnetic
film 2-1 side).

A magnetoresistance effect element can be implemented,
for example, by making a pin layer of a Co layer or a Co alloy
layer and making a free layer by lamiqating on each other a
first.ferromagnetic film 2-1 made of Co or a Co alloy and a
second ferromagnetic film 2-2 made of Permalloy or the like,
and tﬁen making the directions of axis of easy magnetization
of the first and the second ferromagnetic films, for example,
perpendicular to each other.

Such é sﬁate of conflicting magnetization can be realized
by performing a heat treatment in a magnetic field.
| _ The first and second ferromagnetic films are composed of
different materials from each other and are superposed in'a
lamination structure. - In a process of cooling a superposed
film of them from a high temperature, a direction in which a
magnetic field is applied is turned.by 90 degrees for example.
The temperature at which the directibn of the applied magnetic
field is changed depends upon a film composition (varies
according to such various conditions as a combination state
and a laminated state of the first and second ferromagnetic
films).

By setting a proper temperature, for example, the
direction of axis of easy magnetization of the first
ferromagnetic ﬁilm is turned to the first magnetic field
direction and .that of the second ferromagnetic film is turned

to the second magnetic field direction.
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Seeing the whole fiim, anlﬁniaxial magnetic anisotropy is
introduced in the direction_of'axis of easy magnetization of a
film governing the anisotropy. Anisotropy of the whole film is
governed by the film which is greater in a ﬁroduct of the
intensity of its magnetization and its film thickness and the
anisotropic magnetic field.

Assuming that the second ferromagnetic f£ilm governs
magnetization of the laminated film made by laminating the
first.and second ferromagnetic films, the direction of axis of
easy magnetization of the second ferromagnetic film becomes
the direction of an uniaxial magnetic anisotropy of this

laminated film. Accordingly, it results in being directed to

~the direction of axis of easy magnetization of the second

ferromagnetic film in the no magﬁetic field state of the first
ferromagnetic film. ”

This situation is shown in Figure 1B. This shows a state
where the direction of axis of easy magnetization of the pin
layer 4 coincides with the direction of axis of easy
magnetization of the first ferromagnetic film 2-1 and is
perpendicular to the direction of axis of easy magnetization
cf the second ferromagnétic film 2-2. The second
ferromagnetic film 2-2 governs the anisotropic direction of
the whole free layer 2 and as a result, anisotrbpies
perpendicular to each other are respectively introduced in the
free layer 2 and the pin layer 4.

A spin valve type film often uses an antiferromégnetic
film for fixing magnetization of a pin layer. A layer

configuration in this case is as shown in Figure 2 for



example. ' 15

Namely, this is a magnetoresistance effect element
comprising a laminated film on a substrate 21.

The laminated film.comprises a first ferromagnetic'
conductive layer (pin layer 24) having an uniaxial magnetic
anisotropy given in a direction in its film plane, a
non-magnetic conductive layer 23 superposed on thé first
ferromagnetic cqnductive layer, a second ferromagnetic .
conduétive layer (free layer 22) which is superposed on the
non-magnetic conductive layer and has an uniaxial magnetic
anisotropy given in a direction in its film plane, and a
magnetically fixing film 25 which is superposed'on the first
ferromagnetic conductive layer 24 and is composed of aﬁ
antiferromagnetic film; and a pair of electrodes 26 formed on
this laminated film, wherein séid second ferromagnetic
conductive layer comprises a first fefromagnetic film 22-1 and
a second ferromagnetic film 22-2 whose directions of axis of
easy magnetization are different from each other and keeps an
uniaxial magnetic anisotropy in a specified direction as said
whole second ferromagnetic conductive layer.

The same anisotropy as shown in Figure 1B is introduced
in this second ferromagnetic conductive layer. In this case,
a plane in parallel with the paper plane is the recording
medium facing surface.

In the structure shown in Figure 2, a hard magnetic layer
27 such as a CoPt alloy layer for giving a bias magnetic.field
to a free layer 22 is formed so és to be in contact with the

free layer 22. Although the hard magnetic layer 27 is not
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indispensable, it is preferable}%o apply a bias magnetic field
to the free layer 22 in order to remove Barkhausen noises.

The direction of this bias magnetic field is in parallel with

the direction of the uniaxial magnetic anisotropy of the free

layer. '

And although the electrodes 26 are provided on a
laminated layer in this structure, they may be provided
between the substrate 21 and the lamina£ed film or between the
hard ﬁagnetic layer 27 and the laminated film.

Furthermore, since generally an antiferromagnetic film is
poor in corrosion resistance, a protective fiim ﬁay be formed
on the antiferromagnetic film 25.

| In general, an uniaxial magnetic aﬁisotropy of a free
layer is set in parallel with the surface of a recording
medium and an uniaxial ﬁagnetic anisot;opy of a pin layer is
set perpendicularly to the surfacé of the recording_medium.
Accordingly, in the heat treatment in a magnetic field, it
will do to set the first épplied.magnétic field as the
direction of an uniaxial magnetic anisotropy of the pin layer
and set the second applied magnetic field as the direction of
an uniaxial magnetic anisotropy of the free layer. For
example, the direction of axis of easy magnetization of the
first magnetic film forming the free layer is the same as.the
direction of axis of easy magnetization of the pin layer, and
the direction of an axis of easy magnetization of the second
magnetic film forming the free layer is perpendicular to the
direction of axis. of easy magnetization of the pin layer.

In this case also, since it is the first ferromagnetic



film in contact with the nonlgégnetic conductor film that
greatly contributes to a magnetoresistance effect, the
properties, which is difficult to reconcile by the first
ferromagnetic film alone, can be reconcileq by adding the
second ferromagnetic film, as satisfying the conditions
according to the invention.

It will do that at least one of the first and second
ferromagnetic conductive layers of the invention contains
plurai magnetic films and it is a matter of course that it may
coﬁtain two or more ferromagnetic films.

Heré, a case is explained where the free layer is
composed of a laminated film made by laminating two kinds of
magnetic films, and activation enexrgies of the respective
magnetic films are el and €2 (eV), and an uniaxial magnetic
anisotropy having a littlé dispersion in one direction is
given to the laminated film by a method of forming the film in
a magnetic field or a method of annealing it for a long time
at a temperéture high enough iﬁ comparison with the activation
energy.

Generally, in case of annealing a magnetic film having an
inductive magnetic anisotropy given at a temperature Ta as
applying a magnetic field in the direction perpendicular to
its axis of easy magnetization to the magnetic film, the
anisotropic magnetic field varies according to the following
expression; |

Hy = 2H, (exp{-A exp(~-Pfe)t}- 0.5), where Hy, is an
anisotropic magnetic field in case of annealing the magnetic

film for the infinite time, A is a constant obtained by an



experiment, t is a heat treat&gnt time, B= 1/(kB » Ta), kB is
a Boltzmann constant, and Ta is an annealing temperature.

Here, the value A obtained from an experiment of a CoNbzr
film is 11.6.

Figure 3 shows a result of computing H, depending upon an
activation energy ¢ and an annealing temperature Ta by means
of this expression. The annealing time is 1000 seconds.

As apparently known from Figure 3, even in case of
perfofming an orthogonalizing heat treatment at.the same
temperature, when the activation'enefgy varies, the resultant
value of H, varies. And it is known that it is possible to
bring the H, close to nearly zero by selecting a properﬁ
annealing temperature to an activation energy.

In case of annealing a singie film, however, since
diséersion of anisotropy happens, H, becomes sﬁaller but a
coercive force H, becomes greater and as a result such a
problem that Barkhausen noises appear happens.

On the other hand, in case that a free layer is composed
of a laminated film of two magnetic films and their activation
energies ¢ are different from each other, when performing an
orthogonalizing annealing process on the free layer at a
temperature Ta, the values of anisotropic magnetic fields of
the respective layers become different from each other.

Now, it is assumed that in case of making a laminated
magnetic film of two layers using magnetic materials in which
el = 0;42 (ev) and €2 = 0.52 (eV), the layers are set in
thickness so that the (M; - d) products of both the layers

(where M, is a saturated magnetization and d is a film



thickness) may be equal to eachlgther (1 : 1).

Then, in'case of performing an orthogonalizing heat
treatment at 200°C, H, of the layer 1 becomes 8 (Oe) and H, of
the layer 2 becomes 20 (Oe), and the resultant value of H,
becomes 14 (Oe) on an average.

On the -other hand, in case of a heat treatment at 270°C,
H, of the layer 1 becomes -10 (Oe) and H, of the layer 2
becomes 14 (Oe), and the resultant value of Hy can be made as
small as 2 (Oe) on an average.

And each of the layers has a sufficiently great
anisotropy given to it and has become a film which is a little
in dispersion of anisotropy.

Furthermore, in case of performing an orthogonalizing
heat treatment at 300°C, H, of the layer 1 becomes -16 (Oe) and
H, of the layer 2 becomes 0 (Oe), and the resultant value of H,
becomes -8 (de) on an average. In this case, such a problem.
happens that the anisotropy is turned by 90 degrees as a whple
or a certain coercive force appears on the whole due to
dispersion-qf anisotropy caused by the too much lowered Hy, of
the layer 2. 1In such a case, therefore, an orthogonalizing
heat treatment temperature of about 270°é is the optimal
temperature.

In case that a ferromagnetic conductive layer is composed
of plural ferromagnetic films having easy axes perpendicular
to each other (in the first direction and the second
direction}),

H, (total) = (L, (M, « t « H) - I, (M, « t « H))/ Z,, 2 (M

- t), where M,: Saturation flux density of each layer
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t: Thickness of each lé%gr

H : Anisotropic magnetic field of each layer

Z,: Sum for a ferromagnetic film having the axis of easy
magnetization in the first direction

£,: Sum for a ferromagnetic film having the axis of easy
magnetization in the second direction

£, 3: Sum for the whole ferromagnetic film. The smaller
the absolute value of the H, (total) represented by the above
expression is, the better the magnetic film is in soft
magnetic éroperty. In practical use, it is preferable to make
this value be 10 (Oé) or less. Accordingly, a temperature is
selected so as to éatisfy this relation. i

Fe, Co, Ni, and their alloys are mentioned as a

ferromagnetic conductive material to be used in the present
invention. Particularly, to use.Co or a bo alloy is effective
in order to obtaiﬁ.a high thermal resistance and a high
resistance change ratio. For example, a CoFe alloy rich in Co

which contains Fe of 5 to 40 atom% or so is mentioned. Such

‘an additive element as Pt may be added. The film thickness is

about 5 nm to 20 nm.

By using a Co alloy as a magnetic film at the side in
contact with a non-magnetic conductive layer and attaining a
soft magnetic property as a whole through laminating it
together with another magnetic film, it is possible to make
the best uée of its feature such as a high thermal resistance
(reducing diffusion to the non-magnetic layer) and a high
resistance change ratio at the maximum: |

And Cu, Au, Ag, and the like are mentioned as a



non-magnetic conductor. In thezggme way, the film thickness
is about 5 nm to 20 nm.

Furthermore, FeMn, NiQ, IrMn, and the like can be used as
an antiferromagnetic material.

A foyrth magnetoresistance effect element of the
invention is a magnetoresistance effect element provided with
a spin valve film comprising a first magnetic layer éomposed
of a laminated film made by laminating a ferromagnetic film
containing Co and a soft magnetic film on each other, a second
magnetic layer, and a.non-magnetic layer disposed between the
first magnetic layer and the secoﬁd mégnetic layer, wherein
the soft magnetic film is composed of a soft magnetic material
laminated film composed of a soft magnetic material film of a
kind or éoft magnetic material films of two or more kinds, and
when assuming that maéﬁetizatioh of the soft magnetic material
film or.the soft magnetic material laminated film is M,(T), its
thickness is d(nm), and its anisotropic magnetic field is
H,(Oe), the formula of E(M; x d x H,) > 30(Tnm Oe) is
satisfied, where the I (M, x d x H,) value shows the sum of (M
x d x H) values of the respective soft mégnetic material
films.

In a magnetoresistance effect element of the invention, a
soft magnetic material film or a soft magnetic material
laminated film whose I(M;, x d x H;) value is greater than
30(Tnm Oe) is used as a soft magnetic iayer formed in contact
with a ferromagnetic film containing Co. Here, the T(M;, x d X
H,) value of said soft magnetic layer represents a force

suppressing dispersion of anisotropy of the ferromagnetic film
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containing Co.- By using such aZ%oft ﬁagnetic film whose I(M, x
d x H,) value is greater than 30(Tnm Oe), it is possible to
suppress dispersion of anisotropy of the ferromagnetic f£ilm
containing Co in good repeatability. By this, it is possible
to reduce a coercive force H, in the direction ‘of hard axis of
magnetization of a ferromagnetic film containing Co, for
example, to 1 Oe or less. Namely, it is possible to improve a.
ferromagnetic film containing Co in soft magnetic property.

A method for manufacturing the fourth magnetoresistance

‘effect element of the invention, namely, a method for

manufacturing a magnetoresistance effect element provided with
a spin valve film comprisiné a first magnetic layer combosed
of a laminated film made by laminating a ferromagnetic film
containing Co and a soft magnetic film on each other, a second
ﬁagnetic layer, aﬁd'a non-magnetic layer diébosed between the
first magnetic layer and the second magnetic layer, the method
for manufacturing a magnetoresistance effect element makes a
spin valve magnetoresistance effect element by forming a soft
magnetic film on a substrate, forming a first.magne£ic layer
by laminating a ferromagnetic film containing Co on said soft
magnetic film, superposing a non—magnetic layer on said first
magnetic layer, forming a second magnetic layer composed of a
ferfomagnetic material containing Co on the non-magnetic
layer, forming an antiferromagnetic film on the second
magnetic ;ayer, and thus forming a spin valve film, and then
applying an orthogonalizing annealing process on the spin
valve film.

The fourth magnetoresistance effect element of the
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invention is described furthermo%é in the'foliowing.

Figure 4 is a sectional view for showing the main
composition of a magnetoresistance effect element (MR element)
according to an embodiment of the invention. In Figure 4,
reference nﬁmber 51 is a substrate, 52 is a first magnetic
layer, 54 is a second magnetic layer, and a non-magnetic layer
53 .is interposed between these first and second magnetic
layers 52 and 54. Between these magnetic layers 52 and 54,
there'is no antiferromagnetic coupling and a laminated film of
non-coupling type is formed.

Among these magnetic layers 52 and 54! the first magnetic
layer 52 is composed of a laminated film composed of a
ferromagnetic film 52-1 of a ferromagnetic material containing

Co and a soft magnetic film 52-2 of a soft magnetic material

.other than it. Among them, the ferromagnetic film 5241 is a

layer contributing to a magnetoresistance effect and the soft
magnetic film 52-2 is a layer for improving the ferromagnetic
film 52-1 in its soft magnetic property, as described later.

The soft magnetic film 52-2 may be composed of a soft magnetic

material film of a soft magnetic material of a kind, or may be

composed of a soft magnetic material laminated film of soft
magnetic material films of two or more kinds.

The first magnetic layer 52 composed of the ferromagnetic
film 52-1 and the soft magnetic film 52-2 is arranged so that
the ferromagnetic film 52-1 may be_in contact with the
non-magnetic layer. 53. Although they are not always limited
to this arrangement, it is desirable to.perform the

above-mentioned arrangement in order to obtain a great MR



[PPSR Y

change quantit?. And it is desgiable to make a magnetic
exchange coupling directly between the ferromagnetic film 52-1
and the soft magnetic film 52-2 and to make them act in
magnetization as one body when.being seen from the film
thickness direction.

This first magnetic film 52 is a magnetic layer, what'is
called a free layer, whose magnetization is rotated by an
external magnetic field such as a signal magnetic field. 1In
case ﬁhat the ferromagnetic film 52-1 is a crystalline layer
which is good in MR change quantity but is difficult to
magnetize, particularly the invention is greatly effective.

Aé the ferromagnetic £ilm 52-1 in the first magnetic
layer_SZ, Co alone or a Co based magnetic alloy can be used,
but it is preferable to use a Co based magnetic alloy capable
of-ﬁaking great.both an interfacial effect and bulk effect
having an influence upon the MR change quantity and capable of
obtaining a‘great MR change quantity thanks to this. As such
a Co based magnetié alloy, an alloy obtained by adding one orx
two or more of Fe, Ni, Au, Ag, Cu, Pd, Pt, Ir, Rh, Ru, Os, Hf,
and the like to Co. An amount of elements to be added is
?referably 5 to 50 atom%, and more preferably in a range of 8
to 20 atom%. The reason is that when the amount of added
elements is too little, the bulk effect is not sufficiently
increased, and conversely when the amount of added elements is
too much, there is a possibiiity that the interfacial effect

is remarkably decreased. As an additive element,

- particularly, it is preferable to use Fe in order to obtain a

great MR change quantity. And it is preferable that the
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ferromagnetic film 52-1 and th&%soft magnetic film 52-2 are
not less than 1 nm in thickness from a viewpoint of thermal
stability. It is preferable for the ferromagnetic film 52-1
to be not greater than 10 nm in thickness, since when it is
too thick, there is a possibility that such a problem happens
that (1) the MR change ratio is decreased, (2) Barkhausen
noises are liable to appear due to an antimagnetic field, and
(3) an effect of suppressing dispersion of anisotropy obtained
from ﬁhe soft magnetic film 52-2 is reducéd. More preferably .
it is not greater than 5 nm in thickness. Thickness of the
soft magnetic film 52-2 is described in detail later.

Oon thé other hand, the second magnetic layer 54 is a
ferromagnetic film composed of Co alone or a Co based magnetic
alloy in the same way as the ferromagnetic film in the first:
magnetic layer 52, and it is preferable to use a Co based
magnetic alloy from the same reason as the first magnetic
layer 52. This second magnetic layer 54 is given a bias
magnetic field and fixedly magnetized by an antiferromagnetic
film 55 composed of an IrMn film, an FeMn film, an NiO film or-
the like, or a hard magnétic layer composed'of a CoPt film or
the like which are formed on it. Thié second magnetic layer
54 is what is called a pin magnetic layer.

Thickness of the second magnetic layer 54 is preferably
in a range of 1 to 10 nm where a great MR change quantity can
be obtained. The second magnetib layer 54 as a pin layer is
not limited to a ferromagnetic film fixedly magnetized by an
antiférromagnetic film 56 and the like as described above but

a hard magnetic layer, for example, can be directly used as
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the second magnetic layer 54. 26

Here, it is preferable for the directions of
magnetization of the first magnetic layer 52 and the second
magnetic layer 54 to be, for example, perpendicular to each
other in a state of no external magnetic field in order tb
improve an MR element in its linear response. Such a state of
magnetization can be obtained by performing an annealing
process as shown in the following. Namely, the annealing
proceés comprises the steps of (1) keeping a sample at a
temperature of about 250°C as applying a magnetic field of
about 1 kOe to it for one hour, and after this, (2) cooling it
to a temperature of about 210°C as it 'is in a magnetic field

of about 1 kOe, and then (3) turning the direction of the

applied magnetic field by 90°C when it has been cooled to a

- temperature of about 210°C and then cooling it to the room

temperature. A state of orthogonalized magnetization can be
stably obtained by such an annealing process (hereinafter
referred to as an orthogonalizing annealing process).

As for a concrete direction of magnétization, it 1is
preferable that the first magnetic layer 52 is magnetized in
the track width direction and the second magnetic layer 54 is
magnetized in a direction perpendicular to the recording
medium facing surface perpendicular to the direction of
magnetization of the first magnetic layer 52.

As a non-magnetic layer.53 disposed between the first and
second magnetic layers 52 and 5S4, Cu, Au, Ag and the like are
mentioned. And these non-magnetic films ﬁay be made of a

material obtained by mixing a non-magnetic material with a

A ]



magnetic material. 27

Here, it is preferable for the non-magnetic layer 53 to
be set at 2 to 5 nm in thickness. When the non-magnetic iayer
53 is . greater than 5 nm in thickness, a sufficient resistance
change sensitivity cannot be obtained, and when it is less
than 2 nm in thickness, it is difficult to make small enough
an exchange coupling between the magnetic layers 52 and 54.

A spin valve laminated film 57 is composed of the layers,
and in an MR element provided with such a spin valve laminated
film 57, since the first magnetic layer 52 is rotated in
magnetization by an external magnetic field while the second
magnetic layer 54 is fixedly magnetized, a magnetoresiéfance
effect can be obtained by variation of a relative angle made
between the directipns of magnetization of the two magnetic
léyers 52 and 54 dispbsed s0 as to have a middle non-ﬁagnetic
lavyer 53 ipterposed between them. In this case, since a
ferromagnetic materiallcontaining'Co, particularly, a Co
based magnetic alloy is used as a ferromagnetic film mainly
forming the first magnétic layer 52 and the second magnetic
layer 54, a great MR change quantity can be obtained.

Here, although Co or a Co based magnetic alloy brings a
great MR change quéntity, it is difficult to attain a good
soft magnetic property by itself and generally its coercive
force H, in the direction of hard axis of magnetization becomes
great due to dispersion of magnetic anisotropy. The
dispersion of anisotropy may be caused sometimes by dispersion
of é crystal magnetic anisotropy and sometimes by an inductive

magnetic anisotropy. Particularly, when performing an
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orthogonalizing annealing proég%s peculiar to a spin valve
film as described above, dispersion of anisotropy is liable to
be made great, and in a Co based magnetic alloy, the more an

amount of Co is, the greater the degree of dispersion of

. anisotropy is.

Thereupon, in ﬁhe invention, the first magnetic layer 52
which is rotated in magnetization by an external magnetic
field is composed of a laminated film of the ferromagnetic
film 52-1 and the soft magnetic film 52-2, and a material for
the soft magnetic film 52-2 and thickneés of it are set so
that a value of (M, x d x H,) may not be less than 30(Tnm Oe)
when assuming that magnetization of the soft magnetic film
52-2 ié M,(T), its film thickness is d(nm), and ;ts anisotropic
magnetic field is Hg(Oe). In case that the soft magnetic film
52-2 is composed of a soft magnetic material of one kind, a

value of E(M, x d x Hy) is the value of its (M, x d x Hy), and

- in case that the soft magneﬁic film 52-2 is composed of a

laminated film of soft magnetic material films of two or more
kinds, it is the sum of (M, x d x H,) values of the respective

soft magnetic material films.

As a result of examining in detail réelation between a

coercive force H, in hysteresis in the direction of hard axis

of magnetization and a magnetic property of the soft magnetic
film 52-2, in a laminated film composed of the ferromagnetic
film 52-1 containing Co and the séft magnetic'layer 52-2, it
has become apparent that there is a definite.relation between
the sum (IZ(M, x d x H,) value) of products (M, x d x Hy) values

each of which is obtained by multiplying magnetization M,(T) of
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a soft magnetic layer, itégfilm thickness d(nm), and its
anisotropic magnetic field H,(Oe) by one another and said
coercive force H., and in case that the (M, x d x H,) value is
more than 30(Tnm Oe), the coercive force H, in the direction of
hard aiis of magnetizétion can be reduced in good
repeatability. '

Figure 5 shows a result of examining variation of a
céercive force H., in the direction of hard axis of
magnetization in case 6f varying the (M, x 4 x H,) value by
changing the soft magnetic film 52-2 in composition. As

apparently known from Figure 5, a coercive force H, in the

direction of hard axis of magnetization shows an inversely

proportional.dependence upon the (M, x d x H.) value and
decreases with the.increase of the.zug x d x Hy) value. The
reason is that dispersion of anisotfdpy of the ferromagnetic
film 52-1 containing Co is suppressed by an uniaxial magnetic
anisotropy of the soft magnetic film 52-2. Namely, the I(M, x
d x H,) value represents a force to suppress dispersion of |
anisotropy of the ferromagnetic film 52-1 containing Co, and
by using a soft magnetic film 52-2 in which this value is
greater than 30(Tnm Oe), it is possible to reduce a coercive
force H, in the direction of hafd axis of magnetization to 1 Qe
or less for example.

In such a way, by making a coercive force H.,, for example,
not greater than 1 Oe in the direction of hard éxis of
magnetization of the first magnetic layer 52 which is a free
magnetic layer, it is possible to stably suppress occurrence

of Barkhausen ndises in case of using an MR element provided



with a spin valve laminateds%ilm 57 as a sensor device of a
magnetic head or the like. Therefore, a sensor device having
a good S/N ratio can be obtained. It is preferable that said
o(M, x d x H,) value satisfies a condition of E(M, x d x H) >
50(Tnm Oe) in order to stably attain.a low coercive force H,
and it is preferable to satisfy a condition of I(M, x d x Hy) >

80(Tnm Oe) in order to attain a lower coercive force H,, for

"example, H, < 0.5 Oe.

A concrete composition of the soft magnetic film 52-2 is

not limited in particular if it satisfies said T(M, x d x H) >

' 30(Tnm Oe), but it is preferable to have at least one layer of

a soft.magnetic material film which has a éood uniaxial
magnetic anisotropy in order to suppress dispersion of
anisotropy of the ferrqmagnetic_film 52-1 and whose
anisotropic magnetic field H, is not less than 5 Oe in order to
stabilize the soft magnetic film 52-2 itself.

As a concrete material for the soft magnetic film 52-2,

an NiFe alloy, an NiFeCo alloy, an alloy which is given a high

'resistancefby adding such an additive element as Ti, Vv, Cr,

Mn, Zn, Nb, Mo, Tc, Hf, Ta,.w, Re, or the like to such a soft
magnetic alloy of fcc crystal structure, an alloy made
amorphous by addiné the same additive element as mentioned
above to Co, for example, an amorphous CoNbZr alloy or the
like is mentioned.

Among the above-mentioned soft magnetic materials, an
NiFe alloy, an NiFeCo alloy or the like has a fcc crystal
structure aﬁd contributes to improving thé ferromagnetic layer

containing Co in crystallinity and soft magnetic property, but
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since its anisotropic magnetiglfield H, is less than 5 Oe, it
is preferable to use it as a laminated film laminated together
with an amorphous CoNbZr alloy or the like. And.as another
preferable embodiment, a film of an NiFeCo alloy composed so

.

that its anisotropic magnetic field H, may not be less than 5§
Oe is used by itself. |

In an MR element of this embodiment, since a
ferromagnetic material containing Co is used as the
ferromagnetic film 52-1 of the first magnetic layer 52, a
great MR change quantity is obtained, and since the
ferromagnetic film 52-1 containing'Co is used in a laminated
film lamihated together with the soft magnetic film 52-2 of
Z(M, x d x H,) > 30(Tnm Oe), dispersion of anisotropy of the
first magnetic film 52-1 containing Co is suppressed and a
good soft magnetic property is obtained. In this way, in a
spin valve laminated film 57 of an MR element of the
embodiment, a gfeat MR change quantity and a good soft
magnetic property are reconciled with each other, and
therefore it is poésible to obtain an excellent device
sensitivity and a good S/N ratio by suppressing occurrence of
Barkhausen noises in case of using it in a sensor device.
Namely, it is possible to greatly improve an MR elemént using
a spin valve.film in practicality.

In case of using the first to fourth magnetoresistance
effect elements of the invention as described above as a
reproducing head for mégnetic recording, a structure shown in
Figure 6 can be adopted as a shield type structure.

A lower shield layer 32 composed of a ferromagnetic



material is formed on a substr%%e 31, and an MR film 34
composed of a laminated film of a free layer/a non-magnetic
conductor layer/a pin layer/a magnetically fixing magnetized
layer is formed on a lower gap layer 33 composed of an
insulator formed on the lower shield layer 32.

A bias magnetic field is given to the MR film 34 by a
hard magnetic layer 35. Electrodes 36 are formed through the
hard magnetic layer 35 or difectly on the MR film 34, and an
upper magnetic shield layer 38 composed of a ferromagnetic
material is formed on an upper gap layer 37 composed of an
insulator covering them.

Alumina or the like can be used as an insulator, éﬁd an
amorbhous magnetic alloy such as Permalloy, CoZrNb, or the
like can be used as a fe;romagnetic.material.

In this structure, a magnetic field of a recording medium
enters between the upper and iower magnetic shield layers and
the MR film detects this magnetic field.

In this structure, it is possible also to flatten the
area of the MR laminated film by embedding the electrodes, the
hard magnetic film, and the like in the substrate. And it is
possible also to arrange the antiferromagnetic film at the
substrate side by turning the lamination structure upside
down.

In case of forming a reproducing/recording one body type
head, it will do, for example, to use the upper magnetic
shield also as a recording magnetic pole and form a thin film
coil on this magnetic pole.

And a structure in which a yoke takes in a magnetic field
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of a recordiﬁg médium and an;%R film detects the magnetic
field can be also adopted (see Figure 7A). For example, this
is a composition in which an MR part 42 is formed on a ydke_41
provided with a projection 41-1 projecting toward a recording
medium side and the MR part 42 detects a magnetic field of the
recording medium introduced through-this yoke. A head is
composed by arranging a part of this structure between the
upper and lower magnetic shields (not illustrated).

inlthe structure shown in Figure 7A, the recording medium
is moved in the upward or downward direction in the figure.

Furthermore, as shown in Figure 7B, a structure in which
a recording medium is moved in the left or right direcﬁion in
the figure can be adopted by disposing a pair of yokes 403-1
and 403-2 opposite to each other with a magnetic gap 402
interposed between them on a substrate 401 and arranging an MR
part 404 between this pair of yokes.

Any of these structures is excellent in corrosion
resistance and wear resistance, since the MR part retreats
from the medium surface. | |

In case of a reproducing/recording one body type head, a
recordrng head of induction type can be also stacked.

Without being limited to a head, such an MR element cén
be applied to a magnetic field sensor or can be used as a
recording element (what is called MRAM) instead of being used
as a sensor. For example it can be applied to a system in
which "1* and “0" are recorded according to a direction of
magnetization in a free layer in a spin valve structure and

the information is read out by means of difference in electric
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‘resistance depending upon the directions of magnetization of

the free layer and the pin layer.
Additionally, it is a matter of course that the invention
can be applied to an element using a magnetoresistance effect

caused by magnetic spin dependent scattering.

" BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1A is a schematic sectional view showing a

magnetoresistance effect element of the invention, and Figure

1B is a figure for explaining the directions of magnetization
of its respective layers.

Figure 2 is a schematic sectional view of a
magnetoresistance effect element of a spin valve type
acco;ding to the invention.

Figure 3 is a characteristic diagram for explaining the
invention (a diagram for explaining relation among activation
energy of a magnetic film, its annealing temperature, and its
anisotropic magnetic field).

Figure 4 is a sectional view of the main part structure
of an embodiment of another magnetoresistance effect element
of the invention.

Figure 5 is a diagram showing relation between a coercive
force H, in the direction of hard axis of magnetization of the
first magnetic layer and a (M, x d x H;) value of thé soft
magnetic layer. |

Figure 6 is a schematic sectional view of an example of a
magnetic reproducing head using a magnetoresisténce effect

element of the invention.
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. Figures 7A and 7B are schematic views of examples of a
reproducing/recording one body type head uSing a

magnetoresistance effect element of the invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Next, concrete embodiments of the present invention are
described in the following.
Embodiment 1

Qhat is called a magnetoresistance effect element of a
spin valve type was formed in which the following films were
formed on a silicon substrate having a thermally oxidized film
on its surface one after another in order from the substrate
side; |

CO0g0Zx¢Nb, amorphous magnetic film: 100A (angstrom)

NigoFe, £ilm: 20A

CogoFep £ilm: 40A

Cu film: 30A

CogoFe o film: 40A

FeMn film: 150A.

This is a composite laminated film composed of é first
magnetic layer which is a pin layer of a sipgle layer of a
CoFe film and a gecond mégnetic la?er whiCh is a free layef
composed of two layers of a CoZrNb film and an NiFe film.

A Ti film of SOA in thickness was sﬁperposed on the FeMn
film as a protective 1ayer.

- The laminated films were annealed under the following
conditions.

(1) This condition kept a sample at 250°C as applying a
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magnetic field of 1 kOe to the3%ample in one direction a for
one hour, and then cooled it to the room temperature as
keeping the magnetic field applied to it.
(2) This condition kept a sample at 250°C as applying a
magnetic field of 1 kOe to the sample in one direction a for
one hour, and cooled it to 200°C as kéeping the magnetic field
applied to it, and turned the magnetic field by 90 degrees
(direction b) at a point 6f time when the temperature reached
200°C; and then cooled it as it was.
(3) This condition kept a sample at 250°C as applying a
magnetic field of 1 kOe to the sample in one direction a for
one hour, and cooled it to 150°C as keeping the magnefic field
applied to it, and turned the magnetic field by 90 degrees
(direction b) at a point of time wben the temperature reached
150°C, and then cooled it as if was. |

For the above-mentioned three examples, Table 1 shows a
result of measuring an anisotropic magnetic field of a free
layer by means of a VSM.

For reference, Hklin case that each magnetic film alone
was formed is élso shown. And the direction of axis of easy
magnetization of each magﬁetic film is shown by the direction

of a magnetic field applied to it.

Table 1
_ Freé Layer ' Pin Layer
H, (Oe) CoZrNb NiFe CoFe CoFe
(1) 11 7(a) 3(a) 13(a) 300(a)
(2) 3 7(a) 3(a) ~ 11(b) 300(b)
(3) 11 7(a) 3(a) 13(a) 300(b)
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In any case, an uniaxiaf7magnetic anisotropy in the
direction a was given to a free layer on the whole.

In case of condition (1), since every film in a free
layer has '‘an anisotropy in the direction a, the anisotropic
magnetic field of the whole free layer becomes a simple
average of them (where film thickness and magnetization are
considered), which is as great as 11 Oe.

In case of condition (3), anisotropy of the pin layer is

in the direction b together with the FeMn layer, but

anisotropy of the free layer is uniformly in the direction a
in the same way as condition (1), and the anisotropic magnetic
field is still as great as 1l Oe.

In case of condition (2), on the other hand, the
direction of axis of easy magnetization of the CoFe film in
the free layer where the direétion of an inductive magnetié
anisotropy is easy to turn is perpendicular to the directions
of axis of easy magnetization of the CoZrNb film and the NiFe
film, and as a result an anisotropic magnetic field of 3 Oe

which is so low that the CoFe film may not attain it by itself

.has been attained.

As a result of actually measuring a magnetic field as a
magnetoresistance effect element having a film configuration
according to.the condition (2), a reéistance change ratio
exceeding 10 % could be obtained and a thermal resistance
exceeding 200°C was confirmed.

A value of H, (totai) obtained by said computation was
nearly equal to the measured value H,, and only in case of

condition (2), the value of H, (total) satisfied the condition
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of 10 or-less. 38

Comparing magnetoresistance effects, while the
sensitivity in case of condition (2)“was 1.6 %/0e, that in
condition (1) was 0.45 %/0e and that in condition (3) was 0.45
%/0e, and it was confirmed that the sensitivity in condition
(2) was the highest among them.

Thus, according to the invention, it is possible to
attain a soft magnetic property which has been unable to be
attaiﬁed up to now in a Co alloy, and it is possible to obtain
a magnetoresistance effect element which can obtain a great
resistance change with a small magnetic field as making the
best use of a high thermal fesistance and a high resistance
change ratio of the Co alloy.

Furthermore, a similar effect can be obtained also by
using an alloy other than a Co alloy.

As a substrate, in addition to a silicon substrate, for
example, an alumina substrate, an AlTiC substrate having an
alumina film attached to it according to- demand, and the like
can be used.

As described above, also in case of. using such a high
coercive force matérial as a.Co alloy, a good soft magnetic
property can be attained and even by using a high coercive
force material, it is possible to obtain a magnetoresistanqe
effect element which can obtain a great resistance change with
a small magnetic field.

Embodiment 2
First, an amorphous CoNbZr alloy film and an NiFe allby

film were formed one after another as a soft magnetic layer on
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‘a thermally oxidized silicoﬁs%ubstrate by means of a

sputtering method. Here, the amorphous CoNbZr alloy film was -

changed in film thickness and four kinds of samples of

amorphous CoNbZr alloy films of 3 nm, 5 nm, 7 nm, and 10 nm in
thickness were made. And the NiFe alloy film was constantly
set at 2 nm in thickness.

.Next, on the soft magnetic layer composed of the soft
magnetié material laminated film, a CogFe; alloy film of 3 nm
in thickness as- a ferromagnetic film, a Cu film of 3 nm in
thickness as a middle non-magnetic layer, a CogFe;; alloy film
of 3 nm in thickness as a second magnetic layer, an IrMn alloy
film of 10 nm in thickness as an antiferromagnetic layé&, and
a Ta film of S nm in thickness as a protective layer were
laminated one after another and as a result a spin vglve
laminated film was formed.

In the spin valve laminated film as described above, by
the soft magrietic layer composed of a laminated film made by

laminating an amorphous CoNbZr alloy film and an NiFe alloy

film, dispersion of anisotropy of the Cog,Fe,, galloy film as the

ferromagnetic layer adjacent to the soft magnetic layer is
suppressed and an uniaxial magnétic anisotropy is given to the
CogFe,q alloy fiim as the second'magnetic layer adjacent to the
IrMn antiferromagnetic film.

After this, an MR element was obtained by patterning said
spiﬁ valve laminated film, and applying to it said
orthogonalizing annealing process so that the direction of an
uniaxial anisotropy of the CogFe, alloy film as the pin

magnetic layer and the direction of an uniaxial anisotropy of
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the CogFe, alloy film in the free magnetic layer may be
perpendicular to each other in order to improve the spin valve
laminated film in its linear response characteristics to an

external magnetic field.

A coercive force H, in the direction oflhard.axis of
magnetization, on the whole, of eaéh of the MR elements
obtained by changing the amorphous CoNbZr alloy film in
thickness was measured. Table 2 shows relation between a E(M,
x d x.Hk) value of a laminated film of an aﬁorphous CoNbZr
alloy film and an NiFe alloy film in each MR element and a
coercive force H, in the direction of hard axis of

magnetization of each MR element on the whole.

Table 2
Sample Thickness of (M, x d x Hy) | Coercive force
number CoNbZr alloy value (Tnm H, in the
film (nm) Oe) =~ direction of
' hard axis of
‘magnetization
(Oe)
1 3 11.2 2.6
2 5 33.6 0.9
3 7 64.5 0.6
4 10 102 - 0.2

As apparentiy known from Table 2, as thickness of the
amorphous CoNbZr alloy film increases, the IZ(M; x d x H,) value
becomes large and the coercive force H, decreases. And it is
. known that while the sample No.l of 30(Tnm Oe) or less in its
(M, x d x H,) value, namely, a sample having a spin valve film
outside the scope of the invention (comparative example) is

greater than 1 Oe in coercive force, each of the samples No. 2
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to 4 being greater than 30(Tn$10e) in (M, x d x Hy) Qalue,
namely, a sample having a spin vélve film of the invention
(embodiment) is not greater than 1 Oe in coercive force H.. 1In
this way, a good soft magnetic property can be‘obtained by
satisfying Z(M, x d x Hy) > 30(Tnm Oe). Furthermore, examining
MR change ratios of éaid samples, any of them showed a value
as large as 7 % or more.

And MR heads of the same structure were made by using MR
elements of said samples. The heads were made on an AlTiC
substrate of 3 inches in diameter and 800 heads were obtained
from one substrate. A manufactured head was built in an
actual disk drive and the number of heads in which Barkhausen
noises happened was confirmed for every heads of each sample

number. The result is shown in Table 3.

Table 3
Sample Thickness of CoNbZr | Number of heads
Number film (nm) where Barkhausen
: noises happened
1 3 380
2 oo 5 65
3 10
4 10 6

From Table 3, it is known that the greater thelZ(Ms x d x
H,) value is, the less Barkhausen noises happen.
Embodiment 3

A spin valve laminated film of the same structure as the
embodiment 1 except using an (Ni,g)Fe;C0,0)¢sCrs alloy film as a
soft magnetic layer instead.of using a soft magnetic layer

composed of a laminated film made by laminating an amorphous



CoNbZr alloy film and an NiFe4§lloy film in the embodiment 2
was manufactured. At this time, thickness of the
(Ni;oFe4C020)g5Cxrs alloy film.as the soft magnetic layer was
changed as shown in_Table 3.

Next, by patterning sgid spin valve stacked film and then
applying the same orthogonaiizing annealing process as the
embodiment 1 to it, an MR element was obtained. A coercive

force H, in the direction of hard axis of.magnetization, on the

- whole, of each of these MR elements was measured. The result

is shown in Table 4.

Table 4
Sample Thickness of o(M, x d x.H) Coercive force
number (Ni;oFe (CO40)9sCrs | value (Tnm Oe) H. in the
alloy film (nm) direction of
hard axis of
magnetization
(Oe)
5 3 24
6 5 40 0.8
7 7 56
8 10 | 80 : 0.5

As apparently knowﬁ from TaBle 4, also in case of using
an (Ni;oFe|sC0.0)9sCrs alloy film as a soft magnetic layer, as
thickness of the filﬁ'increases, the (M, x d x Hy) value
becomes large and the coercive force H. decreases. And it is
known that samples No.6 to 8 (embodiment) whose L(Mg x d x Hy)
values exceed 30(Tnm Oe) are 1 Oé or less in coercive force Hv
In this way, a good soft magnetic property can be obtained by
satisfying T(M, x d x H,) > 30(Tnm Oe).

Examining MR change ratios of said samples, any of them



satisfying (M, x d x Hy) > 30(Tﬁ%30é) showed a value as large
as 7 % or more. And MR heads were made in the same way as
embodiment 2, and as a result of examining whether or not
Barkhausen noises happened, it was confirmed that occurrence
of Barkhausen noises can be suppressed in case of using an MR
element whose coercive force H, is 1 Oe or less.

As described above, according to a magnetoresistance
effect element of the invention, it is possible to obtain a
great MR change quantity and a good soft magnetic property in-
good repeatability. Accordingly, a magnetoresistance effect
element of a spin valve film can be greatly improved in

practicality.
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CLAIMS

1. A magnetoresistance element éomprising:

a laminated film including

a first ferromagnetic conductive layer,

a non-magnetic conductive layer sﬁperposed on the first
ferromagnetic conductive layer, and

a second_ferromagnetic conductive layer superposed on the
non-magnetic conductive layer, saia laminated film having a
magnetoresistance effect; and |

a pair of electrodes fqrmed on this lamination-structured
member

wherein at least one of said first and second
ferromagnetic conductive layers comprises at least a first
ferromagnetic layer and a second ferromagnetic film whose
difection of axis of easy magnetization différent from the
direction of easy axis magﬁetization of the first
fefromagnetic film.
2. A magnetoresistance effect element as defined in claim 1,
wherein the directions of axis of easy magnetization of said
first and second ferromagnetic films are nearly perpendicular
to each other.
3. A magnetoresistance effect element as defined in claim 1,
wherein said first ferromagnetic film is made of Co or a Co
alloy, and said first ferromagnetic film is arranged so as to
be in contact with a non-magnetic conductor layer.
4. A magnetoresistance effect element comprising a laminated
film in which a free layer which is composed of a |

ferromagnetic conductive layer having an uniaxial magnetic
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anisotropy given in a direction in its film plane and whose

direction of magnetization is rotated by a magnetic field to
be measured and a pin layer which is composed of a
ferromagnetic conductive layer having an uniaxial magnetic
anisotropy given in a direction in its film plane and whose
direction of magnetization is not substantially rotated by a
magnetic field to be measured are laminated with a
non-magnetic conductor layer interposed between them, said
magnetoresistance effect element detectiﬁg variation in
electric resistance of said laminated f£ilm on the basis of an
angle made between the directions of magnetization of said
free layer and said pin layer,

. wherein said free layer comprises at least a first and a
second ferromagnetic film whose direction of axis of easy
magnetization are different from each other and keeps an
uniaxial magnetic anisotropy in a specified direction as said
whole free layer.

5. A magnetoresistance effect element as defined in claim 4,

wherein the directions of axis of easy magnetization of said

" first and second ferromagnetic films are nearly perpendicular

to each other.
6. A magnetoresistance effect element as defined in claim 4,
wherein said first ferromagnetic film is arranged so as to be
in contact with a non-magnetic conductive layer.
7. A magnetoresistance effect element Comprising:

a laminated film including:

a first ferromagnetic conductive layer having an uniaxial

magnetic anisotropy given in a direction in its film plane,
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a non-magnetic layer supeggosed on the first main surface
of the first ferromagnetic film, |

a second ferromagnetic conductlve layer superposed on the
non-magnetic conductive layer and having an un1ax1al magnetic
anisotropy given in a direction in its film plane, and a
magnetically fixing layer superposed on the second main
surface of said first conductor layer and is composed of an
antiferromagnetic material; and

a pair of electrodes formed on the laminated film,

‘wherein said second ferromagnetic conductive layer
comprises at least a first ferromagnetic film and a second
ferromagnetic film whose direction of axis of easy )
magnetization is differént from the direction of axis of easy
magnetization of said first ferromagnetic film and keeps an
uniaxial anisotropy in a specified direction as the whole

second ferromagnetic conductive layer.

8. A magnetoresistance effect element as defined in claim 7,

wherein the directions of axis of easy magnetization of said
first and second ferromagnetic films are nearly perpendicular
to each other, and the direction qf axis of easy magnetization
of one of said first and second ferromagnetic films is nearly
in parallel with the direction of axis Qf easy magnetization
of said ferromagnetic conductive layer.

9. A magnetoresistance effect element as defined in claim 7,
wherein said second ferromagnetic conductive layer is given a
bias magnetic field which is so intense that its magnetization
can be rotated and which is in a direction perpendicular to

the direction of magnetization of said first ferromagnetic

This Sheet Has Been Repl ' TThis AT J
(TR I I L herucio




———

* c L M s * )

conductive layer. | 47
10. A magnetoresistance effect element having a spin valve
film comprising:

a first magnetic layer composed of a laminated film of a
ferromagnetic film containing Co gnd a soft magnetic film,

a second magnetic layer, and

a middle non-magnetic layer disposed between said first
magnetic layer and said second magnetic layer,

wherein said soft magnetic.film is composed of a soft
magnetic material laminated film composed of a. soft magnetic
material film of a kind or soft magnetic material films of two
or more kinds, and said soft magnetic material film or.said
soft magnetic material laminated film satisfies (M, x d x H)
> 30(Tnm Oe), when designating their magnetization as M_(T),
their thickness as d(nm), and their anisotropic magnéfic field
as Hy(Oe).
11. A magnetoresistance effect element as defined in claim
10, wherein said soft magnetic film has at least one soft
magnetic material film whose anisotropic magnetic field H, is
not less than 5 Oe.
12. A magnetoresistance effect element as defined in claim
10, wherein said first magnetic layér is disposed so that said
ferromagnetic film containing Co is in contact with said
non-magnetic layer.
13. A magnetoresistance effect element as defined in claim
10, wherein said ferromagnetic film containing Co and said
soft magnetic film have a magnetic exchange coupling between

them and act as one body to.an external magnetic field.
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14. A magnetoresistance effegg element as defined in claim
10, whérein the direction of magnetization of said first
magnetic layer and the direction of magnetization of said
second magnetic layer are nearly perpendicular to each other.
15. A magnetoresistance effect element as defined in claim
10,-wherein said ferromagnetic film containing Cd is not less
than 1 nm and not greater than 10 nm in ﬁhickness.
16. A method for manufacturing a magnetoresistance element
having a laminated film including a first ferromagnetic
conductive layer, a non-magnetic conductive layer superposed
on the‘first ferromagnetic conductive layer, and a secdnd
ferromagnetic conductive layer superposed on the non—méénetic
conductive layer, said laminated film showing a
magnetoresistance effect, wherein at least one of said first
and second ferrémagnetic conductive léyers comprises at least
a first ferromagnetic film and a second ferromagnetic film
whose directions of axis of easy magnetization is different
from the direction of axis of easy magnetization'of said first
ferromagnetic film,

said method comprising a heat treatment process
comprising the steps of;

keeping said laminated film at a first temperature as

applying a magnetic field to it in a first direction for a

specified time,

cooling it to a second temperature as keeping the
magnetic field applied to it, and '

turning the magnetic field to a second direction at a

point of time when it has been cooled to the second

his Sheet Has Been Replaced Tl-ils SHEET HAS BEEN

e G




Ly -
EERPPOICIINGE S 2Py

e
adha

* - L M s *

temperature and cooling it to thggroom temperature as it is,
thereby

performing a heat treatment so as to give respectively

different directions of axis of easy magnétization to the

first and second ferromagnetic films.
17. A méthod'for manufacturing a magnetoresistance effect
element as defined in claim 16, wherein said heat treatment is
an orthogonalizing heat treatment which turns the second
magneﬁic field direction by about 90 degrees from the first
magnetic field direction.
18. A method for manufacturing a magnetoresistance effect
element as defined in claim 16, wherein said_heat_treafﬁent is
performed -so that the total of anisotropic magnetic fields of
said first and second ferromagnetic filmé become 10 Oe of
less. ”
19. A method for manufacturing a magnetoresistance effect
element having a spin valve film comprising a first magﬁetic
layer composed of a laminated film of a ferromagnetic film
containing Co and a soft magnetic film, in which said soft
magnetic film is composed of a soft magnetic material film of
a kind or soft magnetic material films of two or more_kindé, a
second magnetic layer, and a non-magnetic layer disposed
between said first magnetic layer éhd said second magnetic
layer,

said method comprising the steps_of;

forming a soft magnetic film on a substrate,

forming a first magnetic layer by superposing a

ferromagnetic film containing Co on said soft magnetic film,
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laminating a non-magnetic layer on said first magnetic
layer, '

forming a second magnetic layer composed of a
ferromagnetic material containing Co on said non-magnetic
layer, and

forming an antiferfomagnetic film on said second magnetic
layer, thereby forming-a spin valve film, and

applying an orthogohalizihg annealing process to said
spin Qalve film.
20. ‘A method for manufacturing a magnetoresistance effect
element as_defined in claim 19, wherein said soft magnetic
film forming process comprises the steps of forming an‘.
amorphous alloy film containing Co on a substrate and then
superposing a soft magnetic material film containing Ni on the
amorphous alloy £ilm. .
21. A.method for manufacturing a magnetoresistanée effect
element as defined in claim 19, wherein values of
magnetization M,(T), film thickness d(nm), and anisotropic
magnetic field Hy(Oe) of said soft magnetic material film or
said soft magnetic material laminated film are selected so as

to satisfy (M, x d x'Hk) > 30(Tnm Oe).
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